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Foreword

I am delighted to write a foreword for the Textbook of Pancreatic Cancer: Principles 
and Practice of Surgical Oncology.

The field of pancreatic surgical oncology has undergone a resurgence in recent 
years with the improvements in peri-operative care, advances in operative tech-
niques, coupled with improved understanding of the biology of pancreatic cancer. 
Professors Søreide and Stättner are to be acknowledged for bringing many of the 
leading experts in the field from throughout the world to produce a contemporary 
textbook dealing with the various aspects of pancreatic surgical oncology.

The text is comprehensive, covering the whole spectrum of pancreatic cancer 
from epidemiology, anatomy of the pancreas, disease burden, biology, diagnosis 
and staging, therapeutic options, surgical techniques, perioperative care, outcomes, 
and palliative care. The topics are dealt with in a clear and concise manner. The 
information presented is up-to-date and useful for both the novice and experienced 
practitioners.

Addressing the needs of the trainee for a comprehensive textbook on pancreatic 
cancer in preparation for specialty board examinations, as well as being a suitable 
reference text for established surgeons who are interested in pancreatic surgical 
oncology is a difficult assignment. However, I believe that the editors have succeed 
in this task.

Unlike other texts that deal solely with pathophysiology, this book in addition 
highlights many of the other controversial issues that are involved in the delivery of 
pancreatic cancer care such as training, measurement of quality, regionalization, 
and influences of oncopolitics. This adds to the overall value of the textbook.

Again, the editors are to be congratulated for bringing to fruition this valuable 
addition to the surgical literature.

Kevin C. Conlon, 
European-African Hepato-Pancreato-Biliary Association (E-AHPBA)

Glasgow, UK
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Foreword from ESSO

A foreword usually tells the readers why they should read a book, and I will support 
my motivations with two arguments.

The first one is based on the quality of the authors: Kjetil Søreide, Professor of 
Surgery at Stavanger University Hospital, Norway, the youngest person ever to be 
appointed to a Norwegian surgical chair, and Stefan Stättner, Clinical Lead for 
Surgical HPB Oncology and in charge of research in this field at the Medical 
University of Innsbruck, Austria. Both are young and enthusiastic surgeons and 
researchers, an active and valuable part of the European Society of Surgical 
Oncology Education and Training Committee.

The second motivation stands in the fact that this book summarizes the actual 
developments of modern science and technologies which are enabling basic 
researchers, pancreatologists, gastroenterologists, and pancreatic surgeons to better 
understand perhaps the least understood of human organs—the pancreas.

Pancreatic cancer is associated with a very poor prognosis, highlighted by the 
close parallel between disease incidence and mortality. Tumor biology of pancreatic 
cancer contributes to early recurrence and metastasis, and resistance to chemother-
apy and radiotherapy.

A multidisciplinary approach to pancreatic malignancies is considered as essen-
tial to provide the best outcomes of patient care. In the last years, there have been 
considerable advances in the surgical management of pancreatic malignancies. 
Many of these relate to related specialties (radiology, oncology, gastroenterology, 
and anesthesia) and also directly to surgery.

Over the past several years, the pool of potentially resectable patients has 
increased; the use of preoperative therapies has improved the number of patients 
undergoing margin negative resections. With these changes, and the evolution of 
chemotherapy and chemoradiation protocols, there is now a growing need to iden-
tify predictors of treatment response that move beyond merely documenting changes 
in tumor size.

The combined efforts of many expert contributors have resulted in a comprehen-
sive broad-ranging textbook concerning the world of pancreatic cancer.
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This book does well to bring into sharp focus not only the various pros and cons 
of technical aspects of pancreatic resections. The improvement in outcomes due to 
multidisciplinary care and emphasis on finer perioperative aspects such as nutrition 
and enhanced recovery after surgery further adds to the excitement where the future 
is only expected to be brighter than ever before.

As Chair of the ESSO Education and Training Committee, I am sure that this 
work is an exciting and valuable resource, sufficiently comprehensive to cover the 
broad spectrum of pancreatic cancer for specialists and for candidates coming to 
UEMS Surgical Oncology examinations.

 Sergio Sandrucci 
 Education and Training Committee, European Society for Surgical 

Oncology (ESSO)
Brussels, Belgium

Visceral Sarcoma Unit
CDSS—University of Turin

Turin, Italy

Foreword from ESSO
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Foreword from the President of IHPBA

Pancreatic cancer remains a very challenging disease to treat. The outcomes remain 
poor, but many technical aspects have improved, and over the last decade, there has 
been a significant growth in our understanding of the biology, investigations, and 
treatment of this disease. New approaches including surgical techniques, adjuvant 
therapies and technologies, and systemic therapies either preoperatively or postop-
eratively are part of the everyday armamentarium that has evolved. The approach to 
premalignant conditions will result in an increase in the number of operations per-
formed for this condition.

Unfortunately, there remains a lack of high-level evidence for many of the treat-
ment options, and clinicians still have to rely on good clinical judgment. We are 
confident that the future will advance our ability to treat this condition. This text-
book reflects many of the new innovations and the scientific progress that forms the 
basis for our future clinical decision-making.

Training the next generation of pancreatic surgeons requires that as best as pos-
sible we provide guidance and understanding of the disease and its management. 
This textbook, through bringing together this remarkable group of experts with an 
enormous understanding of the disease and huge experience in treating pancreatic 
cancer, will make a significant contribution to the development of the next genera-
tion of pancreatic surgeons and oncologists. Some of the finest clinician scientists 
and surgeons who have contributed to the current evidence-based understanding of 
pancreatic cancer from the European pancreatic medicine community have contrib-
uted their knowledge and expertise to the content of this textbook. The topics in this 
textbook cover a wide range of issues relevant to both the general pancreatic surgi-
cal community and oncologists but especially for the young trainees developing 
their own experience and understanding in the management of patients with pancre-
atic cancer.



xii

The editors have produced a resource that will enhance many of the educational 
activities of the EAHPBA and the IHPBA and our commitment to education and 
training. Their significant contribution to this objective is welcomed and appreciated.

 Martin Smith 
 International Hepato-Pancreato-Biliary Association

Johannesburg, South Africa 

Department of Surgery
University of the Witwatersrand

Johannesburg, South Africa 

Department of General Surgery
Chris Hani Baragwanath Academic Hospital

Soweto, South Africa

Foreword from the President of IHPBA
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Foreword from the President of the AHPBA

Pancreatic cancer is a leading cause of cancer-related mortality worldwide with an 
estimated 5-year survival rate of roughly 30% following curative-intent resection 
and less than 10% for patients with unresectable disease. Optimal treatment for all 
stages of pancreatic cancer requires a multidisciplinary approach involving special-
ists such as medical oncologists, surgical oncologists, gastroenterologists, and radi-
ation oncologists among others. In particular, most patients with pancreatic cancer 
are now cared for using some combination of surgery, chemotherapy, and/or radia-
tion therapy. As such, multidisciplinary care has become increasingly more preva-
lent in the management of patients with pancreatic cancer. As such, it is critical for 
surgeons to have a firm grasp on the emerging knowledge regarding the diagnostic 
and treatment options for patients with pancreatic cancer. In light of this need, Kjetil 
Søreide and Stefan Stättner have edited a definitive textbook that covers the princi-
ples and practice of surgical oncology related to pancreatic cancer. Professors 
Søreide and Stättner are recognized experts in the field of hepatopancreatic surgery 
with international expertise on the topic of pancreatic cancer, surgical approaches to 
the pancreas, as well as the molecular biology of pancreatic cancer.

This book covers a number of important topics including the work-up, as well as 
medical and surgical management of patients with pancreatic cancer. In particular, 
an array of expert authors covers a wide range of clinically relevant topics such as 
pancreatic disease burden, education, training, quality of care, as well as diagnosis, 
imaging, and staging of pancreatic cancer. I want to commend Professors Søreide 
and Stättner for enlisting the help of an amazing group of authors who are leaders 
in the field of pancreatic cancer. As you will witness yourself, the authors do an 
expert job in highlighting the important and relevant aspects of caring for patients 
with pancreatic adenocarcinoma. The knowledge contained in this important book 
will well serve surgeons and other healthcare providers who care for patients with 
pancreatic tumors. I would like to thank and congratulate Professors Søreide and 
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Stättner and all the contributing authors for an excellent resource on the principles 
and practices around pancreatic cancer.

 Timothy M. Pawlik 
 The American Hepato-Pancreato-Biliary  

Association (AHPBA)
Kansas City,  MO, USA 

Department of Surgery
The Urban Meyer III and Shelley Meyer Chair for Cancer Research,  

The Ohio State University Wexner Medical Center, The Ohio State University, 
Wexner Medical Center

Columbus, OH, USA

Foreword from the President of the AHPBA
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Preface

It is with great pleasure and immense pride we see this book come to fruition. The 
inception of this started by means of filling a void of learning material for young 
surgeons wanting to complete the fellowship exams in surgical oncology and hepa-
tobiliary and pancreatic surgery. As members of the Education and Training 
Committee in the European Society for Surgical Oncology (ESSO) and also for the 
European-African Hepatobiliary Pancreatic Association (EAHPBA), we saw a need 
for a core curriculum that would cover essential themes within pancreatic cancer as 
we know it. Inspired by the initial ESSO endorsement of the project, we are thrilled 
to see the keen support also from the HPB societies for the final product.

While not encyclopedic in format, we hope the comprehensive nature of the 
content will reach a wide audience of clinicians and researchers from several disci-
plines. Clearly, the content has been tailored with the student, fellow, and practicing 
surgical oncologist in mind, but the themes covered reaches well beyond the basic 
clinical content needed for the day-to-day clinical practice. We have included topics 
that are emerging in the way we understand pancreatic cancer (e.g., the microbiome 
and molecular biology) and have chapters that address emerging fields of testing, 
diagnosing, or treating the disease. We envision that novel discoveries will allow for 
future updated editions of the book, to hopefully document a steady progress in 
understanding and management of this often-dreaded disease. We hope the compre-
hensive content may serve as an introduction to the budding student of pancreatic 
cancer, be a valuable reference to the astute clinician and surgeon oncologist at 
work, and serve as a comprehensive study tool to fellows preparing for board exams 
in general surgery, surgical oncology, or hepatobiliary and pancreatic surgery. We 
also hope that the content may inspire surgeons and those in other disciplines to 
pursue new knowledge and invest time and effort in trials and basic science to 
improve our understanding of pancreatic cancer.

As editors, we would like to thank all the authors for their hard work and com-
mitment to the content. This book simply could not have been done without the 
dedication and expertise provided by each individual and group of experts to each 
chapter. We are thrilled to see the multidisciplinary, international set of authors cov-
ering most corners of the world and represented by most institutions and 
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departments dedicated to the research and management of pancreatic cancer. We are 
very proud to have so many women leaders in the field contribute as either coau-
thors or senior authors of chapters throughout the book. While we have strived to 
ensure diversity in this multi-authored text, we know we can only do better and 
express our sincere apologies to any or those who were unintentionally left out from 
contributing to this edition of the book. Importantly, we appreciate the importance 
of inclusion, diversity, and the perspective of global health. For any inadvertent 
errors or missed points we apologize. For novel suggestions or any other feedback, 
we are more than happy to be contacted—we can only learn and improve by 
engaging!

We would also like to thank the publishers for their hard work and commitment 
to deadlines and getting the final versions into production.

The reason for creating this book lies in the hope of improving care and out-
comes for patients with pancreatic cancer. It is only appropriate to dedicate this 
book to the current and future patients who suffer from pancreatic cancer in the 
hopes that we will see true cure from this disease, to the students of this complex 
disease who invest time and efforts towards improved knowledge, and to the clini-
cians and researchers who work towards improved management of pancreatic can-
cer through basic and translational research, clinical trials, and their day-to-day 
practice.

Finally, we would like to thank our families who endured the several hours, long 
days, and many weekends spent by us editing the book on top of a busy clinical 
schedule.

Stavanger, Norway Kjetil Søreide 
Innsbruck, Austria  Stefan Stättner  

Preface
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Take Home Messages
• Modifiable risk factors for pancreatic cancer are similar to many other can-

cer forms and cardiovascular diseases.
• Tobacco smoking contributes to the highest attributable fraction of pancre-

atic cancer risk due to its high prevalence in the general population.
• Chronic pancreatitis is associated with a high risk of developing pancreatic 

cancer, but the prevalence is low.

Pearls and Pitfalls
• Pancreatitis is associated with the risk of pancreatic cancer, but can also be 

a manifestation of the disease. Pancreatic cancer should be considered 
when determining pancreatitis etiology.

• Common risk factors for pancreatic cancer cannot be used to select patients 
for screening/surveillance.

Future Perspectives
• Increasing genome-wide data resources can be integrated in epidemiological 

studies to draw more rigorous conclusions about risk factor causality. Such 
studies could also highlight direct risk associations with genomic variants.
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1.1  Introduction

Risk factors are variables that are associated with an increased risk of developing 
the disease of interest. This is generally investigated through observational studies, 
including case–control and cohort studies. More robust evidence comes from pooled 
analysis of several studies or a meta-analysis. This chapter focuses on risk factors 
that have support from meta-analyses and pooled analyses. Risk associations where 
the evidence is weak has generally been left out in the chapter. Importantly, having 
multiple established risk factors does not necessarily mean the individual will 
develop pancreatic cancer. A substantial proportion develop pancreatic cancer with-
out having any risk factor apart from increasing age.

The number or exposed among the whole pancreatic cancer population, their 
attributable fractions and the evidence grade is summarized in Table 1.1. The evi-
dence grading is presented in Table 1.2 and terms related to studies and outcomes 
are presented in Table 1.3.

Table 1.1 Risk factors for pancreatic cancer

Association Risk factors Exposed
Attributable 
fraction Evidence

High risk (RR ≥ 2.0) Chronic and hereditary 
pancreatitis

<1% < 3% Strong

Moderate risk (RR 
1.5–1.9)

Tobacco smoking 25–40% 11–32% Strong

Diabetes mellitus 4–17% 1–16% Strong
Family history 5–10% 3–7% Strong
Acute pancreatitis . . Weak
Poor oral hygiene . . Strong

Low risk (RR 1.1–1.4) Obesity 20–40% 3–16% Strong
High alcohol consumption 5–20% < 9% Strong
Non-O blood group 50–60% 13–19% Strong
Western dietary pattern . . Weak

Low to moderate 
protection
(RR 0.5–0.9)

Healthy dietary pattern . . Moderate

Allergy 10–20% 3–7% Strong

Adapted and modified from Maisonneuve et al. [1]

• The microbiome is increasingly appreciated as a contributor to health and 
disease, and future studies will determine the contribution of the microbiome 
in pancreatic cancer pathogenesis and how it relates to pancreatic cancer risk.

• Improvements in defining risk factors can aid in defining high-risk popula-
tions. If biomarkers for early detection and more robust imaging techniques 
evolve it might allow for screening for pancreatic cancer in the future.

O. Franklin and M. Sund
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Table 1.2 Evidence grading used in this chapter [1]

Strong 
evidence

Supported by more than one meta-analysis and confirmed in cohort studies or 
by a pooled analysis

Moderate 
evidence

Supported by more than one meta-analysis or a single meta-analysis of cohort 
studies

Weak evidence Support from a single meta-analysis not based exclusively on results from 
cohort studies or if reports are inconclusive

Table 1.3 Terms related to type of studies and outcomes

Term Explanation

Cohort study The risk factor and disease are analyzed in a population or group of individuals 
with a shared characteristic. Risk increase is presented as relative risk

Case–control 
study

The risk factor is measured in individuals having the outcome and compared 
with individuals without the outcome. Risk increase is presented as an odds 
ratio

Meta- analysis A systematic analysis of previous published studies addressing the same 
research question. Provides higher statistical power and more robust estimates

Pooled 
analysis

Combines the results of multiple individual studies. Requires that the included studies 
are homogenous with regards to population, study design and statistical methods

Relative risk The ratio of the probability of an outcome in individuals with the risk factor vs 
the probability of the outcome in individuals without the risk factor of interest

Association The risk factor and the outcome are significantly linked with each other. The 
link might be because the risk factor causes the outcome but it might also be 
due to systemic bias, unknown confounders, reverse causality (that the outcome 
causes the risk factor) or by mere chance

Causation The risk factor causes the outcome. In epidemiology, this is difficult to prove. 
Causality is more likely when associations are strong and when individual study 
results are consistent (among other criteria for assessing causality in 
epidemiological studies)

Confounder A factor that affects both the risk factor of interest and the outcome. If known 
and measured, statistical models can adjust for confounders

1.2  Age, Gender and Race

The probability of developing pancreatic cancer is approximately 1% over a life- 
time. As with most cancer forms, the risk of developing pancreatic cancer increases 
with increasing age. The median age at diagnosis is 72 years and over 90% of cases 
are diagnosed after 50 years of age [2].

Men have a higher incidence of pancreatic cancer compared to women (inci-
dence ratio 1.1–2.0) (Wahi). Studies of hormonal causal risk factors for the disease 
have been inconclusive [3, 4]. Thus, the difference between sexes is likely attribut-
able to differences in prevalence of other risk factors such as smoking, heavy alcohol 
intake and obesity.

American epidemiological studies report an increased risk in African Americans 
compared to the Caucasian population (1.4-fold higher incidence) [5]. Similarly, 
Native Hawaiians and Japanese Americans also have a higher risk compared to 
European Americans, after adjusting for other established risk factors [6].

1 Risk Factors for Pancreatic Cancer
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1.3  Pancreatitis (Acute, Chronic and Hereditary)

Inflammation predisposes to the initiation and development of cancer [7]. 
Inflammation of the pancreas parenchyma can be of acute or chronical character and 
both are associated with a higher risk of pancreatic cancer. In mice carrying a KRAS 
mutation, pancreatitis induction lead to a non-resolving inflammatory state that 
causes progression of premalignant PanIN-lesions and accelerates pancreatic can-
cer development [8, 9].

1.3.1  Chronic Pancreatitis

The evidence for chronic pancreatitis as a risk factor is strong, but since it is a rela-
tively rare condition, the attributable fraction is low [1]. The association is strongest 
when the lag-time is short, i.e. when pancreatic cancer is diagnosed within 2 years 
from the chronic pancreatitis diagnosis (relative risk 16.0) and the risk decreases 
with increasing follow-up time [10]. This might reflect reverse causality due to tumor 
obstruction of the duct system or mistaking pancreatic cancer for chronic pancreati-
tis on radiology. However, there still is a strong risk association with longer follow-
up suggesting that chronic inflammation of the pancreas drives carcinogenesis. At 5 
and 9 years between the chronic pancreatitis and pancreatic cancer diagnosis, the 
relative risk is 7.9 and 3.5 respectively [10]. Similar results have been reported in 
another pooled analysis of >15,000 pancreatitis patients. The odds ratio was 13.6 for 
developing pancreatic cancer within 2 years of the chronic pancreatitis diagnosis and 
2.7 if diagnosed more than 2 years after the pancreatitis diagnosis. To clarify, this 
analysis did not separate between acute and chronic pancreatitis [11]. Surveillance 
for pancreatic cancer in chronic pancreatitis patients is not supported since only ~5% 
of chronic pancreatitis patients actually develop pancreatic cancer [12].

1.3.2  Acute Pancreatitis

Acute pancreatitis is also associated with an increased risk of pancreatic cancer 
but results are conflicting and the evidence is weak. Similar to chronic pancre-
atitis it can be a manifestation of pancreatic cancer [13], which is important to 
consider in search of the etiology behind an acute pancreatitis diagnosis. The 
risk is highest (2–20-fold) during the first 1–2 years after acute pancreatitis and 
then declines gradually over time [14–17]. However, the risk increase remains 
after 5 years of follow- up with an approximately twofold increased risk in case–
control studies [14, 16]. Whether there is a true increased risk has been debated 
since other studies found no associated risk after 10 years of follow-up [15, 18]. 
The most recent well-performed study found a twofold risk increase after 
10 years of follow up. The absolute risk was 0.7% at 2 years and 0.87% after 
5 years of follow up [16].

O. Franklin and M. Sund
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1.3.3  Hereditary Pancreatitis

Hereditary pancreatitis is a rare form of chronic pancreatitis that is most commonly 
due to autosomal dominant inherited mutations in the trypsinogen (PRSS1) gene caus-
ing premature trypsin activation and parenchymal injury [19]. The median age of 
symptom onset is 12 years [19]. Hereditary pancreatitis is associated with early pre-
malignant dysplastic lesions in the pancreas (PanINs) [20] and a high risk of develop-
ing pancreatic cancer. The cumulative incidence is 3.4–10% at 50 years of age and 
18.8–50% at 70–75 years of age [19, 21, 22]. Avoidance of smoking and alcohol is 
recommended for individuals with hereditary pancreatitis and yearly radiological sur-
veillance has been advocated from 40 years of age [23] although no study has evalu-
ated the efficacy of this approach. In hereditary pancreatitis there is an increased risk 
of pancreatic cancer with time from symptom onset [19] in contrast to acute and 
chronic pancreatitis. This might be due to differences in cancer development from the 
two conditions (assuming a causal relationship), differences in the underlying etiol-
ogy of the inflammatory state (extrinsic vs. intrinsic) or reverse causality in the case of 
chronic pancreatitis that might be misdiagnosed pancreatic cancer.

1.4  Tobacco Smoking

Long term smoking leads to an approximately doubled increased risk of pancreatic 
cancer supported by multiple studies and pooled analyses. The evidence is strong. 
Since smoking is common it is the risk factor that contributes most to pancreatic 
cancer incidence [1]. In a 2018 meta-analysis of 78 studies the pooled relative risk 
was 1.8 for current smokers and 1.1–1.2 for former smokers [24]. Pooled data from 
multiple case–control studies approximate an odds ratio of 1.77–2.2 for current 
smokers [25, 26]. Higher intensity and longer smoking duration increased the risk 
in these reports, while smoking cessation abolished the risk after 15–20 years of 
cessation. Cigar smoking has similar odds ratio compared to cigarette smoking, but 
is less studied [27]. Environmental tobacco smoke exposure is not associated with 
an increased risk in pancreatic cancer development [28].

While an association between pancreatic cancer and smokeless tobacco have 
been reported, meta-analyses and a recent pooled analysis of cohort studies report 
inconclusive results or no significant risk increase [29–31].

1.5  Alcohol Consumption

Heavy alcohol consumption is associated with an increased risk for pancreatic can-
cer. The relative risk was 1.15 for intake of ~24 g alcohol daily (~2 drinks/day) and 
higher when considering liquor only (relative risk 1.43). There is no evidence for 
any increased risk for individuals with a low to moderate alcohol consumption 

1 Risk Factors for Pancreatic Cancer
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[32–35]. Importantly, heavy alcohol consumption can cause acute and chronic pan-
creatitis which in turn increase the risk of pancreatic cancer and most studies have 
not adjusted for these confounders [34]. In support of a true risk association, a 
pooled analysis of case–control studies reported a consistent increased risk for con-
sumers of ≥6 drinks per day when excluding pancreatitis patients [33]. In addition, 
the prevalence of pancreatitis is low even among heavy alcohol consumers [33].

1.6  Body Mass Index and Obesity

Obesity is associated with an increased risk of several cancer forms including pan-
creatic cancer [36]. The pooled relative risk from multiple prospective studies is 
~1.10–1.12 for each five unit increase in BMI [37–39]. Central obesity measured by 
waist-to-hip ratio and waist circumference is also positively associated with 
increased pancreatic cancer mortality independent of BMI [37, 40]. In addition, 
there is support of a causal association between BMI and pancreatic cancer from 
Mendelian randomization studies (explained in Box 1.1) [41, 42], highlighting obe-
sity as an important modifiable risk factor for the disease.

Box 1.1 Mendelian Randomization
In epidemiological risk factor studies there is always a risk that the results are 
due to unmeasured confounding factors or reverse causality. Mendelian ran-
domization is a method that tries to overcome these problems by using genetic 
variants that affect the outcome only through the risk factor of interest. This is 
possible as genetic variants are inherited independent of potential confounding 
factors, with alleles being randomly allocated at conception. The effect can be 
viewed as a genetic randomised controlled trial (Fig. 1.1). A simple example is 
the use genetic variants of the alcohol dehydrogenase gene (ALDH2) to explain 
the risk association between alcohol (exposure) and blood pressure (outcome). 
Individuals with certain ALDH2 variants have a considerably lower tolerance 
for alcohol (i.e. the genetic variant is robustly associated with the exposure) 
and if these individuals have lower blood pressure, this suggest that lower alco-
hol consumption leads to lower blood pressure. This assumes that there is no 
direct association between ALDH2 and blood pressure [43]. Instead of a single 
gene variation, Mendelian randomization studies often use associations 
between a risk factor and multiple genetic variants or single nucleotide poly-
morphism (SNPs) derived from large-scale genome wide association studies 
(GWAS). The studies referred to in this chapter have used genetic variants and 
SNPs from GWAS data to draw conclusions about causal relationships between 

BMI, obesity, dyslipidemia and diabetes mellitus type 2 [41, 42]

O. Franklin and M. Sund
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Fig. 1.1 Mendelian randomization studies can be compared with a randomized controlled trial. 
Instead of randomization to an intervention, alleles are randomly allocated at conception. (Original 
figure from Howell et  al. {Howell, 2018 #106} Copyright © 2018 Howell, Zheng, Haycock, 
McAleenan, Relton, Martin and Kurian)

1.7  Diabetes Mellitus

Both young-onset/type I and type II diabetes have been associated with pancreatic 
cancer but only the association with type II diabetes has supporting strong evidence 
[44]. At diagnosis, a majority of pancreatic cancer patients have hyperglycemia or 
diabetes, and only 14% have a normal fasting glucose [45]. Similar to pancreatitis, 
long term diabetes is a risk factor but diabetes can also be the first manifestation of 
the disease and the relative risk is higher close to the pancreatic cancer diagnosis. 
The overall relative risk of pancreatic cancer in individuals with diabetes is almost 
doubled [46, 47]. The risk association is stronger in pancreatic cancer patients with 
short-term diabetes, and highest for individuals who are diagnosed with diabetes 
within 1 year prior to pancreatic cancer diagnosis (relative risk 5.4) [46]. Fasting 
glucose elevations present at 36–30 months prior to diagnosis and fasting glucose 
levels are positively associated with tumor volume at diagnosis [48]. This likely 
reflects reverse causality, i.e. that the tumor somehow causes diabetes (Box 1.2). In 
support, surgical removal of the tumor improves the hyperglycemic status in half of 
the patients and a Mendelian randomization study did not support a causal relation-
ship between long standing diabetes mellitus and pancreatic cancer [41]. Screening 
and surveillance are limited by the high prevalence of diabetes and low incidence of 
pancreatic cancer. Less than 1% of individuals diagnosed with diabetes develop 
pancreatic cancer within 3 years [49].

1 Risk Factors for Pancreatic Cancer
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1.8  Dietary Patterns

A Western dietary pattern is associated with an increased risk of pancreatic cancer 
and a healthy dietary pattern has been associated with a decreased risk. The evi-
dence is weak to moderate and the results from current meta-analyses should be 
interpreted with caution. The Western dietary pattern is characterized by red meat, 
processed meat, sweets, high fat food, potatoes and low amounts of fruits and veg-
etables. The healthy diet is characterized by high amounts of vegetables and fruits, 
whole grains, olive oil, fish, poultry and low-fat foods. Importantly, meta-analyses 
of the risk between diet and pancreatic cancer show inconsistent results, and signifi-
cant associations are almost exclusively found in case–control studies (weak or no 
associations in cohort studies), which indicates potential bias [53, 54]. The included 
studies have been adjusted for age, sex, diabetes, BMI, smoking and total energy 
intake. Only three studies have been adjusted for social status or education [53, 54]. 
A meta-analysis including prospective studies reported an increased risk of pancre-
atic cancer for consumers of >50 g of processed meat per day (RR 1.19) and male 
consumers of red meat (RR 1.29) [55]. The possible protective effect of fruits and 
vegetables has been suggested to be due to dietary fibers and antioxidant substances 
including vitamin C, which have been suggested to protect from inflammatory pro-
cesses. The risk association with red and processed meats might be due to increased 
intake of hem iron, nitrite and heterocyclic amines—all of which have been sug-
gested as potential carcinogens in experimental studies [53].

1.9  Poor Oral Hygiene

Studies on oral hygiene show an association between periodontal (gum) disease 
and edentulism (tooth loss) and pancreatic cancer. The evidence is strong. Meta-
analyses associate periodontal disease with a 1.74 relative risk and edentulism 

Box 1.2 Does Pancreatic Cancer Cause Hyperglycemia?
How pancreatic cancer causes hyperglycemia is not completely understood. 
Experimental studies have tried to assess an eventual paraneoplastic phenom-
enon. A possible mediator is the protein adrenomedullin that has been shown 
to inhibit insulin secretion from beta-cells in cell culture [50]. Pancreatic can-
cer cells shed microparticles called exosomes containing adrenomedullin, 
which is also found in plasma from pancreatic cancer patients. These exo-
somes can be internalized into beta-cells causing endoplasmic reticulum 
stress and inhibition of insulin secretion [51]. It is also possible that pancre-
atic cancer cells affect peripheral glucose uptake. Pancreatic cancer cell 
derived exosomes have been shown to affect insulin resistance in myoblasts 
cells in cell culture [52].

O. Franklin and M. Sund
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with a 1.54 relative risk for pancreatic cancer [56, 57]. Periodontal disease and 
pancreatic cancer share several risk factors (including obesity, tobacco smoking, 
diabetes, alcohol consumption and allergy) but these confounders were adjusted 
for in most studies included in meta-analyses [56, 57]. The link between oral 
hygiene and pancreatic cancer is unclear, but might be linked to alterations in the 
oral microbiome that contribute to systemic inflammation. Studies of the oral 
microbiota show that presence of oral bacterial pathogens increase the risk of 
pancreatic cancer, while commensal flora decrease the risk [58, 59]. In addition, a 
recent study described the presence of oral pathogens in premalignant IPMN cyst 
fluid [60], indicating that these pathogens might be involved in early pancreatic 
cancer development.

1.10  ABO Blood Group

ABO genotype is associated with pancreatic cancer risk and the evidence is strong. 
Having another blood group than type O is associated with an increased risk of 
pancreatic cancer, supported by two meta-analyses and a large case–control study 
[61–63]. In addition, there is a lower frequency of type O blood group in pancreatic 
cancer patients compared to patients with other cancer forms, suggesting that the 
association is specific for pancreatic ductal adenocarcinoma [61].

1.11  Potential Risk Factors

In addition, there are several reports on risk associations where the evidence is weak 
or inconclusive. Environmental exposures including chlorinated hydrocarbon sol-
vents, ionizing radiation, nickel, lead, cadmium, arsenic and formaldehyde have all 
been associated with an increased risk but the results are supported by single studies 
[1, 64].

Similarly, risk associations with gut microbiome have been reported in only a 
few studies [65]. Risk factors where the results are inconclusive include Hepatitis B 
and C infection, Styrene (used in plastic products), H. pylori infection, physical 
inactivity, vitamin D intake and cholecystectomy [1, 64–66].

1.12  Study Design and Ongoing Epidemiological Projects

Inherited rare mutations such as Li-Fraumeni and Peutz-Jaegers confer a high risk 
of pancreatic cancer but account for a small proportion of patients. A larger propor-
tion of individuals carry genomic variants with low penetrance that are associated 
with pancreatic cancer, identified in genome-wide association studies (GWAS). 
GWAS are observational studies that can pinpoint association between genomic 
variants and disease and are typically focused on single-nucleotide polymorphisms 

1 Risk Factors for Pancreatic Cancer
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(SNP). The pancreatic cancer cohort consortium (PanScan) and the pancreatic can-
cer case–control consortium (PanC4) have published a number of reports on GWAS 
studies on individuals of European ancestry and have identified 13 genomic loci 
associated with pancreatic cancer [67–71]. The PANcreatic Disease ReseArch 
(PANDoRA) case–control consortium identified one additional risk locus [72]. A 
meta-analysis of the aforementioned studies could identify five additional risk loci 
[73]. To identify genes that mediate the effects of genomic variants, GWAS data can 
be combined with gene expression data in transcriptome-wide association studies 
and such studies have identified several candidate genes associated with pancreatic 
cancer risk [74, 75]. GWAS studies on individuals of Asian ancestry have identified 
eight genomic risk loci, with limited overlap with findings on European popula-
tions, suggesting that genomic variants and pancreatic cancer risk associations dif-
fer depending on the ancestry of the source population [72, 76, 77]. GWAS, TWAS 
and Mendelian randomization studies, utilizing genomic data to provide insight in 
susceptibility genes and risk factor causality are likely to provide novel insight in 
pancreatic cancer risk stratification in the future.

1.13  Conclusions

There are several modifiable risk factors for pancreatic cancer but the independent 
risk associations are generally modest. Screening for pancreatic cancer in these risk 
populations is therefore generally not recommended. The risk factor that contributes 
most is cigarette smoking due to its high prevalence in the general population. 
Having multiple risk factors contributes to an elevated risk for pancreatic cancer, as 
well as other cancer forms and cardiovascular disease. To summarize current rec-
ommendations for reducing the risk of developing pancreatic cancer, it is advisable 
to refrain from smoking and heavy alcohol consumption, to maintain a healthy 
weight and include vegetables and fruit in the diet. Genomic data are increasingly 
integrated in risk association studies to account for confounders and gain insight in 
risk loci and genes associated with pancreatic cancer. The clinician should be well 
aware of the increased risk of pancreatic cancer in patients with pancreatitis and 
new-onset diabetes mellitus.
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Take Home Messages
• Regarding overall incidence, pancreatic cancer is a less common cancer globally.
• Due to its high case fatality, it ranks seventh in worldwide cancer mortality.
• As a result of the worldwide increase of lifespan it can be expected that 

incidence and mortality will rise further globally.
• Major risk factors associated with pancreatic cancer, such as smoking, 

diabetes and obesity are potentially modifiable, providing excellent oppor-
tunity for prevention.

Pearls and Pitfalls
• Age is a very important risk factor for cancer, hence, aging populations 

will drive the increase in incidence.
• As other countries strive to increase their productivity and economic pros-

perity it can be expected that this will also influence life expectancy and 
percentage of overweight in their population.

Further Perspectives
• Health statistics are vital for international comparison.
• Differences in incidence, survival and mortality between countries or regions 

are influenced by means for cancer detection, the quality of cancer registries, 
medical therapy and cause-of-death notification in the single countries.
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2.1  Introduction

Pancreatic cancer is ranks as the 12th most common malignancy, with an estimated 
459,000 new cases globally in 2018 [1]. This corresponds to 2.5% of all new cancer 
cases worldwide. The small difference between the number of new cases and the 
number of deaths (an estimated 432,000) from this cancer confirms the poor prog-
nosis of this disease (Fig.  2.1). This puts pancreatic cancer in the seventh rank 
(4.5%) in global cancer mortality after cancers of the lung, stomach and liver, breast, 
colon, and oesophagus [1]. The epidemiological characteristics (Box 2.1) of pancre-
atic cancer makes it nonetheless a public health burden, as a cancer with a very high 
case-fatality rate as the incidence and mortality almost approaches 100%. This 
chapter will detail some epidemiological features of pancreatic cancer worldwide, 
with examples from selected countries and regions.

2.2  Worldwide Incidence

Considering the geographical distribution, the highest age-standardized rates of 
incidence are found in the high-income regions of the world (North America, 
Western Europe, Asia Pacific and Central Europe [2]. The age-standardised inci-
dence rate was 5.0/100,000 (4.9–5.1/100,000) in 1990 and increased to 5.7/100,000 
(5.6–5.8/100,000, World Standard Population) in 2017 [2]. The highest incidence is 
observed in high income countries (Fig. 2.2), showing a positive correlation with 

Box 2.1 Definition of Terms
Incidence: The number of new cases of a disease within a timespan (usually 
1 year) gives information about the hazardousness and about the spreading of 
a disease, usually expressed as a number relative to the population.

Prevalence: The total number of cases living with a certain disease (within 
a region or a country and within a timespan, also usually calculated for one 
specific year), usually expressed as a number relative to the population.

Morbidity: The number of cases living with a certain disease irrespective 
of the time of onset (can not be calculated, is sort of a summative term if one 
does not want to differentiate between incidence and prevalence).

Mortality: The number of deaths from a certain disease (or group of dis-
eases, e.g. “cardiovascular mortality”), usually expressed as a number relative 
to the population.

Case-fatality (Lethality): The number of deaths from a specific disease 
relative to the number of cases gives information about the deadliness of a 
disease, usually expressed as a percentage.

G. Haidinger



19

the Human Development Index (HDI), as well as with the Gross Domestic Product 
(GDP) of a country [3]. The highest incidence is found in Eastern Europe (males 
9.9/100,000, females 5.8/100,000) and Western Europe (males 9.5/100,000, females 
7.2/100,000), followed by Northern America (males 8.7/100,000, females 
6.5/100,000), and Southern Europe (males 8.6/100,000, females 5.9/100,000), the 
lowest in Western Africa (males 2.4/100,000, females 1.9/100,000), Eastern Africa 
(males 1.4/100,000, females 1.4/100,000), and South Central Asia (males 
1.1/100,000, females 1.0/100,000; all numbers: year 2018, age-adjusted to the 
World Standard Population) [1]. Figure 2.2 shows the incidence (n/100,000) of pan-
creatic cancer by World Areas, sorted by incidence in females [4].

2.3  Trends in Incidence

Trend analysis of incidence shows a small but steady increase of incidence globally. 
The number of incident cases of pancreatic cancer in both sexes increased 2.3 times 
from 195,000 incident cases in 1990 to 448,000 cases in 2017 globally [2].

The sex distribution globally is slightly to the disadvantage of men, in 2017, 
51.9% (232,000) of the total incident cases occurred in males, compared with 52.1% 
(102,000) in 1990 [2]. The number of incident cases peaked at the ages of 
65–69 years in males, whereas the peak in females was observed at the ages of 
75–79 years.

Pancreatic cancer in Austria
Males and Females, 1983 - 2016  (age standardized)
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Fig. 2.1 Incidence and mortality of pancreatic cancer in Austria, 1983–2016, age standardized. 
(Data source: Statistics Austria, 2019 [5])
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2.3.1  Data from The Netherlands

In a Dutch national cohort of 36,453 patients with pancreatic ductal adenocarci-
noma (PDAC), the incidence increased from 12.1 (1997–2000) to 15.3 (2013–2016) 
per 100,000, whereas median overall survival increased from 3.1 to 3.8 months. 
Resection rates and use of adjuvant or palliative chemotherapy increased with 

a

b

Fig. 2.2 Age-standardised rates of incidence (a) and death (b) of pancreatic cancer across 195 
countries and territories in both sexes, 2017. (Reproduced with permission from GBD 2017 
Pancreatic Cancer Collaborators. The global, regional, and national burden of pancreatic cancer 
and its attributable risk factors in 195 countries and territories, 1990–2017: a systematic analysis 
for the Global Burden of Disease Study 2017. Lancet Gastroenterol Hepatol. 2019 
Dec;4(12):934–947)
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improved survival in these patients. Since the majority of patients only received 
supportive care, in all patients with PDAC the survival benefit of 3  weeks was 
negligible [5].

2.3.2  Data from Austria

Pancreatic cancer ranks sixth in the list of the most common cancers in Austria, 
representing 2.3% of the total incidence of cancer of roughly 41,000 cases (popula-
tion 2016: 8.7 million) [6].

The number of newly diagnosed cases in Austria rose from 1045 in 1983 to 
1799 in 2016, an increase of 72% within these 34 years. This corresponds to age- 
standardised rates of 18.0 per 100,000 in 1983 to 21.1 per 100,000 in 2016 (males: 
20.9  in 1983–22.5  in 2016; females: 15.8  in 1983–19.8  in 2016, European 
Standard Population 2013), also showing a rising trend in incidence over the 
years [7].

In Austria, the sex distribution is also slightly to the disadvantage of men, age- 
standardized rates in men are 22.5 per 100,000 in 2016 (20.9 in 1983) compared to 
19.8 per 100,000  in women (15.8  in 1983). According to the larger number of 
women in Austria as a consequence of a high life expectancy, 47.1% (848 in 2016) 
of the total incident cases occurred in males, compared with 52.9% (951 cases in 
2016) in women [7]. In Austria the number of new cases peaks at ages 65–74 in men 
and at 75–84 in women, while age-specific incidence peaks at age 75–84 years in 
both sexes [8].

According to the Austrian Cancer Registry, 2660 cases with pancreatic cancer 
accounted for 0.7% of the total cancer prevalence (Persons living in Austria with 
cancer in 2016). Of these, 54.5% had their diagnose within the past 3 years, 12.7% 
within 3–5 years, 14.8% within 5–10 years and only 18% were diagnosed 10 or 
more years ago.

With respect to the registered tumour stage, only 5.6% of all cases (2014–2016) 
were at stage “localised” at time of diagnosis, 21.6% were at stage “regional” and 
33.0% were at stage “distant”, respectively (26.1% were of “unknown” stage and 
13.7% of incident cases were DCO, death certificate only) [7].

2.3.3  Data from Canada

A recent publication from Canada [9] describes age-standardized cancer-incidence 
trends in Canada between 1971 and 2015. The most striking results from these 
analyses relate to increasing incidence trends among younger adults for breast, 
colorectal, pancreatic, endometrial and kidney cancers. Obesity is a risk factor for 
these cancer sites and the rising incidence runs parallel to the growing prevalence of 
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obesity in recent decades. In addition, increases in pancreatic cancer and non- 
Hodgkin lymphoma among women, a new finding, was observed [9].

2.3.4  Data from Puerto Rico

In Puerto Rico, between 2011 and 2015, 7.8 per 100,000 persons were diagnosed 
with pancreatic cancer. Higher rates were observed in men than in women (9.2 vs. 
6.7 per 100,000, respectively) and in persons aged 65  years or older (42.7 per 
100,000 persons). A lower risk of being diagnosed with pancreatic cancer was seen 
in Puerto Rico in comparison to in members of several racial/ethnic groups in the 
US [10].

2.3.5  Data from the USA

In an analysis of the National Cancer Institute’s Surveillance, Epidemiology and 
End Results (SEER) database, trends in age-adjusted incidence of Stage IA PDAC 
between 2004 and 2016 were determined. The incidence of Stage IA PDAC cases 
diagnosed increased statistically significantly from 2004 to 2016 (annual percent 
change (APC): 14.5, 95% confidence interval (CI) [11.4, 17.7], p < 0.001). During 
the study period, average age at diagnosis for Stage IA and IB cases declined by 
3.5 years (95% CI: 1.2–5.9 years; p = 0.004) and 5.5 years (95% CI = 3.4–7.6 years; 
p < 0.001), whereas average age increased for higher-stage cases (by 0.6–1.4 years). 
Among Stage IA cases the proportion of blacks was smaller (10.2% v. 12.5%), and 
the proportion of other non-Caucasians was higher compared to higher-stage cases 
(11.9% v. 8.4%, p < 0.001). The 5-year overall survival for Stage IA PDAC improved 
from 44.7% [95% CI = 31.4, 63.7] in 2004 to 83.7% [95% CI = 78.6%, 89.2%] in 
2012; 10-year survival improved from 36.7% [95% CI  =  24.1, 55.8] in 2004 to 
49.0% [95% CI = 37.2%, 64.6%] in 2007 [11].

The following Fig. 2.3 shows age-specific counts and rates of incident cases (A), 
deaths (B), and DALYs (C) of pancreatic cancer by sex, 2017, on a global basis 
(DALYs = disability-adjusted life-years) [2].

2.4  Worldwide Mortality

There were an estimated 9.6 million cases of death in 2018 globally due to cancer 
[1], 4.5% of which were attributed to pancreatic cancer. Considering the geographi-
cal distribution, the highest age-standardized rates of mortality are found in the 
high-income regions of the world (Central Europe, High-income North America, 
Western Europe, and Southern Latin-America, the lowest in Oceania, Central 
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Fig. 2.3 Age-specific counts and rates of incident cases (a), deaths (b), and DALYs (c) of pancre-
atic cancer by sex, 2017. (Reproduced with permission from GBD 2017 Pancreatic Cancer 
Collaborators. The global, regional, and national burden of pancreatic cancer and its attributable 
risk factors in 195 countries and territories, 1990–2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet Gastroenterol Hepatol. 2019 Dec;4(12):934–947)
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sub- Saharan Africa, Eastern sub-Saharan Africa, and South Asia [2].There was a 2.3 
times (125%) increase in the number of deaths globally from 1990 to 2017, increas-
ing from 196,000 deaths for both sexes combined in 1990 [2]. The global age- 
standardised death rate increased by 10.4%, from 5.1/100,000  in 1990 to 
5.6/100,000 in 2017. The age-standardised mortality in males was 5.7/100,000 in 
1990 and 6.3/100,000  in 2017. The equivalent findings for females were 
4.5/100,000  in 1990 and 5.0/100,000  in 2017. In 2017, pancreatic cancer caused 
approximately 441,000 deaths globally, including roughly 226,000 deaths among 
males and about 215,000 deaths among females [2].

Age-specific rates for mortality increased with increasing age; this trend was 
similar between males and females. The number of deaths peaked at the ages of 
65–69 years in males, whereas the peak in females was observed at the ages of 
75–79 years [2]. Figure 2.3 shows the mortality (n/100,000) of pancreatic cancer by 
World Areas, sorted by mortality in females [4].

The Fig. 2.4 shows (A) the age-standardised incidence rates of pancreatic cancer 
in 2017. (B) The percentage change in age-standardised incidence rate of pancreatic 
cancer from 1990 to 2017. (C) The age-standardised death rates of pancreatic can-
cer in 2017. (D) The percentage change in age-standardised death rate of pancreatic 
cancer from 1990 to 2017. GBD = Global Burden of Diseases, Injuries, and Risk 
Factors Study [2].

2.4.1  Data from The Netherlands

Recent estimates have indicated that the number of deaths from pancreatic cancer 
overtook breast cancer mortality rates across the EU in 2017, meaning that the dis-
ease is now the EU’s third leading cause of cancer-related death, behind lung and 
colorectal cancer [12]. According to GLOBOCAN 2018 [13] pancreatic cancer 
ranks seventh in women and ninth in men in the Netherlands. Overall, 6.3% of all 
cancer deaths can be attributed to this cancer. Among the 28 European countries the 
Dutch mortality ranks 20th.

2.4.2  Data from Austria

Pancreatic cancer ranks third in the list of the most common cancers in Austria, 
representing 8.6% of the total cancer mortality of roughly 20,000 cases (population 
2016: 8.7 million).

The number of deaths due to pancreatic cancer in Austria rose from 1024 in 1983 
to 1678 in 2016, an increase of 64% within these 34 years. This corresponds to an 
increase of age-standardised mortality rates of 17.5/100,000  in 1983 to 
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Fig. 2.4 Levels and trends in age-standardised incidence and death rates of pancreatic cancer 
across 21 GBD regions by sex. (Reproduced with permission from GBD 2017 Pancreatic Cancer 
Collaborators. The global, regional, and national burden of pancreatic cancer and its attributable 
risk factors in 195 countries and territories, 1990–2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet Gastroenterol Hepatol. 2019 Dec;4(12):934–947)

19.6/100,000  in 2016 (males: 20.2  in 1983–21.1  in 2016; females: 15.6  in 
1983–18.1  in 2016, European Standard Population 2013), also showing a rising 
trend in mortality over the years [7].

In Austria, the sex distribution of age-standardized mortality rates is also slightly 
to the disadvantage of men, nevertheless according to the larger number of women 
in Austria as a consequence of a high life expectancy, 46.9% (787 in 2016) of the 
total incident cases occurred in males, compared with 53.1% (991 cases in 2016) in 
women [7]. In Austria the number of deaths peaks at ages 75–84  in both sexes, 
while age-specific mortality peaks at age 85+ years in both sexes [8].

A clear increase in 1-year survival can be observed in Austrian patients with 
pancreatic cancer, rising from 16.7% in the diagnose period 1989–1993 to 37.5% in 
the diagnose period 2014–2016, and 3-year survival rose from 7.0% in 1989–1993 
to 14.6% in 2014–2016. In the survival of longer periods this increase is less pro-
nounced, in the case of 5-year survival the rise is from 5.8% in 1989–1993 to 9.8% 
in 2014–2016, and the trend of 10-year survival is U-shaped from 5.2% in 1989–1993 
to 5.7% in the diagnose period between 2014 and 2016. No distinct differences in 
survival between men and women can be observed [7].
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2.4.3  Data from Canada

Long-term outcomes of Canadian patients affected by PC remain unsatisfactory, 
with only 9% of the patients surviving at 5 years [14]. The mortality rate is the high-
est among all the solid tumours with a case-to-fatality ratio of 0.93. The age- 
standardized 5-year relative survival in 2012 was 9.1% (95% confidence interval 
[CI], 8.3–10). There were geographic variations among provinces with the highest 
survival registered in Ontario (10.9%; 95% CI, 9.9–12) and the lowest survival 
reported in Nova Scotia (4.7%; 95% CI, 2.8–7.2) [14].

2.4.4  Data from Puerto Rico

In Puerto Rico, between 2011 and 2015, 6.7 per 100,000 persons died from pan-
creatic cancer, men and persons 65 years and older had higher mortality rates. 
Mortality trends in Puerto Rico increased from 2001 to 2015 (annual percent 
change [APC] = 1.9%). A lower risk of dying from pancreatic cancer was seen 
in Puerto Rico compared to members of several racial/ethnic groups in the 
US [10].

2.4.5  Data from the USA

According to analyses of the National Cancer Institute’s Surveillance, Epidemiology 
and End Results (SEER) database, 7.8% of cancer deaths can be attributed to pan-
creatic cancer (as opposed to 3.2% of cancer incidence). The death rate was 11.0 per 
100,000 men and women per year, showing a rather stable trend over the past 
25 years [15]. The 5-year relative survival rose from around 2% in the 1970s to 
8.6% in the year 2010.

2.5  Conclusion

From an epidemiological point of view, pancreatic cancer is not a very frequent 
tumour. The substantial case fatality rate makes pancreatic cancer important, how-
ever, as number of deaths will soon equal or exceed more common and prevalent 
cancers. The development of the prevalence of risk factors as well as the further 
increase in life expectancy will crucially determine the future development of this 
cancer’s incidence and mortality.
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Take Home Messages
• Known genetic risk factors for pancreatic cancer include germline patho-

genic variants in STK11, CDKN2A, BRCA1, BRCA2, PALB2, ATM, MLH1, 
MSH2, MSH6, APC, and TP53.

• Known genetic tumour predisposition syndromes explain up to 15% of 
familial aggregation of pancreatic cancer.

• Surveillance in high-risk constellations has been recommended

 – for first degree relatives from familial pancreatic cancer kindreds (i.e. ≥ 
2 patients with pancreatic cancer who are first degree relatives or ≥3 
patients with pancreatic cancer in one family).

 – for mutation carriers of known genetic tumour predisposition syndromes.

• Details of these recommendations require further evaluation within clini-
cal trials.

Pearls and Pitfalls
• To diagnose hereditary tumour predisposition syndromes, massive parallel 

sequencing (next generation sequencing, NGS) in an affected patient is the 
method of choice.
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3.1  Introduction

As described in Chap. 4, up to 10% of patients with pancreatic cancer have a posi-
tive family history with at least one relative who is also affected [1–3]. While the 
reasons for most familial aggregation remain to be elucidated, pancreatic cancer can 
occur as part of specific tumour predisposition syndromes, which are usually domi-
nated by other cancers. An increased pancreatic cancer risk is also associated with 
hereditary diseases, such as PRSS1-related or CFTR-associated hereditary pancre-
atitis. Finally, genome-wide association studies indicated that a number of common 
genetic variants are associated with increased pancreatic cancer risk. Although this 
risk is quite small for the individual variant, the collective influence may be quite 
relevant [4, 5].

In this review, we will discuss genetic causes of increased pancreatic cancer risk. 
We only include pancreatic ductal adenocarcinoma (PDAC) which accounts for more 
than 95% of pancreatic cancers. Other pancreatic neoplasia, such as neuroendocrine 
tumours of the pancreas (PNETs), which has an increased prevalence in some heredi-
tary diseases, such as multiple endocrine neoplasia type 2 (MEN2), neurofibromatosis 
type 1 (NF1), or Von Hippel Lindau (VHL) syndrome, is not covered [6].

3.2  Hereditary Tumour Predisposition Syndromes

Pathogenic variants in genes associated with known hereditary tumour predisposi-
tion syndromes are found in 3–9% of pancreatic cancer patients unselected for fam-
ily history and 8–15% of familial pancreatic cancer kindreds (Table 3.1). There is a 
wide range of causative genes, and there is no known single gene responsible for the 
majority of familial pancreatic cancer families. Below we provide an overview of 
the major syndromes with a genetic susceptibility for pancreatic cancer. Interestingly, 

Future Perspectives
• Technical advances will improve genetic testing techniques for reliable 

testing of DNA from all tissues, including paraffin-embedded tumour tissue.
• Knowledge of known and new tumour predisposition syndromes should 

help to understand tumour risk differences within and between families.

• The identification of large deletions or duplications with this method 
requires special analysis strategies that may not be available in all labora-
tories (enquire about alternatives).

• cDNA sequencing may need to be employed to detect (deep) intronic 
mutations that cause splicing effects.

• For predictive testing in a healthy family member a causal germline muta-
tion in an index patient with pancreatic cancer should have been identified.
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several of the pancreatic cancer predisposition genes are mutated somatically in 
tumours—CDKN2A is amongst the five most frequently mutated genes in pancre-
atic cancer. Also, mutations in STK11 are regularly observed [7].

The majority of the genes involved are tumour suppressor genes. In accordance 
with the “two-hit-hypothesis” of Alfred Knudson [20], tumours develop if both cop-
ies of such a gene have been inactivated. In familial cases one mutated copy has 
been inherited and is present in all cells (i.e. a germline mutation), making it much 
more likely that a second (somatic) hit completely abolishes gene function. Most 
tumour predisposition syndromes follow an autosomal dominant inheritance pat-
tern. Children of mutation carriers inherit the gene copy with the mutation with a 
probability of 50%, irrespective of the gender of the carrier parent or the child. The 
magnitude of the specific cancer risks, on the other hand, can be gender-specific, 
depending on the gene and organ site involved. The recurrence risk (for the cancer 
risk predisposition) in these diseases is therefore 50%.

Table 3.1 Probability of finding pathogenic variants in one of the genes causing a known 
hereditary tumour predisposition syndrome in pancreatic cancer patients according to family history

Number of 
patients

PC patients 
unselected for FH

PC patients with 
some FH for PC

PC patients from 
FPC kindreds

Hu et al. 2016 [8] 96 9.4%
Shindo et al. 2017 
[9]

854 3.5%

Young et al. 2018 
[10]

274 4.7%

Yurgelun et al. 
2019 [11]

289 6.6%

Hu et al. 2018 
[12]

3030 PC, 343 
some FH

6.2% 9.6%

Salo-Mullen et al. 
2015 [13]

195 PC, 34 
FPC

15.1%a 5.9%a

Zhen et al. 2015 
[14]

515 FPC, 201 
some FH

3.5%b 8%b

Chaffee et al. 
2018 [15]

185 FPC, 117 
some FH

4.3% 11.9%

Schwartz et al. 
2019 [16]

133 FPC, 84 
some FH

4.6% 8.3%

Takai et al. 2016 
[17]

54 FPC 14.5%

Roberts et al. 2016 
[18]

593 FPC 11.3%

Lener et al. 2017 
[19]

398 FPC 2%c

Results shown are restricted to likely pathogenic/pathogenic variants in genes that have a con-
firmed association with pancreatic cancer, including TP53 and APC
FH family history, FPC Familial pancreatic cancer, PC pancreatic cancer
aThis study had a high proportion of patients with Ashkenazi ancestry (60.4%)
bThis study only tested the genes BRCA1, BRCA2, PALB2, and CDKN2A
cThis study only tested certain founder mutations in the Polish population in the genes BRCA1, 
PALB2, CHEK2, and NBS1

3 Hereditary Syndromes and Pancreatic Cancer



32

Familial pancreatic cancer outside of known tumour disposition syndromes rep-
resents a heterogeneous group of risk constellations caused by variation in numer-
ous genes in a polygenic or multifactorial fashion.

3.2.1  Peutz-Jeghers Syndrome

Peutz-Jeghers syndrome (PJS) is a rare tumour predisposition syndrome; its exact 
incidence has not yet been clarified, but estimates range from 1 in 200,000 to 1 in 
50,000 [21]. PJS is caused by heterozygous loss-of-function mutations in the STK11 
(serine/threonine kinase 11) gene (OMIM *602216, formerly LKB1) on chromo-
some 19 and is inherited in an autosomal dominant manner.

The STK11 enzyme phosphorylates and activates AMP-activated protein kinase 
(AMPK), which negatively regulates cancer cell proliferation and metabolism by 
promoting apoptosis. The STK11/AMPK pathway is also involved in the process of 
tumour invasion and migration. Loss of STK11 is associated with increased expres-
sion of NADPH oxidase 1 (NOX1), which promotes the angiogenic switch by 
increasing redox oxygen species (ROS) generation and expression of vascular endo-
thelial factor (VEGF). STK11 also has a role in regulation of cell polarity and epi-
thelial integrity across species [22]. This means that it helps certain types of cells to 
orientate themselves correctly within tissues.

PJS is characterized by a specific form of gastrointestinal hamartomatous pol-
yposis, consisting of so-called Peutz-Jeghers-type polyps. These occur predomi-
nantly in the small intestine and at a lesser frequency in the stomach and the large 
intestine, but also at other extra-intestinal sites, such as the nasal and bronchial 
mucous membranes, the gall bladder, or the bladder and ureters. Perioral, peri-
nasal, and perianal mucocutaneous hyperpigmented maculae are an additional 
feature of PJS that is detectable in most patients and more pronounced during 
childhood [23, 24]. Additionally, PJS confers an increased risk for malign and 
benign tumour formation in diverse organs, including pancreatic cancer, breast 
cancer, intestinal cancers, and a signature gynaecological neoplasm, the minimal 
deviation adenocarcinoma of the cervix [23]. Benign tumours include large calci-
fying Sertoli cell tumours of the testes or sex cord tumours with annular tubules 
of the ovaries (SCTAT), both of which have an elevated risk of becoming malig-
nant [25].

The (clinical) diagnosis of PJS is established in a patient with two or more histo-
logically confirmed PJS-type hamartomatous polyps, when a PJS-type polyp or the 
characteristic mucocutaneous pigmentation occur in an individual who has a family 
history of PJS, or in a patient with both a PJS-type polyp and the typical mucocuta-
neous pigmentation [23]. It should be noted that this pigmentation may fade away 
during puberty/adulthood. Other authors included identification of a heterozygous 
pathogenic variant in STK11 by molecular genetic testing as another diagnostic 
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criterion [26]. Approximately 95% of patients with a clinical diagnosis of PJS show 
a mutation in STK11 [27, 28]. Conversely, STK11 mutations are not usually identi-
fied in familial pancreatic cancer without clinical PJS criteria or patients with spo-
radic pancreatic cancer or premalignant lesions [9, 12, 15, 18, 29, 30], concluding 
that PJS is a rare cause for familial aggregation of pancreatic cancer.

Patients with PJS have increased lifetime risks for colorectal, breast, and gastric 
cancer (>25%), for small bowel, ovarian, and cervical cancer (15–25%), and for 
uterine, testicular, and lung cancer (<15%) [28, 31–33]. The pancreatic cancer risk 
is highly elevated and has been estimated between 11 and 55% up to the age of 
75 years [27, 31–33]. This corresponds to a 76–140-fold relative risk compared to 
the general population [27, 31, 33].

Recommendations therefore include pancreatic cancer surveillance in any patient 
with proven Peutz-Jeghers syndrome, irrespective of family history [34].

3.2.2  Familial Atypical Multiple Mole Melanoma 
and Pancreatic Cancer Syndrome (FAMMM)

Familial atypical multiple mole melanoma syndrome (FAMMM) was first described 
by Lynch and Krush in 1968 [35]. It is caused by deleterious variants in CDKN2A 
and was first identified as a cause for melanoma aggregation in 1994 [36]. The gene 
codes for p16(Ink4a) and for the alternate reading frame protein product, p14ARF 
[37]. Both p16(Ink4a) and p14ARF are involved in cellular senescence. Furthermore, 
p16(Ink4a) is a cell cycle inhibitor by binding to CDK4 and CDK6. Hereby, phos-
phorylation of the retinoblastoma protein is inhibited, forcing cells to remain in the 
G1 phase and therefore arresting cell division [38].

The clinical picture in FAMMM include (a) multiple, atypical melanocytic naevi 
as well as a high total body naevi count with particular histologic features and (b) a 
cutaneous melanoma in at least one first or second degree relative [39]. Affected 
individuals also have a strongly increased risk for pancreatic cancer. Of families 
with three related melanoma patients, approximately 30% had CDKN2A mutations 
(fewer in Australia, more in Europe; [37]).

CDKN2A mutations have also been identified in patients with pancreatic cancer 
without family history of melanoma [14, 40, 41]. In familial pancreatic cancer, 
CDKN2A mutations have been reported in 2.2–3.3% of families [14, 15, 42, 43]. 
CDKN2A mutations are uncommon in patients with pancreatic cancer unselected 
for family history of any cancer [9, 12, 43].

In patients with CDKN2A mutations the lifetime risk for malignant melanoma 
(to the age of 80 years) has been reported as 45–67% in family-based [44, 45] and 
below 30% in population-based cohorts [46, 47]. The risk for pancreatic cancer has 
been estimated as 17% up to the age of 75 years [48]. Individuals with a CDKN2A 
mutation should therefore also undergo screening for pancreatic cancer [34].
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3.2.3  Hereditary Breast and Ovarian Cancer Syndrome

Hereditary breast and ovarian cancer syndrome is caused by mutations in either 
BRCA1 on chromosome 17 or BRCA2 on chromosome 13. It is inherited in an auto-
somal dominant manner and leads to an increased cancer risk, especially for breast 
and/or ovarian cancer in women.

BRCA1 and BRCA2 are involved in the maintenance of genome stability. They 
are both involved in repair of DNA double strand breaks by homologous recombi-
nation [49]. However, the two proteins work at different stages in the DNA damage 
response (DDR) and in DNA repair. BRCA1 is a pleiotropic DDR protein that func-
tions in both checkpoint activation and DNA repair (including regulation of tran-
scription). BRCA2 is a mediator of the core mechanism of homologous 
recombination by mediating the recruitment of the recombinase RAD51 to DNA 
double strand breaks [50].

Genetic testing of BRCA1 and BRCA2 has been recommended in high-risk situ-
ations: details vary from country to country but include a personal and/or family 
history of early onset breast cancer, multiple cases of (premenopausal) breast or 
ovarian cancer, and combinations of breast and ovarian cancer, as well as certain 
immunohistological breast cancer subtypes (triple negative breast cancer). 
Recommendations for affected women include close interval breast tissue screen-
ing via MRI as well as sonography and mammography from age 20–25. Risk-
reducing surgery for breast (risk reducing mastectomy) and ovarian tissue (risk 
reducing salpingoophorectomy) strongly reduces cancer burden [51]. Also, plati-
num based chemotherapy and targeted tumour therapy with PARP inhibitors have 
shown particular effectiveness in BRCA-related cancers [52], including pancreatic 
cancer [53].

The cumulative risk for breast and ovarian cancer, respectively, has been esti-
mated at 55 and 39% in BRCA1 mutation carriers, and 47 and 19% in BRCA2 muta-
tion carriers [54]. There is also an increased risk for colon cancer, melanoma skin 
cancer, and prostate cancer [55–59], as well as pancreatic cancer. Pancreatic cancer 
risk appears to be somewhat higher in individuals with BRCA2 mutation, compared 
to BRCA1 mutations: the relative risk (RR) for pancreatic cancer compared to the 
general population has been reported as 2–6 for persons with BRCA2 mutations, and 
2–5 for persons with BRCA1 mutations (Table 3.2).

BRCA1 and BRCA2 mutations account for 1–1.5% and 3–7%, respectively, of 
familial pancreatic cancer cases, and <1% and 1.4–4%, respectively, in patients 
with pancreatic cancer unselected for family history (Table  3.2). Mutations in 
BRCA2 are thus amongst the most common high-risk monogenic risk factors for 
pancreatic cancer. Pancreatic cancer surveillance has been suggested in patients 
with BRCA1 and BRCA2 mutations who have a first-degree relative with pancreatic 
cancer [34].
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Table 3.2 Probability of finding a pathogenic variant in BRCA1 or BRCA2 in pancreatic cancer 
patients according to family history

Number of 
patients

PC patients 
unselected for FH

PC patients with 
some FH for PC

PC patients from 
FPC kindreds

BRCA1 BRCA2 BRCA1 BRCA2 BRCA1 BRCA2

Goggins et al. 
1996 [60]

41 7.3%a

Holter et al. 
2015 [61]

306 1%b 3.6%b

Waddell et al. 
2015 [62]

100 None 4%

Shindo et al. 
2017 [9]

854 0.35% 1.4%

Hu et al. 2016 
[8]

96 1.1% 2.1%

Young et al. 
2018 [10]

274 0.4% 1.1%

Yurgelun et al. 
2019 [11]

289 1% 1.4%

Hu et al. 2018 
[12]

3030 PC, 
343 some 
FH

0.6% 1.9% 0.6% 2%

Salo-Mullen 
et al. 2015 [13]

159 PC, 34 
FPC

2.5%b 8.2%b 3.9%b 3.9%b

Zhen et al. 
2015 [14]

515 FPC, 
201 some 
FH

None 3% 1.2% 3.7%

Chaffee et al. 
2018 [15]

185 FPC, 
117 some 
FH

None 2.6%c 1.1% 4.3%

Couch et al. 
2007 [63]

180 FPC 5.6%a

Slater et al. 
2010 [64]

70 FPC 2.8%d

Roberts et al. 
2016 [18]

593 FPC 1.2% 1.7%

Takai et al. 
2016 [17]

54 FPC None 5.6%

Lener et al. 
2017 [19]

398 FPC 1.3%e 1.3%e

FH family history, FPC Familial pancreatic cancer, PC pancreatic cancer
aThis study only tested the BRCA2 gene
bThis study had a high proportion of patients with Ashkenazi ancestry (10.8% [61], 60.4% [13])
cNon-familial cases
dThis study only tested the genes BRCA2 and CDKN2A
eThis study only tested certain founder mutations in the Polish population in the genes BRCA1, 
PALB2, CHEK2, and NBS1
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3.2.4  PALB2 Gene Mutations

PALB2 is firmly established as a bona fide breast cancer risk gene. Its protein prod-
uct serves as the molecular scaffold in the formation of the BRCA1-PALB2-BRCA2 
complex, which is essential for homologous recombination (HR). Via its WD 
repeats it is proposed to scaffold a HR complex containing RAD51C and BRCA2, 
which has an important role in HR-mediated DNA repair [65].

PALB2 germline mutations confer an estimated life time risk for breast cancer of 
about 40–55% in women without a significant breast cancer family, and >75% in 
those with more than one first degree relative with breast cancer [66, 67]. Mutations 
in PALB2 were also correlated with an increased risk for other cancers, such as ovar-
ian cancer and male breast cancer [67], and were discussed to cause an increased 
risk for gastric cancer [68]. Recent studies showed a moderately increased risk for 
pancreatic cancer in a large cohort of patients with PALB2 mutations: the relative 
risk was calculated as 2.37 (95% confidence interval, 1.24–4.50), reflecting an abso-
lute risk of developing pancreatic cancer by the age of 80  years of 2–3% [67]. 
PALB2 mutations have been found in 0.3–3% of patients with pancreatic cancer 
unselected for family history and 0.5–3.7% of familial pancreatic cancer families 
[9, 11, 12, 14, 15, 17, 62, 69–72].

Surveillance for pancreatic cancer has been suggested for patients with PALB2 
mutations if there was pancreatic cancer in a first-degree relative [34].

3.2.5  ATM Gene Mutations

ATM is a serine/threonine protein kinase, which activates checkpoint signaling 
upon double strand breaks, apoptosis, and genotoxic stresses, thereby acting as a 
DNA damage sensor, leading to cell cycle arrest, DNA repair, or apoptosis. BRCA1 
is one of its target genes, as well as TP53 and CHEK2 [73].

Biallelic germline mutations in ATM are known to cause Ataxia telangiectasia, a 
rare disease characterized by progressive ataxia in childhood, conjunctival telangi-
ectasias, and an increased risk for cancer, especially leukemias and lymphomas 
[74]. Heterozygous ATM mutations were associated with a milder increase in cancer 
risk: while a moderate increase in female breast cancer risk in ATM mutation carri-
ers is well recognized (relative risk 2.8 [75]) and varies with family history and, 
possibly, mutation type (missense versus truncating mutations)[76], pancreatic can-
cer risk has not been well established. A meta-analysis of the sparse data showed a 
relative risk for pancreatic cancer of about 2.2 [77]. Heterozygous ATM (mainly 
truncating) mutations are found in about 1–2.3% of pancreatic cancer patients 
unselected for family history or 2.4–4% of patients from familial pancreatic cancer 
kindreds [11, 12, 15, 17, 78].

L. Pölsler et al.



37

Increased risk surveillance strategies for pancreatic cancer are recommended in 
heterozygous (truncating) ATM mutation carriers in case a first-degree relative had 
pancreatic cancer [34].

3.2.6  Lynch Syndrome

Lynch syndrome (formerly hereditary non-polyposis colorectal cancer, HNPCC) is 
caused by heterozygous mutations in the genes coding for DNA mismatch repair 
(MMR) proteins, including MLH1, MSH2, MSH6, and PMS2. There is also a recur-
rent large deletion involving the EPCAM gene that causes MSH2 silencing. Lynch 
syndrome is inherited in an autosomal dominant manner and leads to increased 
cancer risks, especially colorectal cancer, as well as endometrial and ovarian cancer 
in women [79]. Cancers associated with Lynch syndrome show loss of function of 
the MMR system characterized by high microsatellite instability (MSI-high) [80]. 
Lynch syndrome causes about 3% of colorectal cancers [81] and 2–4% of endome-
trial cancers. Previously, clinical and histopathological criteria (Amsterdam II crite-
ria and revised Bethesda criteria) were used to identify individuals with an increased 
likelihood of Lynch syndrome. However, because of novel targeted therapies for 
MSI- high tumours [82] and reduced costs of mutation analysis, newer recommen-
dations suggest reflexive genetic testing [81].

Lynch syndrome due to MLH1 mutations confers a relative risk of 7.8 for pancre-
atic cancer [83]. The life-time cumulative risks for extra-colonic intestinal cancers 
(including stomach, pancreas, small bowel, bile duct, and gall bladder) in women 
and men, respectively, were reported as 11 and 21% for MLH1 mutations, 13 and 
20% for MSH2 mutations, 4 and 8% for MSH6 mutations, and 4% (both sexes) for 
PMS2 mutations [84]. MLH1, MSH2, MSH6 or PMS2 mutations account for 1–2% 
of familial pancreatic cancer cases [15, 17] and were found in 0.2–1% of patients 
with pancreatic cancer unselected for family history [9, 11, 12].

Pancreatic cancer surveillance has been suggested for individuals with MLH1, 
MSH2 or MSH6 mutations who have at least one first degree relative with pancreatic 
cancer [34].

3.3  Hereditary Pancreatitis

Chronic pancreatitis is a known risk factor for pancreatic carcinoma but the mag-
nitude of this risk is unclear. While most cases of chronic pancreatitis are attrib-
uted to unfavourable lifestyle and environmental factors, mutations in a number 
of genes have been linked to an increased risk of pancreatitis [85]. Genes reported 
to be associated with hereditary pancreatitis include PRSS1, CFTR, SPINK1, 
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CTRC [86], CPA1, and CPB1 [87]. In a recent meta-analysis, overall long term 
effect estimates (over 9 years lag period between diagnosis of chronic pancreatitis 
and pancreatic cancer) were 3.55-fold increased in comparison to the general 
population and remained elevated when corrected for known environmental risk 
factors such as smoking [88]. High-risk pancreatic cancer surveillance is recom-
mended in patients with hereditary pancreatitis irrespective of gene mutation sta-
tus and should start at the age of 40 or 20  years after the first pancreatitis 
attack [34].

3.4  Other Tumour Predisposition Syndromes

3.4.1  Li Fraumeni Syndrome

Li Fraumeni syndrome (LFS) caused by heterozygous mutations in TP53 is associ-
ated with highly increased risks for cancer in a wide range of organs and tissues, 
including childhood cancers such as adrenocortical carcinoma, osteosarcoma and 
soft tissue sarcoma, brain tumours, leukemias and lymphomas, and premenopausal 
breast cancer [89]. Pancreatic cancer is one of the cancer reported in LFS patients in 
older age [89, 90]. The relative risk for pancreatic cancer in LFS has been calculated 
to be 7.3 [91]. TP53 mutations have not been included in surveillance guidelines for 
persons with high pancreatic cancer risk [34], but LFS specific cancer surveillance 
recommendations exist [92].

3.4.2  Familial Adenomatous Polyposis

Pancreatic cancer is rarely found in familial adenomatous polyposis (FAP), a hered-
itary tumour predisposition syndrome characterized by numerous adenomatous pol-
yps. FAP is caused by heterozygous mutations in the APC gene, and in its classical 
form invariably leads to colorectal cancer by the age of 40 years [93]. It is unclear 
whether FAP is associated with an increased pancreatic cancer risk. One cohort 
study of FAP patients calculated a relative risk of 4.5 (95% confidence limits 
1.2–11.4) for pancreatic cancer compared to the general population [94], but data 
are scarce [95]. APC mutations have not been included in surveillance recommen-
dations for persons with high pancreatic cancer risk [34].
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3.4.3  Germline Mutations in Other Cancer Genes

Germline mutations in other cancer genes such as CHEK2, CDH1, BRIP1, RAD50, 
RAD51C, RAD51D, TET2, ASXL1, or PALLD or monoallelic mutations in FANCA, 
FANCC, FANCG, or MUTYH [9, 11, 12, 18, 96] have been described in pancreatic 
cancer cases, but firm associations have not (yet) been established. A recent report 
of a heterozygous RABL3 nonsense mutation segregating with an extensive cancer 
phenotype including five pancreatic cancers in one large family, as well as func-
tional analyses, suggested a potential connection of RABL3 with pancreatic cancer 
development through the RAS pathway [97].

3.5  Testing and Tools

When a genetic tumour predisposition syndrome is suspected in a patient with pan-
creatic cancer, finding the causal germline mutation is of high relevance for the 
management of the patient, including the design of targeted therapy (if available), 
the estimation of cancer recurrence risk, and the application of appropriate surveil-
lance measures. Additionally, identifying the causal germline mutation in an affected 
index patient enables predictive testing of healthy family members who might also 
at increased risk of developing cancer. A decision flow is depicted in Fig. 3.1.

Patient with suspected hereditary pancreatic cancer

Massive parallel sequencing 

Variant calling and annotation/classification 

Discuss with patient: VUS

In some cases extra analyses 
may contribute to more
accurate interpretation

Variant of unknown significance (VUS, C3) 

No recommendation for targeted therapies

Surveillance measures according to FH

Recommendation against testing
of family members at risk

(Likely) pathogenicvariant (C4/5) Likely benign (C2) or benign (C1) variant

Genetic counseling: 
hereditary

pancreatic cancer

Relevance for the patient:

If indicated: targeted therapies

Management of other cancer risks: 

Surveillance measures; risk reducing therapies

Discuss relevance for family members

Predictive counselling of family members

Option for familial mutation testing 

Surveillance measures; risk reducing therapies

Genetic testing: blood sampleGenetic testing: tumour sample

If indicated: 
targeted therapies

Confirmed at 
somatic level

Confirmed at 
germline level

Reassess in 
regular intervals

(e.g. every 1-2 yrs) 

Fig. 3.1 Decision flow in germline genetic testing. Blood sample can be replaced by buccal swap 
or urine sample (unaffected tissue). Consider false negative results due to technical limitations of 
tumour testing, especially from paraffin-embedded samples. Classification of variants in five 
classes according to guidelines of the American College of Medical Genetics (ACMG; [98]). C 
variation class according to ACMG, FH family history, VUS variant of unknown significance
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Diagnostic molecular genetic testing in a cancer patient is best performed by 
massive parallel sequencing of all relevant genes using DNA isolated from lympho-
cytes from a sample of the patient’s peripheral blood. However, in order to facilitate 
clear interpretation of the test results, analysis of individual syndromes should be 
limited to those conditions that are compatible with the clinical presentation and 
family history. When ordering genetic testing in a genetic laboratory, it is essential 
to provide information about personal and family history.

Detected variants are classified into one of five classes (C1–C5) according to the 
guidelines of the American College of Medical Genetics (ACMG) [98] (Fig. 3.1), 
whereby C4 (likely pathogenic) and C5 (pathogenic) variants are clinically most 
relevant, confirming the diagnosis of a genetic tumour predisposition syndrome. 
This allows for targeted testing (usually by Sanger sequencing) in healthy (predic-
tive testing) or affected (diagnostic testing) family members. If it concerns a highly 
penetrant tumour predisposition syndrome, the same causal mutation (usually) seg-
regates in a given family. In rare cases, the tumour predisposition syndrome is 
caused by a so-called “de novo” mutation, meaning that it arose anew in the germ-
line of the patient with cancer. Then, only descendants of the patient will be at risk 
of inheriting the mutation. The interpretation of findings of germline genetic analy-
ses is difficult in cases where unaffected family members are tested without a proven 
causal germline mutation in an affected member. Additionally, caution is warranted 
for those pathogenic mutations that do not confer a traditional risk profile but cause 
reduced risk elevation (termed “hypomorphic mutations”) in comparison with clas-
sical pathogenic mutations within the gene.

Normal variation within the gene (i.e. variation that is found in the normal 
healthy population) is usually not reported (C1 = benign and C2 =  likely benign 
variation). A “normal result” (no pathological findings) in a pancreatic cancer 
patient may indicate either (a) there actually is no pathogenic germline mutation in 
the genes tested, or (b) there is a pathogenic germline mutation that is not detected 
by the method employed. Mutations that may be missed include (deep) intronic 
variants, variants in regulatory elements of the gene, or large deletions/duplications 
if they are not covered by the test. In this case, other techniques may elucidate the 
pathogenic mechanism of some of these mutations. Multiplex ligation probe ampli-
fication testing can demonstrate deletion or duplication of one or more exons of a 
given gene. cDNA sequencing can show a splice effect caused by an intronic muta-
tion not recognized by exon-based approaches.

The third outcome of genetic germline testing is the identification of variants of 
unknown significance (VUS; C3). These are variants for which only limited or con-
flicting data exist and which therefore cannot be interpreted conclusively at the time 
of reporting. They are a well-recognized source of uncertainty in genomic medicine 
and may induce anxiety and erroneous interpretations in some patients. Segregation 
testing in other affected family members can reduce the likelihood of causality but 
co-segregation should not be regarded as proof of pathogenicity. Loss of heterozy-
gosity (i.e. loss of the wild-type allele) in the tumour may support a possible causal 
role. However, definite conclusions on pathogenicity based on findings in a single 
family are usually not possible.
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DNA isolated from tumour tissue can be used to perform genetic testing but is 
still constrained by technical limitations. Germline mutations that are identified 
when sequencing DNA extracted from peripheral blood can usually also be detected 
in tumour samples although this is not always the case, particularly when the tumour 
DNA is derived from paraffin-embedded tissue. The presence of somatic mutations 
(limited to the tumour tissue) can confound interpretation as it is usually not easily 
possible to distinguish germline from somatic variants in tumour tissue based on 
sequencing data. Our recommended approach is to inquire and make a complete 
family history and discuss cases with the Medical Genetics team whenever the diag-
nostic route or results are unclear.

3.6  Surveillance/Screening Recommendations

A recent consensus statement of The International Cancer of the Pancreas Screening 
(CAPS) Consortium outlined details with regard to surveillance of persons at risk 
for pancreatic cancer from tumour predispositions syndromes or familial pancreatic 
cancer families. Consensus was reached that surveillance should include high-risk 
patients; the aim of surveillance is to detect and treat stage I pancreatic cancer and 
pancreatic cancer precursor lesions with high-grade dysplasia (PanIN or IPMN) 
[34]. Details on surveillance are provided in Table 3.3. For surveillance, endoscopic 
ultrasound and MRI/magnetic retrograde cholangiopancreatography are preferred, 
but no consensus was reached on how to alternate these modalities.

Table 3.3 Recommendations for pancreatic cancer surveillance in high-risk individuals

Gene/risk 
constellation

Irrespective 
of FH

If ≥1 
FDR 
with 
PC

Age at start of 
surveillancea

Other cancer surveillance 
recommendations

STK11/Peutz 
Jeghers 
syndrome

X 40 yrs •  Yearly from 25 yrs: breast MRI 
and/or mammogram, pelvic exam 
and pelvic/transvaginal ultrasound, 
PAP smear

•  Every 3 yrs: lower and upper 
endoscopy, incl. video capsule 
endoscopy, starting at 8 yrs/18 yrs

CDKN2A X 40 yrs •  Every 3–6 mo: dermoscopic 
examination

•  Every 6 mo: total body 
photography

BRCA1 and 
BRCA2

X 45 or 50 yrs •  Every 6–12 mo from 20 to 25 yrs: 
breast MRI, sonography, and/or 
mammography

• Offer RRM and RRSO
•  Consider colonoscopy according 

to FH

(continued)
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Table 3.3 (continued)

Gene/risk 
constellation

Irrespective 
of FH

If ≥1 
FDR 
with 
PC

Age at start of 
surveillancea

Other cancer surveillance 
recommendations

PALB2 X 45 or 50 yrs •  Yearly from 30 yrs: breast MRI 
and/or mammography

•  Consider colonoscopy and RRSO 
according to FH

ATM X 45 or 50 yrs •  Yearly from 40 yrs (35 yrs, if clear 
FH of BC): breast MRI and/or 
mammography

•  Consider colonoscopy and RRSO 
according to FH

MLH1, MSH2, 
MSH6

X 45 or 50 yrs •  Close interval colonoscopies from 
25 yrs

•  Sonographic surveillance for 
endometrial cancer, consider RRH 
and RRSO

•  Regular upper gastrointestinal tract 
endoscopy and control of 
helicobacter infection

•  Screening for urinary tract cancers 
in MSH2 mutation carriers

•  Chemoprophylaxis with 
acetylsalicylic acid

FDR of a patient 
from a FPC 
kindredb

50 or 55 yrs

Onset of diabetes 
in any of the 
above

X At diagnosis

General measures: baseline imaging including magnetic resonance imaging/magnetic retrograde 
cholangiopancreatography (MRI/MRCP) and endoscopic ultrasound (EUS); fasting blood glucose 
and/or hemoglobin A1c
Follow-up surveillance: yearly MRI/MRCP and EUS (possibly alternating) with regular control 
of fasting blood glucose and/or HbA1c
Recommendations according to Goggins et al. 2020 [34]
FH family history, FDR first degree relative, PC pancreatic cancer, FPC familial pancreatic cancer, 
mo months, yrs years, RRM risk reducing mastectomy, RRSO risk reducing salpingo- oophorectomy, 
RRH risk reducing hysterectomy
aIf 10 years younger than the youngest affected in the family is before recommended starting age, 
start at earlier age
bA FPC kindred is defined as a family with two first-degree relatives with PC or with three rela-
tives with PC

In case of highly suspicious lesions (e.g. large solid lesions, solid lesions with 
main pancreatic duct strictures, symptomatic cystic lesions, or lesions with thick-
ened walls or solid components), oncological radical resection should be performed 
at a specialized centre. Unclear lesions with a low probability of malignancy should 
be reviewed after 3–6 months [34].

L. Pölsler et al.



43

However, firm and proven protocols for pancreatic surveillance are yet to be 
established for high-risk individuals. Until more evidence supporting the CAPS rec-
ommendations is available, they should be performed in a research setting by mul-
tidisciplinary teams in centres with appropriate expertise. The benefits, risks, and 
costs of surveillance definitively need additional evaluation.

3.7  Conclusion

Pancreatic cancer aggegration in families is due to a known genetic tumour predis-
position syndrome in about 15% of families and includes heterozygous pathogenic 
variants in the genes STK11, CDKN2A, BRCA1, BRCA2, PALB2, ATM, MLH1, 
MSH2, MSH6, APC, and TP53. Increased pancreatic cancer risk has yet to be proven 
unequivocally for other candidate genes. For most of the known tumour predisposi-
tion syndromes, the specific cancer risk profile includes other cancers in addition to 
pancreatic cancer. This must be considered when cancer surveillance is recom-
mended. High-risk pancreatic cancer surveillance protocols have been published 
but their benefit has yet to be corroborated by clinical trials.
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Take Home Messages
• PDACs occurring in families with a pair of affected first-degree relatives 

are termed “familial pancreatic cancer”.
• Pathogenic germline variants in pancreatic cancer susceptibility genes are 

frequently identified in patients with familial pancreatic cancer, sporadic 
PDAC, and IPMNs.

• The most prevalent pathogenic germline variants in patients with PDAC 
and IPMN are in ATM and BRCA2.

• The genetic basis for the majority of familial pancreatic cancer remains to 
be discovered.

Future Perspectives
• Unbiased, gene sequencing studies in large cohorts of patients with PDAC 

are needed to identify additional pancreatic cancer susceptibility genes.
• The contribution of variants of unknown significance and non-coding (e.g. 

promoter and intronic) variants in pancreatic cancer susceptibility genes to 
risk of pancreatic cancer should be defined with epidemiological, compu-
tational, and functional studies.

• Age-specific penetrance estimates for developing PDAC, with and without 
a family history of the disease, should be established for all pancreatic 
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4.1  Introduction

Pancreatic tumorigenesis is influenced by inherited (germline) variation, environ-
mental risk factors, and stochastic effects. Knowledge of a patient’s underlying sus-
ceptibility to pancreatic cancer due to highly penetrant germline variants in pancreatic 
cancer susceptibility genes has quickly become an essential component of patient 
care for individuals with pancreatic ductal adenocarcinoma (PDAC) and for their 
relatives. Specifically, patients with PDAC and a pathogenic germline variant in 
BRCA1, BRCA2, or PALB2 have tumors that are more sensitive to certain chemo-
therapeutic agents or poly(ADP)-ribose polymerase (PARP) inhibitors due to defi-
ciency in homology-directed DNA repair [1, 2]. Moreover, patients with PDAC and 
a pathogenic germline variant in MLH1, MSH2, MSH6, or PMS2 have tumors with 
a high somatic mutation burden that are uniquely sensitive to immunotherapy [3].

For relatives of patients with PDAC, clinical surveillance to detect PDAC and 
other cancers early, when clinical intervention is more often curative, may be war-
ranted based on their germline status. However, while many established and candi-
date pancreatic cancer susceptibility genes have been discovered, our understanding 
of the genetic etiology of inherited risk of PDAC remains incomplete.

In this chapter we review inherited risk of PDAC in patients with and without a 
family history of the disease and discuss the implications for disease screening in 
carriers of pathogenic germline variants in pancreatic cancer susceptibility genes.

4.2  Familial Pancreatic Cancer

Familial clustering of PDACs has been described in multiple kindreds, indicating an 
inherited component to risk of PDAC [4–6]. Up to 10% of PDACs occur in families 
with a pair of affected first-degree relatives and are termed “familial pancreatic 
cancer” [7]. A family history of pancreatic cancer is a strong risk factor for develop-
ing the disease, with risk of PDAC increasing with the number of first-degree rela-
tives affected. In a study by the National Familial Pancreatic Tumor Registry 
(NFPTR) at Johns Hopkins University, standardized incidence ratio was highest for 
individuals with 3 or more affected first-degree relatives at 32.0 (95% confidence 
interval: 10.2–74.7) [8]. Consequently, much research has been conducted to iden-
tify the underlying genetic etiology of familial pancreatic cancer. These efforts have 

cancer susceptibility genes to aid risk assessment and inform early detec-
tion efforts in carriers of pathogenic germline variants.

• The role of pathogenic germline variants in pancreatic cancer susceptibility 
genes in the progression of IPMN and the clinical utility of germline status 
to stratify patients with IPMN for clinical intervention should be determined.

• Optimal mutation-based screening protocols for carriers of pathogenic 
germline variants need to be established.
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led to the identification of several pancreatic cancer susceptibility genes and include 
ATM, BRCA1, BRCA2, CDKN2A, MLH1, MSH2, MSH6, PALB2, PMS2, PRSS1, 
STK11, and TP53. Furthermore, multiple candidate genes have recently been identi-
fied and require validation in independent cohorts of pancreatic cancer patients to 
determine their clinical utility. These candidate genes include BUB1B, CPA1, CPB1, 
FANCC, FANCG, RABL3, and SMG1 [9–12]. Despite these advances, pathogenic 
germline variants in these genes are observed in only approximately 20% of familial 
pancreatic cancer patients [9]. As up to 50% of familial pancreatic cancer patients 
are thought to have an inherited predisposition to pancreatic cancer due to a rare, 
high-risk, autosomal dominant gene, additional pancreatic cancer susceptibility 
genes are yet to be identified [13].

4.3  Pancreatic Cancer Susceptibility Genes in Patients 
with Familial Pancreatic Cancer

4.3.1  ATM

Pathogenic germline ATM variants are associated with an increased risk of pancre-
atic cancer as well as breast cancer, stomach cancer, and lethal prostate cancer [14–
17]. The association between pathogenic germline ATM variants and risk of 
pancreatic cancer was first conclusively identified using whole genome and whole 
exome sequencing of patients with familial pancreatic cancer, where 2 of 16 fami-
lies sequenced harbored rare premature truncating variants that segregated with dis-
ease [14]. The association between pathogenic germline variants in ATM and risk of 
pancreatic cancer was subsequently validated in several studies, with 1.0–3.7% of 
patients with familial pancreatic cancer carrying a pathogenic germline ATM variant 
(Table 4.1) [9, 14, 18, 19]. Interestingly, while pancreatic tumors from patients with 
a pathogenic germline variant in ATM are histologically diverse, a preponderance of 
colloid carcinomas has been observed and may identify patients for germline testing 
or help interpret equivocal genetic test results as occurs with identification of vari-
ants of unknown significance [20]. The penetrance of pancreatic cancer in 

Table 4.1 Studies assessing prevalence of pathogenic germline ATM variants in patients with 
familial pancreatic cancer

Reference
Patient 
populationa

Number of 
patients

Number of patients with a pathogenic ATM 
variant

[37] FH+/FH− 290 3
[9] FH+ 638 21
[18] FH+ 54 2
[19] FH+/FH− 3030 69

aFH+ family history of pancreatic cancer sufficient for classification as familial pancreatic cancer; 
FH− no family history of pancreatic cancer or family history of pancreatic cancer insufficient for 
classification as familial pancreatic cancer
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individuals with a pathogenic germline variant in ATM, including age-specific esti-
mates important for risk assessment and clinical management of patients, have not 
been defined. However, a recent study using a germline targeted gene sequencing 
panel on over 3000 patients with pancreatic cancer unselected for family history 
defined an odds ratio of 5.7 (95% confidence interval 4.4–7.3) [19]. It is currently 
unknown whether risk of pancreatic cancer differs in patients with a pathogenic 
germline ATM variant based on cancer family history.

4.3.2  BRCA1, BRCA2, PALB2

BRCA1, BRCA2, and PALB2 are critical components of DNA double strand break 
repair pathways, and pathogenic germline variants are associated with pancreatic 
cancer as well as cancers of the breast and ovary, among others. Pathogenic germ-
line variants in BRCA2 are the most prevalent inherited cause of familial pancreatic 
cancer, being found in 3.7–16.7% of patients with familial pancreatic cancer [21–
23]. Pathogenic germline variants in BRCA1 and PALB2 are much less frequent in 
patients with familial pancreatic cancer, with reported prevalence of 1.1–9.5% for 
pathogenic germline BRCA1 variants and 0.5–3.7% for pathogenic germline PALB2 
variants [21–25]. Penetrance estimates for pancreatic cancer in patients with a 
pathogenic germline variant in BRCA1, BRCA2, or PALB2 are poorly defined. 
Recent odds ratio estimates for BRCA2 (6.2; 95% confidence interval 4.6–8.2), 
BRCA1 (2.6; 95% confidence interval 1.5–4.1), and PALB2 (2.3; 95% confidence 
interval 1.2–4.0) in a large cohort of PDAC patients unselected for family history, 
however, are in keeping with earlier odds ratio estimates in patients with familial 
pancreatic cancer [19, 26].

4.3.3  CDKN2A

Patients with pathogenic germline variants in CDKN2A (also known as p16) have 
familial atypical multiple mole melanoma (FAMMM) syndrome. As suggested by 
the name, the most common neoplasms in patients with this syndrome are melano-
cytic in origin, but FAMMM patients also have an increased risk of pancreatic can-
cer. A characteristic 19 base pair deletion in exon 2 of CDKN2A occurs in Dutch 
families and is referred to as p16-Leiden—patients with this deletion have a 17% 
lifetime risk of development of pancreatic cancer [27]. However, pancreatic cancer 
is not a universal feature of FAMMM, and except for p16-Leiden, the relationship 
between specific CDKN2A sequence alterations and pancreatic cancer risk is incom-
pletely understood, as most pathogenic germline variants occur in a single family 
[28]. The risk of pancreatic cancer in carriers of pathogenic germline CDKN2A 
variants varies with geography, with high risk in Northern Europe and low risk in 
Australia, likely reflecting differential risk between distinct founder mutations in 
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different populations [29]. Still the high risk in p16-Leiden families highlights the 
potential impact of pathogenic germline CDKN2A variants in pancreatic cancer risk.

4.3.4  Hereditary Pancreatitis Genes

Patients with hereditary pancreatitis are also at increased risk for the development 
of pancreatic cancer. Pathogenic germline variants in PRSS1, which encodes cat-
ionic trypsinogen, cause severe chronic pancreatitis with an early age of onset [30]. 
Moreover, patients with pathogenic germline PRSS1 variants have a markedly 
increased lifetime risk of pancreatic cancer, approximately 40% by age 70, likely 
due to repeated rounds of inflammation, injury, and repair in the pancreas [31]. 
Patients with pathogenic germline variants in SPINK1 and CFTR also have a heredi-
tary pancreatitis phenotype, but the link to pancreatic cancer for these genes is less 
well developed. Intriguingly, while patients with bi-allelic pathogenic CFTR vari-
ants have cystic fibrosis with exocrine pancreatic insufficiency, heterozygous patho-
genic CFTR variants have been identified in young patients with idiopathic chronic 
pancreatitis without other features of cystic fibrosis [32]. In addition, pathogenic 
germline variants in the pancreatic secretory enzymes CPA1 and CPB1 have recently 
been reported at higher prevalence in pancreatic cancer patients compared to con-
trols, suggesting that such mutations increase the risk of pancreatic cancer [10]. 
Although variants of CPA1 have been associated with the development of pancreati-
tis, pancreatic cancer can also develop without features of pancreatitis in patients 
with such pathogenic variants [10].

4.3.5  Other Inherited Syndromes

Increased risk of pancreatic cancer is a component of multiple well-described inher-
ited syndromes. One of the clinically most important of these is Peutz Jeghers syn-
drome, which is caused by pathogenic germline variants in the serine-threonine 
kinase STK11/LKB1 and results in a strikingly increased pancreatic cancer risk 
(~30% lifetime risk of pancreatic cancer) [33].

Another syndrome with critical clinical implications is Lynch syndrome (also 
known as Hereditary Nonpolyposis Colon Cancer or HNPCC), an inherited cancer 
predisposition syndrome caused by pathogenic germline variants in genes encoding 
DNA mismatch repair machinery (MLH1, MSH2, MSH6, and PMS2). Although 
colorectal and uterine cancers are the most common tumor types in Lynch syn-
drome patients, these patients have an increased risk of many cancer types, includ-
ing >8-fold increased risk of pancreatic cancer [34]. Pancreatic cancers in Lynch 
syndrome patients can have a characteristic medullary histology, and the increased 
tumor mutation burden in tumors with microsatellite instability raises the possibility 
of response to immune checkpoint inhibitor therapy [3, 35]. Pancreatic cancers in 
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the setting of known inherited genetic syndromes are covered in detail in a separate 
chapter.

4.4  Pancreatic Cancer Susceptibility Genes in Patients 
with Sporadic PDAC

Inherited risk of pancreatic cancer is not limited to patients with a family history of 
the disease. Initial evidence for a role of pathogenic germline variants in pancreatic 
cancer susceptibility genes in patients with apparently sporadic PDAC, that is those 
without a family history that would result in classification as familial pancreatic 
cancer, came from targeted sequencing of BRCA2 in a cohort of 41 patients without 
a family history of PDAC [36]. In this study, three patients had pathogenic germline 
BRCA2 variants with corresponding loss-of-heterozygosity of the BRCA2 genomic 
locus involving the wildtype allele. Subsequently, several studies using targeted 
next generation sequencing gene panels have defined the prevalence of pathogenic 
germline variants in pancreatic cancer susceptibility genes in patients without a 
family history of the disease (Table 4.2) [19, 36–46]. While these studies used next 
generation sequencing targeted panels with variable gene content, pathogenic germ-
line variants in pancreatic cancer susceptibility genes were identified in 3.6–19.4% 
of patients with sporadic pancreatic cancer, with pathogenic variants in ATM and 
BRCA2 the most frequently identified. This finding has significant implications for 
the treatment of the patients and the clinical surveillance of relatives. As such, 
National Comprehensive Cancer Network Clinical Guidelines were updated to rec-
ommend consideration of germline testing for all patients diagnosed with PDAC 
irrespective of family history [47].

4.5  Pancreatic Cancer Susceptibility Genes in Patients 
with Pancreatic Cancer Precursor Lesions

Pancreatic cancers develop from either microscopic precursor lesions called pancre-
atic intraepithelial neoplasms (PanINs) or macroscopic precursor lesions called 
intraductal papillary mucinous neoplasms (IPMNs). As IPMNs are macroscopic, 
they can be monitored and surgically resected if clinical features are suggestive of 
progression to PDAC [48, 49]. While several recent studies have focused on the 
prevalence of germline alterations in patients with PDAC, the role of pancreatic 
cancer susceptibility genes in patients with IPMN is less well understood. Case 
reports of patients with IPMN and pathogenic germline variants in pancreatic can-
cer susceptibility genes have suggested an association [50–52]. In a recent study of 
315 patients with surgically resected IPMN, 2.7% of patients had a pathogenic 
germline variant in a pancreatic cancer susceptibility gene, most frequently ATM 
(1.6%) [53]. While these observations are similar to prevalence estimates for 
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patients with sporadic PDAC or PDAC unselected for family history, the clinical 
utility of germline status in patients with IPMN is not yet known.

4.6  Screening for Patients with Pathogenic 
Germline Variants

Knowledge of germline status of established pancreatic cancer susceptibility 
genes should inform screening approaches for high-risk patients. Screening in a 
large cohort of high-risk individuals (including those with pathogenic germline 
variants and those with a family history of PDAC) demonstrated lower stage and 
improved survival in PDACs detected during surveillance compared to those 

Table 4.2 Studies assessing prevalence of pathogenic germline variants in pancreatic cancer 
susceptibility genes in patients with sporadic PDAC

Study
Patient 
populationa

Number 
of patients

Pancreatic cancer susceptibility genes 
assessed

Number of patients 
with a pathogenic 
variant

[36] Unselected 41 BRCA2 3
[37] FH+/FH− 290 ATM, BRCA1, BRCA2, CDKN2A, MLH1, 

MSH2, MSH6, PALB2, PMS2, PRSS1, 
STK11, and TP53

11

[38] Unselected 306 BRCA1; BRCA2 14
[39] Unselected 96 ATM; BRCA1, BRCA2, CDKN2A, MLH1, 

MSH2, MSH6, PALB2, PMS2, STK11, 
and TP53

9

[40] Unselected 159 BRCA1, BRCA2, CDKN2A, MLH1, 
MSH2, MSH6, PALB2, and PMS2

24

[41] Unselected 854 ATM; BRCA1, BRCA2, CDKN2A, MLH1, 
MSH2, MSH6, PALB2, PMS2, STK11, 
and TP53

31

[19] FH+/FH− 3030 ATM; BRCA1, BRCA2, CDKN2A, MLH1, 
MSH2, MSH6, PALB2, PMS2, and TP53

189

[42] Unselected 356 ATM; BRCA1, BRCA2, CDKN2A, MLH1, 
MSH2, MSH6, PALB2, PMS2, STK11, 
and TP53

69

[43] Unselected 176 ATM; BRCA1, BRCA2, CDKN2A, MLH1, 
MSH2, MSH6, PALB2, PMS2, STK11, 
and TP53

26

[44] Unselected 350 ATM, BRCA1, BRCA2, and PALB2 16
[45] Unselected 3594 ATM; BRCA1, BRCA2, CDKN2A, MLH1, 

MSH2, MSH6, PALB2, PMS2, STK11, 
and TP53

258

[46] Unselected 289 ATM, BRCA1, BRCA2, CDKN2A, MLH1, 
MSH2, MSH6, PALB2, PMS2, PRSS1, 
STK11, and TP53

18

aFH+ family history of pancreatic cancer sufficient for classification as familial pancreatic cancer; 
FH− no family history of pancreatic cancer or family history of pancreatic cancer insufficient for 
classification as familial pancreatic cancer
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detected outside of surveillance [54]. In this study, the cumulative incidence of 
high-grade precursor lesion or PDAC was 6.5% over a median follow-up of 
5.6  years [54]. Moreover, the risk of pancreatic cancer is more than two times 
higher in individuals with an identifiable pathogenic germline variant in a pancre-
atic cancer susceptibility gene compared to individuals with a family history but 
no identifiable pathogenic variant, further highlighting the need for screening in 
this patient population [55].

Individuals with a pathogenic germline variant have an earlier age at diagnosis 
than other high-risk individuals, and thus screening should start earlier in such 
patients [55]. Recent consensus guidelines suggest that individuals with patho-
genic germline variants in ATM, BRCA2, and PALB2 should undergo surveillance 
if they have a blood relative with pancreatic cancer, while those with pathogenic 
germline variants in CDKN2A or STK11 (Peutz Jeghers syndrome) should undergo 
screening regardless of family history because of their high lifetime risk [56]. 
While there was consensus that individuals with pathogenic germline BRCA1 vari-
ants should be screened, consensus could not be reached as to the impact of family 
history on surveillance recommendations [56]. Furthermore, whether patients with 
a pathogenic germline variant in a pancreatic cancer susceptibility gene without a 
family history of pancreatic cancer should undergo screening is yet to be 
determined.

For most carriers of a pathogenic germline variant, current consensus recom-
mends that annual surveillance begin at age 50, though some experts recommend an 
earlier initiation of surveillance. In addition, for some specific genes with increased 
risk, surveillance should begin earlier—at age 40 for carriers of a pathogenic 
CDKN2A variant and at age 30–40 for individuals with Peutz Jeghers syndrome 
[56]. In addition to these pancreatic cancer susceptibility genes, surveillance is also 
recommended for patients with hereditary pancreatitis, including pathogenic germ-
line variants in PRSS1 and CPA1, beginning at age 40 or 20 years after the onset of 
pancreatitis symptoms [56]. Surveillance is also recommended for patients with a 
family history of pancreatic cancer in the absence of identifiable pathogenic germ-
line variants [56].

Though there is still considerable controversy regarding the optimal surveil-
lance approach, most protocols use a combination of magnetic resonance imaging 
(MRI)/magnetic retrograde cholangiopancreatography (MRCP) and endoscopic 
ultrasound (EUS) [56]. Computed tomography is considered a suboptimal approach 
due to decreased sensitivity in detecting small pancreatic cysts as well as exposure 
to repeated ionizing radiation, though future advances in deep learning and 
radiomics may improve the utility of this imaging modality [56]. Other potentially 
promising complementary screening tests include serum CA19-9, markers of pre-
diabetes (including fasting serum glucose and hemoglobin A1C), and circulating 
tumor DNA, though their utility has not yet been directly evaluated in high-risk 
individuals with pathogenic germline variants in pancreatic cancer susceptibility 
genes [56].
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4.7  Conclusion

Pathogenic germline variants in cancer susceptibility genes are frequently identified 
in patients with familial pancreatic cancer and less frequently in patients with appar-
ently sporadic PDAC. Several key pancreatic cancer susceptibility genes have been 
identified and characterized in detail, but the genetic basis for the majority of famil-
ial pancreatic cancer is not yet known. Known susceptibility genes have important 
implications for the treatment of arising PDACs, as well as screening for affected 
family members. Future work will identify new pancreatic cancer susceptibility 
genes, characterize the impact of noncoding variants and those of unknown signifi-
cance, and further optimize screening protocols for patients at high risk for pancre-
atic cancer.
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Take Home Messages
• Further subspecialty training in pancreatic surgery following accreditation 

is sought by the majority of trainees before independent practice.
• Several routes of entry are available to advanced pancreatic fellowships.
• International and Regional Specialty Associations seek to improve educa-

tion and training in pancreatic surgery across the globe.
• eLearning and social media are playing an increasing role in the education 

of pancreatic surgeons.

Pearls and Pitfalls
• Standards for training in pancreatic surgery have been set by IHPBA.
• Training opportunities and standards in pancreatic surgical training vary 

widely outside of North America, Europe and Australasia.

Future Perspectives
• An agreed structured curriculum for training in minimally invasive pancre-

atic surgery would formalise attainment of learning and proficiency curves.
• Summative assessment is currently a requirement of a small number of 

fellowships worldwide but may become more widespread as an objective 
measure of training quality.

• ‘Altmetrics’ generated through social media are likely to become an alter-
native output for measuring the scope and reach of academic output.
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Bullet Points

Structure of Training Pathways

• Accreditation in pancreatic surgery necessitates additional training beyond residency in General Surgery

• A number of routes to pancreatic fellowship exist including surgical oncology, transplantation and

  bespoke HPB programmes

• Accredited schemes should follow a pre-determined curriculum and offer minimum caseload volume

• Currently an HPB-specific postgraduate qualification is not considered necessary for independent practice

Standards of Training

• Pancreatic fellowships typically require 12 – 24 months of additional training beyond residency

• Syllabus and curricula are suggested by IHPBA and UEMS to guide both fellows and training units

• The use of formative assessments is highly recommended in evaluating trainee performance

• Summative assessment is not currently mandatory for pancreatic fellowship evaluation

Clinical Experience & Skills Acquisition

• Competency is suggested to be achievable after 20 pancreatoduodenectomy procedures; proficiency after

  60 but it is recognised that such numbers are highly variable and subject to the trainee experience

• Training in Non Technical Surgical Skills (NOTSS) is highly desirable

Research

• A higher degree is not a requirement for entry into pancreatic fellowship programmes

• Research is mandatory in all IHPBA accredited pancreatic fellowship schemes  
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5.1  Structure of Training Pathways

Exposure to complex pancreatic procedures during General Surgical residency is 
frequently limited, or at least insufficient for independent practice [1–3]. Trainees’ 
exposure to HPB procedures during General Surgery training has become domi-
nated by cholecystectomy, and experience of complex pancreatic procedures is 
reducing [3]. Recognition that the technical complexity and morbidity associated 
with pancreatic surgery necessitates additional years of training beyond accredita-
tion in General Surgery has led to the world-wide development of advanced post-
graduate fellowships in HPB surgery [4]. Dozens of such HPB fellowships across 
18 countries are currently registered by the International Hepato-Pancreatio-Biliary 
Association (IHPBA) [5]. The route to HPB accreditation varies not just globally 
but also at a national level.

5.1.1  North-American Training Programmes

In North America, entry to HPB fellowship programmes occurs via one of three 
principal avenues. HPB surgical training is undertaken in parallel with training in 
either transplantation or surgical oncology; approved and regulated by the American 
Society of Transplant Surgeons (ASTS), the Society of Surgical Oncology (SSO) 
or the Accreditation Council for Graduate Medical Education (ACGME). More 
recently, the Fellowship Council has developed non-ACGME HPB fellowship pro-
grammes designed to provide bespoke multidisciplinary HPB training that includes 
experience in minimally invasive surgery (MIS), ablation techniques and ultraso-
nography. The Fellowship Council is an association of programme directors and 
specialty societies charged with oversight of fellowship training in the US and has 
developed accreditation criteria and curricula in collaboration with sponsoring soci-
eties such as the Americas Hepato-Pancreato-Biliary Association (AHPBA). Each 
fellowship programme offers its own case mix of liver, biliary and pancreatic expo-
sure, and various strengths and weaknesses have been claimed for each of the three 
approaches [6]. For example, fellows training in transplantation develop an under-
standing of organ failure and parenchymal liver disease whereas fellows in surgical 
oncology evolve as clinicians managing patients with cancer [6]. The majority of 
HPB surgeons will establish a complementary parallel practice in transplantation, 
surgical oncology or general surgery and therefore it is felt that this current structure 
reflects their future likely practice and as such remains a good model for fellowship 
training programmes.

In Latin America, subspecialty fellowships similarly exist, including a number 
of AHPBA accredited programmes in Argentina, Brazil, Mexico and Peru [5], how-
ever availability of training opportunities and standards vary widely.
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5.1.2  European Training Programmes

In Europe, training in pancreatic surgery is not formally organised under one 
regulatory body, however the European and African Hepato-Pancreato-Biliary 
Association (E-AHPBA) supports the educational activities of its members 
through provision of a suggested HPB curriculum, accreditation of HPB cen-
tres that host fellowship programmes and organisation of the European Board of 
Surgery Qualification (EBSQ) on behalf of the Union Européenes des Médicines 
Spécialistes (UEMS) [5]. Such certification is not required for independent prac-
tice; European Union (EU) law determines that all EU national surgical qualifica-
tions are recognised between member EU states, however training experience and 
standards are acknowledged to vary widely across Europe and therefore surgeons 
frequently choose to obtain a EBSQ for global recognition of a standardised 
qualification.

In the United Kingdom (UK), no specific subspecialty qualification is required 
for an independent clinical practice that includes pancreatic surgery. All trainees 
undertake training in General Surgery which commonly includes a 1–2-year period 
in their subspecialty of choice towards the end of training; leading ultimately to a 
‘Certificate of Completion of Training’ (CCT) awarded by the Joint Committee on 
Surgical Training (JCST), an advisory body to the four surgical Royal Colleges of 
the UK and Ireland. As in North America, trainees with an interest in HPB surgery 
frequently at this stage do not feel fully prepared for autonomous HPB practice and 
therefore seek a further year of subspecialty training in a fellowship position, often 
undertaken outside the UK.

5.1.3  Australasian Programmes

A similar but more formalised infrastructure exists in Australia and New Zealand, 
where trainees undertake a 2-year HPB fellowship with competitive entry, follow-
ing or during general surgical training. Programmes are accredited by the Royal 
Australasian College of Surgeons (RACS) and adhere to a structured curriculum, 
include a requirement for research, the successful achievement of an expected mini-
mum caseload and an end-of-programme examination [5].

In Asia, opportunities for training fellowships are organised on a national rather 
than continental level. The Asian-Pacific Hepato-Pancreato-Biliary Association 
(A-PHPBA) seeks to ‘improve education, training, innovation and patient care in 
the field of HPB’ and has adopted the IHPBA curriculum for training. It dissemi-
nates information on fellowships through the IHPBA fellowship registry but does 
not oversee individual programmes.
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5.1.4  Effect of Training Programmes on Clinical Outcomes

Retrospective studies indicate that the presence of a subspecialty fellow in HPB 
units results in at least equivalent or even enhanced patient outcomes [7–9]. Such 
studies are of course limited by selection bias and confounders including case mix, 
specialist anaesthetic and critical care infrastructure, and the ability to attract high- 
quality fellows to units of excellence. As subspecialty fellowship programmes are, 
by convention, co-ordinated and run by tertiary referral centres, frequently with 
university affiliation and high-volume caseload, it is arguable that it is impracti-
cable to disentangle any potential effects of the subspecialty HPB fellow on patient 
outcomes or quality indicators. One barrier to achieving operative autonomy in the 
operating room that has been identified is the requirement of trainees to adopt dual 
roles; those of ‘learner’ and ‘worker’ [10]. As resident engagement is the single fac-
tor most predictive of developing independence, it seems likely that the subspecialty 
fellowship offers a chance for trainees to identify as pure ‘learners’, free from some 
of the duties of General Surgical residency and to focus on pancreatic surgery. The 
presence of a specialist HPB fellow need not be to the detriment of the training of 
local General Surgery residents [11, 12]. Indeed, when matched for surgeon and 
case volume, centres with residency training programmes appear to have superior 
outcomes following pancreatoduodenectomy compared to centres without such 
schemes, as measured by length of stay, in-hospital mortality and cost [9].

5.1.5  Workforce Prediction

Accurate predictions on workforce requirements for healthcare personnel are dif-
ficult to achieve [13]. Studies examining the HPB surgical workforce in the US have 
demonstrated that the trend of increasing HPB case volume has outpaced projec-
tions; a phenomenon attributed to expanding indications for surgery and increasing 
centralisation of HPB services [14, 15]. In parallel, the number of HPB subspe-
cialty fellowships has risen, however surgeons reaching the end of subspecialty 
fellowships are more frequently reporting perceptions that HPB faculty positions 
are increasingly challenging to secure [14]. Although some have raised concerns 
that the increased numbers of graduating HPB fellows will outstrip demand [15, 
16], others suggest that despite the ongoing trends towards centralisation of ser-
vices, large regions of the US remain underserved in terms of HPB specialists [17]. 
Elevation and standardisation of HPB accreditation requirements have been sug-
gested as solutions to this problem as an alternative to capping fellowship numbers, 
with more focus on improving outcomes and enhanced provision of services in 
underserved communities [14, 17].
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5.2  Standards of Training

The International Hepato-Pancreato-Biliary Association (IHPBA), established in 
1994, is a non-profit organisation whose declared mission is to optimise the out-
comes of patients with HPB disorders by improving education, training, innovation, 
research and the delivery of patient care [18]. A similar strategy is pursued by the 
European Society of Surgical Oncology (ESSO), which seeks to develop links with 
academic institutions across Europe, organises educational opportunities (including 
courses and postgraduate fellowships) and offers recognisable diplomas with trans-
ferable value. The IHPBA Education and Training (E&T) Committee has defined 
a set of standardised training requirements to ensure high quality training across 
countries, and facilitates institutions registering their advanced HPB training fel-
lowships for accreditation [5]. Standards for training were drawn up and agreed by 
consensus at the seventh IHPBA world congress in 2008 and subsequently approved 
by the IHPBA Council. These define a minimum set of programme requirements 
for fellowships registered with IHPBA, intended for both programme directors and 
fellows, with an aim to equip trainees with the knowledge, clinical experience and 
technical skills required for independent HPB practice [19]. Further to this, a con-
sensus conference on HPB training in North America was held in 2014, hosted 
by the Americas Hepato-Pancreato-Biliary Association (AHPBA), the Society for 
Surgical Oncology (SSO), and the American Society of Transplantation Surgery 
(ASTS). This meeting sought to evaluate the current state of training in North 
America and reach consensus on programme requirements, minimum case volumes 
and quality metrics to prepare individuals for autonomous HPB practice and agree a 
framework for formative and summative assessment [20]. There is no pan- European 
training programme in surgical oncology, and no defined standards of training are 
stipulated by ESSO, however a core curriculum (basic and advanced) of knowledge 
expected of a surgical oncologist is set out by their Education and Training com-
mittee [21]. UEMS designate strict eligibility criteria for the European Board of 
Surgery Qualification.

5.2.1  Period of Training

IHPBA standards stipulate that a minimum of 12 continuous months of clinical 
training in the surgical management of HPB patients is required for accreditation in 
HPB surgery, or 24 months if both HPB and transplantation are pursued (although 
experience in transplantation is not mandatory) [19]. AHPBA and Complex General 
Surgical Oncology (CGSO) fellowships in North America similarly expect a mini-
mum of 24 months of training [22]. The consensus and IHPBA recommendations 
emphasise the other ‘non-volumetric’ requirements of fellowship programmes; 
including exposure to the multi-disciplinary management of HPB disease, provision 
of an appropriate educational environment, adequate clinical content to meet the 
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needs of fellows without competition, an appropriate balance of service and educa-
tion, access to a mentor and at least semi-annual appraisal of the fellow’s progress 
with feedback [19].

5.2.2  Curriculum

Both IHPBA and UEMS provide a curriculum and syllabus to guide fellows through 
the essential areas of medical knowledge required to achieve expertise in HPB sur-
gery [23, 24]. In the case of the European curriculum, this is intended to provide 
guidance to candidates intending to sit the European Board of Surgical Qualification 
(EBSQ), either as a Fellow of the European Board of Surgery in HPB or in Surgical 
Oncology—FEBS (HPB) or FEBS (SurgOnc). Eligibility for the UEMS examina-
tion is dependent on demonstration of board certification in the candidate’s country 
of origin (which must be a member or associate member of UEMS), completion 
of a minimum of 2 years of HPB training after board certification, an accurate log-
book of procedures with minimum numbers for accreditation and a minimum of one 
published peer reviewed paper as first, second or senior author in the field of HPB 
surgery. The IHPBA curriculum provides fellows with a framework for achieving an 
educational and training experience in preparation for independent HPB practice, as 
well a guide for programme directors to evaluate fellows’ attainments.

The use of formative assessments (‘in-training’ tools to provide feedback and 
aid learning) to evaluate trainees’ technical skills and surgical judgements var-
ies enormously around the world [25]. In the UK, an online record, known as 
the Intercollegiate Surgical Curriculum Programme (ISCP), was introduced in 
2008, where trainees are required to record a personal log of Workplace Based 
Assessments (WBAs) [26]. These incorporate the following domains: Procedural 
Based Assessments (PBAs) where feedback is given on technical operative skills; 
Case Based Discussions (CBDs) to allow reflection of patient cases and evaluate 
judgment and understanding of clinical scenarios; Clinical Evaluations (CEXs) 
where the trainee is directly observed in a clinical situation and Multi-Source 
Feedback (MSF) to provide the trainee with feedback from a range of assessors 
including consultants, trainees, nursing staff and other healthcare professionals.

In North America, The Milestone Project has been implemented with a similar 
purpose for General Surgery residents [27]. This model was discussed at the 2014 
consensus conference as a reference framework for evaluating HPB fellows, with 
emphasis placed on the requirement of appropriate training of faculty to use such 
tools, as well as the need for trainees to trust the evaluation tool [20]. There is good 
evidence that such formative assessments enhance learning when used appropri-
ately, especially in competency based training [28]. These tools should be used in 
the clinical environment in which the trainee works and applied regularly over time, 
so that feedback can be given longitudinally, and performance trends evaluated.

A distinction should be drawn between formative and summative assessments. 
Summative assessments seek to evaluate a trainee’s performance at a particular 
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point in time against a pre-specified standard, and as such are not considered tools 
for learning [29]. Currently there is no specified requirement in any country for 
formalised summative assessment of HPB training above that required for General 
Surgery residents. The public therefore relies upon local hospital evaluation of indi-
vidual candidates’ breadth and depth of experience, as well as outcomes and perfor-
mance, before recruitment into posts involving a complex HPB practice. The 2014 
consensus agreed that a ‘unified but flexible certificate process to recognise formal 
training in HPB surgery was desirable and worthy of exploration’ [20]. Trainees in 
North America graduating from FC approved fellowships now receive an AHPBA 
certificate on completion of the programme and this process has proved to be com-
petitive; with only 84% of fellows meeting the requirements between 2010 and 
2014 [20].

5.3  Clinical Experience and Skills Acquisition

The Surgical Council on Resident Education (SCORE), a voluntary consortium of 
seven organisations involved in surgical residency training in the United States has 
defined competencies expected of a resident graduating in General Surgery [30]. 
Procedures are classified as essential, in which competency is required by the end 
of residency training, or complex, where generic experience is required but compe-
tency in specific procedures is not mandatory. No elective pancreatic procedures are 
included in the essential category; rather all are considered complex [11].

In the UK, trainees wishing to pursue a pancreatic practice ‘declare’ a special 
(or subspecialty) interest in Upper Gastrointestinal (GI) Surgery or Transplantation. 
Those selecting Upper GI have a requirement to complete a minimum of 35 ‘major 
Upper GI procedures’ which includes pancreatic resection, before completion of 
general surgical training. In both countries therefore, it is highly likely that further 
training will be required before competency can be achieved in pancreatic surgery.

5.3.1  Volume and Training

The volume-outcome relationship is now well established in pancreatic surgery. It is 
clear that both hospital caseload and surgeon experience enhance survival outcomes 
in patients undergoing complex procedures including pancreatoduodenectomy 
[31]. Debate continues as to the case experience required to achieve proficiency and 
later expertise, but it has been suggested that acceptable operative morbidity can be 
observed following 20 pancreatoduodenectomies and mortality rates are compa-
rable to an expert after 60 cases [31]. It is further recognised that the learning curve 
in surgical performance continues following completion of training; incremental 
increases in performance as measured by estimated blood loss, operative time 
and length of stay are observed in a surgeon’s second 60 pancreatoduodenectomy 
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procedures compared to their first 60 cases [32]. Data would suggest that such case 
volume is achievable under the current model of HPB fellowship programmes; with 
a median of 40 pancreatoduodenectomies and 18 distal pancreatectomies accrued 
by Fellowship Council-approved fellows in the US [22]. IHPBA standards for train-
ing specify that programmes must guarantee a baseline minimum number of 30 
pancreatic procedures per year as first surgeon in IHPBA accredited schemes [33].

5.3.2  Minimal Invasive HPB Surgery

The accrual of experience in minimally invasive HPB staging is required and that 
of minimally invasive surgical procedures is highly desirable, as highlighted by 
both IHPBA standards for training and the North America consensus statement [20, 
34]. The integration of new technologies including robotics will be variable given 
the heterogeneity of fellowship programmes (e.g. transplantation linked schemes 
versus HPB specific schemes) but is viewed as an essential part of the evolution in 
the field. The low volume of many institutions means that proficiency requires the 
adoption of innovative training methods including virtual reality simulation, biotis-
sue curriculum, video library training, intraoperative evaluation, video review and 
skill maintenance with ongoing assessment, so that a significant period of training 
occurs prior to the operating room [35, 36]. The majority of trainees currently enter-
ing fellowship positions have little to no robotic experience [37], however survey 
data indicates that the majority of HPB fellows desire more exposure to minimally 
invasive procedures [38]. Heterogeneity in experience is likely related to variation 
in the practice of training faculty. Designing a structured minimally-invasive cur-
riculum could aid formalisation of such training and ensure operative exposure to 
such cases is sufficient to complete learning curves and achieve accredited safe 
practice where case volume allows [36]. The importance of addressing the need for 
such an objective curriculum is highlighted by survey data from practising pancre-
atic surgeons who cite the lack of adequate training as the principal barrier to the 
expansion of a laparoscopic pancreatic practice [39].

5.3.3  Human Factors

The evidence to support the influence of human factors on patient outcomes is now 
widely accepted [40]. Excellence in surgery has been described as not error-free 
performance, but rather the ability to manage error and problematic events during 
an operation [41]. Historically, the skills to manage such influences have not been 
formally taught in a structured way. The University of Aberdeen in collaboration 
with the Royal College of Surgeons of Edinburgh (RCSEd) has developed a struc-
tured method for the assessment of a surgeon’s ‘Non-Technical Skills in Surgery’ 
(NOTSS), designed to rate four key domains: Situational Awareness, Decision 
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Making, Communication & Teamwork and Leadership [42]. Although few data 
currently exist on the specific application or validation of NOTSS in pancreatic 
surgery, such complex procedures are frequently performed by high performance 
surgical teams who are likely to observe improved patient outcomes from such 
self-reflection [43].

5.4  Research

Neither prior research experience or possession of a higher degree are required 
for entry to IHPBA, FC, SSO or ASTS fellowship schemes, although data exist in 
non- HPB specialties that pursuit of research during residency is associated with an 
increased likelihood of obtaining a competitive fellowship [44]. It is expected that 
IHPBA fellows initiate or participate in an investigative project during the 12-month 
fellowship and that presentation and peer reviewed publication of at least one such 
project is expected. Laboratory based research is optional but should be encour-
aged if desired by the fellow. The training centre is expected to provide a course 
on clinical research in human subjects and provide training in the methodology of 
conducting clinical trials, including biostatistics, research design and the ethics of 
human research [34].

5.5  Fellowship Satisfaction: The Trainee Experience

One AHPBA survey sampling views and attitudes of HPB surgeons (both in inde-
pendent practice and in training) showed that the majority (67.5%) favoured a 2 year 
fellowship scheme and that just over half viewed a dedicated HPB route (rather than 
one affiliated to surgical oncology or transplantation) as the ideal pathway to auton-
omous HPB practice [45]. Other surveys comparing the trainee experience between 
the three routes to accreditation have highlighted other emergent trends of perceived 
differences: for example a reduced pancreas workload in transplant associated pro-
grammes, a greater overall operative exposure in AHPBA-FC accredited schemes 
and a desire for more exposure to benign pancreatic conditions, including pancre-
atitis, in SSO schemes [46]. In a group of AHPBA members, only 19% felt that too 
many HPB surgeons were being produced. A large proportion of respondents indi-
cated that their preference was to combine practice with clinical or outcomes-based 
research and to undertake their career in a traditional academic environment [45].

Operative volume and variety appear to be the leading factors determining train-
ees’ choice of fellowship programmes [37]. Certainly trainees who have undertaken 
a fellowship report higher volume annual practice for the benchmark operation of 
pancreatoduodenectomy than those who did not (high volume cut off being 20 cases 
per year) [47]. In terms of perceptions of required operative volumes for competent 
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independent practice in pancreatic surgery, these align in general with the operative 
numbers specified for fellowship completion by IHPBA, with a median of 29 cases 
for pancreatoduodenectomy. Most surgeons have exceeded this by the completion 
of training, achieving a median of 38 procedures [45]. Currently the majority of 
fellows do not expect to be fully trained in minimally invasive techniques by the 
completion of their fellowship [37]. Overall survey data suggests the majority of 
HPB fellows feel confident that they will be adequately prepared for autonomous 
practice by the end of their fellowship [37].

5.6  Technologies: Online Learning Platforms 
and Social Media

Recent years have seen a significant change to the way surgical training is delivered, 
with restricted hours and subspecialisation leading to an abandonment of the appren-
ticeship model and a shift in the balance between service-provision and educational 
opportunities [48, 49]. Alongside this have come technological developments that 
have responded to this reduced clinical exposure. Not only does this include the 
increasing use of technology by traditional surgical teaching methods, for example 
the use of online operative videos, but also includes access to online resources and 
distance learning programmes that seek to prepare trainees for postgraduate quali-
fications and even the award of a higher degree [50]. A number of such courses are 
now available, including those with HPB specific content, with an ever-expanding 
global reach and appeal. The initial evidence indicates that when used as a tool 
complementary to, rather than as a replacement for, the traditional surgical train-
ing model, these programmes enhance the attainment of surgeons in training [51]. 
Survey data suggests that smartphone applications already play a useful role in the 
education of pancreatic surgeons through the delivery of e-learning platforms, but 
also can be used as a mode of selecting advanced fellowship programmes [52].

Technology is being utilised in evermore innovative ways to disseminate 
research findings not only to the HPB community but also the general public. The 
use of visual abstracts on social media platforms such as Twitter has been shown 
to significantly enhance the engagement of healthcare professionals with research 
findings compared to the use of plain English abstracts or tweets alone [53]. Social 
media (SoMe) has not only become an instrument for connecting surgeons and driv-
ing forward movements and culture change, but also as a means of education and 
dissemination of research findings, for example the SoMe4HPB twitter account 
has 1766 followers at the time of writing (handle @hpb_so) and the use of twitter 
handles by journals (e.g. @hpbjournal) [54]. The surgical community is beginning 
to quantify the utility and influence that SoMe can have in training; for example a 
recent Twitter chat launched under the hashtag #SurgicalTraining amongst follow-
ers of the #SoMe4Surgery community, had a potential reach of 4,603,607 people 
[55]. The first shifts are being observed towards academic institutions using Social 
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Media ‘Altmetrics’ to evaluate academic outputs, although the full meaning and 
scope of how tweets, hashtags, impressions and ‘likes’ influence the impact and 
dissemination of research findings are still to be fully understood [56].
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Take Home Messages
• Establishing rigorous and disciplined measures of quality are a critical step 

in evaluating quality of care for patients diagnosed with pancreatic cancer.
• The measures or quality indicators should evaluate all facets of the disease 

trajectory, namely diagnosis and staging, surgery, other treatment, patient 
management and outcomes, within the framework of a continuous improve-
ment cycle.

• Clinical measures often do not take into account a patient’s wellbeing, 
functional status and health-related quality of life. These are best evaluated 
using patient- reported outcome measures.

Pearls and Pitfalls
• The measurement of quality is hampered by inadequate data sources, a 

lack of systematic outcome assessment, suboptimal documentation of care 
delivery and a lack of formal monitoring systems.
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6.1  Introduction

There has been a shift in our understanding and evaluation of quality of care in the 
past few decades, driven by maestros who dedicated their lives to improvement 
sciences. The conversation has moved from achieving not only improved clinical 
outcomes but also to understanding ‘what matters to patients’. In pancreatic can-
cer, which is often classified as a low survival cancer, optimised care can improve 
survival and quality of life. Measurement from a clinical and patient perspective 
using well developed quality indicators is critical in evaluating variations in care 
and identifying areas for improvement.

6.2  Defining Quality of Care

The measurement of quality to improve health care is complex with no single, pre-
cise or ideal definition of quality. The definition of quality as it is best known is 
captured in Box 6.1.

Box 6.1 Defining Quality
In 1990, the Institute of Medicine (IOM) Committee compiled, analysed and 
debated on the many available definitions. The committee’s final definition is 
outlined as follows:

“Quality of care is the degree to which health services for individuals and popula-
tions increase the likelihood of desired health outcomes and are consistent with cur-
rent professional knowledge.” [1]

Quality of care is best viewed in terms of performance on a range of dimen-
sions as further defined by the Institute of Medicine (safe, effective, efficient, 
timely, patient-centred and equitable care) and the components of health care 
(structure, process, outcome) described by Donabedian [2, 3].

Future Perspectives
• Quality of Care indicators will play a pivotal role in establishing a value-

based healthcare delivery system that measures and manages patient level 
costs over complete cycles of care.

• Escalating costs of health care coupled with increased burden on financial 
and human resources is a barrier to quality improvement.

• The current model of healthcare delivery has led to a siloed speciality-driven 
approach with the potential to game the system, slow progress in perfor-
mance improvement and is projected to be unsustainable in the near future.
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Structures measure the foundation on which a service is built. For example, the 
services it provides and the governance structure in place. Without strong founda-
tions health systems are unable to safely, and effectively deliver care, which is equi-
table, timely and patient-centred.

Processes of care are those interventions which are highly correlated with better 
health outcomes for patients. For example, there is strong evidence that surgical 
antibiotic prophylaxis administered within two hours prior to incision, according to 
the type of operation will reduce risk of post-operative infection [4]. Processes of 
care can often be extracted from administrative datasets or collected through audit 
with relative ease.

Outcomes of care are arguably the most important means of measuring the 
quality of care provided by health services. However, there are complexities in 
measuring outcomes which are not as clear cut as when assessing either struc-
tures or processes of care. For example, choosing the time point to measure an 
outcome is important; too early after the care may not have provided sufficient 
time for the effect to be realised. Outcomes measured some time after an episode 
of care may be impacted by other factors aside from the treatment which was 
delivered [5]. For this reason, outcomes require careful deliberations. Risk adjust-
ment is also essential in order to be certain that patients’ outcomes are being 
adjusted for variables that are not related to the delivery of health care, e.g. age 
or comorbidities [6].

The conceptual framework that underpins the evaluation of quality care is pre-
sented in Fig. 6.1.

Fig. 6.1 Conceptual framework that underpins the quality of care
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6.3  Variations in Quality of Care

To understand quality in pancreatic cancer and the variations that exist to achieve 
optimal care, we have to first ask the question, ‘what is good quality of care’? This 
is explored using examples relating to care of patients with pancreatic cancer and 
applying the aforementioned dimensions of quality in Box 6.2.

Box 6.2 Exemplars of Variations in Care in Pancreatic Cancer

Is care safe? There is accumulating evidence that patients undergoing 
pancreaticoduodenectomy in hospitals managing low volumes of patients have higher 
mortality rates than those treating high volumes of patients with pancreatic cancer [7, 8].  
This is likely the result of increased ability to deliver safe care in hospitals resourced to 
manage these complex patients. As a result of this evidence, a call has recently been 
made in a number of United States (US) health services to limit pancreatic surgery 
privileges to surgeons performing at least five cases per year and facilities with at least 
20 cases per year [9].   In addition to using mortality to assess safety of care, other 
markers of unsafe care include iatrogenic injuries and complications such as infection, 
haemorrhage, pressure ulcers, drug errors, and wound dehiscence.
Is care effective? There are cases where planned procedures (e.g. diagnostic laparoscopy) 
or a planned surgery for potentially resectable disease is abandoned intraoperatively. An 
abandoned surgery may indicate that the patient has not been effectively staged. In 
addition, surgery should ideally result in clear margins (margin-negative or R0). 
Unfortunately, around 20% of cases have microscopically positive (R1) or 
macroscopically positive (R2) margins resulting in poorer clinical outcomes [10]. R1 
margins may be a marker of ineffective pre-operative staging before undertaking surgery.
Is care timely? Pancreatic cancer is an aggressive disease with majority of patients 
diagnosed at an advanced stage. The pathway to early diagnosis is complicated by the 
onset of generalised gastrointestinal symptoms, comorbidities and delays in referral. 
Patients can experience significant delays from referral to diagnosis when undergoing 
investigations for generalised gastrointestinal symptoms with a median delay of 
64.5 days [11].
Is care equitable? Differences in complications and mortality may be due to disparity in 
quality of care provided by individual providers or institutions. We know that people 
living in regional or rural locations can be less likely than their city counterparts to 
receive anti-cancer therapy [12].  Patients living in areas with higher socio-economic 
status are also more likely to receive access to more advanced medical care that is 
associated with improved survival and improved quality of life [13].
Is care efficient? Structured reporting of surgical pathology increases the accuracy, 
accessibility, completeness and uniformity of surgical pathology diagnosis. However, 
there is variable quality of pathological reporting with some evidence that up to 44% of 
free text reports do not contain sufficient information for disease stage to be inferred. In 
one study margin status was recorded in only 11% of reports [14].
Is care patient-centred? Current expert opinion and international recommendations state 
that management decisions, certainly for early pancreatic cancer should be made within 
the framework of a multidisciplinary team (MDT) meeting to ensure that the full range 
of available and appropriate treatment options are considered [15].  Yet, only a third of 
patients diagnosed with pancreatic cancer are presented to MDT meetings [13].
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To understand the reasons behind variations in care, evaluating the quality of 
care delivered to patients diagnosed with pancreatic cancer is an essential step.

6.4  Monitoring Quality of Care

The measurement of quality of care for patients diagnosed with pancreatic can-
cer across the trajectory of the disease requires an understanding of scientific prin-
ciples to underpin our measurement tools to obtain reliable and comparable data. 
Sources of data for quality assessment can include direct observation of a health 
care encounter, medical records, administrative databases, incident reports, clini-
cal registries, patient satisfaction and patient experience surveys. Currently, the 
measurement of quality is hampered by inadequate data sources, a lack of system-
atic outcome assessment, suboptimal documentation of care delivery and a lack 
of formal monitoring systems [16]. A persisting challenge in measuring quality is 
ensuring that metrics used are reliable and reproducible. A high level of scientific 
credibility from measurement tools and data sources is demanded.

6.4.1  Clinical Indicators

Clinical indicators provide the basis for evaluation of care in pancreatic cancer. 
They quantitatively measure aspects of the structure, process and outcomes of 
patient care to act as a ‘flag’ that indicate areas for further investigation [16].

Clinical indicators can be used as a basis for self-improvement to inform policy 
and strategy making, to monitor performance of services and of funding bodies, to 
empower consumers to help make decisions about their choice of health services 
and to identify poor performance. Increasingly they are providing the basis for 
financial incentives related to select health service parameters [17].

Clinical indicators, in and of themselves, are ineffective unless incorporated into 
a quality improvement cycle.

Box 6.3 The Father of Quality
Edward Deming developed such an approach in the manufacturing industry 
post the second World War in Japan, and it has since been widely imple-
mented in health service delivery [18]. Considered the Father of Quality, 
Deming introduced the Total Quality Management paradigm, which pro-
moted systematic analysis and measurement of processes linked to producing 
quality outputs.
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The Deming continuous quality improvement cycle ensured that on an ongoing 
basis opportunities to improve were harnessed. The Deming Cycle, also referred to 
as the Plan-Do-Study-Act cycle, or the Plan-Do-Check-Act (Fig. 6.2).

6.4.2  Development and Implementation of Clinical Quality 
Indicators in Pancreatic Cancer

Clinical indicators for pancreatic cancer care should include all facets of the disease 
trajectory, namely diagnosis and staging, surgery, other treatment, patient man-
agement and outcomes. They can be derived from academic literature or, where 
scientific evidence is lacking, determined by an expert panel of health professionals 
in a consensus process [16]. The most widely used consensus method is the Delphi 
technique initially developed in 1969. The Delphi method includes questionnaires 
or surveys to determine the most appropriate indicators from a panel of experts [20]. 
More recently, a modified Delphi method was introduced which includes an initial 
survey followed by the panel meeting face to face to discuss the results of the first 
survey round, focussing on areas of disagreement and the opportunity to modify the 
original list of proposed indicators. Other consensus methods include the Nominal 
Group Technique which is a structured process and requires participants to brain-
storm ideas followed by a discussion and ranking of an item’s importance [21]. 
Figure 6.3 provides a schematic outlining the processes in the development of clini-
cal indicators. Step 1 summarises the development of a core set of quality indica-
tors; Step 2 discusses how to monitor and analyse the data, and Step 3 describes the 
processes for implementation and review (Fig. 6.3).

Fig. 6.2 Plan-Do-Study-Act cycle and model for improvement [19]
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Fig. 6.3 Steps to developing clinical quality of care indicators for pancreatic cancer. (Adapted 
from Fitch et al. & Prosser-Snelling E, Morris E [17, 21])

6.4.2.1  Step 1: Synthesis of Evidence

In 2009, Bilimoria and colleagues identified a set of surgical quality indicators for 
pancreatic cancer. This was subsequently built upon by Burmeister and colleagues 
in 2016, who identified a set of care statements that included patient management 
indicators [22, 23]. Further to this work, the authors of this chapter developed, 
through a modified Delphi approach, a core set of 27 clinical quality indicators to 
monitor care across all areas of the disease trajectory (seven diagnosis and staging, 
five surgical, four other treatment, five patient management and six outcome mea-
sures) as listed in Table 6.1 [24].

6.4.2.2  Step 2: Monitoring and Analysis

Once a core set of clinical quality indicators to monitor care in pancreatic cancer 
has been established via a consensus method, the next phase (Fig. 6.3, step 2) is to 
determine the data sources from which data will be collected such as administrative 
data or medical record review. Measurement specifications include determining the 
numerator, denominator, inclusion and exclusion criteria for each clinical quality 
indicator. A risk adjustment and risk stratification approach may be required, par-
ticularly if the indicator is assessing a health outcome which may be impacted by 
factors other than those within the capacity of the health service to control. Risk 
adjustment may be used to introduce a weighted approach to consider the impact of 
major confounders impacting the outcome. These are commonly the patient’s age 
and stage of disease at the time when the indicator is being measured. Risk strati-
fication may involve measuring the indicator in a particular subset of the popula-
tion of patients with pancreatic cancer; for example only those with stage I disease 
undergoing surgery.
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Table 6.1 Core set of pancreatic cancer indicators developed through a modified Delphi 
approach [24]

Indicators

Diagnosis and staging
Documented pancreatic protocol CT or MRI scan for diagnosis and/or staging
Tissue biopsy attempted prior to chemotherapy or radiotherapy
Documented baseline CA19-9 level before treatment
Documented ECOG and/or ASA at presentation
Time from referral to definitive treatment within 60 days (relief of biliary obstruction is not 
definitive treatment)
MRI, CT or PET completed following neoadjuvant treatment
Operability of tumour is clearly defined and documented as either operable/resectable, 
borderline resectable, locally advanced (unresectable) or metastatic (unresectable)
Surgery
Royal College of Pathologists of Australasia or equivalent reporting system used to document 
findings for patients undergoing surgical resection
Standard lymphadenectomy with the removal of ≥10 lymph nodes pathologically examined and 
documented
“Number of R1 resections (positive ≤1 mm margin) for those that have a synoptic report or 
Number of R1 resections (positive ≤1 mm margin) for those that do not have a synoptic report”
Number of patients undergoing pancreatic cancer surgery in a level 1–4 hospital
All patients who did not undergo surgery should have a valid reason documented
Other treatment
Adjuvant chemotherapy administered following surgery or a reason documented for not 
undergoing treatment
Chemotherapy ± chemo-radiation offered to patients with locally advanced disease, or a reason 
documented for not undergoing treatment
Neo-adjuvant chemotherapy ± chemo-radiation offered to patients with borderline resectable 
disease, or a valid reason documented for not undergoing treatment
Number of patients who saw a medical or radiation oncologist or a reason documented for not 
doing so
Patient management
Disease management for all patients discussed at a MDT meeting
Number of patients with biliary obstruction managed surgically or by stent
All patients with metastatic disease referred to (or seen by) palliative care specialist
All patients having completed treatment followed up specialist every 3–6 months for up to 
2 years
Number of patients included in a clinical trial
Outcome
Patients requiring a re-operation following surgical resection
Patient died within 30-days of last dose of chemotherapy
>2 ED presentations in the last 30-days before death
2 year and 5 year survival rates for patients who underwent a surgical resection
≥14 days in acute hospital
30-day and 90-day mortality rate following surgical resection

A. D. Maharaj et al.



87

It is also important to consider how data will be collected and by whom. Data can 
be collected by clinicians or trained data collectors. Ideally, the person collecting 
the data for quality indicators should be impartial and independent to avoid any 
potential biases in recruitment or data collection. An important consideration is 
where the data will be stored. Electronic databases such as REDCap (Research 
Electronic Data Capture) provide a secure, web-based software platform designed 
to support data capture and storage [25].

6.4.2.3  Step 3: Implementation and Review

Following the development of key data items for collection of relevant information, 
implementation should begin with a pilot phase to test the reliability and validity 
of the data items. This can be dependent on the accuracy of the coding and record-
ing of data if using an administrative data source, and data completeness for other 
sources such as medical chart review [26]. Figure 6.3, step 3 outlines the lifecycle 
of a clinical quality indicator. Following implementation of the core set, periodic 
analysis and evaluation is necessary not only for feedback and reporting but also for 
quality assurance that each indicator is continually measuring ‘what it is meant to 
measure’. With time some clinical quality indicators may become obsolete due to 
the changing landscape of evidence and others may become appropriate if sufficient 
evidence has accumulated to deem it quality care. For example, the administration 
of neo-adjuvant therapy in resectable pancreatic cancer is yet to be established as 
best practice, although it has gained momentum as standard of care for other gas-
trointestinal cancers [27].

6.4.3  Value-Based Health Care

The escalating costs of health care, due in part to expensive new technology and 
drugs, coupled with increased burden on financial and human resources is a barrier 
to quality improvement. Health care expenditure continues to increase across many 
countries at a rate above that of inflation. The current model of health care delivery 
in many countries provides care in a fee-for-service approach often focusing solely 
on service volume. Costing systems are organised by spending category such as 
employee costs, equipment, devices, imaging, laboratory tests, and pharmaceuti-
cals. This model has led to a siloed speciality-driven approach with the potential 
to game the system, slow progress in performance improvement and is projected to 
be unsustainable in the near future. The alternative proposal is an overhaul of the 
current system to introduce value-based health care delivery, a model that measures 
and manages patient level costs over complete cycles of care for a variety of medical 
conditions [28].
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Of a particular note, is the importance of assessing clinical measures such as com-
plications and survival as well as patient-reported outcomes (PROs).

Value-based care can be conceptualised by the following formula in 
Fig. 6.4 [29]:

Fig. 6.4 Value-based 
health care delivery

Michael Porter first introduced the concept of value-based health care in an 
article published in the New England Journal of Medicine in 2009 [29]. In this 
article, Porter espouses that to achieve a value-based delivery system the fol-
lowing steps are required:

 1. Measure and disseminate health outcomes for every provider and every 
medical condition. Outcomes must be measured over the full cycle of care 
from diagnosis through to treatment and recovery or end-of-life. The 
degree of health prior to treatment should be considered when assessing 
outcomes following diagnosis and treatment. Outcomes should assess the 
quality of health and recovery achieved, time required for recovery, patient 
discomfort and sustainability of recovery.

 2. Re-examine how prevention, wellness, screening and routine health ser-
vices are delivered. There is a need to invest where required to defined 
patient populations with unified reimbursement.

 3. Reorganise care around medical conditions or sets of closely related 
conditions

 4. Reimbursement should align everyone’s interests around improving value 
for patients. Bundled payments to cover the entire cycle of care for a medi-
cal condition will shift the focus towards restoring function and maintain-
ing health.

 5. Providers should compete for patients, based on value at the medical-con-
dition level. This will foster excellent providers.

 6. Electronic medical records will enable value improvement if they support 
integrated care and outcome measurement.

 7. Consumers must engage in their health and in health care. They must take 
responsibility for their health.
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6.4.4  Patient-Reported Outcome Measures (PROMs) 
in Pancreatic Cancer

When discussing clinical indicators earlier in this chapter, the objective was to deter-
mine from clinicians or experts in the field of pancreatic cancer, the most important 
and feasible measures to monitor clinical outcomes. However, clinical measures 
often do not take into account a patient’s wellbeing, functional status and health-
related quality of life. Further, the views on ‘what matters’ to a patient may differ to 
that of a clinician. For example, in one study, clinicians placed higher importance on 
symptoms such as pain, nausea, vomiting, abdominal complaints, itching and jaun-
dice compared to patients in a palliative setting [30]. Which leads us to the question, 
how do we determine the health outcomes that matter most to patients diagnosed 
with pancreatic cancer?

Pancreatic cancer is characterised by poor survival, high symptom and psycho-
logical burden and as described by one study, ‘a tsunami of unmet needs’ [31, 32]. 
Integration of PROs into clinical practice, health service or health systems level 
using structured instruments (e.g. standardised questionnaires) known as Patient- 
Reported Outcome Measures (PROMs) have shown to improve patient-clinician 
communication, overall patient care and outcomes [33].

There has been an exponential rise in the number of PROMs developed for 
cancer care over the past three decades. Given the considerable burden of this 
disease and poor survival, it is especially important that the selected PROM has 
undergone psychometric evaluation in a pancreatic cancer population and is 
deemed reliable, valid and sensitive to change, rather than merely extrapolated 
from other populations. Following an extensive and detailed systematic review, 
we recommend one of three multidimensional PROMs be used depending on the 
intent: FACT-HEP in patients with unresectable pancreatic cancer; QLQ-PAN26 
(in conjunction with its core QLQ-C30 PROM) in those with resectable pancre-
atic cancer; and MDASI-GI, a tool that may be useful irrespective of disease 
stage [34].

6.4.5  Evaluating Quality of Care

Establishing and evaluating rigorous and disciplined measures of quality are a critical 
step in evaluating quality of care. We have demonstrated that the comprehensive evalu-
ation of quality of care in pancreatic cancer requires a two-fold approach based on clin-
ical quality indicators and PROMs. In addition, the evaluation of outcome measures 
at the patient-level can estimate value in health care delivery that is patient-centric.

Several authors have now used this approach to evaluate quality of care in 
defined populations of patients with pancreatic cancer. Bilimoria and colleagues 
demonstrated variability in the surgical quality of care in pancreatic cancer. 
Adherence to individual level indicators ranged from 49.6 to 97.2% and 
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hospital-level indicators ranged from 6.8 to 99.9% [22]. Burmeister and colleagues 
were able to demonstrate significant disparities based on socio-economic status. 
Further, not all patients were presented to MDTs (31%), received psychosocial 
support (19%), participated in clinical trials (7%), or were first seen by a hepatobi-
liary surgeon (19%) [13].

There has been continued efforts to develop and standardise core clinical and 
patient-reported indicators but a significant gap remains in the literature on the eval-
uation of quality of care for patients diagnosed with pancreatic cancer.

6.5  Feedback and Reporting

The development and implementation of quality indicators requires detailed synthe-
sis and evaluation, with good access to population health and statistical resources 
[17]. Increasing attention is being paid to the importance of using state-wide or 
national clinical quality registries to monitor, benchmark, and report risk-adjusted 
data on quality of care. Clinical quality registries have shown to drive continuous 
improvement by using a feedback mechanism to report on the appropriateness of care 
(process) and the effectiveness of care (outcomes). They also generate more reliable 
and credible information compared to administrative databases [35]. Examples of 
clinical quality registries that exist for pancreatic cancer are the Pancreatic Cancer 
Collaborative Registry [36], Danish Pancreatic Cancer Database [37], and the Upper 
Gastrointestinal Registry (UGICR) which has a module dedicated to pancreatic can-
cer [38]. Regardless of whether data for clinical indicators or PROMs are supported 
by a clinical registry, feedback provided through timely reporting, quality indicators 
can be effective in improving professional practice [39].

6.6  Examining Variation

Inevitably, when examining quality of care using quality indicators, sub-optimal 
performance will be identified. We have discussed the need to incorporate quality 
indicators in a continuous improvement cycle, but how do we identify what needs to 
be done in order to improve? Often this requires a deep understanding of the varia-
tion identified. There are many factors which impact best practice that hasn’t been 
identified. Understanding this is pivotal when developing the improvement cycle.

One patient management indicator developed as part of the core set (Table 6.1) 
is ‘disease management for all patients discussed in a MDT meeting’. Data from the 
UGICR show that approximately 30% of patients are not discussed at MDT meet-
ings, the majority (67%) of which are those with metastatic disease. Although 90% 
of patients undergoing a surgical resection are discussed at MDT meetings, 27% are 
discussed following their surgery rather than prior to treatment. A qualitative 
approach such as interviews or focus groups may be necessary to identify the 
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barriers and enablers impacting on health professionals involved in patient care, in 
order to facilitate quality improvement and optimise performance measured through 
this indicator.

6.7  Conclusions

In this chapter, we have introduced a conceptual framework to consider when intro-
ducing a system to monitor quality of care in patients with pancreatic cancer. We 
have outlined clinical indicators selected by an expert panel to measure quality of 
care and discussed the need to incorporate measurement within a continuous qual-
ity improvement cycle, in which data are constantly being examined and improve-
ment sought. We have discussed value-based health care and describe why it is 
an important societal consideration when examining quality of care. Finally, we 
provide some models to help understand variation in quality of care.
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Take Home Messages
• Quantity and quality of surgical trials in pancreatic cancer have increased.
• Evidence gaps remain for several issues.
• Research prioritization and collaboration are needed to answer the most 

relevant questions in a timely manner.

Pearls and Pitfalls

Pearls
• The annual and decadal output of surgical trials on pancreatic malignancy 

increased approximately fourfold over the last three decades.
• The number of trials with low risk of bias demonstrated a substantial 

increase during the last decade for nearly all domains of the Cochrane Risk 
of Bias Tool.

Pitfalls
• Surgical procedures apart from partial pancreatoduodenectomy such as 

e.g. distal pancreatectomy are underrepresented in the current body of 
evidence.
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7.1  Introduction

Surgical research is associated with specific challenges, such as influence of 
learning curves, intricate blinding, or ethical issues with placebo controls or sham 
surgery [1–4]. Therefore, the number of surgical trials was low for a long time and 
trials were often linked with limited methodologic quality [5–7]. As a conse-
quence, many surgical procedures have been adopted without high-quality evi-
dence from randomized controlled trials. Justifications for widespread adoption of 
these procedures are numerous, ranging from an expected huge or exaggerated 
effectiveness and thus, a resulting lack of equipoise between procedures, inability 
to standardize surgical procedures, lack of funding by equivalents of the pharma-
ceutical industry, or ethical concerns to randomize surgical patients. Various enti-
ties such as the IDEAL (Idea, Development, Exploration, Assessment, Long-term 
follow-up) collaboration made substantial efforts to improve quantity and quality 
of surgical research [8]. In addition, national initiatives such as the Dutch 
Pancreatic Cancer Group [9] or the Study Center of the German Surgical Society 
have established an infrastructure for multicenter surgical trials [10]. These col-
laborative projects have resulted in substantial progress, although there is still 
room for improvement [11].

The above-mentioned limitations of the surgical evidence-base pertain in par-
ticular to complex clinical areas such as pancreatic cancer surgery. However, 
since surgery is still the mainstay of curative pancreatic cancer therapy, a suffi-
cient amount of well-conducted trials focusing on surgical techniques and strate-
gies would be highly desirable. The following chapter will provide an overview of 
quantity and quality of surgical trials in pancreatic cancer and their evolution 
over time.

Future Perspectives
To close the most important remaining evidence gaps in a prioritized fashion, 
relevant stakeholders should join forces to conduct collaborative surgical tri-
als. Despite national initiatives in individual countries, international organiza-
tions such as the European Society of Surgical Oncology or the 
European-African or International Hepato-Pancreato-Biliary Associations 
could be key players in this process.

• A relevant proportion of trials are limited by small sample sizes and short 
follow- up durations.

• For specific domains of bias such as blinding and selective reporting, still 
only approximately one quarter of trials was at low risk of bias during the 
last decade.
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7.2  Quantity of Surgical Trials in Pancreatic Cancer

In a systematic review of all randomized controlled trials in pancreatic surgery most 
trials did not focus on a specific disease, but pancreatic ductal adenocarcinoma was 
the most frequent indication for surgery in 158 of 246 (64.2%) trials from 1984 to 
2018 [12]. Therefore, the evidence of these trials appears applicable to patients with 
pancreatic cancer to a great extent. This textbook and the current chapter are focused 
on pancreatic cancer surgery and therefore trials assessing (neo-)adjuvant therapy 
are not considered, even though several (neo-)adjuvant therapy trials were initiated 
by surgical trial groups [13, 14].

The first surgical trial that focused explicitly on patients with pancreatic can-
cer—comparing percutaneous transhepatic placement of a biliary endoprosthesis to 
bypass surgery—was published in 1986 in the Lancet [15]. Since then, the quantity 
increased slowly. During a 33-year period from 1986 to 2018 a total of 79 surgical 
trials focusing on pancreatic or periampullary malignancies were published. Taking 
a closer look at surgical trials that only addressed pancreatic cancer in particular, 
the number of published trials is only 24. Of the surgical trials in pancreatic cancer, 
14 trials were conducted in Europe (58.3%) [16–29], six in Asia (25%) [30–35], 
two in Africa (8.3%) [15, 36] and one each in North [37] and South America (4.2% 
respectively) [38]. The surgical procedure under investigation was pancreatoduode-
nectomy in 16 trials, pancreatoduodenectomy and other resectional procedures 
(distal or total pancreatectomy) in two, pancreatoduodenectomy and simple explo-
ration or palliative bypass procedures in one, and only palliative bypass procedures 
in five (biliary in two, gastric in two and both in one trial). The median sample size 
of these trials was 54 ranging from 12 to 244. Duration of follow-up was not stated 
in detail in 13 trials and ranged from 2  weeks to 84  months in the remaining 
11 trials.

The topic areas of these trials are summarized in Fig. 7.1. The results of most of 
these trials are discussed in the respective chapters of this textbook.

Immunonutrition (n=4) [22, 23, 24, 28],
route of nutrition (n=1) [34], total
parenteral nutrition vs. standard enteral
nutrition vs. enteral immunonutrition (n=1)
[18]

Biliary bypass/drainage (n=3) [15, 16, 38],
Gastric/duodenal bypass (n=1) [25], double
bypass (n=1) [19]

Extent of lymphadenectomy (n=5)[17, 33
35, 37, 29], pylorus-preserving partial
pancreatoduodenectomy vs. classical
Whipple’s procedure (n=1) [30], no touch
isolation partial pancreatoduodenectomy
vs. conventional partial
pancreatoduodenectomy (n=1) [27]

En-bloc total pancreatoduodenectomy with
portal-venous resection vs. palliative bypass
surgery (n=1) [21]

Surgical resection vs. chemoradiation
(5-Fluorouracil + 50.4 Gray) (n=1)  [31]

Preoperative biliary drainage (n=1) [32],
intraoperative perfusion management (n=1)
[36], postoperative pain management (n=1)
[26]

Resection alone vs. direct postoperative
transarterial regional chemo therapy vs.
direct postoperative transarterial regional
chemo-immuno therapy (n=1) [20]

Perioperative
nutrition

Surgical palliation

Surgical technique

Extended resection
vs. palliation

Resection
vs. chemoradiation

Perioperative
management

Perioperative regional
therapy

Surgical trials in
pancreatic cancer

Fig. 7.1 Thematic overview of surgical trials in pancreatic cancer. n = number of trials for respec-
tive topic
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7.3  Quality of Surgical Trials in Pancreatic Cancer

The overall quality of surgical trials on both, pancreatic cancer and any pancreatic 
malignancy, was rather low (Fig.  7.2). Especially the domains of blinding leave 
room for improvement. Furthermore, only a vanishingly low proportion of trials 
presented a sufficiently detailed trial registration or published protocol that allowed 
a judgement of ‘low risk’ of bias for the domain ‘selective reporting’.

Furthermore, a large proportion of trials suffer from other forms of bias, such as 
lack of a valid sample size calculation or industry bias. In addition, the majority of 
trials (79.2% [19 of 24] trials on pancreatic cancer) were conducted at a single insti-
tution often with a small sample size (<100 patients). While the details of the surgi-
cal procedures were described in sufficient detail in most trials, only few trials 
considered surgical learning curves or surgical quality.

7.4  Evolution over Time

To further assess the evolution of surgical trials in pancreatic cancer, the interval 
from the first trial in 1986 until 2018 was divided into three periods; P-I (1986–1996), 
P-II (1997–2007), and P-III (2008–2018).

The total number of published trials focusing on any pancreatic malignancy was 
11 with a median of one (0–3) trial per year in P-I, 26 with a median of two (0–5) 
trials per year in P-II, and 40 with a median of four (1–6) trials per year in P-III. This 
demonstrates a mild trend towards an increase in quantity of surgical trials in this 
area of research. Looking only at trials on pancreatic cancer, this trend fades with a 
total of two with a median of zero (0–1) trials per year in P-I, 11 with a median of 
one (0–2) in P-II, and 11 with a median of one (0–3) in P-III (Fig. 7.3).

Due to the low number of trials focusing particularly on pancreatic cancer, the 
evolution of quality was assessed in all trials assessing pancreatic malignancies. The 
quality of surgical trials in pancreatic malignancy appeared to improve over time in 
nearly all domains of the Cochrane Risk of Bias Tool. However, problematic 
domains such as ‘blinding of participants and personnel’ and ‘selective reporting’ 
and their reporting are still at low risk of bias in only one quarter of randomized 
controlled trials (Fig. 7.4).

7.5  The Way Forward

Although pancreatic cancer is the most common indication for pancreatic surgery, 
the quantity and quality of surgical trials that focus explicitly on pancreatic cancer 
are limited. Endeavors of various entities led to an increase of quantity in recent 
years, but these efforts still need further endorsement to overcome existing evidence 
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Fig. 7.2 Risk of bias summary. Risk of bias summary of trials on (a) pancreatic cancer and (b) any 
pancreatic malignancy
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Fig. 7.3 Time trend of annual trial quantity. Number of trials per year for (a) any pancreatic 
malignancy and (b) pancreatic cancer

gaps. Despite an increase in quantity, encouragingly it seems that also the quality of 
conduct and reporting of surgical trials has been increased. However, regarding 
individual domains for risk of bias such as blinding and selective reporting, there 
are still substantial shortcomings in trial methodology and reporting.
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In accordance with the findings in pancreatic cancer, it has been demonstrated 
that the quantity of randomized controlled trials in pancreatic surgery in general 
[12] has increased. Regarding the whole body of surgical research, the proportion 
of randomized controlled trials in surgical research has increased [39]. Similarly, 
the quality of randomized controlled trials in different surgical areas has been 
improved in recent years [40, 41]. On the other hand, it has been shown recently 
that there is still a considerable amount of waste in surgical randomized con-
trolled trials [42].

In order to ‘increase value and reduce waste’ in clinical surgical research [43], 
endeavors by different institutions and entities should be bundled and future research 
should be prioritized focusing on specific evidence gaps. To achieve these goals, 
several aspects should be considered:

7.5.1  Research Prioritization

To answer the right questions at the right time, different stakeholders (surgeons, 
patients, research funders, policy makers, etc.) should make joint decisions on 
research prioritization. For the purpose of prioritization, novel methods such as pri-
ority setting partnerships [44] and evidence mapping [45] can help to focus on the 
most important issues and to save resources.

Priority setting partnerships involving various stakeholders in a specific field of 
research can help to address those research questions preferentially that are most 
relevant to end-users. This concept has recently been applied to pancreatic cancer 
and results are eagerly awaited.

In addition, the newly created evidence map of pancreatic surgery (www.evi-
dencemap.surgery) addresses the need for condensation and clear visualization of 
the existing evidence and remaining gaps in the evidence base. To give an example 
regarding pancreatic cancer surgery: while there are five trials assessing the right 
extent of resection in pancreatoduodenectomy [17, 29, 33, 35, 37], there is none 
addressing the right extent of lymphadenectomy in distal pancreatectomy. Specific 
techniques of distal pancreatectomy for pancreatic cancer such as the radical ante-
grade modular pancreatosplenectomy are not the intervention under investigation of 
any surgical trial, although it is frequently applied in clinical practice and even 
recommended by some guidelines [46].

7.5.2  Collaborative, Pragmatic Surgical Trials

It has been demonstrated several times in surgical research that promising results of 
small single center trials cannot be corroborated in the rigorous multicenter ran-
domized setting [47, 48]. Therefore, instead of conducting a fairly large number of 
small single center trials, confirmatory, pragmatic trials with sufficiently large 
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sample sizes, could and should be conducted by pooling (inter-)national resources 
and creating collaborations. In a recent analysis, it has been shown that both, exter-
nal funding and trials conducted in a multicenter setting, are less likely to result in 
research waste [42]. However, the infrastructure of such collaborative surgical trial 
groups is scarce in various regions worldwide [49]. National initiatives such as the 
Dutch Pancreatic Cancer Group [9] or the Study Center of the German Surgical 
Society [10] have demonstrated that it is possible and worthwhile to establish a 
multicenter infrastructure for surgical trials. However, international collaborative 
structures could further improve their efficiency. Furthermore, the increasing costs 
for randomized controlled trials [50] and the resulting trend towards less trials per 
amount of governmental funding is alarming [51]. Especially in the United States of 
America, it seems that this evolution has even resulted in a reversed trend of quan-
tity of surgical trials in recent years [40]. An established infrastructure of collabora-
tive surgical trial groups can help to limit expenses for surgical trials by an increased 
efficiency in trial conduct.

7.5.3  Focus on Methodology and Training Programs

With the intention of increasing quality of surgical trials, the awareness for the 
methodological basis of good clinical research should be raised within training pro-
grams for surgical researchers. Additionally, the recommendations conceived in the 
IDEAL framework should be followed to warrant a certain degree of quality [8]. 
Regarding specific shortcomings in the present surgical trials in pancreatic cancer 
‘blinding’ is the domain that is least often at low risk of bias. While it is clear that a 
trial comparing surgical to endoscopic palliation of biliary obstruction cannot be 
reasonably blinded, a large proportion of the present trials could have been blinded 
at least for some of the trial contributors. The classical ‘double-blind’ trial design is 
not sufficient for surgical trials and therefore reports should be more specific to 
which trial contributors have actually been blinded [52]. The second most limited 
quality domain in pancreatic cancer surgery trials is ‘selective reporting’. Selective 
reporting has been identified as a frequent problem in surgical trials before [53]. In 
this regard, there are no specific challenges in surgical trials that could explain or 
excuse this shortcoming. Trial protocols should be published or made publicly 
available and if this is not possible or intended, the trial registration, which is man-
datory to comply with the Declaration of Helsinki, should contain sufficient infor-
mation on all endpoints of a specific trial.

7.5.4  Transfer of Knowledge to Clinical Practice

Finally, transfer of knowledge from surgical trials into clinical practice remains 
challenging. The most striking issue in this regard is that still more than one quarter 
of surgical randomized controlled trials remain unpublished [42]. Additionally, the 
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adoption from results of surgical trials into surgical practice is at best moderate [54]. 
Although, the underlying reasons are unclear, this finding raises concerns regarding 
knowledge transfer of surgical trials. In the contemporary fast-paced scientific soci-
ety, the classical way of solely publishing results of surgical research in a scientific 
journal may not be timely anymore. To transport the results of surgical research to 
end-users (patients as well as medical professionals) all possible channels of knowl-
edge transfer, including web-based information, social media, information sessions 
for various audiences etc., need to be considered in addition to a peer-reviewed 
scientific publication. For this purpose, the process of knowledge transfer needs 
professionalization from surgical researchers or even dedicated knowledge transfer 
experts.

7.6  Conclusions

Prospective randomized controlled trials are still the only clinical research method 
that can provide direct proofs of causality. Thus, randomized controlled trials will 
remain the main pillar of evidence-based medicine and surgery. During the last 
30  years the evidence base of surgical trials in pancreatic cancer has steadily 
increased. But, the above-mentioned issues and the current increasing interest of 
medical and surgical scientists in big data analyses and similar methods could even 
lead to a regression in quantity of surgical trials. This evolution needs to be counter-
acted to preserve evidence-based recommendations for the individual problems of 
patients in the future including but not limited to pancreatic cancer. Despite the 
above-mentioned recommendations, this could be achieved by specific incentives 
promoting randomized controlled surgical trials by funding organizations and surgi-
cal journals.
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Take Home Messages
• 14 baseline and 7 prognostic characteristics for potentially resectable pan-

creatic cancer trials are mandatory to be included in future clinical trials.
• Mandatory reporting of factors should allow for better outcome compari-

sons of future studies and facilitates new studies in the field of potentially 
resectable pancreatic cancer.

Pearls and Pitfalls

Pearls
• Definition of prognostic factors is of major importance to generate conclu-

sions and standardization of care in potentially resectable pancreatic can-
cer patients.

• The baseline and prognostic factors identified in this study are uniformly 
presented in the different studies based on a large number of randomized 
patients.

• Clinical relevance of prognostic factors is assessed per criteria of Ter Veer 
et al. [1].

Pitfalls
• Nowadays, mainly imprecisely defined prognostic factors are described in 

clinical trials, be critical on the definition.
• Newly identified e.g. molecular-based prognostic factors have not (yet) 

been analyzed in RCTs and are therefore not included in this chapter.
• Failure of reporting of factors in previous research might have led to an 

erroneous exclusion of some factors due to lack of reporting.

Future Perspectives
• Validation of the prognostic factors that were found to be clinically rele-

vant in large cohort studies.

8.1  Introduction

Treatment decisions for patients with potentially resectable pancreatic cancer have 
become increasingly complex. (Neo)adjuvant therapy has been proposed in addition 
to surgery alone, but, unfortunately, around 50% of patients fail to receive adjuvant 
therapy due to post-operative complications, patient preference or disease progres-
sion [2]. Therefore, the benefits of different treatment trajectories, including high 
risk surgery with major impact on quality of life, high morbidity and mortality and 
poor survival outcomes, have to be properly considered with the patient in a process 
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of shared decision making [3]. Adequate information on outcomes is crucial in this 
process and prognostic and predictive measures may help in decision making for 
individual patients [2].

“Prognostic” and “predictive” are terms that describe the clinical relationship 
between a specific factor, for example performance status, and a certain outcome, 
for example survival. Unfortunately these terms are rarely well-used and often seen 
as identical terminologies in many publications [4]. In this chapter, we use the defi-
nitions as suggested by Clark et  al. 2006. A prognostic factor is a measurement 
related to the clinical outcome without the use of therapy or with standard therapy 
only. The control group in a randomized controlled trial can be used to determine 
the prognostic value of a biomarker [5]. A predictive factor is a measurement related 
to response or absence of response to a therapy. It describes the relationship between 
predictive factor and the treatment benefit and makes it possible to select the therapy 
with the highest likelihood of efficacy to the individual patient (e.g. KRAS muta-
tional status is a predictive factor for anti-EGFR (cetuximab) treatment, as down-
stream mutation in KRAS would predict failure of EGFR pathway inhibition in 
colorectal cancer) (see Box 8.1) [5, 6]. The response can be measured with any of 
the commonly used outcomes in clinical trials [4, 5].

In the hierarchy of evidence, systematic reviews with meta-analysis could pro-
vide the most robust and reliable evidence [7, 8]. To allow for comparisons between 
clinical trials and perform meta-analyses, a uniform description of the study popula-
tion (i.e. the reporting of baseline characteristics) is necessary. With baseline char-
acteristics the study population is defined at the start of the trial, these characteristics 
do not necessarily have a relation with the outcome of the trial (e.g. survival). In 
contrast, prognostic factors do have a relationship with the outcome of a trial (e.g. 
survival). By standardization of reporting of these baseline and prognostic charac-
teristics, possible confounders can be identified and allow for a better comparison 
of outcomes across studies. For patients with unresectable disease, a consensus 
statement from a group of experts in the field of pancreatic cancer is available on 
mandatory and recommended measurements of baseline and prognostic character-
istics to be included in trials for this patient population [9]. This includes a list of 23 
mandatory baseline characteristics (e.g., age, sex, tumor differentiation) and 12 
mandatory prognostic characteristics (e.g. CA 19-9, liver metastasis, performance 
status) to be included in future randomized controlled trials [9].

Box 8.1 Definition of Prognostic and Predictive Factors
A prognostic factor is a measurement related to the clinical outcome without 
the use of therapy or with standard therapy only. The control group in a ran-
domized controlled trial can be used to determine the prognostic value of a 
biomarker [5].

A predictive factor is a measurement related to response or absence of 
response to a therapy. It describes the relationship between predictive factor 
and the treatment benefit and makes it possible to select the therapy with the 
highest likelihood of efficacy to the individual patient [5, 6].

8 Mandatory Reporting Measurements in Trials for Potentially Resectable Pancreatic…
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Despite the fact that the interest in predictive and prognostic factors in pancreatic 
cancer is growing, the availability of prognostic research and methodologies is lim-
ited in the surgical literature for pancreatic cancer [10, 11]. In this chapter we aim 
to describe baseline and prognostic characteristics, which are regarded mandatory 
in trials for patients with potentially resectable pancreatic ductal adenocarcinoma 
(PDAC) based on the currently available literature.

8.2  Baseline Characteristics in Trials of Patients 
with Potentially Resectable Pancreatic Cancer

Given the current knowledge gap on relevant baseline and prognostic variables for 
patients with potentially resectable pancreatic cancer, we performed a systematic 
review following the PRISMA guidelines and searched the electronic databases 
PubMed, Embase and the Cochraine Register Controlled Trials (CENTRAL) for ran-
domized controlled trials investigating surgery as a treatment for potentially resect-
able pancreatic cancer patients with or without (neo)adjuvant therapy. Eligibility 
criteria for inclusion were English language, published after January 2000, random-
ized controlled trial, patients aged 18  years or older, histopathologically proven 
PDAC in at least 70% of the study population, potentially resectable pancreatic can-
cer with or without (neo)adjuvant therapy, and overall survival as an endpoint. A total 
of 2883 titles were retrieved from our database search. After title and abstract screen-
ing 79 studies remained for full text assessment, resulting in 39 studies that were 
eligible and contained information on 8993 patients (see Fig. 8.1) [12–41].

Baseline characteristics were extracted from the 39 included studies in order to 
create a structured overview of all reported baseline characteristics. Mandatory 
baseline characteristics were selected based upon the most frequently reported 

5153 references derived from databases:

PubMed: 1553
Embase: 1931
CENTRAL: 1669

2270 duplicates
removed

2883 unique references for
screening on the basis of

title and abstract

2804 excluded on the
basis of title and

abstract

79 references for full-text
assessment

39 studies eligible for
systematic review

         40 excluded after detailed assesment:
14 outdated
14<70% of the study population with
pancreatic cancer
4 Locally advanced pancreatic cancer patients
3 Study protocol
2 No RCT
1 No English language
2 No overall survival

Fig. 8.1 Literature search. 
Flowchart of our literature 
search used in the 
identification of baseline 
and prognostic factors for 
potential pancreatic cancer 
patients. CENTRAL 
Cochrane Central Register 
of Controlled Trials, RCT 
randomized controlled trial
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characteristics. A characteristic was defined as such when the number of studies 
describing that characteristics were more than 45% of the total number of studies. 
For example, when the characteristic ‘age’ was studied in 30 of the 40 studies, ‘age’ 
would be defined as a frequently reported factor because it was included in 75% of 
the total number of RCTs.

We identified a total of 61 baseline characteristics and the most frequently 
reported were: age (n = 38 studies), sex (n = 37), surgical resection margins (n = 25), 
pT stage (n = 20), tumor size (n = 19), pN stage (n = 18) and performance status 
(n = 18) (see Fig. 8.2). Also, for trials on patients with unresectable PDAC age, sex 
and performance status were identified as frequently reported baseline characteris-
tics [9]. To allow for cross trial comparisons between studies on patients with poten-
tial resectable and unresectable PDAC, we advocate that at least age, sex and 
performance status are reported as mandatory baseline characteristics.

8.3  Prognostic Factors in Trials of Patients with Potentially 
Resectable Pancreatic Cancer

To identify potential prognostic factors for overall survival we adopted the criteria as 
previously described by Ter Veer et al. to determine the clinical relevance of the prog-
nostic factors: to reach clinical relevance a prognostic factor should be statistically 
significant in a multivariate regression analysis (p ≤ 0.05) in at least one RCT, the 
combined sample size of all RCTs in which that specific factor was statistically signifi-
cant should be >50% of the total sample size of all RCTs reporting that factor [1]. For 
example, if three RCTs report the factor ‘sex’ (total 1000 patients) and in two (300 
patients) of the three studies the factor is statistically significant, this factor is not clini-
cally relevant since 300 of 1000 is 30%, which does not exceed the required limit of 50%.

Prognostic factors were regarded mandatory when the factor was studied in at 
least three trials and were found to be clinically relevant based upon the criteria 
mentioned above.

Seventeen studies (44%) reported a multivariate regression analysis with overall 
survival as an endpoint. In total, 20 unique prognostic factors were identified from 
which 11 were found to be clinically relevant: patient characteristics; performance 
status, smoking status, age, tumor characteristics; nodal status, tumor size, post- 
operative CA 19-9, tumor grade, tumor stage, endovascular tumor emboli, treatment 
characteristics; adjuvant therapy and portal vein resection. The most frequently 
studied prognostic factors were adjuvant therapy (n  =  10), nodal status (n  =  9), 
tumor grade (n = 8), tumor size (n = 8) and surgical margin status (n = 7), the latter 
one not being statistically significant in the majority of studies (see Fig. 8.3, Boxes 
8.2 and 8.3). These frequently reported prognostic factors showed no overlap with 
the factors found to be the five most frequently reported in trials for unresectable 
pancreatic cancer patients. Indeed, in patients with potentially resectable pancreatic 
cancer other prognostic factors (e.g. surgical margins, tumor size) are important 
compared to unresectable patients (disease status; locally advanced pancreatic can-
cer vs metastatic pancreatic cancer).

8 Mandatory Reporting Measurements in Trials for Potentially Resectable Pancreatic…
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Tumor size
Performance status

pN stage
CA 19-9

Tumor differentiation
Lymphovascular invasion

Clinical stage IA, IB, IIa, IIB
Operative procedure

Location tumor
Tumor histology

Venous/arterial resection
Time from resection to start adjuvant treatment (days)

Cigarette smoking status
Diabetes

Operation time
Time surgery to randomization (days)

(Major) complications
BMI

pM stage
Jaundice

Length of hospital stay
Pre-operative CEA

Biliary stent before rendomization
Duration of follow-up
Estimated blood loss

Number of dissected lymph nodes
Pre-operative serum bilirubin

Cholecystectomy
Comorbidity

Concurrent conditions
Ethnicity

Extent of lymp node resection
Intra-operative radiotherapy

Perineural invasion
Pre-operative biliart drainage

Serum albumin
Superior mesenteric/portal vein involvement

Transfusion (RBC pack)
Alcohol intake

Background treatment
C-reactive protein

Diet
Distant metastasis

Explorative surgery  before randomization
HRQOL

Lewis antigen

Number of intraoperative transfusions
Occupational exposure

Pancreatitis
Pre-operative glucode

Resection rate
Socioeconomic status

Surgeon
Time for diagnosis to entry study
Type of pancreatic anastomosis

Type of vessel invasion

0 5 10 15
Number of studies

20 25 30 35

Metastatic to examined lymph node ratio

37

25
20

19
18
18

17
16

15

14

13
12

12
11

9
7
7

6

6
5
5
5

4
4

4
3
3
3
3

3

2
2
2
2

2
2
2

2
2
2
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Fig. 8.2 Baseline characteristics. The y-axis shows the identified baseline characteristics and the 
x-axis shows the number of randomized controlled trials in which the characteristic was reported. 
CA 19-9 cancer antigen (CA) 19–9, BMI body mass index, CEA carcinoembryonic antigen, RBC 
pack red blood cell pack, HRQOL health related quality of life
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Adjuvant therapy*

pN stage*

Tumor grade*

Surgical margin status

Tumor size*

Smoking status*

Post-operative CA 19-9*

Age*

Sex

Lymph node metastasis

Performance status*

Diabetes

Tumor stage*

Endovascular tumor emboli*

Type of surgery

CEA

Portal vein resection*

Tumor location

Disease stage

Thymidylate synthase mRNA

0 500 1000 1500

Significant Non-significant

Number of patients (number of studies)
2000 2500 3000 3500 4000

2961 (6)

3931 (8)

3447 (7)

899 (2) 2063 (5)

1787 (4) 1070 (4)

1088 (1)

1818 (2)

1082 (2)

1171 (3)

559 (3)

1088 (1)

541 (1)

354 (1)

338 (2)

110 (1)

110 (1)
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89 (1)

60 (1)

57 (1)

89 (1)

601 (2)

553 (3)

110 (1)

1082 (2)

1160 (4)

Fig. 8.3 Prognostic factors for overall survival. All factors have been included in a multivariate 
regression analysis in at least one RCT. *The factors that met the criteria for clinical relevance. CA 
19-9 cancer antigen (CA) 19–9, CEA carcinoembryonic antigen, mRNA messenger ribonucleic acid
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Interestingly, based on the currently available randomized trials only one bio-
marker—thymidylate synthase mRNA—was included as a prognostic marker. A 
biomarkers is defined as a characteristic that is measured as an indicator of normal 
biological processes, pathogenic processes or responses to an exposure or 

Box 8.2 Mandatory Baseline Characteristics in Randomized Controlled 
Trials for Potentially Resectable Pancreatic Cancer
• Age
• Sex
• Surgical margins
• T stage
• Tumor size
• N stage
• Performance status
• CA 19-9
• Tumor differentiation
• Lymphovascular invasion
• Clinical stage
• Operative procedure
• Location tumor
• Tumor histology

Box 8.3 Mandatory Prognostic Factors in Randomized Controlled Trials 
for Potentially Resectable Pancreatic Cancer
• Adjuvant therapy
• Nodal status
• Tumor grade
• Tumor size
• Smoking status
• Post-operative CA 19-9
• Age

Future Perspectives
In future clinical trials, the clinically relevant factors that we identified can be 
pre-specified, used as stratification factor and accounted for as possible pre-
dictors in regression analyses. Future research should validate the clinically 
relevant prognostic factors found in this study using large cohort studies to 
allow for the establishment of a comprehensive prognostic index [1].

E. N. Pijnappel et al.
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intervention [42]. Lately, molecular and genetic characteristics have been identified 
as important factors determining survival of pancreatic cancer [43, 44]. RNA 
expression analysis has been performed in several studies defining different epithe-
lial and stromal PDAC subtypes. Bailey et  al. (2016) described 4 epithelial sub-
types: squamous (TP53 and KDM6A mutations), pancreatic progenitor (FOXA2/3, 
PDX1 and MNX1), immunogenic (pathways involved in acquired immune suppres-
sion) and aberrantly differentiated endocrine exocrine (ADEX, KRAS activation 
NR5A2, RBPJL, NEUROD1 and NKX2-2) that correlate with histopathological 
characteristics [43]. In the classification by Collison et al. (2019) three epithelial 
subtypes were identified; squamous, immunogenic progenitor and ADEX [44]. 
Although the Bailey and Collison subtypes do show overlap, they are not identical. 
In yet another study only two epithelial subtypes were defined: classical/progenitor 
vs. basal-like/squamous [45]. The exocrine subtypes might be confounded by con-
taminated acinar tissue and are therefore not mentioned in this study [45]. The 
COMPASS trial confirmed the RNA-signature of these two subtypes and was able 
to show prospectively that patients with the basal subtype typically do not respond 
to standard chemotherapy [46]. Stromal subtypes have also been distinguished and 
are not directly associated with epithelial subtypes, these include Normal stroma 
and Activated stroma [44]. In addition to RNA expression analyses, mutational 
analysis has shown that BRCA mutations are frequently associated with an inferior 
prognosis of pancreatic cancer [47–49]. However, BRCA mutated pancreatic cancer 
is reported to better respond to platinum containing chemotherapeutic regimens 
compared to sporadic pancreatic cancer, making it both a prognostic and predictive 
marker [50–52]. Remarkably, none of the RCT’s included in our search investigated 
other biomarkers than thymidylate synthase mRNA as a prognostic factor and were 
therefore not included in our analysis. Consensus on the most promising biomarkers 
is urgently needed in order to include these in future randomized controlled trials.

8.4  Conclusion

Meta-analyses of outcomes of clinical trials are essential for standardization of care 
for pancreatic cancer patients. They allow for better outcome comparisons of future 
studies and may provide the most appropriate control arm for new studies in the 
field of potentially resectable pancreatic cancer [9]. We defined mandatory baseline 
characteristics as the most frequently reported characteristic, when the number of 
studies describing that characteristics included more than 45% of the complete 
study sample. Prognostic factors were regarded mandatory if they were studied in at 
least three trials and were found to be clinically relevant. Based on these criteria and 
the currently available randomized controlled trials in potentially resectable pancre-
atic cancer, we advise 14 baseline and 7 prognostic characteristics as mandatory 
covariates for future clinical trials (see Boxes 8.2 and 8.3). To further advance the 
field, we also recommend to include novel molecular markers in future trials on 
resectable pancreatic cancer.
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Take Home Messages
• A volume-outcome relationship exists for pancreatic surgery.
• Higher volume may be an indicator for teaching level or academic 

institution.
• Regionalization/centralization of pancreatic surgery has been slow in most 

countries.

Pearls and Pitfalls
• Volume (e.g. number of procedures) is not sufficient to increase quality 

of care.
• Outcome is related to multiple factors of care—number of procedures is 

not enough.
• Quality is related to staff numbers, multidisciplinary teams and consis-

tency in care.
• Different regions/countries may arrive at variable criteria for regionaliza-

tion, based on economic, geographical and health service factors unique to 
each place.
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9.1  Introduction

Centralization has been defined as the concentration of healthcare resources, includ-
ing infrastructure, staff, materials, knowledge and research in order to improve 
quality of care and financial efficiency. The effect of a volume-outcome relationship 
and the consequent plea for centralization of complex procedures has been an ongo-
ing debate for decades [1–4]. The debate does not concern so much the question of 
an existing effect or not from centralization—most would agree that there is a dem-
onstrated effect-association between a higher number of procedures and better out-
comes (such as reduced mortality), in particular for pancreatic surgery [5, 6]. Rather, 
as it were, debate concerns for the most part the way and how such regionalization 
should be done, based on what criteria and with what practical consequences [7, 8]. 
Obviously, much is at stake from several different perspectives, importantly includ-
ing the patient, and the several stakeholders that express true or perceived barriers 
to fulfilling a regionalization process in most instances (Fig. 9.1). This chapter aims 
to present some of the ongoing issues with centralization of surgical care, and the 
benefits and barriers associated with this.

9.2  The Volume-Outcome Debate

One of the most debated topics in regionalization concerns that of volume (as in 
numbers of procedures), with several attempts at defining an “optimal” cut-off of 
procedures that should define acceptable practice. Several ideas and theories stem 
from this sometimes too simplistic look at volume-outcome association. However, 
it is now understood and agreed by consensus that a number for cut-off per se is not 
sufficient to ensure proper quality care in complex surgery [9], including pancreatic 
surgery for cancer. Rather a set of 12 recommendations have been put forward in a 
consensus [9] (Box 9.1).

Future Perspectives
• Understanding barriers to regionalization is essential to better achieve 

response to desired political decisions.
• Outcomes should be monitored at the population level, rather than institu-

tional numbers, to gauge true health effects for a given disease.
• Evaluation of composite measures such as the ‘Textbook Outcome’ should 

be considered as proxies for quality of care rather than individual metrics 
such as mortality.
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Patient
•     Long(er) travel distances
•     Age and frailty
•     Fractionalised care
•     Lack of awareness of outcomes
•     Geographically disconnected
•     Proximity to family and next of kin
•     Language/culture barriers
•     Insurance/coverage issues

Healthcare system

Hospital/surgeon Political/governmental

•     Lack of resources to regionalize
•     Lack of specialized personnel
•     Lack of superior center within region
•     No/little financial incentives
•     Concerns for access
•     Healthcare disparities
•     Long waiting times
•     Working hours

•     Loss of revenue
•     Loss of staff/specialists
•     Loss of reputation and recruitment
•     Loss of referrals
•     Discounting specialist experience/skills
•     Loss of education/traininig credentials
•     Loss of related disciplines or services

•     Lack of incentives
•     Lack of enforcement
•     Fear of losing votes
•     Candidate turn-over
•     Conflict of interest
•     Competing interest (other fields)
•     Private/public conflicts
•     Bureaucracy
•     Medical/socieral stakeholders

+

$

Barriers
to

Regionalization
of

Pancreatic surgery

+

Fig. 9.1 Barriers to regionalization of surgery at various levels. Elements may play variable 
roles across different health care systems, explaining the difference in centralization policy and 
effects across countries

Box 9.1 Recommendations for Centralization
• Definition should be based on disease (e.g., pancreatic cancer) or on organ 

systems (e.g., complex HPB diseases) rather than a procedure (e.g., 
‘esophagectomy’ or ‘pancreatectomy’).

• The planning is based on minimal numbers of cases per center and also 
well distributed among various regions, considering population and cul-
tural specificities, in a country.

• Planning should include at least two centers per country to secure choice 
and competition (except for small countries and very rare diseases).

• Appropriate resources must be secured with proper evaluation of available 
infrastructure and personnel.

• Centers must offer fully functioning multidisciplinary teams (MDTs) of 
specialists capable of tackling all aspects of the diseases all the year around.

• Centers must be linked to a network of hospitals to secure adequate referral 
and follow-up.

9 Regionalization to Improve Outcomes in Pancreatic Surgery
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9.3  Measuring Quality of Care Beyond Simple Metrics

Traditionally, outcomes in cancer surgery have been measured using quantitated 
metrics such as mortality, morbidity, and readmission rates or oncological parame-
ters including R0 and recurrence rates [10]. However, it is recognized that from the 
patient’s perspective such individual outcomes might not always be representative 
of a center’s performance. A low event rate outcomes such as mortality can be insuf-
ficiently sensitive and centers may perform well in one area but badly in another [11].

Some groups have therefore suggested composite measures such as the ‘Textbook 
Outcome’ for a more global prediction of performance [12]. Textbook Outcome has 
been applied in pancreatic surgery to assess the effect of a hospital’s status as a 
teaching centre on outcomes [13]. In this study of 8035 Medicare patients in the 
United States, Textbook Outcome was defined as the absence of complication, pro-
longed length of stay, readmission, or death and was achieved in 44.1% of patients 
undergoing pancreatic resection and was more likely to occur in a major teaching 
hospital and in high-volume (≥20 resections per year) centers.

The Dutch Pancreatic Cancer Group conducted a survey of 24 international 
experts to reach consensus on Textbook Outcome (Box 9.2) in pancreatic surgery 
and applied multivariate logistic regression to identify predictors using the Dutch 
Pancreatic Cancer Audit between 2014 and 2017 [14]. Importantly, and in contrast to 
other specialties, the Textbook Outcome in pancreatic surgery did not include any 
pathological parameters; consensus agreed that in contrast to other cancers, margin 
status in pancreatic cancer more frequently reflects the extent of pathological assess-
ment and disease biology (more likely to be locally advanced) than in other resect-
able solid tumors. Of 3341 patients, (79% pancreatoduodenectomy, 21% distal 
pancreatectomy) Textbook Outcome was achieved in 60.3%. In pancreatoduodenec-
tomy, Textbook Outcome was predicted by a dilated pancreatic duct (≥3 mm) and 
PDAC as indication for surgery. ASA class 3 was associated with risk of having a 

• Specifications of centralization must be legally enforced for adherence to 
specifications applied at the local and regional level and for private and 
nonprivate hospitals.

• The process for centralization must be accompanied by mainstream media 
activities to secure appropriate awareness of the population.

• Centers must have an externally audited database and be actively involved 
in clinical studies (including RCTs) and should be encouraged to contrib-
ute to laboratory research along with basic scientists.

• Quality control must be accompanied by international benchmark com-
parative studies.

• Equal accessibility to centralized health care should be monitored.
• Centers must be involved in surgical education, and secure specialized 

training as well as allowing rotation of ‘general surgeons’.
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worse Textbook Outcome. In patients undergoing distal pancreatectomy, female gen-
der and the absence of neoadjuvant treatment predicted improved Textbook Outcome.

In the Netherlands, 18 out of the 20 centers performing pancreatic surgery per-
form ≥20 resections a year, with 5 centers performing ≥40 per year. Despite this 
high proportion of ‘high volume’ centers, there was considerable variation in 
Textbook Outcome between institutions even following case-mix adjustment, com-
pounding the need for quality assurance programs and audit.

A number of limitations to the use of Textbook Outcomes have been highlighted, 
particularly in terms of evaluating quality of care following regionalization. Length 
of stay is often a major barrier to patients achieving Textbook Outcome [15]. There 
are frequently cultural, organizational and economic factors that heavily influence 
length of stay between countries, for example Asian centers frequently have longer 
length of stay than European or US centers. In one analysis, when length of stay was 
removed from the Textbook Outcome, Eastern hospitals went from exhibiting con-
sistently lower rates of Textbook Outcomes than Western centers to consistently 
higher rates [16]. Textbook Outcomes are reliant on the variables and data quality of 
multi-institutional databases. Hence, factors such as patient satisfaction is rarely 
available. Notably, several studies have failed to demonstrate any association 
between Textbook Outcome and case- volume [16, 17].

9.4  Context over Numbers

Whilst a volume-outcome relationship has been frequently demonstrated in pancre-
atic surgery [18, 19] this relationship is still debated for several reasons; e.g. that 
centralization has not universally led to improved outcomes [20] or reduction of 
complications; others argue that low-volume institutions may produce comparable 
results to higher volume centres; that ‘lower’ volume definitions have changed and 
hence the volume-outcome relationship may be less prominent; and that case-mix 
and procedure-mix may balance the actual volumes [21–26]. Some argue that of all 
complex surgical procedures, pancreatic surgery most sensitively illustrates the 
volume-outcome relationship and exhibits the widest range in mortality rates 

Box 9.2 Proposed Definition of Textbook Outcome in Pancreatic Surgery

Defined as absence of
• Postoperative pancreatic fistula (ISGPS grade B/C)
• Bile leak
• Post-pancreatectomy haemorrhage
• Severe complication (Clavien Dindo grade ≥ III)
• In-hospital mortality

Based on definitions in the Dutch Pancreatic Cancer Audit [14]
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between high and low volume centers. And yet, in recent large-scale datasets, a 
clear association between volume and outcomes could not be established for pan-
creatic cancer in Sweden [27] (despite regionalization of care over the past decade). 
Furthermore, a volume-benefit could not be established beyond six pancreatic pro-
cedures in a further study from Sweden [28], in which the best predictor of outcome 
was status as ‘teaching hospital’.

‘Hospital status’ serves as an indicator for hospitals with a more complex service 
with several disciplines available to handle complications [23, 25, 26], e.g. endos-
copy, interventional radiology, intensive care and subdiscipline surgical services 
available 24  days a week, 365  days a year. This is supported by data from the 
Netherlands [29], Norway [30–32], and a study of 285,442 patients in the United 
States where patients undergoing HPB procedures had better outcomes at teaching 
hospitals, even among high-volume centers [33]. The findings from this Medicare- 
based US-population sample where the benefits seen in centers classified as ‘teach-
ing hospitals’ (defined by dividing the aggregate number of interns and residents by 
the number of beds), however was lost on stratified analysis [13]. Patients undergo-
ing surgery in a major teaching hospital were 29% more likely to achieve Textbook 
Outcome if the center was high volume, whereas among patients undergoing sur-
gery in a high-volume center, Textbook Outcome was comparable between major 
and minor teaching hospitals. Dimick and colleagues similarly found the effects of 
teaching hospital status was explained by higher volume [34].

Notably, the registry-based studies are susceptible to confounders including bias 
due to selective referral and reporting to registries. In a nationwide study from 
Sweden the relationship between hospital teaching status and long-term outcomes 
using the comprehensive national Swedish registry which includes all citizens and 
links to emigration and death registries to ensure completeness of follow up [28]. 
For 3298 patients, hospital university teaching status was associated with reduced 
mortality more than 2 years after surgery. Such effects are likely to be due to contri-
butions from factors including standardized patient selection, multidisciplinary team 
management, use of adjuvant therapies, consistent lymph node and vascular resec-
tion techniques, critical care and post-operative after care provision. As in other 
studies, lower hospital volume increased short-term but not long-term mortality.

9.4.1  Benefits from Anatomically Related Procedures 
and Outcomes

The effects of volume of individual surgeons rather than at the facility level have 
been less frequently studied, but in general studies uphold the principle that 
improved outcomes in mortality, complications and shorter hospital stay are 
observed with higher volume. Some studies have suggested that outcomes of 
medium volume surgeons can be similar to high volume surgeons when operating 
in high volume institutions. It may be that the benefits of high-volume institutions 
including reduced ‘failure to rescue’ phenomena compensate to some degree for 
low volume surgeons [35].
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The additional surgery done by a surgeon (the operative mix) adds to the experi-
ence and ability to handle procedures, complications and be diligent in the anatomic 
area of interest. In an US National Inpatient Sample study on pancreatoduodenecto-
mies, there were 1747 surgeons, of which 88.3% had low volume (≤5 pancreato-
duodenectomies/year), 8.9% had moderate volume (6–16 pancreatoduodenectomies/
year), and 2.8% had high volume (≥17 pancreatoduodenectomies/year) [36]. With 
added operative mix to pancreatic surgery (despite low volumes), volume was asso-
ciated with decreased inpatient mortality, shorter hospital stay, and lower likelihood 
of any postoperative complication [36].

Hence, one should review the goal or regionalization of care. Is it to create a 
scenario for single-organ surgeons who would operate solely on one organ? Or, for 
a setting that includes a wider HPB spectrum? Should all procedures be offered in 
every center, such as arterial resections? A wider gastrointestinal surgical oncology 
spectrum and operative mix of procedures in the alimentary tract, such as gastric, 
liver, biliary, and pancreatic surgery is associated with favorable outcomes, even in 
the lower range volume of specific procedures [36].

9.4.2  Improved Outcomes over Time

Many have argued that the improvements observed in mortality over the last two 
decades have been due to improvements within, not between volume categories [37, 
38]. The volume-outcome relationship has attenuated over time with the introduc-
tion of other improvements in perioperative care especially in low and medium 
volume centers, such as surgical checklists and public reporting of mortality rates. 
It has been shown that low volume centers frequently report only slightly higher 
complication rates, but the observed higher mortality and morbidity is frequently 
due to ‘failure to rescue’ [29, 39]. This is seen most often in centers with lower 
nurse-to-patient ratios, less ITU bed availability, understaffing, hierarchy and lack 
of support for junior staff. It is likely that in high volume centers all staff members 
including residents, nurses, critical care staff and interventional radiologists have 
more experience in the detection and management of major complications after 
pancreatic surgery. In summary, what is clear and reproducibly observed across all 
studies on this topic is that very low volume centers consistently report poorer out-
comes [40].

9.4.3  Readmissions

In a study of almost ten million Medicare patients covering 12 surgical procedures 
[41], readmission to the index hospital was associated with a 26% lower risk of 
90-day mortality than readmission to a non-index hospital. This effect was signifi-
cant for all procedures in inverse probability-weighted models, and was largest for 
patients who were readmitted after pancreatectomy.
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9.5  Current State of Regionalization

A systematic review of centralization of pancreatic surgery in Europe was recently 
presented [42]. The review by Polonski et al. [42] found that most countries that 
were included during the study period had failed to implement regionalization of 
pancreatic surgery, despite the majority of studies showing a survival benefit in 
higher volume hospitals. The lack of centralization is reported also in nationwide 
studies from France [43], Italy [44], Austria [45] and Germany [46].

9.5.1  Nordic Countries

In contrast to the lack of centralization in other parts of Europe, results for pancre-
atic surgery have been documented from Norway [30, 31], Finland [47] and Sweden 
[48]. In Norway (approx 5.5 mill.), both pancreatoduodenectomies [30] and distal 
resections [31] are currently done in five university hospitals with documented 
equal outcome across four regions of diverse population density, geographical dis-
tances, variable inhabitant numbers and actual number of procedures performed. 
Perioperative mortality rates are comparable to so-called ‘ivory towers’, with less 
than 2% 30-day mortality and 4% 90-day mortality [30]. Importantly, the resection 
rates per population is equal across all regions [30, 31], indicating an equal access 
to surgical services to the population. This fact is extremely important when debat-
ing outcomes, and particularly for pancreatic cancer.

9.5.2  Rest of Europe

In a study from England [49], there were 31,973 pancreatic cancer patients studied, 
2580 had surgery (8.1%). Increasing resection rates were associated with lower 
mortality among all patients. Among patients that underwent surgery, higher proce-
dure volume was associated with lower mortality in hospitals carrying out >30 ver-
sus <15 operations a year [49].

In the western part of the Netherlands where centralization of pancreatic surgery 
occurred in 2006, improvements in survival have been observed [50]. In this rela-
tively small cohort, a greater proportion of patients received surgical treatment for 
pancreatic cancer following centralization (14.3–18.4%) and no increase in waiting 
times were seen. Such results were reinforced by a nationwide study of patients 
undergoing pancreatoduodenectomy in the Netherlands between 2004 and 2009, 
during which time the proportion of patients undergoing surgery in a medium or 
high-volume center increased from 53 to 91% (medium defined as 11–19 and high 
volume as ≥20 procedures per year). The mortality rate during the 6-year period 
was 14.7%, 9.8%, 6.3% and 3.3% in very low-, low-, medium- and high-volume 
hospitals respectively [51].
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Data from Germany has demonstrated that despite the accumulating evidence in 
favor of high volumes hospitals, a substantial proportion of pancreatic surgery is 
still performed in low volume centers. A comprehensive nationwide snapshot of all 
patients undergoing a pancreatic operation in Germany between 2009 and 2013 
revealed an overall in-hospital mortality rate of 10.1%; significantly and concern-
ingly higher than previously published German single and multi-institution studies 
[52]. This reveals the clear publication bias inherent in the field and highlights the 
lack of enforcement of minimum caseload requirements, which were brought into 
German law in 2004 (49% of hospitals were performing less than the required num-
ber of minimum procedures).

9.5.3  “Take the Volume Pledge” in the United States

Due to the high number of pancreatectomies done in low volume hospitals in the 
United States, three payers came together in 2015 to suggest minimum requirement 
volumes for hospitals in order to increase quality [53]. Upon modelling the current 
situation, it has become clear that access may become a major issue for a consider-
able number of patients, if a majority of procedures were to shift to high volume 
centers. Concerns about access to care has thus emerged [54, 55]. Importantly there 
is evidence that such inequalities in access differentially affect black and ethnic 
minority patients, patients from low socioeconomic backgrounds and patients with-
out health insurance [56, 57]. There are likely a number of reasons for this, includ-
ing a lack of publicly available volume data, particularly to patients with low health 
literacy, which could be addressed. Continuing regionalization without addressing 
such health inequalities is likely to widen existing disparities [58–61].

9.6  Barriers to Regionalization

The reasons why a large proportion of countries have failed to implement central-
ization of pancreatic surgery are multifactorial and complex (Fig. 9.1). Quality of 
care at an acceptable financial and political cost is the goal of all healthcare systems, 
however different nations have differing healthcare, political and financial pressures 
which result in patient outcomes not always lying at the center of organizational 
processes.

The implementation of regionalizing surgical services has varied hugely between 
countries as well as between specialties and the delivery of gastrointestinal surgery 
in particular, has remained fragmented in most nations. A legion of reasons are 
behind this, and although the contrast with specialties such as neurosurgery and 
transplantation is in some part accounted for by historical structural differences in 
funding, expertise and political interests, the spread of the provision of pancreatic 
surgery remains wide despite evidence for the volume-outcome relationship and the 
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introduction of legally binding volume thresholds. The barriers to centralization can 
be broadly grouped into four principal categories:

9.6.1  The Patient

One criticism of centralization is that many patients would face increased travel 
burdens if obligated to travel to higher volume centers or teaching hospitals for 
cancer care and that this burden disproportionately affects vulnerable patient groups. 
It is established that the public use of healthcare falls with increasing distance to 
providers [62]. Data from the United States where this issue is most burdensome 
suggests however that longer distances are not necessarily inevitable for many 
patients and indeed, 25% of Medicare patients undergoing pancreatectomy already 
lived closer to a higher volume hospital [62]. This study found that the majority 
(74%) of patients would add less than 30 min of extra travel time to their journey to 
reach a center performing >16 pancreatectomies per year. These data are mirrored 
in studies from Europe where a significant amount of ‘hospital bypassing’ is already 
observed [63]. This also raises the issue as to whether perioperative care including 
radiological services, biliary drainage and oncology services should be restricted to 
higher volume centers or whether some, or all of this care can be received in spoke/
networked hospitals. Furthermore, it remains of some debate as to whether publicly 
available and accessible data yet exist to allow patients to make truly informed deci-
sions about selecting healthcare in this way.

9.6.2  Healthcare Systems

A strong evidence base for the volume-outcome relationship has been insufficient 
for physicians to initiate change in practice autonomously and implement central-
ization. In esophageal cancer, a combination of scientific evidence and regulation of 
required minimum volumes was necessary to effect true centralization of services in 
the Netherlands [64]. The impact of pressure from the Dutch Health Inspectorate 
was seen in 2006 after introducing a requirement for ten procedures per year and a 
further centralizing effect followed in 2011 when insurers introduced minimum vol-
ume thresholds into negotiations for reimbursements with hospitals. In public sys-
tems where services are funded by central government via local health boards, it 
may be that true regionalization will not occur until central funding is withdrawn 
from low volume centers. Networked hospitals performing low volume surgery 
have continued to apply pressure to retain services locally, citing lack of resources, 
specialized personnel or lack of an existing regional specialist center as barriers to 
implementation. Furthermore, disparities in access including longer waiting times 
and availability, especially for rural populations, continue to be raised as politically 
sensitive arguments for maintaining de-centralized pancreatic services.
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9.6.3  Hospital/Surgeon

The consequences of centralized pancreatic surgery naturally have profound impli-
cations for individual surgeons practicing in low-volume centers. Professional pride, 
reputation, fiscal implications following loss of referrals, training and recruitment of 
surgeons and other staff, including those in adjuvant services including endoscopy 
and radiology are all at risk from the loss of specialized cancer services. Surgeons 
who have followed prolonged training routes and pursued subspecialty fellowships 
are understandably reluctant to relinquish the skills and experience they have accu-
mulated. Moreover, the perceived repercussions on the reputation and standing of 
institutions as training and academic centers should not be underestimated and have 
meant that hospitals have supported surgeons’ ongoing provision of pancreatic can-
cer surgery, even in very low-volume units. Conversely, surgeons in peripheral, ‘at-
risk’ centers complain that such structural changes are frequently driven by 
commissioners and practitioners in high-volume hospitals and thereby point out the 
similar conflicts of interest posed by such drives towards re- organization [9].

9.6.4  Political/Government

The introduction of legally binding volume requirements has not occurred in the 
majority of countries, principally because few data exist regarding exact thresholds 
for procedure numbers. As we have already seen however, where such regulations 
have been instigated, these have not always been legally enforced and have not nec-
essarily driven regionalization forward. Frequently provision and the ongoing sup-
port of local health services especially in rural communities, boosts voting in local 
government elections and politicians have frequently campaigned to continue fund-
ing of regional intensive care and other services in pursuit of office. In countries 
where the public and private health services co-exist, it is not uncommon that cen-
tralization has been implemented to at least some degree in the public sector but is 
not mandated by private clinics. Further healthcare and societal research are required 
to better understand the competing pressures that continue to supersede the evi-
dence supporting better outcomes in pancreatic surgery in centralized systems.

9.7  Conclusion

A heavy centralization may boost volumes and outcomes in large centers but may 
not necessarily ensure that the population at risk is offered equal access to care. The 
process of centralization (or, regionalization) of care should also take into account 
the complexity of services provided. The need for single-organ surgeons or broadly 
trained HPB surgeons or even surgical oncologist may largely vary dependent on 
the region, population density and health care systems.
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Pancreatic cancer remains a formidable health burden for which surgery repre-
sents but one treatment modality that is not easily measured in isolation. Simple 
questions usually have simple answers. Complex questions usually have complex 
solutions, which are doable but not necessarily easily solved.
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Take Home Messages
• “Europe’s beating cancer plan” by the European Commission (EU) has a 

central role in creating resources for pancreatic cancer care and research.
• In Europe the EU project Innovative Partnership for Action Against Cancer 

(iPAAC) Joint Action focus on neglected cancers, especially pancreatic cancer.
• The Recalcitrant Cancer Research Act in US has increased federal funding 

for pancreatic cancer research.
• Several pancreatic cancer advocacy groups in Europe and US have aligned 

with governmental bodies to increase awareness and research funding.

Pearls and Pitfalls
• Several good initiatives to support care and research on pancreatic cancer 

is underway in both Europe and US.
• Patients with pancreatic cancer are now supported by organisations and poli-

ticians to increase awareness about the disease and urgently needed actions.
• The extremely dismal outcome, fatigue and short expected survival for 

patients with pancreatic cancer continuous to keep patients out of active 
participation in oncopolicy work.
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10.1  Introduction

Pancreatic cancer is the deadliest cancer we know of. It is among the ten most com-
mon cancers in Europe and in the US and it is the cancer type ranked third by the 
number of deaths in Europe [1] and soon second in the US [2]. Progress has been 
limited with few overall clinical impacts over the past decades.

Unfortunately, public knowledge and awareness of subtle and dire symptoms is 
limited for this cancer form. Citizens, as well as politicians and other stakeholders 
know very little about pancreatic cancer per se. Pancreatic cancer has not until 
recently been prioritized but instead it has been a neglected tumour type. While 
other cancer types have galas, media events and fundraiser campaigns to raise 
awareness and funding to strengthen research and care, this has been neglected in 
pancreatic cancer.

In order to improve public awareness, funding priorities to enhance research, tri-
als and clinical care there is a need for directed oncopolitics. This chapter will high-
light the important areas to drive oncopolitics in pancreatic cancer.

Box 10.1 Definition of Oncopolicy
The word ‘oncopolicy’ is used to describe a sustained action to interact with 
politicians and other stakeholders, which should promote the cause of a cer-
tain task in cancer care. The word has mainly been used for interaction at EU 
level but is of course also true for actions at any European, global or 
national level.

Future Perspectives
• During recent years it has become evident for politicians and funding bod-

ies that pancreatic cancer research and care of patients with the disease 
must get much better support.

• Initiatives taken in e.g. the EU iPAAC Joint action and the US Recalcitrant 
Cancer Research Act should serve as models for future actions needed.

• Advances in the understanding of cancer biology and cancer metabolism 
as well as new treatment options in oncology must be implemented in the 
research agenda for pancreatic cancer.

• Pancreatic cancer must be a prioritized tumour type for funding of clinical 
studies.
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10.2  Ongoing Oncopolicy Initiatives

There have been initiatives by individuals and cancer organisations/societies for decades 
but in Europe a roadmap for joint and sustained actions was set out by the European 
Cancer Organisation (ECCO) in 2009. This was to ensure that actions aimed at fighting 
cancer was a top priority of EU health and research policy agenda. At the first Oncopolicy 
Forum a European Academy of Cancer Sciences was created to influence EU politicians 
to strengthen European cancer research by increased funding and to create a European 
cancer research body, similar to the National Institute of Health, NIH, in the US.

The focus of ECCO Oncopolicy has widened to promote policies to underpin the 
multi-professionality in cancer care, and to provide broad responses to shape poli-
cymaking in common areas of concern across the cancer continuum. Topics of pri-
ority are treatment and care matters, organisation of cancer services, quality 
assurance and the oncology workforce. Much of this is to level out the inequalities 
we see in cancer care (for pancreatic cancer see; [3]), to prepare for the demo-
graphic “time bomb” with substantial more cancer cases due to an elderly popula-
tion, and to allocate resources for access to innovations in cancer care [4].

Organisations important to shape European Oncopolicy are the patient advocacy 
groups, which have direct access to EU politicians and often work together with EU 
Members of parliament (MEP) in different cancer initiatives. They do this together 
with the European Cancer Leagues (ECL) and not-for-profit organisations of health 
care professionals, e.g. ECCO, European Society for Surgical Oncology (ESSO), 
European Society for Radiotherapy and Oncology (ESTRO) and European Society 
of Medical Oncology (ESMO).

Box 10.2 Organisations Involved in Pancreatic Cancer Oncopolitics

European Cancer Leagues (ECL https://www.europeancancerleagues.org/
European Cancer organisation (ECCO) https://www.ecco-org.eu/
European Society for Surgical Oncology 
(ESSO)

https://www.essoweb.org/

European Society for Radiotherapy and 
Oncology (ESTRO)

https://www.estro.org/

European Society of Medical Oncology (ESMO) https://www.esmo.org/
European Cancer Concord https://www.europeancancerconcord.eu/
EU MEPs Against Cancer (MAC) https://www.europeancancerleagues.org/

meps-against-cancer-about-meps-
against-cancer-2/

Pancreatic Cancer Action https://pancreaticcanceraction.org/
Pancreatic Cancer Europe https://www.pancreaticcancereurope.eu/
Digestive Cancers Europe (DiCE) https://digestivecancers.eu/
United European Gastroenterology (UEG) https://www.ueg.eu/home/
Pancreatic Cancer Action Network (PanCAN) https://www.pancan.org/
Lustgarten Foundation https://www.lustgarten.org/
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Another initiative is the European Cancer Concord (now part of ECCO) 
which was established by leading European cancer professionals and patient 
representatives. They launched and promoted the “The European cancer patient’s 
bill of rights” [5] and have a vision 70:35 which is to achieve 70% long-term 
survival for cancer patients by 2035. Since 2005, there is a group of members of 
the parliament at EU with special interest in cancer policy, who are organized in 
MEPs Against Cancer (also known as MAC). Early 2019 they published a mani-
festo: Beating cancer: Mission possible—toward effective cancer control in 
Europe [6].

10.3  European Commission Initiated Actions in Cancer 
Health and Research

In 2009, the EU Commission adopted its Communication on Action Against 
Cancer with the European Partnership Against Cancer (EPAAC) and through a 
Joint Action (JA), launched in 2011, the purpose was to engage in a collaborative 
effort to tackle cancer more evenly and across Europe. One important aim was to 
get integrated and comprehensive national cancer plans in all EU member states 
and this is now in place in almost all European Union Member States [7]. EPAAC 
produced a Guide for the production of Quality National Cancer Control Plans/
Programmes (NCCPs) [8]. In 2014, EPAAC ended and it was then followed by the 
next Joint Action, CANCON, which produced a guide for improving the quality of 
comprehensive cancer control [9]. Then in 2017 CANCON closed and since 2018 
the Innovative Partnership for Action Against Cancer (iPAAC) Joint Action [10] 
builds upon deliverables in EPAAC and CANCON JAs and to implement innova-
tive approaches to cancer control. Importantly, iPAAC should also focus on how to 
get better efficacy in dealing with neglected cancers, especially pancreatic cancer.

There has been an EU Commission Expert Group on Cancer Control, including 
representatives from the EU commission, member states, patient and health profes-
sional organisations. This group was terminated before it really had any impact on 
cancer care.

Box 10.3 Commission Communication on Action Against Cancer

Joint action Years Website

European Partnership Against 
Cancer (EPAAC)

2011–2014 http://www.epaac.eu/

CANCON 2014–2017 https://cancercontrol.eu/archived/
index-2.html

Innovative Partnership for Action 
Against Cancer (iPAAC)

2018–ongoing https://www.ipaac.eu/
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Cancer is by the new EU Commissioner for Research, Science and Innovation, 
Carlos Moedas, considered as one of five great challenges facing our world and thus 
in 2019 a Mission assembly for cancer with leading cancer experts has been set up. 
This Mission will be part of Horizon Europe, the next EU research and innovation 
programme (2021–2027).

The former EU Commissioner for Health and Food safety, Vytenis Andriukaitis, 
was deeply involved in cancer issues and mainly with focus on preventive actions 
but in general the Juncker Commission unfortunately looked at health issues as 
rather peripheral in the EU agenda. There is hope that the new Commissioner with 
a history in the cancer community and with strong support of the President of the 
Commission will have more influence. The mission letter to Commissioner 
Kyriakides is specific with focus on supply of affordable medicines, the imple-
mentation of new regulatory framework on medical devices, the creation of a 
European Health Data Space, the implementation of an action plan on antimicro-
bial resistance, better communication on vaccination, food safety and least but 
very important the development of a “Europe’s beating cancer plan”. The 
Commissioner should work closely with the Commissioner for Research, science 
and innovations.

10.3.1  Oncopolicy for Pancreatic Cancer

With clear indications that cancer care and health research are moving into a more 
central role of the EU Commission it will be important to put key questions regard-
ing pancreatic cancer in the spotlight. With the special focus on pancreatic cancer in 
the iPAAC Joint Action an important step forward is taken.

As mentioned above, the EU Commission’s initiative to improve cancer care are 
Joint Actions and in the third and ongoing, iPAAC, the Roadmap for implementa-
tion and sustainability of the current and previous JA recommendations is being 
developed. The iPAAC Joint Action should focus on how to improve efficacy in 
dealing with neglected cancers, and specifically pancreatic cancer. New key indica-
tors to assess clinical pathways and costs related to cancer and its interventions 
should be developed. This means that further development of cancer prevention, 
approaches to the use of genomics in cancer control, cancer information and regis-
tries, improvements and challenges in cancer care, surveys of innovative cancer 
treatments, governance of integrated cancer control including a new analysis of 
National Cancer Control Plans are now topics on the agenda that will be instrumen-
tal also for solutions for pancreatic cancer.

The impact of the reimbursement system is one of the questions that should be 
investigated within the framework of a cancer plan. The tasks of the iPAAC JA are 
split into different work packages. The aim of one work package is to define strate-
gies to improve the quality of cancer care by optimizing the use of healthcare 
resources and promoting realistic and evidence-based responses to existing needs. 
The JA should raise awareness within the EU Policy and Research agenda. One 
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specific aim is to review and assess the situation for pancreatic cancer, highlighting 
the challenges and opportunities for improving detection, diagnosis, and access to 
expert clinicians in order to increase the quality of care and outcomes.

From the perspective of Oncopolicy, one key element in this effort is the reim-
bursement system for new technologies and treatments. Reimbursement mecha-
nisms are essential components in addressing the introduction of new and 
expensive technologies. Pay-for-performance, bundled payments, and coverage 
with evidence development are alternatives, which in combination with more 
traditional reimbursement approaches, could both promote or discourage innova-
tion. Most research focus is on new drugs but there is a need to review the differ-
ent models implemented in therapeutic strategies so that radiation oncology and 
complex cancer surgery will not be pushed aside due to reimbursement practices 
in cancer care.

10.4  Action Plans to Increase Awareness 
of Pancreatic Cancer

Some tumour types, like breast cancer and prostate cancer, get much higher atten-
tion. Awareness of these tumour types is relatively high in the society and among 
politicians. This is not the case for pancreatic cancer, for which a vast majority of 
the citizens in Europe and US know almost nothing about the disease or its symp-
toms. It is not commonly known that pancreatic cancer is one of the ten most 
common tumour types and that over 90% of patients diagnosed with pancreatic 
cancer will die from the disease within 5 years. Nor are the signs/symptoms of 
pancreatic cancer well known. So, while thousands of cancer survivors of other 
tumour types are organized in strong patient advocacy groups this is not the case 
for pancreatic cancer. Still, some pancreatic cancer survivors have engaged with 
family members and volunteers in patient advocacy groups and pancreatic cancer 
organizations.

10.4.1  Pancreatic Cancer Action

Pancreatic Cancer Action [11] is an UK based charity which focuses on improving 
survival rates through early diagnosis of pancreatic cancer. In a recent survey they 
found that 95% of the UK population do not know what the symptoms of pancreatic 
cancer are. To raise awareness, they have a Pancreatic cancer Aware campaign and 
participate in the Pancreatic cancer awareness month, which is November. One day 
in November is the World pancreatic cancer day when the World pancreatic cancer 
coalition [12] consisting of more than 80 organisations from over 30 countries and 
six continents raise global awareness about pancreatic cancer.
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10.4.2  Pancreatic Cancer Europe

Another European organisation based in Brussels is Pancreatic Cancer Europe [13], 
which recently became an associated partner of iPAAC.  It is a multi-stakeholder 
platform to bring together experts from all of Europe including academics, physi-
cians, politicians, patient groups, journalists and industry with a common interest to 
improve care for patients with pancreatic cancer.

10.4.3  Digestive Cancers Europe

A strong and established patient advocacy group for patients with colorectal cancers 
were EuropaColon. During a number of years this organization also took responsi-
bility to represent other gastrointestinal tumours where the patient influence was 
weak. Thus it was a natural step when EuropaColon in 2018 transformed into 
Digestive Cancers Europe, DiCE, [14] also representing and giving voice to patients 
with pancreatic cancer. DiCE mission is to contribute to early diagnosis and 
decreased mortality from digestive cancers and to increase overall survival and 
quality of life.

10.4.4  United European Gastroenterology

United European Gastroenterology (UEG) published a special report on pancreatic 
cancer in 2018, “Pancreatic cancer across Europe”. It is a report of the past, present 
and future prospects of pancreatic cancer and the purpose is to enlighten European 
politicians about the needs for more research, better treatments and care (Pancreatic 
Cancer Across Europe: Taking a united stand. UEG, 2018, Fig. 10.1).

10.4.5  Pancreatic Cancer Action Network

In the US, the charity Pancreatic Cancer Action Network [15], PanCAN, funds 
research, provides patient/caregiver support, conducts community outreach and 
advocates for increased federal research funding for those affected by pancreatic can-
cer. Another US based organization is the Lustgarten Foundation [16], which is the 
largest private funder of pancreatic research. Their website has information on clini-
cal trials, and they promote patients with pancreatic cancer to participate in these 
trials. To raise money for research and to increase awareness of pancreatic cancer 
PanCAN and Lustgarten Foundation arrange “PurpleStride—the walk to end pancre-
atic cancer” [17] in 55 cities across the US with more than 80,000 participants.
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Fig. 10.1 Pancreatic cancer across Europe by UEG. Reproduced from UEG web site (https://
www.ueg.eu/press/releases/ueg-press-release/article/pancreatic-cancer-set-to-become-third-big-
gest-cancer-killer-in-eu-next-year/). (With permission from UEG)

10.5  Research and Funding

In ClinicalTrials.org [18] there are almost 200 phase III trials registered for pancre-
atic cancer and this is at the top of gastrointestinal cancer diseases. Among them, 35 
are still open for recruitment. Most of them are chemotherapy, targeted drugs or 
immunotherapy trials but there are also a few looking at innovative surgical tech-
niques or devices or at radiotherapy.

The most frequent funder of interventional trials when the search word “pancre-
atic cancer” (n = 2424 hits) was used at ClinicalTrials.org is NIH with 424 trials. For 
Europe there are data from the National Cancer Research Institute (NCRI) [19] in 
UK and in 2009 less than 2% of cancer research funding went to research related to 
pancreatic cancer while it increased to 5% in 2017. This is similar to how much 
pancreatic cancer research received from NCI/NIH in the US in 2009 (2%) and 
despite the Recalcitrant Cancer Research Act it is still only 3% of NCI total budget 
of 5.6 billion USD in 2017.

The Recalcitrant Cancer Research Act (RCRA) [20] of 2012 require the Director 
of the NCI to develop a scientific framework for research on recalcitrant cancers 
(cancer with a 5-year relative survival rate below 50%), which includes: a review of 
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the status of research, such as a summary of findings, identification of promising 
scientific advances, a description of the availability of qualified scientific research-
ers, and the identification of resources available to facilitate research; identification 
of research questions that have not been adequately addressed; and recommenda-
tions for actions to advance research and for appropriate benchmarks to measure 
progress on achieving such actions. PanCAN lead the advocacy efforts to have pan-
creatic cancer included in the RCRA and this is one reason for the 70% increase in 
NCI funding for pancreatic cancer research since 2012 [21].

10.6  Conclusion

Several pancreatic cancer advocacy groups in Europe and US have aligned with 
governmental bodies to increase awareness and research funding. Good initiatives 
are underway in both Europe and US.  It is important that the “Europe’s beating 
cancer plan” by the European Commission (EU) prioritizes resources for pancreatic 
cancer care and research. Already the EU iPAAC) Joint Action focus on neglected 
cancers, especially pancreatic cancer and in the US the Recalcitrant Cancer Research 
Act has increased federal funding for pancreatic cancer research.
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Take Home Messages
• The pancreas is a mainly exocrine, but also an endocrine gland.
• The pancreas is situated mainly retroperitoneally, except for the tail.
• The exocrine pancreas is set up of quite visible lobules, containing serous 

acini and intralobular ducts. It produces an alkaline juice rich in digestive 
enzymes, which is released into the duodenum via pancreatic ducts.

• The endocrine pancreas is composed of up to two  million islets of 
Langerhans, distributed throughout the whole pancreas with a maximum in 
the tail. They produce insulin, glucagon, somatostatin, pancreatic polypep-
tide, and ghrelin.
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11.1  Introduction

The pancreas is an essential part of the gastrointestinal tract. Despite the prevailing 
opinion that everything about this organ has already been described (Box 11.1) [1], 
more recently the molecular genetic processes during human embryonic develop-
ment are being uncovered, such as the role of the HOX-genes. It is increasingly 
recognized that these gene programs are also crucial for the development of several 
pancreas-related diseases, such as diabetes mellitus, obesity etc., and even for the 
development of pancreatic tumours [2, 3].

This chapter is intended to provide an overview of the accurate macroscopic and 
topographical anatomy and insights into the embryology available to date.

11.2  Basic Description of the Pancreas

The pancreas is 13–18 cm long and weighs about 70–90 g (range 40–120 g). The 
slightly tongue-shaped gland consists mainly of the serous exocrine gland with 
interspersed endocrine islets. It is situated secondary retroperitoneally, dorsal to the 
omental bursa. From its ventral aspect, the transverse mesocolon arises (Fig. 11.1).

The pancreatic gland projects approximately onto the first to second lumbar ver-
tebrae and extends transversely from the duodenal C slightly ascending to the hilum 

Pearls and Pitfalls
• The pancreas is supplied by numerous vascular arcades from the coeliac 

trunk and the superior mesenteric artery.
• The complex development by a ventral and dorsal bud may result in sev-

eral congenital anomalies of the pancreas.
• The pancreas is drained by a dense network of (initial) lymphatic vessels, 

except for the islet of Langerhans.

Future Perspectives
• Elaborating of the “real” prevalence of anatomical variations or variants. 

This would be especially interesting in the context of pathologies, such as 
acute pancreatitis.

• Based on the cascade of developmental activation of genes, detailed knowl-
edge of their effect on pancreatic cancer stem cells will allow for emerging 
concepts and future perspectives.

• Gene expression analysis in patients with acute pancreatitis to discover 
outcome- controlling events.

• Detailed analysis of pancreatic stellate cells in the normal pancreas will 
allow for better interpretation of their transformation induced by tumour-
secreted cytokines.
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Box 11.1 Selected Historical Descriptions of the Pancreas and Its 
Functions [1]
300  BC—First description of the pancreatic gland by Herophilos of 
Chalcedon (325–255 BC) [4].

1642—Main pancreatic duct discovered by Johann Georg Wirsüng 
(1589–1643), a German physician who worked as a prosector in Padua [5]. 
The duct is also called Wirsung’s duct.

1724—Accessory pancreatic duct dissected and delineated by Giovanni 
Domenico Santorini (1681–1737), an Italian anatomist [4]. The duct is also 
called Santorini’s duct.

1833—Amylase, an enzyme also found in the exocrine pancreas, isolated 
from a malt solution by Anselme Payen (1795–1871), a French chemist [6].

1869—Paul Langerhans (1847–1888) is awarded a doctorate for his the-
sis “On the more delicate structure of the pancreas” [7].

1893—Islets of Langerhans named in honour of Paul Langerhans 
(1847–1888) by Gustave-Edouard Laguesse (1861–1927), a French histopa-
thologist [8].

1889—Lithuanian-German physiologist and pathologist Oskar Minkowski 
(1858–1931) and German physician Joseph von Mering (1841–1908) showed 
that removing the pancreas from a dog caused the animal to exhibit a disorder 
quite like human diabetes mellitus [9].

1921—Discovery of insulin by Frederick Banting (1891–1941) and 
Charles H. Best (1988–1978), two Canadian researchers [10]. In the same 
year purification of insulin with the help of Canadian chemist James B. Collip 
(1892–1965) and Scottish physiologist John Macleod (1876–1935) [11].

1923—Subsequently, Banting and Macleod won the 1923 Nobel Prize in 
Medicine. Banting shared his part of the prize money with Best, Macleod with 
Collip. Banting, Best and Collip subsequently shared the patent for insulin, 
which they symbolically sold to the University of Toronto for one dollar.

1953—Glucagon, called initially “hyperglycaemic glycogenolytic factor”, 
purified by A. Staub, L. Sinn and Otto K. Behrens [12].

of the spleen, behind the stomach. Macroscopically, four sections (head, neck, body, 
and tail) are distinguished (starting from right lateral to left lateral). From the 
inferior- dorsal portion of the head, the uncinate process arises to the left, forming—
together with the neck—the pancreatic notch. Through this notch, the superior mes-
enteric vessels pass (Fig. 11.2).

The central functional part of the pancreas consists of serous exocrine glands, 
which produce 1.5–2.0 L alkaline juice daily with approximately 25 different diges-
tive enzymes. The exocrine pancreatic secretion is released from the acinar units 
into multiple intercalated ducts, small intra- to larger interlobular ducts and finally 
into either the main or accessory pancreatic duct. The main pancreatic duct opens, 
together with the bile duct, at the major duodenal papilla into the descending part of 
the duodenum; the accessory pancreatic duct enters the duodenum a little more 
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Fig. 11.1 The 
retroperitoneal position of 
the pancreas [13]. (1) Liver, 
(2) pancreas, (3) stomach, 
(4) horizontal part of the 
duodenum, (5) transverse 
colon. (Figure 6a from: 1. 
Hollender LF, Bahnini 
J. Chirurgische Anatomie 
des Pankreas. In: Hollender 
LF, Peiper HJ, editors. 
Pankreaschirurgie. Die 
Praxis der Chirurgie. 
Berlin, Heidelberg: 
Springer; 1988. p. 9–29)

Fig. 11.2 Anatomical 
sections of the pancreas 
[14]. (Modified from figure 
7.2 from: Chauhan A, 
Elsayes KM, Sagebiel T, 
Bhosale PR. The Pancreas. 
In: Elsayes KM, editor. 
Cross-Sectional Imaging of 
the Abdomen and Pelvis: A 
Practical Algorithmic 
Approach. New York, NY: 
Springer New York; 2015. 
p. 189–227)
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orally at the minor duodenal papilla. At the periacinal regions, pancreatic stellate 
cells (PSCs) are localized, extending with long cytoplasmic projections towards the 
basolateral aspects of the acinar cells [15]. These cells also surround the perivascu-
lar and periductal regions.

The endocrine portion is arranged as 0.5–2.0 million islets (of Langerhans) 
with a diameter of 0.1–0.4 mm mainly located in the tail, less in the body or upper 
part of the head. These cells constitute up to only 1–2% of the entire volume of the 
gland. The primary function of this island-like aggregates is to regulate glucose 
metabolism. Sixty per cent of the endocrine cells (β cells) produce insulin, about 
20% (α cells) glucagon, and the rest is equally distributed between δ cells (soma-
tostatin), PP cells (pancreatic polypeptide), and ε cells (ghrelin). These hormones 
are fed into a capillary network surrounding the islets and are subsequently trans-
ported to the liver via the pancreatic veins and the portal vein.

11.3  Development of the Pancreas

Pancreatic development is based on several steps: (1) the formation of both a ventral 
and a dorsal evagination (bud) of the aboral foregut, (2) the rotation of the ventral 
bud around the foregut, (3) the fusion of these two buds to one single organ, and (4) 
endodermal growth by dichotomy branching (Fig. 11.3).

According to the classical Carnegie stages (Box 11.2) [16], in stage 13, the dor-
sal pancreatic bud arises at first as a thickening of the endodermal tube, which 

Liver Stomach

ventral bud

dorsal bud
Gallbladder

Pancreas

a b

c d

Fig. 11.3 Pancreatic embryology. The illustration shows progressive embryological development of 
pancreas as separate dorsal and ventral buds later fusing to form the pancreas. (a) Sprouting of the 
hepatic and both the ventral and dorsal pancreatic buds. (b) Fusion of the hepatic and the ventral pan-
creatic bud. (c) Rotation of the ventral pancreatic duct around the foregut. (d) Fusion of the ventral and 
the dorsal pancreatic buds. (Modified from figure 7.1 from: Chauhan A, Elsayes KM, Sagebiel T, 
Bhosale PR.  The Pancreas. In: Elsayes KM, editor. Cross-Sectional Imaging of the Abdomen and 
Pelvis: A Practical Algorithmic Approach. New York, NY: Springer New York; 2015. p. 189–227)

11 Anatomy and Embryology of the Pancreatic Gland



150

proliferates into the dorsal mesogastrium [17]. In close, in stage 14, the ventral 
pancreatic bud appears as an evagination from the bile duct in the ventral mesogas-
trium [18]. It is generally described as unpaired but, at least in some cases, may 
perhaps be bilobed [19] or even multiple [20]. Both pancreatic buds were found 
within a few cells from the ventral and dorsal anastomoses of the left and right vitel-
line veins, which eventually form the portal vein, and contained micro-lumina [21]. 
As a result of differential growth of the duodenum, which rotates 90 degrees clock-
wise and becomes “C”-shaped, the right ventral pancreatic bud section comes to lie 
below and behind the dorsal pancreatic bud in stage 15. In that stage, the pancreas 
was widely separated from the aorta; however, gut rotation had brought both ventral 
and dorsal pancreatic buds to either side of the portal vein [21]. Until stage 17, both 
pancreatic buds have fused [18, 22], and perhaps the ventral and dorsal ducts have 
begun to blend [23]. At stage 19, differentiation in “trunk” and “tip” progenitor cells 
take place [21], with the “trunk” progenitors developing into foetal β cells and duc-
tal cells (stage 23), and the “tip” progenitors into acinar cells (foetal period, week 
14). In the foetal period, islet cell clusters differentiate from pancreatic bud endo-
derm: these cell clusters form (exocrine) acini and ducts. On the edge of these cell 
clusters also (endocrine) pancreatic islets form. The exocrine pancreas function 
begins after birth, while the endocrine function (hormone release) can be measured 
from weeks 10 to 15 onward. At week 10, α cells (glucagon) differentiate first, then 
δ cells (somatostatin), β cells (insulin) differentiate, and insulin secretion begins. In 
week 15, glucagon is detectable in foetal plasma. First, α-cells and β-cells are orga-
nized into a thick folded plate lined at both sides with vessels [24]. α-Cells are 
mostly at the periphery of the plate and in close contact with vessels. β-Cells occupy 
a more central part of the plate and most of them develop cytoplasmic extension that 

Box 11.2 Human Pancreas Development in Carnegie Stages
Stage 13 (week 4–5, 28–32 days)—Formation of the pancreatic buds, with 
the larger dorsal bud at first.

Stage 14 (week 5, 31–35 days)—Formation of the pancreatic buds, with 
the smaller ventral bud later.

Stage 15 (week 5, 35–38 days)—Rotation of the ventral bud around the 
aboral foreguts.

Stage 16 (week 6, 37–42 days)—dorsal and ventral pancreatic buds are 
contiguous.

Stage 19 (week 7, 48–51 days)—differentiation in “trunk” and “tip” pro-
genitor cells.

Stage 23 (week 8, 56–60 days)—Formation of foetal β cells and ductal cells.
Week 10—α cells differentiate first, then δ cells, and β cells; insulin secre-

tion begins.
Week 15—glucagon secretion begins.
The embryonic period in the human is subdivided into 23 Carnegie stages, 

a term introduced by O’Rahilly. These stages are based on both external and 
internal morphological criteria [16].
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runs between α-cells and reaches the surface of vessels [25]. The plate with adjacent 
vessels is folded so that it forms an islet.

The final position of the pancreas is determined by growth and rearrangement 
processes in the abdominal cavity. The stomach shifts with its rotation to the left and 
the duodenum corresponding to the right. This moves the dorsal mesogastrium and 
the dorsal mesoduodenum with the pancreas against the posterior abdominal wall 
where they fuse with the parietal peritoneum. The original intraperitoneally located 
pancreas is shifted into a secondary retroperitoneal position. Only its tail preserves 
in most cases an intraperitoneal position.

The right ventral pancreatic bud section forms the posterior part of the head and 
the posterior part of the uncinate process, whereas the rest of the pancreas is formed 
by the dorsal pancreatic bud (the anterior part of the head, the neck, the body, and 
the tail). The left ventral pancreatic bud atrophies typically, but when it persists and 
continues to grow, it surrounds the duodenum in a ring shape and connects to the 
pancreatic head. This results in an annular pancreas with consequent constriction of 
the duodenum and thereby duodenal stenosis (Fig. 11.4).

Fig. 11.4 Annular 
pancreas. Abnormal fusion 
of dorsal and ventral 
pancreatic buds encircling 
the descending part of the 
duodenum. (Figure 7.7 
from: Chauhan A, Elsayes 
KM, Sagebiel T, Bhosale 
PR. The Pancreas. In: 
Elsayes KM, editor. 
Cross-Sectional Imaging of 
the Abdomen and Pelvis: A 
Practical Algorithmic 
Approach. New York, NY: 
Springer New York; 2015. 
p. 189–227)

11 Anatomy and Embryology of the Pancreatic Gland



152

Box 11.3 Congenital Anomalies of the Pancreas
• Agenesis: Prevalence: <1 in 1,000,000; Inheritance: autosomal recessive; 

aetiology: Caused by homozygous or compound heterozygous mutation in 
the PDX1 gene (13q12.1), which encodes a transcription factor, insulin 
promoter factor 1 (IPF-1). Missense mutations in the PTF1A gene 
(10p12.3) were found to be the cause of the autosomal recessive syndrome 
of neonatal diabetes mellitus with cerebellar and/or pancreatic agenesis.

• Pancreas divisum: Persistence as dorsal and ventral pancreas. In autopsy 
series, a complete pancreas divisum can be detected in about 5–10% of cases.

• Pancreas bifidum (“double-split pancreas”): The main excretory duct in 
the tail of the pancreas is split like the tail of a fish. In everyday clinical 
practice, these are usually sporadic accidental findings.

• Annular pancreas: Prevalence: 1:250 [26] to 1:20,000 [27]. Pancreatic 
head encircles the duodenum with the risk of obstruction; persistence of 
two separate pancreatic ducts from dorsal and ventral pancreas predisposes 
to recurrent pancreatitis.

• Ectopic (aberrant) pancreatic tissue: The prevalence of ectopic pancreas 
in autopsy series is about 0.55–14% [28]. They are located in the stomach, 
duodenum, jejunum, Meckel diverticulum, ileum, and liver, where they 
appear as single or multiple yellow-grey nests (from several mm up to 
3–4 cm in diameter) in the submucosal layer.

The main pancreatic duct (of Wirsung) is formed by the fusion of the distal part 
of the dorsal pancreatic duct and the entire ventral pancreatic duct and enters the 
duodenum combined with the bile duct at the major papilla (of Vater). Until the 
postnatal period, the proximal portion of the dorsal pancreatic duct either obliterates 
or persists as an accessory pancreatic duct (of Santorini), entering the duodenum 
at the minor papilla (10% adults), so-called pancreas divisum (Box 11.3 and 
Fig. 11.5).

11.4  Cellular Development of the Pancreas

Differentiation and early specification of pancreatic endoderm are induced by fibro-
blast growth factor 2 (FGF2) and activin (a Transforming growth factor-beta (TGF- 
β) family member), both produced by the notochord and endothelium of the dorsal 
aorta. Both repress the expression of the transcription factor Shh locally in the gut 
endoderm, destined to form the dorsal pancreatic bud. Endoderm lying caudally to 
the pancreatic region does not respond to those signals. The ventral bud is induced 
by upregulation of the pancreatic and duodenal homeobox 1 (PDX1) gene from the 
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splanchnic mesoderm. Several anomalies may develop (Box 11.3) due to faulty cel-
lular development of embryogenesis of the gland.

From 10th to 15th week, the primitive endodermal ductal epithelium provides 
the stem cell population for all the secretory cells, which are initially located in the 
duct walls or in the buds, from which they arise. Islet differentiation proceeds in two 
phases: Phase I (9th–15th week) is characterized by the proliferation of poly- 
hormonal cells, whereas the differentiation of mono-hormonal cells is seen from 
week 16 onwards, referred to as phase II. Later, these endocrine cells accumulate in 
pancreatic islets (of Langerhans) and scatter throughout the pancreas, starting 
with insulin and amylin secretion by β-cells approximately at the fifth month until 
the neonatal period. The dorsal bud gives rise mostly to α-cells, which produce glu-
cagon; however, most of the pancreatic polypeptide producing γ-cells develop from 
the ventral bud. After week 30, somatostatin-producing δ-cells are seen. The remain-
ing primitive duct cells will either differentiate into definitive duct cells with micro-
villi and cilia or into acinar cells in which zymogen granules or acinar cell markers 
can be detected at week 12–16.

Correct ductal branching pattern and formation of acinar structures are deter-
mined by pancreatic mesenchyme which gives rise to the connective tissue between 
the ducts resulting in pancreatic proliferation and maintaining the relative propor-
tions of acinar, α- and β-cells. Additionally, it provides cell lines for smooth muscle 
within the pancreatic tissue, and angiogenic mesenchyme produces blood and lym-
phatic vessels.

Fig. 11.5 Schematic representation of various fusion anomalies of the pancreas. (a) Regular duct 
anatomy; (b) standard variant; (c) pancreas divisum; (d) incomplete pancreas divisum; (e) “long 
common channel”. (Modified from figure 21.3 from: Witt H. Physiologie und Embryologie des 
Pankreas. In: Rodeck B, Zimmer K-P, editors. Pädiatrische Gastroenterologie, Hepatologie und 
Ernährung. Berlin, Heidelberg: Springer; 2008. p. 451–7)
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11.5  Macroscopy and Topography

The head of the pancreas (4–8 cm wide, 2–3 cm thick) lies in the concavity of the 
duodenal loop (descending duodenum) and merges dorsally into a hook-shaped 
extension (uncinate process), which here includes the superior mesenteric vessels. 
These vessels are initially located at the posterior wall of the pancreas and emerge 
ventrally in the pancreatic notch, which marks the transition between the head and 
body. This approximate 2 cm wide parenchymal strip ventral to the superior mesen-
teric vessels is often called the pancreatic neck for surgical-practical reasons. At the 
caudal end of the head, the horizontal part of the duodenum is located. The pancre-
atic head is flat in cross-section, so that only an and a posterior surface—delimited 
by a superior and inferior margin, respectively—can be distinguished.

The pancreatic body (2–3 cm wide, 1.5–2.5 cm thick) begins at the pancreatic 
notch, crosses at the level of the first or second lumbar vertebra, whereas it pro-
trudes as omental eminence of pancreas towards the omental bursa, the spinal col-
umn as well as the abdominal aorta, and continues without a sharp border into the 
pancreatic tail.

The pancreatic body is triangular in cross-section and shows three surfaces: a 
posterior surface, which is bordered cranially by the superior margin and caudally 
by the inferior margin; an anterior surface, which is itself divided by the anterior 
margin into a larger anterosuperior surface and a smaller anteroinferior surface. The 
anterosuperior surface is covered by secondary peritoneum and forms most of the 
posterior wall of the omental bursa. Here along the anterior margin, at the head and 
tail the inferior margin, the mesocolic root is attached, which forms a duplication of 
the peritoneum with the posteroinferior layer of the transverse mesocolon. The two 
layers of the transverse mesocolon diverge along this border. One passes up over the 
anterosuperior surface while the other runs downwards and backwards over the 
anteroinferior surface (Fig. 11.6).

Fig. 11.6 Frontal representation of the peritoneal ligaments and their relationships to the pan-
creas. HDL hepatoduodenal ligament, PCL phrenicocolic ligament, SBM small bowel mesentery, 
SRL splenorenal ligament, TM transverse mesocolon. (Figure 2 from: 1. Vikram R, Balachandran 
A, Bhosale PR, Tamm EP, Marcal LP, Charnsangavej C. Pancreas: peritoneal reflections, ligamen-
tous connections, and pathways of disease spread. Radiographics. 2009;29(2):e34. https://doi.
org/10.1148/rg.e34)
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The pancreatic tail (2 cm wide, 1–2 cm thick) is oval flattened in cross-section. A 
superior and inferior margin again limits anterior and posterior surfaces. The most 
lateral portion of the gland lies between the layers of the splenorenal ligament and is 
sometimes bifid. It may end up at the base of the splenorenal ligament or extend up 
nearly as far as or contact the splenic hilum as well as splenic vessels and its tributaries.

The main excretory duct of the pancreas of Wirsung has a diameter of about 
2–5 mm and runs longitudinally through the gland close to the posterior surface. It 
collects numerous small side branches and in 60% of cases merges with the final sec-
tion of the (common) bile duct to form the hepatopancreatic ampulla, which enters the 
descending duodenum at the major duodenal papilla (tubercle of Vater). In 65% of 
the cases, there is an additional accessory pancreatic duct (duct of Santorini), which 
drains the lower parts of the head and the uncinate process and opens separately on the 
minor duodenal papilla located about 2 cm orally to the major duodenal papilla.

11.6  Vascular Supply and Lymphatic Drainage 
of the Pancreas

The arterial supply of the pancreas (exo- and endocrine portion) is highly variable 
but follows a general pattern. The head of the pancreas is supplied by anastomosing 
branches from the celiac trunk and the superior mesenteric artery. These arteries 
form arcades in front and behind along the vertical axis: the superior pancreatico-
duodenal artery (from the gastroduodenal artery) divides into a superior anterior 
branch anastomosing with the anterior branch of the inferior pancreaticoduodenal 
artery, and a superior posterior branch anastomosing with the posterior branch of 
the inferior pancreaticoduodenal artery, which arises from the superior mesenteric 
artery. The anterior and posterior arcades of the pancreatic head vary not only in 
number but also in origin (Fig. 11.7).

Head and neck are supplied by pancreatic branches of the splenic artery, the 
dorsal pancreatic and the inferior pancreatic artery. The dorsal pancreatic artery 
originates splenic artery or the coeliac trunk directly and enters the parenchyma at 
the pancreatic neck. This artery anastomoses by a transverse branch with the poste-
rior superior pancreaticoduodenal artery, continues to the lower edge of the gland, 
and anastomoses with the inferior pancreatic artery to supply the tail. If that trans-
verse branch is sturdy, it is called the great pancreatic artery, which runs trans-
versely from the middle of the body to the tail. The tail additionally receives blood 
from an artery to tail of pancreas originating near the splenic hilum.

The terminal arteries entering the lobules of the gland branch out to form arteri-
oles and further to capillary balls, initially to the endocrine and then to the exocrine 
parts. The efferent capillaries emerging from the endocrine islets open into the cap-
illary system, which surrounds the exocrine acini. This is referred to as the “portal 
system of the pancreas”. Thereby the hormones released by the islets released into 
the capillary plexus around the endocrine islets can act immediately on the exocrine 
glandular lobes. For example, the hormones of the PP cells (pancreatic polypeptide 
and adrenomedullin) inhibit the exocrine gland cells.
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The venous drainage of the pancreas is mainly into the portal system. The head 
and uncinated process drain primarily to the superior and inferior pancreaticoduo-
denal veins. The body and tail drain mostly by small veins directly into the splenic 
vein along the posterior part of the gland; occasionally they can drain into the portal 
vein directly. Small venous vessels and venules exist between the pancreas and ret-
roperitoneal veins (veins of Retzius), draining into the lumbar veins, which may 
expand in case of portal hypertension.

Proper hepatic
artery

Gastroduodenal
artery

Rtgastroepiploic
artery

Inferior 
pancreaticoduodenal
artery

common bile
duct

gastro colic trunk

right middle colic
vein

superior mesentric vein

inferior mesentric vein

left middle colic vein

portal vein

inferior mesentric vein

splenic vein

Superior mesenteric
artery

Transverse pancreatic
artery

Splenic
arteryDorsal pancreatic

artery

Ltgastric artery
Rtgastric
artery

Fig. 11.7 Vascular supply of the pancreas. Lt left, Rt right. (Figures 3 and 4 from: Vikram R, 
Balachandran A, Bhosale PR, Tamm EP, Marcal LP, Charnsangavej C. Pancreas: peritoneal reflec-
tions, ligamentous connections, and pathways of disease spread. Radiographics. 2009;29(2):e34. 
https://doi.org/10.1148/rg.e34)

R. Urbas et al.

https://doi.org/10.1148/rg.e34


157

Initial lymphatic vessels commence around the capillary system of the exocrine 
acini. Most vessels forming this network lie in the interlobular septa of connective 
tissue that subdivide the pancreas into lobes and lobules [29]. Peripheral extensions 
of these interlobular lymphatics can be found within the lobules, but these intralobu-
lar lymphatics are relatively sparse. Rarely are there lymphatics associated with 
islets of Langerhans, and then only where lymphatic vessels in connective tissue 
septa pass close to a pancreatic lobule that contains an islet at its periphery [30]. The 
larger lymphatic vessels follow the arterial supply. The lymphatics of tail and body 
drain mostly into the (pancreatico)-splenic nodes, some drain directly to pre-aortic 
nodes. Additionally, the tail drains into splenic, mesocolic and cardiac nodes and the 
body to lumbar nodes. From the superior part of the head and neck lymphatics drain 
more widely via anterior and posterior pancreaticoduodenal nodes to the hepatic 
lymph nodes. In contrast, drainage from the inferior part of the head and neck goes 
directly into superior mesenteric lymph nodes.

Development of lymphatics around the pancreas starts at week 9 when the first 
LYVE1- and PDPN-expressing lymphatic vessels appear [31]. The blood and lym-
phatic machinery in the human pancreas are in place to support endocrine function 
from weeks 17–22 onwards.

11.7  Innervation of the Pancreas

The pancreas is innervated by a delicate network of sympathetic and parasympa-
thetic fibres. The sympathetic supply originates from the sixth to tenth thoracic 
spinal segments and is mainly distributed via the sympathetic contribution to the 
coeliac ganglia. Postganglionic fibres are distributed to the gland as periarterial 
plexuses along the arteries. The parasympathetic supply comes from the posterior 
vagus nerve (partly from the stomach branches) and the parasympathetic compo-
nent of the coeliac plexus. The supply to the gland is both: vasomotor (sympathetic) 
and parenchymal (sympathetic and parasympathetic) in distribution. The exocrine 
lobules are innervated by fine sympathetic and parasympathetic fibres. Sensory 
fibres from the lobules run in both the sympathetic and parasympathetic system 
(Fig. 11.8).

Delicate parasympathetic fibres among the cells within the endocrine islets and 
form plexuses around the islets. Fibres frequently synapse with acinar cells of the 
exocrine part of the gland before innervating the islets, suggesting a close linkage 
between neural control of exo- and endocrine components. Fibres enter the islets 
along with the arterioles, and parasympathetic ganglia lie in the connective tissue 
within and between the lobules forming neuro-insular complexes. This neuro- 
insular complex influences each other, so acetylcholine in the presence of glucose 
can increase the secretion of insulin. Noradrenaline, on the other hand, inhibits the 
secretion of insulin. Galanin in the noradrenergic fibres stimulates glucagon secre-
tion and inhibits insulin secretion.
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11.8  Conclusion

As in many organs, the main morphological features of the pancreas are well known: 
the pancreas is both an exocrine and an endocrine gland at the dorsal wall of the 
upper abdomen. Its alkaline juice rich in digestive enzymes is released into the duo-
denum. Its hormones released to the pancreatic portal system act both locally on the 
pancreatic acini and the whole body. The interrelation of maternal diabetes mellitus 
and the development of especially α-cells indicate that not only the embryo’s genes 
but also the maternal hormones influence the development and growth of the 
pancreas.
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Take Home Messages
• The pancreas derives its arterial blood supply from the gastroduodenal 

(head), splenic (body/tail) and superior mesenteric (uncinate process) 
arteries. There are multiple intra-pancreatic anastomoses.

• Variations of hepatic arterial anatomy are common but can usually be iden-
tified on pre-operative imaging.

• Portal venous anatomy has very little variation, permitting safe tunnelling 
under the neck of the pancreas.

Pearls and Pitfalls
• A fully replaced or accessory right hepatic artery will run postero-laterally 

to the portal vein, and postero-medially to the bile duct, in the hepatic liga-
ment. Beware the risk of injury of this vessel during bile duct transection 
in pancreatoduodenectomy.

• Hepatic arterial flow may be reliant on flow through the gastro-duodenal 
artery. Consider this possibility before its transection in 
pancreatoduodenectomy.
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12.1  Introduction

Surgical resection of the pancreas remains the only chance for cure for patients with 
pancreas cancer and may be necessary for other neoplasms such as pancreatic neu-
roendocrine tumours or, in select cases, isolated metastases to the pancreas [1–3]. 
Resection of the whole pancreas is feasible but associated with significant short- 
and long-term morbidity (presented in another chapter of this book) [4]. Resection 
of part of the pancreas helps retain some exocrine and endocrine function but is only 
possible due to its dense network of collateral blood supply which ensure a well 
vascularised pancreatic remnant and permit healing of the pancreatic anastomosis.

The human pancreas develops at the interface of the embryological foregut and 
midgut in parallel with the blood supply to these structures [5]. It is derived pre-
dominantly from cells from the caudal foregut [6] and derives the majority of its 
blood supply from the foregut artery—the coeliac axis (CA). Owing to its proximity 
to the midgut, however, it has multiple anastomoses with the artery of the midgut—
the superior mesenteric artery (SMA)—which abuts the head and uncinate process 
in the adult. Knowledge of the multiple anastomoses between these two arterial 
systems around the pancreas and their multiple variants are essential when planning 
and performing pancreatic resections. Hence, high quality preoperative imaging is 
of utmost importance as it gives specialist surgeons the opportunity to visualise any 
variation before encountering it during resection. The following chapter describes 
the development of the commonest arterial configurations of the pancreatic blood 
supply, frequent variants and relevance to surgical resection.

12.2  Arterial Supply: Development of Normal 
and Variant Anatomy

The development of the pancreas is described in detail in a previous chapter and 
helps to explain both normal and variant anatomy of its blood supply. The posterior 
pancreatic bud develops within the dorsal mesentery of the foregut along with the 
spleen and shares its blood supply (Fig. 12.1). It becomes the body and tail of the 
pancreas in the adult. The ventral foregut endoderm gives rise to the ventral pancre-
atic bud as well as structures that develop into the liver, bile ducts and gallbladder 
[7] at the junction with the midgut. These structures share their blood supply in the 
ventral mesentery of the foregut, derived from individual vitelline arteries which 
communicate in a ventral anastomotic artery [8].

Rapid growth of the duodenum pushes the duodenum off the midline and to the 
right, which together with a clockwise rotation of the stomach causes the ventral 
pancreatic bud to rotate behind the duodenum and portal vein, trapping the mesen-
teric vessels between the two buds. The ventral bud fuses with the dorsal pancreas 
to become the pancreatic head and uncinate process. In this way, the common con-
figuration of the pancreatic head and uncinate process receiving its primary blood 
supply from the common hepatic artery via the gastro-duodenal artery as well as the 
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superior mesenteric artery, and the body and tail receiving its supply from the 
splenic artery is established.

The embryonic liver develops from three distinct lobes, each with their own arte-
rial blood supply [9]. Failure of the embryological right and left hepatic arteries to 
regress is relatively common, around 5% in cadaveric studies and up to 20% in 
angiographic studies [8], and results in their persistence as replaced (or accessory if 
only supplying part of a hepatic segment) right or left hepatic arteries arising from 
the SMA or left gastric artery (LGA) respectively (Fig. 12.2). While a replaced left 
hepatic artery is of limited clinical relevance with regard to pancreatic surgery, a 
replaced right hepatic artery typically runs postero-lateral to the common bile duct 
and is prone to injury during portal dissection and division of the bile duct when 
performing a pancreatoduodenectomy.

12.3  Venous Supply: Development of Normal 
and Variant Anatomy

The liver is the main haematopoetic organ of the developing foetus and is also the 
interface between foetal and maternal circulation. The hepatic venous anatomy 
undergoes extensive remodelling throughout development. Of particular relevance 
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Fig. 12.1 Sketch of day 
32 human embryo in 
sagittal section through 
thorax and abdomen. HB 
hepatic bud, VPB ventral 
pancreatic bud, DPB dorsal 
pancreatic bud, Sp spleen, 
DM dorsal mesentery, VM 
ventral mesentery
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to pancreas surgery, however, is the development of the portal vein. The portal vein 
develops from two parallel vitelline veins coursing alongside the gut tube, from the 
controlled regression of its caudal, ventral anastomosis [10–12] resulting in its stan-
dard anatomical course running behind the first part of the duodenum (Fig. 12.3). A 
pre-duodenal course of the portal vein is very rare and often part of other congenital 
malformations such as syndromic biliary atresia [13]. It is of interest to the liver 
surgeon, as patients frequently require transplantation early in life, but no cases of 
pancreatic resection have been reported with this anomaly.

There is little research into the development of the intestinal portal venous sys-
tem, however a recent study from Japan supports the notion that the superior mes-
enteric vein (SMV) develops from tissue folds/clefts derived from and adjacent to 
the SMA as opposed to regression of vitelline veins [14]. Development in this way 
may explain veins running together with their respective arteries and likely repre-
sent a different origin to solitary veins of the portal system such as the splenic or 
inferior mesenteric veins.
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Fig. 12.2 Sketch of embryonic upper abdominal vasculature. VPB ventral pancreatic bud, DPB 
dorsal pancreatic bud, LUV left umbilical vein, eLHA embryonic left hepatic artery, eMHA embry-
onic middle hepatic artery, eRHA embryonic right hepatic artery, 10–13th 10–13th anterior vitel-
line arteries. Vessels filled in black regress during embryonic development
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12.4  Pancreatoduodenectomy: Standard Anatomy

The distinct arterial supply to the pancreatic head and body permits partial resection 
of either part without compromising the blood supply to the remaining organ. While 
there is an extensive network of anastomoses, there is a relative paucity of major 
arteries at the site of the anatomical neck of the pancreas (Fig. 12.3), which has been 
demonstrated repeatedly in both radiological and cadaveric studies [15] and which 
makes this an ideal site for transection.

In order to resect the pancreatic head and duodenum, two arteries need to be 
divided: the gastroduodenal artery (GDA) and the inferior pancreaticoduodenal 
artery. This stops any arterial inflow to the pancreatic head with the exception of 
intra-pancreatic vascular anastomoses via the transverse pancreatic and/or dorsal 
pancreatic arcades. The GDA is relatively constant and divides first into the right 
gastroepiploic artery and then into the posterior superior pancreaticoduodenal 
artery. This vessel encircles the lower common bile duct and gives off choledochal 
branches as well as anastomotic branches to the anterior superior pancreaticoduode-
nal artery in the form of the middle pancreatic or Evrard’s arcade [16]. The inferior 
pancreaticoduodenal artery is a common trunk arising off the SMA that divides into 
an anterior and posterior branch which anastomose with their superior pancreatic 
counterparts to form the vertical arcades of the pancreas [17]. This has been reported 
with a frequency of between 70 and 100% in the literature.
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Fig. 12.3 Sketch of pancreas in the context of its blood supply, adjacent to contrast enhanced 
computerised tomography image in arterial and portal venous phase. CA coeliac axis, LGA left 
gastric artery, SA splenic artery, CHA common hepatic artery, GDA gastroduodenal artery, RGEA/V 
right gastroepiploic artery and vein, DPA dorsal pancreatic artery, SMA superior mesenteric artery, 
SMV superior mesenteric vein, IMV inferior mesenteric vein, PV portal vein, HT Henle’s trunk
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12.5  Pancreatoduodenectomy: Impact of Venous Drainage

The common venous drainage of the pancreas is also described in Fig. 12.3. Of 
particular relevance to the surgeon are the superior mesenteric vein, the pancreati-
coduodenal venous arcades and the gastro-colic trunk of Henle.

The SMV runs slightly anterior and to the right of the SMA, and is made up from 
the confluence of a jejunal and ileal first order branch [18]. The jejunal branch 
passes behind the SMA in around 90% of cases [19], where it receives drainage 
from small veins of the uncinate process which need to be divided for pancreatic 
head resections. Where the jejunal branch passes anterior to the SMA, the uncinate 
veins usually drain into the ileal branch and are more accessible during surgery [18]. 
The jejunal branch is usually smaller than the ileal branch and can be ligated during 
pancreatoduodenectomy if involved with tumour.

The pancreaticoduodenal venous arcades consist of the superior- and inferior- 
pancreaticoduodenal veins, each with an anterior and posterior subdivision. The 
posterior superior pancreaticoduodenal vein drains into the right side of the supra- 
pancreatic portal vein behind the duodenum. It anastomoses with the posterior infe-
rior pancreaticoduodenal vein to drain, either separately or together with the anterior 
inferior pancreaticoduodenal vein as a common trunk, passing behind the SMV into 
the first jejunal branch [20]. The anterior superior pancreaticoduodenal vein on the 
other hand drains anteriorly into the SMV at the inferior border of the pancreas, 
either directly or via the trunk of Henle. Although Henle originally described this 
trunk as the confluence of the right gastroepiploic vein and the right colic vein, this 
configuration occurs only in about 20% of cases [21]. The commonest configuration 
(>50%) is a confluence of the right gastroepiploic vein, the anterior superior pancre-
aticoduodenal vein and either the superior right- or right colic vein (Fig. 12.4). It is 
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of interest during pancreas head resection, as there are no other anterior branches of 
the SMV and portal vein caudal to the trunk, thereby making retro-pancreatic tun-
nelling possible. These vessels are also often very friable and liable to tearing from 
differential traction from an eager assistant, especially when retracting the trans-
verse mesocolon downwards while the stomach is retracted superiorly. Ligation of 
Henle’s trunk at its confluence with the SMV permits access to the SMV and portal 
vein facilitating resection, but will still necessitate further ligation of either the gas-
tric or colic tributary in the majority of cases to avoid traction injury.

12.6  Pancreatoduodenectomy: Variant Anatomy

A number of variations exist to the above described anatomical configuration, some 
with critical relevance to pancreatic resection. One of the commonest and most 
significant is the replaced or accessory right hepatic artery (see above), which can 
be present in up to 20% of cases and is at risk of injury when dissecting the supra- 
pancreatic portal vein and when transecting the bile duct [22]. A dominant replaced 
right hepatic artery (present in around 7–10%; Fig. 12.5), or the rare variation—a 
fully replaced common hepatic artery arising from the SMA (present in around 
1–2%) does, however, permit extended dissection around the coeliac axis, thus 
potentially allowing resection of locally advanced lesions without risking ischaemic 
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Fig. 12.5 Contrast 
enhanced computerised 
tomography image in 
arterial phase with 
corresponding intra- 
operative photograph of 
vascular anatomy in porta 
hepatis. PV portal vein, 
RHA right hepatic artery, 
LHA left hepatic artery, 
aRHA accessory right 
hepatic artery, aLHA 
accessory left hepatic 
artery, LGA left gastric 
artery, SpA splenic artery
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injury to the liver [23]. Similarly, patterns of perivascular spread of tumour and 
involvement of adjacent lymphatics will change depending on variations of arterial 
anatomy [24].

Variations of smaller arterial branches of the pancreas can also have surgical 
relevance. In up to 8% of cases, the posterior superior pancreaticoduodenal artery 
originates from the hepatic artery (either common hepatic, proper hepatic or right 
hepatic including replaced right hepatic have been described), and a vessel of such 
origin would have to be ligated separately to the GDA. In the majority of cases, the 
inferior pancreaticoduodenal artery has its origin either posterior or to the left of the 
SMA, at the level of the inferior border of the neck of the pancreas, immediately 
proximal to the first jejunal branch of the SMA. In perhaps as many as 30% of cases, 
however, the inferior pancreaticoduodenal artery originates from a common trunk 
together with the first jejunal branch, and ligation of this common origin at the SMA 
risks jejunal perfusion. Similarly, the anterior inferior and posterior inferior pancre-
aticoduodenal arteries can arise independently, either directly from the SMA or as a 
common trunk with the first jejunal branch, although there is a large amount of 
disagreement with regards to the incidence of such a configuration [25]. Nevertheless, 
such an arrangement could add further confusion when looking to ligate the inferior 
blood supply to the head of the pancreas.

Ligation and division of the pancreaticoduodenal arcades is an essential when 
performing a pancreatoduodenectomy. However, there are a small number of 
reported cases where impaired flow through the coeliac axis (either through stenosis 
or kinking from inflammation/tumour infiltration) leads to a reversal of flow through 
the GDA and the primary arterial blood supply to the liver arising from the SMA 
[26, 27] resulting in hepatic ischaemia following pancreatic head resection. 
Temporary occlusion of the GDA and checking hepatic perfusion prior to ligation 
and transection of the GDA can help identify this rare variation intra-operatively.

12.7  Left Pancreatectomy: Standard Anatomy

Resection of the body and tail of the pancreas necessitates interruption of its arterial 
supply through ligation and division of either the splenic artery itself, or its pancre-
atic branches. The blood supply to the body and tail of the pancreas is highly vari-
able. In around 1/3 of cases, the body and tail of the pancreas if supplied by a 
number of individual, vertical branches off the splenic artery, and in the remaining 
cases one or two vessels dominate and supply the gland through transverse pancre-
atic arterial anastomoses [28]. The dominant vertical arteries are termed dorsal pan-
creatic artery in the proximal body—usually arising from the proximal 1/3 of the 
splenic artery, but occasionally arising from the coeliac axis or common hepatic 
artery [29]—major pancreatic artery (arteria pancreatica magna) arising from the 
middle 1/3 of the splenic artery, and caudal pancreatic artery arising from the distal 
1/3 or the splenic artery. Resection for malignant disease necessitates clearance of 
peri-vascular lymphatic tissue as well as resection of the spleen, rendering the pre-
cise configuration of the divisions of the splenic artery irrelevant for pancreatic 

P. Szatmary and D. F. J. Dunne



169

cancer resection. However, splenic artery anatomy and variation is of critical impor-
tance during parenchymal sparing resections for benign and ambiguous lesions.

12.8  Left Pancreatectomy: Variant Anatomy

Resection of the body and tail of the pancreas for malignancy requires division of 
the splenic artery at origin and splenectomy, leaving the head of the pancreas and 
duodenum perfused via the pancreaticoduodenal arcades. In rare cases, a connec-
tion between the coeliac axis and SMA persists into adulthood and supports the 
perfusion of the liver via the SMA. This variant is called ‘Arc of Buhler’, after the 
German anatomist who first described it in 1904, and is present in <0.5% of people 
[8, 30]. This arc typically runs close to the anatomical neck of the pancreas and is at 
risk of injury during parenchymal transection.

Advanced tumours of the body and tail which invade the coeliac axis or common 
hepatic artery can be resected together with the coeliac axis in what is called an 
Appleby procedure, with the entire arterial supply of the liver and stomach derived 
from the SMA via the pancreaticoduodenal arcades (see own chapter in this book) 
[31]. Modifications of this procedure including vascular reconstruction of the com-
mon hepatic artery have been reported [32], however high mortality and recurrence 
rates reported internationally mean such a strategy should only be attempted in 
exceptional cases and in expert centres. Presence of a replaced right or common 
hepatic artery greatly facilitates such a resection.

Pancreatic body and tail resection for benign disease, however, does not neces-
sitate splenectomy or extended lymphadenectomy. Although the spleen can survive 
and retain its function following ligation of the splenic artery by maintaining its 
blood supply via the gastro-epiploic arcade [33], the splenic vessels can be pre-
served in their entirety through careful ligation of vertical branches. When lifting 
the pancreatic body and tail off its surrounding vascular bed in what is termed 
Kimura procedure, after the Japanese surgeon who first described this [34]. 
Dominant branches off the splenic artery need to be ligated individually and can be 
complicated or facilitated by variant anatomy. For example, a transverse anastomo-
sis between the arteria pancreatica magna and caudal pancreatic arteries is present 
in around 25% of angiographic studies and is termed superior horizontal pancreatic 
artery of Popova [35], and facilitates ligation of those two branches without risking 
injury to the main splenic artery.

12.9  Conclusion

Variant vascular anatomy is common in pancreatic surgery and may have significant 
impact in the planning and execution of any given resection. Whereas major vas-
cular abnormalities, such as a replaced hepatic artery, are usually visible on stan-
dard pre-operative imaging, abnormalities of second order branches may not be. 
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The example of a common origin for the IPDA and first jejunal artery demonstrates 
that such abnormalities can nevertheless be of huge clinical significance. A clear 
understanding of the development of the arterial (and to a lesser degree venous) 
blood supply aids understanding of anatomical variants and how to identify them 
intra- operatively. Abnormalities of first order hepatic arteries should prompt careful 
intra- operative exploration of second order arterial supply, in particular in relation 
to the inferior (SMA) anastomoses.

When considering extended resections or resections for locally advanced lesions, 
assessment of vascular anatomy becomes a critical part of pre-operative planning 
and may offer alternate approaches to standard resection.

Variations of venous anatomy are far less common than arterial anatomy and of 
less clinical relevance. Nevertheless, structures such as the gastro-colic trunk of 
Henle are often used as anatomical landmarks during pancreatic resection, so 
knowledge of their variants can aid intra-operative identification and facilitate 
resection.
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Take Home Messages
• Lymph node involvement (pN+) is considered an important prognostic indicator.
• The lymphatic vasculature follows the arterial blood supply of the pancre-

atic gland.
• Pancreatic lymph nodes are divided into anatomical regions based on the 

lymphatic drainage of the pancreatic gland.
• Lymph nodes surrounding the superior mesenteric artery are regarded as 

extra- regional and, therefore classified as distant metastases (M1).

Pearls and Pitfalls
• The prognostic role of lymph nodes can be evaluated in several ways based 

on the presence, number, and ratio of metastatic lymph nodes.
• Criteria for identifying pathological lymph nodes in imaging studies are 

unspecific.
• All imaging modalities are limited in regard to evaluation of nodal involvement.
• Extended lymphadenectomy along the superior mesenteric artery, the celiac 

trunk or the paraaortic region does not increase survival but adds morbidity.
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13.1  Introduction

The lymphatic system of the pancreas is an intricate network of lymphatic vessels 
and nodes responsible for the drainage of head, neck, body, and tail of the pancreas. 
The complexity of this system presents variable drainage. Knowledge and under-
standing of the lymphatic system around the pancreas are essential for physicians in 
providing diagnostic and treatment strategies for patients with pancreatic patholo-
gies. Pancreatic cancer spreads rapidly to the regional lymph nodes with a high 
number of metastatic lymph nodes found even in early cancers, which in itself is 
considered a dismal prognostic factor. In this chapter the anatomy of lymphatic 
system of the pancreas as well as the role of lymphadenectomy procedure are 
described.

13.2  The Lymph System and Its Role

Lymphatic vessels of the pancreas originate from the interlobular network in the 
pancreatic parenchyma. The lymphatic system is responsible for maintenance of 
tissue fluid homeostasis, and absorption of dietary fat. Moreover it provides leu-
kocyte and antigen transport from tissues to lymph nodes for immune response 
[1]. Lymphatic capillaries are responsible for the uptake of interstitial fluids, 
macromolecules and leukocytes. The lymphatic capillaries are built of a single 
layer of endothelial cells with discontinuous intercellular junctions and lack a 
basement membrane [2]. Lymph and its cellular contents are transported to 
larger lymphatic vessels composed of also smooth muscles to facilitate flow. The 
afferent collecting lymphatics enter the lymph nodes where the lymph is filtered, 
and upon exiting the lymph nodes through the efferent collecting vessels, the 
lymph is transported through the major trunks of the lymphatic system, the tho-
racic duct, the right lymphatic trunk, and is then returned to the circulatory 
system [3].

Future Perspectives
• Exploring the effect of neoadjuvant treatment on the lymphatic system.
• Research into functional and structural characteristics of the lymphatic 

system suggested to play a role in immune suppression.
• Developing and explore the role of biomarkers and therapeutics for 

lymph-angiogenesis.
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13.3  The Lymphatic Network of the Pancreas

The network of lymphatic vasculature and lymph nodes is quite complex (Fig. 13.1). 
In the normal pancreas, the lymphatic vessels are typically located near blood vessels 
[4]. Although a standardized classification is still lacking, pancreatic lymph nodes 
are generally divided into regions based on their location around the areas of drain-
age of the pancreatic gland [5]. Clinicians understand the importance of anatomical 
lymph nodes involvement for pancreatic cancer patient prognosis, however the bio-
logical processes governing lymphatic invasion as well as therapeutic implications of 
targeting lymph-angiogenesis still remain open [6]. Lymph node metastases are very 
common in pancreatic tumors and among the most important prognostic factors.

The lymphatic network around the pancreas is not just passive tissue, it has the 
potential to interact dynamically with cancer cells and even with early precursor 
lesions (pancreatic intraepithelial neoplasia lesions). During inflammation and 
tumor growth, a flood of growth factors and chemokines (e.g. vascular endothelial 
growth factors C and D) lead to remodelling and outgrowth of lymphovascular tis-
sue going hand in hand with cancer invasiveness (Fig.  13.1). During tumor- 
associated lymphangiogenesis (TALA) factors elaborated by tumor cells and other 
supporting cell types of the tumor microenvironment, such as cancer-associated 
fibroblasts (CAFs), or tumor-associated macrophages (TAMs), interact with cog-
nate receptors on the lymphatic endothelium both locally and in lymph nodes to 
influence lymphangiogenesis, lymph node metastasis, and tumor progression. 
Studies of human pancreatic cancer tissues have identified a role for TALA in lymph 
node metastasis and patient outcomes [7]. High lymphatic vessel density (LVD) in 
pancreatic ductal adenocarcinoma (PDAC) head tumors was shown to predict 
increased lymph node metastasis and decreased survival. They also showed 
increased lymphatic vessel density within metastatic lymph nodes which was asso-
ciated with unfavourable tumor differentiation status and more lymph node metas-
tasis [6]. These data highlight the importance of peripancreatic lymphatics in the 
progression and metastasis of pancreatic cancer and their potential utility as both a 
predictor of patient outcomes and a possible therapeutic target [6, 8].

13.4  Clinical-Anatomical Classification

Many reports have described the peripancreatic lymphatic system. Certain authors 
have named lymph groups according to their location around the pancreas describ-
ing five main groups: superior, inferior, anterior, posterior and splenic [9, 10]. Other 
authors have developed numerical classifications based on lymph node spreading 
describing 11 nodal areas, forming four lymphatic pathways around the head of the 
pancreas [11–13]. Further analyses provided a description of eight lymphatic path-
ways running towards the abdomino-aortic (para-aortic) lymph nodes, reporting 
three lymphatic pathways in the anterior surface of the head, three in the posterior 

13 The Lymphatic System and Lymph Nodes of the Pancreas



176

Tumor

Pancreas

Lymph Node

Legend

LECBlood
Vessel

MDSC

TAM PDAC
Cell

T reg Prolymphangiogenetic
factors

Immunosuppressive
Cytokines

Nerve

Fig. 13.1 Pancreatic tumor microenvironment and lymph node metastasis. Cells of the tumor 
microenvironment are essential contributors to tumor growth, lymphatic invasion, and lymph node 
metastasis. Cancer associated fibroblasts (CAFs) and tumor associated macrophages (TAMs) 
secrete pro-lymphangiogenic factors and proteases needed for lymphangiogenesis and metastasis. 
Lymphatic vessels act as conduits not only for tumor cell metastasis, but also for immunosuppres-
sive cell and cytokine transport to lymph nodes. Nerves are also another route for pancreatic tumor 
metastasis and can communicate with lymphatic vessels to facilitate tumor metastasis from one 
network to the other. PDAC pancreatic ductal adenocarcinoma, LEC lymphatic endothelial cells, 
CAF cancer-associated fibroblast, TAM tumor-associated macrophage, Treg regulatory T-cell, 
MDSC myeloid-derived suppressor cell. (Adapted from Fink DM et al. [6])
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surface and two major lymphatic routes in the left half of the pancreas [14]. Finally, 
the Japanese Pancreatic Society (JPS) developed an anatomical classification divid-
ing regional and juxta-regional lymph nodes based on data from 18,629 cases of 
carcinoma of the pancreas [9, 10], establishing a comprehensive nomenclature of 
the different lymph nodes stations relevant for pancreatic cancer surgery (Fig. 13.4) 
[15–17]. This nomenclature has been internationally adopted and allowed to set 
international standards for the extent of lymphadenectomy in pancreatic cancer. 
Based on this nomenclature the international study group on pancreatic surgery 
(ISGPS) released consensus recommendations in 2014 [18]. The anatomical local-
ization of regional lymph nodes according to the pancreatic regions is shown in 
Table 13.1 and Figs. 13.2, 13.3, and 13.4. An alternative route is described, where 

Table 13.1 Station numbers and states of lymph nodes related to the pancreas [19], see 
corresponding visual description in Fig. 13.4

Number Name

1 Right cardial lymph node
2 Left cardial lymph node
3 Lymph nodes along the lesser curvature of the stomach
4 Lymph nodes along the greater curvature of the stomach
5 Suprapyloric lymph nodes
6 Infrapyloric lymph nodes
7 Lymph nodes along left gastric artery
8a Lymph nodes in the anteriosuperior group along common hepatic artery
8p Lymph nodes in the posterior group along common hepatic artery
9 Lymph nodes around coeliac artery
10 Lymph nodes in the splenic hilum
11p Lymph along the proximal superior pancreaticoduodenal artery
11d Lymph along the distal superior pancreaticoduodenal artery
12a Lymph along the hepatic artery
12p Lymph along portal vein
12b Lymph along the bile duct
13a Lymph along on the posterior aspect of the superior portion of head of the pancreas
13b Lymph along on the posterior aspect of the inferior portion of the head of the pancreas
14p Lymph along the proximal superior mesenteric artery
14d Lymph along the distal superior mesenteric artery
15 Lymph along the
16a1 Lymph along the aortic hiatus of the diaphragm
16a2 Lymph along the abdominal aorta (from the superior margin of the celiac trunk to the 

inferior margin of left renal vein)
16b1 Lymph along the abdominal aorta (from the inferior margin of left renal vein to the 

superior margin of inferior mesenteric artery)
16b2 Lymph along the abdominal aorta (from the superior margin of inferior mesenteric 

artery to the aortic bifurcation)
17a Lymph along on the anterior surface of the superior portion of head of the pancreas
17b Lymph along on the anterior surface of the inferior portion of head of the pancreas
18 Lymph along on the inferior margin of the pancreas

13 The Lymphatic System and Lymph Nodes of the Pancreas



178

Fig. 13.2 Location of lymph nodes surrounding the pancreas. There is individual variation in the 
location of lymph nodes. Lymphatic drainage of body and tail of the pancreas drains into the nodes 
at the splenic hilum and follows the splenic artery to the celiac node, the principal nodal group. On 
the other side, the lymphatic drainage of the anterior cephalad portion of the head of the pancreas 
follows lymphatic vessels along the anterior superior pancreaticoduodenal artery to the pyloric, or 
sub-pyloric nodal group, consisting of several lymph nodes along the gastroduodenal artery where 
it originates from the common hepatic artery. This nodal group is located behind the pylorus and 
anterio-superior to the head of the pancreas. Regarding the posterior side, the cephalad portion 
drains into the nodes along the bile duct behind the portal vein in the hepatoduodenal ligament and 
arriving at the hepatic hilar node [19]. (Reproduced with permission of the publishers [37])

Celiac
nodes

Hepatic
nodes

Superior pancreatic nodes

Cystic
duct

node

Superior
to head

Superior
to body

Superior
to tail

Inferior
to tail

Splenic
nodes

Hilum of
spleen

Inferior
to body

Inferior pancreatic nodes

Inferior
to head

Superior
mesenteric
nodes

Splenic
nodes

Superior
pancreatic

nodes

Hepatic
nodes

Pyloric
Superior

pancreatico-
duodenal nodes

(anterior and
posterior)

Inferior
pancreatico-

duodenalnodes 
(anterior and

posterior)

Fig. 13.3 Lymph nodes draining the pancreas seen from different angles. Typical location of 
lymph nodes surrounding the pancreas. There is individual variation in the location of lymph 
nodes. Standard lymphadenectomy should include supra and infra-pyloric nodes (stations 5, 6), 
nodes to the right of the hepatoduodenal ligament (stations 12b1, 12b2, and 12c), anterior and 
posterior pancreatico-duodenal nodes (stations 17a, 17b, 13a, and 13b), nodes to the right of the 
superior mesenteric artery (stations 14a and 14b), and anterior to the common hepatic artery (sta-
tion 8a). Lymph nodes stations 13 and 17 are included within the pancreaticoduodenal groove, and 
therefore always removed with the specimen [26]. Extended lymphadenectomy involves removal 
of all the lymph nodes stations described in standard lymphadenectomy and, in addition, perineu-
ral plexus and lymph nodes along the coeliac axis, superior mesenteric artery and para-aortic 
lymph nodes [21]. (Reproduced with permission of the publishers [38])
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drainage follows the posterior superior pancreaticoduodenal artery to the pyloric 
node. These described pathways, also defined as superior or ascending pathways, 
drain into the celiac node as their principal node. Regarding the caudal portion of 
the head of the pancreas and the uncinate process, lymphatic drainage follows the 
inferior pancreaticoduodenal vessels to the superior mesenteric artery lymph nodes 
and drains into the retroperitoneal paraaortic lymph nodes [19]. This pathway is 
defined as inferior or descending pathway [20].

Lymph nodes involvement is considered one of the most important prognostic 
indicators in pancreatic cancer while other important factors influencing survival 
include tumor histology, size, status of resection margins, grade and lymphovascu-
lar invasion [21]. The majority of lymph nodes metastases is detected at the peripan-
creatic nodal group, including the anterior and posterior peripancreatic nodes, the 
pancreaticoduodenal, pyloric and inferior nodes. The size of the tumor is correlated 
with the rate of positive lymph nodes, larger tumors frequently metastasize into 
para-aortic lymph nodes (T3 in up to 11% and T4 in up to 33%) [15]. There are no 
data to support that patients undergoing either the en-bloc dissection technique or 
the staged dissection are doing any better. The authors prefer the en-bloc technique, 
leaving all lymphatic tissue on the specimen.
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17b

13a

13b

14a
14a

14b
14b

14c

14c14d
14d

18

16

11
10

APDI

ACM
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AMS

12

Fig. 13.4 Anatomical lymph node locations according to the JPS classification. There is individ-
ual variation in the location of lymph nodes. Insert: Subdivision of Group 14: AMS superior mes-
enteric artery, AJ jejunal artery, APDI inferior pancreaticoduodenal artery, ACM medial colic 
artery. (Reproduced with permission of the publishers [17])
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13.4.1  Radiologic Imaging

In radiologic diagnostic imaging morphologic differentiation between metastatic 
lymph nodes enlargement from normal or reactive cases should be performed. A 
lymph node of more than 10 mm is diagnosed as lymph node enlargement, however 
this is not always related to metastasis, as even lymph nodes ≤5 mm may already be 
infiltrated by micro-metastasis. Furthermore, CT scans can detect malignancy due 
to contrast enhancement. Usually, normal or reactive lymph nodes display homoge-
neous enhancement despite enlargement [19, 20]. Criteria to try to improve sensitiv-
ity and specificity in predicting nodal metastases have been analysed (see also other 
chapters on imaging in this book). Low-density nodes with irregular margins are 
highly suspect but they are not sensitive enough to detect the majority of metastatic 
nodes. Lymph nodes larger than 5 mm in the inferior pancreatic nodal group increase 
the sensitivity to detect nodal metastasis. Enlarged nodes in the periportal and com-
mon hepatic nodal groups are non-specific and can also be seen in patients with 
jaundice and stents in place, chronic pancreatitis or node-negative pancreatic cancer. 
Nevertheless, detailed knowledge of preoperative scans is mandatory before resec-
tion to guide surgery and potentially avoid futile laparotomy. Radiomics for predict-
ing lymph node metastasis is currently pathing its way into clinical practice [22].

13.4.2  Sentinel Lymph Node

The sentinel lymph node technique for pancreatic cancer has been evaluated to per-
mit the preoperative identification of patients with lymphatic dissemination for bet-
ter staging and to avoid unnecessary morbidity. However, attempts to map pancreatic 
lymphatic drainage using methylene blue or indocyanine green injection in the 
tumor as well as lymphoscintigraphy with intratumoral injection of a radiotracer 
(Technetium 99 labelled nanocolloid) via endosonography have been reported, to 
map the individual lymphatic spread [23–25] have not been successful. Thus, these 
methods have not found a role in management of pancreatic cancer.

13.5  Tumors of the Pancreatic Head

For cancers of the pancreatic head, pancreaticoduodenectomy is the only potential 
curative option. Due to the prognostic power of lymph nodes involvement, lymph-
adenectomy is considered an essential step of pancreaticoduodenectomy. Standard 
lymphadenectomy should include supra and infra-pyloric nodes, nodes to the right 
of the hepatoduodenal ligament, anterior and posterior pancreatico-duodenal nodes, 
nodes to the right of the superior mesenteric artery and anterior to the common 
hepatic artery (Figs. 13.2, 13.3, 13.4, 13.5, and 13.6). Lymph nodes stations 13 and 
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17 are included within the pancreaticoduodenal groove, and therefore always 
removed with the specimen [26].

Extended lymphadenectomy involves removal of all the lymph nodes stations 
described in standard lymphadenectomy and, in addition, would remove perineural 
plexus and lymph nodes along the coeliac axis, superior mesenteric artery and para- 
aortic lymph nodes [21]. However, complete resection of the lymph nodes around 
the superior mesenteric artery leads to higher morbidity, in particular postoperative 
diarrhoea, which is markedly more common in patients in whom nerve tissue sur-
rounding the superior mesenteric artery was cleared circumferentially. Lymph 
nodes in this area are internationally considered extra-regional and, therefore, dis-
tant metastases (M1). However, extended lymphadenectomy is technically feasible 
but biologically rather questionable. It may play a role after neoadjuvant therapy 
with adequate response but must then be considered as resection of distant meta-
static disease. Moreover, in patients with isolated lymph nodes recurrences during 
surveillance after pancreatic cancer resection, surgical re-resection can be consid-
ered [27].

Fig. 13.5 Lymph node 
dissection in the 
hepatoduodenal ligament. 
Left gastric artery (1), 
proper hepatic artery (2), 
common hepatic artery (3), 
portal vein (4), interrupted 
common hepatic duct (5) 
and an aberrant right 
hepatic artery (6). 
(Reproduced with 
permission of the 
publishers [26])

Fig. 13.6 Lymphadenec-
tomy along the right side 
of the superior mesenteric 
artery. (3): portal vein (1), 
superior mesenteric vein 
(2) and an aberrant 
common hepatic artery 
extending from the 
superior mesenteric artery 
(3). (Reproduced with 
permission of the 
publishers [26])
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Standard lymphadenectomy is a guide for surgeons when operating on patients 
with resectable pancreatic adenocarcinoma. According to literature and expert opin-
ion, extended lymphadenectomy does not benefit long-term survival and might lead 
to higher levels of morbidity [28]. Nevertheless, the appropriate extent of lymph 
node dissection and its beneficial effects are still biologically controversial because 
the detailed pattern of lymph node metastasis spread in pancreatic cancer remains 
unclear [29].

The number of lymph nodes required to minimize the risk of the stage migration 
phenomenon is proposed to be between 10 and 15 [30]. The standard lymphadenec-
tomy should regularly provide between 13 and 17 lymph nodes, the extended 
lymphadenectomy between 20 and 40 lymph nodes to ensure adequate pathologic 
staging and prognostication [18, 27]. Data suggest, that high volume centers reach 
a higher yield of lymph nodes, this might be due to more standardised pathology 
reporting or more extensive dissection [31].

13.6  Tumors of the Body and Tail

Regarding tumors situated in body or tail, those lymph nodes attached to the pan-
creas in the resected specimen are most frequently involved (Fig. 13.7). In this case 
two or three positive nodes have an equal survival to those patients with an N0 

Fig. 13.7 Tumor (yellow circle) localized in the body of the pancreas. The lymphadenectomy 
includes lymph nodes in station 9 (around the celiac artery)–gastroduodenal artery (1), common 
hepatic artery (2), left gastric artery (3), splenic artery (4). Standard lymphadenectomy during 
pancreatectomy for patients with pancreatic adenocarcinoma in the body or tail includes lymph 
nodes in stations 10 in the hilum of the spleen, 11 along the splenic artery, and 18 along the inferior 
border of the body and tail of the pancreas. Hence, splenectomy is usually indicated to obtain 
adequate excision of both the primary tumor and lymph nodes [18]. Station 9 is only suggested to 
be included in the resection when tumors are confined to the body of the gland. Reproduced with 
permission of the publishers [26]
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situation. Directly attached lymph nodes and peripancreatic nodes have to be 
removed to achieve best oncological outcome. Comparable to the setting of pancre-
atic head resection, more extended lymphadenectomy is not recommended as this is 
associated with increased morbidity without proven oncological benefit. Total pan-
createctomy is indicated in case of multifocal pancreatic cancer as well as multiple 
metastases in the pancreas. Moreover, it may be necessary to achieve a tumor-free 
resection margin and R0 situation in centrally localized tumors of the pancreatic 
body, avoiding pancreatic transection with the risk of tumor cell spilling. The vol-
ume of lymph nodes dissection in total pancreatectomy comprises standard lymph-
adenectomy in pancreaticoduodenectomy and distal pancreatectomy.

13.6.1  Neoadjuvant Treatment and Lymph Node Yield

Although surgery followed by adjuvant chemotherapy still represents standard of 
care for resectable pancreatic cancer, approximately 50% of patients are unable to 
receive adjuvant treatment due to postoperative complications. Recent studies eval-
uated the role of neoadjuvant chemotherapy, which has advantages, including 
downstaging of nodal disease, improved operability, and greater achievement of 
negative surgical margins. Randomized trials will be needed to evaluate neoadju-
vant chemotherapy as new standard for patients with malignant resectable pancre-
atic neoplasm [32]. Neoadjuvant chemotherapy might influence the number of 
resected lymph nodes in the pathological specimen. An analysis of the national 
cancer database in the United States showed that neoadjuvant treatment in PDAC 
stages I-III improved survival, the minimum number of lymph nodes that need to be 
removed to reach better survival was 8 (versus 12 lymph nodes in patients who had 
adjuvant chemotherapy) [33]. Another study from MD Anderson Cancer Center 
showed similar results, patients receiving neoadjuvant treatment in resectable dis-
ease had a lower rate of positive lymph nodes and better overall survival. Additionally, 
tumor regression in metastatic lymph nodes was associated with better survival as 
well, probably demonstrating a biological benefit [34].

The Dutch PREOPANC study randomized resectable and borderline resectable 
PDAC patients to either first line surgery or neoadjuvant chemo-radiotherapy. They 
reported a higher rate of R0 resections and less pathologic lymph nodes in the neo-
adjuvant group (33% N1 versus 78%), which was a significant difference; neverthe-
less, the study failed to show a survival benefit [35].

13.7  Conclusion

Pancreatic cancer is a highly lethal disease for which surgical resection offers the 
only hope for cure [36]. The lymphatic drainage of the pancreas involves a complex 
arrangement of vessels and lymph nodes. A detailed knowledge of the pancreatic 
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lymphatics is essential to surgeons treating patients with pancreatic pathologies. 
The identification of positive lymph nodes correlates with a poorer prognosis. 
Additionally, variation in the metastasis of the tumor may exist, especially with 
occurrence of lymph nodes obstruction. All of these points are especially important 
for surgeons who are performing lymph nodal dissection for pancreatic pathologies.
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Take Home Messages
• There are four driver genes for pancreatic cancer: KRAS oncogene, 

CDKN2A, p53, and SMAD4 tumor suppressor genes.
• Pancreatic carcinomas are genetically very heterogeneous and show on 

average between 60 and 70 genetic alterations which influence a variety of 
signaling pathways.

• There are genetic mutations known to predispose patients carrying them to 
pancreatic cancer. BRCA2, p16/CDKN2A, STK11, PRSS1, PALP2, 
FANCC and FANCG and ATM belong to the most important ones.

• The stroma with its consecutive impaired perfusion and tumor specific 
microenvironment is to a large part considered responsible for the often 
poor response to chemotherapy.

• Interactions between cancer associated fibroblasts and PDAC cells are 
responsible for intra-tumoral heterogeneity and influence the pro-invasive 
and pro- metastatic capabilities of cancer cells.

Future Perspectives
• Individual tumor therapy after genomic sequencing of PDACs.
• Possible emerging role of targeted therapies in PDACs.
• Further improved understanding of intra- and inter-tumoral heterogeneity 

by single cell analysis and enhanced understanding of PDAC architecture.
• Identifying subgroups based on genomic analyses to allow risk stratifica-

tion for patients at high risk for PDAC.
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14.1  Introduction

Pancreatic carcinoma is a major therapeutic challenge. Despite complex multimodal 
treatment approaches, approximately 90% of patients die from this disease. In the 
last few years, the better processing of genetic alterations in particular has improved 
the understanding of the pathogenesis of pancreatic carcinoma. In the following, we 
provide an overview of the molecular properties of pancreatic cancer and put them 
in line with the hallmarks of cancer (Fig. 14.1) as defined by Weinberg and Hanahan. 
Both authors suggested in their 2011 updated version eight hallmarks of cancer: 
sustaining proliferative signaling, evading growth suppressors, resisting cell death, 
enabling replicative immortality, inducing angiogenesis, activating invasion and 
metastasis, reprogramming of energy metabolism and evading immune destruction. 
The specific characteristics of pancreatic carcinoma will be highlighted and 
explained to provide a dedicated overview about the current understanding of 
molecular mechanisms leading to pancreatic cancer.

14.1.1  Precursor Lesions and the Pancreatic Cancer 
Progression Model

The most common form of pancreatic carcinoma is the adenocarcinoma (90%). 
According to current knowledge, the malignant transformation of “healthy” pancre-
atic cells into an invasive carcinoma is based in a progression model analogous to 

Sustaining
proliferative

signaling

Activating
invasion

and
metastasis

Reprogramming of
energy metabolism

Genome instability
and mutation

Avoiding immune
destruction

Evading growth
suppressors

PDAC

Fig. 14.1 Hallmarks of 
pancreatic cancer. 
Modified Hallmarks of 
Pancreatic Cancer, adjusted 
according to [17]. (Figure 
created by Damanakis 
A. I., permission granted)
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the adenoma-carcinoma sequence in colon adenocarcinoma. In pancreatic ductal 
adenocarcinoma, the process is proceeded by various precursor lesions. The most 
important are pancreatic intraepithelial neoplasias (PanIN), intraductal mucinous 
neoplasias (IPMNs) and mucinous cystic neoplasias (MCNs).

The majority of classical ductal adenocarcinomas develop through the PanIN 
progression model (Fig. 14.1). A prerequisite for this seems to be that acinar cells 
go through a process that is called acinar-to-ductal metaplasia (ADM) (Fig. 14.1). It 
is triggered by tissue damage, inflammation or stress, among others, and it describes 
the transformation of an acinar phenotype to a more ductal (epithelial) one. It 
reflects the plasticity of acinar cells and is a physiological process. Nevertheless, 
ADM may lead to the development of PanINs as it is known that during ADM cells 
are more susceptible to oncogenic genetic insults such as KRAS activation [1]. 
PanINs can only be detected microscopically and have a diameter of <5 mm. PanINs 
are divided into low-grade (formerly PanIN 1A,1B, PanIN 2) and high-grade (for-
merly PanIN 3) according to histological criteria [2]. The low-grade PanINs are 
characterized first by hyperplasia and then by increasing atypia (Fig. 14.2). High- 
grade PanINs are carcinomas at the cellular level that do not cross the basement 
membrane (according to the concept of the carcinoma in situ) due to findings such 
as cancelled cell polarity, heaped mitoses, and nuclear irregularities [5]. They can 
often be detected in pancreatic carcinoma specimen. The low-grade PanINs contain 
genetic alterations typical of pancreatic carcinoma, the prevalence of which 
increases with the degree of atypia [3] (Fig. 14.2). Precursor lesions are covered in 

Normal Low grade PanIN

Kras mutation > 90%

CDKN2A mutation/p16 loss

p53 loss
SMAD 4
BRCA 2

Increasing desmoplasia

High grade PanIN PDAC
acinar-to-ductal
metaplasia
(ADM)

Fig. 14.2 Progression model from intraepithelial neoplasia to ductal adenocarcinoma of the pan-
creas. Overview of progression model from intraepithelial neoplasia to ductal adenocarcinoma. 
(Modified after Vincent A et al., Lancet 2011 and Tanaka S, Ann Surg Oncol 2016 [3, 4], created 
by Damanakis A. I., permission granted)

14 The Hallmarks of Pancreatic Cancer



192

more detail in other chapters. Their common endproduct is the invasive cancer. The 
molecular hallmarks of pancreatic cancer will be discussed in the following.

14.1.2  Sustaining Proliferative Signaling in Pancreatic Cancer

Pancreatic carcinomas are genetically very heterogeneous and show on average 
between 60 and 70 genetic alterations which influence a variety of signaling path-
ways [6, 7]. Four so called driver genes for the development of pancreatic adenocar-
cinoma are described in the literature. The most common mutation in ductal 
adenocarcinoma found in >90% of tumors is the mutation of the KRAS oncogene. 
Mutation in the RAS gene are found in up to a third of human cancer. The loss of 
the binding capability for GTPases leads to the accumulation of active RAS in the 
cell and thus a permanent growth signal. Still, a KRAS mutation is not required for 
PDAC development. Even if 99% of PanIN-1 show a KRAS mutation, no more than 
95% PDACs have a KRAS mutation. The other three driver genes, CDKN2A, p53, 
and SMAD4, are all tumor suppressor genes and mutated in about 90%, 70%, and 
50% of carcinomas, respectively (also see Sect. 14.1.4) [8]. Development of PDAC 
was long seen as following a particular sequence of genetic alterations. Also, PDAC 
progression was supposed to be always gradual because the mutations were acquired 
independently [9]. However, recent research could show that cancer development 
can originate in a single event in which thousands of chromosomal rearrangements 
in one or a few chromosomes occur in certain genomic areas. This process is push-
ing the cellular ability for survival to an edge and subsequent aberrant repair of the 
“destructions” leads, among others, to imperfect DNA repair or DNA replication. 
Thus laying the groundwork for cancer development [10]. This mutational process 
is called chromothripsis. Notta et  al. could show that chromothripsis has a high 
prevalence in PDAC thus challenging the belief of gradual cancer development [9]. 
This finding supports the catastrophic model of PDAC progression as was proposed 
by Real et al. in 2003 [11].

The activating mutation of KRAS contributes decisively to the progression to 
invasive carcinoma and enables early metastasis. Further research could show, that 
also the “dosage” of KRAS mutation plays a critical role in PDAC development and 
in individual PDACs biology. Mueller et al. analyzed oncogenic dosage variation 
and the phenotypic diversification of PDAC. They could show that an increase in 
mutant KRAS can be found in low grade PanINs. Increased mutant KRAS could be 
linked to early tumorigenesis and metastasis via effects on cell morphology and 
plasticity, histopathology and clinical outcome. Also, the most aggressive undiffer-
entiated phenotypes were linked to highest mutant KRAS dosages [12]. The combi-
nation of mutant KRAS dosage and abovementioned chromothripsis are thus 
supposed to represent decisive steps for PDAC development [13].

Even if prognostic information can only be derived partly of driver gene muta-
tions, it is assumed that the mutation of KRAS is a marker for a dismal prognosis. 
The loss of SMAD4 is also associated with the occurrence of invasive tumor stages 
with vascular invasion, lymph node and distant metastases, and early local 
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recurrences [14]. Recently, some studies using whole-exome sequencing have 
described new gene mutations that affect different cell regulatory mechanisms such 
as histone modification, DNA repair, or axonal guidance [15]. With regard to the 
precursor lesions PanIN and IPMN, as well as MCN, it was demonstrated that typi-
cal genetic alterations are present at early and later points in time [8]. More than 
90% of PanIN lesions have an “early” KRAS mutation which is already present in 
low-grade PanINs. This also applies to the CDKN2A changes. In contrast, muta-
tions in the SMAD4 and p53 genes are rather late events that can be detected in 
high-grade PanIN and invasive carcinomas (see also Fig. 14.1). The IPMNs and 
MCNs show KRAS mutations in approximately 70% [4]. Whole exome sequencing 
of PanINs and adjacent adenocarcinomas showed a very similar distribution of 
mutations which supports the idea of the progression model from PanIN to a carci-
noma following the adenoma-carcinoma sequence in colon carcinoma [8]. Autopsy 
studies could show that a lower number of driver gene alterations was positively 
correlated to disease free survival, overall survival and metastatic burden at autopsy.

14.1.3  Avoiding Immune Destruction

A decisive mechanism for tumor progression in PDAC seems to be the ability of 
immune modulation meaning immunosuppression within the microenvironment. 
Already in early phases of tumor development, regulatory inhibitory T-cells are 
recruited into the stroma and block the T-cell-mediated antitumoral immunity. 
KRAS activation triggers the differentiation of myeloid progenitor cells into myeloid 
suppressor cells (MDSC) by releasing the granulocyte-monocyte colony- stimulating 
factor (GM-CSF) which has an immunosuppressive effect on cytotoxic CD8+ T 
cells. This leads to an overall immunological imbalance that favors the further 
development of malignant cells [16]. Also, KRAS promotes inflammation by the 
release of cytokines from PanIN precoursor lesions that causes signaling pathways 
for cell survival, such as STAT3, to be activated. The special role of the immunosup-
pressive microenvironment is decisively influenced by hyperactivated focal adhe-
sion kinase (FAK1) in the neoplastic cells. FAK1 activation correlates to a lower 
number of tumor-infiltrating CD8+ cytotoxic T lymphocytes and high levels of total 
stromal collagen [17].

Box 14.1 Gene Dosage
The number of copies of a particular gene in a genome is called the “gene 
dosage”. Gene insertions or deletions cause changes in gene dosage. Those 
structural variations are called “copy number variations” (CNV) when they 
represent sections of the genome that are repeated. The number of repeats in 
the genome varies between individuals. In general, CNVs account for the 
variation that is necessary in the population. But they can also determine a 
disease phenotype, e.g. by focal gain or arm level gain structural variations 
that cause an increase in gene dosage.

14 The Hallmarks of Pancreatic Cancer
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14.1.4  Evading Growth Suppressors

Three of the abovementioned driver genes are so called tumor suppressor genes 
(CDKN2A, p53, SMDA4). Their inactivation is necessary to eliminate mecha-
nisms that under normal circumstances limit cell growth and proliferation. Tp53 
tumor suppressor gene plays a pivotal role in PDAC carcinogenesis with a muta-
tion found in approximately 75–85% of human PDAC. P53 predominantly acts 
as a transcriptional factor reacting to DNA damage, hypoxia and other cellular 
stress factors [18]. Loss of heterozygosity of Tp53 is associated with a progres-
sion from PanIN to PDAC. There is no need for a total inactivating mutation of 
Tp53 as oncogenic gains of function can suffice to hinder p53 in exerting its task 
of regulating the G1/S checkpoint, maintenance of G2/M arrest and apoptosis 
initiation [19, 20]. Recently, one way of exerting p53’s tumor suppressing capa-
bilities was identified as the activation of the Ptpn14 gene which inactivates the 
oncoprotein YAP. This mechanism is referred to as the p53-Ptpn14-Yap axis in 
PDAC [20].

14.1.4.1  CDKN2A

CDKN2A produces two mRNAs which encode for p16INK4A and p19ARF. It is 
assumed that both may lead to PDAC development, so that loss of one could suffice 
for carcinogenesis. The p16 protein regulates the cell cycle by inhibiting cyclin- 
dependent kinases (CDK 4,6, and cyklin D). Loss of it leads to uncontrolled cell 
proliferation through the G1/S checkpoint [21]. On the other hand there is p19ARF 
whose loss can lead to halting the p53-induced apoptosis and the cell cycle arrest 
independently of CDKs.

14.1.4.2  SMAD4

Another frequently inactivated tumor suppressor is SMAD4. It is a co-transcription 
factor and a mediator of the TGFβ canonical signaling pathway, which plays impor-
tant roles in differentiation, tissue homeostasis and cellular growth. As is known of 
the TGFβ pathway, it has a “dualistic nature” in cancer [19]. In PanIN-1 and 
PanIN-2 as early phases in clonal expansion, TGFβ signaling is inhibiting the 
growth of neoplastic cells, but in PanIN-3 and invasive cancer it is tumorigenic. 
This is due, at least partly, to the loss of SMAD4 along with the canonical arm of 
the TGFβ pathway. Interestingly, SMAD4 wildtype and its inactivation were found 
to be associated with different TP53 alterations. Tumors with wildtype SMAD4 
had TP53 loss of function alterations, whereas mutant SMAD4 was associated with 
TP53 gain of function alterations [22]. Those findings need to be put in the clinical 
context and provide an insight into driver gene mutation interactions or even 
interdependencies.
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The activation of so-called “pro-survival” signaling pathways (e.g. AKT, STAT3, 
NFκB) in pancreatic carcinomas also causes resistance to apoptosis. At the same 
time, there are other driver mutations with a lower frequency that increase the hetero-
geneity of the genetic basis of carcinomas and presumably hinder the efficacy of 
targeted therapies in pancreatic cancer. Transforming growth factor alpha (TGFα), 
various fibroblast growth factors, insulin-like growth factor 1 (IGF-1), and hepato-
cyte growth factor (HGF) are responsible for the formation of the dense extracellular 
matrix in pancreatic carcinoma by binding to tyrosine kinase receptors (e.g. EGFR) 
(see below) [23]. The first substance to be approved for molecular targeting was erlo-
tinib, an oral EGFR tyrosine kinase inhibitor. In combination with Gemcitabine, at 
least, a statistical effect was observed with survival prolonged by 2 weeks compared 
to the Gemcitabine monotherapy [4]. Further targeted therapies with selumetinib, 
sorafenib, and tipifarnib could not show any clinical benefit so far and were partly 
even associated with a worse survival compared to gemcitabine monotherapy [4].

14.1.5  Genome Instability and Mutation

There are genetic mutations known to predispose patients carrying them to pancre-
atic cancer. BRCA2, p16/CDKN2A, STK11, PRSS1, PALP2, FANCC and FANCG 
and ATM belong to the most important ones. Especially BRCA2 is associated with 
other malignancies including breast, ovarian and prostate cancer [24]. A recent 
case-control exome-wide association study to discover germline variants in coding 
regions also found BRCA2 to have higher rare inactivating variants in PDAC 
patient’s exome compared to healthy controls [25]. Still, familial forms of pancre-
atic cancer are polygenic according to whole-genome sequencing studies, meaning 
that kindreds carried one or more germline variant, but the frequency of any one 
variant never exceeded 3% of the population that was analyzed [19]. Pancreatic tis-
sue is not considered a high proliferative tissue. It is assumed, that the driver gene 
mutation of sporadic PDAC happens about 20 years before the patient is being diag-
nosed with the disease. That also explains why patients with inherited high-risk 
mutations are only about 5 years earlier diagnosed with the disease compared to 
colon or breast cancer where high risk patients develop familial cancer 10–20 years 
earlier. As already mentioned, there are four driver genes in PDAC (KRAS, SMAD 
4, CDKN2A, TP53) and recent state of the art sequencing technology could not 
identify more high-frequency genetic targets. This fact also seems to indicate that 
few evolutionary paths exist to form pancreatic cancer [19].

Recent analysis of whole exome sequencing and copy number variations (CNV) 
revealed an even more complex picture of the mutational landscape in pancreatic 
cancer. Beside the aforementioned driver mutations the prevalence of recurrently 
mutated genes drops to approximately 10% for a small number of genes involved in 
DNA damage repair, chromatin remodeling or other tumor progression genes. 
However, a large number of infreque ntly mutated genes dominate the mutation 
spectrum within pancreatic ductal adenocarcinoma (PDAC) resulting in a signifi-
cant intertumoral heterogeneity.

14 The Hallmarks of Pancreatic Cancer
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14.1.6  Reprogramming of Energy Metabolism and Stroma 
in Pancreatic Carcinoma

Pancreatic cancer has some special features in its macroscopic and microscopic 
structure as well as its supply with nutrients. One characteristic feature of pancreatic 
cancer is a pronounced connective tissue, meaning a large proportion of extracel-
lular matrix which is called desmoplasia. This causes an intratumoral hypoperfu-
sion with low vascularization and correspondingly a hypoxic microenvironment. 
The extensive extracellular matrix (ECM) as part of the tumor microenviroment 
(TME) consisting of collagen, fibronectin, proteoglycans (SPARC), and hyaluronic 
acid is held responsible for the poor chemosensitivity because only a small amount 
of chemotherapeutic agents can reach the tumor cells [26]. The underlying mecha-
nisms of the stroma enabling neoplastic cells to thrive are of significant clinical 
interest. It was shown in vitro that inhibition of Hedgehog signaling in gemcitabine 
resistant mice could increase vascularity and loosen the stroma thus leading to 
increased gemcitabine concentration in the tumors [27].

14.1.6.1  Cancer-Associated Fibroblasts

Cancer-associated fibroblasts (CAFs) produce the ingredients of the ECM while 
themselves predominately originate from pancreatic stellate cells [28]. They were 
long time considered to only have tumorigenic and pro-metastatic capabilities [29]. 
But as the understanding of their role within PDAC grew, it became clear that CAFs 
cells interactions with PDAC cells in the tumor microenvironment can be tumori-
genic and inhibitory [30, 31]. Presence or absence of CAFs influences PDAC cancer 
cell phenotypes. It was shown, that CAFs can contribute to an invasive (by enhanc-
ing eptithelial to mesenchymal transition, EMT) and a proliferative (PRO) pheno-
type. Cancer cells can have a double positive phenotype. Through this findings 
tumor glands were also shown to have an heterogenous architecture concerning 
expression of EMT and PRO markers that could classify them in various types. 
Primary tumors are composed of tumor gland “units” that show each various prolif-
erative and metastatic (EMT) capabilities. Different gland types could be linked to 

Box 14.2 Whole Genome Sequencings
Whole genome sequencing (WGS or full genome sequencing) is the process 
of determining the complete DNA sequence of an organism’s genome at a 
single time. This entails sequencing all of an organism’s chromosomal DNA 
as well as DNA contained in the mitochondria. WGS should not be confused 
with methods that sequence specific subsets of the genome - such methods 
include whole exome sequencing (1–2% of the genome) or SNP (single 
nucleotide polymorphisms) genotyping (<0.1% of the genome).
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prognosis and neoadjuvant treatment with FOLFIRINOX seems to have an impact 
on the predominant gland type in resected cancers [32].

Recent research shows that the process of tumor stroma creation is significantly 
regulated by hyperactivated fokal adhesion kinase 1 activity. This nonreceptor tyro-
sine kinase is almost not found in normal pancreatic cells or low grade PanIN 
lesions whereas it is moderately expressed in high grade PanINs and shows signifi-
cant upregulation in PDACs. Inhibition of FAK1 in KPC mice leads to a temporary 
tumor stasis and prolonged survival of the mice underlining its role as a potential 
therapy target [33].

The stroma with its consecutive impaired perfusion and tumor specific microen-
vironment is to a large part considered responsible for the often low response to 
chemotherapy. Therefore, the stroma has been put into focus in order to improve 
intratumoral chemotherapy drug concentrations. For the chemotherapeutic agent 
paclitaxel an improved mechanism of action in individual tumor entities has recently 
been demonstrated by inclusion in nanoparticle albumin bound (nab: nanoparticle 
albumin bound). The basis for this is above all improved pharmacokinetics. The 
albumin carriers allow the cytostatic drug complexes to be bound to so-called 
SPARC proteins, among others. In healthy tissue SPARC (“secreted protein acidic 
rich in cysteine”) are involved in many biological processes (including wound heal-
ing, “tissue remodeling”, angiogenesis, etc.) [34, 35]. Gemcitabine seems to 
increase SPARC expression in a dose-dependent manner. That SPARC increase in 
the stroma served as a rationale for the use of Nab-paclitaxel in PDAC, because its 
intratumoral transportation via its albumin binding capabilities seems to be 
increased. This should lead to the so-called “stromal collapse”, the dissolution of 
parts of the stroma, so that carcinoma cells are brought closer to each other and to 
blood vessels. In mouse experiments it has been shown that the gemcitabine con-
centration in the tumor was 2.8 times higher in nab-pacitaxel and gemcitabine 
treated animals compared to gemcitabine monotherapy [34]. In addition to the 
known SPARC binding, nab-paclitaxel increases the intratumoral concentration of 
gemcitabine by inhibiting cytidine deaminase. This enzyme is mainly responsible 
for the metabolism of gemcitabine [32] . Those findings led to clinical trials involv-
ing gemcitabine and nab-paclitaxel by van Hoff et al. showing an increased survival 
for stage IV PDAC patients from 6.7 to 8.5 months [36, 37].

One component of the ECM is hyaluronic acid, which is a glycoaminoglycan 
that can bind large amounts of water, thus producing a high interstitial fluid pres-
sure. This pressure leads to vascular collapse, hypoperfusion and hypoxia. The low 
perfusion due to the dense ECM causing hypoxia, lack of nutrients and low glucose 
also leads to a high level of metabolic stress and consecutive specific adaptations of 
the nutrient supply mechanisms in pancreatic carcinoma. Significantly increased 
glycolysis, autophagy and the increased uptake of serum lipids and proteins via 
macropinocytosis play a role here. Interestingly, these mechanisms are mainly influ-
enced by KRAS [38] and are supposed to happen long before neoplastic cells acquire 
the stadium of invasion and undergo subclonal evoluation.

In pancreatic carcinoma cells, three “metabolic” subtypes could be detected, the 
“slow-growing”, the “glycolitic” and the “lipogenic” subtypes. Even under in vitro 
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conditions it could be shown that pancreatic carcinoma cells can change their “met-
abolic subtype” according to the conditions which represents the adaptability, on the 
other hand clarifies the difficulty of finding appropriate therapies [39]. However, the 
effects on metabolism in patients with pancreatic carcinoma are also systemically 
detectable. For example, a newly occurring glucose metabolism disorder or a newly 
diagnosed diabetes mellitus may indicate pancreatic carcinoma. On the other hand, 
a longer existing diabetes mellitus, especially in combination with obesity due to 
increased insulin secretion, is considered a risk factor for tumor development. 
Systemically, cytokines and proinflammatory mediators presumably produced by 
pancreatic carcinoma cells and stroma cause a disturbance of metabolism in muscle, 
liver and fatty tissue leading to tumor cachexia. Increased muscle degradation leads 
to the release of branched-chain amino acids which are used to supply the PDAC 
with nutrients and some of which can already be detected before the clinically mani-
fest cachexia [40].

14.1.7  Metastasis of Pancreatic Cancer

Approximately 40% of the patients show distant metastasis upon diagnosis [41]. 
Metastasis formation has not been fully understood yet. Even though controver-
sially discussed in recent years, epithelial to mesenchymal transformation (EMT) 
seems to play an important role in metastasis of PDAC [42–44]. EMT describes the 
transition from an epithelial to a mesenchymal phenotype [45]. Its regulation is 
complex and so called EMT-inducing transcription factors (EMT-TF) such as 
SNAIL (Zinc finger protein SNAIL), ZEB (Zinc finger E-boxbinding homeobox 1), 
and Twist (Twist Basic Helix-LoopHelix Transcription Factor 1) play crucial roles. 
Even though the role of SNAIL and Twist in metastasis was questioned, Krebs and 
colleagues could show that depletion of ZEB1 in KPC mice significantly reduced 
metastasis during PDAC progression [46]. Furthermore, miRNAs miR-200 and 
miR-34 regulate EMT via a negative feedback loop to maintain epithelial and mes-
enchymal homeostasis [45, 47]. The EMT process is considered partially reversible. 
During the EMT process intermediate stages are meta-stable and enhance intravasa-
tion and consecutively provide a step towards metastasis [45].

Circulating tumor cells (CTCs) present in the majority with intermediate stages 
of EMT in favor of mesenchymal characteristics which allow for high cellular 
motility [45, 48]. For the colonization of other organs the reverse process of EMT 
(called MET) needs to be activated in PDAC cells. So far it is assumed that only the 
epithelial stages of PDAC cells can extravasate and embed in other tissues to form 
metastases [28, 49]. Therefore, the plasticity of carcinoma cells plays a very impor-
tant role in the process of metastasis. It has as well been suggested that EMT 
enhances tumor resistance to chemotherapy, because its suppression in vitro pro-
moted expression of nucleoside transporters which consecutively increased gem-
citabine sensitivity in mice [42]. One major driver for EMT initiation is TGFβ 
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[48, 50]. Still, many details of the EMT/MET process are under investigation and 
have not been fully understood.

Whole genome sequencing provided further insight into the mutational proper-
ties of primary tumors and metastases. Interestingly, analyses comparing the muta-
tional status of driver genes in PDAC primary and metastases have shown identical 
mutations in all studied lesions. Furthermore, even the mutations in passenger genes 
showed a greater similarity than they did when comparing two normal pancreatic 
cells [51]. Knowing that driver gene mutations are consistent in primary and metas-
tases in an individual patient is of great clinical significance as it may enhance suc-
cess of targeted therapies. On the other hand, instead of genomic alterations, 
epigenetic alterations seem to enhance metastasis decisively. One explanation was 
provided by the identification of large-scale losses of heterochromatin marks, 
among others methylation of H3K9 and H4K20 histones, and DNA methylation 
[22, 51]. Besides abovementioned mechanisms there are many other possible pro-
grams that contribute to metastasis such as reactivation of embryonic programs, the 
generation of a premetastatic niche in target organs, and changes in metabolism 
pathways [28].

14.2  Conclusions

The understanding of pancreatic cancer has evolved significantly over the last two 
decades. On the basis of genomic analyses hallmarks of cancer as defined for all 
cancer entities can be defined for PDAC as well. Methods allowing for in depth 
analysis of PDAC genomic analysis and single cell expressions patterns of relevant 
markers contribute to dissect the diseases complexity and will allow for individual-
ized therapeutic approaches in the future.
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Take Home Messages
• Pancreatic precursors are visible (e.g. cystic lesions) or invisible (pancre-

atic intraepithelial neoplasia, PanIN).
• The risk of malignant degeneration is depending on type and/or location of 

the pancreatic precursor.
• The exact classification of the precursor type is dependent on histology 

with or without immunohistology.
• The various pancreatic precursors have different molecular pathways.

Pearls and Pitfalls
• Intraductal and cystic pancreatic neoplasms now have a 2-tier grading sys-

tem of low-grade and high-grade dysplasia.
• Although most IPMN follow a benign clinical course they may develop 

high grade dysplasia or become malignant.
• KRAS mutations are considered early molecular events in PanIN, IPMN 

and MCN.
• The molecular pathway of ITPN and IOPN carcinogenesis is different.
• GNAS mutations are together with RNF43 mutations relatively specific 

molecular alteration in IPMN.
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15.1  Introduction

The classification of pancreatic neoplasms is based on the lines of cellular differen-
tiation that they display (ductal, acinar, neuroendocrine, others) and on their gross 
configuration (intraductal, cystic, solid). Cystic and intraductal neoplasms make up 
4–5% of pancreatic neoplasms and include the true cystic neoplasms such as IPMN, 
mucinous cystic and serous cystic neoplasms as well as those with degenerative 
cystic changes which can occur in any typically solid neoplasm such as pancreatic 
duct adenocarcinoma (PDAC) and neuroendocrine tumors.

This chapter will focus on intraductal (preinvasive) tumors and cysts of the pan-
creatic gland. The most important lesions of this group are pancreatic intraepithelial 
neoplasia (PanIN) and intraductal papillary mucinous neoplasm (IPMN). As other 
precursor lesions have comparable and important knowledge to present concerning 
malignant transformation, other lesions such as mucinous cystic neoplasm (MCN) 
and intraductal tubulopapillary neoplasm (ITPN) will be presented as well. Acinar 
cell cystadenoma and serous cystadenoma are not discussed in this chapter.

15.1.1  Pancreatic Intraepithelial Neoplasia (PanIN)

PanINs are microscopic non-invasive, flat or micropapillary epithelial neoplasms 
confined to the pancreatic ducts. They occur both in the main pancreatic duct and in 
the ducts of peripheral pancreatic lobules. PanIN is often multifocal and may show 
different grades of dysplasia in the same pancreas. In the current fifth edition of the 
WHO Classification of Digestive System Tumours the former three-tiered grading 
system has been replaced by a two-tiered system [1], as proposed in the Baltimore 
consensus meeting [2]. Low grade PanIN includes the former PanIN-1 and PanIN-2, 
whereas high grade PanIN includes the former PanIN-3. Low grade PanIN is com-
monly found in the general population as observed in autopsy [3] and resection 
specimen studies, in particular in patients older than 40 years [4], and is therefore of 
no clinical relevance. In contrast, high grade PanIN is frequently observed in 
patients with familial predisposition to PDAC [5] and in pancreata with PDAC [6]. 
Indeed, the majority of PDACs are thought to arise from high grade PanINs [2]. In 

Future Perspectives
• Improvement in bioinformatics may allow for a more comprehensive anal-

ysis of whole exome genomic data to understand precursors.
• Detailed studies of epigenetic events in pancreatic cancerogenesis are needed.
• Data on proteomics to further refine the knowledge on PDAC development 

is needed.
• The role of microRNA in PDAC cancerogenesis needs to be better understood.
• Understanding the “point of no return” alterations in pancreatic precursors 

would be essential for developing clinical decision tools.
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the UICC staging system (TNM) high grade PanIN is categorized as cancer in situ 
(Tis) thus highlighting its clinical significance.

Histologically, low grade PanIN is composed of cuboidal to columnar cells pro-
ducing various amounts of mucin (Fig. 15.1). These lesions are flat or papillary and 
show mild to moderate atypia. Known histological variants are the intestinal type 
with goblet cells, the foamy cell type and the oncocytic type. High grade PanIN is 
typically micropapillary or papillary and shows high grade atypia (Fig. 15.1). As 
already pointed out, it is currently believed, that most pancreatic cancers derive 
from non-invasive precursors, in the majority of cases from PanIN and 
IPMN. Histologic progression is mirrored by genetic progression, including copy 
number alterations or a trend towards a higher degree of clonality for any individual 
molecular aberration. Also somatic mutations in key driver genes accumulate which 
finally results in the development of invasive carcinoma (Fig. 15.2).

In PanIN, telomere shortening, which may lead to chromosomal instabilities, and 
somatic point mutation of KRAS are among the first to occur. KRAS mutations 
have a prevalence of greater than 90% (even in low-grade PanIN lesions). Mutations 
in KRAS are activating mutations and almost always occur at specific hotspot 
positions (codons 12, 13, 61) [7]. The KRAS encoded protein is in a central position 
of the MAPK (microtubule associated protein kinase) pathway, an important 

a

b

Fig. 15.1 Pancreatic 
intraepithelial neoplasia 
(PanIN). (a) Low grade 
PanIN. The epithelial cells 
show gastric 
differentiation. 
Hematoxylin and eosin. (b) 
High grade PanIN. The 
epithelial cells are 
papillary and show high 
grade dysplasia. 
Hematoxylin and eosin
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pathway for the induction of cell proliferation and differentiation. As a consequence, 
the effected cells have a survival advantage thus increasing the possibility that fur-
ther alterations of their genome may develop. Furthermore, it may be an explanation 
for the development of the mild folding of the epithelium in more progressed low 
grade PanIN, which is in contrast to unaffected normal ducts that are lined by flat 
epithelium. Disease progression to high grade PanIN is associated with wide-spread 
clonal copy-number alterations (i.e. somatic changes to chromosome structure that 
results in gain or loss of copies of sections of DNA). Furthermore, the loss of 
CDKN2A (p16) expression is a second central event in pancreatic carcinogenesis. 
It typically occurs after KRAS mutation and is more prevalent in high grade PanIN 
when compared to low grade PanIN [8]. CDKN2A protein acts as an important 
regulator of cell proliferation by blocking phosphorylation of RB, which inhibits 
passage through the G1/S cell cycle checkpoint, e.g. when DNA damage occurs or 
when cells are exposed to hyperproliferative signals. Homozygous deletion, intra-
genic mutation coupled with loss of the second allele, and epigenetic silencing by 
promoter hypermethylation are molecular mechanisms leading to CDKN2A loss. 
Histologically these molecular changes are accompanied by the development of a 
complex architecture and high-grade atypia.

Mutations in TP53 and SMAD4/DPC occur late and are considered to drive inva-
siveness [9, 10].

In conventional histology cancerization of pancreatic ducts, i.e. spreading of 
PDAC along preexisting pancreatic ducts and ductules, can mimic high-grade 
PanIN [11]. In contrast to PanIN, cancerization of pancreatic ducts will frequently 
show an abrupt transition between the marked dysplasia of the neoplastic cells and 
the complete absence of dysplasia in the normal duct epithelium. Furthermore, the 
observation of TP53 and SMAD4 mutations in such a lesion favor cancerization of 
pancreatic ducts [9].

normal
PanIN low grade PanIN high grade

copy number alterationKRAS activation

telomore shortening

CDKN2A inactivation

SMAD4 inactivation

TP53 inactivation

Invasive carcinoma

Fig. 15.2 The PanIN model. This is a schematic drawing of the molecular events occurring in the 
classical pathway of pancreatic cancer development. (Drawings by Monika Oberhuber)
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15.1.2  Acinar-Ductal Metaplasia (ADM)

Another potential precursor lesion is acinar-ductal metaplasia (ADM) [12]. 
Currently, however, its biological significance in human pancreas is still unclear. 
ADM develops in pancreatic acini and is characterized by tubular complexes show-
ing loss of acinar markers and progressive expression of ductal markers. It is associ-
ated with inflammation and fibrosis.

15.1.3  Intraductal Papillary Mucinous Neoplasm (IPMN)

IPMNs [13] are intraductal precursor lesions that constitute 60% of cyst-forming 
neoplasms of the pancreas. They show similar cytological changes when compared 
to PanIN with the main difference between these two entities being size. PanINs are 
usually defined as lesions with a ductal diameter >0.5 cm, whereas ducts of IPMNs 
hold >0.5 cm and are in contrast to PanINs grossly visible.

The majority of IPMN occurs in the pancreatic head and a large proportion of 
IPMNs involves only one portion of the pancreatic duct. However, IPMNs may be 
multifocal in up to 40% [13] or may involve the whole pancreatic duct. The average 
age of presentation is >60 years and a prevalence rising to 6.7% in people in their 
eighth decade of life [14]. The 5-year survival rate is 85–100%. When an invasive 
tumor develops the 5-year survival rate drops to 34–62% [15] with some authors 
reporting a better survival when compared to conventional PDAC [16] and others 
finding a better survival only in the colloid and oncocytic subtypes [17]. Those with 
an invasion <5 mm have an excellent prognosis [18].

With the aid of imaging studies or histology IPMNs are classified into three 
types, depending on the type of duct involved: main duct (MD) IPMN, branch duct 
(BD) IPMN and mixed type (Fig. 15.3). In imaging studies MD-IPMN is character-
ized by a diffuse or segmental dilatation of the main pancreatic duct (MPD) of 
>0.5 cm without other causes of obstruction. Pancreatic cysts of >0.5 cm that com-
municate with the MPD are designated BD- IPMN. Mixed type IPMN meets the 
criteria of both MD-IPMN and BD-IPMN. One problem with this definition is that 
the correlation between histologic and imaging classification of IPMN type is only 
70% [19, 20]. E.g. in imaging studies, a histologically involved MPD may appear 

Box 15.1 Definitions of PanIN Lesions

• PanINs are microscopic non-invasive epithelial neoplasms confined to the 
pancreatic ducts.

• PanIns may be of low grade or of high grade
• The prevalence of KRAS mutations in PanIN is greater than 90%
• Cancerization of pancreatic ducts may mimic the appearance of high 

grade PanIN

15 Pathobiology of Precursors to Pancreatic Cancer



208

normal, when it is not dilatated. On the other hand, BD-IPMN may lead to dilatation 
of the MPD through ductal hypertension induced by pancreatitis, mucin or protein 
plugs. Despite these shortcomings in a few patients, management of patients with 
IPMN is based on the results of imaging studies.

15.1.4  Histology of IPMN

IPMN has a flat or papillary mucinous epithelium and a dense fibrotic wall without 
ovarian like stroma. The papillae range in size from flat to grossly visible. In parallel 
to the situation in PanIN a 2-tier grading system with low grade and high grade 
IPMN is applied [2]. Three histological types are observed: the gastric, the intestinal 
and the pancreaticobiliary type.

a

b

c

Fig. 15.3 The three types 
of intraductal papillary 
mucinous neoplasia 
(IPMN). (a) Main duct 
IPMN. (b) Branch duct 
IPMN. (c) Mixed type 
IPMN. (Drawings by 
Monika Oberhuber)
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The vast majority (~70%) of IPMN is of gastric type (Fig. 15.4). The gastric type 
usually occurs in branch ducts and is usually low-grade [21]. Rarely, adenoma like 
structures may develop that resemble pyloric gland adenomas. Reported cases with 
pyloric gland adenoma like structures mainly developed in the MD, were of low 
grade and showed a favorable clinical course. They are best diagnosed as IPMN of 
gastric type, pyloric gland variant [22]. Only a small percentage of gastric type 
IPMN develops into carcinoma of tubular type, i.e. conventional PDAC.

The intestinal type (Fig. 15.4) is the second most common type and is found in 
~20% of IPMNs. Typically, it occurs in the main duct. This type usually reveals high 
grade dysplasia [21].

The pancreaticobiliary type (Fig. 15.4) is the least common. It typically involves 
the main duct and is often high grade [23].

Previous studies identified six crucial driver genes in pancreatic ductal neoplasia, 
namely KRAS, CDKN2A, TP53, and SMAD4, shared in PDACs and IPMNs, as well 
as GNAS and RNF43 in the IPMN pathway specifically [7, 24, 25] (Fig.  15.5). 
CDKN2A, TP53, SMAD4 and RNF43 are tumor suppressor genes that undergo 
inactivating mutations, whereas KRAS and GNAS undergo activating mutations.

KRAS and GNAS are likely to be the earliest genetic alterations in IPMN and are 
together with RNF43 mutations relatively specific molecular alteration in IPMNs 
[24, 25]. In contrast to PanIN SMAD4 mutations are uncommon in IPMN and are 
mainly observed in IPMN associated carcinomas. Recent studies show that driver 
gene heterogeneity [26] is prevalent in IPMN with KRAS and GNAS mutations 
being more heterogenous in low grade dysplasia with respect to high grade 

a d

b

c

Fig. 15.4 Histological IPMN types. (a) Low grade IPMN of gastric type. The epithelial cells show 
a micropapillary architecture and resemble gastric epithelial cells. Hematoxylin and eosin. (b) 
High grade IPMN of intestinal type. The tumor is forming an intraductal nodule which was con-
sidered an high risk stigma in imaging studies. Hematoxylin and eosin. (c) High power view of the 
high grade IPMN of intestinal type depicts significant epithelial dysplasia. Hematoxylin and eosin. 
(d) High grade IPMN of pancreaticobiliary type. The epithelial lining is characterized by a micro-
papillary architecture and high grade dysplasia. Hematoxylin and eosin
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dysplasia [27]. After fixation of early driver mutations, there is a convergent evolu-
tion of mutations in later driver genes such as RNF43 (encoding an E3 ubiquitin 
ligase), CDKN2A and TP53 finally leading to the development of PDAC.

15.1.5  Invasive Carcinomas in IPMN

IPMN is often co-located in the pancreas when a PDAC is present, yet it is often unclear 
whether the invasive carcinoma arose from the IPMN or whether they coexist and 
evolved in parallel. If the carcinoma arises in the area of IPMN it is designated IPMN 
with associated invasive carcinoma. If the carcinoma is not continuous with IPMN, it 
is designated IPMN with concomitant invasive carcinoma. Two types of invasive carci-
noma, namely colloidal and tubular (conventional) carcinoma, may develop from 
IPMN with colloid carcinoma showing a better prognosis. Colloid carcinomas develop 
from intestinal type IPMN and show an ‘intestinal’ differentiation with production of 
extracellular mucin and expression of the immunohistological markers CDX2 and 
MUC2. In contrast, tubular carcinomas are similar to conventional PDAC.

15.1.6  Cytology of Cystic Lesions in the Pancreas

Only in centers with expertise in EUS-FNA and interpretation of cytological find-
ings cytology may be of additional value, in particular in evaluating small BD-IPMN 
without worrisome features. However, its sensitivity is limited by the scant cellular-
ity. Finding cells with significant cellular atypia in the cystic fluid is a sensitive 
predictor of carcinoma or high-grade dysplasia.

normal

KRAS activation

GNAS activation

clonal evolution

RNF43 inactivation

CDKN2A inactivation

SMAD4 inactivation

TP53 inactivation

IPMN low grade IPMN high grade Invasive carcinoma

Fig. 15.5 IPMN Pathway. This is a schematic drawing of the molecular events occurring in the 
IPMN pathway of pancreatic cancer development. (Drawings by Monika Oberhuber)
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Furthermore, molecular analysis of cystic fluid is still evolving. While KRAS 
mutations are good predictors of mucinous cysts but not necessarily malignancy, 
GNAS mutations may be helpful in distinguishing significant mucinous cysts from 
indolent cysts. Currently novel methylated DNA markers (MDMs) that discriminate 
HGD/PC from low-grade dysplasia or no dysplasia are validated [28].

15.1.7  Pancreatic Intraductal Oncocytic Papillary 
Neoplasm (IOPN)

The intraductal oncocytic papillary neoplasm [29] accounts for 4.5% of all intra-
ductal neoplasms. Patients are 20–80 years old (average 60 years) with an equal 
distribution among the sexes. Approximately 70% of IOPN occur in the pancreatic 
head and involve the main duct. 10% diffusely involve the gland.

Grossly, IOPN may be unilocular or multilocular and cystic with an average size 
range of 4–6  cm. They typically form tan-brown, friable papillary projections. 
Histologically it is characterized by oncocytic cells (Fig. 15.6) with abundant granu-
lar and eosinophilic cytoplasm [30] developing complex arborizing papillae with 
delicate cores or solid nodules in cystically dilated pancreatic ducts. Characteristically 
tumor cells are MUC1 and MUC6 positive.

IOPN are often classified as high grade and they develop invasive carcinoma in 
25–50%, which is, however, often minimally invasive.

IOPN typically lack alterations in KRAS, GNAS and RNF43 indicating their 
difference to IPMN. Recently, IOPNs were found to have recurring fusions result-
ing in increased protein kinase A (PKA) activity by activating the PRKACA or 
PRKACB genes. Specifically fusions of ATP1B1–PRKACB, DNAJB1–PRKACA, 
or ATP1B1–PRKACA were observed [31]. Interestingly, the DNAJB1–PRKACA 
fusion was also observed in fibrolamellar hepatocellular carcinoma, an oncocytic 
neoplasm of the liver [32]. Other genes recurrently mutated in IOPN include 
ARHGAP26, ASXL1, EPHA8 and ERBB4 [30].

Box 15.2 Comparing Features of PanIN and IPMN

• The histologic appearance of PanIN and IPMN is similar. IPMN are 
defined by a size of >0.5 cm and gross visibility

• Three histological types are observed: the gastric, the intestinal and the 
pancreaticobiliary type.

• With the aid of imaging studies or histology IPMNs are classified into 
main duct (MD) IPMN, branch duct (BD) IPMN and mixed type.

• Findings on imaging studies called “worrisome features” and “high 
risk stigmata” are applied to assess the risk of HGD or carcinoma 
in an IPMN

15 Pathobiology of Precursors to Pancreatic Cancer
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15.1.8  Intraductal Tubulopapillary Neoplasm (ITPN)

Yamaguchi et al. were the first ones to describe ten cases of that previously unde-
fined type of tumor [33]. ITPN is an intraductal predominantly tubule-forming neo-
plasm with high grade dysplasia and ductal differentiation without overt production 
of mucin. It is a rare tumor and accounts for less than 1% of exocrine pancreatic 
neoplasms and 3% of all intraductal neoplasms of the pancreas. The average age 
range of patients is 59 years. About half of all ITPN occur in the pancreatic head and 
a third involve the gland diffusely. The average size is 4.5 cm.

ITPN is a solidly appearing epithelial neoplasm obstructing the main pancreatic 
duct thereby causing upstream duct dilation. It is composed of back-to-back tubular 
glands and less often papillae (Fig. 15.7). An invasive component develops in 70% 
of cases. Histologically, the carcinoma may appear similar to the intraductal com-
ponent. If this is the case, it is often difficult to establish whether invasive carcinoma 
is present. In the remainder carcinomas developing from ITPN are highly infiltrative 
and then are readily recognized as malignant.

ITPN lacks gastroenteric differentiation and MUC 5AC, a marker of all types of 
IPMN, is almost never expressed in ITPN. Signs of pancreatic duct differentiation 

Fig. 15.6 IOPN. Cytologic 
specimen of an IOPN with 
its characteristic epithelial 
cells with their broad 
eosinophilic cytoplasm. 
(Courtesy of Irene 
Esposito). Hematoxylin 
and eosin

Box 15.3 Intraductal Oncocytic Papillary Neoplasm

• IOPN is characterized by oncocytic cells with abundant granular and 
eosinophilic cytoplasm

• Their molecular profile is different from PanIN and IPMN
• IOPN have an excellent prognosis after surgical resection
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are revealed by expression of CK7 and/or CK19, as well as focal MUC1 and vari-
able MUC6 [34] expression.

ITPN may be difficult to distinguish from acinar cell carcinoma which may also 
show intraductal growth. Acinar cell carcinomas may be recognized by labelling 
with marker of pancreatic exocrine enzymes, such as trypsin.

ITPN have distinct genetic alterations [35]. The following genes may be involved: 
CDKN2A, certain chromatin remodeling genes (MLL1, MLL2, MLL3, BAP1, 
PBRM1, EED, and ATRX), phosphatidylinositol 3-kinase (PI3K) pathway 
(PIK3CA, PIK3CB, INPP4A, and PTEN), FGFR2 fusions (FGFR2-CEP55, 
FGFR2-SASS6, DISP1-FGFR2, FGFR2-TXLNA, and FGFR2-VCL) and STRN- 
ALK fusion.

15.1.9  Mucinous Cystic Neoplasm (MCN)

This is a non-invasive mainly solitary cystic neoplasm composed of mucin- 
producing cells associated with typical subepithelial ovarian type stroma. It com-
prises about 8% of the cystic lesions of the pancreas with an average age of the 
patients of 48 years. MCN is predominantly found in female patients with >98% 

Box 15.4 Intraductal Tubulopapillary Neoplasm (ITPN)

• ITPN is a rare intraductal predominantly tubule-forming neoplasm with 
high grade dysplasia and ductal differentiation.

• Carcinoma may develop in ITPN and may appear similar to the intraductal 
component.

• Noninvasive ITPN has a good prognosis

Fig. 15.7 ITPN. ITPN 
with epithelial cells 
showing tubular 
conformation. 
Hematoxylin and eosin

15 Pathobiology of Precursors to Pancreatic Cancer



214

occurring in the body or tail of the pancreas. In contrast to IPMN main pancreatic 
and large interlobular ducts do not communicate with cysts in the majority of cases. 
Clinically, usually a solitary large cyst with a mean diameter of 7–10 cm is observed. 
Larger tumors may produce symptoms due to compression of adjacent structures, 
whereas tumors <3 cm are typically found incidentally.

Grossly MCN has a thick wall and is filled with thick tenacious mucoid material. 
Histologically the tumor cells are tall columnar mucin producing epithelial cells 
with either low or high grade dysplasia (Fig. 15.8). The ovarian type stroma in the 
cyst wall is required for the diagnosis. The stroma is often estrogen and/or proges-
terone receptor positive (Fig. 15.8) and may stain with antibodies against inhibin.

The origin of this ovarian type stroma is not clear. It is conceivable that ectopic 
ovarian stroma incorporated during embryogenesis in the pancreas and other organs 
may become activated in the setting of a hormonal imbalance, releasing hormones 
and growth factors and causing nearby epithelium to proliferate and form cystic 
neoplasms.

Molecularly, MCNs resemble IPMNs, except that unlike IPMNs, MCNs do not 
typically harbor GNAS alterations. Whole exome sequencing of 8 MCNs identified 
KRAS (75%), RNF43 (50%) and TP53 (25%) as highly prevalent events in these 
lesions [36]. KRAS mutation is found in a third of low-grade and in 90% of high 
grade MCN. TP53 mutation and SMAD4 loss is usually found in advanced MCN 
with an invasive component.

Box 15.5 Mucinous Cystic Neoplasm (MCN)

• MCN is a mainly solitary cystic neoplasm composed of mucin-producing 
cells associated with typical subepithelial ovarian type stroma.

• MCN is predominantly found in female patients with >98% occurring in 
the body or tail of the pancreas.

• Intracystic papillary excrescences and/or mural nodules, tumor size >5 cm 
and CA19.9 levels >37  kU/L are suggestive of high-grade dysplasia or 
invasion.

a b c

Fig. 15.8 MCN. (a) Low grade MCN. The epithelial cells show well developed epithelial cells 
with basal small nuclei. (Courtesy of Irene Esposito). Hematoxylin and eosin. (b) High grade 
MCN. This high grade MCN shows a complex architecture in combination with an epithelial lining 
with highly atypical cells. (Courtesy of Irene Esposito). Hematoxylin and eosin. (c) MCN stroma. 
MCN with its typical ovarian like stroma, imunohistologically highlighted by progesterone posi-
tive nuclei (in brown). (Courtesy of Irene Esposito)

G. Oberhuber



215

15.2  Conclusions

PanIN and IPMN are the prevailing precursors of PDAC. MCN, and in particular 
IOPN and ITPN are rare tumours and therefore are of minor importance in pancre-
atic cancer genesis. The precursor lesions differ in their macroscopic and/or histo-
logic presentation. Molecularly, somatic KRAS point mutations with gain of 
function play a central role in PanIN, IPMN and MCN. The molecular pathways of 
ITPN and MCN are more complex and differ from the above-mentioned classical 
pathways.
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Take Home Messages
• PDAC cells are able to grow under hypoxia by metabolic crosstalk with 

surrounding cells.
• KRAS mutation drives an aerobic glycolysis response in PDAC and induce 

nutrient scavenging by macropinocytosis.
• The ability to scavenge nutrients causes immunosuppression.
• Targeting metabolic pathways in PDAC could aid in treatment by making 

tumors more susceptible to chemotherapy.

Pearls and Pitfalls
• The desmoplastic nature of PDAC force cancer cells to adapt under high 

interstitial pressure and blood vessel collapse, resulting in nutrient scaveng-
ing and metabolic crosstalk between cancer cells and cancer associated cells.

• High interstitial pressure prevents efficient drug delivery.
• Modelling PDAC growth using co-culture organoids taken from primary tumors 

can better recapitulate the complexity of these tumors providing an improved test 
model for drug response predictions based on each tumor’s metabolic profile.

• Using primary cell organoid co-cultures for treatment decisions is still in 
its infancy, will be more costly, laborious and require a standard operating 
procedure to be agreed upon before reaching its full potential in guiding 
clinical treatment of PDAC.
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16.1  Introduction

Despite an increased understanding of the genetics and cell biology of pancreatic can-
cer, little has led to improved treatment effects and survival for patients with pancreatic 
cancer is still dismal [1]. The reason for this is multifaceted. Whereas the genetic pertur-
bations of PDAC is dominated by three or four commonly altered somatic mutations in 
KRAS, TP53, SMAD4 and CDKN2A [2], these targets are not easily druggable as they 
control many growth regulatory processes in normal as well as cancer cells [3]. Further, 
a well-described feature of PDAC is the desmoplastic growth pattern [4], resulting in 
vascular collapse and tumor hypoperfusion, limiting not only oxygen and nutrient avail-
ability to the cancer cells [5] but also hindering drug delivery [6] and cell waste disposal.

Cancer cells need a continuous source of nutrients to create biomass for building 
new cells and cannot grow under nutrient deprivation, nor under complete anoxia 
(i.e. 0% oxygen). Low levels of oxygen (hypoxia) and scarce nutrient availability 
are commonly found in PDAC [5]. Hypoxia leads to an increase in reactive oxygen 
species (ROS) within the cell, and nutrient scarity causes a reduction in supply of 
non-essential amino acids versus essential amino acids. Both may cause a more 
acidic tumor microenvironment when blood vessel vasculature collapses (Fig. 16.1) 
[7]. Hence, the metabolic rewiring in PDAC has evolved to sustain growth under 
harsh conditions with limited substrate supply, and lack of ordered cell waste dis-
posal, both normally handeled by the normal vasculature.

The focus in this chapter is the metabolic adaptation and metabolic crosstalk 
between cancer cells and their microenvironment, which can be tissue specific due 
to growth circumstances and has been termed metabolic addiction [8]. A better 
understanding of this metabolic crosstalk and complexity holds promise to find new 
potential treatment targets for patients with PDAC.

Future Perspectives
• The increasing understanding of the complexity of PDAC tumors, with 

regards to metabolic crosstalk and survival mechanism, highlights poten-
tial new drug targets to be used in combination with standard treatment.

• Improved modelling systems with primary cancer cell organoids grown in 
co-cultures with patients own immune cells is gathering support and with 
improved standardized techniques may provide realistic personalized 
PDAC panels to perform drug screening in the future. Agreeing on stan-
dardised operational procedure in creating clinically relevant organoid sys-
tems will be imperative.

• Efforts by which tumor metabolic profiling is linked to drug susceptibility 
will drive the search for improving non-invasive imaging modalities and 
expand metabolic tracer panels, resulting in an informed picture of tumor 
growth in vivo to be used for treatment selection.

• Data from in vivo metabolic imaging and corresponding drug response can be 
used for machine learning, creating decision support systems guiding the treat-
ment for each individual patient based on real time dynamic imaging data.

H. R. Hagland
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16.2  Normal and Cancer Cell Metabolism:  
The Warburg Effect

16.2.1  Energy Substrates and Glucose Homeostasis

The main energy substrates used in metabolism are carbohydrates, lipids and pro-
teins. How the body utilizes these substrates depends on the metabolic state (fed or 
starved), type of tissue, energetic demand (exercise or resting) and oxygen avail-
ability. After digestion the available nutrients are monosaccharides (glucose, dex-
trose, galactose), fatty acids and non-essential and essential amino acids for the cells 
to import according to their needs.

Non-dividing cells in the parenchymal tissues (in pancreas such as exocrine acini 
ducts and the endocrine islets of Langerhans) typically metabolize glucose intracel-
lularly via glycolysis to pyruvate, which can then enter the mitochondria fueling the 
tricarboxylic acid (TCA) cycle.

The first step in the TCA cycle is oxidation of acetyl-CoA, which can be derived 
from carbohydrates (glucose breakdown), fats (fatty acid β-oxidation) or proteins 
(certain amino acids feed into the cycle as acetyl-CoA, others such as glutamine or 
glutamate enter as alpha-ketoglutarate) where each TCA cycle produces electrons 

Fig. 16.1 Metabolic gradients in tumors. The metabolic activity of cancer cells and stromal cells 
as well as proximity to the vasculature contribute to the formation of metabolic gradients within 
tumors. In hypovascularized tumor core regions (right), glucose, glutamine, and other non essen-
tial amino acids (NEAAs) are depleted, while certain essential amino acids (EAAs) and metabolic 
waste products such as lactate accumulate. These areas are also characterized by elevated levels of 
ROS and acidic pH. (Reprinted from Ref. [7], (https://doi.org/10.1016/j.cmet.2019.01.015) with 
copyright permission from Elsevier (2019))
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donated to the electron transport chain in the inner mitochondrial membrane. In the 
mitochondria the electron transport chain uses the energy from the electrons to cre-
ate a membrane potential between the matrix and intermembrane space, necessary 
for making adenosine triphosphate (ATP) by oxidative phosphorylation (Fig. 16.2) 
[9]. One glucose molecule results in about 36 ATP molecules when fully metabo-
lized through these pathways in the presence of oxygen, whereas in hypoxia this 
glucose breakdown is significantly less efficient, providing a net production of only 
2 ATP per glucose molecule through glycolysis with lactate as waste product.

Interestingly, cancer cells revert to mainly using the glycolytic pathway and not 
mitochondria for glucose break down, even when there is normal supply of oxygen, 
thus producing high levels of lactate to the surrounding tumor microenvironment. 
This metabolic switch was described nearly a century ago by the German physician 
Otto Warburg [10], and is called “the Warburg effect” (Box 16.1).

Fig. 16.2 Glucose metabolism in mammalian cells. Afferent blood delivers glucose and oxygen 
(on haemoglobin) to tissues, where it reaches cells by diffusion. Glucose is taken up by specific 
transporters, where it is converted first to glucose-6-phosphate by hexokinase and then through 
several subsequent steps to pyruvate, generating 2 ATP per glucose molecule. In the presence of 
oxygen, pyruvate is oxidized to HCO3, generating 36 additional ATP per glucose. In the absence of 
oxygen, pyruvate is reduced to lactate, which is exported from the cell. Note that both processes 
produce hydrogen ions (H+), which cause acidification of the extracellular space. HbO2 oxygenated 
haemoglobin. (Reprinted from Ref. [12], with copyright permission from Springer Nature (2004))
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Experiments linking the metabolic switch in cancer cells to frequently mutated 
oncogenes and tumor suppressor genes, by studying cancer cell models, have 
increased our understanding how this translates in altered cell metabolism [9, 11, 
12]. The metabolic switch is one of the hallmarks of cancer [13] and is a result from 
increased demand for cell biomass (proteins and lipids) and nucleotides for DNA 
replication when producing a new daughter cell during cell proliferation.

Glucose, fatty acids and amino acids from the blood vasculature or extracellular 
environment, all contribute to the biomass needed to build a new cell. These biosyn-
thetic requirements are universal for all replicating cells, not just cancer cells, thus 
under strict control by growth factor signalling, pathways often found dysregulated 
in cancer [9, 14]. A prime example of normal cells with a superior ability to exploit 
this metabolic switch are the cells of the adaptive immune system (i.e. T-lymphocytes), 
which revert to this form of metabolism upon antigen presentation leading to their 
rapid clonal expansion (cell proliferation) [15]. The interplay between PDAC and 

Box 16.1 Otto Heinrich Warburg (1883–1970), German Physician and 
Scientist
The Nobel Prize in Physiology or Medicine 1931 was awarded to Otto 
Heinrich Warburg “for his discovery of the nature and mode of action of the 
respiratory enzyme.” In our cells nutrients are broken down so that energy is 
released for the construction of cells. This respiration requires enzymes, sub-
stances that facilitate the process without being incorporated in the final prod-
ucts. Otto Warburg studied the respiration of sea urchins and other organisms 
at an early stage of development. By measuring oxygen consumption in living 
cells and studying which enzymes reacted, in 1928 he concluded that the res-
piration enzyme he was looking for was a red ferrous pigment related to the 
blood pigment, hemoglobin. “Cancer, above all other diseases, has countless 
secondary causes. But, even for cancer, there is only one prime cause. 
Summarized in a few words, the prime cause of cancer is the replacement of 
the respiration of oxygen in normal body cells by fermentation of sugar.” 

Photo from the Nobel Foundation archive, from https://www.nobelprize.org/prizes/medi-

cine/1931/summary/
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immune cells (see Chap. 21 in this textbook) will only be discussed in relation to 
nutrient availability in the tumor microenvironment and how this can influence the 
type of immune response seen near the tumor.

Warburg’s hypothesis was that the increase in glucose flux in cancer was due to 
deficient mitochondria [10], however although mutations in mitochondrial genes 
are common in cancer cells, the mitochondria are important contributers for provid-
ing the proliferating cells with intermediates used for biomass [16]. Tumor cells in 
oxygen rich environments (i.e. near blood vessels) utilize both aerobic glycolysis 
and oxidative phosphorylation to sustain their rapid rates of proliferation [17], and 
the mitochondria are important in supporting their proliferation. However, these 
mitochondria are using other fuels or intermediates than pyruvate from glycolysis to 
support the flux of their TCA cycle [18, 19]. In PDAC, cancer cells exploit these 
metabolic pathways for their growth and survival benefits. The metabolic behavior 
alters the composition of the extracellular environment and influence both the 
growth of supporting cells and the immune response.

16.2.2  PDAC Progression: Driver Mechanisms

PDAC has an established progression model for development, where the normal duct 
epithelium progresses to invasive adenocarcinoma through histologically well-defined 
stages of duct lesions, the so-called pancreatic intraepithelial neoplasias (PanINs) [20, 
21]. Somatic alterations with activating mutations in KRAS (>90%), inactivating 
mutations in CDKN2A, TP53 and SMAD4 (range of 50–80% prevalence) are the 
major driver mutations found in PDAC and all are shown to arise in PanINs [21, 22]. 
Advances in sequencing technology have allowed for a greater number of PDAC to be 
sequenced since this progression model was proposed. However, the main genetic 
lesions have been consistent, suggesting that a saturation point in the discovery phase 
of high-frequency genetic targets in pancreatic cancer has been reached [23].

Although oncogenic KRAS mutations are found in nearly all PDAC cancers [24], 
it is also found in the normal pancreatic cells of patients with no evidence of cancer, 
suggesting that this mutation is an early event in the oncogenic process and whilst 
important, not sufficient to result in PDAC. Mutations in KRAS leading to increased 
or constitutively active expression, can induce a series of metabolic alterations, 
which includes enhanced ability to scavenge nutrients and increased glycolysis and 
glutaminolysis (glutamine metabolism) [25, 26].

KRAS is a key regulator downstream of growth factor receptor activation and act 
as an ‘on switch’ for all intracellular processes that is in support of anabolic metabo-
lism (energy demanding processes, i.e. cell replication). Further loss of growth con-
trol through mutations in tumor suppressor genes such as CDKN2, TP53 and 
SMAD4 will create a growth advantage for these cells and may ultimately lead to a 
full blown cancer. These genes may represent the necessary underlying genetic per-
turbations for turning on the metabolic machinery needed to support cell growth in 
these cancers. Other factors that are causing further cancer progression will be pre-
sented in the next sub chapters.
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16.3  Tumor Microenvironment in PDAC

16.3.1  Physical Changes Driving the Metabolic Switch

The PDAC cancers are unique in that nearly 90% of the tumor volume consist of 
extensive desmoplastic stroma [27], composed of extracellular matrix proteins such 
as collagens, fibronectins and laminins, as well as non-collagenous proteins such as 
glycoproteins, proteoglycans and glycosaminoglycans. Cells found in the microen-
vironment include pancreatic stellate cells, infiltrating immune cells, endothelial 
cells and neuronal cells. The pancreatic stellate cells in particular can transform to 
cancer associated fibroblasts by nearby cancers cells, supporting the growth of the 
cancer cells and substantially increase the production of extracellular matrix com-
ponents [28].

The extracellular matrix produced by the cancer associated fibroblasts is rich in 
hyaluronic acid, a negatively charged glycosaminoglycan, that binds large amounts 
of water leading to high interstitial fluid pressure [29]. The increased interstitial 
fluid pressure can exceed ten times that observed in a normal pancreas [30], result-
ing in widespread vascular collapse and hypoperfusion [23], which is commonly 
observed in PDAC cancers. Furthermore, this dense fibrotic stroma and increased 
interstitial fluid pressure may create isolated regions of neoplastic cells, apart from 
their initial tumor site. These scattered regions of neoplastic cells can then adapt to 
their unique growth conditions, increasing the intratumoral heterogeneity often 
found in PDAC [23]. Another result of high interstitual pressure is a dysfunctional 
vascular system leading to oxygen deprivation, creating states of hypoxia com-
monly seen in cancer (below 2% oxygen) [31, 32]. Cells in hypoxic regions can 
survive by triggering a metabolic stress response activated by the hypoxic sensor 
and transcriptional regulator; hypoxia inducible factor 1 alpha (HIF1α), being a 
master regulator of genes involved in glucose metabolism. These include upregula-
tion of the glucose transporter protein 1 (GLUT1), as well as the protein responsible 
for the first step in glycolysis Hexokinase-2 (HK-2) [33]. Like HIF1α, activation of 
MYC and TP53 deactivation cause an increase in GLUT1 and HK-2 expression 
supporting the growth of PDAC cancers [34]. Both MYC and TP53 are commonly 
found mutated in PDAC [17]. MYC activation increases the uptake of important 
amino acids, such as glutamine, from the tumor microenvironment, where these 
amino acids act as important anaplerotic substrates to fuel the TCA cycle in the 
mitochondria. The intermediates coming from the TCA cycle is particularly impor-
tant in conditions where carbon from glucose is broken down through glycolysis 
to  lactate, supplying the glycolytic derived intermediary pathways [35], but not  
supplying the mitochondrion with enough pyruvate substrate.

In PDAC the glutamine demand is high, and cannot be supported by uptake from 
the extracellular environment alone, resulting in an upregulation of intracellular 
glutamine synthesis supported by increased expression of glutamine ammonia 
ligase (GLUL) [35]. GLUL-mediated glutamine biosynthesis is coupled to TCA 
cycle promoting nitrogen-dependent processes such as the making of new nucleo-
tides and hexosamines needed for DNA replication. This recently discovered fea-
ture of PDAC, makes these tumors self-sufficient in glutamine supply, even where 
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the circulatory system is limited and could provide a new interesting target for 
PDAC treatment.

16.3.2  Immune Suppression

Pancreatic cancers are thought to be slow growing and develop during the course of 
nearly two decades until giving clinical signs of disease [36]. During the course of 
oncogenesis the cancer cells shape their microenvironment to support the continued 
proliferation at the expense of the other cell types found in its surrounding. In par-
ticular immune cells from both the innate and adaptive immune system are affected 
by the cancer growth as they heavily depend on nutrient availability in their growth 
environment (Fig. 16.3).

Fig. 16.3 Lactate’s effects on tumor and stromal cells. Glucose is present in high levels in proxim-
ity to the vasculature (left) and is consumed by tumor cells and cancer-associated fibroblasts. 
Glucose consumption is coupled to lactate secretion, resulting in lactate accumulation with 
increasing distance from the efferent vasculature. In poorly vascularized regions (right), cancer 
cells and regulatory T cells are able to metabolize lactate to sustain energy homeostasis. In con-
trast, lactate exerts paracrine effects on tumor-associated macrophages and effector T cells, stimu-
lating differentiation of macrophages into an immunosuppressive M2-like phenotype and 
suppressing T cell effector function. (Reprinted from Ref. [7], (https://doi.org/10.1016/j.
cmet.2019.01.015) with copyright permission from Elsevier (2019))
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The induction of T-cells to cytotoxic CD8+ T-cells, part of the adaptive immune 
response that mount immune attacks upon the presentation of a foreign antigen, 
require a metabolic switch for the cells to be able to proliferate to high numbers upon 
activation. This activatoin process is reliant on glucose, where depletion of glucose in 
the tumor microenvironment has an immunosuppressive function [37]. The same is 
true for the innate immune response where attacking M1 macrophages, producing 
inflammatory cytokines, are inhibited due to low substrate and oxygen tension, thereby 
transforming them to tolerogenic M2 macrophages commonly found in PDAC [38]. 
This substrate induced immunosuppression in the tumor microenvironment is an area 
of intense study and has shown that nutrients can regulate whether T-cells adapt to a 
less aggressive regulatory phenotype (CD4+) rather than a cancer attacking cytotoxic 
T-cell (CD8+) [39]. Recent studies show that the metabolic switch to glycolysis in 
cancer cells inhibit the expression of the major histocompatibility complex receptor 1 
(MHC1), needed for activation of cytotoxic T-cells, which supports that targeting can-
cer cell metabolism could potentially improve immunotherapeutic success [40].

16.3.3  Metabolic Crosstalk

Mechanism by which cancer cells might direct the fate of stromal cells within the 
tumor is by altering the metabolic composition of the extracellular environment 
through the consumption of available nutrients and secretion of metabolic ‘waste’ 
products. Glucose is rapidly depleted from the tumor microenvironment [5], while 
cell lactate that is exported out via the monocarboxylate transporter system in 
cotransport with H+ ions, causes acidification of the local environment [41]. 
Nutrients (i.e. glucose) and cell waste (i.e. lactate) are charged molecules unable to 
diffuse through the phospholipid bilayer of the cell membrane, where both the affin-
ity of the receptors to their substrate as well as the number of receptors regulate the 
import and export of these in and out of the cell. The glucose import is regulated by 
GLUTs, whereas the excess lactate produced under aerobic glycolysis is transported 
out of the cell through different isoforms of monocarboxylate transporters [42]. 
Monocarboxylate transporter 1 (MCT1) is ubiquitously expressed in most tissues, 
whereas MCT4 (lower affinity to lactate, i.e. higher concentrations of lactate to 
activate it) expression is confined to highly glycolytic cell types such as fast-twitch 
muscle fibers [43] or in cells induced under hypoxia by HIF1α [44].

MCT1 and MCT4 have been shown to act in metabolic crosstalk between PDAC 
cells in normoxic versus hypoxic areas, where MCT1 is more widely expressed 
under normoxia and MCT4 in hypoxia [8] (Fig. 16.4). Thus, tumor cells can vari-
ably excrete and utilize lactate in a manner that may depend on the extracellular 
environment. Metabolic tracing studies suggest that both glucose and lactate are 
significant nutrient sources for cancers in vivo [45, 46], where oxygen levels influ-
ence the nutrient of choice.

Another common ability of PDAC cancers is using macropinocytosis to scavenge 
proteins from the extracellular environment to support the growth during nutrient 
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deprived conditions [5]. Macropinocytosis is the active uptake of extracellular fluids 
by actin mediated cell membrane extensions that folds inwards, resulting in endo-
cytic vesicles with degraded proteins to be used as nutrients (Fig. 16.4). PDAC can 
induce an autophagic response in cancer associated fibroblasts, that supply the can-
cer cells with non-essential amino acids to be taken up via macropinocytosis from 
the tumor microenvironment fueling the TCA cycle [47] in nutrient scarce condi-
tions. PDAC with oncogenic KRAS has increased ability for using macropinocyto-
sis, giving them a growth advantage at both nutrient replete conditions as well as an 
ability to survive under nutrient deprived conditions [48].

The complexity of bidirectional metabolic crosstalk between tumour and its 
microenvironment can only be modelled in vitro to a certain point, which under-
scores the importance of finding relevant in vivo models to further study these inter-
actions. There are technical challenges of interrogating metabolic fluxes in vivo, and 

Fig. 16.4 Methods of nutrient acquisition utilized by PDAC. Pancreatic cancer cells engage in 
metabolic crosstalk with stromal cells by multiple avenues. Growth factors (GF) released from the 
PDAC cells can metabolically reprogram fibroblasts, which respond by the release of different GFs 
capable of reciprocal reprogramming of the epithelial cells. PDAC cells also induce autophagy in 
pancreatic stellate cells, stimulating the release of growth-promoting alanine (Ala). Metabolite 
exchange also occurs among cancer cells, as PDAC cells in hypoxic environments release lactate 
(Lac) which fuels proliferation in normoxic cancer cells. Pancreatic cancer cells are capable of 
utilizing recycling pathways and engage in multiple mechanisms of scavenging extracellular nutri-
ent sources, including non-specific macropinocytosis and lipid uptake, to obtain nutrients in the 
austere pancreatic tumor microenvironment. (Reprinted from Ref. [8] (https://doi.org/10.1016/j.
ccell.2016.12.006), with copyright permissions from Elsevier (2016))
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although the use of 18fluoro-2-deoxyglucose positron emission tomography (FDG-
PET) gives a visual read of the glucose consumption of the tumors, it does not reflect 
the complexity of glucose metabolism derivatives downstream, which is affected by 
both cell intrinsic and extrinsic signalling [46]. However, two previous studies in 
selected patient cohorts have addressed this challenge by administring stable glu-
cose isotope (e.g. 13C) infusions to the patients before tumor resections, and per-
forming subsequent analysis of metabolites enriched with 13C [46, 49] in the excised 
tissue. More such studies may provide new insight to better understand the complex-
ity of tumor metabolism in vivo. However, this requires a well-coordinated interdis-
ciplinary collaboration regarding each patient, which is both labour intensive and 
time sensitive [46]. Table 16.1 gives an overview of old and new cancer models used 
to better understand the complexity of PDAC with their advantages and challenges.

Table 16.1 Overview of different model systems for studying pancreatic cancer

Model 
system Cells Advantages Challenges References

Organoids Primary tumor 
cells and 
supportive 
fibroblasts

Recapitulate the 
patients tumor 
growing in 3D

Requires sufficient amount of 
tissue to get cell cultures 
growing; small tumor biopsies 
are difficult to grow

[50–53]

Spheroids Established cell 
lines grown in 3D 
often with 
collagen I 
simulating 
extracellular 
matrix

Easy to culture, 
could give useful 
information in 
regards to drug 
responses if 
linked to genetic 
and metabolic 
profiling

Difficult to recapitulate the 
heterogeneity of each patient 
tumor, thus limiting the 
clinical application for 
guiding in personalised drug 
treatment

[54–56]

Xenografts Tumor cells 
engrafted into 
mice, either at 
tumor origin site 
(if possible) or 
subcutaneously

Drug delivery 
resembles that of 
human with a 
natural 
metabolism of the 
drug over time 
which is difficult 
to mimic in static 
in vitro 
experiments

Subcutaneous xenografts 
show little resemblance to 
tumor derived growth 
conditions lacking the 
complexity of immune and 
fibroblast cells. 
Immunocompromised mice 
used for xenograft models do 
not mimic the settings found 
in humans

[54, 57, 
58]

Organoid 
co-culture

Primary tumor 
cells co-cultured 
with immune cells 
from peripheral 
blood and tumor 
associated 
fibroblast

Can recapitulate 
the uniqueness of 
each patients 
tumor and be 
used for drug 
screening to 
predict best 
treatment, 
patients own 
immune and 
cancer cells are 
used

Is time and labour intensive, 
results from drug screening in 
co-culture organoids may take 
up to 1 month, making it 
challenging for rapid decision 
support

[59, 60]
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16.4  Treatment Challenges in PDAC with Respect 
to Metabolism

Most PDAC patients who undergo surgery will develop recurrent disease, showing 
evidence that small populations of cancer cells are left behind either in the pancreas 
or systemically. How these residual cancer cells manage to survive after systemic 
chemotherapy or radiation is unknown, but both the metabolic flexibility and mito-
chondrial function of these residual cells are suggested to play a role [61].

The robust nature of the PDAC cells to adapt to their growth conditions and sur-
vive under both hypoxia and nutrient deprivation is very likely to give them added 
abilities to overcome the attack from conventional cancer treatment. PDAC cells in 
hypoxic areas will be more resistant to radiotherapy since this treatment uses oxy-
gen to create high levels of reactive oxygen species targeting the cancer [62]. 
However, although PDAC growth induce immunosuppression (Fig.  16.3), radio-
therapy has shown to reprogram the tumor infiltrating macrophages from tolero-
genic M2 to attacking M1 state and increase the presence of cytotoxic T-cells in the 
tumor area [58, 63, 64]. Ongoing clinical trials to test the combination of radio-
therapy with immunotherapy may provide insight as to a potential future course of 
treatment (NCT03767582).

The unique metabolism of PDAC cells, could also become their Achilles heel, 
and inhibitors of mitochondrial oxidative phosphorylation (OXPHOS) are currently 
ongoing (NCT03699319) and set to be explored in clinical trials for patients target-
ing the cells surviving in normoxic areas of the tumor where mitochondrial function 
plays an important role [65]. Small inhibitors for lactate dehydrogenase, acting to 
reduce the conversion of pyruvate to lactate, has been tested in a phase I clinical trial 
for metastatic colorectal cancer (NCT00540722) and could be an interesting drug to 
test targeting the glycolytic PDAC cancer cells thriving in hypoxic conditions [8]. 
The high interstitial fluid pressure in PDAC cancers confers challenges of delivering 
drugs via the bloodstream to the tumour. A small phase I trial using microbubbles- 
directed delivery of gemcitabine (“sonoporation”, see separate chapter) by ultra-
sound treatment showed promising results [66]. Increased understanding of the 
metabolic effects to tumor growth and patient prognosis, will make it possible to 
overcome many stroma-mediated therapeutic barriers in the future [7].

16.5  Conclusion

Understanding how the cellular and metabolic composition of the tumor microenvi-
ronment determines the growth phenotype is crucial to improve current PDAC treat-
ment and exploit these novel vulnerabilities. In particular, successful therapeutic 
strategies have to take into account the complex relationships between different cell 
populations within the tumour microenvironment that are subject to dynamic 
changes in nutrient supply, particularly in response to therapy.

H. R. Hagland
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Future clinical trials should consider metabolic compensation and at start record-
ing nutritional parameters of their participants for expanding our knowledge in this 
field. It is evident that clinical performance of single agent treatment therapies as is 
the standard, has been in large effect unsuccessful for these patients and new intel-
ligent combinations are called for. Only by application of the full repertoire of clini-
cal toolkits, such as genetic, epigenetic and metabolic changes in tumors over time 
will improve proper patient stratification and specific temporal monitoring of treat-
ment response [67].

For more targeted treatments, the use of patients own cancer cells for making 
organoids to be screened in vitro [51] for a panel of drugs is an area currently 
expanding and shows promising results. Another area which may improve clinical 
decisions in the future is the use of metabolic tracers in vivo. However real time 
acquisition of metabolic tracers currently has limited spatial resolution when used in 
the patients, and should be an area of research to be addressed in the years to come.

Finally, the PDAC patients do not only suffer from lack of treatment options, the 
mode of drug delivery is also a challenge and an area under investigation. Hopefully, 
more realistic modelling systems giving an increased understanding of how meta-
bolic crosstalk play a role in developing the desmoplastic nature of PDAC and 
inhibit drug response, can be coupled to clinical trials with metabolic and nutritional 
patient recordings that can advance the treatment of PDAC in the future.
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Take Home Messages
• Most patients with pancreatic cancer are affected by cancer cachexia.
• Cancer cachexia is associated with increased morbidity and short survival.
• Phenotyping of the cachectic patient is important for adequate risk assess-

ment and tailored treatment.

Pearls and Pitfalls
• Cachexia features should be combined into phenotypes rather than studied 

separately (e.g. body composition and systemic inflammation).
• Body composition assessment should not be limited to skeletal muscle mass 

(sarcopenia) but should also include subcutaneous and visceral adipose tissue.
• Pancreatic cancer patients should be tested and treated for pancreatic 

enzyme deficiency.
• Anti-cachexia treatment should be personalized and multi-modal includ-

ing nutritional support exercise and pharmacologic treatment.
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17.1  Introduction

Cancer cachexia is perhaps the most important burden for cancer patients [1]. It is 
characterized by severe weight and muscle loss, and affects more than 80% of pan-
creatic cancer patients and more than 50% of colorectal cancer patients [2, 3].

In Europe, an estimate of one million people suffer from cancer cachexia [4]. 
The international consensus definition of cancer cachexia is based on weight loss, 
low muscle mass (sarcopenia), and low body mass index. Several pathophysiologi-
cal drivers including inflammation, altered protein, glucose, and lipid metabolism, 
anorexia, malabsorption, and neuro-endocrine changes are thought to underlie the 
development of cancer cachexia [3, 5]. Cancer cachexia is associated with a mortal-
ity rate of up to 80% [4], but it should not be considered merely a terminal illness. 
Symptoms of cachexia may already occur pre-diagnosis with subtle metabolic 
changes (e.g. mild systemic inflammation or anorexia) in a so-called pre-cachectic 
phase [3]. Pre-cachexia can develop into cachexia with clinically evident weight 
loss with or without muscle and/or adipose tissue loss. Only patients with refractory 
cachexia can be considered as terminal with a permanently altered metabolism, 
unresponsiveness to anti-cancer therapy, and a life expectancy of less than 3 months 
(Fig. 17.1) [3].

A major part of the surgical cancer patients presents—with cachexia or pre- 
cachexia, but the symptoms and clinical presentation can vary widely [6]. In this 
context, it is important to consider how one should assess and address cachexia, in 
order to improve perioperative and oncologic outcomes.

The term “cachexia” comes from the Greek words κακος (“bad”) and ʽεξις 
(“condition”).

Future Perspectives
• The high burden of cancer cachexia in pancreatic cancer and other cancers 

warrants further development of anti-cachexia treatments.
• Identifying specific mediators of cachexia is vital for developing anti-

cachexia treatments.
• Less-invasive tracer techniques with stable-isotope labeled water creates 

new opportunities for researching protein metabolism in patients with can-
cer cachexia.

• Development in app-based devices such as activity trackers can help 
detecting and studying cancer cachexia in an early stage.

D. P. J. van Dijk et al.
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17.2  Weight Loss and Body Composition

Weight loss is considered the key symptom of cancer cachexia and, therefore, the 
main criterion in the international consensus definition of cancer cachexia [3]. 
Around 85% of patients with pancreatic cancer present with more than 5% weight 
loss at the time of diagnosis [2, 7]. In contrast, only 14% of patients with metastatic 
breast cancer present with weight loss at the time of diagnosis [2]. Although weight 
loss has been reported to have a negative effect on overall survival in pancreatic 
cancer patients in univariable analysis [2], it is not a risk factor after correction for 
age, disease stage, and systemic inflammation [8]. This is probably related to differ-
ences in the aetiology of weight loss among patients, which can result from reduced 
food intake and/or increased catabolism [3]. In addition, weight loss does not indi-
cate the tissue types affected: e.g. skeletal muscle, adipose tissue, or other tissues. 
On top of that, oedema and tumour load can cause an increase in body weight, 
potentially masking remote tissue loss. While weight loss is a practical and useful 
indicator of cachexia, a more thorough nutritional assessment is necessary to iden-
tify the severity of the metabolic disturbances as well as the underlying mechanisms 
of cachexia in patients.

Assessing body composition and its changes over time can give valuable infor-
mation on a patient’s cachectic state. Body composition can be assessed using sev-
eral methods including dual-energy X-ray absorptiometry, bioelectrical impedance 

Fig. 17.1 Schematic overview of the different stages of cancer cachexia. Precachexia defines a 
pre-clinical stage in which patients have altered homeostasis without apparent clinical features. 
Drivers such as malabsorption, systemic inflammation, anorexia, and altered protein and fat 
metabolism eventually lead to cachexia with the classic clinical symptoms of weight loss, muscle 
wasting and lipolysis. Refractory cachexia defines a stage in which the cachectic metabolic 
changes are irreversible and the patient’s life expectancy is less than 3 months. The timeframe in 
which a patient passes through these stages can vary greatly

17 The Cachexia Syndrome in Pancreatic Cancer
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analysis, computed tomography (CT) scanning, and magnetic resonance scanning. 
Recent progress in CT analysis allows for relatively easy body composition assess-
ment using a single CT-image [9]. By measuring the total area of skeletal muscle 
(SM), visceral adipose tissue (VAT), and subcutaneous adipose tissue (SAT) at the 
level of the third lumbar vertebra and adjusting it for patient height, accurate estima-
tions of total body mass and composition can be made (L3-index) [9]. CT-based 
body composition analysis offers an important advantage over the simple assess-
ment of body weight. It can differentiate between different types of tissues and it is 
not influenced by oedema, ascites, or tumour load (in contrast to other methods such 
as bioelectrical impedance analysis) [10]. As CT-scans are usually available of 
patients with cancer, this approach has been used in a large number of studies 
including surgical hepato-pancreato-biliary (HPB) cancer patients. Alternatively, 
magnetic resonance imaging can also be used for body composition assessment 
using a similar approach [11, 12]. In pancreatic (cancer) surgery, low skeletal mus-
cle mass (i.e. sarcopenia) has been reported to be associated with increased postop-
erative complications and operative mortality in some studies [13–15]. However, 
other studies did not find an association between low skeletal muscle mass and 
long-term outcome, specifically overall survival, in pancreatic cancer patients [14, 
16], indicating that additional factors might have an important impact on overall 
survival in these patients. Low skeletal muscle mass has also been associated with 
increased postoperative complications [16], specifically with the development of 
post-operative anastomotic pancreatic fistula [17].

17.3  Adipose Tissue and Myosteatosis

Loss of adipose tissue in cancer cachexia results primarily from increased lipolysis 
[18] and can happen earlier than loss of skeletal muscle tissue [19]. Low adipose 
tissue mass is associated with worse survival in cancer patients. Ebadi et al. found 
that in a cohort of 1746 cancer patients, a low SAT L3-index was independently 
associated with poor survival [20]. Moreover, in the presence of sarcopenia, patients 
with a high SAT L3-index had the longest survival. Furthermore, Choe et al. reported 
that patients with colorectal cancer who had an increase in VAT after surgery had 
better overall survival [21]. Large amounts of adipose tissue (in particular visceral 
adipose tissue) can also have a negative impact on short-term postoperative out-
come in surgical patients. In pancreatic cancer, high amounts of VAT have been 
reported to be associated with higher incidence of major complications [22, 23] and 
pancreatic fistula [24, 25]. In addition, combinations of risk factors can have addi-
tive adverse effects on outcome. For example, patients with pancreatic cancer and a 
low muscle mass combined with obesity had a shorter survival compared with 
patients with only a low muscle mass or only obesity [26].

Next to tissue area, CT-based analyses (Fig. 17.2) can provide additional infor-
mation on certain tissue characteristics. For example, the radiation attenuation or 
radiodensity of a specific tissue (calculated as the average Hounsfield units of the 
total tissue area at the L3-level) reflects tissue fat content; in the case of skeletal 
muscle, this is referred to as “myosteatosis” [27]. The (sub)cellular distribution of 
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myosteatosis and potential relationship with muscle quality are still unknown. 
Nevertheless, the phenomenon of myosteatosis has already been reported in many 
types of cancer. There is a strong relationship between low muscle radiation attenu-
ation (indicating myosteatosis) and short survival in surgical patients with pancre-
atic [13, 23] as well as periampullary cancer [23, 28]. As a relatively new parameter, 
muscle radiation attenuation shows potential for clinical diagnostics. Its relation-
ship to the pathophysiology of cancer cachexia should be further explored, next to 
the association between muscle radiation attenuation and characteristics of other 
tissues such as visceral and subcutaneous adipose tissue or the liver. A key question 
in this context is whether tissue mass and radiation attenuation reflect physical fit-
ness. Low skeletal muscle radiation attenuation, in particular, has often been consid-
ered to be an indicator of “poor muscle quality” without support by any functional 
assessment. A recent article studied the relationship between CT body composition 
variables and physical fitness, as assessed by cardiopulmonary exercise testing 
(CPET), in a cohort of patients undergoing hepatopancreatobiliary surgery [29]. In 
these patients, skeletal muscle radiation attenuation and not skeletal muscle mass 
correlated well with weight-corrected VO2 at anabolic threshold and peak VO2. In 
multivariate linear regression (corrected for age), skeletal muscle radiation attenua-
tion had the strongest association with VO2 at anabolic threshold and peak VO2. 
This might indicate that myosteatosis is associated with poor physical fitness while 
sarcopenia is not. While this seems surprising, skeletal muscle mass assessed at a 
single timepoint is affected by age, sex, race, build, as well as certain diseases, and 
might therefore not accurately reflect muscle strength and/or function [30]. For 
example, Asians generally have lower skeletal muscle mass than Caucasians, but the 
cut-off for sarcopenia (and related risks) is also lower [31]. Muscle mass does not 
equal muscle strength. In body-builders with hypertrophic muscles, muscle fibre 
cross-sectional area was 88% bigger than in control subjects while the muscle fibre 
peak power was similar [32]. Muscle fibres of athletes had a 58% higher peak power 

Fig. 17.2 CT-scan body 
composition analysis. A 
single CT-slice at the level 
of the third lumbal 
vertebra. Tissue areas of 
skeletal muscle (red), 
visceral adipose tissue 
(yellow), and subcutaneous 
adipose tissue (blue) are 
annotated using predefined 
Hounsfield unit 
(HU) ranges
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compared with those of body-builders, while having 67% smaller cross-sectional 
fibre area. This difference in muscle strength might be related to a lower muscle 
fibre density in hypertrophic muscle and increased content of non-contractile ele-
ments. In disease, low skeletal muscle radiodensity is usually attributed to myoste-
atosis. Myosteatosis is generally considered the result of a pathologic process 
involving systemic inflammation and insulin resistance in disease states such as 
cancer cachexia or obesity [27]. Skeletal muscle insulin resistance and oxidative 
stress due to β-oxidation might result in decreased glucose uptake, mitochondrial 
dysfunction, and muscle atrophy [33], possibly leading to decreased muscle func-
tion and fitness.

Importantly, studies on body composition usually rely on a single CT-scan of 
each patient. This generates a snapshot of the patient’s body composition while 
dynamic changes in body composition—certainly in the light of cachexia—could 
provide much more valuable information. Indeed, analysis of multiple CT-scans 
over time in patients with colon cancer [34] and ovarian cancer [35] during chemo-
therapy showed a strong relationship between skeletal muscle loss and survival, 
whereas there was no or little association between baseline skeletal muscle mass 
and survival. Unfortunately, studies reporting repeated CT-scan analysis of pancre-
atic cancer patients are not available to date. Nevertheless, utilizing all available 
CT-scans in cancer patients should be encouraged in future studies to assess the 
impact of skeletal muscle loss and adipose tissue loss.

17.4  Systemic Inflammation

Cancer cachexia is often accompanied by inflammation. Patients may have elevated 
levels of interleukin-1 (IL-1), IL-6, and TNF-alpha, and show an ongoing acute 
phase response which is clinically apparent by elevated serum C-reactive protein 
(CRP) and reduced albumin levels [36]. This inflammatory state contributes to acti-
vation of pro-catabolic pathways that promote muscle wasting and lipolysis [37]. 
Elevated CRP levels have been associated with increased resting energy expenditure 
and increased whole-body protein turnover [38]. Pancreatic cancer patients with 
elevated CRP levels were shown to have a strongly reduced survival compared with 
patients without signs of an ongoing acute phase response [8, 39]. In one study, 
elevated preoperative CRP was associated with an increase in postoperative infec-
tious complications [40]. Whereas both CRP and albumin levels can be used to 
assess the acute phase response, CRP is consistently the strongest predictor for sur-
vival in patients with HPB cancer [8, 41, 42]. The most commonly used cut-off level 
for increased serum CRP in these studies is >10 mg/L, which is considerably lower 
than the cut-off used to detect infections [43]. As survival differs between patients 
with elevated CRP plus normal albumin and patients with both elevated CRP and 
lowered albumin, preferably both CRP and albumin levels should be used to predict 
cancer survival (modified Glasgow Prognostic Score) [44]. The complex multifacto-
rial pathogenesis of cancer cachexia warrants further characterisation of different 
patient phenotypes within the (pre)cachexia spectrum. To this end, (CT-)body 
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composition features should be stratified for systemic inflammation (elevated serum 
CRP). In a recent study in patients with colorectal liver metastases, of the patients 
with elevated serum CRP, 76% also had a low skeletal muscle mass and/or low vis-
ceral adipose tissue mass [45]. Interestingly, 49% of patients with low skeletal mus-
cle mass and/or low visceral adipose tissue mass did not show elevated serum CRP 
levels. Therefore, it seems that these body composition phenotypes can exist inde-
pendently from systemic inflammation and that systemic inflammation can occur in 
the absence of a typical “cachectic” body composition phenotype. In fact, systemic 
inflammation could also be related to an obese phenotype with increased circulating 
adipokines [46]. Prognostically, patients with both inflammation and low skeletal 
muscle mass/low visceral adipose tissue mass had an especially short overall sur-
vival. This was independent of the Fong prognostic score, which is primarily a func-
tion of tumor biology [47]. Similar findings were reported by Dolan et al. in a cohort 
of operable colorectal cancer patients in which poor survival was primarily associ-
ated with the combination of systemic inflammation and a low skeletal muscle index. 
No data is available for patients with pancreatic cancer. These two studies illustrate 
the complexity of different phenotypes of patients with cancer and the importance of 
proper characterization of multiple integrated host characteristics instead of assess-
ing single manifestations of cancer cachexia (e.g. only sarcopenia, only CRP).

17.5  Malabsorption and Altered Protein Metabolism

Malabsorption and maldigestion are major drivers of weight loss in patients with 
cancer, particularly in those with pancreatic cancer and upper gastro-intestinal can-
cer. Dysphagia and motility problems often occur in patients with upper gastro- 
intestinal cancer [48], but are also found in patients with non-gastrointestinal 
cancers like non-small cell lung carcinoma [49]. Forty to 60% of patients with pan-
creatic cancer suffer from exocrine pancreatic insufficiency preoperatively, which is 
caused by blockage of the pancreatic duct by the tumour and destruction of acinar 
cells [50–54]. Blockage of bile flow also contributes to malabsorption by affecting 
lipid emulsification, which can also occur in patients with tumours of the proximal 
bile duct or liver hilum. After pancreatic surgery for cancer, the percentage of 
patients with exocrine insufficiency increases towards 74–100% [53, 55]. 
Interestingly, exocrine insufficiency has been shown to be associated with a low 
muscle mass [56] and loss of white adipose tissue (in mice) [57], indicating that it 
contributes to wasting in pancreatic cancer cachexia. Pancreatic enzyme replace-
ment therapy might offer adequate support [58], but the impact of the method of 
administration has been poorly studied in pancreatic cancer patients. While the 
commonly used enteric coated granules are effective in other diseases, the relatively 
more acidic environment in the duodenum and jejunum of pancreatic cancer patients 
[59] causes the granules to start releasing enzymes later in the intestine, making 
them less effective [60]. A more effective approach might be to co-administer 
uncoated pancreatic enzymes with a proton-pump inhibitor to limit enzymatic deg-
radation in the stomach.

17 The Cachexia Syndrome in Pancreatic Cancer
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In patients with cancer cachexia, there is an imbalance in protein kinetics with 
either increased catabolism, decreased anabolism, or both, leading to net protein 
loss [18, 36, 61, 62]. Cancer cachexia is usually unresponsive to regularly-used 
nutritional support, a phenomenon called “anabolic resistance” [3, 5]. This lack of 
response indicates that nutrient handling and especially protein metabolism is 
altered in cachectic patients. This might be due to failing protein synthesis, increased 
protein breakdown, or a reprioritisation of protein and amino acids away from 
peripheral tissues (muscle) towards increased production of acute phase proteins or 
tumour proteins [18, 36, 61, 62]. In cachectic pancreatic cancer patients with an 
acute phase response, albumin synthesis rates [63] were shown to be normal whereas 
fibrinogen synthesis rates were increased, particularly after feeding [64], supporting 
the theory of reprioritisation.

To study protein metabolism in vivo, amino-acids labelled with a stable isotope 
(e.g. 13C, a carbon atom containing one extra neutron) are administered to patients 
orally, parenterally, or both. As the natural availability of stable isotopes is very low, 
these amino acids are “marked” and can be detected in blood- and tissue samples 
with mass spectrometry. The ratio between the labelled amino acid and non-labelled 
amino acid (tracer/tracee ratio) can then be used to calculate protein turnover, syn-
thesis, and sometimes breakdown. A stable isotope tracer study using labelled phe-
nylalanine and tyrosine found that compared with non-oncologic controls, patients 
with cancer cachexia had markedly increased basal whole-body protein turnover 
which correlated well with serum CRP-levels [65]. After starting an oral protein 
drink sip feed, both patient groups achieved a similar net protein balance, meaning 
that both groups had a similar anabolic response to sip feeding. Thus, the formerly 
common assumption that patients with cancer cachexia have acquired an anabolic 
resistance [5] is incorrect on a whole-body protein level. Potentially, the anabolic 
response may be stimulated further by using a protein bolus instead of sip feed. It 
has been reported that in healthy elderly subjects, a high protein load is needed 
(35 g) to generate an anabolic response [66]. However, it must be noted that the 
anabolic response among different tissues could potentially vary greatly. For exam-
ple, the measured whole-body anabolic response in cachectic patients may be fully 
generated by immune cells and tumour tissue, while skeletal muscle tissue and 
organs may not show any anabolic response.

While there is a vast amount of literature on skeletal muscle protein synthesis in 
health and disease [67], data on organ tissue and tumour tissue protein turnover is 
extremely limited. A recent tracer study using peroperative intravenous labelled 
phenylalanine in patients with resectable pancreatic cancer demonstrated that organ 
and tumour tissue protein synthesis rates exceeded muscle protein synthesis rates by 
far (up to 20-fold higher) and, as such, have the potential to strongly influence whole 
body protein metabolism. Interestingly, pancreatic tumour protein synthesis rates 
were 2.5-fold lower compared with protein synthesis rates of surrounding non- 
tumourous pancreatic tissue.

Considering the small size of pancreatic tumours (usually ~2  cm in diameter 
[68]) and their comparatively low protein synthesis rates, pancreatic tumour cell 
protein turnover is unlikely to contribute substantially to whole-body protein 

D. P. J. van Dijk et al.



243

metabolism and are, therefore, unlikely to be a major driver of protein loss in cancer 
cachexia. However, in patients with advanced unresectable pancreatic cancer with 
metastases, the tumour load could eventually increase to a mass that may signifi-
cantly affect whole-body protein synthesis.

17.6  Anorexia

Anorexia is common in patients with cancer cachexia, usually presenting as early 
satiety [18]. It is often observed in jaundiced pancreatic cancer patients with bile 
duct obstruction, and leads to poor nutritional intake. Stenting of the bile duct usu-
ally relieves jaundice and anorexia symptoms [69]. However, in patients with pan-
creatic cancer, anorexia can persist even after adequate treatment of bile duct 
obstruction. It has been proposed that increased levels of pro-inflammatory cyto-
kines as a result of an acute phase response may underlie these anorexia-related 
symptoms [70]. Increased plasma levels of IL-1 have also been reported to be asso-
ciated with an imbalance between orexigenic hormones such as neuropeptide Y and 
anorexigenic hormones such as pro-opiomelanocortin, although most evidence is 
based on animal studies only [71].

17.7  Future Perspectives and Treatment Options

Cancer cachexia is a complex clinical syndrome that can be difficult to identify, 
quantify, and characterize. The cancer cachexia consensus definition of 2011 
describes cancer cachexia as a syndrome of weight loss with loss of skeletal muscle 
as a key feature [3]. Other features such as anorexia, systemic inflammation, protein 
metabolism, malnutrition, and psychosocial factors can play (important) roles but 
might not be present in every patient.

17.7.1  Early Identification

In precachectic patients, in which clinically apparent symptoms such as body weight 
or muscle loss are usually not (yet) visible, identification of early signs of cachexia 
can be particularly difficult. On top of that, different combinations of body compo-
sition features appear to have different impacts on prognosis. It seems clear that the 
2011 cancer cachexia consensus definition of >5% weight loss or >2% weight loss 
combined with sarcopenia or low BMI is not comprehensive enough for defining 
such a complex syndrome.

Future definitions should focus on identifying different patient phenotypes 
within the cancer cachexia spectrum, including all major features of cachexia (i.e. 
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body composition alterations, inflammation, anorexia, malnutrition and malabsorp-
tion, and psychosocial factors). Perhaps these should be cancer-type- specific as 
some features may have a different impact depending on the cancer type.

17.7.2  Dynamic Investigation

As cancer cachexia is a dynamic process that can pass through several stages, mul-
tiple body composition assessments over time are likely to provide more valuable 
information on the degree and rate of development of cachexia as well as its patho-
genesis. Ideally, general practitioners referring patients for diagnosis and treatment 
for cancer should be involved in cachexia research to identify cachexia and monitor 
its progression as early as possible. Cheap and quick body composition analysis 
tools such as bioelectrical impedance devices could be helpful in providing longitu-
dinal data and early detection of changes in body composition in a primary care 
setting [10]. Novel tools such as applications for smartphones, activity trackers, and 
internet connected weight scales could even be employed for simple daily 
assessments.

17.7.3  Pre- and Post-treatment Assessments

Assessments during and after treatment should also be performed as cachexia- 
related phenotypes can change quickly. The patient with pancreatic cancer and bili-
ary obstruction is a good example. These patients can lose a considerable amount of 
weight within a couple of weeks. However, after endoscopic stenting of the com-
mon bile duct, some patients stop losing weight or even start gaining weight again. 
In this case, the sustained weight loss is primarily attributed to malabsorption and 
maldigestion due to mechanical blockage of bile flow and pancreatic juice (contain-
ing enzymes) or the cholestasis per se. Such a patient will differ in cachexia pheno-
type from a weight losing pancreatic cancer patient without biliary obstruction and 
with elevated CRP levels. In the latter patient, weight loss is likely to be primarily 
attributable to a catabolic state driven by inflammation and altered metabolism, and 
possibly has a different (worse) prognosis.

17.7.4  Inputs from Translational Research

Primary human tumour organoid [72] cultures obtained from cachectic and non- 
cachectic patients could provide a good platform for identifying cachexia-inducing 
mediators produced by tumour cells and their mechanisms of action. These systems 
could subsequently also be used to evaluate efficacy of therapeutic anti-cachectic 
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agents. However, the complex interplay between tumour cells, immune cells, 
organs, skeletal muscle, and adipose tissue can probably never be mimicked in vitro, 
stressing the importance of in vivo studies with extensive sampling of blood and 
tissue biopsies.

17.7.5  A Multimodal Approach

Cancer cachexia cannot be treated with a single targeted therapy but should be 
addressed using a multimodal approach, including at least nutritional support, anti- 
inflammatory drugs and/or immunonutrition, and exercise [5]. However, three 
major steps have to be made before such therapy could be effectively implemented 
(Fig. 17.3). Firstly, there should be more awareness and knowledge about cancer 
cachexia among clinicians treating patients with (pancreatic) cancer. While the 
research field of cancer cachexia is rapidly growing, many clinicians are still 
unaware of the syndrome and its many manifestations. The term cachexia is often 

Fig. 17.3 Clinical approach to cancer cachexia
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still reserved for severely malnourished weight-losing patients. As anti-cachectic 
therapy should be started as early as possible, clinicians should be informed on the 
different indicators of (pre)cachexia and screening for (pre)cachexia should be 
implemented into diagnostic oncology guidelines. Secondly, many clinical (espe-
cially surgical) prehabilitation programmes aim to improve the patient’s physical 
condition before treatment (e.g. nutrition and exercise 6 weeks prior to surgery) to 
reduce treatment related complications. While this may be beneficial in non- 
oncologic patients, in cancer patients such strategies have proven to be ineffective 
in improving the patient’s body composition and long term outcome (i.e. overall 
survival) [73, 74]. Thus, whereas these strategies may improve surgical outcome 
(e.g. complication rate), it is questionable if they can improve oncologic outcome.

Possibly, prehabilitation programmes fail to achieve substantial benefits because 
the cancer remains untreated (and metabolically active) during prehabilitation. An 
alternative approach would be to combine anti-cachectic therapy with oncologic 
treatment and remove the cause (i.e. the tumour) as quickly as possible after diag-
nosis, thereby eliminating catabolic drivers, and continue anti-cachectic therapy 
after surgery. Clinical trials are needed to support this concept.

17.7.6  Drugs Targeting Cachexia Mechanisms

Finally, a true breakthrough in the treatment of cachexia would be the development 
of a drug targeting specific cachexia drivers and/or mechanisms. Obviously, these 
mediators will have to be defined first, again stressing the importance of fundamen-
tal research on tumour-derived mediators. A specific anti-cachexia drug would ide-
ally be given in a (neo)adjuvant setting and could potentially improve survival, 
morbidity, and quality of life in both curative and palliative patients with cancer.

17.8  Conclusion

Cancer cachexia is a highly prevalent syndrome among patients with pancreatic 
cancer and significantly affects morbidity and overall survival. As different combi-
nations of cachexia related symptoms exist, thorough screening is important and 
should include body composition, nutritional status, physical fitness, inflammatory 
status, and malabsorption. Treatment should start as early as possible with a person-
alized and multi-modal approach.
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Take Home Messages
• Stroma makes up the bulk of the tumour volume in PDAC.
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• Stroma can be a source of biomarkers and a therapeutic target.

Pearls and Pitfalls
• Not all stroma is the same.
• There are significant and yet unexplored cues to PDAC biology in 

the stroma.
• Too many studies performed in small cohorts without external validation.

Future Perspectives
• Establish the molecular traits of a permissive versus repressive stroma.
• Explore how to push PDAC towards a repressive stroma.
• Validate the most promising stromal biomarkers in large and well anno-

tated cohorts and include these in prospective trials on early PDAC.
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18.1  Introduction

Pancreatic ductal adenocarcinoma (PDAC) is characterized by a dense and abun-
dant stroma that makes up the bulk of the tumour volume. Stroma influences tumour 
progression and is modified by both radiotherapy and systemic therapies given. The 
stroma by itself also influences the effect of a given therapy, and biomarkers discov-
ered in the stroma carry prognostic and treatment predictive value although not yet 
translated into clinical practice and decision-making.

Several stromal compartments and structures (vasculature, matrix depletion and 
immunotherapy) have been evaluated as therapeutic targets with excellent results in 
experimental models, but none have yet shown a value in the treatment of patients 
with metastatic disease. No trials have yet been performed in patients with early 
stage PDAC and stromal targeting.

This chapter will give a brief overview of core elements of stroma and its role in 
PDAC for cancer biology and potential treatment.

18.2  Definition of the Stroma

The tumour stroma is defined as all the non-malignant cells and extracellular matrix 
(ECM) of a cancer [1]. Pancreatic cancer and especially pancreatic ductal adenocar-
cinoma (PDAC) is special in terms of a unique histology whereby the vast majority 
of the tumour mass (up to 80–90%; Fig. 18.1) is made up of the stroma [2–4].

The stroma contains cellular components such as fibroblasts, immune cells and 
cells of the vascular system (Fig. 18.2), although the largest portion of the stroma 

Fig. 18.1 Normal (left) and pancreatic cancer (right) stroma. H&E histology of normal pancreas 
and a PDAC sample showing an abundant ECM. Development of highly dense fibrotic (desmopla-
sia) environment around the tumor cells (yellow color arrows) in a poorly differentiated cancer 
(scale bar 50  μm). (Reproduced from [5]. The figure licensed under the Creative Commons 
Attribution 4.0 International License)
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consists of structural ECM proteins such as collagens and proteoglycans such as 
hyaluronan produced both by the stromal and cancer cells and with effects on 
tumour progression [1, 6]. Experimental and clinical data using several different 
types of study set-ups and cohorts have shown the capacity of the stromal compart-
ment to be a driver in tumour progression [5, 7–9].

In the cancer microenvironment, stromal cells become activated and primed by the 
cancer cells leading both to a changed morphology altered protein expression. Such 
cells termed as being cancer-associated i.e. cancer-associated fibroblast (CAFs) or 
tumour-associated macrophages (TAMs) in order to separated them from resident 
cells of the healthy tissue [1, 10]. CAFs are the major source of the increased level of 
ECM proteins in the tumour stroma. CAFs can develop from different sources 
(Fig. 18.3) although the majority likely transdifferentiate from the pancreatic stellate 
cells and resident fibroblasts, but a portion also develop from bone- marrow derived 
cells and from epithelial cells through the process of epithelial-to-mesenchymal trans-
formation (EMT) [11–13]. Besides CAFs and the cancer cells also the immune cells 
take part in modifying the tumour stroma, with the PDAC immune microenvironment 
being characterized by an exhaustion of cytotoxic T lymphocytes and suppressive 
immune cell infiltrates that are dominated by macrophages [14].

The stromal reaction, also known as desmoplasia, was initially thought solely to 
be a defensive mechanism by which the host aims to prevent further tumour growth, 
and with many similarities to the processes observed in wound healing [1, 15, 16]. 
It is however currently well established that the stromal reaction in any cancer is 

EMT

Normal epithelial cell

Tumor cell

Activated PSCs

Fibroblasts

Cancer associated fibroblasts

Extravasation

Metastasis

MET

Desmoplasia

Intravasation

Fig. 18.2 Cancer cell-stromal crosstalk in pancreatic cancer and tissue. Cartoon of cancer cell- 
stromal interaction. During epithelial-mesenchymal transition (EMT), tumorous epithelial cells 
undergo various bio-physiological modifications and lose their polarity, detach from the basement 
membrane and invade the surrounding tissue. The angiogenic switch and tumor vasculature facili-
tate the intravasation of metastatic tumor cells. The cells that survive in circulation extravasate into 
distant organ and undergo mesenchymal-to-epithelial (MTE) transition to form tumor coloniza-
tion. (Reproduced from [5]. The figure licensed under the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/))
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Fig. 18.3 Mechanisms of cancer-associated fibroblast (CAF) heterogeneity. (A) CAFs can origi-
nate from several different cell types and, therefore, exhibit a range of activation states that can be 
further stimulated to alter cancer development. (B) The molecular heterogeneity of cancer cells 
drives differences in CAF subpopulations via direct, short-, and long-range paracrine signalling. 
(C) Cancer cells secrete factors that can reprogram the epigenome of CAFs, resulting in more 
aggressive phenotypes. (D) Varied localisation of CAFs within the tumour microenvironment 
(TME) leads to differences in the signals that CAFs receive, resulting in functionally and spatially 
distinct CAF subpopulations. (E) Specific CAF populations can promote a highly plastic, stem 
cell-like population of cancer cells that can contribute to chemoresistance. (F) Metabolic coupling 
between CAFs and tumour cells occurs via tumour cell manipulation of distinct CAF subpopula-
tions, where CAFs produce energy-rich metabolites to feed the tumour cells. α-SMA alpha smooth 
muscle actin, BMDSC bone marrow-derived stem cell, ECM extracellular matrix, iCAF inflamma-
tory CAF, IL-6/8 interleukin 6/8, MSC mesenchymal stem cell, myCAF myofibroblastic CAF, PSC 
pancreatic stellate cell, ROS reactive oxygen species. (Reproduced with permission from Pereira 
BA, Vennin C, Papanicolaou M, Chambers CR, Herrmann D, Morton JP, Cox TR, Timpson P. CAF 
Subpopulations: A New Reservoir of Stromal Targets in Pancreatic Cancer. Trends Cancer. 2019 
Nov;5(11):724–741)
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very heterogeneous even within the same tumour, and that depending on these set-
tings the stroma can promote or prevent tumour progression [1]. There is an exten-
sive interplay between CAFs and the cancer cells (Fig. 18.4), which takes place by 
direct cell-to-cell contact, or indirectly by signalling through various ECM compo-
nents, growth factors, cytokines and other bioactive substances sequestered within 
the tumour stroma [1, 5, 7–9, 11]. Moreover, subpopulations of CAFs can have 
different roles in tumour progression and modulation of the stroma, thus targeting 
these roles open up for potential new therapeutic targets [17, 18].

18.3  Effect of Stroma on Treatment

Histologically there are relatively scarce number of cancer cells in a sea of stroma 
in PDAC [2]. How does the stroma affect different PDAC treatments? Most studies 
have focused on the stroma being a physical barrier that hinders the delivery of 
therapeutics. The dense ECM combined with a perceived low vascularity raises the 
intratumoral pressure, leads to poor perfusion and thus hinders sufficient concentra-
tions of therapeutic substances to reach the cancer [4, 9, 19–21]. This increase in 
pressure is due to local micro-regional interactions between hyaluronic acid (HA) 

Fig. 18.4 CAF and tumour cell crosstalk can occur through both local and long-range paracrine 
signalling. Molecularly and phenotypically aggressive cancer cells and CAFs are able to confer 
protumourigenic characteristics in spatially distinct, less aggressive counterparts through short- 
and long-range secreted and exosomal factors. met metastasis/metastatic. (Reproduced with per-
mission from Pereira BA, Vennin C, Papanicolaou M, Chambers CR, Herrmann D, Morton JP, Cox 
TR, Timpson P. CAF Subpopulations: A New Reservoir of Stromal Targets in Pancreatic Cancer. 
Trends Cancer. 2019 Nov;5(11):724–741)
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and collagen in the stroma, whereby blood vessels become closed off due to the 
swelling of HA combined with the restrictive influence of the collagen matrix and 
thus results in poor perfusion of drugs [22].

The stroma might however also hinder drug effect by other means than just pre-
vention of delivery. As an example of such it has been shown that both CAFs/stel-
late cells and macrophages in the tumour microenvironment can release substances 
that prevent gemcitabine effect [23–25]. The stroma can also confer radioprotection 
as shown in experimental studies using in vitro cultures of pancreatic cancer cells 
lines with CAFs [26]. Similarly in animal models using xenografted human CAFs 
and pancreatic cancer cells, the former provided a protection to radiotherapy [27]. 
Therefore, the stroma affects the treatment in far more intricate ways than merely 
prevention of drug delivery.

18.4  Effect of Treatment on Stroma

As discussed above the stroma can be a direct barrier of allowing systemic treat-
ments to reach the cancer cells and thus protects the growing tumour and modify the 
effect of treatments. How do treatments change the stroma with potential effects on 
tumour progression?

In radiotherapy ionizing radiation is given with the intent to cause cancer cell 
death, however the same therapy can lead to an ‘activated’ phenotype that promotes 
persistent remodelling of the ECM, by increased expression of proteases and growth 
factors [28]. Studies on preoperative radiotherapy given alone have indicated that 
irradiated patients have less local recurrences, but more distant metastatic spread 
compared to non-irradiated patients [29]. Studies using clinical PDAC samples have 
furthermore shown that radiotherapy stimulates stromal production of ECM pro-
teins thus potentially further enhancing desmoplasia [30]. In vitro studies using cul-
tured human tumour-derived pancreatic stellate cells show an activation after 
exposure to chemoradiotherapy compared to cells before treatment [31]. These 
results indicate that radiotherapy might modify the stroma, could lead to increased 
tumour progression and should thus be combined with other treatments such as 
chemotherapy.

Compared to radiotherapy the effect of chemotherapy on the stromal structure 
and content is less well studied. Neoadjuvant therapy allows for more of such stud-
ies to be performed in clinical materials. Neoadjuvant gemcitabine plus nab- 
paclitaxel therapy leads to changes of the stroma itself [32] with increased capsulated 
fibrosis and more of this type of mature fibrosis indicated better outcome [33]. 
Studies on preoperative radiochemotherapy have shown the same i.e. achieving a 
strong fibrotic reaction indicates favourable outcome [34]. These findings thus show 
that stromal remodelling by therapy can change the tumour microenvironment from 
a cancer supportive to a repressive state and establishing the molecular traits of this 
mature stroma will be of great interest.
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18.5  Stroma as a Source of Biomarkers

The pancreatic cancer field is lacking good and clinically relevant prognostic and 
treatment predictive biomarkers, both in terms of tissue-based markers as well as 
circulating tumour markers [35].

Basic morphological/histological analysis of the stroma such as estimating the 
number of fibrotic foci in haematoxylin & eosin staining has been found to be sig-
nificantly associated with survival, but although being available on every surgical 
specimen analysed has not been established as a prognostic marker in the clinic 
[36, 37].

By analysing the ratio of α-SMA-positive CAFs in the stroma to the collagen 
deposition an “activated stromal index (ASI)” has been described [38]. The ASI was 
found to be a negative prognostic marker using tissue samples from resected PDAC 
specimens, with patients with the lowest activated stromal index having the best 
prognosis. In multivariable analysis the activated stromal index was found to be an 
independent prognostic marker comparable to the nodal status of the patient [38]. 
The negative prognostic value high α-SMA-positivity was subsequently validated 
using tissue samples from the CONKO-001 randomized controlled trial (RCT) 
investigating the role of adjuvant gemcitabine as compared with observation after 
surgery with curative intent. This study showed that high α-SMA-positivity was 
associated with both reduced disease-free and overall survival [39].

The effect of stroma on tumour progression is captured by the Moffitt grading, 
whereby the stromal reaction of a PDAC is divided into “normal” and “activated” 
with an apparent independent effect on prognosis [40]. This is based on gene expres-
sion data from PDAC samples in which tumour, stroma, and normal gene expres-
sion is separated by a method called nonnegative matrix factorization in order to 
perform a virtual microdissection allowing the identification of cancer cell- and 
stroma-specific subtypes carrying prognostic and biologic relevance [40]. Patients 
with an “activated stroma” have both worse median and 1-year survival, when com-
pared to patients with a “normal stroma” subtype (median 15 vs. 24 months and 
1-year survival 60 vs. 82%, respectively) [40]. The “normal stroma” of the Moffitt 
grading is characterized by expression of well-known stellate cells markers includ-
ing proteins like smooth muscle actin, vimentin and desmin. The “activated stroma” 
on the other hand displayed a features of an inflammatory response and included 
markers associated with macrophages (CCL13, CCL18 and ITGAM), proteins 
related to tumour promotion (SPARC, WNT family members, MMP9 and MMP11) 
and those related to CAFs (FAP) [40]. This “activated stroma” signature was found 
to be mainly produced by the cells of the stromal compartment with little or none 
influence by the cancer cells themselves [40].

The expression of structural ECM components, such as collagens, have gained 
recent interest as biomarkers and have been analysed in PDAC tissue. High collagen 
fibre alignment is associated with poor prognosis [41], as is high expression of 
COL6A1 and A3 [42, 43], whereas no prognostic value was observed for stromal 
COL4 expression [44]. Moreover, matrisome proteins that regulate the ECM 
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proteins have been extensively studied as biomarkers in PDAC as described in the 
systematic review by Fiorino et  al. [45]. None of these are however routinely 
included in the histological assessment of PDAC, and there is in general a paucity 
of biomarker studies conducted in large well-annotated cohorts, and even fewer that 
have been validated in external cohorts. The other major stromal component hyal-
uronic acid has been evaluated as a prognostic marker [44, 46] but due to most 
tumours being highly positive the value is less for prognosis [44]. HA-high tumours 
appear to respond to stromal depletion therapy by hyaluronan as discussed in Sect. 
18.6 below [47].

In terms of circulating biomarkers, the stroma in a cancer undergoes constant 
remodelling, whereby stromal proteins or parts of structural stromal proteins 
become released into the circulation [48–51]. These could potentially be used as 
tumour biomarkers reflecting the tumour volume. Some of the suggested stromal 
ECM derived circulating biomarkers are fragments from COL1, COL3, COL4, 
COLA3, COL18 [48, 49, 51, 52] and circulating hyaluronic acid [44, 46]. None of 
these have however been shown to outperform CA19-9, which is the most widely 
used circulating tumour marker [53] and is discussed in other chapters of this book. 
Some studies indicate that combining CA19-9 with a stromal marker might be bet-
ter than CA 19-9 alone, although as said for the tissue-based markers also these 
studies need validation in larger datasets [50].

18.6  Stroma as a Specific Treatment Target

The dense stroma has been perceived as one of the causes to the poor effect of sys-
temic treatments in pancreatic cancer and thus modifying the stroma has attracted 
significant interest [54]. This has been further driven by very promising results of 
stromal targeting using experimental models [20, 55–60], although conflicting 
results have also been indicated [61]. Unfortunately, so far stromal targeting has not 
been equally successful upon translation into clinical trials [62]. Emerging sub-
stances targeting the stroma and results from early trials have recently been thor-
oughly discussed in a systematic review and meta-analysis by van Mecklenbergh 
et al. [63]. In Table 18.1 the results from RCTs on stromal targets are summarized. 
Most of these have been tested on a backbone of the most commonly used chemo-
therapeutic agents such as gemcitabine, nab-paclitaxel and FOLFIRINOX, although 
some have been tested as monotherapy agents. All RCTs are in patients with 
advanced disease and mostly in stage IV disease. A lack of effect in such a setting 
does not necessarily mean that the treatment would not be efficient at earlier disease 
stages. Neoadjuvant therapy in PDAC is now routine in the borderline resectable 
PDAC population with on-going trials for upfront resectable disease [64–67]. This 
might open the chance for also testing agents targeting the stroma in earlier dis-
ease stages.

Pancreatic cancer is not considered a well vascularised cancer although this 
notion is likely due to vessels being compressed, and most anti-angiogenic agents 
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have failed in randomized clinical trials (RCTs) (Table 18.1). These include sub-
stances blocking the effect of vascular endothelial growth factor (VEGF), the major 
pro-angiogenic growth factor in tumours, by agents such as anti-VEGF, VEGF-trap, 
pan-VEGF inhibitors and inhibitors of VEGF receptor 2 and 3, none of which show 
an effect on overall survival and progression-free survival [68–75]. Moreover, sev-
eral multi tyrosine kinase inhibitors (TKIs) that affect tumour vasculature also have 
failed at RCT stage and having slightly worse estimates than the standard arm, 
albeit initial promise in preclinical and early clinical settings [63, 76–79] 
(Table 18.1).

In well-designed experimental studies using models mimicking human pancre-
atic cancer with a dense hyaluronic acid rich stroma, the depletion of the ECM lead 
to greatly improved effects of therapy [20, 55]. This was met with excitement and 
clinical trials using stromal hyaluronic acid depletion by PEGylated recombinant 
hyaluronidase were initiated in metastatic PDAC on backbones of both nab- 
Paclitaxel and FOLFIRINOX [47, 80]. Unfortunately, the latter led to a worse out-
come than FOLFIRINOX alone and the trial was discontinued. On a nab-Paclitaxel 
backbone tumours with a high hyaluronan content (HAhigh) were however shown 
to have an improved progression-free survival (Table 18.1) in a phase II setting [80], 
and this subgroup of patients (defined as >50% hyaluronan content) was tested fur-
ther in the phase III HALO-109-301 trial where the first results unfortunately appear 
not to show any effect although the final results have not yet been published [81].

Another treatment affecting the stroma is immunotherapy where the immune 
system of the host can be reactivated to clear cancer cells by lifting the immune sup-
pression of the cancer cells by drugs that release the action of check-point inhibi-
tors. Unfortunately, the successes of checkpoint inhibitors and other immune 
therapies as observed in other cancer types have not been replicated in pancreatic 
cancer [82, 83].

18.7  Conclusions

Results from clinical trials aiming at targeting the tumours stroma highlight the dual 
role of the stroma in being both permissive and restrictive in cancer growth. The 
most recent avenues on targeting the stroma is by trying to establish the actual 
tumour growth promoting stromal components and signals, and then using these as 
therapeutic targets i.e. specific subsets of CAFs [18]. Stromal reprogramming, indi-
cating a therapy that changes the stroma from a permissive to a tumour suppressive 
microenvironment could be a way of using the stroma for treating a 
PDAC. Understanding the biology of the stroma will undoubtly be one of the keys 
to increasing the treatment efficacy in PDAC. As pancreatic cancer is becoming 
increasingly well characterized on a molecular level, the stromal treatment targets 
will increase. By discovering many such targets more personalized treatment targets 
will become available as reviewed by Collison et al. [84] and should be accompa-
nied by clinically useful predictive biomarkers.
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Take Home Messages
• The human microbiome is capable of evolving and changing based on 

multiple factors including disease states.
• Multiple studies have demonstrated the link between oral, gut and intratu-

moral bacteria in pancreatic cancer.
• Murine models have demonstrated that eradication of the gut microbiome 

can lead decrease in tumor progression in pancreatic cancer.
• Inflammatory states—such as pancreatitis and obesity—lead to microbial 

dysbiosis, leading to increase in bacterial dislocation which may manifest 
in a downstream immunosuppressive response, increasing the risk of pan-
creatic cancer progression.

Pearls and Pitfalls
• While 16s rRNA is widely accepted as a technique for bacterial identifica-

tion, it can be limited in its utility (i.e., several bacterial species have more 
than one copy of the gene, leading to artificial overrepresentation in the data).

• Studies evaluating the microbiome must be done precisely, particularly 
when considering sample handling/collecting and analysis of data.

• Variations in the microbiome as well as the surrounding environment can 
account for discordant results in experiments performed in different 
laboratories.
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19.1  Introduction

The human microbiota is a collection of microorganisms including bacteria, fungi, 
archae and viruses that inhabit and colonize the epithelial surfaces of our body [1]. 
The microbiome affects physiologic functions, including metabolic functions, 
inflammatory responses, and immunity [2]. The gut bacteriome is comprised of 
approximately 3 × 1013 bacterial cells, with the number of bacterial cells present in 
the human body being roughly equivalent to the number of human cells [3]. The 
bacterial cells mainly maintain a commensal relationship with the human host, how-
ever in times of intestinal ecologic change, these bacteria may become pathobionts, 
capable of expanding and acquiring pathogenic characteristics [4]. The microbiota 
and the eukaryotic host relationship has, also in many cases, evolved into a mutual-
istic one, in such that each organism benefits from the other and the two can be 
viewed as a “superorganism”.

In contrast to the relative stability of our genome, the microbiome is capable of 
changing in response to colonization at birth (and type of birth), nutrition, treatment 
with antibiotics or probiotics, geography and age [5–7]. The composition of the 
microbiome continues to evolve after birth for the first few years until it transforms 
into the “adult form” [6]. Intestinal epithelial homeostasis is maintained by continu-
ous cross talk between the microbiome, immune system, and mucosal barrier [8]. 
The capacity of the microbiota to affect the inflammatory response suggests a role 
in which it can modulate cancer development, progression and the response to 
chemotherapy.

Pancreatic ductal adenocarcinoma (PDAC) is the seventh-leading cause of can-
cer related deaths worldwide, with rates being even higher in developed countries 
[9]. One of the potential barriers to response to immunotherapy in PDAC is the 
paucity of infiltrating T cells in the microenvironment of the tumor, therefore mak-
ing it an immunologically “cold tumor” and limiting the activity of immune check-
point therapies [10]. Preclinical studies suggest that modulating the microbiome 
could be a strategy for improving response to immunotherapy.

Future Perspectives
• The precise mechanism through which the gut microbiome modulates 

tumor- specific immunity remains unclear.
• How microbes and their associated ligands, exotoxins, and endotoxins 

manipulate pancreatic cancer immunity could potentially become a target 
for cancer- specific vaccines.

• Recognizing how certain bacteria are cancer-promoting versus cancer-
inhibiting could potentially tailor specific treatment with probiotics and/or 
antibiotics to directly affect tumor progression.

S. Kurtom et al.
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19.2  Bacterial Commensalism in the Human Host

The human adult microbiota consists of approximately 12 phyla with Firmicutes 
and Bacteroidetes being the most dominant, followed by Actinobacteria, 
Fusobacteria, and others [11]. Humans and their microbiome have an intimate rela-
tionship which begins at birth, where vaginally delivered neonates become colo-
nized with species that colonize the vaginal canal (Lactobacillus, Prevotella spp.) 
[12]. The gastrointestinal tract of neonates delivered by Cesarean section can 
become colonized with skin species (Corynebacterium and Staphylococcus) [13]. 
By 3 years of age, the microbiota evolve into an adult-like state. After this age, the 
microbial composition stays relatively stable with small fluctuations with normal 
physiologic influences, except that it can become strongly altered in disease states, 
dietary changes or with antibiotic treatment (Fig. 19.1).

External Factors on Intestinal Microbiota of Infants

Genetics/Epigenetics Vaginal Delivery
- Lactobacillus
- Prevotella
- Sneathia - Bifidobacterium

- Lactobacillus

- Bifidobacterium
- Lactobacillus
- Enterococcus

- Bifidobacterium

- Staphylococcus
- Corynebacterium
- Propionibacterium - Enterobacteriaceae

- ↓ Microbial diversity

Treatments

Probiotics Antibiotics Weaning & Foods chosen

> 1 year1st months1st weeksBirth

C-Section Type of Feeding

Breastmilk Formula
Development of

Adult-like microbes

Prenatal

Maternal microbes/
Intrauterine contamination

Fig. 19.1 Early influence on the microbiome. External factors affecting the intestinal microbiota 
of infants. Through infant developmental stages, multiple factors affect the constitution of intesti-
nal microbiota. Beneficial modifications are highlighted in green and negative alterations are high-
lighted in red. At the prenatal stage, genetic factors or maternal microbes and intrauterine 
contamination can affect intestinal colonization. At birth, the delivery method is the main deter-
mining factor of gut microbiota. Type of feeding and probiotic/antibiotic treatments at weeks and 
months can contribute to alteration of intestinal microbes. Approximately at 1 year of age, infants 
accomplish adult-like gut microbe colonization. (Reprinted from [14]: Early Disruption of the 
Microbiome Leading to Decreased Antioxidant Capacity and Epigenetic Changes: Implications 
for the Rise in Autism (Eshragi et al. Front. Cell. Neurosci., 15 August 2018))
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19.3  Advances in Microbiome Research

Research aimed at elucidating the role the microbiome plays in our homeostasis as 
well in disease states has been severely limited until recently, due to improvements in 
technological capabilities. Culturing bacterial strains has always been the central 
principle to study of microbiology, however this classical approach has not been fruit-
ful in the evaluation of the complexities of our gut microbiome, as most gut bacteria 
are unculturable or grow under tight anaerobic and nutritional conditions. Recent 
improvements in methodology (Fig.  19.2) allow for analysis using microbial 

Fig. 19.2 Different sequencing and bioinformatic strategies for human microbiome analysis. In 
the 16S rRNA gene profiling the raw sequences obtained are passed through quality filters to mini-
mize the presence of sequencing artifacts. The resulting filtered sequence reads are clustered into 
operational taxonomic units (OTUs), which represent similar organisms. After that, taxonomic 
identity is assigned for each OTU based in sequence homology against known 16S rRNA gene 
databases and the relative abundance of each OTU is calculated for each sample. The resulting 
OTUs table is also used for quantifying population diversity within and between the samples, as 
the alpha and beta diversity measurements, respectively. In the shotgun approaches, metagenomic, 
metatranscriptomic and viromic analyses are performed. In the metagenomic analysis, the DNA 
sequences obtained can either be mapped to reference genomes/genes or used for de novo assem-
bly of genomes. Then the relative abundance of the present genomes/genes and the functional 
potential of the sequences can be assessed using functional annotated databases. In viromics analy-
sis, first the viral particles (VPs) must be enriched and posteriorly sequenced to obtain the virus 
genomes. Furthermore, to analyze the active genes and species of the microbiome, the metatran-
scriptomic analysis is applied and the obtained RNA sequences are mapped to reference pathways 
and genes. The results are used to identify the active pathways, genes and microorganisms. Thus, 
the relative abundance of each active pathway/gene/microorganism in the human microbiome is 
determined. The de novo assembly of genomes and transcriptomes can be also performed to iden-
tify novel genomes or pathways. (Reprinted from [18]: S. Bikel et al. Computational and Structural 
Biotechnology Journal 13 (2015) 390–401)
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sequencing with 16s ribosomal RNA (rRNA) and whole genome sequencing. This 
approach can allow the taxonomic characterization of species for further mechanistic 
studies. 16s rRNA sequencing is based on selective amplification of sequence part of 
the gene that encodes the 16s rRNA [15]. Because bacterial identification is based on 
a portion of the 16s rRNA gene, species level characterization of the bacteria is not 
achievable through this method, and is limited to the family or genus level [16]. 
Metagenomic shotgun sequencing can also be performed, which generates short 
reads representing the whole genomic content within an environmental sample [17]. 
Compared to 16s rRNA sequencing, shotgun sequencing allows for identification 
down to the species and strain level, therefore also allowing characterization of non-
bacterial parts of the microbiota and also helps to do a functional characterization of 
the microbiome.

The use of germ-free mice has played a crucial role in evaluating the link between 
the microbiome in cancer and other diseases. This link becomes increasingly evi-
dent when conventionally raised specific pathogen-free mice are compared to germ 
free mice. Germ free mice are bred and maintained in environments to keep them 
lacking of detectable microbiota during their lifespan. Gnotobiotic mice have 
defined microbial compositions and include germ free mice as well as germ free 
mice that have been colonized with specific microbial communities.

19.3.1  Microbiota-Immune Cross-Talk

Recent studies have demonstrated a strong relationship between the microbiota and 
the host immune system, including both the adaptive and innate immune system. 
Microbial impact on the immune system was first described in studies performed in 
the 1950s and 1960s on germ free animals [19, 20]. Germ free mice studies have 
demonstrated the role the microbiome plays in  local mucosal immunity, as these 
mice are more susceptible to infections. These deficiencies can be corrected by 
colonizing the gut with commensal bacteria. Germ free mice have less mucus- 
producing goblet cells, which are the first line of defense against pathogens in the 
intestine. Other immunodeficiencies in germ free mice include smaller Peyer’s 
patches, decreased mesenteric lymph nodes, lack of lymphoid follicles in the lamina 
propria (LP), over-activation of anti-inflammatory T helper (Th) type 2 cytokines, 
and decreased expression of pattern recognition receptors (PRRs), such as Toll-like 
receptors (TLRs) [21]. Remarkably, these changes disappear when the mice gut is 
colonized with microbiota from specific pathogen-free mice (conventionalization) 
[22, 23]. The phenomenon has also been described in studies comparing the immune 
systems of laboratory mice versus feral mice [24]. Laboratory specific pathogen- 
free mice, as neonatal humans, lack CD8+ T cell differentiation, whereas these cell 
populations are present in feral and pet store mice. When the laboratory mice are 
cohoused with pet store mice, the immune system mature in the former. This trans-
fer of microbiota also leads to an increase in resistance to the influenza virus [25].
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Additional support for the microbial-based immune modification comes from 
research evaluating TLRs and adaptive immunity of the gut mucosa [26, 27]. The 
lamina propria of the gut is an abundant source of lymphocytes. A balanced interac-
tion exists between the arms of the adaptive immune system (Tregs, Th1, Th2, Th17), 
which when disrupted can increase the propensity to develop certain autoimmune 
diseases, in particular colitis [28]. Bacteroides fragilis and Clostridia can induce 
Foxp3+ Tregs [29, 30]. When Bacteroides fragilis colonizes the germ free mouse 
intestine, an increase in splenic Th1 polarized CD4+ fraction is observed, which is 
also seen in specific pathogen-free mice. Genetically identical mice purchased from 
different laboratory vendors have been found to have different microbiota, leading to 
studies in which these mice were cohoused with each other, revealing that the Th17 
cell phenotype from one breed could be transferred to the other. Analyzing the micro-
biome of these mice demonstrated that a segmented filamentous bacteria (Candidatus 
arthomitus) was responsible for the observed phenomenon [31, 32].

Epidemiological studies have also demonstrated the gut microbiota interact with 
the human immune system. As previously mentioned, neonates delivered via cesar-
ean become colonized by skin commensals (Staphylococcus, Corynebacterium) 
rather than the normal flora of the adult vagina. The infants have higher incidences 
of developing autoimmune diseases later in life, such as diabetes, celiac disease, 
inflammatory bowel diseases, food allergies, and juvenile arthritis when compared 
to vaginally-delivered neonates [33–36]. Another protective factor in early infancy 
is the role that breast milk plays in establishing a core gut microbiome. Infants who 
are exclusively breastfed have a decreased risk of developing asthma later in life. 
Furthermore, breastmilk acts as a natural symbiotic, facilitating the colonization of 
protective Bifidobacterium in the neonatal intestine. Early and prolonged exposure 
to antibiotics creates a gut dysbiosis, increasing the risk of later development of 
inflammatory bowel disease, obesity, and cancer [37–40]. These studies demon-
strate as a whole, the importance of the microbiome in the development of the innate 
and adaptive immune systems in mice and humans.

19.4  Microbiota and Cancer

Bacteria and viruses account for >15% of newly diagnosed human cancers globally, 
i.e. Helicobacter pylori, human papillomavirus, hepatitis B, hepatitis C, Epstein- 
Barr viruses [41]. However, the relationship between the microbiome and cancer 
remains understudied. Early studies demonstrated the link between the parasite 
Schistosoma haematobium and bladder cancers [42]. However, a firm link between 
microbial species and cancer was not established until Barry Marshall and Robin 
Warren discovered crucial evidence that the Gram-negative spiral bacterium 
Campylobacter pylori (later Helicobacter pylori) causes chronic gastritis and peptic 
ulcer disease [43, 44]. Peptic ulcers and severe gastritis, which are associated with 
an increased risk of gastric adenocarcinoma, were until then thought to be second-
ary to other external factors, such as stress, spicy foods, and lifestyle. This discovery 
led to the use of antibiotic treatment (as well as an H. pylori antigen- specific 
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vaccine) to eradicate H. pylori to prevent cancer [45, 46]. Treatment to eradicate 
H. pylori, in conjunction with other factors, can be attributed to for the decrease in 
gastric cancer incidence over the last century [47].

The link between cancer and bacteria has also been shown in colorectal cancer 
(CRC), where the gut microbiota directly interact with the site of tumorigenesis. 
Many epidemiologic studies have established the role of the “Western” diet, charac-
terized by high consumption of red meat, animal fat, processed carbohydrates, and 
decreased fiber, in inducing intestinal dysbiosis [48–50]. Studies suggest that rou-
tine intake of this diet decrease microbial diversity and enriches Firmicutes, while 
decreases the colonization of Prevotella, Xylanibacter (Bacteroidetes), which 
decreases the Bacteroidetes to Firmicutes ratio and causes increased gut permeabil-
ity [51, 52]. Additionally, dysbiosis secondary to prolonged use of antibiotics, has 
also been linked to an increased risk of development of colonic adenomas [40]. 
Bacteroides fragilis and Fusobacterium nucleatum promote CRC in pre-clinical 
mice models through promotion of immune cells into the tumor [53, 54].

19.5  Gut Microbiome Link to Cancer 
Immunotherapy Response

Multiple studies support that gut microbes can profoundly influence the action of 
immunotherapies. Pioneer work in understanding this link was done by injecting 
patients with heat-inactivated Streptococcus and Serratia species to stimulate the 
immune system, leading to sarcoma regression [55]. Similarly, Bacillus Calmette- 
Guerin has been used as a therapeutic agent for treatment of bladder cancer [56]. 
More recent work has examined the efficacy of immune checkpoint inhibitors in 
their role for treating cancer. Low doses of cyclophosphamide (an alkylating agent) 
can be used in conjunction with cancer vaccines, leading to induction of a Th1 phe-
notype and infiltration of Th17 cells into the tumor microenvironment [57]. It has 
also been discovered that microbes can induce Th17 cells, which in turn play a role 
in antimicrobial defense. These two phenomena were observed, and Viaud et  al. 
suggested that the changes in the gut microbiome explain the immunotherapeutic 
activity of cyclophosphamide. Treatment with cyclophosphamide leads to intestinal 
dysbiosis-mediated increased gut permeability, which in turn causes translocation 
of Gram-positive bacteria to lymphoid tissue, causing activation of interferon (IFN)-
gamma+ Th17 (pathogenic Th17) cells [58].

Initial evidence of the role of specific microbes in modulating immune check-
point inhibitors was performed in pre-clinical mouse models using CTLA-4 and 
PD-1/PD-L1 inhibitors. B. fragilis was found to enhance the efficacy of anti- 
CTLA- 4 via a mechanism that involves activation of Th1 cells with cross-reactivity 
to bacterial antigens and tumor neoantigens. Administration of oral Bifidobacterium 
increased CD8+ tumor-specific T cell mediated tumor infiltration and IFN-y produc-
tion, as well as basal tumor control and anti-PD-L1 efficacy via activation of splenic 
and intratumoral dendritic cells [59]. These murine model studies established the 
importance of the microbiota in cancer immune checkpoint inhibitor therapy and 
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inspired the further pursuits to evaluate the microbiome’s impact on anti-CTLA-4 
and anti-PD-1/PD-L1 therapies in patients.

Studies from multiple institutions have described the link between the gut micro-
biota and immunotherapy efficacy in cancer patients [60–63]. DNA sequencing was 
performed on stool samples obtained from patients prior to initiation of immune 
checkpoint inhibitors, which identified an association between the gut microbial com-
position and therapeutic response. Specific bacterial taxa were overrepresented in 
patients labeled as “responders”, whereas other distinct bacterial sequences were over-
represented in “non-responders”. Interestingly, only certain bacteria were identified 
consistently across the multiple studies. This discrepancy between the bacterial popu-
lations may represent multiple factors, including patient geographic locations, genetic 
factors, as well as technical differences (such as fecal collection, DNA extraction and 
sequencing). To further examine the described phenomenon between responders ver-
sus non-responders, human microbiota “avatars” (germ free mice colonized with bac-
teria from patient-derived stools) have been used. Data from these studies recapitulates 
the results from human studies [60, 61]. Germ free mice who were reconstituted with 
responder patient commensals showed a greater response to immune checkpoint 
inhibitors than mice colonized with non-responder patient commensals.

Beyond just clinical response to therapy, immune-related toxicity of immune 
checkpoint inhibitors has also been associated with the gut microbiome composi-
tion. Based on stool analysis of samples obtained from patients treated with an anti- 
CTLA- 4 antibody, bacteria from Bacteroidetes phylum were associated with lower 
rate of drug-induced colitis [64].

19.6  The Microbiome and Pancreatic Cancer

Pancreatic ductal adenocarcinoma (PDAC) is anticipated to become the second 
largest cause of cancer-related mortality in the United States. This, in part, is sec-
ondary to early metastatic spread to immunotolerant organs like the liver, leading to 
unresectable disease often found at initial diagnosis. Furthermore, the promising 
response that has been seen in various other cancers to immune checkpoint inhibi-
tors has not been mirrored in treating PDAC, except in a few rare cases involving 
mismatch repair-deficiency.

19.6.1  Preclinical Studies in Pancreatic Cancer

Multiple studies have shown that pancreatic cancer is an inflammation-driven can-
cer. Inflammatory-driven changes from stimuli like cerulein-induced pancreatitis, 
obesity, lipopolysaccharide, and up-regulation of downstream inflammatory path-
ways like nuclear factor-kB, IL6-Stat 3, are essential to induce neoplasia in mice 
who harbor the oncogenic Kras mutation [65–68].

Immune cells and stroma and both essential parts of the tumor microenvironment 
(TME), which work together to sustain this inflammation-driven tumorigenesis. 
Kras induces infiltration of gdT cells, granulocyte macrophage colony-stimulating 
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factor-induced myeloid-derived suppressor cells, Th17 cells, Th2 cells, IL35+ Bregs, 
all which inhibit the infiltration of effector Th1 and Tc1 cell, thereby promoting 
tumorigenesis [69–73]. Additionally, PDAC stroma induces a pro-inflammatory 
environment via Th2, protecting the tumor from the anti-cancer response and keep-
ing the tumor immunologically “cold” [74–76]. Conversely, induction of Th1 
immunity increases survival in mice in humans, and also improves response of 
PDAC to immune checkpoint inhibitors [10]. This therefore suggests that immuno-
therapeutic agents may be effective treatment options if the TME components are 
properly targeted. Given this understanding, recent evidence has implicated the 
microbiome as important cancer-promoting components.

The role of the innate immune system, including PRRs and their ligands (microbe-
associated molecular patterns) and their downstream targets has been studied in 
mouse models and been linked to the development of pancreatic disease (Fig. 19.3). 
We and others have reported that ligation of TLR 4, bacterial sensors, Nucleotide-
binding oligomerization domain-containing protein 1 (NOD1), and NLRP3 inflam-
masome, increases the severity of acute pancreatitis in mice, and administration of 
oral antibiotics reverses this effect [77–79].

Fig. 19.3 Mechanism by which bacteria may access the pancreas and promote cancer. Inflammatory 
pathologies like pancreatitis and obesity are associated with increased gut permeability and dysbio-
sis, thereby, leading to possible bacterial translocation. Environmental insults like endoscopic retro-
grade cholangiopancreatography may also cause retrograde passage of bacteria from the duodenum 
through the pancreatic duct. In the pancreas, bacterial ligands pathogen- associated molecular pat-
tern stimulate pattern recognition receptors (like TLRs) and cause downstream immune suppres-
sion, leading to development of PDA in the setting of heightened genetic risk. (Figure reprinted with 
permission from [80]: The Role of the Microbiome in Immunologic Development and its Implication 
For Pancreatic Cancer Immunotherapy (Sethi et al.; Gastroenterology 2019;1–19))
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Data from our laboratory suggested that PDAC-bearing KrasG12D/+; Trp53R172H/+; 
Pdx-1-Cre (KPC) have a very different gut microbiome when compared to control 
(Cre) mice [81]. We found that mouse pups that are “cohoused” with tumor-bearing 
KPC mice, the pups develop more aggressive pancreatic cancer xenografts, compared 
to pups that are cohoused with non-cancer bearing mice [82]. Furthermore, we found 
that eradication of the microbiome by routinely used broad spectrum antibiotics sig-
nificantly decreases tumor burden in multiple murine models of PDAC (as well as 
melanoma and colon cancer) through an adaptive immune-dependent mechanism [83].

The microbiota promote the infiltration of pro-tumorigenic IL17A+ CD4+ Th17+ 
cells while decreasing anti-tumor IFN-gamma+ CD4+ Th1+ cells in the TME. Using 
a IL-17A-neutralizine monoclonal antibody abolishes the tumor-attenuating effects 
seen with antibiotic administration. 16s rRNA sequencing also suggests that PDAC 
metastatic lesions harbor a rich microbial environment, which interestingly, closely 
resembles the gut microbiome. Additionally, oral antibiotics also significantly 
decrease this metastatic-microbiome. Other studies have supported these findings, in 
both mice and humans, demonstrating that the tumor itself harbors a distinct micro-
biota, compared to cancer-naïve tissue. Germ free mice have significantly decreased 
tumor burden in multiple models of PDAC [84]. A comparison of the gut microbi-
omes of Ptf1aCre; LSL-KrasG12D and wild-type mice found that certain bacterial 
taxa are enriched at distinct time points in the development of PDAC, and taking 
feces from mice who have PDAC and performing a fecal transplant on Ptf1aCre; 
LSL-KrasG12D mice promotes and accelerates tumorigenesis. Interestingly, PDAC 
patients have a selective enrichment of Proteobacteria, Synergistetes, and 
Euryarcheota in their feces in comparison to healthy control patients.

Upon recognition of bacteria by TLR2 and TLR5, the gut microbiome induce a 
pro-tumoral immunosuppression within the tumor. By eradicating the microbiome 
with antibiotics, T cells polarize to a Th1 and Tc1 phenotype, and intratumoral mac-
rophages polarize to an anti-tumor M1 phenotype. Bifidobacterium pseudolongum 
has been found to promote PDAC in a TLR-dependent manner. Antibiotics are able 
to up-regulate PD-1 on tumor-infiltrating CD4+ and CD8+ T cells, leading to 
enhancement of response to aPD-1 immunotherapy.

Gemcitabine remains the major chemotherapy used in treatment of PDAC 
patients. However, tumors can become chemoresistant to the drug through various 
mechanisms, which contributes to decrease in overall survival of these patients. 
Geller et al. found that bacterial metabolism may play in important role in the devel-
opment of resistance to gemcitabine [85]. Mycoplasma hyorhinis and 
Gammaproteobacteria can metabolize gemcitabine into inactive compounds through 
deamination, leading to its chemoresistance. Inhibiting the enzyme involved in this 
deamination or by treating with antibiotics, such as ciprofloxacin, increases response 
to gemcitabine. Furthermore, Gammaproteobacteria are found in pancreatic tumors 
of patients who undergo surgery (causes manipulation of the pancreatic duct) [86].

Evaluation of the mycobiome in PDAC has also revealed that the intrapancreatic 
fungal population within pancreatic tumors, is different when compared to the gut 
mycobiome as well as normal, healthy pancreatic tissue [87]. This phenomenon was 
also observed in human PDAC patients, with Malassezia more prevalent in tumor 
tissue than in the gut. In murine studies performed by Aykut et al., treatment with 
fluconazole was protective against tumor progression.
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19.7  Clinical Studies

Multiple studies performed over the recent years have demonstrated the link 
between oral, gut and intratumoral bacteria in pancreatic cancer (Table  19.1). 
Several bacteria have been found to be enriched in the gastrointestinal tract of 

Table 19.1 Epidemiological studies investigating the microbiome in pancreatic cancer patients

Microbe(s)/risk 
factor studied Study design No. of patients Key findings Reference

Helicobacter 
pylori (CagA±) 
through 
serology

Meta-analysis 6 studies (822 
pancreatic 
cancer [PC] 
patients, 1513 
controls)

Weak association (OR, 1.38; 
95% CI, 1.08–1.75)

[94]

Meta-analysis 9 studies 
(1083 PC 
patients, 1950 
controls)

Weak association (OR, 1.47; 
95% CI, 1.22–1.77)

[95]

Meta-analysis 5 studies 
(1446 PC 
patients, 2235 
controls)

No association (OR, 0.99; 
95% CI, 0.65–1.50)

[96]

Self-reported 
history of 
periodontitis

Questionnaire- 
based 
prospective

48,375 males 
(216 PC 
patients)

Periodontitis was a risk factor 
for PC development (RR, 
1.64; 95% CI, 1.19–2.26)

[89]

Oral 
microbiome 
(microarray and 
qPCR)

Case–control 10 PC patients 
and 10 
controls 
(candidates 
validated with 
28 PC patient 
and 28 
controls)

PC patients had different 
salivary flora as compared to 
controls. Neisseria elongata 
and Streptococcus mitis were 
increased in PC patients 
(ROC AUC for both, 0.9; 
95% CI, 0.78–0.96)

[97]

Oral 
microbiome 
(plasma 
antibodies)

Nested 
case–control

405 PC 
patients and 
416 controls

Significant association of PC 
with increased antibodies 
against Porphyromonas 
gingivalis (OR, 2.14; 95% CI, 
1.05–4.36)

[88]

Oral 
microbiome 
(16s rRNA gene 
sequencing)

Nested 
case–control

361 PC 
patients and 
371 controls

P. gingivalis and 
Aggregatibacter 
actinomycetemcomitans were 
significantly associated with 
PC (OR for presence vs. 
absence, 1.60 and 2.20; 95% 
CI, 1.15–2.22 and 1.16–4.18, 
for P. gingivalis and A. 
actinomycetemcomitans 
respectively)

[90]

(continued)
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Table 19.1 (continued)

Microbe(s)/risk 
factor studied Study design No. of patients Key findings Reference

Intratumoral 
Fusobacterium 
(PCR array)

Cases only 283 PC 
patients

8.8% samples tested positive 
for Fusobacterium and out of 
those, 28% had 
Fusobacterium in 
noncancerous pancreas

[98]

Intratumoral 
bacteria (qPCR 
and 16s rRNA 
gene 
sequencing)

Case–control 113 PC 
patients and 
20 controls

PC samples had increased 
presence of bacterial DNA in 
PDAC samples as compared 
to controls (76% vs. 15%; 
P < 0.005)

[85]

Cases only 65 PC patients Gammaproteobacteria were 
the most abundant 
intratumoral bacteria

Intratumoral 
bacteria (qPCR 
and 16S rRNA 
gene 
sequencing)

Case–control 12 PC patients 
and 5 controls

PC patients had increased 
bacterial DNA load as 
compared to controls. 
Proteobacteria, Bacteroidetes, 
Firmicutes, Pseudomonas and 
Elizabethkingia were found 
abundantly in PC tissue

[84]

Fecal bacteria 
(16S rRNA 
gene 
sequencing)

Case–control 32 PC patients 
and 31 
controls

Increased abundance of 
Proteobacteria, Syner gistetes, 
Euryarchaeota differentiated 
PC patients from controls

Intratumoral 
bacteria (qPCR 
and 16s rRNA 
gene 
sequencing)

Cohort Cohort 1: 22 
Long Term 
Survivors 
(LTS) and 21 
Short Term 
Survivors 
(STS)
Cohort 2: 15 
Very Long 
Term 
Survivors and 
10 STS

LTS had increased alpha 
diversity compared to STS in 
both cohorts. LTS had 
predominance of 
Alphaproteobacteria, 
Sphingobacteria, and 
Flavobacteria compared to 
STS (dominated by Clostridia 
and Bacteroidea)

[93]

Intratumoral 
fungi and fecal 
fungi (qPCR 
and 18s rRNA 
sequencing)

Case-control 3 PC patients 
and 3 
Controls;  
Gut (18) and 
tumour (13) 
biologically 
independent 
specimens, 
patients with 
PC

Malassezia more abundant in 
tumor tissue than in gut. 
There were distinct clusters 
of fungal communities in the 
tumour tissue and gut of 
patients with PC

[87]

Reprinted and modified with permission from [80]: The Role of the Microbiome in Immunologic 
Development and its Implication For Pancreatic Cancer Immunotherapy (Sethi et  al; 
Gastroenterology 2019;1–19)
AUC area under the curve, CI confidence interval, OR odds ratio, qPCR quantitative polymerase 
chain reaction, ROC receiver operating characteristic, RR relative risk, rRNA ribosomal RNA
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PDAC patients. Periodontitis and oral dysbiosis, which is characterized by over- 
colonization of Porphyromonas gingivalis and Aggregatibacter actinomycetem-
comitans are risk factors for development of PDAC [85, 88–90]. Oral bacteria that 
disseminate systemically and can cause bacterial endocarditis, may also lead to 
biofilm formation in the pancreatic duct [91]. Therefore, it is possible that these 
bacteria can translocate from the duct to the pancreas, promoting the formation 
of PDAC.

Bacteria can also potentially migrate to the duodenum, as patients diagnosed 
with PDAC who undergo endoscopic retrograde cholangiopancreatography (ERCP) 
have increased intratumoral bacterial burden compared to those without ERCP per-
formed [85].

Bacterial transmission to the pancreas can also occur through a paracellular 
route in the setting of increased gut permeability, which is seen in pancreatitis and 
obesity, both of which are significant risk factors for the development of 
PDAC [92].

Diversity within the microbiome can be described by richness and evenness. 
Alpha-diversity refers to number of species relative to the species abundance 
within a sample. Beta diversity refers to the diversity between samples. A higher 
alpha diversity within the gut microbiome has been linked to a “healthy” state 
[11]. Riquelme et al. analyzed the tumor microbiome diversity in PDAC patients 
via 16s sequencing, revealing greater alpha-diversity was present in patients that 
were long- term survivors versus short-term survivors. Furthermore, a signature 
intra-tumoral microbiome (Fig.  19.4) was associated with long-term sur-
vival [93].

19.8  Conclusion

There have been many advances offering insight into the complex role the micro-
biota plays in modulating cancer progression through cross-talk with the immune 
system. More research is needed to fully decipher the intricacies of this relationship. 
It has become evident that certain bacteria form a beneficial commensal relationship 
with the human host, whereas other bacteria can have unfavorable effects. In this 
context, it is possible that the future of cancer therapeutics may involve targeting 
these “bad” bacteria to halt tumor progression.
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Take Home Messages
• The tumour microenvironment of pancreatic cancer is an intricate network 

of signals between immune cells, cancer cells, and stroma, creating an 
immunosuppressive environment.

• The immune landscape is dominated by immunosuppressive cell types 
(tumour- associated macrophages, MDSC, and Treg cells) with a paucity of 
effector T cells.

• Attempts at single agent immuno-oncology therapies have had limited 
impact on pancreatic cancer, compared to other cancers types.

• Barriers associated with pancreatic cancer include upregulation of immuno-
suppressive pathway, lack of T-cell infiltrate and low mutational burden rates.

• Strategies to improve success include combinatorial approaches guided by 
in- depth microenvironmental assessment.

Pearls and Pitfalls
• Single agent immunotherapy trials have failed to impact upon disease in 

pancreatic cancer.
• Combinatorial trial strategies are in their infancy and will require stratified 

trial designs to incorporate those patients most likely to benefit.
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20.1  Introduction

Pancreatic ductal adenocarcinoma (PDAC) has overtaken breast cancer as the third 
most common cause of cancer related death in Western societies, and is predicted to be 
second by 2025 [1]. Tremendous scientific progress has been made over the past decade 
in understanding how to manipulate the immune system, translating into unprece-
dented, improved outcomes for certain stubborn, recalcitrant malignancies. However, 
for PDAC the impact of immunotherapy has been disappointing. Responses to immu-
notherapy in PDAC are vanishingly rare. Accumulating evidence from murine models 
and humans suggests the refractory nature is linked to the complex dichotomy that 
exists with the immune system simultaneously restraining and promoting PDAC [2].

While epidemiological level analysis suggests a correlation between chronic 
pancreatitis and PDAC, underlying mechanisms linking chronic inflammation in the 
pancreas to initiation and progression of PDAC are derived primarily from the study 
of murine models [3]. Pancreatitis is acknowledged as a critical initiator of PDAC 
in GEMMs which conditionally express mutant Kras in the pancreas from birth [4, 
5]. Study of initiation models of PDAC have shown that multiple components of 
inflammation including IL-6, regulatory B-cells and innate immune cells including 
neutrophils and myeloid derived suppressor cells, can promote tumourigenesis in 
the context of mutant Kras [6].

In this chapter, we focus on the rationale supporting pursuit of an immuno- oncology 
strategy in PDAC, discuss the barriers limiting efficacy of immuno- therapeutics, and sum-
marize preclinical and clinical strategies to sensitize PDAC to immunotherapy.

20.2  Impediment to Immunotherapy in PDAC

Despite rationale for targeting inflammatory pathways in PDAC, there has been 
little benefit observed at this point. Within the field, multiple obstacles have 
been shown to impede delivery, or effectiveness of immune oncological drugs in 

Future Perspectives
• To develop strategies to (1) increase initial T-cell priming, (2) overcome an 

immunosuppressive microenvironment, and (3) manage compensatory 
mechanisms of T-cell anergy and exhaustion.

• To develop mechanism-driven biomarkers to guide immune checkpoint 
blockade in pancreatic cancer therapy.

• Focus is required to trial immuno-oncology strategies in the localised dis-
ease setting in an effort to prevent metastasis.

• Explore the interaction between the microbiome, the immune landscape 
and response to therapy.
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pre- clinical models. These factors will be discussed below and investigators are 
working on tackling resistance mechanisms through multitargeted approaches 
to improve outcomes for patients.

20.2.1  Stroma

Despite the integral role played by inflammatory and immune pathways in PDAC 
development, clinical trials using single-agent immune checkpoint blockade have 
been unsuccessful thus far. The PDAC tumour microenvironment (TME), an abun-
dance of non-cancer cell components, termed the stroma, represents a barrier to 
immunotherapy in both murine models and humans. Accounting for up to 50% of 
tumour volume, the dense hypovascular, fibrotic stroma can inhibit spontaneous and 
therapeutically induced anti-tumour immunity [7]. Desmoplastic stroma is thought 
to block the penetration of systemic therapies whilst simultaneously facilitating 
immune escape. Initial studies demonstrated that tumour incidence and metastasis 
increased when an increased proportion of pancreatic stellate cells were co-injected 
with PDAC cells, identifying the stroma as a potential target for therapeutic inter-
vention [8]. Yet, in preclinical PDAC models, fibroblast depletion led to increased 
regulatory T-cells (Treg) accumulation and reduced survival, supporting a more 
intricate relationship between stroma and epithelial components [9]. This complex-
ity likely explains the failure of the inhibition of Hedgehog signalling in clinical 
trials despite the apparent utility in preclinical models [10, 11]. Multiple novel strat-
egies to overcome the stomal fibrosis integrity and facilitate T-cell activation are 
accumulating [7], and include inhibition of focal adhesion kinase-1 (FAK1) which 
improves chemotherapy and immunotherapy response in preclinical models [12]. 
Inhibition of lysyl oxidase (LOX), an enzyme necessary for collagen generation and 
cross-linking, in GEMM through a blocking antibody combined with gemcitabine 
reduced ECM cross-linking, blocked metastasis, and increased survival times com-
pared to gemcitabine alone [13]. Targeting hyaluronic acid has been shown to 
improve vascular penetrance and survival in preclinical models [14] however, 
unfortunately in a recent phase 3 trial failed to outperform standard of care chemo-
therapy for patients with metastatic PDAC (NCT02715804). Yet a potential novel 
target for stromal manipulation, HSPG2 (perlecan), showed benefit when inhibition 
was combined with gemcitabine plus nab-paclitaxel [15].

20.2.2  T-Cells

The development of immune-based therapies for PDAC is challenging because of 
poor tumour antigenicity, and an immunosuppressive environment that promotes 
tumour escape through cellular and molecular suppressive components and leads to 
paucity of T-cell infiltration. Despite a relative paucity of T-cell infiltration which 
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results in the classical description of PDAC as a ‘cold tumour,’ significant variation 
of T-cell infiltration patterns exist in both murine [16] and human PDACs [17]. 
Ultimately, the correlation of CD8+ T-cell density and outcome has encouraged the 
pursuit of immunotherapeutic strategies in PDAC.  Most have T-cell populations 
skewed toward suppressive CD4+ T-cell lineages, with Foxp3+ Tregs recruited early, 
accounting for 25% of all CD4+ T-cells in both pancreatic intraepithelial neoplasia 
(PanIN) and PDAC [18]. Reduced numbers of intratumoural Tregs [19] are associ-
ated with increased disease-free survival after pancreatectomy, suggesting that 
accumulation is an important determinant of survival in patients with 
PDAC.  However, Treg depletion alone of has been insufficient to restore CD8+ 
recruitment.

Recently, other pro-tumourigenic T-cell lineages have been described, with the 
γδ T-cells capable of inhibiting CD3+ αβ T-cells through secreted and ligand- 
dependent mechanisms [20]. While Th17 cells have been shown to promote PDAC 
progression in an IL17-dependent manner [21]. Overall, PDAC generates a TME 
augmented by suppressive T-cell populations with a paucity of effector T-cells.

20.2.3  Immune Checkpoints

Multiple immune signalling pathways regulate anti-tumour immunity, involving 
costimulatory and inhibitory receptors (immune checkpoints) present on T-cells. 
Most studies of immunomodulatory agents in PDAC have examined the role of the 
inhibitory costimulatory receptors cytotoxic T-lymphocyte–associated protein 4 
(CTLA-4) and programmed cell death protein-1 (PD-1). Both are critical for activa-
tion and suppressive activity of Tregs with a primary role of preventing excessive 
response to infection. Tumours utilise these pathways to induce Treg suppression, 
and therefore PDAC treatment must overcome immunosuppression in addition to 
immune activation for a durable response. Consistent with this, CTLA-4 and PD1- 
pathway expression are upregulated in PDAC [22], and both are correlated with 
reduced survival [23].

To date for patients with PDAC, immunotherapy has rarely yielded significant 
clinical impact [24]. Initial clinical trials investigating the targeting of PD-1/PDL1 
did not reproduce the remarkable efficacy observed in metastatic melanoma and 
non-small cell lung cancer (NSCLC) [25, 26]. Other single agent immuno-oncology 
strategies have failed including CTLA-4 antagonists [27].

20.2.4  Myeloid Cells

A widespread strategy of immune escape employed by cancer is induction of altered 
myelopoiesis via secretion of metabolites, cytokines, and chemokines. Thus, pro-
moting suppressive myeloid cells to accumulate in the TME capable of inhibiting 
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the anti-tumour T-cell response [28]. Broadly classified these cells are myeloid- 
derived suppressor cells (MDSCs; CD11b+CD33+—humans) and tumour- associated 
macrophages (TAMs; HLA-DR+ CD68+—humans). In murine models both MDSCs 
and TAMs have demonstrated the ability to induce T-cell suppression through 
secreted factors and by PDL1 induction [22]. Furthermore, depletion of macro-
phages outside of tumours has been illustrated to promote T-cell infiltration suggest-
ing their role extends far beyond the TME [29].

In patients with PDAC, mobilisation of bone marrow derived monocytes is 
increased, with both CD66b+ MDSCs and CD68+ TAMs tumour infiltration associ-
ated with negative outcomes following resection [30]. Myeloid depletion appears to 
sensitise tumours to systemic therapies including chemotherapy, radiotherapy, and 
checkpoint blockade in murine models, supporting MDSCs as key negative regula-
tors of immune reactivity in PDAC.

20.2.5  B-Cells

A more recently investigated suppressive component of the TME, B-cell recruit-
ment is dependent on Bruton’s Tyrosine kinase (BTK) [31], and CXCL13 [32] with 
evidence that B-cells promote PDAC tumourigenesis in murine models however the 
clinical significance requires clarification.

20.3  Current Immunotherapeutic Approaches

Approaches including specific inhibitors (antibodies and small molecule inhibitors) 
or a variety of signalling pathways are described. Other targeted immunotherapy 
strategies, e.g., oncolytic viruses, vaccines, and chimeric antigen receptor-T cell 
(CAR-T) therapies aim to target PDAC in a more focused manner while minimising 
side-effects. Furthermore, combining mainstay, untargeted therapeutic strategies, 
chemotherapy and radiotherapy with immune-checkpoint blockade is appropriate.

20.3.1  Combining Immune Checkpoint Inhibitors 
with Untargeted Therapies

20.3.1.1  Chemotherapy

While most immune therapies are being developed for use after patients have 
received chemotherapy, we have little, if any understanding of the molecular pathol-
ogy of “post-chemotherapy” tumours [33], in PDAC. Given the complexity of the 
anti-tumour immune response, and the apparent failure of single agent strategies, 
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this has prompted the concept of combinatorial strategies with chemotherapy which 
have potential to alter the immune system [34, 35] and the TME [13, 36], with 
response to immune therapy potentially determined by the type of prior treatment 
[37]. Gemcitabine-based chemotherapy has often used as a backbone in these com-
bination immunotherapy trials, as there is evidence of an increased tumour antigen 
availability, coinciding with transiently depleted immunosuppressive Tregs and 
MDSCs in the TME [35, 38, 39]. A selection of current immunotherapy combinato-
rial strategies are illustrated in Table 20.1.

Table 20.1 Select studies focusing on immune checkpoint blockade combination strategies in 
preclinical models

Approach
Combination 
target

Preclinical 
model

Experimental 
treatment Outcome Human studya

Stromal 
remodeling

Focal 
adhesion 
kinase (FAK)

KPC 
autochthonous 
mouse model

Gemcitabine 
with FAKinh 
and PD-1 Ab 
and CTLA-4 
Ab

Improved 
survival

Yes
NCT02546531
[12]

CXCR4 KPC 
autochthonous 
mouse model

CXCR4inh and 
PD-1Ab

Reduced 
tumour 
growth

Yes
NCT02826486
[49]

Myeloid 
compartment

CXCR2 KPC 
autochthonous 
murine model

mPD-1 Ab with 
CXCR2 SM 
(AZ13381758)

Extended 
survival, 
abrogated 
metastasis

Yes
NCT02583477
[48]

CD40 Subcut 
transplant KPC 
murine cells

Gemcitabine/
nab-paclitaxel 
with CD10 
agonist Ab

Tumour 
regression, 
prolonged 
survival, 
maintained T 
cell memory

Yes
NCT03214250
[83]

CSF1R KC-INK4A/
Arf Orthotopic 
transplant

Gemcitabine 
with CTLA-4 
Ab, PD-1 Ab, 
and CSF1R Ab 
combo

Completely 
blocked 
tumour 
progression, 
85% tumour 
regression

Yes
NCT02777710
[46]

Radiotherapy Radiotherapy 
with immune 
checkpoint 
blockade

Subcut 
transplant KPC 
murine cells

CTLA-4 Ab, 
PD-1 Ab, and 
radiation triple 
combination

Prolonged 
survival

Yes
NCT02311361
[84]

Radiotherapy 
with CD40

Subcut and 
orthotopic 
transplant KPC 
murine cells

Radiation, 
CTLA-4 Ab, 
PD-1 Ab, and 
CD40 agonist 
Ab

Prolonged 
survival, 
increased 
abscopal 
effect

No

aNumbers indicate ClinicalTrials.gov identifier
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20.3.1.2  Radiotherapy

Radiotherapy has a role in the neoadjuvant setting and for management of LAPC, 
and therefore combination with immune checkpoint blockade may be a promising 
strategy for PDAC.  An abscopal effect exists, where radiotherapy induces an 
immune response that mediated regression of metastatic lesions lying outside the 
radiation fields. Radiotherapy could therefore activate the immune system, increase 
T-cell tumour trafficking and potentially elicit an anti-tumour response following 
immune checkpoint blockade. Initial evidence for synergism has been seen in PDAC 
possibly related to increased immunogenicity [40]. By increasing tumour visibility 
radiotherapy may synergise with immune therapy. Optimisation of radiation dose 
and timing along with the identification of potential biomarkers is likely to further 
enhance clinical effectiveness.

20.3.2  Combining Immune Checkpoint Inhibitors 
with Targeted Therapies

Combination rather than single agent strategies will likely dominate the clinical trial 
landscape (Fig. 20.1). While this argument is encouraging, and may benefit sub-
groups of patients, each of these groups are likely to be small. In order to expand the 
positive impact of immunotherapeutics in PDAC, wider strategies are necessary. 
Multi-targeted strategies aim to stimulate T-cell anti-tumour responses through a 
combination of chemotherapy, immune targeting of CD40 and immune checkpoint 
blockade. Others aim to combine immune checkpoint blockade with strategies to 
inhibit immunosuppression mediated by matrix proteins (hyaluronidase), fibro-
blasts (FAK1), and myeloid cell populations (CSF1R, CXCR2, CCR2, BTK).

Further strategies for Immunotherapeutics in development include targeting 
indolemine 2,3-deoxygenade (IDO), a tryptophan-catabolizing enzyme that, when 
activated via tumours or another inflammatory stimulus, activates suppressive activ-
ity in dendritic cells leading to Treg activation. A recent phase II study of metastatic 
PDAC testing gemcitabine plus nab-paclitaxel in combination with indoximod 
revealed treatment responders with evidence of increased CD8+ T-cell density in 
on-treatment biopsies [41]. Interestingly, FOXP3+ was upregulated in responders 
and non-responders suggesting chemotherapy alone influences the immune land-
scape. This presents implications for the allocation of immunotherapy according to 
subtype stratifications of PDAC [42]. Despite these data encouraging data, PDL1 
blockade in combination small molecule inhibition of IDO in unselected PDAC 
patients failed to achieve objective responses [43].

CD40 is a TNF receptor superfamily member that is expressed by many cells, 
including B cells, monocytes, endothelial cells, and fibroblasts. CD40 agonists have 
been shown to activate APCs and promote tumour regression, and synergize with 
gemcitabine in mice to increase intratumoural effector T-cell infiltration and induce 
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T-cell–dependent PDAC tumour regression [29] and are subject to testing in clinical 
trials [44].

Alternatively, immunotherapy strategies may condition the immune landscape to 
enhance responsiveness to traditional chemotherapy. In locally advanced PDAC, 
inhibition of CCR2, a chemokine receptor involved in the recruitment of immuno-
suppressive TAMs in combination with gemcitabine and nab-paclitaxel have been 
successful in disrupting immune cell recruitment to tumours with promising 
results [45].

Another receptor for which inhibition depletes macrophages, is colony- 
stimulating factor-1 receptor (CSF1R), Inhibition of which increased expression of 
checkpoint molecules on PDAC tumour cells and T-cells, and when synergized with 
immune checkpoint blockade and gemcitabine, further slowed murine PDAC 
growth [46]. In a further GEMM PDAC model, CSF1R inhibition, resulted in 
shrinkage of established tumours and increased mouse survival [47]. Along with 
diminished malignant T-cell proliferation, and increased cell death there was an 
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Fig. 20.1 Combination strategies to enhance immune checkpoint blockade efficacy. Ultimately 
synergism of all three aspects will likely be most successful
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enhanced T-cell response. In addition to the loss of macrophages and rewiring of 
multiple TME features, there was evidence global changes in gene expression akin 
to switching PDAC subtypes.

Recently, it has been demonstrated that inhibition of a key mediator of neutrophil 
migration C-X-C Motif Chemokine Receptor 2 (CXCR2) enhances T-cell infiltra-
tion through inhibiting neutrophil/myeloid-derived suppression of T-cell recruit-
ment in a GEMM, and is effective in increasing survival in combination with 
immune checkpoint blockade (Fig. 20.2) [48]. Peptide inhibitor, but not germline 
deletion of Cxcr2, improved survival, revealing differential effects in early and late 
tumours. Subsequently this strategy has been translated into a clinical trial in the 
metastatic setting (NCT02583477).

Fig. 20.2 Myeloid derived suppressor cells are important immune modulation targets in pancre-
atic cancer. Neutrophils/MDSCs play a key role in the establishment of the metastatic niche. 
CXCR2 has been shown to be important in immune modulation of pancreatic cancer with inhibi-
tion of CXCR2 demonstrated to enhance T-cell entry, reduce metastasis and improve response to 
gemcitabine and anti-PD1 in a murine model. (Image reproduced from Steele et al. Cancer Cell 
Volume 29, Issue 6, 13 June 2016, Pages 832–845)
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CXCR4, a chemokine receptor whose expression in human pancreatic tissues is 
associated with a poorer prognosis. Inhibiting CXCR4 synergized with immune 
checkpoint blockade to decrease tumour size in a murine model [49], which has 
prompted an assessment in clinical trials (NCT02826486, NCT02907099)

Thus, multiple elements exist within the TME which may serve to switch PDAC 
from an immunologically impervious to sensitive phenotype. Indeed, evidence may 
suggest that switching of transcriptomic phenotypes may also be a potential strategy 
to achieve this goal [50].

20.3.2.1  Sequencing of Chemotherapy and Immunotherapies

In the management of human PDAC, the optimal sequencing of chemotherapy and 
immunotherapies is undecided, partly as our understanding of the immune land-
scape is predicated on analysis of a select subgroup of early-stage resected tumours, 
yet the majority of clinical trials are focussed on management of metastatic disease. 
In the clinic, patients will often receive multiple rounds of chemotherapy prior to 
receipt of immunotherapeutics. This has the potential of mitigating the maintenance 
of anti-tumour immune response by ablating proliferating immune cells and stimu-
lating senescence of T-cells. Concurrent administration of chemotherapy and immu-
notherapy may be impactful in pre-clinical cancer models however, it is not clear 
whether this strategy is optimal in the clinical setting [51]. Myelosuppression may 
result from chemotherapy, and while this may be of benefit in terms of facilitating 
T-cell entry, it may also negatively impact efficacy of immune targeting approaches 
to readdress MDSC activity [48, 52]. Alternatively, treatment sequencing the immu-
notherapeutic following chemotherapy induction as reported in NSCLC [53] may 
be an option in PDAC in combination with PARP inhibition following completion 
of platinum chemotherapy, as a maintenance strategy prior to evidence of disease 
progression.

20.4  Other Immunotherapeutic Approaches

Given the effectiveness of checkpoint blockade in other cancers, investigators have 
begun to explore the potential of further manipulations of T-cell responses against 
tumour antigens. Below we explore techniques to augment T-cell responses in the 
form of vaccination, CAR-T cell therapies and other factors that may influence the 
efficacy of harnessing the immune system against PDAC.

20.4.1  Targeting Tumour Antigens in PDAC

The utility of immunotherapy depends upon presence and detection of immuno-
genic tumour antigens by T cells. Ideally, such tumour antigens are selectively 
expressed on cancer cells. Antigens are derived from either: (a) differential 
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cancer- cell expression; or (b) result from mutations or rearrangements in genetic 
sequences generating neoepitopes (mutational neoantigens).

Patients with microsatellite unstable tumours are a rare entity in pancreatic can-
cer (approximately 2%) [54]. These tumours exhibit response to immune check-
point blockade [24], suggesting progress in the treatment of PDAC including 
employment of immunotherapies will require precision selection of patients. The 
mutational burden in tumours with microsatellite instability is greatly increased in 
PDAC [55]. Interestingly, exceptional patients with recalcitrant PDAC with micro-
satellite stable tumours have exhibited response to immune checkpoint blockade 
when combined with CSF1R inhibition [56]. Pre-clinical models have shown that 
[47] targeting macrophages within the tumour microenvironment releases resis-
tance of these tumours to this approach.

20.4.2  Tumour Associated Antigens as Targets 
for PDAC Immunotherapy

Tumour associated antigens have received most attention as targets for PDAC 
immunotherapy due to the potential to treat multiple patients with the same therapy. 
Epidermal growth factor receptor (HER/EGFR/ERBB) family proteins and meso-
thelin [57] are examples of therapeutic targets under clinical investigation in 
PDAC. However, because of multiple sites of expression, off target effects occur.

It is accepted that as with other tumours, PDAC with higher mutational loads 
generate more neoantigens [58]. While initially no clear correlation between neoan-
tigen load, activated T-cell infiltrate and outcome for patients with PDAC was 
observed, more recent examinations demonstrated heterogeneity in intratumoural 
T-cell infiltrates, with neoantigens potentially serving as targets for a subgroup of 
T-cells [17]. Supporting this fact, those tumours with evidence of mismatch repair 
or DNA damage repair signature have evidence of adaptive immune activation and 
evidence of a higher neoantigen load [59]. In patients with prolonged survival fol-
lowing resection for PDAC, neoantigens have been identified as T-cell targets, with 
those tumours demonstrating a >10-fold density of cytolytic CD8+ T-cells [17]. 
Additionally, a neoantigen quality fitness model, which integrated clonal genealogy, 
epitope homology and T-cell receptor affinity provided prognostic utility.

20.4.3  Vaccine Immunotherapy Strategies for PDAC

The lack of efficacy associated with monotherapy immune checkpoint blockade in 
human PDAC suggests that strategies are necessary to activate or prime components 
of the immune TME in particular tumour-specific T-cells. Despite promise, efforts 
to vaccinate against Kras positive cells in patients with PDAC have been limited to 
only a small series of trials which have failed to show durable benefit [60, 61]. Other 
strategies to target Kras are being considered, however, it is likely that the complex 
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nature of the pancreatic TME is not determined solely by the near ubiquitous Kras 
mutation present in the disease.

Further, vaccine strategies including irradiated autologous tumour cells (GVAX), 
live attenuated bacteria expressing mesothelin (CRS-207) and peptide-based vac-
cines have all failed to date to demonstrate clinical benefit [62–64].

However, there is evidence from resected specimens that for some patients the 
immune landscape can be perturbed by vaccines. In the setting of a GM-CSF gene- 
transfected irradiated allogenic whole tumour cell vaccine, GVAX, tertiary lym-
phoid aggregates were identified and associated with prolonged survival in surgically 
resected disease [65].

Additionally, GVAX impact appears to extend to the PDAC TME with evidence 
of increased T-cell infiltrations and myeloid activation [66]. Augmentation of GVAX 
activity has been achieved through combination of cyclophosphamide at low dose 
with enhanced anti-tumour activity [67] and the detection of tumour-specific T-cells 
in the peripheral blood [68]. An expansion of a diverse mesothelin-specific T-cell 
repertoire has been recorded in some patients who have responded to Cy/GVAX/
CRS-207, a feature that was associated with improved survival [64]. These explor-
atory studies support the rationale for combining vaccines with immune checkpoint 
blockade in an effort to both prime T-cells and perturb immune mechanisms which 
may limit T-cell effector activity.

The limited impact of immunotherapeutic strategies in PDAC has generated the 
concern that PDAC is immunologically ‘cold’. Yet, the preclinical studies and 
response to vaccines therapies suggests that this immunological inertness may 
indeed be flexible [65].

20.4.4  Augmenting T-Cell Responses: CAR-T-Cells

The strategy of adoptive cell therapy aims to removes the need for endogenous 
T-cell responses and facilitate an environment for the study of the anti-tumour 
potential of tumour-reactive T-cells. While for acute lymphoblastic leukaemia, 
Chimeric antigen receptor (CAR)-T-cells directed against CD19 have generated 
noteworthy responses, for patients with PDAC clinical improvement have yet to be 
realised [69]. To date, in murine models CAR-T-cells targeting CEA, Her2/neu and 
CD24 induced destruction of antigen-positive cells [70]. In human PDAC CARs 
targeting mesothelin, have demonstrated T-cell trafficking to the tumour site with 
transient partial responses without on-target, off-tumour toxicity [71]. This thera-
peutic strategy is limited by the quality and uniformity of antigen targets, with the 
potential to impact PDAC dependent on the capacity to generate productive poly-
functional endogenous T-cell responses and will ultimately require combinatorial 
approaches [72]. Especially challenging is the high number of infiltrating Tregs and 
MDSCs associated with the PDAC TME, capable of deactivating CAR-T cells via 
inhibitory cytokines.
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20.4.5  Selecting Patients with PDAC 
for Onco-Immunology Strategies

Only a subset of PDAC patients respond to immune checkpoint blockade strategies, 
and optimization of patient selection for treatment is imperative. Therapy outcome 
is determined at various levels:

 1. The degree of tumour “foreignness,” as reflected by mutational burden and 
expression of viral genes.

 2. The composition and activity of a pre-existing immune infiltrate.
 3. Mechanisms of tumour escape from immune surveillance.

PD-L1 protein expression is used in NSCLC to select patients who benefit from 
frontline PD-1 inhibitor immunotherapy ahead of chemotherapy [73]. Genomic and 
transcriptomic profiling have proven capable of identifying patients who failed to 
respond to immune checkpoint blockade [74]. As part of studies undertaken through 
the International Cancer Genome Consortium (ICGC), four transcriptomic subtypes 
of primary untreated PDAC were identified with definition of candidate immune 
avoidance mechanisms that could potentially be targeted with existing and emerg-
ing therapeutics if appropriately combined and directed towards selected patients 
[42]. The ‘immunogenic subtype’ was defined by enrichment for pathways involved 
in immune cell infiltration and immune avoidance mechanisms. Evidence of infil-
trating cytotoxic CD8+ T-cells and regulatory T and B-cells, along with expression 
of CTLA-4 and PD-1 immune checkpoint pathways, suggests immune suppression 
in these tumours may be potentially targetable with immune checkpoint blockade. 
These subtyping data may explain why initial human clinical trials of mono- 
immunotherapy failed in PDAC. This profiling strategy would have the advantage 
of being able to determine a tumour’s immunogenicity upfront, before treatment 
commences.

20.4.6  Influence of Microbiota on Onco-Immunology

Recently the role of microbiota in the initiation and maintenance of the immunosup-
pressive TME has received attention adding further to the complexity of immuno-
therapy response. In melanoma, a diverse microbial configuration was shown to 
predict a favourable immunotherapy response [75, 76], while in advanced renal and 
NSCLC microbial ablation impaired immune checkpoint blockade [77]. Notably in 
PDAC, targeting the microbiome has potential to facilitate immune checkpoint 
blockade [78], while a diverse intra-tumoural microbiome signature was prognostic 
in multiple patient cohorts [79] suggesting that ultimately consideration of the 
microbiome-immune cell compartments have potential to inform immunotherapeu-
tic decisions for PDAC patients [80].
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20.4.7  Optimising Onco-Immunology Integration in PDAC

While generally well tolerated, the introduction of immunotherapies to PDAC man-
agement may result in an array of toxicities not normally encountered with standard 
chemotherapeutics [81]. Therefore, caution must be employed to ensure that strate-
gies which provide no benefit or cause harm, fail rapidly, while simultaneously 
determining translational correlative that inform adaptation of treatment plans. 
Unsuccessful clinical trials may still yield important insights into mechanisms of 
resistance. Furthermore, the attenuation of the immune system risks accelerating 
disease progression as observed in a subset of NSCLC patients managed with 
immune checkpoint blockade [82].

20.5  Conclusions

PDAC remains an unforgiving and lethal cancer, with a mortality rate approaching 
its incidence rate, therefore novel strategies, to augment often poorly tolerated che-
motherapies, are necessary. The success apparent in other recalcitrant cancers sug-
gests that a subgroup of patients with PDAC may benefit from onco-immunology 
strategies and that others have potential to be converted to responders. While PDAC 
lacks high tumour mutational burden and demonstrates generally low levels of 
T-cell density, T-cell tumour recognition is associated with more favourable sur-
vival. Moreover, immune checkpoint blockade has demonstrated impact in that sub-
group of patients with PDAC who demonstrate microsatellite instability.

Multiple redundant barriers to immunotherapies within the milieu of the PDAC 
TME must be overcome through a combinatorial strategy of novel agents targeting 
the immune landscape, along with the stroma, in concert with standard and novel 
therapies. We look forward to preclinical models targeting the immune system in 
PDAC translating to human trial platforms which will inform both treatment 
responses and failures, providing insights into compensatory mechanisms of resis-
tance. In the context of improved outcomes associated with platinum based 
FOLFIRINOX in localised and metastatic disease, combination therapy, including 
strategies to boost adaptive immunity, break systemic tolerance, and increase 
tumour immunogenicity has potential to revolutionize PDAC treatment.
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Take Home Messages
• Considerable inter-tumoral heterogeneity exists in pancreatic cancer.
• Transcriptomic molecular subtyping has identified two broad subtypes: 

Squamous and Classical.
• Squamous tumours are associated with a poorer survival demonstrating 

evidence of epithelial-to-mesenchymal transition and association with 
adenosquamous morphology.

• Classical progenitor is associated with better survival, pancreatic endoder-
mal differentiation and IPMN-derived pancreatic cancer.

Pearls and Pitfalls
• Comparing molecular subtype-classifiers between different studies is lim-

ited by variability of inputs, gene expression technology used and tissue 
preparation techniques.

• There remains an ongoing debate on whether an endocrine (ADEX) sub-
type of pancreatic cancer exists.

• Molecular subtyping can potentially select patients for surgery, but clinical 
outcomes will also be largely affected by response to systemic therapy, 
particularly in the neoadjuvant setting.
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21.1  Introduction

Molecular subtyping of cancer has now been performed for the majority of common 
cancers following seminal studies in lymphoma and breast cancer [1, 2]. Using clus-
tering techniques based on mRNA gene expression, unbiased molecular associations 
between individual cancers can be identified and clustered together in order to form 
relevant reproducible subgroups that are not influenced by user selection. This allows 
for sensible analyses of commonly altered gene expression patterns amongst sub-
groups, which has the potential to facilitate therapeutic and biomarker development.

In this chapter, we describe the differences between molecular subtypes of pan-
creatic cancer, focusing specifically on pancreatic ductal adenocarcinoma, and 
potential implications for the surgical management of pancreatic cancer.

21.2  Subtyping Pancreatic Cancer from Gene Expression

There have been, to date, a number of studies aimed at subtyping pancreatic cancer 
based on large scale mRNA expression. Various technologies have been used, 
including gene expression arrays, but now it is mostly performed using RNA 
sequencing (RNAseq) (Table  21.1). These have used differing inputs, including 
bulk tumours, patient derived xenografts and cell lines [3–6]. The differences in 
sample origin and preparation (bulk tumour vs epithelial micro dissection) has 

Table 21.1 Techniques for gene expression analysis

Microarray RNAseq

Measures relative intensity Measures number of sequencing reads
Hybridisation to known transcript 
probes

Next generation sequencing and alignment of sequenced 
reads

Low sensitivity
Low dynamic range
Can only sequence known transcripts
No splicing/fusion information
Low costs

High sensitivity
Novel transcripts can be sequenced
Can detect structural variations and splicing
Can detect gene fusions
Wider range of analytical tools
Unlimited comparisons
More expensive

Future Perspectives
• To determine if molecular subtyping can be determined from preoperative 

biopsies.
• To determine if molecular subtyping can inform therapeutic development 

and predict response to systemic therapies.
• To determine the extent of subtype intra-tumoural heterogeneity and its 

effect on treatment response and prognostication.
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contributed to some of the observed differences in subtypes and classifiers described 
to date [4–6]. In general, however, there is now consensus that two broad subtypes 
exist, termed Classical Pancreatic and Squamous (also known as basal) with differ-
ing molecular profiles but also clinical patterns of disease and behaviour [3]. The 
squamous or basal subtype is enriched for genes involved in squamous differentia-
tion and will be from here on referred to as squamous subtype. This specifically 
relates to molecular subtyping and should not be confused with pancreatic cancer 
with adenosquamous histological features.

The largest characterisation of pancreatic cancer to date has been an integrated 
molecular analysis of the International Cancer Genome Consortium (ICGC) pan-
creatic cancer cohort led by the Australian Pancreatic Genome Initiative (APGI) [4, 
7–10]. Bulk tumour specimens were used for RNA sequencing and analysis which 
identified four sub-types based on transcriptional networks that defines gene pro-
grams within the tumour epithelial component and the microenvironment [4]. Sub- 
types were termed squamous, pancreatic progenitor, aberrantly differentiated 
endocrine exocrine (ADEX) and immunogenic and correlated with histopathologi-
cal findings and long-term outcomes [4]. The classical pancreatic subtype encom-
passes the pancreatic progenitor, ADEX and immunogenic subtypes and the subtle 
differences in these are described later on.

21.2.1  The Squamous (or Basal) Sub-Type

The squamous sub-type was so-called as it is enriched for gene programs described 
in squamous like tumours of breast, bladder, lung and head and neck cancer [11]. 
These co-segregated with histopathological adeno-squamous pancreatic cancer and 
gene programs associated with inflammation, hypoxia response, metabolic pro-
gramming and TGF-β signalling [4]. MYC pathway activation was enriched in this 
sub-type and correlates with other studies demonstrating MYC activation in adeno- 
squamous pancreatic cancer and poor outcome [4, 12, 13]. Hypermethylation and 
downregulation of genes involved in pancreatic endodermal differentiation (PDX1, 
MNX1, GATA6, HNF1B) appeared to contribute to loss of endodermal identity and 
epithelial to mesenchymal transition (EMT) [4]. Mutations in KDM6A and TP53 
was enriched in this cohort as seen in other squamous epithelial tumours, and this 
class was associated with poor survival in pancreatic cancer [14–16].

21.2.2  Classical Subtype

In contrast to the squamous sub-type, Bailey et al. described the pancreatic pro-
genitor sub-type (termed from here on as classical pancreatic) which was associ-
ated with better survival and is primarily defined by pathways and networks 
involved in pancreatic endodermal differentiation [4]. The classical pancreatic sub-
type demonstrated increased expression of the apomucins MUC1 and MUC5AC, 

21 Molecular Subtyping of Pancreatic Cancer



308

both associated with the pancreatico-biliary subtype of intra-ductal papillary muci-
nous neoplasms (IPMN) and was associated with invasive IPMN cancer histologi-
cally [4].

21.2.3  The Immunogenic Subtype

Due to the known influence of the stroma and microenvironment on pancreatic can-
cer biology [6, 17–23], the ICGC pancreatic cancer cohort was characterised delib-
erately using bulk tumour samples to include the molecular contribution of both the 
stromal and epithelial components of the tumour. Thus, the Bailey classification 
includes genes that were differentially expressed in the tumour microenvironment, 
which leads to the inclusion of an immunogenic subtype which is based on immune 
cell infiltrate in the tumour microenvironment [4]. The immunogenic subtype exhib-
ited similar epithelial gene expression to the classical pancreatic subtype, with the 
addition of enrichment for genes involved in immune cell infiltration and associated 
immune signalling pathways [4]. Transcriptomic evidence of infiltrating cytotoxic 
CD8+ T cells, regulatory T and B cells along with expression of cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) and programmed cell death 1 (PD-1) 
immune checkpoint pathways suggests immune suppression that can be targeted 
with checkpoint blockade in this subgroup of pancreatic cancer [4]. Expression sig-
natures of immune cells predicted outcome, specifically macrophage infiltration and 
T cell co-inhibition associated with poor survival after pancreatectomy [4].

A recent study by Puleo et al. demonstrated that by examining the transcripts 
from formalin fixed and paraffin-embedded pancreatic cancer that the squamous 
and classical pancreatic subtypes (which encompasses progenitor, ADEX and 
immunogenic) are recapitulated [19]. Immune infiltrates in the classical pancreatic 
subtype allowed stratification termed pure classical and immune classical [19]. The 
immune classical correlates with the immunogenic subtype described by Bailey 
et al. [4]. Furthermore, they describe two distinct stromal subtypes termed ‘stroma 
activated’ and ‘desmoplastic’ which demonstrated features of both the squamous 
and classical pancreatic subtypes [19]. These stromal features were not indiscern-
ible from epithelial subtypes (classical and squamous) and were only present when 
lower epithelial samples were included, which makes it impossible to distinguish 
whether these are unique subsets or features of the classical and squamous sub-
types [19].

Collisson et al. was the first to categorise pancreatic cancer with large scale gene 
expression data using hybridisation array-based mRNA expression from micro dis-
sected pancreatic cancer epithelium [5]. This identified three subtypes, quasi- 
mesenchymal (QM-PDA), classical and exocrine subtypes [5]. The QM-PDA 
sub-group was associated with worse overall survival and overlaps with the squa-
mous sub-type described by Bailey et al. [4, 5]. Collisson further described an endo-
crine sub-type that overlaps directly with the Bailey ADEX class [4, 5]. These were 
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enriched for gene programs in endocrine and exocrine development and appears to 
be a sub-group of the classical pancreatic subtype (Fig. 21.1) [4, 5].

Criticism of the ADEX and endocrine sub-groups suggest that these are defined 
by large amount of normal pancreas contamination in low cellularity tumours [6, 
19, 25]. Puleo et al.’s study also found that tumours with low epithelial cellularity 
and high normal pancreatic contamination were enriched for transcripts found in 
normal pancreas [19]. The Cancer Genome Atlas’ contribution to pancreatic cancer 
utilised 150 resected pancreatic cancer’s and applied the subtyping algorithms pub-
lished by Collisson, Moffit and Bailey [25]. Their study was enriched with low 
epithelial cellularity tumours (median cellularity 18% on pathology review) and 
found good correlation between the squamous, basal and quasimesenchymal sub-
types [25]. They also found, as expected, strong association between lymphocytic 
infiltration and transcripts seen in the immunogenic subtype, demonstrating again 
that this subtype is secondary to immune infiltration [25]. They also demonstrate 
that the Collisson endocrine and Bailey ADEX subtypes are enriched by low epithe-
lial cellularity tumours [25]. This would suggest that the ADEX (or endocrine) sub-
type is indeed secondary to high normal pancreas contamination. However, 
methylation patterns of the ADEX class correlates with other pancreatic cancers, 
and patient derived cell lines and xenografts demonstrate gene enrichment profiles 

Basal-like Exocrine-like
=

contamination?

Classical Immunogenic

GATA6high?

Better survival

Normal stroma

Differentiation

GATA6low?

Poor survival

Activated stroma

Differentiation

FOLFIRINOX?Gemcitabine?
Targeted therapy?

Grade 1 Grade 2 Grade 3Grade 1 Grade 2 Grade 3

Fig. 21.1 Features of Molecular Subtypes of pancreatic cancer. A simplified phylotranscriptomic 
tree of pancreatic cancer. The squamous (or basal) subtype is associated with poor differentiation 
and activated stroma. The classical subtype (including immunogenic and ADEX) is associated 
with better survival and better tumour differentiation. The presence of the ADEX (or exocrine like) 
subtype remains debated and may reflect contamination from normal pancreas transcripts. (Used 
with permission from Annals of Oncology. 2019: 30 (9) [24])
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that fall within the ADEX class, suggesting this is a genuine feature of the tumour 
epithelium [4, 26, 27]. In fact, recent pre-clinical studies have shown that the molec-
ular subtype can be switched from squamous to ADEX in mice after pharmacologi-
cal intervention [18, 28]. In addition, comparing studies with different profiling 
technology (gene expression array vs. RNAseq) may not be comparable due to the 
thresholds involved in clustering algorithms. As such, there still remains ongoing 
debate on the presence or absence of an endocrine-like subtype of pancreatic cancer.

Using a different approach to profile pancreatic cancer from the Biankin and 
Collisson groups, Moffitt et al. performed virtual microdissection to differentiate 
the stromal and epithelial components of pancreatic cancer and minimize the con-
founding impact normal pancreatic tissue may confer [6]. In simple terms, this 
involves subtracting and excluding gene expression values that is seen in normal 
pancreas to minimise the effect of normal gene expression on mRNA clustering. 
They described two sets of gene programs that define either an activated or normal 
stroma [6]. The activated stroma was associated with a worse prognosis and enriched 
for genes previously associated with poor survival including MMP9, MMP11 and 
Wnt family members [6]. Defining gene expression within the epithelial component 
revealed two epithelial sub-types, named basal and classical [6]. The classical sub- 
type was associated with improved prognosis and overlapped with the Collisson 
classical and Bailey progenitor sub-types [4–6]. Comparing the basal with the 
quasi-mesenchymal subtype, described by Collisson et al., revealed that the quasi- 
mesenchymal classification considers gene programs from the basal epithelial and 
activated stroma classes described by Moffit et al. [5, 6].

The stroma and local immune response are strongly associated with outcome and 
response to therapy and classifying tumours purely on epithelial gene expression is 
unlikely to fully account for all molecular processes in the disease. This suggests 
that expression or transcriptomic classification should incorporate gene signatures 
from both the microenvironment and tumour epithelium to fully account for the 
molecular pathology of pancreatic cancer. The Collisson and Bailey classifiers 
incorporates key stromal, immune and epithelial elements that reflect tumour biol-
ogy and prognosis and may have greater utility than a separate epithelial classifier.

A recent study has demonstrated that the broad molecular subtypes (classical 
pancreatic vs. squamous) associated with specific histological features [29]. The 
squamous (or basal) subtype associated with non-gland forming morphology, which 
forms part of the spectrum of poorly differentiated pancreatic cancer that includes 
histological adenosquamous pancreatic cancer [29]. This is in keeping with studies 
investigating spatial heterogeneity of pancreatic cancer, which demonstrate that 
areas with histological adenosquamous features express ‘squamous’ (or basal) gene 
sets, even if the tumour is largely classical subtype. The classical subtype is associ-
ated with gland-forming, better differentiated morphology [29]. This appears to 
include IPMN-associated pancreatic cancer, and to date no IPMN-associated can-
cers have been demonstrated to be of squamous molecular subtype. Whether this is 
due to inherent molecular factors that predetermine subtype, or whether the mor-
phological features of IPMN-associated pancreatic cancer is lost during evolution to 
squamous subtype remains to be determined.
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An attempt to classify pancreatic cancer based on metabolic subtypes have been 
performed using data from the TCGA, ICGC and COMPASS trial cohorts, amongst 
others, using mRNA expression [30, 31]. This demonstrated four subtypes based on 
genes involved in metabolic alterations, a hallmark of cancer. This demonstrated 
that glycolytic activity is a feature of the squamous subtype, particularly in the set-
ting of joint KRAS and MYC amplification [31]. A cholesterogenic subtype was 
strongly associated with the classical pancreatic subtype, suggesting that these two 
subtypes rely on different fuels for tumour growth, invasion and possibly metastases 
[31–34]. This is of great significance since metabolic inhibitors targeting glycolysis 
and cholesterol synthesis are currently entering clinical trial, and this study again 
demonstrates the importance of personalised approach to early phase therapeutic 
testing to avoid negative trials in unselected patient groups.

21.3  Consensus Towards Molecular Subtyping 
of Pancreatic Cancer

Recently there has been a formal consensus held to align molecular subtyping of 
pancreatic cancer in order to interrogate and compare subtypes for the benefit of 
therapeutic development. Currently, it is accepted that two distinct transcriptomic 
subtypes exist with varying molecular and clinical features [3] (Fig. 21.2). It is now 
accepted that these are referred to as the Squamous (or basal) and Classical pancre-
atic (also known as pancreatic progenitor, which incorporates the ADEX and immu-
nogenic classes) subtypes (Fig. 21.1).

21.4  Evolution of Molecular Subtypes

Recent data demonstrates that the two broad classifications (squamous or basal and 
classical) harbour further sub-clusters that have distinct gene expression profiles 
(Figs. 21.1 and 21.2) [35]. Using RNAseq data from both early and late stage pan-
creatic cancer, Chan-Seng-Yue et al. defined subgroups that were termed basal-A 
and -B and classical-A and -B. The most interesting findings from this study was 
that the squamous (basal) subtype was enriched in the metastatic setting, and that 
squamous tumours were almost completely absent in the locally advanced setting 
(Fig.  21.2) [35]. Furthermore, they found that both subtypes exist in the same 
tumour when performing single cell RNAseq, and that the predominant subtype can 
change depending on the stage of the disease or on chemotherapy response [35]. 
Their findings suggest that the classical subtype is the default pathway for pancre-
atic cancer. This data is further supported by a study that investigated the transcrip-
tomic spatial heterogeneity of pancreatic cancer [13]. Using fresh frozen specimens 
from a warm autopsy cohort of both primary and metastatic tumours, along with 
multi-regional samples from resected pancreatic cancer, Hayashi et al. demonstrate 
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that both squamous and classical pancreatic subtypes can exist in the same patient. 
By using organoid models to induce a squamous subtype, and clinical sample 
RNAseq data, their findings suggest that the squamous (or basal) subtype can arise 
on a background of classical pancreatic cancer, but not the other way around [13]. 

Fig. 21.2 Transcriptomic subtypes of pancreatic cancer. Incorporating the transcriptomic sub-
types described by Moffit, Collisson and Bailey into a common nomenclature of molecular sub-
types of pancreatic cancer. Two broad subtypes, the squamous and classical pancreatic exist. The 
classical pancreatic subtype can be further subdivided into a spectrum of tumours based on parallel 
lineages of pancreatic development. The exact relationship between stromal subtypes and epithe-
lial subtypes have not been discerned and requires further investigation. However, as therapies 
targeting the tumour microenvironment develop, will likely play a role in future therapeutic devel-
opment. (Used with permission from Collisson et al. [3])

S. B. Dreyer et al.



313

This suggests that the classical pancreatic subtype is the default evolutionary route 
for pancreatic cancer, and that epigenetic changes and mutations in chromatin mod-
ifiers and MYC amplification leads to squamous differentiation.

Our group interrogated the transcriptomes of patients with resected body and tail 
pancreatic cancer, in comparison with head and uncinate process pancreatic cancer 
[36]. We found that body and tail pancreatic cancer was more likely to be squamous 
and associated with loss of endodermal identity, enriched for epithelial to mesen-
chymal transition, inflammation and immune evasion [36]. Clinicians has long 
believed that the poor outcomes of body and tail pancreatic cancer compared to 
tumours of the head and uncinate process is in part due to late diagnosis as a result 
of the asymptomatic growth of these tumours with results from this particular cohort 
suggesting the same [37–40]. Firstly, tumours of the body and tail were larger in size 
which may reflect a biologically ‘older’ tumour. Secondly, body and tail pancreatic 
cancer correlated with molecular features that are driven by epigenetic events asso-
ciated with chromosomal instability and epigenetic events that may drive intra-
tumoral heterogeneity and an evolution towards the squamous subtype [41, 42]. The 
exact sequence of these events in tumorigenesis and progression have yet to be 
elicited but may be associated with a later stage of the disease evolution and suggest 
that the squamous subtype may be more advanced on the molecular clock (Figs. 21.2 
and 21.3). What remains to be determined, is the underlying trigger for this evolu-
tion and why it is likely an early event in some patients, and late event in others.

Fig. 21.3 Molecular pathology of body and tail pancreatic cancer. Body and tail pancreatic cancer 
was associated with transcriptional networks involved in tumour progression and metastases 
including pro-inflammatory gene expression, epithelial-to-mesenchymal transition and metabolic 
reprogramming. Histologically the squamous subtype is associated with poor differentiation (high 
grade) and reflects a later stage of tumour evolution. (Used with permission from Dreyer et al. [36])
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21.5  Is There a Role for Molecular Subtyping in Surgery 
for Pancreatic Cancer?

The wealth of molecular data that can be determined using next generation sequenc-
ing (Box 21.1) has led to molecular subtyping on a vast scale.

However, this only has clinical utility and significance if it leads to therapeutic 
development and improving patient selection for therapy (Fig. 21.4). The squamous 
subtype has been found to be associated with poor outcome in multiple studies [4–6, 
36, 43, 44]. These, however, is largely confounded by the lack of clinical data in 
terms of stage, treatment pathways and patient selection—thus, making it difficult to 
draw conclusions from any clinical analyses. There has also been a multitude of 
studies aiming to develop prediction tools for selecting patients with good prognosis 
for surgical resection of pancreatic cancer [45–47]. These are not currently in clini-
cal use in pre-operative selection, largely due to the requirement of post-operative 
variables to predict outcome. To address this we investigated the clinical utility of 
the expression of two molecules, S100A2 and S100A4, which functionally promote 
carcinogenesis and metastasis, as prognostic biomarkers in multiple independent 
cohorts of patients with resectable pancreatic cancer (n = ~1600) [48, 49]. These two 
biomarkers can be determined pre-operatively and have the utility of stratifying 
patients with resectable pancreatic cancer into distinct prognostic phenotypes after 
pancreatectomy. Patients with dual biomarker positivity are at significant risk of 
early recurrence, with almost half of these patients succumbing within 12 months 
after pancreatectomy (12-month survival rate = 54%) [49]. Aberrant S100A2 and 
S100A4 expression correlated strongly to the poor prognostic squamous subtype 
[4–6, 49]. S100A2 gene expression is used in all subtype classifiers of pancreatic 
cancer, as hypomethylation is a characteristic feature which leads to overexpression 
in the squamous subtype [4]. S100A4 expression is more complex as it is regulated 
by Wnt and TGF-beta signalling, and can also be expressed in the microenvironment 

Box 21.1 Next Generation Sequencing (NGS)
Sequencing technology that determines exact order of nucleotides in DNA or 
RNA sequence. NGS platforms perform massively parallel sequencing—mil-
lions of DNA fragments are sequenced in unison. Thus, can produce whole 
genome sequence in a matter of days.

This includes four key steps:

 1. Library Preparation—DNA fragmented and barcoded
 2. Clonal amplification—emulsion or bridge PCR, creates clusters of each 

DNA molecule
 3. Sequence DNA molecules—different platforms use different technology. 

In basic terms, fluorescent labelled nucleotides are incorporated and imaged
 4. Reads are re-assembled and mapped to a known genome
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Fig. 21.4 Clinical and pathological disease patterns associated with molecular subtypes of pan-
creatic cancer. The squamous subtype is associated with advanced disease, metastatic phenotype, 
high pathological grade (poor differentiation) and adenosquamous differentiation. These are clini-
cal features that have been associated and validated as poor prognostic markers of pancreatic can-
cer. The classical pancreatic subtype is associated with early stage disease and locally advanced 
pancreatic cancer in comparison to the squamous subtype. IPMN-associated pancreatic cancer is 
strongly associated with the classical pancreatic subtype and these features have been previously 
validated as predictors of better prognosis in pancreatic cancer. These molecular subtypes may 
underlie the differences in prognosis seen with these routine clinical and histological 
prognosticators
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by lymphocytes and fibroblasts, which may be secondary to differential gene expres-
sion in the squamous subtype but requires further investigation [50]. These studies 
suggest that molecular subtyping, either by RNAseq or using candidate genes such 
as S100A2, can be used to better select patients for surgery. Avoiding surgery in an 
aggressive phenotype, whilst adopting aggressive surgical management in patients 
with more indolent disease (even in the setting of locally advanced pancreatic can-
cer), can hopefully improve the outcome following surgery for pancreatic cancer. 
Neoadjuvant therapy represents a paradigm change for pancreatic cancer, and how 
subtype and treatment response interact to determine outcome will be crucial to 
define the role of molecular subtyping in selecting patients for surgery in pancreatic 
cancer. These are questions being addressed in multiple international neoadjuvant 
trials in pancreatic cancer, including the PRIMUS 002 trial on the PRECISION-
Panc platform [51–53].

21.6  Conclusions

Molecular subtyping has vastly changed our understanding of many cancer types, 
including pancreatic cancer. Contrasting molecular profiles are beginning to explain 
the clinical differences seen in histologically identical cancers. In the treatment of 
pancreatic cancer, particularly in the setting of surgical management and decision 
making, molecular subtyping has great potential to improve patient management. 
Now that we can accurately subtype patients before, during and after neoadjuvant 
therapy [53], the potential for utilising and adjusting to the plasticity of molecular 
lineages can be realised. This will allow for the era of precision surgery in pancre-
atic cancer to reach its full potential and improve the outcomes for patients follow-
ing pancreatectomy.
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Take Home Messages
• Epigenetic changes are heritable DNA modifications affecting gene expres-

sion that do not involve changes in the nucleotide sequence of DNA.
• Epigenetic deregulation occurs early in tumor development, providing a 

potential for advancements in diagnostics and prognostication.
• Clinically relevant molecular subtypes of PDAC are composed of distinct 

epigenetic landscapes.
• Epigenetic alterations are potentially reversible and can therefore serve as 

targets for novel anti-cancer therapies.
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22.1  Introduction

Epigenetic alterations have been associated with cancer for over four decades, but 
only recently has the potential for clinical use in classification, as biomarkers or as 
targets for novel therapies been realized [1, 2]. Furthermore, epigenetic changes are 
now increasingly appreciated as essential for driving the cancer phenotype, includ-
ing in pancreatic ductal adenocarcinoma (PDAC) [3–5]. The epigenetic regulation 
of cancer is complex and not yet fully understood, but application of epigenetics to 
clinical practice and in cancer research has the potential to improve cancer care.

This chapter will give a brief introduction to epigenetics as it is currently under-
stood in general and in relation to pancreatic cancer development and its mecha-
nisms. Also, epigenetics will be described in relation to the ability for diagnosis, 
prognosis or therapy for patients with pancreatic cancer.

22.2  General Aspects of Epigenetics

Epigenetic regulation is crucial in normal physiology and underpins how the cell- and 
tissue-specific transcriptomes of the human body can arise from an invariable genome. 
Epigenetic alterations (Box 22.1) are found across many solid organ cancers and are 
increasingly making clinical impact onto cancer management [4]. Novel epigenetic 
modifying drugs may be used for a more tailored and specific treatment of cancers. 
However, the interaction between the genome and epigenome throughout the process 
of carcinogenesis is not fully understood [6]. Epigenetic reprograming of neoplastic 
cells has been proposed, with the idea that the epigenome and genome present in 
tumor cells interact synergistically to evolve to stressors to ensure survival [7, 8].

Pearls and Pitfalls
• The field of cancer epigenetics is emerging and not yet fully understood, 

but knowledge in this field is rapidly increasing.
• No proven epigenetic treatment options are currently available in pancre-

atic ductal adenocarcinoma, but several epigenetic modifying drugs are 
being evaluated in clinical trials.

Future Perspectives
• A more comprehensive understanding of the epigenetic changes present in 

pancreatic cancers can lead to novel therapies.
• Future epigenetic therapies may prove synergistic with existing therapeu-

tic options.
• Liquid biopsy technology with analyses of epigenetic markers has poten-

tial as pre-diagnostic screening tools for patients with PDAC.
• The epigenome is altered throughout life due to various external factors 

suggesting preventive measures can be identified.

M. Roalsø et al.
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22.2.1  Epigenetic Regulators

Several classes of epigenetic regulators exist and they are broadly defined as ‘writers’, 
‘readers’ and ‘erasers’ [9, 10] (Box 22.2). As epigenetic alterations are reversible, 
inhibitors targeting the epigenetic processes may be promising anticancer strategies.

Mutation of specific epigenetic modifiers occurs frequently in a variety of can-
cers demonstrating that altered epigenetic regulation may play an important role in 
cancer development, yet may also be a bystander effect of carcinogenesis itself [11]. 
In general, the most explored epigenetic alteration is DNA methylation [12, 13].

22.2.2  Technical Platforms for Epigenetic Mapping

Technological advances in genome wide sequencing approaches addressing epigen-
etic modifications has greatly increased our understanding of the epigenome of both 
normal and malignant cells (some of the most central methods are summarized in 
Box 22.3) [14].

Box 22.1 Epigenetic Alterations
Epigenetics refers to heritable changes in gene expression patterns that are not 
due to changes in the genetic code (primary DNA sequence), but rather occur 
through methylation of DNA, by histone modifications, and, through changes 
to chromatin structure to alter genetic expression. Each of the epigenetic lev-
els can be influenced through inherited genetic information, through external 
exposures and ongoing biological processes, such as aging. Most importantly, 
epigenetic changes may lead to cancer development.

Box 22.2 Writers, Readers, and Erasers
• Writers: regulators that write the marks. Enzymes that catalyze the addi-

tion of specific posttranslational modifications onto DNA or histones. 
These include DNA methyltransferases, histone methyltransferases, and 
histone acetyltransferases.

• Readers: regulators that read the marks; protein or protein domains that are 
recruited to specific epigenetic marks to recognize and bind the mark. 
Reader domains may be present in writer and eraser enzymes or scaffolds 
that recruit additional effector proteins. These include regulators such as 
the bromodomain, chromodomain, and Tudor proteins.

• Erasers: regulators that can erase marks. Enzymes that catalyze the removal 
of a specific posttranslational modification from DNA or histones. These 
include histone deacetylases (HDAC) and histone demethylases (HDM) 
and remodelers of the chromatin, such as components of the SWI/SNF 
(SWItch/Sucrose Non-Fermentable) nucleosome remodelling complex.

22 The Role of Epigenetics in Pancreatic Ductal Adenocarcinoma
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22.2.3  Life-Time Exposure to Nutrients, Toxins 
and Behavioral Traits

The human epigenome is influenced from cradle to grave (Fig. 22.1), with internal 
and external lifetime exposure influencing the epigenetic marks that may act as 
modifiers or drivers of carcinogenesis.

Exposures, including physical activity, nutrition, vitamins and medications, 
influence epigenetic regulation [15–18]. Some changes play an important role in the 
establishment and regulation of gene programs, but others seem to occur without 
any apparent known physiological role. Age-dependent loss of global methylation, 
together with hypermethylation of CpG islands associated with cancer-related 
genes, may be influenced by nutritional and metabolic factors [19]. Folate metabo-
lism is known to modify epigenetic mechanisms under experimental conditions, and 
more recent findings have explored the important roles of vitamin C and D in main-
tenance of the epigenome [20, 21].

22.2.4  Epigenetics and the Hallmarks of Cancer

Epigenetic regulation is implicated in all the so-called hallmarks of cancer and 
altered chromatin states can result in activation of oncogenes and silencing of tumor 
suppressor genes leading to increased proliferation, evasion of growth suppression 
and cell death resistance [22] (Fig. 22.2).

Box 22.3 Platforms for Genome-Wide Epigenetic Mapping
Whole genome bisulfite sequencing (WGBS): Bisulfite treatment of DNA 
converts unmethylated cytosine residues to uracil, whereas methylated cyto-
sine (5-methylcytosine) is unaffected. Subsequent whole genome sequencing 
of bisulfite treated DNA can reveal the cytosine methylation status at single 
nucleotide resolution.

Chromatin immunoprecipitation sequencing (ChIP seq): Protein-DNA 
interactions are commonly studied by ChIP. ChIP utilizes antibodies specific 
for DNA-binding proteins to immunoprecipitate complexes of DNA-binding 
proteins bound to specific DNA sequences. The DNA sequences precipitating 
with the protein can then be subjected to whole genome sequencing thereby 
providing genome wide information of which genetic material the protein 
binds. With regards to epigenetics, antibodies to specific for various histone 
modifications are typically used.

Assay for Transposase-Accessible Chromatin sequencing (ATAC seq): 
ATAC makes use of a hyperactive Tn5 transposase, which inserts adapter 
sequences into regions of open chromatin. Subsequent whole genome 
sequencing can therefore reveal DNA regions of increased accessibility.

M. Roalsø et al.
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Fig. 22.1 Epigenetic changes, DNA interactions and cancer development. Epigenetic alterations 
occur throughout life. This influences the known hallmarks of cancer. Current research seeks to 
explore the exact mechanisms contributing to the different phases of malignant disease. 
(Reproduced from Drake TM, Soreide K. Cancer epigenetics in solid organ tumours: A primer for 
surgical oncologists. Eur J Surg Oncol. 2019;45(5):736–46, with permission from Elsevier)

Fig. 22.2 Epigenetic regulation in tumor progression. Normal chromatin states (left) are essential 
for physiological gene expression and normal cellular homeostasis. Environmental, genetic, or 
metabolic factors can lead to the disruption of normal chromatin and induce pathologically permis-
sive states resulting in epigenetic plasticity (middle). Epigenetic plasticity allows for the activation 
of gene regulatory programs promoting carcinogenesis and tumor progression (right). (Recreated 
from Flavahan WA, Gaskell E, Bernstein BE. Epigenetic plasticity and the hallmarks of cancer. 
Science (New York, NY). 2017;357(6348))

22 The Role of Epigenetics in Pancreatic Ductal Adenocarcinoma
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22.2.5  Epigenetic Mechanisms in Carcinogenesis

Epigenetic alterations occur in concert with genetic mutations to influence the pro-
cesses that drive the cancer phenotype in PDAC [23–25]. Notably, malignant tumors 
evolve in three broad phases—the breakthrough, expansion and invasive phases 
[26] (Fig. 22.1). In the breakthrough phase, a cell acquires a driver-gene mutation 
and begins to proliferate abnormally [26]. Known cancer mutation rates suggest that 
further mutations are unlikely to occur without a large increase in cell number dur-
ing the breakthrough phase [27]. The mutation initiating the breakthrough phase is 
often very specific since a limited number of growth-regulating pathways seem able 
to initiate neoplasia in a given cell type [28]. As tumors progress, this specificity 
seems to be progressively lost, and a greater number of driver genes can further 
transform a cell in the expansion phase to the invasive phase. The fact that only a 
few somatic mutations are required for neoplastic transformation could possibly be 
explained by the added influence of epigenetic alterations [27].

22.3  Epigenetics in Pancreatic Ductal Adenocarcinoma

Alterations in epigenetic regulation are frequently found in PDAC [29–35], particu-
larly in the regulation of genes involved with oncogenic signaling, with metabolic 
alterations [34, 36–39] and, in the metastatic process [40–43].

22.3.1  Epigenetics and the Development of PDAC

Cancers are largely considered to develop in a multifactorial stepwise manner 
through the accumulation of genetic and epigenetic aberrations. Pancreatic ductal 
adenocarcinoma initially progresses slowly and metastasize late during the genetic 
evolution [44]. Nevertheless, efforts in early detection of sporadic pancreatic cancer 
has seemingly not improved outcomes, and resectable tumors are increasingly 
treated using systemic therapies [45, 46]. The propensity for rapid metastasis seen 
after diagnosis counters the view of gradual progression. By tracking changes in 
DNA copy number and the associated rearrangements, the clonal evolution has been 
found consistent with a punctuated equilibrium model [47]. This model dictates that 
many of the genetic alterations in tumorigenesis appear over a short time inter-
spersed by periods of stasis.

Deep whole-genome sequencing has shown that variations in chromosomal 
structures is an important factor of DNA damage in pancreatic carcinogenesis, in 
part due to inactivation of chromatin modifiers [48]. This suggests epigenetic altera-
tions are at play in tumor progression. Indeed, primary human PDAC cells which 
had been reprogrammed with episomal vectors to reset their epigenetic profile dem-
onstrated decreased tumorigenicity in vitro and in vivo [49].

M. Roalsø et al.
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22.3.2  Epigenetics and the Metastatic Process in PDAC

During the progression of PDAC, heterogeneous subclonal populations emerge that 
drive primary tumor growth, spread, distant metastasis, and eventually cause termi-
nal illness. However, the genetic landscapes of metastases largely reflects that of the 
primary tumor in untreated patients, and PDAC driver mutations are shared by all 
subclones [39, 50]. This raises the possibility that an epigenetic process might oper-
ate to facilitate metastasis.

Based on a comprehensive analyses of comparative genomic analyses of pri-
mary tumors and metastases within individuals with pancreatic cancer, McDonald 
and colleagues suggested a model whereby linked metabolic-epigenetic programs 
are selected for enhanced tumorigenic fitness during the evolution of distant metas-
tasis [39]. Their main discovery was that large-scale losses of heterochromatin 
marks, such as histone H3K9 and H4K20 methylation, and DNA methylation was 
associated with metastatic progression [41]. Unlike the uniform driver mutations 
that were seen across individual metastatic lesions, heterochromatin losses tended 
to occur in distant (for example, liver and lung) but not local (for example, perito-
neal) PDAC metastases. Moreover, a subpopulation of heterochromatin deficient 
cells could be identified in the primary tumor, raising the possibility that this epi-
genetic state might have been selected for during seeding of distant metastases 
(Fig. 22.3).

Fig. 22.3 An epigenomic reprogramming model of pancreatic cancer metastasis. Somatic driver 
mutations such as KRAS and TP53 are usually present in all non-metastatic and metastatic sub-
clones. At some timepoint an alteration of chromatin states emerges, likely causing the ability of 
cancer cells to form distant metastases resulting in widespread disease. (Reproduced from from 
Vakoc CR, Tuveson DA. Untangling the genetics from the epigenetics in pancreatic cancer metas-
tasis. Nat Genet. 2017;49(3):323–4, with permission from Springer Nature)

22 The Role of Epigenetics in Pancreatic Ductal Adenocarcinoma
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22.3.3  Epigenetics and the Molecular Subtypes of PDAC

PDAC is currently classified into several subgroups, ranging from three to five sub-
types [51, 52]. Transcriptome profiling has revealed two major molecular subtypes 
of pancreatic cancer, namely classical and basal [31] (Fig. 22.4). Classical tumors 
have a far better prognosis compared with basal subtypes with approximately four-
fold longer median overall survival, underscoring the clinical relevance of the two 
subtypes [51].

Characterization of the mutational landscape of pancreatic cancer has provided 
limited clinically valuable information with regards to classifying the major molec-
ular subtypes of pancreatic cancer, and there is emerging evidence that epigenetic 
changes underlie the different phenotypes [29]. Lomberk et  al. studied the epig-
enomic landscape of PDAC subtypes grown as patient derived xenografts (PDX) 
using an integrative approach with ChIP sequencing (seq) on multiple histone 
marks, transcriptomic profiling (RNA seq) and genome wide methylation analysis. 
Basal subtypes were shown to have altered methylation of effectors and inhibitors 
of WNT signaling pathways, whereas classical tumors had hypomethylation and 
subsequent overexpression of cholesterol transporter NPC1L1. Furthermore, basal 
tumors were found to have deregulation of genes related to canonical oncogenic 
signaling networks, including the MYC, ErbB/EGFR, WNT, PI3K-AKT and TGFβ 
pathways. In addition, basal and classical tumors, were found to be composed of 

Fig. 22.4 Model detailing development of PDAC subtypes. Primary tumors are driven by a set of 
largely known mutations. These trigger epigenetic changes via various mechanisms, and distinct 
epigenetic alterations underlie the molecular subtypes of PDAC. (Recreated from Juiz NA, Iovanna 
J, Dusetti N.  Pancreatic Cancer Heterogeneity Can Be Explained Beyond the Genome. Front 
Oncol. 2019;9:246, distributed under the terms of the Creative Commons Attribution License 
(CC BY))
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distinct super enhancer states where super enhancers in classical tumors were asso-
ciated with at least nine different transcription factors, while in basal tumors MET 
was associated with the regulation of basal-specific super enhancers. Interestingly, 
siRNA mediated knockdown of MET in PDX derived cell lines from basal tumors 
led to the conversion into the classical phenotype.

22.3.4  Epigenetic Mechanisms Shaping 
the Tumor Microenvironment

The last decade has seen a marked increase in research into the tumor microenviron-
ment (TME), both with regards to the underlying biology and translational efforts 
[53, 54]. The TME is comprised of stromal and vascular structures, the extracellular 
matrix, together with infiltrating immune cells. The reciprocal interaction between 
malignant and non-cancer cells within the tumor impact carcinogenesis and tumor 
progression, while simultaneously mediating therapeutic resistance.

Changes in gene expression patterns driven by epigenetic changes occur both by 
direct contact between cells and through various secreted factors. Cancer-associated 
fibroblasts (CAFs) have been found to be altered by PDAC cells [55]. PDAC cell 
induced DNA methylation of the SOCS1 gene in CAFs, a suppressor of pro- 
cancerous cytokines and growth factors, leading to increased growth of pancreatic 
tumor cells in vitro [56]. Further, clinical data showed an overall survival of more 
than 3 years in patients with CAFs lacking SOCS1 methylation.

22.4  Epigenetics and the Role of Novel Therapies in PDAC

Over the last several years, a new generation of drugs directed at epigenetic modula-
tors have entered clinical development, and results from these trials are now being 
disclosed. Various strategies are employed (Fig. 22.5). Unlike first-generation epi-
genetic therapies, newer agents are selective, and many are targeted to proteins 
which are mutated or translocated in cancer [57]. Several compounds have been 
investigated, targeted to epigenetic alterations in tumors, including trials of curcumin 
(a p300 histone acetyltransferase inhibitor) and histone deacetylase (HDAC) inhibi-
tors such as Vorinostat [58]. Some patients have demonstrated a favorable response 
to these therapies, but more research is required to draw meaningful conclusions.

Epigenetic therapies alter several immuno-oncological mechanisms. Transposable 
elements such as neoantigens from retroviruses and previously restricted cancer 
antigens are reactivated. These are presented to immune cells in a ‘viral mimicry’ 
state, possibly inducing a favorable anti-tumor innate immune responses [59]. Both 
DNA methyltransferase (DNMT) and HDAC inhibitors transcriptionally upregulate 
factors such as tumor antigens, MHC class 1 and PD-1 ligands, all of which are 
important in tumor immunity (Fig. 22.6) [57].
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Epigenetic therapies seek to induce transcriptional changes, a response that takes 
several days to mediate. Monotherapy may not be efficacious, and combination 
therapies are therefore more likely to provide synergistical effects, combined with 
either standard chemotherapeutic care or newer targeted or immune-based thera-
pies. For instance, DNMT inhibitors upregulate checkpoint proteins such as PD-1 

Fig. 22.5 Epigenetic treatment strategies. (a) Therapies targeting epigenetic modifiers can be uti-
lized to prevent or overcome resistance to cytotoxic drugs, or (b) alter the transcriptional profile 
priming malignant cells increasing the efficacy of subsequent drug regimens. (Reproduced from 
Mohammad HP, Barbash O, Creasy CL.  Targeting epigenetic modifications in cancer therapy: 
erasing the roadmap to cancer. Nature medicine. 2019 Mar;25(3):403–18, with permission from 
Springer Nature)

Fig. 22.6 Epigenetic therapies and tumor immunity. Epigenetic inhibitors (HDACi, DNMTi, 
KDMAi) upregulate several factors that are key players in antitumor immunity in both cancerous 
cells and tumor infiltrating leukocytes, such as tumor antigens, MHC class 1, and checkpoint 
inhibitors and their ligands. Further they induce hallmarks of immunogenetic cell death. 
(Reproduced from Mohammad HP, Barbash O, Creasy CL. Targeting epigenetic modifications in 
cancer therapy: erasing the roadmap to cancer. Nature medicine. 2019 Mar;25(3):403–18, with 
permission from Springer Nature)
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and CTLA-4 in effector T cells, which contributes to immune exhaustion [60–62]. 
Concomitant checkpoint inhibitors may therefore cause increased efficacy increas-
ing the antitumor response. Several trials registered in the ClinicalTrials.gov data-
base are ongoing or planned (Table 22.1). A detailed overview of ongoing research, 
trials and mechanisms is provided elsewhere [58].

Table 22.1 List of trials with epigenetic targets in PDAC

Drug(s) Combination agent(s)
Phase of 
study Status NCT number

Romidepsin
Azacitidine

nab-Paclitaxel
Gemcitabine
Durvalumab
Lenalidomide

Phase 1/2 Not yet recruiting NCT04257448

Entinostat
Molibresib

Phase 1 Not yet recruiting NCT03925428

Entinostat FOLFOX regimen Phase 1 Not yet recruiting NCT03760614
Azacitidine Phase 2 Recruiting NCT01845805
Entinostat Nivolumab Phase 2 Recruiting NCT03250273
Vorinostat Gemcitabine

Sorafenib
Phase 1 Recruiting NCT02349867

Panobinostat
Vorinostat

Various +++ Phase 1 Recruiting NCT03878524

Decitabine Tetrahydrouridine Phase 1 Completed NCT02847000
Entinostat Phase 1 Completed NCT00020579
Vorinostat Capecitabine Phase 1 Completed NCT00983268
Azacitidine nab-Paclitaxel

Carboplatin
Phase 1 Completed NCT01478685

Vorinostat NPI-0052 (marizomib) Phase 1 Completed NCT00667082
Panobinostat Bortezomib Phase 2 Terminated

(Funding not 
available)

NCT01056601

Vorinostat Phase 1/2 Terminated
(Slow accrual)

NCT00831493

Vorinostat 5-FU Phase 1/2 Terminated
(Funding withdrawn)

NCT00948688

Azatacidine Gemcitabine Phase 1 Terminated 
(Miscellaneous 
reasons)

NCT01167816

Epigenetic targets

Azacitidine Hypomethylates DNA by inhibition of DNA methyltransferase, halting cell 
division.Decitabane

Molibresib Molibresib is a bromodomain and extra-terminal motif (BET) inhibitor, 
downregulating transcription of oncogenes.

Vorinostat Histone deacetylase inhibitors induce growth arrest, differentiation, autophagy, 
and apoptosis in tumor cells.Entinostat

Panobinostat
Romidepsin
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22.5  Epigenetics and Biomarkers for Early 
Detection of PDAC

Epigenetic alterations in pancreatic cancer offers a minimally invasive approach 
to diagnostics and prognostication [33, 35]. Cell-free DNA can easily be col-
lected from bodily fluids, however more invasive procedures, such as harvesting 
pancreatic juices via endoscopic retrograde cholangiopancreatography (ERCP) 
or endoscopic ultrasound (EUS), all enable assessment of tumor cell DNA 
methylation.

Panels of epigenetic biomarkers have demonstrated to achieve sensitivities and 
specificities of 80–90%, but lack external validation and have not entered routine 
clinical practice [63, 64]. However, recent panels have shown promise for liquid 
biopsy technology as a pre-diagnostic screening tool for patients with PDAC. One 
approach is the analysis of circulating nucleosomes, which are sections of DNA 
wrapped around a histone core, which are released into the circulation. Since epi-
genetic changes occur early in tumorigenesis, analyzing tumor derived nucleosomes 
can provide a viable screening option. However, identifying epigenetic profiles dis-
criminating malignant from benign disease has been troublesome. Nonetheless, 
nucleosomes have been found to distinguish pancreatic cancer from healthy con-
trols [65]. A test by Bauden et al. has an area under the curve (AUC) of 0.95, which 
is superior to the only FDA approved biomarker for pancreatic cancer, CA 19-9, 
which has an AUC of 0.87. Combining the two exhibits an AUC of 0.98, with an 
overall sensitivity of 92% and specificity of 90%.

22.6  Conclusion

Epigenetic alterations are important in PDAC. Exposures accumulated over a life-
time likely modulate tumorigenesis and the risk and evolution of metastatic disease. 
Epigenetic markers are currently being explored for use as early biomarkers detect-
ing subclinical disease. Epigenetics may further be specific to subtypes of PDAC 
and thus have potential for therapeutic intervention, currently of which several are 
in the pipeline (Fig. 22.7). As the understanding of epigenetics progresses, it may 
yield novel ways of understanding and treating PDAC.
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Take Home Messages
• Screening for pancreatic cancer in asymptomatic, average-risk individuals 

is currently not recommended and should be avoided
• Several biomarkers have been proposed but none are currently in routine 

use for early diagnosis or screening
• Defining at-risk groups, such as new-onset diabetes in patients >50 years, 

may be useful to enrich at-risk populations for future cohort studies

Pearls and Pitfalls
• Hereditary or genetic syndromes represent the most prominent group for 

surveillance at the current time
• Screening in asymptomatic individuals is associated with high risk of false 

positive tests and risk of harms that outweighs benefits with available methods
• The promise of biomarkers and ‘omics’ technology has yet to make a 

major breakthrough in early cancer detection
• Several proposed biomarker studies lack external validation or, have shown 

considerably lower accuracy in external validation studies than in the orig-
inal data

• Many studies suffer from biopsies or tissues being taken at time of diagno-
sis, hence invalidating the value of a time-dependent lag of the biomarker 
before a clinically detectable but asymptomatic cancer can be found
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23.1  Introduction

Most pancreatic cancers (some 80%) are diagnosed at a time when the patients 
already have symptoms, locally irresectable disease and/or metastasis. Currently, 
only 15–20% are diagnosed at a stage when curative surgery may be entertained. 
Symptoms are vague and unspecific for most patients. Patients with weight loss 
presenting to general practitioners in primary care may be a robust indicator for an 
underlying cancer to warrant referral and work up [1], but this is usually associated 
with an already advanced disease state (Fig. 23.1). Likewise, silent jaundice may be 
a diagnostic marker with need for work up, but usually present late and with 
advanced disease in most instances. Indeed, identifying robust, valid risk factors that 
would allow for appropriate screening for an early detection of PDAC has proven to 
be of some challenge, as demonstrated in several epidemiological models [2–5].

To be effective in screening preferably, the disease should be diagnosed at an 
early, asymptomatic stage when cure is possible, but this is a rare event in clinical 
practice [6]. Even in early stage cancers, only about one in five may present without 
any symptoms [7]. Unfortunately, there are no designated diagnostic or screening 
tests for pancreatic cancer. Indeed, pancreatic cancer does not suit the criteria and 
principles set out for justifying public screening programmes (Box 23.1) given the 
overall low incidence of disease and the current lack of accurate, inexpensive and 
non-invasive screening tests [8]. The consensus is that widespread population-based 
screening for pancreatic cancer in the general population or in patients with only one 
affected first-degree relative is neither practicable nor indicated in most countries [9, 
10]. Indeed, the US Preventive Services Task Force concluded in a report that screen-
ing for pancreatic cancer would not improve disease-specific survival based on the 
rapid progression of the disease; the overall benefits was estimated to be small at 
best; and, that screening would be associated by a modest risk of harms [11, 12].

An ideal test for early detection (and, prevention) would include a sensitive, 
accurate serum marker to detect asymptomatic cancers that are clinically, and radio-
graphically undetectable. Additionally, the marker should allow isolation of the 

Future Perspectives
• Investigating new technologies and ‘omics’ for early diagnosis will be 

essential, including image-based radiomics approaches, artificial intelli-
gence and machine learning

• Novel biomarkers for early detection may stem from various body fluids 
(‘liquid biopsies’ from blood) or volatile compounds found in breath or 
urine tests

• Several novel technological platforms are explored for their ability to 
detect PDAC
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Fig. 23.1 Pancreatic cancer and challenges to early diagnosis in the population. Population-based 
screening of pancreatic cancer is made difficult by its relative low incidence. Risk populations are 
currently restricted to hereditary genetic syndromes and pancreatic cysts. Risk of pancreatic cancer 
increases with age, but otherwise the known risk factors are nonspecific (yellow box) and there is 
an unmet need for better risk features. An overall goal is to increase resectability by earlier diag-
nosis and thus prognosis. This goal can be facilitated by identification of novel high-risk groups 
that would be suitable targets for tailored surveillance. (Reproduced from Soreide K.  Sweet 
Predictions Speak Volumes for Early Detection of Pancreatic Cancer. Gastroenterology 
2018;155(2):265–268 with permission from Elsevier © 2018)

organ involved and, since the lesion is too small to detect be able to be treated with 
natural products to prevent growth and for the marker to become undetectable. The 
sensitivity of a biomarker-based screening test (Box 23.1; criterion 3) will need to 
be much higher for cancers with a modest public health burden than for those with 
larger burdens [13]. One important reason is that small changes in the sensitivity of 
any biomarker (or, a panel of biomarkers; or, any given imaging study) used for 
screening can have modest or enormous impacts on system-wide costs per cancer 
detected [14], depending on the prevalence of the disease being screened [15, 16].

A screening test that satisfies all these criteria (Box 23.1) is not available for 
pancreatic cancer. The early detection of asymptomatic, or at least early curable 
disease, remains an Achilles heel in pancreatic cancer. In this chapter we will dis-
cuss some aspects to the development in this field.

23 Early Diagnosis of Sporadic Pancreatic Cancer
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23.2  Population at Risk

The majority of patients with pancreatic cancer are diagnosed after work-up based 
on symptoms (Fig. 23.1), with some higher-risk groups (e.g. familial risk or pancre-
atic cysts) undergoing surveillance [17, 18]. The most common risk factors—such 
as age, smoking, obesity—are generic and do not warrant screening per se 
(Fig. 23.2). Hence, most patients are unfortunately diagnosed late, at an advanced 

Fig. 23.2 Estimates of pancreatic cancer risk in populations. Schematic diagram showing inci-
dence risk of pancreatic cancer in currently known risk groups. Compared to long-standing diabe-
tes, new-onset diabetes has a significantly higher risk. This risk is further elevated with the clinical 
risk prediction model such as ENDPAC score. (Reproduced from Sharma A, Chari ST. Pancreatic 
Cancer and Diabetes Mellitus. Curr Treat Options Gastroenterol. 2018 Dec;16(4):466–478 with 
permission Springer © 2018)

Box 23.1 Criteria for a Successful Screening Test
 1. The disease should represent a substantial burden at the public health level 

and should have a prevalent, asymptomatic, non-metastatic phase.
 2. The asymptomatic, non-metastatic phase should be recognizable.
 3. The screening test should have reasonable sensitivity, specificity and pre-

dictive value, be of low risk and low cost, and be acceptable to both the 
screener and the person screened.

 4. Curative potential should be substantially better in early compared with 
advanced stages of disease.

 5. Treatment of patients whose disease is detected by screening should 
decrease cause-specific mortality.
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disease stage, when cure is no longer possible. The need to narrow the sieve 
(Fig. 23.1) through which subjects with a particular risk is enriched (Box 23.2), is 
of importance to increase accuracy and cost-effectiveness of screening for early 
detection.

In more recent trends reported from the USA an increasing proportion of patients 
are diagnosed with early stage cancers (stage IA) and with a slightly decreasing age 
for those diagnosed, suggesting that awareness and closer surveillance of high-risk 
groups may contribute to an earlier diagnosis [19]. Although this is a positive obser-
vation, the relative contribution is small, with <1% being diagnosed as “early can-
cers” in the beginning of the study period only to rise to <3% at the end. This is in 
parallel to a study from England, showing that stage I made up <1% of all resected 
pancreatic cancers, and stage II were <2% of all [20]. A similar rate was corrobo-
rated in a multi-center Japanese cohort, with <1% and 3% being stage I and II, 
respectively [7]. Hence, early-stage cancers make up but a miniscule share of pan-
creatic cancers at time of diagnosis. Also, a screening test would require a very high 
diagnostic specificity (>95%) to avoid generating too many false-positive tests [21].

One way of increasing the effectiveness of a screening approach would be to nar-
row down the population at-risk going through the screening system (the sieve; 
Fig.  23.1). This is done for certain populations with hereditary syndromes and 
familial pancreatic cancer (discussed in other chapters) [22]. Other at-risk groups 
include persons with pancreatic cystic lesions, for which some needs surveillance 
while other may need resection (see specific chapters in this book).

A specific risk group of recent attention is subjects >50 years of age with new- 
onset diabetes (Fig. 23.2)—a population with the highest risk for sporadic PDAC 
[23]. However, even in this scenario with an estimated pancreatic cancer prevalence 
of 0.8% the risk-benefit scenario is complex even with an assumed very sensitive 
and specific test (Box 23.3) [21].

While a difference in risk exists for long-standing to new onset diabetes, there 
has been an interest in blood glucose (or, fasting blood glucose) for a long time, as 
there is a strong correlation to risk of developing PDAC [24]. In one meta-analysis, 
with every 0.56 mmol/L increase in fasting blood glucose there was an associated 
with a 14% increase in the rate of PDAC [25]. In a model called ENPAC (Enriching 
New-Onset Diabetes for Pancreatic Cancer) based on changes in weight, change in 
blood glucose, and age at onset of diabetes, found subjects with a score ≥3 to have 

Box 23.2 Principles of Define, Enrich, and Find Strategy for Early 
Detection of PDAC
• Define, a high-risk population for PDAC (for example new-onset diabetes)
• Enrich, a clinical risk model that can distinguish type-2 diabetes from 

PDAC-diabetes
• Find, design prospective protocols for surveillance and/or intervention 

of cohorts
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80% sensitivity and specificity for developing pancreatic cancer, but with need to 
perform external validation for the test [5]. However, such risk scores would improve 
risk-stratification that would further improve the diagnostic yield by use of a screen-
ing test or modality.

23.3  Conventional Imaging

Cross sectional imaging modalities are the reference standard at the moment for 
diagnosing lesions in the pancreas. These consist of endoscopic ultrasound (EUS), 
computed tomography (CT) and magnetic resonance imaging (MRI), and are dis-
cussed in detail elsewhere in this book. Suffice to say here, is that they each have 
benefits and disadvantages (Fig. 23.3), and all are equally accurate in diagnosing 
pancreatic cancer [26], together with transabdominal ultrasound and contrast-
enhanced ultrasound [27]. Despite this, none of them are practical as stand- alone 
screening tools in regular-at-risk individuals.

23.3.1  Screening of High-Risk Individuals

Patients with high risk (>5% life-time risk) of PDAC are currently offered screening in 
certain programmes, it typically involves individuals with familial PDAC or heritable 
germline mutations (discussed elsewhere in this book). A systematic review [28] 
looked at prospective cohort studies (>20 patients) of asymptomatic adults determined 
to be at high-risk of pancreatic cancer (lifetime risk >5%, including specific 

Box 23.3 Challenges to a Clinically Useful Pancreatic Cancer 
Screening Test
If a hypothetical biomarker blood test was available with outstanding diag-
nostic characteristics (95% specificity when applied to its target population 
and 80% sensitivity for detecting stage I pancreatic cancer) and if it was 
applied to a population of 10,000 new-onset diabetics with an age >50 years*:

• 64 individuals with positive tests (true positives) could proceed with fur-
ther diagnostic evaluation (e.g., pancreatic CT scan and pancreatic endo-
scopic ultrasound [EUS]) to diagnose their pancreatic cancer

• 16 would have a false-negative test (the pancreatic cancer would go unde-
tected), and

• 500 would receive a false-positive test and have to undergo multiple addi-
tional tests before pancreatic cancer could be ruled out.

*estimated pancreatic cancer prevalence of 0.8%
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genetic-associated conditions) who were screened by endoscopic ultrasound (EUS) 
and/or magnetic resonance imaging (MRI) to detect pancreatic lesions. The investiga-
tors [28] found 19 studies comprising 7085 individuals at high risk for pancreatic can-
cer. Of these, 1660 patients were evaluated by EUS and/or MRI. Fifty- nine high-risk 
lesions were identified (43 adenocarcinomas, of which 28 during the initial exam and 
15 during follow-up surveillance) and 257 patients had pancreatic surgery. Based on 
the meta-analysis [28], the overall diagnostic yield screening for high risk pancreatic 
lesions was 0.74 (95% CI, 0.33–1.14), with moderate heterogeneity among studies. 
The ‘number needed to screen’ to identify one patient with a high-risk lesion was 135 
(95% CI, 88–303). The diagnostic yield was similar for patients with different genetic 
features that increased risk, and whether patients were screened by EUS or MRI [28].

23.3.2  Visible Precursor Lesions

Notably, imaging has detection limits regarding size (as cysts are in principle the 
only visible precursor lesion) and do not detect precursor lesions in the form of 
PanINs, the most common precursor state to pancreatic cancer. However, pancreatic 

Fig. 23.3 Pearls and pitfalls in imaging for early detection of pancreatic cancer. Common imaging 
modalities for pancreatic cancer, including (A) EUS, (B) CT, and (C) MRI. Each image shows a 
patient with an approximately 2-cm lesion in the body of the pancreas. Each modality has advan-
tages and disadvantages for the purposes of early detection of PDAC. A few practical consider-
ations are enumerated. (Reproduced from Singhi AD, Koay EJ, Chari ST, Maitra A. Early Detection 
of Pancreatic Cancer: Opportunities and Challenges. Gastroenterology 2019;156(7):2024–2040 
with permission from Elsevier)
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cystic precursors, most often as IPMNs or premalignant mucinous cystic lesions, 
are detectable with imaging studies [29]. Currently, more patients are diagnosed 
with incidental pancreatic cysts, and despite available guidelines for surveillance or 
resection, there is considerable controversy towards the role of observation versus 
resection in a number of these lesions [30]. However, such cystic lesions may rep-
resent a viable risk group for exploring other biomarkers to assess risk and define 
progression from precursor to invasive cancer [31, 32], as discussed elsewhere in 
this book.

23.4  Metabolic Changes and Use of Metabolomics 
Targets in PDAC

New-onset diabetes and changes in fasting blood glucose is but one among sev-
eral metabolic alterations that follow the progression of pancreatic cancer 
(Fig. 23.4) [17]. While fasting blood glucose may be a target based on the PDAC 
specific mechanisms to increased blood glucose, several other metabolic altera-
tions occur in PDAC, involving muscle mass, lipids and protein synthesis 
[33–38].

Increased levels of branched-chain amino acids has been found years prior to 
diagnosis of PDAC in several studies, suggesting these to be metabolomic biomark-
ers for future PDAC risk [37, 39, 40]. In one study [40], elevated plasma levels of 
branched-chain amino acids (BCAAs) are associated with a greater than twofold 
increased risk of future pancreatic cancer diagnosis. This elevated risk was indepen-
dent of known predisposing factors with the strongest association observed among 
subjects with samples collected 2–5 years before diagnosis of PDAC, when occult 
disease is probably present.

In an attempt at validating the findings, European cohort data (from Norway, 
Finland, Estonia and the Netherlands) did not support the branched-chain amino 
acids identified earlier in several US cohorts as potential biomarkers for pancreatic 
cancer [41]. The European cohorts identified glutamine and histidine as potential 
biomarkers of biological interest but concluded that the results imply that a study at 
this scale does not yield metabolomic biomarkers with sufficient predictive value to 
be clinically useful per se as prognostic biomarkers.

One problem with several of the biomarker studies is that the sample is collected 
at the time of PDAC diagnosis (or, even later after diagnosis) which may not cor-
rectly reflect the metabolomic profile year before a diagnosis is made. Similar expe-
rience has been made with other types of serum markers, including microRNA in 
serum [42].
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Fig. 23.4 Metabolic changes and circulating biomarkers for early detection. Pancreatic cancer 
progresses through morphologic changes (PanIN) that eventually progresses to invasive 
PDAC. Known genetic alterations occur with each step in the progression. Other alterations associ-
ated with stepwise progression may be less well-described. PDAC is further characterized by a 
strong desmoplastic reaction and an intricate crosstalk between cancer-cells and the surrounding 
fibroblasts and immune cells in the stroma that fosters progression, epithelial–mesenchymal transi-
tion, and eventually metastasis. Pancreatic cancer cells are also characterized by a KRAS-driven 
extensive metabolic reprogramming. This eventually leads to the clinical phenotype of weight loss, 
diabetes, sarcopenia, and cachexia often seen in patients with pancreatic cancer. Assuming that 
these molecular processes may occur earlier in carcinogenesis and, thus, may potentially be 
excreted in the circulating blood (bottom part), the identification of such sensitive markers may 
eventually help to facilitate earlier diagnosis of pancreatic cancer at a curable stage. CTCs circulat-
ing tumor cells, cfDNA cell-free DNA, miRNA microRNA, PanIN pancreatic intraepithelial neo-
plasia, PDAC pancreatic adenocarcinoma. (Reproduced from Soreide K. Sweet Predictions Speak 
Volumes for Early Detection of Pancreatic Cancer. Gastroenterology 2018;155(2):265–268 with 
permission from Elsevier © 2018)
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23.5  Biomarkers for Early Detection of PDAC

The promise of biomarkers and the ‘omics’ technology have yet to make its major 
breakthrough in early cancer detection in general [13], and possibly more so when 
it comes to pancreatic cancer. One may only look to prevalence cancers such as 
breast, prostate, colorectal and lung cancer to realize the immense research focus 
over the past decades, with slow return on investment overall.

Development of biomarkers that generate clinically useful information that could 
change the course of the disease for a patient, is a multiphase collaboration between 
various stakeholders, such as, academia, funding agencies, health-care providers, 
reimbursement organizations or authorities and commercial companies [43]. Such 
research must be carefully planned in order to focus on what clinical questions the 
biomarkers should address (e.g. for screening? diagnostics? predictive or prognos-
tic?). The clinical question being addressed will have direct implications for sample 
acquisition, including necessary clinical documentation, as well as pre-analytical 
variables that might act as confounding factors [18, 43–47]. However, biomarkers 
of clinical utility all relate to an ability to deliver accurate and improved diagnostic 
information to the clinicians.

23.5.1  Available Panels and Criteria for Early 
Detection of PDAC

A huge number of suggested and promising biomarkers and panels exist in the 
available literature, with few if any having reached clinical use. The Alliance of 
Pancreatic Cancer Consortia for Biomarkers for Early Detection provide a com-
mon platform and the resources necessary for validation of available markers felt to 
be promising for further pursuit [48]. The consensus group evaluated all existing 
panels (up to 2016) for early detection of PDAC in a workshop using specific crite-
ria for evaluating the panels (Box 23.4).

The panel evaluated three groups of markers; genomic, proteomic and imaging 
markers.

Although none of the biomarkers evaluated seemed to be ready for a large-scale 
biomarker validation trial, a number of them had sufficiently high sensitivity and 
specificity to warrant additional research, especially if combined with other 

Box 23.4 Criteria for Panels Developed for Early Detection of PDAC
• Is the study design appropriate for the intended clinical application?
• Are data split into separate training and validation samples?
• What is the reported performance of the marker?
• What was the comparison group?
• What was the sample size for training and validation groups?
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biomarkers to form a panel [48]. The group was said to reconvene after 2 years, yet 
no further report on their continued evaluation is available at the time of writing.

23.6  Further Developments and Novel Technology

Some promising approaches are being investigated in the pursuit for non-invasive 
biomarkers that can be easily accessed or monitored, of which some will be briefly 
mentioned here.

23.6.1  Pancreatic Juice and Cyst Fluids

Detection of various biomarkers in pancreatic juice have been explored in several 
settings, including for high-risk subjects with familial risk or for patients with pan-
creatic cystic lesions. Both genomic and proteomic markers have been explored 
[49–53]. Many of these markers are evaluated in the context of pancreatic cysts [53] 
and described in more detail in those sections of this book. Both genomic, pro-
teomic and metabolomic biomarkers are investigated in this context.

23.6.2  Saliva and Salivary Markers

Different combinations of metabolites, RNA and bacteria were found in human 
saliva in patients with and without PDAC [54, 55]. Analysis of the saliva transcrip-
tome and metabolome seems to be the most promising avenue. The identification of 
an early salivary signature of PDAC is still in its infancy. However, some data exists 
that salivary miR-940 and miR-3679-5p are reliable markers for pancreatic cancer 
[56] as well as polyamines [55]. Other than being promising, these technologies and 
their accuracy needs further refinement before being introduced as useful clini-
cal tests.

23.6.3  Urine-Test and Urinary Markers

Studies of cancer biomarkers in urine has increasingly received attention, also for 
PDAC [32, 57–60]. The attractive principle is a non-invasive, repeatable test which 
would allow for early detection of resectable PDAC. A three-marker panel in urine 
(using LYVE-1, REG1A, and TFF1 as candidate biomarkers) demonstrated promis-
ing accuracy [60]. When comparing PDAC stage I–II (n = 71) with healthy urine 
specimens, the panel achieved AUCs of 0.90 (95% CI, 0.84–0.96) and 0.93 (95% 
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CI, 0.84–1.00) in the training and validation datasets, respectively [60]. In PDAC 
stage I–II and healthy samples with matching plasma CA19-9, the panel achieved a 
higher AUC of 0.97 (95% CI, 0.94–0.99) than CA19.9 (AUC of 0.88). Adding 
plasma CA19.9 to the panel increased the AUC to 0.99, but did not improve the 
comparison of stage I-IIA PDAC (n = 17) with healthy urine [60]. The panel has 
since been evaluated in a PancRISK model [59], however still needs further evalua-
tion to show efficacy as an early, non-invasive detection test for PDAC. Other stud-
ies have shown discriminative ability of urine markers, but with accuracy that 
currently does not permit use as a screening tool [58].

23.6.4  Imaging Tools and Radiomics

The core premise of radiomics is that the differences in size, shape, texture, and 
greyness of a tumor contoured from a radiological image can reflect the variations 
in histological phenotype and genotype of the tumor [53]. Briefly explained, various 
radiological images (typically CT or MRI scans) can be converted into mineable 
data through which high-throughput extraction of quantitative features can be done 
by computers. The extracted data can then be combined with the patients’ clinical 
features to contrive a model that will improve the accuracy of a diagnostic or prog-
nostic model for cancer or, even by means of adding artificial intelligence or 
machine learning allow for early detection of cancer [61].

23.6.5  Biosensors

Due to their advantages (sensitivity, specificity, noninvasiveness, short assay time, 
and cost effectiveness) over traditional analytical methods (PCR and ELISA), bio-
sensors have received considerable interest in cancer diagnosis [62–65]. Biosensors 
are designed to detect a specific biological analyte by essentially converting a bio-
recognition event into a measurable signal that can be detected and analyzed. A 
typical biosensor consists of a recognition element, a transducer, and a signal- 
processing unit (signal output). Based on the working principle, the recognition 
elements used in biosensors can be DNA, antibodies, antigens, enzymes, peptides, 
aptamers, microorganisms, and ligands. The use of biosensors has already found 
wide-spread applications in society, such as in the food and fermentation industries, 
plant biology, in defense, marine science, drug discovery, and medical sciences.

In PDAC, there are a few reports investigating biosensors for detection of can-
cers [62, 63]. In one study [63], the investigators explored fluorescence nanobiosen-
sors for ultrasensitive (sub-femtomolar) arginase and protease detection and found 
an enzymatic signature for the detection of PDAC in serum. However, the sample 
size was small and lacking internal and external validation.
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23.6.6  Liquid Biopsies and Circulating Biomarkers

With the several metabolic alterations that follow the progression of pancreatic can-
cer (Fig. 23.4) [17] there has been an interest in exploring the circulation elements 
that may be derived from precursor lesions or pancreatic cancers, including genomic 
and proteomic biomarkers, including circulating tumor cells (CTCs) and exosomes, 
as well as cell free DNA (cfDNA) [66–73]. Such biomarkers have been used to 
demonstrate the ability to detect several tumor types at a generic level [74], with 
ability to diagnose at an early stage for when resection is possible [75]. One such 
test (CancerSEEK) detected early stage cancers, including PDAC, through assess-
ment of the levels of circulating proteins and mutations in cell-free DNA [75]. 
Others have looked into multi-marker panels adding CA 19-9 to the panel and, 
hence, increasing the diagnostic accuracy [76].

In a meta-analysis of a total of 19 studies (with 1872 individuals) exploring liq-
uid biopsies for diagnosis of PDAC [77], 7 were studies about ctDNA, 7 were on 
CTCs and 6 were about exosomes.

The pooled sensitivity estimates for ctDNA, CTCs and exosomes in detecting 
PDAC were 0.64 (95% CI 0.58–0.70), 0.74 (95% CI 0.68–0.79) and 0.93 (95% CI 
0.90–0.95), respectively. The pooled specificity estimates were 0.92 (95% CI 
0.88–0.95), 0.83 (95% CI 0.78–0.88) and 0.92 (95% CI 0.88–0.95), respectively. 
The area under curve (AUC) of the sROC for ctDNA, CTCs and exosomes in detect-
ing PDAC were 0.95, 0.82, and 0.98, respectively. The overall sensitivity, specificity 
and AUC of the sROC curve for overall liquid biopsy in detecting PDAC were 0.80 
(95% CI 0.77–0.82), 0.89 (95% CI 0.87–0.91) and 0.95, respectively.

This meta-analysis confirmed that liquid biopsy had high diagnostic value in 
detecting PDAC, with exosomes showed highest sensitivity and specificity [77]. It 
is clear that such markers and technology have a huge potential for improved, early 
cancer detection, but further work is required before entering clinical routine prac-
tice as a routine diagnostic tool.

23.7  Conclusion

There are still several impediments and barriers to the ideal biomarker panel or 
modality for early detection of PDAC.  Some of the novel biomarkers, inventive 
technology and their accuracy for detection may see translation to implementation 
for routine clinical use in the near future. It remains undetermined how to translate 
available and emerging omics techniques and omics platforms into prediction and 
early diagnosis for PDAC in order to best reduce the high number of deaths from 
this usually advanced disease. However, more effective and specific biomarkers for 
patients with early-stage PDAC are critically needed to allow an earlier diagnosis 
and detection at a curable stage.
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Take Home Messages
• The majority of pancreatic cancer present after the fifth and sixth decade in life.
• Epigastric pain with radiation to the back, weight loss, painless jaundice or 

new- onset diabetes are worrisome features suggestive of pancreatic cancer.
• Exocrine and endocrine pancreatic insufficiency is frequently present at 

time of diagnosis.
• Tumour-associated thrombosis (“Trousseau Syndrome”) is common in 

pancreatic cancer.
• A large variety of rare para-neoplastic syndromes are described in the literature.
• Validated risk calculators are freely available online for estimation of the 

individual likelihood of underlying pancreatic cancer in patients with con-
cerning symptoms and medical history.

Pearls and Pitfalls
• Symptoms in patients with pancreatic cancer are often vague and unspe-

cific, with a high incidence in the general population, leading to recurrent 
consultations to primary care.

• While long-standing diabetes mellitus itself is a risk factor for develop-
ment of pancreatic malignancy, new-onset diabetes mellitus (type 3c) is 
also a common symptom of underlying, undiagnosed pancreatic cancer.

• Both acute and chronic pancreatitis may be associated with underlying 
pancreatic cancer.

• Pancreatic cancer is responsible for a high number of malignancy-related (para-
neoplastic) thromboembolic events among patients with visceral malignancies.
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24.1  Introduction

Most commonly the clinical presentation of pancreatic ductal adenocarcinoma 
(PDAC) includes unspecific symptoms, which explains to some part the often-late 
diagnosis and contributes to poor long-term survival rates [1, 2]. A study from the 
United Kingdom has shown, that in the year prior to PDAC diagnosis patients had 
already consulted their general practitioner on a median of 18 occasions [3]. This 
highlights, that many patients are initially falsely reassured by the intermittent or 
unspecific nature of their symptoms. Screening for pancreatic cancer of all patients 
with general abdominal symptoms is currently not feasible due to the lack of effec-
tive tests with sufficient sensitivity and specificity in this cohort with low lifetime 
risk, despite increasing incidence of PDAC in most countries [4]. However, there are 
pattern of worrisome clinical features (“red flags”) that particularly warrant extensive 
application of diagnostic tests to rule out or confirm suspicion of pancreatic cancer.

24.2  Frequency of Different Symptoms

Frequently reported complaints of patients presenting with newly diagnosed PDAC 
are presented in Table 24.1 and Fig. 24.1.

The classical textbook symptom is painless jaundice due to an obstruction of the 
intrapancreatic common bile duct, which belongs to the most frequent clinical signs 
(about 35%) since more than 80% of tumours are located in the pancreatic head. In 
patients over 60 years, painless jaundice is caused by malignancies of the pancreas 
or the distal bile duct in about 20% of all cases. However, an even more common 
symptom is abdominal pain (>40%), most frequently located in the epigastric region 
and often with radiation into the back (30%), which is especially suspicious when 
long-lasting (>6  months) and combined with weight loss, decreased appetite or 
fatigue in patients >50 years of age. Other conditions often present in patients with 
pancreatic cancer are changes in bowel habits with maldigestion due to exocrine 
pancreatic insufficiency (about 35–50%) or new-/late-onset diabetes mellitus 
(>30%). Also, venous thromboembolism is a common finding in newly-diagnosed 
pancreatic cancer patients (>10%) and the frequency increases with extent and 
duration of the disease as well as patient-related factors such as platelet count, 

Future Perspectives
• Future algorithms incorporating not only clinical symptoms and medical 

history but also genetics and biomarkers will potentially allow to system-
atically screen high-risk populations and enhance early detection of pan-
creatic cancer.
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Table 24.1 Common symptoms of pancreatic cancer at time of diagnosis

Symptoms Frequency Further characteristics

Abdominal pain >40% Usually epigastric and radiating into back.
Increased level of suspicion in patients >50 years 
and when combined with decreased appetite, 
weight loss and fatigue.

Change in bowel habits, 
maldigestion, steatorrhea, 
weight loss

35–50% Diarrhea, often associated with decreased appetite. 
Especially common in pancreatic head cancers or 
advanced tumours.

New-onset diabetes or 
impaired glucose-tolerance

30–80% Especially suspicious in patients >50–60 years 
(late-onset diabetes). Frequently manifests within 
1–3 years before cancer diagnosis.

Jaundice 35% Most often painless and obstructive.
Back pain 30%
Venous thromboembolism 
(VTE)

>10% “Trousseau syndrome”—especially common in 
patients with metastatic disease, compression of 
vascular or lymphatic structures and history of 
previous VTE.

Fatigue/lethargy/depression 8%
Acute pancreatitis 5% The rate of malignancy in acute pancreatitis is 

about 1% in European and 6% in USA studies.
Supraclavicular 
lymphadenopathy, ascites, 
palpable abdominal mass

Rare May indicate advanced disease.

Content based on data from [2, 3, 5–8]

Fig. 24.1 Common 
symptoms in patients with 
newly diagnose pancreatic 
cancer. (Reproduced 
courtesy © UEG—United 
European 
Gastroenterology. https://
www.ueg.eu/publications/)
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Box 24.1 Armand Trousseau (1801–1867), French Internist
Trousseau’s syndrome, or Trousseau sign of malignancy, also referred to as 
thrombophlebitis migrans or migratory thrombophlebitis, or cancer- 
associated coagulopathy, based on the observation by Trousseau over 
150 years ago that thrombophlebitis or thromboembolic events may be asso-
ciated with some cancers. The risk is highest in pancreatic cancer, gastric 
cancer and lung cancers. 

haemoglobin level or BMI. Cancer-related hypercoagulability in visceral malignan-
cies is generally related to as the Trousseau syndrome (Box 24.1), and besides this 
common syndrome, there is a broad spectrum of rare tumour-associated paraneo-
plastic syndromes reported in PDAC.

The following paragraphs provide an overview over the clinical picture of clini-
cal symptoms in pancreatic cancer patients. Details on clinical application and typi-
cal patterns of patient-blood derived biomarkers (“tumour-markers”), interventional 
technique and imaging results are provided in other respective chapters of this 
textbook.

(Image courtesy 
Bibliothèque nationale 
de France, open to 
public domain)
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24.3  Jaundice

Jaundice, especially when painless and present in elderly patients without obvious 
biliary stones, should always raise concern regarding underlying malignancies of 
the bile duct, the pancreas or the ampulla of Vateri. Therefore, extensive diagnostics 
including imaging (CT, MRI) and endoscopy (EUS, ERCP) must be applied until 
sufficient clinical certainty can be achieved to rule out or confirm suspicion.

In general, jaundice is present in about 35% of patients with pancreatic cancer, 
but the frequency in periampullary tumours is significantly higher at about 65%, 
due to the anatomic location.

Jaundice is often accompanied by weight loss, pruritus and deranged liver func-
tion tests mainly depending on the severity and duration of biliary duct obstruction 
[9]. Although the presence of jaundice is commonly considered to lead to earlier 
diagnosis of malignancies involving the periampullary region, recent studies have 
shown that it is in fact associated with more advanced tumour characteristics (T- and 
N-stage, perineural invasion) and inferior oncological long-term outcome in resect-
able pancreatic head cancer patients. However, absence of jaundice was not associ-
ated with improved survival in non-resectable cases [9, 10].

24.4  Pancreatic Cancer in New-Onset Versus Long-Standing 
Diabetes Mellitus

The relationship between pancreatic cancer and diabetes mellitus represents a clas-
sical chicken or egg dilemma and there is on-going debate about a bi-directional 
association [6, 11]. Results of epidemiological studies have suggested, that patients 
with long-standing diabetes have an at least twofold increased risk to develop pan-
creatic cancer, but this may increase up to sevenfold with a diabetic disease history 
of >3 years [12]. On the other hand, the markedly raised risk for pancreatic cancer 
in patients with new-onset diabetes mellitus compared to healthy controls shows, 
that pancreatic cancer as a disease of the exocrine pancreas can itself also cause 
diabetes. Diabetes in this setting is classified as type 3c diabetes mellitus (T3cDM; 
Table 24.2).

Up to 80% of PDAC patients experience some degree of impaired glucose toler-
ance or diabetes. Recent studies have found, that in 70–80% their diabetes began 
within a year preceding the diagnosis of cancer, often before the tumour is radio-
logically detectable [13]. Intriguingly, T3cDM is also present in small malignant 
lesions, and compared to classical type 2 diabetes mellitus it often improves after 
pancreatic resection (in about 50% of patients). These facts and further basic sci-
ence have provided compelling evidence for the theory that it could indeed be a 
consequence of a paraneoplastic syndrome rather than just consumption of func-
tional pancreatic parenchyma.
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Clinical signs suggestive of PDAC-related diabetes are age >65, absence of obe-
sity, history of weight loss, worsening of glucose control after weight loss and lack 
of family history for diabetes or presence of family history for pancreatic cancer 
[14–18]. Recently, a model including three of these clinical factors (change in 
weight, change in blood glucose, age at onset of diabetes) has been proposed to aid 
with stratifying the individual risk for pancreatic cancer in patients with newly diag-
nosed diabetes mellitus (END-PAC Model) [19].

In regard to further evaluating differential diagnosis, the Hb1Ac in diabetic 
patients with pancreatic cancer has been reported to be higher than in non- malignant 
diabetes. However, the limited predictive value does not allow for implementation 
of Hb1Ac into clinical screening pathways as a tumour marker [4]. In contrast, 
adrenomedullin—a potential mediator of beta-cell dysfunction in T3cDM—could 
be a promising marker for early detection of PDAC in the future and is currently 
investigated in studies [12, 14].

In a recent study, patients with or without diabetes at the time-point of PDAC 
diagnosis presented with similar clinical features, tumour size and prognosis, there-
fore diabetes does not seem to contribute to earlier diagnosis of pancreatic cancer 
[20]. However, in a previous work, patients with diabetes showed a slightly higher 
rate of resectability [5]. To enhance outcomes of resectable PDAC patients with 
diabetes, perioperative optimization of glucose management should be part of the 
pre-habilitation process.

24.5  Maldigestion and Steatorrhea

Pancreatic exocrine insufficiency in pancreatic cancer patients is caused by func-
tional incapacity of the pancreatic gland and obstruction of the pancreatic duct, 
leading to deficiency of digestive enzymes secreted into the duodenum [7]. Although 

Table 24.2 Classification of different types of diabetes

Type of diabetes Underlying cause/manifestation

Type 1 diabetes Autoimmune β-cell destruction, usually leading to absolute insulin 
deficiency.
Subtype: LADA (latent autoimmune diabetes in adults) with onset in 
adult age and slow loss of insulin secretion.

Type 2 diabetes Progressive loss of adequate β-cell insulin secretion on the background 
of insulin resistance.

Gestational diabetes Diabetes diagnosed in second or third trimester of pregnancy not clearly 
overt prior to gestation.

Specific types of 
diabetes due to other 
causes

•   Due to disease of the exocrine pancreas (also termed pancreoprivic 
diabetes or T3cDM; e.g. due to pancreatic cancer, cystic fibrosis, 
pancreatitis). Distinct feature: concurrent loss of exocrine function.

• Monogenic diabetes syndromes.
•  Drug- or chemical-induced diabetes (glucocorticoids, HIV/AIDS 

medication, etc.).

Content based on [21, 22]
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several indirect and direct tests are available for diagnosis, it is commonly assessed 
by measuring faecal elastase-1 (FE-1).

About 50% of all PDAC patients experience symptoms of maldigestion and exo-
crine insufficiency at the time-point of diagnosis, depending on the location and 
stage of the tumour. A systematic review including nine observational cohort studies 
with almost 700 cancer patients assessed before undergoing pancreatic resection 
showed, that the preoperative prevalence of exocrine insufficiency is highest in case 
of necessity of a total pancreatectomy (median 63%), followed by pancreatoduode-
nectomy (median 44%; range 42–47%) and distal pancreatectomy (20%; range 
16–67%) [23]. This confirms, that primarily tumours located in the pancreatic head 
or large/multiple lesions with consecutive duct obstruction cause maldigestion/ste-
atorrhea symptoms.

When exocrine insufficiency is assessed prospectively with a combination of the 
FE-1 test and evaluation of steatorrhea-related symptoms as well as body weight 
dynamics, the true incidence in advanced pancreatic head cancer is more than 
50–60% and this steeply increases to over 90% within the first 2–3 months after 
diagnosis [24]. Interestingly, extremely low values of FE-1 (≤20 μg/g) are indepen-
dently associated with worse survival, with a hazards ratio (HR) comparable to 
presence of metastases or low albumin [25]. Accordingly, the assessment of exo-
crine insufficiency in patients to undergo pancreatic surgery is nowadays increas-
ingly evaluated in pre-habilitation programs and pancreatic enzyme replacement 
therapy might not only play an important role after but also before pancreatic resec-
tion [26–28].

24.6  Acute and Chronic Pancreatitis or Isolated Pancreatic 
Duct Stenosis

In a large nationwide Danish cohort study, more than 28,000 patients admitted with 
acute pancreatitis were evaluated regarding incidence of pancreatic cancer and only 
around 1% were found to have underlying malignancy. Predictors of pancreatic 
cancer included age >50 (highest risk in patients 56–70 years), new-onset chronic 
pancreatitis (HR 2.4) and diabetes (HR 1.9). Also, absence of biliary or alcohol- 
related diseases was associated with underlying malignancy [29]. A recent Danish 
population-based registry from the same group confirmed the cancer incidence of 
about 1% in acute pancreatitis patients but also showed a significantly higher rate of 
6% in cases from the United States via SEER (Surveillance, Epidemiology and End 
Results) data analysis. In both countries, cancer patients with acute pancreatitis had 
lower prevalence of metastases at diagnosis, a higher resection rate and improved 
survival than those without pancreatitis [30].

Other studies described, that approximately 5% of all patients with chronic pan-
creatitis develop pancreatic cancer during their life, with a 13-fold higher relative- 
risk compared to the general population or controls according to pooled results from 
seven studies [4].

24 Clinical Presentation and Symptoms in Pancreatic Cancer



364

Given the relative low incidence of chronic pancreatitis with comparable high risk 
for development of cancer, screening in this group of patients could potentially be of 
value when effective tests become increasingly available. However, the clinical signs 
and imaging findings of chronic pancreatitis and PDAC often overlap and may hamper 
correct diagnosis. Therefore, development of new accurate biomarkers to distinguish 
between these two entities is urgently needed and a focus of on-going studies [31].

Regarding non-pancreatitis associated chronic ductal changes on imaging, local-
ized solitary stenosis of the main pancreatic duct without a detectable mass, or intra-
ductal papillary mucinous neoplasm (IPMN) only has a low predictive value (about 
50%) for pancreatic cancer and careful evaluation ideally with EUS, pancreaticos-
copy or pancreatic juice cytology is advisable [32].

24.7  Venous Thromboembolism

The Trousseau syndrome (named after the French internist Armand Trousseau 
1801–1867 Box 24.1) represents the most classical paraneoplastic syndrome associ-
ated with pancreatic cancer (and many other malignancies) [33]. It describes a state 
of hypercoagulability linked to visceral cancers resulting in thrombotic events. 
Although it was initially described as a migratory thrombophlebitis, thrombosis 
occurs in many different variations such as deep vein thrombosis of the extremities, 
pulmonary thromboembolism, nonbacterial verrucous endocarditis, arterial throm-
boembolism or chronic disseminated intravascular coagulopathy (DIC).

Pulmonary embolism is found in autopsies of up to 40% of all patients with pan-
creatic cancer [34], and the overall risk of thrombotic events is a 6.1-fold higher 
than in the normal population ranking among the highest of all malignancies accord-
ing to a large meta-analysis [35].

The rate of venous thromboembolism in newly-diagnosed pancreatic cancer 
patients exceeds 10% and may increase up to 50% or more in cases with a high 
ONKOTEV score (presences of metastases, previous history of thromboembolism, 
vascular or lymphatic compression, high Khorana score) [8, 36–38].

Besides thromboembolic events a number of cutaneous and melanocytic para-
neoplastic syndromes as well as other even less frequent conditions such as atypical 
rheumatoid arthritis or nephrotic syndromes are associated with pancreatic cancer. 
Overall, the spectrum is very colourful and includes haematological, cutaneous, 
articular, neuromuscular, renal or even psychiatric syndromes [33].

24.8  Paraneoplastic Syndromes and Associated Conditions 
with Pancreatic Cancer

Table 24.3 gives an overview of these syndromes including their typical clinical 
manifestation signs. They may occur simultaneously with the detection of pancre-
atic cancer or during its progression, but in a subset of patients, they can precede the 
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diagnosis of pancreatic cancer or other abdominal malignancies (especially gastric 
cancer) by even months and therefore careful evaluation is indicated in cases with 
spontaneous venous thromboembolism, Acanthosis nigricans, Tripe palms, etc. 
However, most of these syndromes are not specific to pancreatic malignancies. 
Some are reversible after response to treatment of the primary pancreatic cancer 
and—when present—associated metastases.

Table 24.3 Endocrine, cutaneous, melanocytic and other paraneoplastic syndromes associated 
with pancreatic cancer

Disease Clinical manifestation/remarks

Endocrine syndromes

De-novo (T3cDM) 
diabetes mellitus

Bidirectional association

Non-islet cell tumour 
hypoglycemia (NICTH)

Extremely rare

Hypercalcemia Extremely rare
Cutaneous/melanocytis syndromes

Acanthosis nigricans
and
Tripe palms

Hyperpigmented papillomatosis and hyperkeratosis of the skin and 
mucosal membranes with rapid extensive progression
Acanthosis on the palms

Acquired diffuse 
palmoplantar keratoderma

Uniform yellow, hyperkeratotic thickening of the skin

Pancreatogenic 
panniculitis

Tender, red, brownish subcutaneous nodules (affects 2–3% of 
pancreatic disease patients)

Sign of Leser-Trelaut Rapid progression of seborrheic keratosis
Necrolytic migratory 
erythema

Erythematous papules, painful polycyclic plaques

Paraneoplastic pemphigus Painful, ulcerative mucosal erosions, erythema of the skin
Dermatomyositis Symmetric proximal myopathy with periorbital oedema, heliotrope 

rash, red macular rash, V sign, Gottron papules, erythematous to 
violaceous plaques, subcutaneous calcifications, photosensibility

Erythema nodosum Painful, tender, erythematous subcutaneous nodule
Palmar fasciitis Flexion deformity of the fingers, thickened palmar fascia
Bilateral diffuse uveal 
melanocytic proliferation

Uveal thickening, cataract formation, bilateral blindness

Other syndromes

Atypical, rapid onset 
rheumatoid arthritis

Rare

Dermatomyositis, 
polymyositis

Rare association, can be reversible, usually precede the tumour 
detection

Paraneoplastic 
gastroparesis

Autoimmune destruction of the stomach nerve plexus

Opsoclonus Uncontrolled, rapid, involuntary, multivectorial eye movements
Nephrotic syndromes Respond well to steroid therapy
Cancer-associated 
retinopathy [39]

Extremely rare, primary tumour therapy potentially stops 
progression

Developed from [33]
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24.9  Clinical Algorithms to Identify Patients at High Risk 
of Pancreatic Cancer

Algorithms incorporating clinical symptoms, patient characteristics and medical 
history have been proposed within the last years to define the risk for development 
of pancreatic cancer in patients presenting with new abdominal or gastrointestinal 
symptoms [40, 41]. Also, convenient online risk calculators are nowadays available 
to determine the estimated risk in individual cases (e.g. http://www.qcancer.org/
pancreas) [41].

Most recently, enhanced clinical risk scores implementing multi-omics investi-
gations (genomics and blood-based biomarkers) were introduced to further help 
with identifying high-risk populations and informing clinical decisions, but large- 
scale validation in terms of accuracy, reliability and cost-effectiveness is war-
ranted [42].

24.10  Conclusion

Clinical presentation of pancreatic cancer is multifaceted with a variety of partly 
vague and unspecific symptoms. Due to the high incidence of some of these com-
plaints (abdominal pain, maldigestion) in the general population, primary clinical 
screening is challenging. However, especially in elderly patients new-onset diabe-
tes, weight-loss, painless jaundice as well as thromboembolic events are signs of 
particular concern for malignancy, and freely available clinical risk calculators 
can help to estimate the individual risk in primary care patients. Recently pro-
posed algorithms incorporating not only clinical symptoms and medical history 
but also biomarkers will potentially allow systematically screening in high-risk 
populations in the future and hereby further enhance early detection of pancre-
atic cancer.
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Take Home Messages
• The TNM systems provides a clear and simple system for describing tumor 

disease as a part of the diagnostic workup.
• Staging according to the TNM-system provides a uniform framework for 

classification of tumor burden related to survival.
• The TNM eighth edition has allowed for subdivision of size-based  

(pT-stage) and nodal (pN) staging
• TNM system is useful for trial inclusion and comparison of results between 

studies.

Pearls and Pitfalls
• Objective size-based criteria and arterial involvement shows better correla-

tion with survival.
• The subdivision of nodal disease has led to better prognostic stratification.
• There is no standard grading scheme for the extent of residual tumor in 

pancreatectomy specimens following neoadjuvant therapy.
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25.1  Introduction

The 5-year survival rate for pancreatic cancer is poor, with closely corresponding 
disease incidence and mortality [1, 2]. Surgical resection remains the only curative 
approach, with multimodal therapies improving outcomes [3, 4]. To accurately pre-
dict prognosis and decide appropriate treatment options, it is vital to describe the 
extent of the illness. Localized tumors have a higher survival rate compared with 
disseminated disease. In addition, prognostication directs the inclusion of patients 
in clinical studies and allows comparison of care between different institutions. The 
stratification in the correct prognostic stage group is therefore important for reliable 
care and patient information.

There are several systems in use to stage various cancers [5, 6]. The tumor, node and 
metastasis (TNM) staging system is regarded the most useful in a clinical setting and has 
largely displaced other classification tools (Fig. 25.1). Developed by the American Joint 
Committee on Cancer (AJCC), in collaboration with the Union for International Cancer 
Control (UICC), the AJCC TNM staging system classify tumors according to the size 
and proximity to surrounding tissue of the primary tumor (T), involvement of regional 
lymph nodes (N), and the presence or absence of distant metastases (M) [7].

25.2  The TNM Staging System

Widely adopted worldwide, the eighth TNM staging system (Table 25.1) describes exo-
crine pancreatic tumors (the exocrine and endocrine pancreas is separated in the eighth 
TNM edition), comprised mainly (95%) of pancreatic ductal adenocarcinoma (PDAC). 
Well-differentiated neuroendocrine tumors belong to the classification of neuroendocrine 
tumors of the pancreas and are therefore categorize differently [8, 9]. Primary tumors 
(T-stage) classify according to size and peripancreatic attachment/invasion (Box 25.1). 

Future Perspectives
• The added role of biomarkers, such as CA 19-9, to the current TNM-

staging needs to be better understood.
• The role of consensus molecular subtypes to staging needs to be explored.
• A model of ‘biological behaviour’ to disease staging over a purely 

‘anatomical classification’ is needed.
• A universally agreed tumor regression system after neodjuvant treatment 

is needed.
• Future additions from modern molecular biology techniques will help 

delineate patient subpopulations towards personalized medicine.

• Inconsistencies in the pathological classification and reporting of resection 
status (R-status) complicates comparative research.

• In the neoadjuvant era, it is unsure how precise the TNM system reflects 
actual tumor behavior.

M. Roalsø and K. Søreide
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Fig. 25.1 Variation in clinical presentation and influence on staging in pancreatic cancer. 
‘Resectability’ is a subjective measure with considerable variations between institutions, with dif-
fering definitions regarding borderline and locally advanced tumors. Neoadjuvant therapies are 
increasingly put into clinical practice in resectable cancers, but borderline tumors may still go to 
upfront surgery. Locally advanced cancers may be unresectable, but converted to exploration and 
resecgtion in some centres. Drop-outs (due to biological progression or clinical deterioration) is 
common, but not consistently reported. Additionally, evaluation of neoadjuvant therapies is unreli-
able on current imaging, and does not have a uniform system for grading on pathology. (Reproduced 
from Roalsø, Aunan, Søreide. (©2019 submitted))

Table 25.1 The TNM 8th edition AJCC prognostic stage groups

Stage T N M

Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
T3 N1 M0

Stage III T1 N2 M0
T2 N2 M0
T3 N2 M0
T4 Any N M0

Stage IV Any T Any N M1

25 TNM Staging for Pancreatic Adenocarcinoma
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Regional lymph nodes (N-stage) are assessed by the number of node metastases (Box 
25.2). The number of histologically investigated lymph nodes are usually presented in 
brackets, with infiltrated/tumor positive nodes shown first and the total number second, 
e.g. pN1(2/12), pN2(5/12). Further, metastatic spread (M-stage) is noted if present or not.

25.2.1  TNM Descriptors

By convention, the T designation describes a tumor prior to any treatment. A set of pre-
fixes signifies different time points in diagnosis or medical care (summarized in Box 
25.3). The basis for the clinical classification is the initial radiological workup of 
patients, indicated by the “c” prefix (cTNM). The ensuing pathologic stage classifica-
tion is designated by the “p” prefix (pTNM) and is based on gross and macroscopic 
examination of the resected tumor specimen (pT). pN describes surgically removed 
lymph nodes grossly and microscopically worked up for classification, while pM entails 
a microscopically proven tumor spread. The “m” suffix specifies multiple primary 
tumors in a single site, presented as T(m). Recurrent tumors after curative treatment and 
disease-free intervals are identified by the “r” prefix, while the “a” prefix signifies a 
tumor staged at autopsy.

Box 25.1 Definition of Primary Tumor (T-stage)
T category T criteria

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situa

T1 Tumor ≤2 cm in greatest dimension
  T1a Tumor ≤0.5 cm in greatest dimension
  T1b Tumor >0.5 cm and <1 in greatest dimension
  T1c Tumor 1–2 cm in greatest dimension
T2 Tumor >2 and ≤4 cm in greatest dimension
T3 Tumor >4 cm in greatest dimension
T4 Tumor involves celiac axis, superior mesenteric artery, and/or common 

hepatic artery, regardless of size

aThis includes high-grade pancreatic intraepithelial neoplasia (PanIn-3), intraductal papil-
lary mucinous neoplasm with high-grade dysplasia, intraductal tubulopapillary neoplasm 
with high-grade dysplasia, and mucinous cystic neoplasm with high-grade dysplasia

Box 25.2 Definition of Regional Lymph Node (N)
N category N criteria

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–3 regional lymph nodes
N2 Metastasis in ≥4 regional lymph nodes

M. Roalsø and K. Søreide



373

Patients being restaged after neoadjuvant or conversion therapy are designated 
with the prefix “y” to signify staging after treatment, with a designated ycTNM for 
clinical staging (e.g. imaging studies), or ypTNM classification for pathology stag-
ing after surgical resection after neoadjuvant treatment.

25.2.2  Changes in the Eighth Edition

First released in 1977 and subsequently updated every 5–7 years, there were no 
changes made in the 6th (2002) and 7th (2009) edition of the AJCC Cancer Staging 
Manual with regards to PDAC. The eighth edition released in October 2016 marked 
the first major revision of the T and N classification and is actively used in clinical 
practice since January 2018 (Fig. 25.2). In the present edition, the smallest tumors 

Box 25.3 List of TNM Descriptors
Descriptor Meaning

cTNM Clinical staging of tumors based on multimodal imaging
pTNM Gross and microscopic pathologic classification of surgically resected 

tumors
ycTNM Clinical (re)staging during or after neoadjuvant therapy
ypTNM Pathology staging after neoadjuvant therapy
rTNM Recurrent tumor staged after a disease-free interval
aTNM Tumor staged at autopsy

T1 T2

N0 N1 N2

T3

<2.0 cm

<0.5 cm

>0.5, <1.0 cm

any any any

1–3 nodes

>2.0, <4.0 cm >4.0 cm

>4 nodes1.0–2.0 cm

T1 a

T1 b

T1 c

Fig. 25.2 Tumor and nodal classification of pancreatic cancer. The latest eighth AJCC TNM 
Staging system now subcategorize the smallest tumors (T1 ≤2 cm) into T1a, T1b and T1c based 
on size-criteria. Further, the N-category is now split into three groups, based on the number of 
positive lymph nodes
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of the T1 type (≤2 cm) are now subcategorized into T1a, T1b and T1c based on size. 
Smaller tumors often have better outcomes. Previously, staging of T2 (>2 ≤ 4 cm) 
and T3 (>4 cm) tumors included extra-pancreatic extension. This can be difficult to 
define preoperatively, hence the T1-T3 categories are now purely size-based, dem-
onstrating better correlation with survival [10]. In the prior seventh version, T4 
tumors either involved the celiac axis or the superior mesenteric artery; or was a 
tumor considered unresectable by the diagnostic team. Surgical resectability relies 
on several hospital, patient and tumor-related factors, which inevitably will vary 
in- between institutions. Therefore, T4 tumors in the current edition relies solely on 
an objective measure of arterial involvement, disregarding the resectability appre-
ciation. Additionally, the N category was split into N1 and N2, based on the number 
of positive lymph nodes. The new eighth edition developments are summarized in 
Table 25.2.

25.2.3  Prognostic Factors

The TNM staging system does not take resection margin (R) into account. 
Nevertheless, completeness of resection is of prognostic significance and current 
guidelines recommend its inclusion in the pathology report. R0 requires complete 
resection with grossly and microscopically negative margins >1 millimetre (mm). 
R1 includes grossly negative, but microscopically positive margins, while R2 means 
there is remnant tumor tissue (Box 25.4). A palliative resection with clear local 
margins, yet concomitant liver metastases left behind, also classify as R2 (and M+).

The resection limit depends on tumor extension at or within 1 mm of the margin. 
The most important boundary is the thin layer of connective tissue separating the 

Table 25.2 Comparison of the seventh and eighth edition of the TNM staging system

Category Seventh edition Eighth edition

T1 Tumor limited to the pancreas, ≤2 cm in 
greatest dimension

Tumor ≤2 cm in greatest dimension

  T1a – Tumor ≤0.5 cm in greatest dimension
  T1b – Tumor >0.5 cm and <1 in greatest 

dimension
  T1c – Tumor 1–2 cm in greatest dimension
T2 Tumor limited to the pancreas, >2 cm in 

greatest dimension
Tumor >2 and ≤4 cm in greatest 
dimension

T3 Tumor extends beyond the pancreas but 
without involvement of the celiac axis or 
the superior mesenteric artery

Tumor >4 cm in greatest dimension

T4 Tumor involves the celiac axis or the 
superior mesenteric artery (unresectable 
primary tumor)

Tumor involves celiac axis, superior 
mesenteric artery, and/or common 
hepatic artery, regardless of size

N1 Regional lymph node metastasis Metastasis in 1–3 regional lymph nodes
N2 – Metastasis in ≥4 regional lymph nodes
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uncinated process from the superior mesenteric artery. This area is at the highest 
risk of residual disease (up to 85% of positive margins) in cancers of the pancreatic 
head [11]. The AJCC does not consider other anatomic planes as true resection 
margins, however they are recommended to be included if present in the pathol-
ogy report.

Histological grade has proven prognostic significance; with grade 3 poorly dif-
ferentiated tumors having an unfavorable prognosis (Box 25.5) [12, 13]. The basis 
for the grading system is the World Health Organization (WHO) grading scheme, 
which includes glandular differentiation, mucin production, mitosis and nuclear 
pleomorphism. However, it is less predictive when considering patient outcomes 
compared to staging. Other histological features, such as perineural and lymphovas-
cular invasion, are all detrimental to survival and therefore of potential interest in 
prognostication [14, 15].

25.3  Validation of the Eighth Edition

Upon publication, the data evaluating the changes in the eighth edition of The AJCC 
Cancer Staging Manual, were mainly based on a multi-institutional study from 
three centers in the United States [16]. The statistical data from the patients who had 
an R0 resection supported the proposed changes in cut offs. Multivariable analysis 
using recursive partitioning found statistically sound cut-offs for tumor size at 
<2.2 cm and ≥4.8 cm. This in line with the proposed limits of ≤2 cm (T1), >2 ≤ 4 cm 
(T2), and >4 cm (T3) in the eighth edition. In addition, cut-offs defining nodal strati-
fication at >0.5 and ≥3.5 positive nodes were found. As defined in the eighth 

Box 25.4 Definition of Resection Category (R)
R category R criteria

R0 Complete resection with grossly and microscopically negative margins of 
resection

R1 Grossly negative but microscopically positive margin(s) of resection
R2 Grossly and microscopically positive margin(s) of resection

Box 25.5 Histological Grade (G)
G G definition

GX Grade cannot be assessed
G1 Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated
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edition, node negative (N0), 1–3 (N1) or ≥4 (N2) positive nodes stratification cor-
relates statistically significantly with survival (p  <  0.001) [16]. This is the same 
convention as in other gastrointestinal cancers.

The findings were then assessed using nationally representative registry data, 
using the Surveillance, Epidemiology and End Results (SEER) database 
(2004–2013) [17]. The eighth edition proved discriminatory abilities similar to that 
of the seventh edition but allowed for better stratification of patients with resected 
tumors, especially in regard to nodal involvement. The study revealed similar sur-
vival rates for patients staged as IIA (T3N0M0) or IIB (T1-3N1M0) until 20 months, 
before diverting. This suggests lymphatic spread has a delayed impact on survival, 
which in turn will be useful for stratifying patients after adjuvant and neoadjuvant 
treatments. However, based on recurrence patterns investigated in the randomized 
controlled ESPAC-4 trial, there was no survival difference regarding the pattern of 
recurrence, as either local or distant [18].

The multi-institutional and national studies called for further validation using an 
international cohort. Data derived from patients with resected pancreatic cancer 
from Europe and the United States, confirmed that the eighth edition provides a 
moderately increased prognostic accuracy in surgically treated patients, compared 
with the previous seventh edition [19]. In the eighth edition the concordance statis-
tic was 0.57 compared to 0.55 in the previous edition, a minor increase. A value of 
0.5 indicates the model is no better than random chance at predicting outcomes, 
while values >0.7 indicates a good model. Thus, the revised T stages were poorly 
associated with survival, especially in node-negative patients. As a group, the node- 
negative patients pose the greatest challenge in prognostication. However, the new 
N-stage was highly prognostic, showing accurate discrimination of survival with 
increasing nodal metastases.

25.4  Controversies in Clinical Practice

Primarily designed to assess the burden of disease, the TNM system currently 
fulfills several purposes, such as clinical guidance for cancer surveillance, eligi-
bility for clinical trials, treatment allocation and prognostication. However, it is 
evident that other factors, including various aspects of tumor biology, molecular 
pathways and biological mechanisms contribute to prognosis [20, 21]. None of 
which are included in the current classification. Hence, it is important to recognize 
the inherent limitations of the TNM system’s ability to predict patient out-
comes [22].

In prior versions, nearly all cases of PDAC classified as extra-pancreatic tumors, 
mainly because the pancreas does not have a dense fibrous capsule deterring local 
cancer growth. This reduces the distribution of T stages and thus the predictive 
abilities of the TNM system [23]. The inclusion of size-based criteria in the eighth 
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edition groups patients more evenly among stages, without translation into an 
increased prognostic accuracy [16, 17]. Furthermore, reports of conflicting find-
ings exist. Schlitter et al. reported that all four pT stages, as defined in the eighth 
edition, showed greatly improved discriminative power with significant overall dif-
ferences in survival [24]. The latter study also found disagreeing data regarding 
lymph node status, where the N1 and N2 categories of the eighth edition resulted 
in no observed prognostic difference. This in contrast to prior findings, where the 
more subtle stratification of lymph node metastases appears to be prognostically 
significant [19].

Nevertheless, while the revised N stage appears prognostic for survival, the 
appropriate number of harvested lymph nodes after pancreatoduodenectomy is not 
agreed upon. A suitable amount of examined lymph nodes is important in order to 
prevent a stage migration effect due to missed lymph node metastases. At present, 
guidelines considers 12 lymph nodes as suitable for a pathology evaluation [25, 26]. 
However, a higher median number of examined nodes improves sub-staging and 
prognostic accuracy [23, 27].

The lymph node ratio (LNR) is the number of positive lymph nodes to the total 
number of lymph nodes removed. It is a strong prognostic factor in various cancer 
types, including PDAC [28]. However, the total number of positive lymph nodes 
have been shown to outperform LNR given a satisfactory amount of examined 
lymph nodes, which is why the N category now depends on the prior [27, 29]. This 
is in accordance with other gastrointestinal tumors.

While the number of examined lymph nodes may increase the detection of 
metastasis, the number of positive lymph node stations and their localization might 
further delineate survival characteristics. Certain lymph node stations are associated 
with poor survival, and para-aortic lymph node spread confers survival similar to 
M1 disease [30, 31]. In tumors of the head and neck of the pancreas, corresponding 
lymph nodes are located along the common hepatic artery, pyloric, posterior and 
anterior pancreatoduodenal arcades, common bile duct, portal vein, the superior 
mesenteric vein and right lateral wall of the superior mesenteric artery. In like man-
ner, regional lymph nodes in tumors located in the body and tail, are adjacent to the 
celiac axis, common hepatic artery, splenic artery, and splenic hilum. The 
International Study Group on Pancreatic Surgery (ISGPS) does not recommend an 
extended lymphadenectomy as depicted in a recent consensus statement, as there is 
no apparent benefit to survival [32]. As a result, cancerous cells identified in other 
nodal groups, such as paraaortic lymph nodes, therefore classify as distant metasta-
sis (M1) [33, 34]. However, a recent single-center study showed that one-third of 
patients with paraaortic lymph nodes metastasis experienced a survival prognosis 
comparable to that in between pN1 and pN2, staged according to the eighth AJCC 
TNM guidelines [35]. Therefore, curative resection in paraaortic lymph nodes 
metastasis might be warranted in select cases. However, the inclusion of localiza-
tion characteristics would potentially add an undesirable layer of complexity to the 
relatively simple TNM classification.
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25.4.1  The “R” Status

The resection margin status (R) is independently associated with survival [36]. 
Complete resection together with adjuvant therapy is a prerequisite for long time 
survival. Even so, to date there is no universally accepted pathological definition of 
the R-status for PDAC. In 2014 the International Study Group of Pancreatic Surgery 
(ISGPS) endorsed the definition proposed by The British Royal College of 
Pathologists (RCPath), which appears already favored in Europe [37]. In order to 
classify as R1, tumor cells have to be present directly at or within 1 mm from all 
seven designated resection margins (Fig. 25.3). As previously mentioned, the eighth 
edition of the AJCC TNM staging system does not include resection status, but 
considers the margin as positive if the tumor is at or within 1 mm (R1 ≤ 1 mm). 
However, it only takes the margin corresponding to the superior mesenteric artery 

Splenic artery

Splenic vein

Pancreatic duct

Extent of black ink

250 µm

R0 R1 (less than 1 mm) R1 (direct)

120 µm 60 µm

Blue ink

Black ink

Slicing techniquea

b c d

Tumour

Fig. 25.3 Variation in R-classifications used in pancreatectomy. (a) Slicing and marking tech-
niques for margin assessment in distal pancreatectomy specimens. Blue ink marks the anterior 
surface, while black ink marks the posterior part. The specimen is cut in 0.3–0.5 cm slices parallel 
to the transection margin. (b–d) Examples of resection margins (b) R0 > 1 mm (c) R1 <1 mm (d) 
R1 0 mm (direct). Black marker depicts cancer cells closest to the resection margin. (Reproduced 
from Hank, T., et al. Validation of at least 1 mm as cut‐off for resection margins for pancreatic 
adenocarcinoma of the body and tail. Br J Surg 2018, 105: 1171–1181. https://doi.org/10.1002/
bjs.10842, with permission from Wiley)
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into account, while the RCPath includes seven margins for tumor clearance in their 
protocol (Box 25.6). Therefore, the rates of tumor involvement vary significantly in 
the literature. Meta-analysis of radical resection rates show ranges in R0-status from 
70 to 80% with a 0 mm margin, diminishing to 15–24% with a 1 mm margin [38]. 
This in turn affects the associated survival prognostics.

Strobel et al. investigated patients after pancreaticoduodenectomy for primary 
malignancies of the pancreatic head together with adjuvant therapy, in a prospective 
single center study, and found median and 5-year survival rates independently asso-
ciated, in descending order, with a margin status of R0, R1 (<1 mm) or R1 (direct) 
[36]. Investigation of R-status and its prognostic role in patients undergoing resec-
tion for tumors in the pancreatic body and tail, demonstrated that the median and 
5-year survival after R1 resection was less than half than that of patients with an R0 
resection [39]. Consequently, a tumor free zone of ≤1 mm to define R0 is also rel-
evant for body and tail cancers. This further supports the notion that the R-status 
should be reported with a margin of 1 mm. Nevertheless, the lack of a standardized 
pathology report complicates comparative research, which might delay the progress 
in the treatment of resectable tumors.

25.4.2  Staging after Neoadjuvant Treatment

After neoadjuvant treatment and subsequent surgical care, the grade/degree of 
regression (equal to tumor response) can be determined using the ypTNM staging. 
However, while there are several proposals, no single tumor regression grading sys-
tem has been widely adopted [40, 41]. The College of American Pathologists (CAP) 
recommends a modified Ryan scheme as used in rectal cancers [42]. Here a tumor 
regression score of 0 equals to no visible viable cancer cells, representing a com-
plete response. A near complete response, with single cells or rare groups of cancer 
cells present, is given a score of 1. Residual cancer with signs of tumor regression, 
but in lesser extent as in score 1, is considered a partial response and classified as 
score 2. No manifest tumor regression, or widespread residual cancer deems a poor 
to no response, resulting in a score of 3.

Box 25.6 Royal College of Pathologists Pancreatic Specimen 
Examination

Tumor clearance should be reported for the following designated margins:
1. Anterior
2. Posterior
3. Medial or superior mesenteric vein groove
4. Superior mesenteric artery
5. Pancreatic transaction
6. Bile duct
7. Enteric
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Using the prior seventh TNM edition, a study by Chatterjee et al. showed most 
tumors classified as pT3 before neoadjuvant therapy and as ypT3 after treatment, 
indicating no change [43]. This limited its use in the evaluation of treatment 
response. The study was then repeated using the eighth edition of the TNM system, 
in a cohort of 398 patients who underwent radical surgery after receiving neoadju-
vant therapy [44]. Using the new size-based tumor criteria of the eighth edition, 
more than 90% of tumors previously classified as ypT3 using the seventh edition, 
reclassified as ypT1 (36%) and yPT2 (54.5%), compared to only 9.5% upholding 
ypT3. The latter was a significant predictor for poor overall survival, demonstrating 
that grading the extent of residual tumor is an important prognostic factor in PDAC.

25.4.3  Cancers within the Cells of the Pancreatic Duct

Depending on whether an intraductal papillary mucinous neoplasm (IPMN) is 
located in either the main-duct or in a branch-duct, the risk of malignant conversion 
varies between 57–92% and 6–46% respectively [45]. A mixed IPMN belongs to 
the former risk group. The tumor biology of invasive IPMN appears to differ from 
that of PDAC, with improved overall survival after resection [46]. Fan et al. vali-
dated the seventh and eighth edition of the AJCC Cancer Staging Manual in invasive 
IPMN, and found the seventh edition to be more applicable than the eighth edition 
[47]. This was due to differences in T staging, with stage IIA having a lower hazard 
ratio compared to stage IB in the eighth edition. Further, tumor size >2 cm was not 
a prognostic factor for patients with resectable IPMN. In addition, the changes in 
nodal status conferred no difference. Nevertheless, there is a need for prospective 
studies.

25.4.4  Current and Future Biomarkers

Other than the assigned T, N and M categories, the current TNM system requires no 
other prognostic factors for staging. However, cancer care increasingly includes 
biomarkers used for diagnosis, prognosis, and evaluation of treatment response, risk 
assessment and detection of recurrence.

The two most commonly used biomarkers in the diagnosis of pancreatic cancer 
are Carbohydrate Antigen 19-9 (CA 19-9) and Carcinoembryonic Antigen (CEA). 
Neither possess the test properties required for screening the general population [48, 
49]. CA 19-9 is the only biomarker approved by the US Food and Drug Administration 
(FDA). Notably, up to 22% of the population do not express CA 19-9, varying 
depending on the genetic background [50]. Further, CA 19-9 increases in the setting 
of cholestasis in benign disease [51]. Hence, it carries less prognostic information 
in patients with biliary obstruction before an eventual decompression (e.g. by stent 
or bypass).
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It is possible to detect both the two aforementioned antigens in tumors originat-
ing from different organ systems. Nevertheless, CA 19-9 positively correlate with a 
higher pathological stage, negatively correlate with survival and results in longer 
disease free survival when remaining within normal ranges post-resection [52, 53]. 
Serum CA 19-9 can also be used to monitor response of (neo-)adjuvant or conver-
sion therapy for locally advanced tumors.

Currently, molecular profiling does not affect treatment strategies in PDAC. A 
classification system called consensus molecular subtypes (CMS) have identified 
four molecular subtypes in colorectal cancer [54]. This has revealed that colorectal 
cancer is a heterogenous disease, where molecular alterations predicts disease prog-
ress, response to treatment and prognosis. CMS is anticipated to constitute the basis 
for future clinical stratification and targeted interventions.

Delineating the molecular pathology in PDAC will likely result in a similar 
molecular taxonomy, enabling the identification of pancreatic cancer subtypes. 
This may lead to better differentiation of responders and non-responders to first-
line therapies [55]. Large studies analyzing gene expression data in PDAC have 
identified distinct signatures from tumor- and microenvironment-specific samples 
[56, 57]. Further, Tuveson et al. elicited PDAC organoid models in order to per-
form drug sensitivity trials, identifying functional subtypes with corresponding 
gene expression signatures that predicts chemotherapy sensitivity [58]. Efforts to 
translate these gene expression classifications into clinical practice, early on in a 
patient’s disease course, will be vital to the future of precision medicine in pancre-
atic cancer.

Mutant circulating tumor DNA (ctDNA) can be detected early on, even in resect-
able pancreatic tumors [59]. Furthermore, a liquid biopsy test detecting ctDNA for 
KRAS gene mutations, combined with other protein markers, identified nearly two- 
thirds of pancreatic tumors without evidence of distant metastasis [60]. Similar 
results have been found in exosome studies [61]. Increasingly sensitive and specific 
detection tools will conceivably result in non-invasive tests for early stage pancre-
atic malignancies [62]. Earlier identification of small tumors will potentially result 
in higher rates of R0 resection, perhaps at a stage prior to metastasis or more sus-
ceptible to adjuvant therapies, resulting in improved survival rates.

Whether such biomarkers will become part of future staging systems for PDAC, 
in order to incorporate tumor biology to predict cancer behavior and guide treatment 
remains to be investigated.
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Take Home Messages
• A dedicated CT pancreatic protocol should be systematically evaluated, 

with a high spatial resolution, and using multiplanar reconstructions.
• CT is the imaging of choice for positive diagnosis and locoregional staging.
• CT should be systematically evaluated before any endoscopic procedure 

(ERCP or EUS guided biopsy) and placement of stents, so as not to inter-
fere with the locoregional spread evaluation.

Pearls and Pitfalls
• A double duct dilatation sign should suggest cancer until proven other-

wise, even if the lesion is not seen on CT.
• The pancreatic arterial phase is very important to obtain the best contrast 

between the pancreatic lesion which appears hypoattenuated compared to 
adjacent parenchyma, and so increase tumor conspicuity.

• The CT report must mention the retroportal pancreatic lamina, which is 
highly predictive of margin-positive surgical resection.

Future Perspectives
• The development of spectral CT should increase tumor conspicuity and 

consequently diagnostic performance.
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26.1  Introduction

Imaging is decisive in the initial management of patients with pancreatic malignan-
cies. Computed tomography (CT) performed using modern techniques has become 
the key imaging method. CT must be performed routinely as part of both the pre-
treatment workup and the monitoring strategy of pancreatic adenocarcinoma. The 
goals of CT are to confirm the diagnosis and, most importantly, to assess the locore-
gional and distant spread in order to guide the treatment decisions.

In this chapter, the current use of CT for diagnosis and staging is discussed.

26.2  TNM Staging and Assessment of Resectability

The current staging classification for adenocarcinoma is TNM AJCC 2017 (eighth 
edition). Compared to the previous edition, there are a few modifications in the T 
(tumor size) and N (locoregional nodes) categories. The presence of distant positive 
nodes or of lesions at other distant sites (e.g., the peritoneum, liver, and/or lung) 
indicates metastatic disease (M category).

The assessment of resectability is chiefly useful for establishing the prognosis, as 
the results predict the likelihood of obtaining tumor-free margins (R0 resection) 
during resection [1]. CT is the main tool for assessing resectability due to its excel-
lent diagnostic performance for predicting locoregional spread, notably to the blood 
vessels. The classification established by the NCCN [2] is the most widely used, 
while the MD Anderson [3] and 2017 ASCO [4] classifications are less often 
applied.

The resectability criteria differ across these classifications, notably regarding 
spread to the blood vessels, including the borderline resectable definitions 
(Table 26.1). In addition, the advent in recent years of neoadjuvant chemotherapy 

Table 26.1 Staging according the NCCN classification

Vessels Resectable Borderline resectable Unresectable

SMV/
PV

No contact, <180 
without vein 
contour 
irregularity

>180°, <180° with deformity or 
vein thrombosis but allowing safe 
and complete resection and 
reconstruction, contact with IVC

Unreconstructible 
obstruction, contact with 
most proximal draining 
jejunal branch

CHA No arterial tumor 
contact

Contact without extension to celiac 
axis or HA bifurcation

Contact with extension to CA 
or CHA bifurcation

CA No arterial tumor 
contact

No contact (head)
Contact <180° (body and tail)

Contact >180, any contact 
with aorta

SMA No arterial tumor 
contact

Contact <180° Contact >180°, contact with 
first jejunal SMA branch, 
contact with aorta

SMV superior mesenteric vein, PV portal vein, SMA superior mesenteric artery, CHA common 
hepatic artery, CA celiac axis, IVC inferior vena cava, HA hepatic artery
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has profoundly modified the treatment of pancreatic adenocarcinoma. Now, the 
goal is to identify not only those patients who can undergo immediate surgical 
resection but also those in whom neoadjuvant chemotherapy is expected to maxi-
mize the likelihood of achieving R0 resection. The term “borderline-resectable” is 
now used to designate tumors that may be resectable but whose spread to the blood 
vessels may result in incomplete resection in the event of primary surgery 
(Table 26.1).

26.3  Indications for Imaging Studies

CT is the only imaging study that must be performed routinely as part of the pre-
treatment workup of pancreatic tumors. The goal is to establish the diagnosis of 
pancreatic cancer and to assess locoregional and distant spread.

Ultrasonography has little to contribute. However, in patients who present with 
jaundice due to bile duct compression by a tumor in the head of the pancreas, ultra-
sonography is often the first-line imaging investigation.

Magnetic resonance imaging (MRI) has two main indications. In patients with an 
established diagnosis of potentially resectable pancreatic cancer, MRI of the liver 
with diffusion imaging and use of a liver-specific contrast agent, must be performed 
routinely to look for synchronous liver metastases, even when none are seen by 
CT [5, 6].

The presence of liver metastases contraindicates surgery (see the section on 
assessing distant spread). The other indication is a pancreatic lesion that is isoat-
tenuating or not well delineated on the CT images. MRI of the pancreas with imag-
ing of the bile duct and main pancreatic duct may help to delineate the tumor. The 
liver parenchyma should be assessed during the same investigation.

26.4  Standardized CT-Pancreas Protocol

A helical multidetector CT with thin slices (<1.5 mm) is used (Table 26.2). After an 
assessment of the native images, multiplanar reconstruction is performed to allow a 
more detailed analysis. To help identify the stomach and duodenum, the patient is 
asked to ingest about 200  mL of water 5–10  min before the beginning of the 
acquisition.

The images are acquired in three phases (Box 26.1): after an unenhanced 
acquisition, contrast material is injected intravenously and a pancreatic arterial 
acquisition followed by a portal phase acquisition are obtained. The recom-
mended CT protocol for optimizing tumor detection and staging is detailed in 
Box 26.1 [7–9].
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Table 26.2 Protocol for multidetector CT assessment of pancreatic cancer

Parameters Details

Type of scanner Helical (64 multidetector rows at least)
Section thickness As thin as possible (<1 mm)
Interval same as 
section thickness

Axial

Oral contrast agent Low-Hounsfeld units (water) or neutral oral contrast agents no positive
Intravenous contrast 
agent

High iodine concentration (300 mg I/mL) at an injection rate of 
3–5 mL/s

Scan acquisition 
timing

Pancreatic parenchymal phase at 40–50 s; portal venous phase at 
65–70 s

Image reconstruction 
and display

Axial 2–3-mm thickness, multiplanar reformats in the coronal plane at 
2–3-mm thickness, MIP or 3D volumetric thick sections for vascular 
evaluation

From M. Zins, C. Matos and C. Cassinotto (Radiology 2018)

Box 26.1 Three Phase CT-Pancreas Protocol
 1. Unenhanced acquisition

Study of the abdomen
The main goal is to identify the pancreatic gland in order to adjust the 

pancreatic helix. In addition, the images are examined for calcifications 
within the pancreatic parenchyma and/or evidence of hemorrhagic remod-
eling (seen as spontaneously high attenuation).

 2. Pancreatic arterial acquisition
The images are centered on the pancreas, with a reduced field of view 

in order to increase spatial resolution. An iodinated contrast agent contain-
ing 350 g of iodine/mL is injected in a dose of 1.5 mL/kg, at a rate of 
3.5–4 mL/s. The acquisition is started 45–50 s after the beginning of the 
injection. The objective is to analyze the pancreatic gland and surrounding 
region. This phase is the key part of the protocol because, if performed 
appropriately, it provides the greatest contrast between the healthy pancre-
atic parenchyma and the tumor, thereby maximizing the chances of tumor 
detection. Good opacification of the upper mesenteric vein with persistent 
arterial opacification indicate that the pancreatic arterial acquisition is suc-
cessful, that is, allows a detailed analysis of the blood vessels.

 3. Portal phase acquisition
This phase allows investigation of the abdomen and pelvis, and also of 

the lungs if deemed appropriate (detection of lung metastases). The acqui-
sition is started 70–80 s after the beginning of the contrast agent injection. 
The main goal is to assess distant spread, notably to the liver and/or 
peritoneum.
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Conventional CT imaging relies on demonstrating differences in enhancement, 
with greater enhancement of the normal pancreatic parenchyma compared to the 
tumor. Several studies suggest that a low-energy acquisition, at 80 kV instead of the 
usual 120  kV, may improve tumor detection [10, 11]. Dual-energy CT (spectral 
imaging) is a recently introduced technique that provides images at different energy 
levels. Recent work strongly suggests that, compared to conventional CT, tumor 
conspicuity and arterial details are improved by using reconstructed virtual low- 
energy images [12]. Studies are currently evaluating the potential added benefits of 
dual-energy CT for assessing locoregional spread.

26.5  Diagnosing the Pancreatic Tumor

The diagnosis of pancreatic tumor relies on the identification of both direct signs, 
that is, on visualization of the tumor, which is not always possible; and of indirect 
signs, which reflect the upstream impact of the tumor.

26.5.1  Direct Signs

Over 90% of pancreatic adenocarcinomas are hypoattenuating at the pancreatic 
arterial phase compared to the adjacent parenchyma and subsequently enhance 
gradually, either remaining hypoattenuating or becoming isoattenuating and there-
fore poorly visible at the portal phase (Fig. 26.1). The tumor contours are often ill- 
defined. Large tumors may alter the contours of the pancreatic gland.

a b

Fig. 26.1 Direct CT signs of pancreatic adenocarcinoma. CT with contrast injection at the pancre-
atic arterial phase, axial views (a and b) showing a hypoattenuating mass in the pancreatic head 
(white arrowheads) with parenchymal atrophy (black arrowheads) and upstream dilation of the 
main pancreatic duct (asterisks)

26 Computed Tomography for Diagnosis and Staging in Pancreatic Cancer



392

Isoattenuating tumors contribute to about 5–10% of cancers. These tumors are 
not directly visible and can be identified or suspected only based on indirect signs. 
MRI of the pancreas is indicated in this situation as a complementary investigation 
to provide further details on the lesion.

26.5.2  Indirect Signs

The indirect signs are seen upstream of the tumor and may vary according to the 
tumor site (Fig. 26.2). The following descriptions may occur at all sites in the gland, 
while dilatation of the bile duct is usually associated with locations in the head of 
pancreas.

a b

c d

Fig. 26.2 Indirect CT signs of pancreatic adenocarcinoma. CT with contrast injection, axial views 
(a and d), coronal view (b), and coronal reconstruction with MinIP (c) showing the various indirect 
signs of pancreatic adenocarcinoma: Dilation of the main pancreatic duct (asterisks) and parenchy-
mal atrophy (black arrowheads) upstream from a tumor in the pancreatic isthmus (white arrow-
head) (a). Dilation of the intrahepatic and extrahepatic bile ducts (black arrows) upstream from a 
tumor in the pancreatic head (c and d). Retentive pseudocyst (black arrowhead) upstream from an 
isoattenuating tumor in the pancreatic head (white arrowhead) (b)
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26.5.2.1  Pancreatic Duct Dilation

Tumors in the head are more likely than those in the body of the pancreas to cause 
dilation of the main pancreatic duct. The dilation occurs upstream of an obstruction 
of the duct by the tumor. Dilation is defined as a main pancreatic duct diameter 
greater than 3 mm, which usually ends abruptly at the site of the tumor. The second-
ary ducts may also undergo dilation, which is easier to identify by magnetic reso-
nance cholangiopancreatography.

26.5.2.2  Parenchymal Atrophy

Atrophy of the pancreatic parenchyma is also a consequence of duct obstruction and 
is therefore often seen in combination with duct dilation. Atrophy indicates chronic 
obstructive pancreatitis.

26.5.2.3  Retention Pseudocyst

Retention pseudocysts are seen in less than 10% of patients with pancreatic cancer. 
The mechanism is either rupture of a dilated secondary duct or upstream obstructive 
pancreatitis. Multiple pseudocysts may be present in the same patient. CT shows 
peripancreatic structures that are located upstream from the tumor, exhibit fluid 
attenuation, and are usually devoid of a wall. Pseudocysts are a common source of 
diagnostic errors.

26.5.2.4  Bile Duct Dilation

For tumors in the head of the pancreas, dilation of the main bile duct and intrahe-
patic bile ducts is a very common. Retentive hydrops of the gallbladder is frequently 
seen, as the obstruction is usually located under the level of the cystic duct. The 
combination of bile duct dilation and main pancreatic duct dilation is known as the 
double-duct sign and, even when no other signs are present, is strongly suggestive 
of a cephalic pancreatic tumor.

26.5.3  Diagnostic Performance

The performance of CT for diagnosing the presence of pancreatic adenocarcinoma 
is excellent, with diagnostic accuracy reported at about 89% [13]. Sensitivity and 
specificity have ranged from 78% to 96.8% [13–18] and from 98.3% to 100% [13, 
14, 19], respectively. Mass-forming chronic pancreatitis is the main differential 
diagnosis and may be mistaken for a pancreatic tumor.
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26.6  Staging Workup

CT provides information on both locoregional spread and metastatic spread. The 
locoregional evaluation includes vascular assessment of veins and arteries, the ret-
roportal pancreatic tissue, perineural and duodenal and nodal involvement. Distant 
spread concerns mainly the liver, lungs and peritoneum.

26.6.1  Vascular Spread

An accurate assessment of vascular spread is a crucial component of the staging 
workup, as its results govern the potential for surgical resection. The resection mar-
gins are usually thinnest in contact with the blood vessels. Imaging therefore plays 
a key role in predicting vascular spread and determining whether tumor-free resec-
tion margins (R0) will be achievable. An essential point is performance of the imag-
ing assessment before any therapeutic procedures and, more specifically, before 
endoscopic ultrasound with aspiration or bile duct stenting. These procedures can 
induce tissue remodeling with, in the mildest forms, infiltration or peripancreatic 
and mesenteric fat stranding, which may result in overestimation of vascular spread.

CT has good diagnostic performance for predicting vascular spread, with sensi-
tivities ranging from 70% to 96% and specificities from 82% to 100% [20–22]. In 
addition, the false-positive rate is low, as established by two recent metaanalyses 
[23, 24]. This last point is crucial, as false-positive findings may lead to an inap-
propriate decision not to perform surgery, thereby resulting in loss of chance for the 
patient. Diagnostic performance is dependent upon performance in detecting the 
tumor, as vascular abutment that is contiguous with the pancreatic lesion has good 
specificity for diagnosing tumor spread. An important step is therefore careful 
examination of the dedicated pancreatic arterial phase images acquired using a mul-
tidetector CT machine, as described above.

The performance characteristics of MRI of the pancreas are similar overall to 
those of CT [25–28]. CT is the reference standard investigation, however, as it is 
more widely available, more reproducible, and offers better spatial resolution.

Several classifications of vascular spread are available. The most widely used is 
the one developed by the NCCN, which distinguishes resectable lesions, borderline- 
resectable lesions, and locally advanced lesions.

26.6.2  Venous Spread

Signs of venous spread listed from the most to the least specific are as follows: 
obstruction or thrombosis of the vein, vessel caliber irregularity or stenosis, and 
focal tethering of the vein to the tumor (teardrop sign). Contact of the tumor with 
the vein along less than 180° of the vein circumference, without stenosis, is not 
specific of tumor spread. Tumor contact along more than 180° of the vein 
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circumference with no deformity or stenosis of the vein is exceedingly rare. 
Figure 26.3 illustrate different types of venous spread and Fig. 26.4 shows some 
examples. The criteria for venous spread used in the NCCN classification [2] is 
presented in Box 26.2.

a b

c d

e

Fig. 26.3 Diagram of venous spread. (a) No venous spread, (b) contact <180° with no stenosis, 
(c) contact <180° with stenosis, (d) teardrop sign, (e) venous encasement >180°. P pancreas, T 
tumor, V vein

a b c

d e f

Fig. 26.4 Example of CT images showing venous invasion by the tumor. CT with contrast injection 
at the pancreatic arterial phase, axial (b) and coronal (a, c, and d) views showing several lesions in 
the pancreatic head (white arrowheads) with different types of venous involvement (black arrow-
heads): (a) contact <180° with the superior mesenteric vein, with no stenosis, (b) contact <180° with 
the superior mesenteric vein, with stenosis, (c) contact <180° with the superior mesenteric vein, with 
a teardrop sign (e), (f) encasement of the superior mesenteric vein >180°, with stenosis
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26.6.3  Arterial Spread

Arterial encasement by the tumor along more than 180° of the artery circumference 
is highly specific of tumor spread. The pretreatment workup should carefully assess 
the celiac axis, common hepatic artery, and superior mesenteric artery. Spread to the 
common hepatic artery may predict poor survival [29]. The criteria for arterial 
spread is shown in Box 26.3. Figures 26.5 and 26.6 illustrate different types of arte-
rial involvement.

In addition to the criteria for tumor spread, the following must be routinely 
assessed as part of the arterial workup:

• Presence of an arcuate ligament causing stenosis of the celiac axis.
• Presence of an aberrant right hepatic artery (defined as arising from the superior 

mesenteric artery).

An aberrant or misplaced right hepatic artery may travel within the retroportal 
pancreatic lamina if it arises from the proximal superior mesenteric artery. When 
not appropriately identified, a misplaced right hepatic artery in the retroportal pan-
creatic lamina may be injured during pancreatoduodenectomy, leading to a risk of 
bile duct ischemia if it is the sole hepatic artery supplying the entire liver.

Recent studies have established that the presence of a right hepatic artery has no 
influence on the cancer prognosis. However, although a right hepatic artery is no 
longer viewed as an absolute contraindication to pancreatoduodenectomy, the risk 
of leakage at the bile duct-intestinal tract anastomosis is increased. Routine emboli-
zation 3 weeks before surgery has been suggested as a means of developing collat-
eral arteries and thus diminishing the risk of complications related to the 
resection [30].

Figure 26.7 illustrate some examples of a resectable, a borderline resectable and 
not locally advanced tumor in CT.

Box 26.2 Venous Spread According to NCCN Criteria
• A resectable tumor has no tumor contact with the superior mesenteric vein 

or portal vein or ≤180° contact without vein contour irregularity.
• A borderline-resectable tumor has >180° solid tumor contact with the 

superior mesenteric vein or portal vein, or ≤180° contact with contour 
irregularity of the vein or thrombosis of the vein but with suitable vessel 
proximal and distal to the site of involvement allowing for safe and com-
plete resection and vein reconstruction.

• A locally advanced tumor is defined as an unreconstructible superior mes-
enteric/portal vein due to tumor involvement or occlusion (can be due to 
tumor or bland thrombus) or, contact with the most proximal draining jeju-
nal branch into the superior mesenteric vein.
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Box 26.3 Artertial Spread According to NCCN Criteria

• A resectable tumor has no tumor contact with the celiac axis, superior 
mesenteric artery, or common hepatic artery.

• The criteria for borderline-resectable tumors depend on the location of 
the tumor:

 – Pancreatic head/uncinate process: solid tumor contact with the com-
mon hepatic artery, without extension to the celiac axis or hepatic artery 
bifurcation, or solid tumor contact with the superior mesenteric artery 
along ≤180°.

 – Pancreatic body/tail: solid tumor contact with the celiac axis along 
≤180°. Note that some groups include in the borderline-resectable cat-
egory a solid tumor contact with the celiac axis along >180° without 
involvement of the aorta and with an intact and uninvolved gastroduo-
denal artery, thereby permitting a modified Appleby procedure.

• A locally advanced tumor has solid tumor contact >180° with the celiac 
axis, contact with the common hepatic artery with extension to the bifurca-
tion or celiac axis, and contact >180° with the superior mesenteric artery 
or contact with the first jejunal branch or aorta.

a b c

Fig. 26.5 Diagram of arterial spread. (a) No arterial spread, (b) arterial contact <180°, (c) arterial 
contact >180°, with or without caliber irregularity

26.6.4  Retroportal Pancreatic Lamina

The retroportal pancreatic lamina is a triangular retroperitoneal space between the 
pancreatic parenchyma and the right edge of the superior mesenteric artery. 
Figure  26.8 illustrate this retroportal pancreatic lamina in CT.  It contains fatty 
tissue, blood vessels (the superior and inferior pancreaticoduodenal arteries and 
veins), and lymphatic vessels [31] and is therefore a pathway for malignant cell 
dissemination from tumors in the pancreatic head.
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a b

c d

Fig. 26.6 Example of CT images showing arterial invasion by the tumor. CT with contrast injec-
tion at the pancreatic arterial phase, axial (a, c, and e) and coronal (b, d, and f) views showing 
different types of arterial involvement: (a and b) no arterial involvement by a tumor in the distal 
femoral head (white arrowheads), at a distance from the superior mesenteric artery. (c and d) 
Arterial contact <180° with no change in arterial caliber; tumor in the head of the pancreas (white 
arrowheads) with focal contact with the origin of the common hepatic artery (white arrows) cir-
cumferential arterial encasement of the superior mesenteric artery (black arrows) by a hypoattenu-
ating tumor in the lower part of the pancreatic head

The retroportal pancreatic lamina is among the most common sites of residual 
tumor after incomplete resection [32]. Identifying spread to the retroportal space 
during the imaging workup is therefore crucial to guide the surgical strategy. 
Unequivocal involvement of the retroportal pancreatic space, even without vascular 
involvement, classifies the tumor as borderline-resectable and warrants neoadjuvant 
chemotherapy to maximize the likelihood of achieving R0 resection.

On CT-imaging, involvement of the retroportal pancreatic lamina is defined as 
low-attenuation infiltration of the fatty tissue that has the same attenuation value as, 
and is contiguous with, the tumor. Few studies have focused specifically on the 
diagnostic performance of CT for detecting retroportal pancreatic lamina involve-
ment. In a recent study, sensitivity was 60%, specificity 100%, the negative predic-
tive value 81%, and the positive predictive value 100% [33].
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a c

d

e

fb

Fig. 26.7 Illustration of locoregional staging by CT. CT with contrast injection at the pancreatic 
arterial phase, axial (a, c, and e) and coronal (b, d, and f) views. (a and b) Resectable tumor in the 
head of the pancreas (white arrowhead) that has no contact with the superior mesenteric vein 
(white arrow), no alterations in caliber, and no contact with the superior mesenteric artery (black 
arrow). (c and d) Borderline-resectable tumor in the head of the pancreas (white arrowheads) 
that has <180° contact with the right edge of the superior mesenteric vein but also exhibits a focal 
stenosis opposite the contact site (white arrows), as well as contact with the end of the first jejunal 
branch (black asterisk). There is no arterial contact. (e and f) Locally advanced tumor seen as an 
infiltrating hypoattenuating mass in the isthmus (white arrowhead), with circumferential encase-
ment of the main portal vein and superior mesenteric vein (white arrow) responsible for near-
complete occlusion with a portal cavernoma (white asterisk). Note also the circumferential 
encasement of the celiac axis (black arrow)

a b

Fig. 26.8 Retroportal pancreatic lamina. CT with contrast injection at the portal venous phase, 
axial (a) and coronal (b) view. Retroportal pancreatic lamina is illustrated by the blue shape
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26.6.5  Perineural and Periduodenal Spread

In a recent study, signs on CT of extrapancreatic perineural spread or of duodenal 
spread was associated with poorer survival after pancreatoduodenectomy [34]. 
Perineural spread is defined on CT images as hypoattenuating infiltration of the 
fatty tissue extending directly from the tumor along the perineural extension path-
ways of the tumor. The main nerve plexuses that supply the cephalic region and 
uncinate process are the plexus pancreaticus capitalis I and II, the celiac plexuses, 
the plexuses of the superior mesenteric artery, the plexus of the gastroduodenal 
artery, and the plexus of the common hepatic artery [35].

The CT definition of duodenal involvement is hypoattenuating infiltration of the 
duodenal wall, with or without regular or nodular wall thickening, contiguous with 
the pancreatic tumor [36]. Figure 26.9 shows an example of periduodenal spread.

26.6.6  Lymph Node Involvement

Lymph node involvement is associated with poorer survival in patients with resect-
able pancreatic carcinoma [29, 37]. The performance of CT for predicting lymph 
node involvement is very poor [38], with recent studies showing ranges of 38–77% 
for diagnostic accuracy, 14–24% for sensitivity, and 85–88% for specificity [39, 
40]. The classical criterion used to diagnose nodal involvement on CT images is 
visualization of a peritumoral lymph node whose shortest dimension exceeds 10 cm. 
However, node enlargement to more than 10 mm is often due to inflammation alone, 
and, on the other hand, nodes involved by the malignancy may measure less than 
10 mm. Other criteria are an ovoid shape, loss of the fatty hilum, and node cluster-
ing, but none of these seems to reliably predict malignancy [39]. Finally, CT has 

a b

Fig. 26.9 CT signs of duodenal involvement. CT with contrast injection at the pancreatic arterial 
phase, axial (a) view and coronal reconstruction (b): large tumor in the head of the pancreas (white 
arrows) with invasion of the wall of the second part of the duodenum (the black arrows indicate 
tumor spread and the asterisk the duodenum)

A. Dallongeville et al.



401

only fair sensitivity for detecting distant involved nodes, notably in the retroperito-
neal space (Fig. 26.10).

Endoscopic ultrasound may perform better than CT for predicting nodal involve-
ment, despite having only fair sensitivity and specificity. Agreement between CT 
and endoscopic ultrasound is moderate overall, with a kappa value of 0.54 in one 
study [41].

Positron emission tomography (PET)/CT may be indicated when the diagnosis is 
in doubt. However, the limited spatial resolution of this technique results in low 
sensitivity, of only 42% in one study [42].

In practice, the identification by CT of one or more peripancreatic nodes measur-
ing more than 10  mm does not contraindicate surgery provided the criteria for 
resectability are met [43, 44]. In contrast, a positive node for CT invasion that is 
located at a distance from the pancreatic tumor (notably in the lumbo-aortic chain) 
may be a contraindication to surgical treatment. The nodes must be identified and 
described in the imaging study report as a map to guide initial node sampling before 
or during surgery.

Several new techniques currently in development could improve the diagnostic 
performance of imaging for predicting nodal spread. Especially, analyzing CT 
radiomics data may hold promise, although further studies are needed to evaluate 
this method and make it suitable for use in everyday practice [45].

26.7  Evaluation of Distant Spread

Over 50% of patients with pancreatic adenocarcinoma have metastatic disease at the 
time of the diagnosis [46]. The two most common sites of metastases are the liver 
and peritoneum. Metastases at other sites such as the lungs and bone are less com-
mon and develop later in the course of the disease.

a b

Fig. 26.10 Nodal involvement. CT with contrast injection at the portal venous phase, axial views 
(a and b). Tissue mass in the pancreatic body and isthmus (white arrows), with upstream dilation 
of the pancreatic duct. Two enlarged peritumoral celiac nodes with abnormal features (rounded 
shape, smallest dimension longer than 10 mm)
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Liver metastases from pancreatic adenocarcinoma are usually seen as small and ill-
defined foci of low attenuation. The diagnostic performance of CT for detecting liver 
metastases is only fair [41–44], with 69% sensitivity compared to 85% by MRI [45]. 
The main risk is failure to detect small liver metastases, whose presence contraindi-
cates surgical treatment. MRI performs better than CT for detecting liver metastases [5, 
47], notably with diffusion imaging, which is 87.5% sensitive and 85.3% specific. 
Diffusion MRI has been reported to detect liver metastases in about 10% of patients 
whose liver appears normal by CT [6]. A recent meta-analysis also conclude that MRI 
has a significant higher sensitivity than CT for detection of liver metastasis [48].

Consequently, MRI of the liver must be performed routinely as part of the preop-
erative staging workup in patients with pancreatic adenocarcinoma classified as 
resectable based on the CT findings [49].

Peritoneal metastases are seen by CT as nodular foci of high attenuation in the 
peripheral fatty tissue; irregular and micronodular thickening of the peritoneal leaf-
lets; fluid within the peritoneal cavity, with or without septation; and nodules of 
peritoneal tissue. The diagnostic performance of CT for detecting peritoneal 
involvement is only moderate and has usually been evaluated simultaneously with 
performance in detecting liver metastases. Here also, diffusion MRI is a more sensi-
tive method of detecting peritoneal lesions.

26.8  Conclusion

Imaging is a pivotal component of the initial workup for pancreatic adenocarci-
noma. CT is performed routinely, both to establish the diagnosis and to assess tumor 
spread to locoregional structures (notably blood vessels) and distant sites. MRI is 
indicated when an isoattenuating tumor is suspected and is performed routinely as 
part of the preoperative workup in order to rule out liver metastases.
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Take Home Messages
• On MRI, pancreatic adenocarcinoma typically appears as an ill-defined, 

hypointense solid mass on fat-suppressed T1-weighted images and on the 
pancreatic parenchymal phase of dynamic gadolinium-enhanced fat-sup-
pressed imaging.

• Differential diagnosis of pancreatic adenocarcinoma includes focal chronic 
pancreatitis, groove pancreatitis, autoimmune pancreatitis, primary pancreatic 
lymphoma, pancreatic neuroendocrine tumors and metastases to the pancreas.

• The addition of diffusion weighted imaging sequences has been shown to 
improve the detection of subtle liver metastases in patients with pancreatic 
adenocarcinoma.

Pearls and Pitfalls
• MRI diagnosis of pancreatic cancer requires an adequate MRI protocol 

which must include T2-weighted, T1-fat suppressed, dynamic postcontrast 
T1-fat suppressed, diffusion weighted images and magnetic resonance 
cholangiopancreatography sequences.

• MRI diagnosis of pancreatic cancer is based in the detection of an ill-
defined hypointense and hypovascular mass with or without ancillary signs 
(common bile duct and/or main pancreatic duct dilatation, upstream pan-
creatic atrophy, …).

• MRI is increasingly used for detection and characterization of small liver 
lesions.
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27.1  Introduction

Pancreatic cancer is a highly lethal disease, with radical surgical resection as the 
only curative option. Cross-sectional imaging, specifically multidetector computed 
tomography (MDCT), plays an essential role in the initial diagnosis and in the stag-
ing of pancreatic cancer and is the preferred imaging technique in many institutions 
given its high availability and reproducibility [1] Over the last years, many technical 
magnetic resonance imaging (MRI) advances have been made, resulting in improve-
ments in imaging quality and speed of image acquisition. Studies comparing the 
state-of-the-art MDCT with state-of-the-art MRI report a similar specificity and 
sensitivity for staging of pancreatic ductal adenocarcinoma [2]. However, MRI is 
not widely used due to a lack of availability and its higher cost. The actual role of 
MRI in many medical institutions is as a “problem-solving tool”, used in specific 
situations in which MRI is superior to MDCT, such as in detection of small and/or 
isoattenuating pancreatic tumors and in characterization of indeterminate hepatic 
lesions seen on prior MDCT [3–5].

27.2  MRI Protocol for Pancreatic Cancer Evaluation

Although MRI has a limited spatial resolution when compared with MDCT, its 
major advantage is a very high image contrast without exposing the patient to ion-
izing radiation. The recommended MRI protocol for a complete evaluation of the 
pancreas requires a high magnetic field strength scanner (1.5 or 3.0 T main mag-
netic field) and phased-array multichannel torso coil to achieve high quality images 
of the gland [6]. All patients fast for at least 4–6 h before the examination. The 
complete evaluation of the pancreas requires a combination of thin (<6 mm) axial 
and coronal standard breath-hold morphologic MRI sequences for studying the 
pancreatic parenchyma: (1) T1-weighted dual-echo; (2) T2-weighted fast spin-echo 
or single-shot fast spin-echo and (3) T1-weighted fat suppressed (preferable 3D 
gradient- echo) both unenhanced and dynamic image acquisition after intravenous 
administration of gadolinium based contrast (dose of 0.1  mmol per kilogram of 
body weight and with an injection rate of 2  mL/s). Arterial, portal-venous, and 
equilibrium phase images are obtained approximately at 20–40  s, 45–65  s, and 
3–5  min, respectively [7, 8]. In addition, sequences to evaluate the 

Future Perspectives
• Technical MRI improvements
• Identification of subtle imaging predictors of response to treatment and 

differentiating viable tumor from posttreatment fibrosis
• Increase the accuracy to detect small liver metastases
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a b

c d

e

Fig. 27.1 Example of MRI protocol for pancreatic cancer evaluation: Male, 80 year with large 
non resectable pancreatic adenocarcinoma (short arrows) with bone metastases (not shown): (a) 
Axial T1-weighted, (b) Axial T2-weighted single-shot fast spin-echo, (c) Axial DWI, (d) Coronal 
T2-weighted single-shot fast spin-echo, and (e) Coronal 3D MR cholangiopancreatography 
(MRCP). Note the “double duct sign”: dilatation of the main pancreatic duct (long arrows) and 
common bile duct (arrowhead)

Table 27.1 Suggested minimum standard pancreatic MRI/MRCP protocol

Sequence Plane/thickness Role

2D T2 FSE Axial and 
coronal 
[4–5 mm]

Global anatomy evaluation
Pancreaticobiliary ductal anatomy 
evaluation

2D T2-FS Axial [5 mm] Pancreatic mass detection
Liver metastases evaluation

3D T2 MRCP Coronal 
[1.5 mm]

Pancreaticobiliary ductal anatomy 
evaluation

Pre-contrast 3D T1-FS Axial [3 mm] Pancreatic mass detection
DWI Axial [5 mm] Pancreatic mass detection

Liver metastases detection
Dynamic post contrast 3D T1-FS 
(arterial, portal-venous, and 
equilibrium phases)

Axial [3 mm]
(optional: 
coronal)

Arterial phase: Pancreatic mass 
detection
Portal phase: Lymphadenopathy and 
liver/peritoneal metastases evaluation.

2D 2-dimensional, 3D 3-dimensional, FSE fast spin echo, FS fat suppression

pancreaticobiliary ductal system [3D or 2D MR cholangiopancreatography 
(MRCP)] are required (Fig. 27.1).

In addition, diffusion weighted imaging (DWI) is increasingly used as an optional 
sequence that may improve the detection and characterization of pancreatic focal 
lesions and the detection of liver and lymph node metastases (Table 27.1) [9].

27 MR/MRCP for Diagnosis and Staging
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27.3  Typical Pancreatic Cancer Imaging Features

27.3.1  Primary Signs

On MRI, pancreatic adenocarcinoma typically appears as an ill-defined solid mass. 
It is hypointense in comparison with the adjacent pancreas on fat-suppressed 
T1-weighted images and during the pancreatic parenchymal phase of dynamic 
gadolinium- enhanced fat-suppressed imaging. It usually remains hypo-enhancing 
on the portal venous phase and shows progressive enhancement on delayed 
sequences [10]. On the other hand, on T2-weighted images, lesions are usually 
isointense to slightly hyperintense compared with the surrounding pancreatic paren-
chyma, thereby making it difficult to identify [11]. These MRI features are related 
to the hypovascular and fibrotic nature of the tumor as opposed to the pancreatic 
parenchyma [12]. Therefore, small lesions beyond the resolution of CT or iso- 
attenuating lesions on CT are best detected using unenhanced and early gadolinium- 
enhanced fat-suppressed T1-weighted images [11]. In the same way, DWI has 
shown promise for the detection of pancreatic cancer with a high sensitivity and 
specificity. Lesions typically demonstrate restricted diffusion and therefore appear 
hyperintense on DWI sequences and hypointense on ADC maps. The high contrast 
resolution of pancreatic cancer on DWI is useful for the identification of even very 
small lesions, thus allowing earlier diagnosis (Fig. 27.1) [9, 11, 13].

Most pancreatic adenocarcinomas occur in the head of the pancreas and cause 
dilatation of both the main pancreatic duct (MPD) and common bile duct (CBD) 
which is called the “double duct sign” (Fig. 27.1). When the tumor is located in the 
neck, body or tail, it causes only upstream pancreatic duct dilatation [14, 15]. MRCP 
images are particularly useful in the assessment for obstruction of the MPD and 
CBD. Tumors located in the uncinate process may present with no or minimal duc-
tal dilatation, so the uncinate process should always be carefully evaluated to iden-
tify the presence of subtle abnormalities [13, 16].

Pancreatic duct obstruction by tumors can lead to pancreatitis in the obstructed 
gland and the pancreatic parenchyma upstream from the tumor may appear hypoin-
tense on T1-weighted images, possibly limiting tumor conspicuity [10].

27.3.2  Secondary Signs

When the primary mass cannot be easily identified, its presence may be inferred by 
identification of ancillary imaging features. Some of these indirect signs include 
focal changes of the pancreatic contour, abrupt interruption of the CBD, MPD, or 
both, with upstream dilatation and atrophy of the parenchyma distal to the lesion [4, 
17–19]. Isolated main pancreatic duct dilatation without any visible mass, should be 
viewed with great suspicion for the possibility of an underlying tumor [20, 21] 
(Table 27.2).
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27.4  Differential Diagnosis

There are some entities that can mimic pancreatic adenocarcinoma (Fig. 27.2) and 
may lead to diagnostic errors.

Focal chronic pancreatitis can present as a focal inflammatory mass, often located 
in the pancreatic head causing upstream ductal dilatation, thereby mimicking pan-
creatic adenocarcinoma [22]. Several findings on MR imaging have been suggested 

Table 27.2 Typical pancreatic cancer primary and secondary imaging features

Primary signs Ill-defined solid mass
Hypovascular solid mass

Secondary signs Focal changes of the pancreatic contour
Abrupt interruption and dilatation of the CBP and/or MPD
Upstream pancreatic gland atrophy

a b

c d

Fig. 27.2 Imaging mimics of pancreatic adenocarcinoma. (a) T1-WI with fat suppression: Groove 
pancreatitis. (b) T2-WI: Autoimmune pancreatitis. (c) Postcontrast fat-suppressed T1-WI in the 
arterial phase: Pancreatic hypo-vascular metastases from gastric adenocarcinoma. (d) Postcontrast 
fat-suppressed T1-WI in the arterial phase: p-NET

27 MR/MRCP for Diagnosis and Staging
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to aid in the differentiation between the two. Features that favor a diagnosis of focal 
pancreatitis include a non-obstructed MPD or CBD penetrating the apparent pan-
creatic mass (“duct penetrating sign”) or a smooth tapered narrowing of the pancre-
atic duct upstream from the pancreatic mass (“icicle sign”), pancreatic duct 
irregularity, and the presence of pancreatic calcifications [22–24]. Features that 
favor a diagnosis of pancreatic cancer include an abrupt cutoff of a smoothly dilated 
pancreatic duct by the mass and upstream pancreatic gland atrophy [15]. DWI may 
help to distinguish focal chronic pancreatitis from pancreatic adenocarcinoma, 
since ADC values in an adenocarcinoma are lower than those of the parenchyma, 
while in chronic pancreatitis, these values are not significantly different from the 
rest of the gland [9, 22, 25]. However, pancreatic adenocarcinoma can be superim-
posed on patients with chronic pancreatitis and so, specific findings of chronic pan-
creatitis may not be sufficient to exclude pancreatic malignancy. Therefore, despite 
best imaging techniques, biopsy may be necessary for a definitive diagnosis [22].

Pancreatic neuroendocrine tumors (p-NET) can occasionally mimic pancreatic 
adenocarcinoma when they do not demonstrate the typical arterial enhancement. 
Some tumors can demonstrate heterogeneous and atypical delayed enhancement 
which is more often a characteristic associated with pancreatic adenocarcinoma 
[26]. Features that favor a diagnosis of NET include a well-circumscribed margin, 
calcifications, vascular infiltration with portal vein tumor thrombus, central necrosis 
and cystic degeneration. On the other hand, ductal obstruction is uncommon in 
p-NET [15].

Metastases to the pancreas are relatively rare. Renal cell carcinoma is the most 
common neoplasm associated with pancreatic metastasis followed by breast carci-
noma, lung carcinoma, colorectal carcinoma, and melanoma [27, 28]. The appear-
ances of pancreatic metastases closely resemble that of a primary malignancy [29]. 
Hypervascular metastases are usually from renal cell carcinoma and their main dif-
ferential diagnosis is pancreatic NET [30]. On the other hand, hypovascular metas-
tases are usually from lung, breast or colon cancer and the main differential 
consideration for these lesions is pancreatic adenocarcinoma [15, 22, 31]. Features 
that favor a diagnosis of metastatic disease include: multiplicity of tumors within 
the pancreas, absence of ductal dilatation, homogeneous or heterogeneous enhance-
ment, presence of metastases in locations not typically involved in adenocarcinoma 
of pancreatic origin (such as skeleton or adrenal glands) and typical imaging fea-
tures of the primary tumor, such as hyperintensity of melanoma at T1-weighted 
MRI secondary to intratumoral hemorrhage or paramagnetic melanin content [29, 
32]. If there is a clinical history of a known extra-pancreatic malignancy, pancreatic 
metastases should be considered in the differential diagnosis of a pancreatic 
mass [22].

Groove pancreatitis can mimic pancreatic adenocarcinoma, particularly its seg-
mental form which involves both the pancreaticoduodenal groove and the dorso- 
cranial portion of the pancreatic head, resembling a focal mass in close proximity to 
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the duodenal wall [33]. The CBD may be narrower in the distal part with mild 
upstream dilatation and the MPD may be slightly dilated towards the body and tail 
of the pancreas [33]. Features that favor a diagnosis of groove pancreatitis include 
its typical location, the thickening of the duodenal wall with multiple small cysts in 
both the duodenal wall and pancreaticoduodenal groove, a relatively smooth, 
tapered and regular narrowing of the CBD and a normal or a slightly tapered MPD 
[34–36]. However, making the distinction between the two entities based only on 
imaging can be extremely difficult, requiring endoscopy guided biopsy or even pan-
creaticoduodenectomy (Whipple procedure).

Autoimmune pancreatitis (AIP) is an important mimic of pancreatic carcinoma. 
Focal disease is less common than diffuse disease and it manifests as a focal mass, 
often involving the pancreatic head [37]. On MRI, the affected area is usually mildly 
T2 hyperintense, T1 hypointense with hypo-enhancement on the early postcontrast 
phase, and delayed hyper-enhancement, an appearance that may mimic that of pan-
creatic malignancy [22]. Features that favor a diagnosis of autoimmune pancreatitis 
include an irregular narrowing of the MPD (which is usually longer than the steno-
sis caused by pancreatic adenocarcinoma) together with the absence of upstream 
duct dilation, smooth narrowing of the intrapancreatic portion of the CBD without 
significant upstream dilatation, presence of extra-pancreatic organ involvement 
(often the biliary system) and elevated IgG4 levels [38].

Primary Pancreatic lymphoma (PPL) is an extremely rare disease representing 
<0.5% of pancreatic cancers [39]. It may present as a focal mass or diffuse gland 
enlargement, the former being more common [40]. Focal lymphomatous involve-
ment of the gland is typically restricted to the pancreatic head and can mimic pan-
creatic adenocarcinoma. PPL presents as a homogeneously T1-hypointense mass, 
with low to intermediate T2 signal and shows hypo-enhancement compared with 
the rest of remaining pancreas [11, 40].

Features that favor a diagnosis of lymphoma include a bulky tumor localized in 
the pancreatic head without significant MPD dilatation (CBD dilatation is more 
common than MPD dilatation), lymphadenopathy below the level of the renal veins 
and invasive tumor growth that does not respect anatomic boundaries and encloses 
the main vascular structures without causing obstruction or occlusion [15, 41].

27.5  Role of MRI in Pancreatic Cancer Imaging

27.5.1  Role of MRI in Local Staging

An accurate preoperative pancreatic cancer staging is crucial to the correct manage-
ment of the disease. It is important to precisely assess the local extent of the tumor 
in order to correctly identify patients with resectable disease who are surgical 
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candidates and differentiate them from those with unresectable disease [11]. 
Pancreas- specific CT or pancreas-specific MRI have a similar performance in the 
presurgical evaluation of pancreatic cancer; however, the greater availability of CT 
may favor its use [17, 42–44]. In those patients who are considered resectable, either 
of these imaging techniques can also be used in order to facilitate surgical plan-
ning [11].

27.5.2  Role of MRI in Extra-Pancreatic Spread Evaluation

Lymph nodes are the most common site for pancreatic carcinoma metastases, fol-
lowed by the liver [13] Given that more than 50% of all liver metastases develop in 
the first 6 postoperative months, it is believed that liver metastases are already pres-
ent at the time of surgery [45]. These small (<1 cm) synchronous liver metastases 
are usually not detected by routine preoperative MDCT [46]. In this setting, MRI is 
increasingly used for detection and characterization of small liver lesions, thereby 
potentially altering patient management (Fig. 27.3). Hepatic metastases are usually 
hypointense on T1-weighted images and slightly hyperintense on T2-weighted 
images and are typically hypo-vascular with a ring enhancement pattern after gado-
linium contrast administration [47]. The addition of DWI sequences has been shown 
to improve the sensitivity in the detection of liver metastases in patients with pan-
creatic tumors [46, 48].

Fig. 27.3 Male. 77 year old with pancreatic carcinoma and subtle liver metastases. Axial liver 
MDCT scan (left) and MRI–DWI (right) at time of diagnosis. No liver lesions were detected in CT 
scan, but in the MRI scan (DWI) there was a small liver metastasis in the left liver lobe (arrow)
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27.6  Conclusion

Pancreas-specific MRI has a similar performance as pancreas-specific CT in the 
initial diagnosis and staging of pancreatic cancer. However, the greater availability 
of CT may favor its use. MRI is specifically used for detection of small and/or iso- 
attenuating pancreatic tumors and in characterization of indeterminate hepatic 
lesions seen on prior CT, thereby potentially altering patient management.
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Take Home Messages
• Pancreatic cystic lesions are diagnosed with increasing frequency as a 

result of an increase in the use of CT and MRI scans, with a reported preva-
lence of 2.4–21.5%

• EUS has a main role in pancreatic cystic lesion evaluation and its combina-
tion with EUS-guided FNA achieves higher diagnostic accuracy than MRI.

• Surveillance of pancreatic cystic lesions are mainly based on MRI and 
EUS is used as supplement in cases of lesions with worrisome features.

Pearls and Pitfalls
• Contrast-enhanced harmonic EUS, enables visualization of tissue micro-

circulation which may help discriminate viable neoplastic tissue from 
mucus, thus aiding the characterization of mural nodules in pancreatic cys-
tic lesions.

• EUS alone has the same diagnostic accuracy with MRI.
• Cyst fluid cytology has very low sensitivity to identify malignancy (54%).
• EUS and EUS-FNA are low-risk, albeit invasive, procedures and may not 

be performed in all patients with a pancreatic cystic lesion.
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28.1  Background

Pancreatic cystic lesions (PCLs) are usually asymptomatic and their detection is 
considered a result of the increased use of computed tomography (CT) and mag-
netic resonance imaging (MRI) for non-pancreatic indications, but also of the 
on- going improvement of the quality of cross-sectional imaging [1, 2]. The preva-
lence of pancreatic cysts varies from 2.4% [3] to 21.5% [4, 5] depending on the 
population studied and the imaging modalities used. Up to 47% of asymptomatic 
pancreatic cysts may be premalignant (or malignant) at the time of diagnosis [6] 
and the potential to detect pancreatic cancer in early, ideally precancerous, stages 
is the key to curative therapy or complete remission. The risk of malignant trans-
formation of an incidental pancreatic cyst in the general population during 5 years 
is 0.7–2.5% per year [7], while the risk of operative mortality may, for some 
patients, be equivalent to that of malignancy [8]. Thus, the selection of patients 
who are to undergo more invasive diagnostic procedures and proceed to surgery is 
challenging.

The accuracy of CT and MRI scans to determine PCL type varies from 20% to 
83% in different studies [9]. CT has a sensitivity and specificity of 36.3–71.4% and 
64–100% in determining benign disease but an accuracy of making a specific diag-
nosis of 39–44.7%. MRI had a sensitivity of 91–100% and a specificity of 89.7% in 
assessing main pancreatic duct communication, an important feature that may 
determine the type of PCL [10, 11].

Endoscopic ultrasound (EUS) generates real-time high resolution images of 
PCLs providing morphological details that may aid in the identification of “suspi-
cious” lesions. The diagnostic accuracy of EUS imaging alone for detecting malig-
nant or premalignant lesions is reportedly 45–96% [12]. The combination of EUS 
with fine- needle aspiration (FNA) and the analysis of intracystic fluid as well as 
other ancillary techniques may further increase its diagnostic accuracy.

The aim of this chapter is to review the role of EUS in the diagnostic work-up, 
surveillance, and therapy of PCLs.

Future Perspectives
• The identification of molecular biomarkers that can be detected in pancre-

atic cystic fluid obtained by means of EUS-guided FNA may help deter-
mine pancreatic cyst type.

• EUS-guided microbiopsy through a standard FNA needle may help obtain 
a tissue diagnosis thus improving management of certain patient groups 
with pancreatic cystic lesions.

• Refinement of EUS-guided pancreatic cyst ablation techniques may 
improve the management of these patients, obviating the need for surgery.

A. Machaira et al.
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28.2  Classification of PCLs

PCLs may be classified as mucin-producing (intraductal papillary mucinous neo-
plasms (IPMNs) or mucinous cystic neoplasms (MCNs)) which are considered 
premalignant lesions, or non-mucin-producing (simple cysts, pseudocysts, and 
serous cystic neoplasms (SCNs)), typically without malignant potential [11, 13]. 
Despite that other types of PCLs, that may be of concern for malignancy, exist, 
such as cystic neuroendocrine tumors and cystic pseudopapillary tumors, this cat-
egorization of PCLs is essential for subsequent work-up and decision-making for 
surveillance or surgical therapy. Table 28.1 summarizes the main characteristics 
of each PCL type.

Table 28.1 Major features of the most common cystic lesions

Non-mucin producing Mucin-producing

Features Pseudocyst SCN MCN IPMN
Age at 
diagnosis

Variable Middle aged Middle aged Elderly

Sex M > F F > M F M > F
Location Any Any Body-tail Head
Imaging 
characteristics

Unilocular
Debris
Communication 
with pancreatic duct
Thick wall

Multilocular
Lobulated
Honeycomb

Multilocular
Orange-like
Septa
Intramural 
nodules or solid 
component
Thick wall

Multilocular (bunch 
of grapes) [14]
Communication 
with pancreatic duct
Septa
Intramural nodules 
or solid component

Cyst fluid 
analysis

Low CEA 
(<192 ng/mL)
High amylase

Low CEA 
(<192 ng/mL)
Low amylase

High CEA 
(≥192 ng/mL)
High amylase
String signa

High CEA 
(≥192 ng/mL)
High amylase
String signa

Molecular 
markers

– – KRAS, p53, 
SMAD4

KRAS, GNAS, p53, 
PIK3CA, miRNAs

Malignant 
potential

None Very rare Moderate to high Low to high

KRAS/GNAS/p53/SMAD4,PIK3CA,miRNAs: mutations that are linked to mucinous pancre-
atic cysts
CEA carcinoembryonic antigen, MCN mucinous cystic neoplasm, IPMN intraductal papillary 
mucinous neoplasm, SCN serous cystic neoplasm
aString sign: indirect test for cystic fluid viscosity assessment, performed by placing a sample of 
aspirated fluid between the thumb and index finger and measuring the length of stretch prior to 
disruption

28 EUS Evaluation of Pancreatic Cystic Lesions
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28.3  Diagnostic Evaluation

28.3.1  EUS Imaging Characteristics of PCLs

Although cyst morphology on EUS is rarely typical for a certain cyst type [15] 
(Fig.  28.1), certain cyst features may provide clues as to cyst type and risk for 
malignancy. Cyst characteristics most commonly evaluated are size, presence of 
mural nodules, septations or solid masses, wall thickness, as well as the diameter of 
main pancreatic duct (MDP) and the presence of distal pancreatic atrophy [16, 17].

Generally, EUS imaging alone is accurate for diagnosing a benign from a malig-
nant cyst in 65–96% of cases [18], which is similar to CT and MRI. However, EUS 
is superior in the identification specifically of mural nodules, which may indicate 
malignant transformation (14–75% positive predictive value for malignancy which 
increases in mural nodules >5 mm) [19–21]. Three EUS features discriminate mural 
nodules consisting of viable tissue compared to mucus: the latter is usually 
hypoechoic compared with adjacent soft tissue, smooth-edged, and has a hyper-
echoic rim. Body position change may be useful in distinguishing viable tissue from 
mucus during EUS [19] as the latter may be mobile. The same is also true for color 
doppler that may indicate blood flow in a mural nodule consisting of viable tis-
sue [22].

Contrast-enhanced harmonic EUS may allow examination of the microcircula-
tion and parenchymal perfusion without Doppler-related artifacts [22]. An intrave-
nous microbubble contrast medium (galactose-palmitic acid, perfluorobutane, or 
sulfur hexafluoride) is used and the signal received by the transducer represents the 
nonlinear response of the microbubbles. It may help visualize blood flow in small 
blood vessels and recognize neoplastic neovasculature or thrombus-related vascula-
ture obliteration [23]. Contrast-enhanced harmonic EUS is used mainly for investi-
gation of solid pancreatic lesions, but it may also help identifying areas of malignant 
growth inside PCLs, allowing the possibility to distinguish mural nodules due to 
viable tumor tissue from mucus clots in mucinous PCLs or internal debris in 

Fig. 28.1 Typical 
appearance of a serous 
cystadenoma in a female 
patient on EUS. A cystic 
lesion was noted in the 
body of the pancreas with 
central fibrous 
tissue (arrow)
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pseudocysts [24, 25]. The addition of contrast-enhanced harmonic EUS to conven-
tional Doppler EUS increases the specificity of the test from 40% up to 75% for 
recognition of mural nodules [26].

Other EUS morphologic findings including cyst size ≥3 cm, and pancreatic duct 
(PD) dilation can help identify patients likely to have malignant or borderline muci-
nous pancreatic cysts [27]. The estimated potential for malignancy in case of cyst size 
above 3 cm is 27–35% [1, 20, 21, 27]. However, the accuracy of EUS in size assess-
ment may be inferior to other diagnostic modalities, particularly in the case of larger 
cysts that may not be visible in a single ultrasound plane and thus their size may be 
underestimated [28]. Other EUS features related to malignancy include the presence 
of a solid mass (56–89% positive predictive factor [1, 21]) (Fig. 28.2) and thickened 
cyst wall or thickened septations (33–75% positive predictive factor [1, 21, 27]). 
Dilation of the MPD (>5 mm) may raise the suspicion of a main duct- IPMN or mixed 
type IPMN [16] while the risk of malignancy reaches 51% [20, 27]. Identification of 
communication between the pancreatic duct and the PCL is suggestive of a pseudo-
cyst or IPMN [29]. Unsurprisingly, the co-existence of distal pancreatic atrophy or 
lymphadenopathy with a PCL is a worrisome feature for malignancy [16].

28.3.2  EUS-Guided FNA

EUS-guided FNA is a safe procedure with reported complication rates of less than 
2%. The ultrasound transducer on the distal tip of the linear array echoendoscope 
permits needle advancement into the PCL under real-time guidance (Fig.  28.3). 
Color doppler may be used to examine the projected path of the needle to avoid 
puncturing intervening blood vessels (Fig.  28.4). Complete cyst aspiration using 
only one needle pass is recommended whenever possible to reduce the risk of infec-
tion in the residual fluid [30]. The risk of infection from EUS-FNA of pancreatic 
cysts has been reported to be as 0.5–2% [31, 32]. Therefore, routine administration 
of i.v. antibiotics (fluoroquinolones or beta-lactam) is the standard of care, best 
given prior to or immediately after EUS-FNA followed by oral antibiotics for 
3–5 days [30].

Fig. 28.2 Presence of 
solid mass (arrow) in a 
PCL (remaining cystic 
component indicated by 
double arrow). EUS-FNA 
was performed and the 
diagnosis of a malignant 
PCL was made 
(adenocarcinoma)
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28.3.3  Cystic Fluid Analysis

Cyst fluid analysis is useful in the differential diagnosis between mucinous and non- 
mucinous PCLs with specificity (95–98%), but moderate sensitivity (44–50%) and 
accuracy (65–79%) [33]. Fluid evaluation is based on its viscosity, the presence of 
extracellular mucin, the level of tumor markers (CEA, CA19-9, etc.) and enzymes 
(amylase), cytology, and, in specialist centers, molecular analysis.

Viscosity is usually lower in pseudocysts and serous cystadenomas compared 
with mucinous lesions such as MCN, IPMN, or mucinous cystadenocarcinoma. The 
“string sign” is a simple indirect test for viscosity assessment. The test is performed 
by placing a drop of aspirated cyst fluid between the thumb and index finger and 
measuring the length of stretch prior to disruption [34]. Non-mucinous lesions have 

Fig. 28.3 EUS-guided 
FNA. A 22 gauze needle 
(arrow) is advanced into a 
pancreatic cystic lesion 
through the gastric wall 
under real-time ultrasound 
guidance in order to obtain 
a cystic fluid sample

Fig. 28.4 Color Doppler 
ultrasound may be used to 
identify flow in blood 
vessels (arrow) while 
cystic lesions appear as 
anechoic areas 
(double arrow)
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a median string length of 0 mm compared with a median length of 3.5 mm in muci-
nous lesions [13, 34]. The sensitivity and specificity of the string sign for diagnosis 
of mucinous cysts is 58% and 95% [35].

Among the tumor markers, cyst fluid analysis for CEA is commonly performed 
[36]. The usual cut-off is 192 ng/dl with a reported sensitivity of 52–78% and speci-
ficity of 63–91% for diagnosing mucinous PCLs [37–39]. Amylase may be mea-
sured in cystic fluid and it may indicate communication with the pancreatic duct. 
Thus, high cystic fluid amylase levels commonly suggest the existence of a pseudo-
cyst or an IPMN. However, in practice, amylase levels may vary widely in different 
PCLs and, therefore, its main utility in clinical practice is limited to the exclusion of 
a pseudocyst in the event of low levels (<250 U/L sensitivity 44%, specificity 98%) 
[33, 40].

Cyst fluid cytology may identify the presence of high-grade dysplasia or pancre-
atic cancer [41]. However, cyst fluid is frequently acellular and the sensitivity of 
cytology for diagnosing malignant PCLs is only 54% with a specificity of 93% [42, 
43]. The sole detection of atypical epithelial cells in cystic fluid is considered a 
“worrisome feature” according to recent guidelines for the management of PCLs 
[16, 44, 45].

28.3.4  Molecular Biomarkers in Pancreatic Cystic Fluid

The potential clinical utility of molecular marker analysis in PCL fluid is propitious, 
but still under investigation. As the pathophysiology of PCLs evolves, new molecu-
lar biomarkers are identified that, along with cyst fluid analyses for viscosity, amy-
lase and CEA, may aid in the characterization of PCLs [46]. The improvement of 
DNA analysis methods with techniques such as next generation sequencing (NGS), 
has been crucial as they may improve accuracy by allowing processing multiple 
DNA sequences from very small specimens [47, 48].

Mutations mostly studied in PCLs are located in the KRAS and GNAS genes. 
Activating point mutations in KRAS, an oncogene coding for a GTP-binding pro-
tein important in several intracellular pathways, may be a molecular biomarker 
identifying mucinous cysts (both MCN and IPMN) with a specificity of 80–96% 
and sensitivity of 50–54% [49, 50]. Activating mutations in GNAS, an oncogene 
encoding for a stimulatory G-protein enhancing cell proliferation and growth, is a 
highly specific test for IPMN [51]. Thus, the combination of GNAS and KRAS test-
ing is highly specific (100%) and moderately sensitive (65%) for IPMNs [36]. Other 
promising molecular markers under investigation include mutations in p53, a tumor 
suppressor gene located in chromosome 17p, found in MCN and IPMNs with high 
grade dysplasia or invasive carcinoma. Mutations in CDKN2A and in PIK3CA, also 
tumor suppressor genes located in chromosome 9p21 and 3q26.3, are found mostly 
in IPMNs, and mutations in SMAD4 located in chromosome 18q21.1 are specific 
for MCNs. Finally, miRNA analyses (small, noncoding RNA molecules involved in 
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regulating gene expression at the post-transcriptional level, such as miRNA-21, 
miRNA-155, miRNA-221, miRNA-17-3p) have also been reported to be useful in 
the differential diagnosis of IPMNs and their progression to malignancy, but also 
able to predict cyst pathology with sensitivity 89% and specificity 100% [46].

Mutation analysis along with conventional tests, such as CEA amylase, and 
cytology, may improve the diagnostic accuracy of cyst fluid analyses [51, 52] 
(Table 28.1). Integrated molecular pathology (IMP) testing, that involves combina-
tion of molecular analyses with first-line test results (cytology, imaging, and fluid 
chemistry), has proved to be highly reliable in the differentiation between PCLs 
with vs. those without potential for malignant transformation, being superior to 
cytology or the 2012 Sendai criteria alone [53]. After IMP testing, PCLs are classi-
fied in four groups (benign, statistically indolent, statistically at higher risk, and 
aggressive) according to the number of molecular criteria (a single high-clonality 
mutation, elevated level of high-quality DNA, multiple low-clonality mutations; a 
single low-clonality oncogene mutation) and clinical features (cyst size >3  cm, 
growth rate >3  mm/year, duct dilation >1  cm, carcinoembryonic antigen level 
>1000 ng/mL, cytologic evidence of high-grade dysplasia) they may meet [53]. The 
results of the initial report are promising showing improvement in accuracy (89.6%), 
sensitivity (83.3%), and specificity (90.6%) compared to the 2012 Sendai criteria 
accuracy (52.2%), sensitivity (90.9%), and specificity (46.2%). The influence of 
IMP on real-world management decisions may lead to amelioration of surveillance 
and higher confidence in surgery decisions [54].

Although very promising, molecular analyses have not been integrated in inter-
national guidelines and are currently available only in expert centers.

28.3.5  EUS-Guided Microbiopsy of the Pancreatic Cystic Wall

EUS-guided microbiopsy is a new promising procedure which is based on analysis 
of cystic wall tissue (or that of a mural nodule) obtained by means of a novel micro-
biopsy forceps inserted through a conventional 19 G FNA needle [55]. The clinical 
success rate using EUS-guided microbiopsy has been reported to be much higher 
than standard EUS-FNA, 77–80.4% vs. 25–31%, respectively [56, 57]. Furthermore, 
microbiopsy offers good quality sample achieving more accurate diagnosis of PCL 
type compared with FNA with (clinical success of 71.4%) [55, 58]. Also, NGS of 
microbiopsy specimens for the detection of molecular biomarkers is a promising 
method that has the potential to improve diagnostic decision making [59, 60]. On 
the other hand, the procedure has been reported to be associated with a 9.9% adverse 
event rate, most frequently acute pancreatitis, with 2% being severe [57]. Although 
EUS-guided microbiopsy seems to be a promising tool in the diagnostic work-up of 
PCLs, it is not established in clinical practice and, in view of the related complica-
tion rate, it may not be considered part of the standard investigation of all patients 
with PCLs. Further studies are needed to define subgroups of patients that would 
benefit from the procedure despite the risk for complications [61, 62].
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28.3.6  Needle-Based Confocal Laser Endomicroscopy (nCLE)

Needle-based confocal laser endomicroscopy (nCLE) enables real-time imaging of 
the inner wall of PCL during EUS. It is a novel imaging technique which allows to 
obtain in vivo histopathology images with a CLE miniprobe via 19-G EUS-FNA 
needle. Intravenous fluorescein is used during nCLE to enhance blood vessels and 
other structures within the pancreatic cysts. The performance of nCLE for the dif-
ferential diagnosis of mucinous vs. non-mucinous PCLs is greater than cyst fluid 
analysis (CEA, amylase, KRAS, GNAS, and cytology) achieving a sensitivity of 
98%, a specificity of 94%, and an accuracy of 97% [63, 64]. The incidence of 
adverse events is 5% [58, 64]. Limitations of the technique include high cost and the 
need for endoscopists trained in histopathology, but the opportunity of a direct accu-
rate diagnosis is appealing. Further studies on the utility of the technique and its 
cost-effectiveness are needed, but it is promising as a potential complement to EUS 
and analysis of cystic fluid obtained by FNA [65].

28.4  Work-Up of PCLs and Current Guidelines

Challenges in the differential diagnosis of PCLs have led several national and inter-
national associations to issue guidelines for the management of these lesions and 
the role of EUS in their work-up (Table 28.2). All guidelines recognize that EUS, as 
an invasive procedure, may not possibly be performed in all patients with a PCL.
Other types of cross-sectional imaging, most commonly MRI, are more appropriate 
as first-line investigations. EUS with FNA and subsequent fluid analysis is reserved 
for a selected subset of patients meeting specific criteria often designated as “wor-
risome features” (Table 28.2).

28.5  Surveillance of PCLs

PCL surveillance is mainly based on MRI, as a non-invasive imaging modality with 
a favorable safety profile due to lack of radiation exposure. However, EUS may be 
an alternative test when MRI is contraindicated or when progression is suspected 
(e.g. cyst growth or development of other worrisome features during follow-up).

Cyst surveillance should be offered to surgically fit candidates with asymptom-
atic cysts and ideally it should be tailored to patient age, family history, symptoms, 
comorbidities, perceived pancreatic cancer risk, and patient preference. The sug-
gested follow-up plan varies according to cyst type and size, and the presence of 
worrisome features [67]. Follow-up recommendations vary among different pub-
lished guidelines (Table 28.3).
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In general, PCLs of uncertain type without worrisome features must be followed 
up with MRI or EUS every 6 months to 2 years depending on their size and clinical 
characteristics (Table 28.3). PCLs with worrisome features but without a clear diag-
nosis of malignancy are commonly considered for close surveillance with alternat-
ing MRI and EUS every 3–6  months. After pancreatic resection for an IPMN, 
lifelong surveillance with MRI or EUS is recommended (Table 28.3).

Table 28.2 Clinical guidelines comparison of four different associations [Fukuoka guidelines, 
European guidelines, American Gastroenterology Association (AGA) guidelines, American 
College of Gastroenterology guidelines (ACG)]

Fukuoka guidelines 
(2017) [16]

European 
guidelines 
(2018) [21]

AGA 
guidelines 
(2015) [66]

ACG (2018) 
[11]

Indications for 
immediate 
surgical removal

“High risk stigmata”
•  Obstructive jaundice 

in a patient with 
cystic lesion of the 
head of the pancreas

•  Enhancing mural 
nodule >5 mm

•  Main pancreatic duct 
>10 mm

Cytology: suspicious or 
positive for malignancy

•  Tumor related 
obstructive 
jaundice

•  Enhancing 
mural nodules 
(≥5 mm)

•  Solid mass
•  MPD dilation 
≥10 mm 
Positive 
cytology for 
malignancy 
or HGD

•  Solid 
component 
associated 
with the cyst 
AND

•  Dilated 
MPD (no 
size criteria)

AND/OR
•  Concerning 

features of 
EUS 
(positive 
cytology)

Findings after 
EUS/FNA:
•  Mural nodule
•  Main duct 

involvement/
patulous 
ampulla

•  Cytology with 
high-grade 
dysplasia or 
pancreatic 
cancer

Indications for 
EUS-FNA and 
close 
surveillance/
relative indication 
for surgery

“Worrisome features”
•  Cyst >3 cm
•  Enhancing mural 

nodule <5 mm
•  Thickened/enhancing 

cyst walls
•  Main duct size 

5–9 mm
•  Abrupt change in 

caliber of pancreatic 
duct with distal 
pancreatic atrophy

•  Pancreatitis
•  Lymphadenopathy
•  Increased serum 

level of CA19-9
•  Cyst growth rate 

>5 mm/2 years

•  Cyst diameter 
≥40 mm

•  Enhancing 
mural nodules 
(<5 mm)

•  MPD dilation 
between 5 
and 9.9 mm

•  Acute 
pancreatitis 
(caused by 
IPMN)

•  New onset of 
diabetes 
mellitus

•  Increased 
level of serum 
CA 19-9 
(>37 U/mL)

•  Cystic growth 
rate ≥5 mm/
year

•  Cyst >3 cm
•  Solid 

component 
associated 
with the cyst

•  Dilated 
MPD (no 
size criteria)

•  Obstructive 
jaundice

•  Cyst ≥3 cm
•  Associated 

solid mass/
mural nodule

•  Main duct 
diameter 
>5 mm

•  Change in 
main duct 
caliber with 
upstream 
atrophy

•  Acute 
pancreatitis 
secondary to 
pancreatic 
cyst

•  Increased 
serum level 
Ca 19-9

HGD high grade dysplasia, MPD main pancreatic duct
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Table 28.3 Surveillance guidelines of four different associations [Fukuoka guidelines, European 
guidelines, American Gastroenterology Association (AGA) guidelines, American College of 
Gastroenterology guidelines (ACG)]

Fukuoka 
guidelines 2017 
[16]

European 
guidelines 2018 
[21]

AGA guidelines 
2015 [66] ACG (2018) [11]

Cyst size <1 cm: CT/
MRI in 
6 months, then 
every 2 years if 
no change
1–2 cm: CT/
MRI every 
6 months for 
1 year, every 
year for 
2 years, then 
lengthen 
interval up to 
2 years
if no change
2–3 cm: EUS 
in 3–6 months, 
then lengthen 
interval up to 
1 year, 
alternating 
MRI with EUS 
as appropriate
>3 cm: Close 
surveillance 
alternating 
MRI with EUS 
every 
3–6 months.

<15 mm: MRI/
EUS every 
year → after 
3 years with 
stable 
findings → every 
2 years
>15 mm: MRI/
EUS every 
6 months → after 
1 year stable 
findings → every 
year

Absence of 
concerning 
EUS-FNA 
results → MRI 
after 1 year and 
then every 
2 years
If significant 
changes are 
detected → EUS- 
FNA

<1 cm: MRI every 
2 years × 4 years and 
then lengthening interval 
imaging
1–2 cm: MRI every 
1 year × 3, and then every 
2 years for 4 years and 
then lengthening interval 
imaging
2–3 cm: MRI or EUS in 
6–12 months × 3 years, 
and then MRI every 
1 year × 4 and then 
lengthening interval 
imaging
>3 cm: MRI alternating 
with EUS every 
6 months × 3 years, and 
then MRI alternating with 
EUS every 
1 year × 4 years, and then 
lengthening interval 
imaging

Duration of 
surveillance

Life-long Life-long May discontinue 
after 5 years with 
stable findings

Life-long

Surveillance 
after surgery

IPMN → MRI/
EUS every 
6 months
MCN → no 
surveillance
Benign 
cysts → no 
surveillance

IPMN → MRI/
EUS

Finding of 
invasive cancer 
or high dysplasia 
in cyst → MRI/
EUS every 
2 years
Absence of 
malignancy or 
high grade 
dysplasia → no 
surveillance

IPMN → MRI every 
2 years
MCN → no surveillance
SCN, pseudocyst, benign 
cyst → no surveillance

MCN mucinous cystic neoplasm, IPMN intraductal papillary mucinous neoplasm, SCN serous 
cystic neoplasm
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28.6  EUS-Guided Cyst Ablation Therapy

Patients with a neoplastic PCL with an indication for surgery but who are poor sur-
gical candidates (or those who refuse surgery) may potentially benefit from EUS- 
guided cyst ablation [68]. This is usually performed by replacing the fluid content 
of cystic tumors with ethanol, often in combination with intracystic infusion of 
chemotherapeutic agents [69]. Complete remission has been reported after 6 years 
of follow-up in 60–79% following EUS-guided ablation therapy with ethanol and 
paclitaxel [70, 71]. Adverse events are not uncommon (~12–26%) and include fever, 
abdominal pain, acute pancreatitis, peritonitis, and splenic and/or portal vein throm-
bosis [71]. Recently, ablation with paclitaxel or gemcitabine alone has been reported 
with similar efficacy but fewer adverse effects (reduction from 21% to 15%) [72, 
73]. Most studies have included patients with PCLs without septations or commu-
nication with the pancreatic duct and above a certain size allowing to effectively 
empty the cyst and replace the volume removed with ethanol and/or chemothera-
peutic agents (Table 28.4) [74]. Prophylactic antibiotics (fluoroquinolones or beta- 
lactamase) for 3–5 days are recommended to prevent post-procedural infection [75].

Another method for EUS-guided cyst ablation is endoscopic radiofrequency 
ablation [76], employing hyper-thermal energy resulting in disruption of the tumour 
microenvironment and cell membranes with subsequent necrosis of the neoplastic 
epithelium [69]. Response rate has been reported to be 71%, but only 65% have 
complete remission after a mean/median follow-up of 12 months. Adverse events 
occur in 10% including mainly acute pancreatitis and infection but also other rare 
events such as jejunal perforation [76].

However, studies published thus far included a limited number of patients and, 
however promising, the role of EUS-guided cyst ablation therapy is still under 
investigation [75].

Table 28.4 Characteristics of pancreatic cystic lesion suitable for ablation therapy

Indications Contraindications

Unilocular/Oligolocular 
mucinous pancreatic cyst

Enhancing mural nodules, solid components within the cysts, 
thick walls, thick septations

Size >2–3 cm Dilated main pancreatic >5 mm or communication of the cyst 
with the main pancreatic duct
MPD stricture with pancreatic tail atrophy, pancreatic 
necrosis, medical history of acute pancreatitis

MDP main pancreatic duct
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28.7  Summary

The main goal in management of PCLs is accurate identification of patients with 
cancer or at risk for malignancy so that unnecessary surgery is minimized, adequate 
follow-up is planned, and, in appropriate cases, curative surgery is performed with-
out delay. EUS has an important role in the differential diagnosis and surveillance 
of PCLs, while its potential role in the endoscopic treatment of these patients is 
evolving.
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Take Home Messages
• After neoadjuvant therapy, most patients show stable disease at imaging 

and about 20% have partial response. Progression of disease is reported in 
about 16%.

• Cross-sectional imaging overestimates the amount of residual viable 
tumour around vessels and thus cannot reliably predict resectability

• Functional imaging may depict tumour activity under therapy, but cur-
rently lacks the spatial resolution to detect microscopic disease at the cru-
cial interface of mass and vessel wall

Pearls and Pitfalls
• After neoadjuvant therapy, a persistent tissue cuff around crucial vessels is 

not correlated to histopathologic margins
• There is no consensus on absolute sizes, size dynamics or grey level inten-

sities predicting margin-free resection; most research focuses on tumours 
of less than 3 cm.

• Imaging correlates of tumour biology under therapy are increasingly 
investigated
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29.1  Introduction

Pancreatic Ductal Adenocarcinoma (PDAC) is categorized into three surgical stages 
at the time of diagnosis if no distant metastasis is present: resectable, borderline 
resectable, and locally advanced [1], and the benefit of neoadjuvant therapy on pan-
creatic adenocarcinoma is currently subject of intensive clinical research [2, 3]. Since 
the recognition of borderline resectable disease in 2008 [4], neoadjuvant concepts 
have been implemented in order to achieve downstaging from either borderline resect-
able or locally advanced/non-resectable PDAC to a more favourable surgical stage, 
while in a more recent development, neoadjuvant therapy in the setting of resectable 
PDAC has equally gained momentum [5–7]. Gemcitabine-based regimens combined 
with nab-paclitaxel [8], and the advent of FOLFIRINOX-based schemes in 2011 [9], 
both with or without additional chemoradiation, hold promise for downstaging PDAC 
and more importantly, enhance the rate of margin-free (R0) resection [10–12].

Unfortunately, response evaluation on imaging and prediction of resectability 
has proven challenging due to inhomogeneous tumour replacement, mainly by 
fibrosis [13]. Although CA 19-9 levels and clinical performance status are incorpo-
rated into reassessment [1], multiphase contrast-enhanced multidetector CT 
(MDCT) with three-dimensional reconstructions remains the mainstay for further 
patient selection for surgery [14]. Meanwhile, advances in magnetic resonance 
imaging (MRI), notably faster acquisition techniques and enhanced image quality 
have brought MRI close to the spatial resolution of MDCT, while offering superior 
contrast resolution and the opportunities of functional imaging in terms of diffu-
sion-weighted imaging (DWI) [15].

29.2  Impact of Histopathologic Response Patterns on Imaging

It was early recognized that NAT-induced tumour cell injury in PDAC is mainly 
reflected by isovolumetric tissue replacement with fibrous stroma, inflammation 
and extracellular matrix, rather than volume loss [13, 16]. In 1992, Evans at al. 

Future Perspectives
• Detection of subtle changes after therapy needs enhanced tissue differen-

tiation on CT and better special resolution in functional imaging (diffu-
sion-weighted MRI and PET-CT)

• Several methods of diffusion-weighted imaging are tested to increase spec-
ificity for residual tumour versus inflammation and oedema, the most 
widely investigated being intravoxel incoherent motion (IVIM) diffusion-
weighted imaging (DWI)

• Quantifying tumour heterogeneity with texture analysis software tools is 
another thriving approach to translate tumour behaviour into imaging 
(‘radiomics’ science).

E.-M. Gassner et al.
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reported the histologic changes in 17 resected specimens after NAT and established 
a pathologic response grading system for PDAC [17] by describing the percentage 
of viable tumour cells within the specimen. However, Evan’s proposal is derived 
from response assessment in other organ systems, causing some criticism over 
hypothesized analogies to adenocarcinomas of the pancreas [18]. In their review, 
Kalimuthu et al. outlined histopathologic changes after NAT with emphasis on sub-
tle residual tumour nests scattered throughout fibrosis [19].

New insights into the biology of PDAC reveal complex interactions of stroma, 
extracellular matrix, inflammation, and tumour cells [20]. This histopathologic het-
erogeneity of response, and non-discernible microstructure invasion is thought to 
cause failures in predicting viable tumour around crucial surgical structures [21–
24]. Meta-analyses of histopathology after NAT of note, found lower rates of peri-
neural invasion [11, 25] and a rate of complete pathologic response of 2–7% [26, 27].

29.3  Imaging Response Assessment with RECIST1.1 
(Clinical Stage)

Owing to the specific tumour spread of PDAC, metric re-assessment using 
RECIST1.1 guideline is widely perceived as a suboptimal approach, although cur-
rently without alternative [28] for estimating response (Table 29.1).

In a meta-analysis, overall RECIST1.1 response rate after neoadjuvant therapy 
were available for 61 studies [29], and pooled pathologic tumour destruction grades 
for 36 studies. Overall, the majority of patients were stable or in partial response on 
cross-sectional imaging (Table 29.2), and, upon available pathologic grading, most 
of the resected specimens showed minor to moderate histologic response (<50% 
tumour destruction, Table 29.3).

However, radiologic and pathologic grading are not correlated on a per-patient 
basis [30]. In a work-up of 38 specimens after NAT, all pathologic tumour 

Table 29.1 RECIST1.1 definitions of imaging response

Category RECIST1.1 classification

Complete response (CR) No visible tumor
Partial response (PR) ≥30% decrease
Stable disease (SD) Neither PR nor PD
Progressive disease (PD) ≥20% increase from best time point

Table 29.2 RECIST1.1 response rates on imaging after neoadjuvant therapy in a meta-analysis by 
Dhir et al. [29]

RECIST1.1 response rates after neoadjuvant therapy

CR PR SD PD
<1% 20% 59% 16%

Percentages display overall response rates from 61 studies; included are patients with resectable, 
borderline resectable and locally advanced PDAC

29 Imaging After Neoadjuvant Therapy
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destruction grades from minimal to complete were found in both radiologic partial 
responders and in patients with stable disease. Pathologic response of <50% tumour 
destruction was dominant in the largest RECIST group of stable disease. Of note 
there were three pathologic complete responders out of 38 specimens, two with 
RECIST stable disease, and one with partial response (Table 29.4).

In the light of unsatisfactory results of tumour re-assessment with RECIST1.1, 
alternative determinants of response are being investigated. In such, therapy-induced 
sharp tumour demarcation at the interface to normal pancreas parenchyma was 
found useful to predict improved survival, although the magnitude of the effect 
varied across cohorts [31].

29.4  Imaging Assessment of Resectability

29.4.1  Clinical Impact of Patient Selection Based on Imaging

The advent of novel neoadjuvant concepts has triggered extensive research on 
radiologic tumour changes after therapy, with special attention to resectability. 
Meta-analyses suggest high R0 rates in patients with borderline resectable PDAC: 
when 65% of patients were selected for surgery after FOLFIRINOX, R0 margins 
resulted in overall 89% of them. On an intention-to-treat basis, this translates into 
free margins in 58% of treated patients [25]. Selection for surgery becomes even 
more important in locally advanced PDAC with neoadjuvant therapy [32]: when an 
overall 28% of patients were brought to surgery after FOLFIRINOX, free margins 
were seen in 74% of operated subjects, resulting in only 22% of R0 margins on an 
intention-to-treat basis [33, 34]. Generally, imaging workup after neoadjuvant ther-
apy reveals an overestimation of residual tumour burden around vessels and the 

Table 29.3 Pathologic response from resected specimen in the same meta-analysis [29]

Pathologic overall response in resected specimen after neoadjuvant therapy

Tumor destruction rate <10% 10–50% 50–90% <90% No viable tumor
Frequencies (percentages) 12% 37% 27% 13% 3%

Table 29.4 Pathology-imaging correlation: Distribution of RECIST1.1 imaging response and 
pathologic tumor destruction grades in resected specimen, as found in the publication by Xia 
et al. [30]

Pathologic tumor 
destruction grade

RECIST 1.1 response (n = 38)
CR
n = 1

PR
n = 10

SD
n = 26

PD
n = 1

<50% 5 19 1
50–90%
>90%

1 3 4
1 1

No viable tumor 1 2
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probability of R0 resection is difficult to estimate. Diagnostic accuracy for predict-
ing resectability after neoadjuvant therapy yielded an accuracy of 58% in a publica-
tion by a French group [35].

29.4.2  Neoadjuvant Therapy and R0 Resection 
in Study Settings

The effect of FOLFIRINOX on resectability criteria, compared to pathologic mar-
gins, was presented in two initial publications with similar results.

In a first retrospective single-centre study of 40 patients after FOLFIRINOX (14 
borderline resectable, 26 locally advanced), a strong trend towards surgical down-
staging could be observed. But while 19 patients still remained radiographically in 
the locally advanced group, R0 margins could be achieved in 35/40 patients (92%), 
thus including a large portion of patients with persistent non-resectable disease on 
CT [36].

A French multicentre study [37] noted downstaging of resectability in only 6/36 
patients after FOLFIRINOX, while the majority of patients remained stable on 
imaging. However, R0 resections were seen in 31 patients (86%), among them six 
patients with persistent locally advanced disease on imaging.

Subsequent publications confirmed, that resectability guidelines are not appli-
cable on treated PDAC, since unchanged perivascular cuffs after neoadjuvant ther-
apy are not correlated to resection margins [38] (Fig. 29.1).

a b

Fig. 29.1 Locally advanced PDAC under neo-adjuvant treatment. (a) Baseline image of a locally 
advanced PDAC in a 52-year-old female (arrowhead), with encasement of the superior mesenteric 
artery of >180° (arrow). (b) The same patient after neoadjuvant therapy with 
FOLFIRINOX. Considerable tumour shrinkage can be seen (arrowhead), however SMA encase-
ment persists (arrow). The patient underwent total pancreatectomy with complete tumour dissec-
tion from the SMA and negative resection margins

29 Imaging After Neoadjuvant Therapy
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29.4.3  Tested Predictors for Resectability and Survival After 
Neoadjuvant Therapy

Subsequently, several studies have focused on imaging predictors for margin-free 
surgery, with heterogeneous approaches and results.

29.4.3.1  Regression of Vessel Contact

A retrospective single-centre assessment of 47 patients found a regressive circum-
ferential tumour contact with any of the crucial vessels (superior mesenteric vein, 
portal vein, superior mesenteric artery and celiac trunk) being predictive for R0 
resections (PPV 91%). Specifically, a regression of circular SMA contact yielded an 
odds ratio of 3.82 (95% CI 1.27–11.5) for free margins [39]. Although a decrease in 
circumferential venous contact was also related to free margins, no correlation was 
observed between persistent narrowing of SMV/PV and R0 resection.

In a multicentre retrospective study on 36 patients [37], the circumferential 
decrease of perivascular cuffs did not reach significance levels when R0 and R1 
resections were compared. However, patients with regressive encasement showed 
an advantage in disease-free survival, while the few patients with progressive 
encasement under therapy had significantly shorter disease-free survival.

29.4.3.2  Size and Resectability

Other studies published metric thresholds as predictors for negative margins. One of 
the largest single-institution retrospective studies with 141 patients found post- 
FOLFIRINOX differences in median size (2.3 cm vs. 3 cm) to be associated with 
attempted curative surgery (R0 in resected: 80%) [40]. Another publication revealed 
a 25 mm threshold after therapy, below which 78% of tumours had free margins 
[38]. Differences in size after treatment between R0 and R1 were observed in sev-
eral publications (Table 29.5), but, using a linear correlation, post-treatment tumour 

Table 29.5 Median/median tumor dimensions after neoadjuvant therapy and decrease in size, as 
reported in imaging studies after FOLFIRINOX

Study [Reference number]

Absolute dimension after 
neoadjuvant therapy (mm)

Size variability neoadjuvant 
therapy

R0 R1 R0 R1

Wagner et al. [37] 27 26 −65% −56% 
(n.s.)

Marchegiani et al. [41] 21 26 −11 mm −8 mm
Cassinotto et al. [39] 26 31 −7.6 mm −7 mm
Michelakos et al. (median) 
[40]

23 30 −9 mm 0 mm
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size was only weakly related to R0 margins [39]. There were considerable ranges of 
tumour sizes in tested populations both at baseline and post-treatment, consequently, 
dimensions associated with R0 or R1 resection are overlapping across studies. 
Noteworthy, the treatment-induced decrease in size was not significantly different 
between R0 and R1 patients (Table 29.5).

29.4.3.3  Tumour Enhancement

Increased enhancement under neoadjuvant therapy was observed in several studies 
and is attributed to fibrotic changes, similar to the delayed enhancement of myocar-
dial infarcts in cardiac MRI or delayed enhancement of intrahepatic 
Cholangiocarcinoma, thought to represent fibrotic tumour components [41]. One ret-
rospective single centre study found treatment-induced positive changes in enhance-
ment in the venous phase being significantly higher in R0-resected tumours than in 
R1. However in other publications this treatment-effect was not significant [39] or 
even reversed with more pronounced density increases in R1 resected [37] (Table 29.6).

29.4.4  Study Characteristics of Imaging Predictor Assessment

In observational studies on PDAC morphology after therapy, patients proceeded to 
resection when they had stable disease or partial response on imaging. Imaging- 
progressive patients were excluded, and consequently, lack histological correlation. 
The decision to bring progressive patients to non-surgical palliation is based on high 
NPVs for assessing resectability in treatment naïve PDAC [41]. In an interesting 
aspect, one paper [40] reported two out of seven patients with post-treatment oper-
ability on CT, who eventually had non-resectable disease. This may suggest rare 
cases of underestimated local tumour extent.

Most publications are retrospective in design and, apart from the French [37] and 
Italian (three institutions) [38], all are single-centre.

Results of inter-observer concordance varied widely across publications, ranging 
from excellent in highly specialized centres [31] to only moderate κ-values of 
0.57–0.58 [39]. In one publication, even the determination of a straightforward met-
ric parameter, such as the longest axis, did not exceed a moderate κ-value of 0.54 
among three radiologists with heterogeneous experience levels [38].

Table 29.6 Mean tumor enhancement (Hounsfield Units) before and after neoadjuvant therapy in 
R0 vs. R1 resected tumors

Tumor enhancement during portal venous phase
Pre-treatment Post-treatment
R0 R1 R0 R1

Wagner et al. [37] 66 54 72 72
Marchegiani et al. [41] 62 65 78 68
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Furthermore, resection margins of more than 1  mm were regularly used as a 
reference standard to evaluate the performance of cross-sectional imaging in treated 
PDAC. The histologic distribution of viable tumour within fibroinflammatory tissue 
has so far not been correlated to imaging on a lesion-by-lesion comparison.

29.5  Texture Analysis: Big Data Analysis in Imaging

29.5.1  Background

Radiomics, the mathematical exploitation of multiple background information con-
tained in imaging data sets has gained momentum in recent years to quantitatively 
describe tumours before and after therapy. A most thriving application field of 
radiomics is CT/MR texture analysis to quantify visually non-perceptible heteroge-
neity [42, 43]. The method employs commercially available software to extract, on 
different complexity levels, quantitative descriptors such as distribution and statisti-
cal inter-relationship of grey levels from a Region of Interest (ROI). These input 
data are then processed to calculate parameters for quantifying tumour heterogene-
ity (Box 29.1). Validation of obtained output parameters (e.g. standard deviation of 
grey values, entropy, skewness, kurtosis, mean of the positive pixels) is performed 
by testing their association to histopathology and outcomes such as R0 resection or 
survival [44]. Descriptors may be derived from either CT, MRT or PET data sets.

Box 29.1 CT-Texture Analysis
CT Texture analysis is based on frequencies and inter-relationship of grey 
levels within an operator-determined Region of Interest (ROI, yellow circle). 
Input images first undergo pre-processing steps in order to selectively extract 
density features. Distribution and spatial variation of grey levels can be anal-
ysed using different models, with statistical-based models being most widely 
validated (Fig. 29.2a).

First order statistics describe grey-level frequencies, but do not refer to 
their spatial relationship. First order statistics are derived from intensity histo-
grams representing grey level values on x-axis and their frequencies on y-axis. 
Histograms provide measures such as mean grey level (48 Hounsfield Units in 
this case), standard deviation and MPP (mean of positive pixels) to character-
ize a Region of Interest (Fig.  29.2b). Other first order statistics calculated 
from histograms are skewness (asymmetry of the histogram, left) and kurtosis 
(right, peakedness) compared to normal distribution. Energy (=uniformity, 
indicating how close the image is to a uniform Gaussian distribution) and first 
order entropy (irregularity of grey-level distribution in a histogram) are math-
ematically derived (Fig.  29.2c). Second-order statistics describe the spatial 
inter-relationship of intensities based on the probability of two or more pixel 
combinations in all directions (Fig. 29.2d).
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29.5.2  Application to Neoadjuvant Treatment of PDAC

Published data on the usefulness of CT Texture Analysis (CTTA) to estimate 
response in PDAC are preliminary. One group of investigators [45] tested a set of 
six CTTA parameters of 41 patients (mean grey-level intensity, entropy, mean of 
positive pixels, kurtosis, standard deviation, and skewness), together with tumour 
size and clinical variables in a multivariate regression model: two pre-treatment 
CTTA parameters, standard deviation and skewness were associated to survival. 
However, tumour size as a readily available parameter yielded higher signifi-
cance levels than CTTA variables. In contrast to pre-treatment texture parame-
ters, neither post-treatment values, nor their changes were associated to clinical 
outcomes.

Despite rapidly growing publication counts, radiomics need further standardiza-
tion to provide inter-institutional reproducibility [44, 46]. Each step in the auto-
mated process is still dependent on variables, such as quality of input images, 
definition of parameters, robustness of extraction and statistical model build-
ing [47].

a b

c d

Fig. 29.2 (a–d) Principles of CT texture analysis
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29.6  Functional Imaging: Diffusion-Weighted MRI 
for Monitoring Response

29.6.1  Current Application and Results

Diffusion-weighted MR imaging (DWI) offers functional tissue assessment by 
mapping the restriction of random (Brownian) molecule motion in water. Diffusion 
restriction is a marker for cellularity and pathologic characteristics of cellular barri-
ers, both increased in tumours [48] (see also MR/MRCP for diagnosis and staging). 
Calculating apparent diffusion coefficients (ADC) in multiples of 10−3 mm2/s from 
diffusion-weighted images allows for quantitative assessment of restricted diffu-
sion. On ADC maps, low values—depicted as dark areas—represent restricted dif-
fusion (Fig.  29.3). ADC maps are widely investigated in oncologic imaging to 
estimate response to neoadjuvant treatment [49, 50].

In an initial small study population of seven patients, pre-treatment ADC values 
were correlated to pathologic response grades [51]. However, in subsequent studies, 
the lack of technical standardization and methodologic variability proved challeng-
ing for quantifying robust thresholds of response. Two publications might demon-
strate the heterogeneity of results with different techniques: in 2017, a single centre 
observation of 24 patients was performed on a 1.5 T unit with a b-value of 800 s/
mm2 [52]; in 2020 the same study group published a prospective assessment of 28 
patients, using a 3 T MRI and a maximum b-value of 1000 s/mm2 [53]. In the first 
study, a pre-treatment ADC value of ≥1.20  ×  10−3  mm2/s was the strongest 

a b

Fig. 29.3 Diffusion-weighted MR imaging. (a) Diffusion weighted image (DWI) of a PDAC at a 
b-value of 800 s/mm2 reveals high signal intensities (arrows) as marker of restricted water diffusion 
within the tumour. The b-value describes intensity and time profile of the gradient pulse used. (b) 
Corresponding ADC map with predominantly low signal intensities (low ADC values) in the 
tumour area (arrows). Heterogeneity can also be noted

E.-M. Gassner et al.



447

predictor for R0 resection (accuracy: 71%) and for pathologic response (accuracy: 
83%; pathologic response defined as ≥30% tumour destruction). With 3 T MRI and 
b = 1000, the same parameter dropped in accuracy, but now post-treatment cut-off 
values of ≥1.40 × 10−3 mm2/s emerged as strongest predictors: 75% accuracy for 
predicting R0 resection and 89% for histologic response. Additionally, patients with 
a post-treatment ADC of ≥1.40 × 10−3 mm2/s had longer overall survival.

Another analysis of 23 patients with neoadjuvant therapy found an only moder-
ate, although significant correlation of r = 0.517 (p = 0.02) between post- treatment 
ADC values and pathologic response grades [54]. Similar to prior studies, mean 
post-treatment ADC values were significantly higher, thus brighter than baseline 
values, and showed also an increase in standard deviation as a marker for supposed 
increasing tumour heterogeneity under therapy.

29.6.2  Tumour Heterogeneity, Definition of the Region 
of Interest and Future Developments

Assuming the concept of tumour heterogeneity, the definition of investigated tumour 
areas in terms of placing the Region of Interest (ROI) might explain the varying 
performance of pre- and post-treatment ADC values and ADC changes across 
papers. The selected ROI was either not described, encompassed the entire tumour 
volume, or was placed on one slice, with large vessels excluded.

The issue was addressed by another investigation with evaluation of both a selec-
tive ROI (the lowest ADC value, derived from the most diffusion-restricted area) 
and a ROI drawn over the entire tumour area, including necrosis. Both approaches 
used the slice with the largest tumour diameter [55] and only the relative change of 
ADC values under therapy was statistically evaluated. Not surprisingly, selective 
ADC values were more correlated to survival than whole-tumour-area ADC.

ADC values in a murine model with treated PDAC were inversely correlated to 
tumour “cellularity” [56]. This needs to be integrated with histopathologic knowl-
edge of complex interactions between cellular stroma [19], inflammation and carci-
noma cells. The differentiation of inflammation and adeno-carcinoma based on 
ADC values is still under debate and could be overcome by the generalized intro-
duction of Intravoxel Incoherent Motion Diffusion-Weighted MRI (IVIM), a tech-
nique allowing for quantification of the fraction of flowing water in the 
microvasculature (perfusion fraction f, see Box 29.2) [57, 58]. In a preliminary 
work-up, the perfusion fraction was not useful to discriminate low/intermediate vs. 
high grade non-treated tumours [59], but a handful of papers confirmed the useful-
ness of IVIM for differentiating between PDAC and focal auto-immune 
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pancreatitis, owed to lower perfusion component in PDAC [60, 61]. Future investi-
gation is needed to validate IVIM-DWI parameters for monitoring treatment 
response in PDAC [62].

Despite overlapping ADC values reported, there remains a strong consensus for 
routine application, that higher values (“brighter” ADC areas) are indicative for 
favourable tumour biology.

Similar to PET, requiring an interval of at least 4–5 weeks between NAT and 
restaging in order to allow restitution of actinic inflammation, MRI was performed 
within 3–5 weeks after completing NAT. Of note, in one publication MRI-ADC 
parameters outperformed the respective PET-SUVmax values [52].

Both functional methods may allow for estimating the overall response of a mass 
and predict survival [63], but they lack the spatial resolution to predict surgical 
margins around vessels. Still, in the light of evidence that pathologic response grade 
might be a factor associated with survival, biomarker imaging may play a role in 
future decision algorithms.

Box 29.2 IVIM (Intravoxel Incoherent Motion) MRI
IVIM imaging is a mathematical method to quantify all molecular motions 
contributing to a signal in Diffusion-weighted imaging (DWI). Apart from the 
molecular diffusion of water in tissue (true diffusion), water flowing in the 
capillary bed is the most important contributor to the signal, under the assump-
tion of randomly orientated capillaries within a voxel (Fig. 29.4a). The signal 
component from water in the microvasculature is referred to as 
“pseudo-diffusion”.

Different mathematical models have been proposed to separate true diffu-
sion from microvascular blood flow [57, 58]. Using these algorithms, the con-
tributing percentage of blood flow to a DWI signal and the perfusion fraction 
can be calculated and correlated to histology. Potential is seen e.g. in the 
quantification of neo-angiogenesis and monitoring of anti-angiogenetic drugs. 
Applications to pancreatic pathologies aimed at differentiating the poorly vas-
cularized PDAC from atypical neuroendocrine neoplasms on imaging, or 
from focal auto-immune pancreatitis. IVIM-DW-MRI are prone to artefacts 
through image noise, respiratory and cardiac motion and to artefacts from gas 
in adjacent gastrointestinal structures.
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29.7  Conclusion

The NCNN and ESMO panels currently endorse neoadjuvant therapy in borderline 
resectable PDAC [64, 65]. Several studies have shown that in a minority of patients, 
neoadjuvant therapy enabled R0 resection of locally advanced PDAC.  However, 
histologic work-up suggests an inhomogeneous response of PDAC with inter-
spersed carcinoma nests within stroma, extracellular matrix and inflammation. This 
poses a considerable challenge for interdisciplinary teams, to identify treated 
patients with potentially resectable disease.

According to current knowledge, RECIST1.1 partial response with radiologic 
mass regression occurs in a minority, while most patients remain stable on diagnos-
tic imaging after neoadjuvant therapy. Generally, cross-sectional imaging overesti-
mates the amount of residual viable tumour around vessels and thus cannot predict 
operability. There is no consistency across studies with regard to predictive imaging 
parameters for margin-free resection. Most studies are retrospective, single-centre, 
observational studies, examining changes in tumour size, vessel contact, or enhance-
ment as hypotheses. Due to study heterogeneity, results are non-comparable, and 
statistical power is limited by small sample sizes. Though identification of poten-
tially resectable patients is a rapidly evolving field in imaging research, at present, 
guidelines recommend taking patients to surgery after neoadjuvant therapy when 
there is no tumour progression on cross-sectional imaging [10, 66].

a b

Fig. 29.4 Heterogeneous microvasculature in a tumour. (a) Randomly orientated capillaries 
within a voxel contribute to diffusion-weighted signals at lower b-values up to 600 s/mm2 in the 
body. The effect becomes less important at high b-values. (b) IVIM perfusion fraction maps of a 
PDAC in the pancreatic head show a poorly vascularized lesion, encoded in dark colours. (From. 
De Robertis et al. [60])
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MR-DWI as a functional tool of MRI so far reveals conflicting results in the 
search for optimal threshold values of response. Also, while markers of low cellu-
larity may be indicators of response, to date, functional imaging methods lack the 
spatial resolution to detect microscopic disease at the crucial interface of mass and 
vessel wall.

These limitations are thought to be overcome in the years ahead, and functional 
methods seems to harbour high potential for disease monitoring of treated pancre-
atic ductal adenocarcinoma.
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• In pancreatic adenocarcinoma, CA 19-9 is not validated for the diagnosis
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marker, to assess resectability and treatment response
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30.1  Introduction

Discovered by Koprowski et al. in colorectal cancer, carbohydrate antigen 19.9 (CA 
19-9) is a ganglioside containing a sialyl-lacto-N-fucopentaose radical which is 
synthesized by epithelial cells [1]. The CA 19-9 epitope binds to a LEWIS group 
antigen (a, b) which circulates either free in plasma (or in other biological fluids 
such as pancreatic secretions) or is absorbed by erythrocytes. The concentration of 
this association (CA 19-9 epitope and antigen Lewis) is measurable in blood 
(Fig. 30.1). The epithelial cells expressing CA 19-9 are not organ-specific but can 
be found in different tissues such as the esophagus, the stomach, the bile ducts, the 
pancreas, the colon, the endometrium, the salivary glands, the kidney and the lung. 
Moreover, these cells may be part of healthy tissue as well as tumor tissue. CA 19-9 
is therefore not specific of any specific malignant disease [2]. Regarding the pan-
creas, CA 19-9 is detectable in the pancreatic fluid (200–13,000 U/mL) and conse-
quently inside pancreatic pseudocysts (800–116,000 U/mL).

30.1.1  Measuring CA 19-9 in Serum

In a blood sample, serum CA 19-9 level is usually estimated by using a sandwich- 
type immunoassay with electro chemiluminescence detection. The normal CA 19-9 
range in a healthy person is 0–37 units per milliliter.

Pearls and Pitfalls
• The normal CA 19-9 range in a healthy person is 0–37 units per milliliter.
• Obstructive cholestasis (intra- or extra-hepatic), either of benign or malig-

nant etiology, may increase CA 19-9 value.
• In patients with a negative Lewis system, CA 19-9 is never detected in the 

blood. This situation is not uncommon, concerning 7–10% of the population
• In pancreatic adenocarcinoma and absence of cholestasis a value superior 

to 1000 U/ml should alert for distant metastases.
• After neoadjuvant treatment, a decrease in CA 19-9 after chemotherapy is 

associated with an increased survival
• Postoperative CA 19-9 value is also correlated to overall survival.

Future Perspectives
• It is unlikely that CA 19-9 will in the future become an interesting screen-

ing or diagnostic tool, even if he may help in some specific clinical situa-
tion. A better assessment as a prognostic marker will be interesting, 
especially in the setting of neoadjuvant treatment.

C. Guyard et al.



457

30.1.2  Malignancy

Steinberg et  al. showed that CA 19-9 value is elevated in up to 70% of biliary 
tumors, 50% of hepatocellular carcinoma (with good positive predictive value when 
correlated with alpha-feto protein), 41% of gastric adenocarcinoma, 34% of colonic 
adenocarcinoma (with a good positive predictive value when correlated with carci-
noembryonic antigen), 22% of esophageal adenocarcinoma and finally it can be 
found elevated in non-digestive tumors such as ovarian or pulmonary tumors 
(>15%) [3].

30.1.2.1  Benign Disease

Obstructive cholestasis (intra- or extra-hepatic), either of benign or malignant etiol-
ogy, may increase CA 19-9 values (Table 30.1). There are two hypotheses explain-
ing this phenomenon. The first one is related to local inflammation caused by 
obstruction, stimulating biliary epithelial cells ducts producing CA 19-9. The sec-
ond one is related to obstruction induced biliary reflux which causes lesions of the 
biliary epithelium. This epithelial damage decreases the activity of a sialyl- 
glycoprotein receptors involved in the clearance of CA 19-9 and thus provokes its 
increase in the serum. The increase of CA 19-9 value is strongly correlated with the 
severity of jaundice. Hepatic cirrhosis increases CA 19-9 value in 62% of cases and 
chronic pancreatitis in up to 15–20% of cases [4, 5]. Little is known about CA 19-9 

Fig. 30.1 CA19-9 in the blood
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value elevation in diabetes. Studies show a correlation between CA 19-9 and HbA1c 
value or fasting plasma glucose [6, 7]. Thus, poorly controlled diabetes can be asso-
ciated with increased values of CA 19-9. Two mechanisms explain this elevation. 
The first one is accelerated CA 19-9 biosynthesis due to an increased plasma and 
tissue glycosylation process owing to chronic hyperglycemia. The second one is 
increased CA 19-9 biosynthesis due to liver steatosis frequently associated with 
diabetes.

30.1.3  When Is CA 19-9 Not Detected?

In patients with a negative Lewis system, CA 19-9 is never detected in the blood. 
The Lewis antigen system is a blood group system based on antigens present in 
blood and other biological products either free or on the surface of erythrocytes. 
It is based upon two glycosyltransferases produced by two distinct genes (Lewis 
a and b) and producing three common phenotypes: Le(a+b-), Le(a-b+), and 
Le(a-b-). In patients with Lewis a-, b-type, the absence of gluconyltransferase 
does not allow association of the CA 19.9 epitope with the Lewis antigen and 
therefore their association cannot be measured [8, 9]. This situation is not uncom-
mon, concerning 7–10% of the population and therefore CA 19-9 test sensitivity 
cannot exceed 90%.

Table 30.1 Various causes of CA 19.9 value increase

Organ Benign disease Malignant disease

Pancreas Acute and chronic pancreatitis Pancreatic 
adenocarcinoma

Bile ducts Cholangitis (e.g. primary biliary cholangitis, primary 
sclerosing cholangitis), obstructive cholestasis (e.g. 
gallstones, cystic fibrosis)

Cholangiocarcinoma

Stomach Gastric 
adenocarcinoma

Colon Colonic 
adenocarcinoma

Liver Obstructive cholestasis
Cirrhosis

Hepatocellular 
carcinoma

Esophagus Esophageal 
adenocarcinoma

Ovaries ovarian 
adenocarcinoma

Endometrium endometrial 
adenocarcinoma

Lung Pneumonia Lung cancer
Other Diabetes
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30.2  Role of CA 19-9 in Pancreatic Adenocarcinoma

30.2.1  Screening

Several studies have shown that CA 19.9 has no place in mass screening for pancre-
atic cancer [10–12]. A Japanese study evaluated CA 19-9  in 5343 asymptomatic 
subjects. It was found abnormal in 385 (7.2%) of them with only two patients being 
diagnosed with pancreatic adenocarcinoma while 58 others being diagnosed with 
another cancer [13]. This marker was neither organ-specific nor specific of a malig-
nant disease inducing a high false positive rate in the population, as well as a low 
positive predictive value given an optimal sensitivity. The positive predictive value 
for a CA 19-9 threshold of 37 IU/mL, 100 IU/mL, 300 IU/mL or 1000 IU/mL was 
0.04%, 0.35%, 0.5% and 2%, respectively. This clearly shows that using CA 19-9 in 
the detection of adenocarcinoma in the general population would have a low cost-
benefit ratio since for 10,000 measurements, we would averagely get four true posi-
tive diagnoses and 1000 false positive ones.

Targeted measurement of CA 19-9 value is also of no interest. The same Japanese 
study showed that out of 12,840 asymptomatic patients and 8706 patients with 
symptoms consistent with pancreatic cancer, 18 cancers were identified in the first 
group while only four cancers were identified in the second [13]. Moreover, taking 
into account that targeted populations with risk factors for pancreatic adenocarci-
noma, such as diabetes or chronic pancreatitis, independently elevate CA 19-9 val-
ues could decrease even more diagnostic specificity of this marker. However, 
Zubarik et al. showed that CA 19-9 screening of high-risk individuals (patients with 
a family history of pancreatic cancer, hereditary pancreatitis and Peutz-Jeghers syn-
drome) seems to be of interest [14]. A total of 546 subjects were screened in this 
study of which 27 patients had elevated CA19-9 values out of which five patients 
were detected with a neoplastic lesion and one patient with a pancreatic adenocar-
cinoma. Further studies need however to be performed in order to evaluate the cost- 
benefit ratio of CA 19-9 as a screening tool.

30.2.2  Diagnosis of PDAC or Precursors

30.2.2.1  Intraductal Papillary Mucinous Neoplasm 
of the Pancreas (IPMN)

Very few studies had assessed CA 19-9 in IPMN, and its dosage has no value in 
diagnosis. Nevertheless, European and International guideline recommend dosage 
of CA 19-9, since its elevation is considered as a worrisome feature or a relative 
surgical indication.
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30.2.2.2  Pancreatic Adenocarcinoma

Elevated CA 19-9 value has not been validated for the diagnosis of pancreatic ade-
nocarcinoma [11, 15]. Limits on its measurement is its lack of specificity due to 
many false positive results and its lack of sensitivity since it does not exceed 90% 
(cf. patients with Lewis (a-, b-)). It should not be used as a diagnostic tool in routine 
clinical practice.

However, CA 19-9 can be a useful diagnostic tool in difficult situations as already 
published by some authors. Sensitivity of CA 19-9 is dependent on the tumor’s size 
[16–18]. For tumors less than 2 cm in diameter the CA 19-9 is of no diagnostic 
interest, however, for tumors over 3 cm an increasing positive correlation has been 
observed. Overall, CA 19-9 is abnormal in 50% of patients with non-metastatic 
disease.

It has also been shown that CA 19-9 serum level is higher when comparing 
malignant to benign disease [19]. Discovery of a pancreatic mass associated with a 
CA 19-9 value superior to 300 U/mL should generate suspicion for malignant dis-
ease [20]. Other studies have shown that after successfully drained obstructive jaun-
dice, persistent CA 19-9 serum levels are indicative of pancreatic adenocarcinoma 
[21]. Marrelli et  al. [22] have shown that CA 19-9 serum levels over 90  U/mL 
1  week after endoscopic biliary drainage are strongly indicative of a malignant 
cause. Moreover, a CA 19-9 cut off value might help tailoring patient’s manage-
ment. Indeed, a CA 19-9 level greater than 1000 U/mL is associated with a signifi-
cant risk of metastatic disease [11, 23].

Finally, many studies have investigated combining other tumor markers with CA 
19.9 (ACE, albumin, etc.) in the diagnosis of pancreatic adenocarcinoma, but none 
has found a sufficiently sensitive and specific score to be clinically useful [24–28].

30.3  Prognostic Assessment

30.3.1  Resectability Assessment

The CA 19-9 value may help in the decision of resectability of a pancreatic tumor. 
One study showed a correlation between CA 19-9 value and tumor grade [29]. In 
114 patients with pancreatic adenocarcinoma with 72 patients undergoing surgery, 
stage Ia presented an average CA 19-9 value of 40.04 U/ml, significantly lower than 
stage IIA which was 469.64 U/ml, stage IIB at 747.79 U/ml, stage III at 709 U/ml 
and stage IV at 3239 U/ml. Many publications have sought different value cut-offs 
predicting respectability without ever really agreeing. Overall, it seems that CA 
19-9 value >300 U/mL should raise suspicion of non-resectability most often being 
true for values >1000 U/mL. Hartwig et  al. showed that CA19-9 is a significant 
predicting factor of resectability, with 80% of patients being resectable for CA 19-9 
values <250  U/mL [30]. However, none of these studies compares the CA 19-9 
value with imaging or endoscopic ultrasound data currently used to define tumor 
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resectability [31]. It should also be noted that CA 19-9 does not provide any infor-
mation on tumor’s vascular relationship. In 8–15% of cases of resectable pancreatic 
adenocarcinomas liver metastases or carcinomatosis is discovered only intraopera-
tively. Thus, the only clinical benefit of this marker could be a value superior to 
1000 U/ml and should alert the surgeon in carefully searching for distant metastases 
before surgery [32–34].

30.3.2  Assessment of Treatment Response

30.3.2.1  After Neoadjuvant Treatment

The use of CA 19-9 in evaluating the response to chemotherapy in pancreatic ade-
nocarcinoma is promising [35, 36]. Aoki et al. demonstrated in 240 patients who 
had had neoadjuvant chemotherapy that a decrease in CA 19.9 value over 103 IU/
ml correlated with a decreased risk of hepatic recurrence [37]. Many studies have 
evaluated CA 19-9’s correlation to survival with heterogenous results but it seems 
that a decrease in CA 19-9 after chemotherapy is associated with an increased sur-
vival [38, 39]. Recently, a study has shown that using a cut-off of 30% decrease in 
CA19-9 value, 9/10 patients were correctly classified as resectable [40].

30.3.2.2  After Surgical Resection

Hata et al. showed in 269 patients with resected pancreatic adenocarcinoma that 
patients with elevated postoperative CA19-9 levels had a higher rate of micro-
scopically positive resection margins, hepatic or peritoneal recurrence [39, 41]. 
Elevation of the CA 19-9 value precedes the radiological visualization of a recur-
rence by 6 months in average [42]. Thus, CA 19-9 surveillance can facilitate early 
detection of recurrence. The impact of such a strategy on overall survival has 
however still not been studied. It should be remembered, however, that postopera-
tive CA19-9 elevation might be related to a benign etiology. As such, it can be 
postoperative cholangitis or obstructive jaundice due to anastomotic stenosis or an 
intrahepatic abscess.

Postoperative CA 19-9 value is also correlated to overall survival [39, 43]. 
Postoperative value normalization is related to survival time from 17 to 22 months 
against 5–9 months if the value is maintained high [23, 30, 41, 44]. Moreover, post-
operative CA 19-9 values <200  U/mL are correlated with longer survival [45]. 
T. Sakamoto et al. in a group of 103 patients demonstrated that combining measure-
ment of preoperative CA 19-9 and platelet to lymphocyte ratio (PLR) is a useful 
predicting factor for resected adenocarcinomas. High CA 19-9 and PLR indicate a 
poor prognosis in overall and disease-free survival [46, 47]. Overall, the clinical 
utility of CA19-9 for postoperative monitoring is still unclear but seems that surveil-
lance of postoperative CA 19-9 values is still a valuable tool.
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30.3.3  Role of CA 19-9 in Metastatic Pancreatic Cancer

Pre-chemotherapy CA 19-9 is not predictive of tumor response to chemotherapy 
[48]. In patients with unresectable pancreatic adenocarcinoma CA 19-9 appears to 
be a good indicator of survival [49]. Average overall survival is 10–20 months for 
values below 420 U/mL, compared to 7–8 months for values greater than 1000  U/
mL [50–52]. CA 19-9 is also correlated to survival rates for patients treated with 
radiochemotherapy. Decreasing values of CA 19-9 during treatment are correlated 
to an average survival up to 5–14 months compared to 3–8 months for those with 
persisting high values of CA 19-9 [53, 54]. As expected, for patients with progress-
ing tumors additional information provided by CA 19-9 value is weak. Finally, CA 
19-9 value is not correlated to the quality of life [55]. A summary of CA 19-9’s 
clinical value in the management of pancreatic adenocarcinoma is provided in 
Table 30.2.

30.4  Conclusions

• In pancreatic adenocarcinoma, CA 19-9 should not be used for screening and is 
not validated for diagnosis, nevertheless, CA 19-9 can be used as a prognostic 
marker, to assess resectability and treatment response, especially after neoadju-
vant treatment. It is important to know that obstructive cholestasis (intra- or 
extra-hepatic), either of benign or malignant etiology, may increase CA 19-9 

Table 30.2 Clinical value of CA19-9 in the management of pancreatic cancer

Stage in management Value Role

Screening +/− Unsuitable for general population screening
May have a role in high-risk groups

Diagnosis ++ May be used as an adjuvant marker to other investigations
Predicting resectability + Valuable indicator of tumor burden

The tumor marker alone is unable to determine anatomical 
margins

Perioperative prognostic 
value

+++ High preoperative levels correlate with poor postoperative 
prognosis
 Persistent postoperative elevated values are associated with 
poor outcomes.

Predicting response to 
chemotherapy

+ Heterogeneity in therapeutic regimes limit the ability for 
accurate prediction of response to treatment
Post-treatment decreasing value is an indicator of increased 
survival

Postoperative surveillance ++ Increase may precede radiological recurrence up to 6 months
Institution dependent and may have a role in surveillance
3–6 month surveillance for the first year, then annual 
surveillance
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value, and that in patients with a negative Lewis system, CA 19-9 is never 
detected in the blood. This situation is not uncommon, concerning 7–10% of the 
population
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Take Home Messages
• CA 19-9 remains the only approved serum marker for pancreatic cancer.
• Testing for microsatellite instability-high (MSI-high)/deficient mismatch 

repair (dMMR) has been approved for stratifying patients to pembroli-
zumab treatment.

• Testing for BRCA1/2 mutations has been approved for selecting patients to 
olaparib.

• Novel investigational biomarkers, including genetic markers, microRNAs, 
as well as proteins have been identified for diagnostic, prognostic or pre-
dictive purposes.

• Combinations of biomarkers may provide more discriminatory power than 
a single biomarker.

• Further efforts are needed to validate novel biomarkers in larger, prospec-
tive clinical trials.

Pearls and Pitfalls
• Improvements in the depth and throughput of genomics and proteomics 

technologies have facilitated the discovery of novel biomarkers for pancre-
atic cancer.

• However, precision medicine is difficult to obtain through genomics or 
proteomics alone.
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31.1  Introduction

Biomarker research is a rapidly expanding field fueled by technological advances in 
high-throughput omics technologies and analytical tools, as well as by an unmet 
need in clinical medicine for better stratification tools. For many solid tumors, bio-
markers are now routinely used for treatment selection. Examples include lung can-
cer (EGFR mutations, ALK and ROS1 gene rearrangements, BRAF V600E 
mutations) [1], malignant melanoma (BRAF V600E mutations) [2], and breast can-
cer (ER, PgR and HER2) [3]. Immune checkpoint inhibitors are guided by measure-
ment of PD-L1, as well as microsatellite instability-high (MSI-high)/deficient 
mismatch repair (dMMR), in a range of solid tumors [4, 5].

Pancreatic cancer has the lowest survival rate of any major organ cancer [6]. 
Despite much research, there is a lack of clinically validated biomarkers for this 
tumor type. Blood contains huge amounts of potentially diagnostic information and 
circulating biomarkers may lead to earlier and more accurate diagnosis of pancre-
atic tumors. Serum carbohydrate antigen (CA) 19-9 is the only routinely used serum 
biomarker for pancreatic cancer. However, inadequate sensitivity and specificity 
limits the application of CA 19-9 as a screening tool, and CA 19-9 can only be rec-
ommended for disease monitoring [7].

Genome sequencing studies have highlighted specific molecular events in pan-
creatic cancer including DNA mutations, chromosomal rearrangements and gene 
amplifications [8–13]. Many of the identified oncogenes are “druggable” enabling 

• To overcome this challenge, methods have been developed for combining 
genomics information with sample-specific proteomics information.

• Proteogenomics integrates genome, transcriptome and proteome data, 
enabling new insights due to a more complete and unified understanding of 
complex biological processes.

• The use of proteogenomics may aid in creating a true understanding of 
disease biology and the identification of more precise biomarkers for diag-
nosis and predicting drug sensitivity.

Future Perspectives
• The identification of reproducible and validated biomarkers of clinical util-

ity is a major step toward improving outcomes in patients with pancre-
atic cancer.

• Novel clinical trial designs that integrate biomarker analyses and compan-
ion diagnostics need to be developed.

• In the future, all patients with pancreatic cancer may receive comprehen-
sive proteogenomics profiling of their tumors, as a complement to standard 
histopathological evaluation, in order to select specific molecular therapy.
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development of novel anti-tumor therapies. Genomic and transcriptomic data have 
also helped define subgroups of pancreatic cancer with distinct tumor biology that 
require subtype-specific treatment [9, 11, 13]. The “one size fits all” strategy is no 
longer relevant, and we have now entered the era of “precision medicine” or 
“biomarker- driven cancer therapy” (Fig. 31.1) [14]. Novel precision oncology trial 
designs have been developed using “master protocols”, including “basket trials”, 
“umbrella trials” and “platform trials”, in order to more effectively evaluate new 
anti-cancer therapies [15]. “Basket trials” evaluate targeted therapies in multiple 
diseases that share similar molecular alterations. By contrast, “umbrella trials” 
investigate multiple targeted therapies in a single disease that is stratified into 
molecular subgroups. “Platform trials” evaluate multiple interventions in a disease 
in a perpetual manner, with interventions entering and leaving the platform based on 
pre-defined criteria. Many tissue biomarkers are emerging in pancreatic cancer with 
the potential to influence therapy selection. Pembrolizumab is the first FDA 
approved biomarker-based therapy for pancreatic cancer, which is indicated in MSI- 
high/dMMR malignancies agnostic of organ of origin [16]. Recently, the FDA 
approved PARP inhibitor olaparib in metastatic pancreatic cancer and BRCA1/2 
testing was approved as companion diagnostic test [17].

For precision medicine to be realized, it is essential to develop high quality bio-
markers. However, the implementation of new biomarkers is a long and arduous 
process, involving discovery, validation, regulatory approval, and commercializa-
tion. The inability to demonstrate clinical utility is the most common reason for 
investigational biomarkers failing to be translated to the clinic [18]. To address this 
problem, clinical utility data need be collected early and samples need to reflect the 
clinical question raised. In this chapter, we discuss recent progress in biomarkers for 
pancreatic cancer and focus on their clinical utility for early detection, prognostica-
tion and prediction of treatment response.

Traditional Medicine

One size fits all

vs

Precision Medicine

Biomarker-based therapy selection

Fig. 31.1 Traditional medicine versus biomarker-driven precision medicine
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31.2  The Biomarker Definition

The National Institutes of Health (NIH) defines a biomarker as “a characteristic that 
is objectively measured and evaluated as an indicator of normal biologic processes, 
pathogenic processes, or pharmacologic response to a therapeutic intervention” 
[19]. Biomarkers may be genes, RNA, proteins or metabolites (Fig. 31.2), and they 
may be identified through global profiling studies or targeted approaches. They can 
be measured in tissue, as well as body fluids such as blood, urine, saliva and cyst 
fluid. Tissue has the highest concentration of tumor biomarkers. One sound strategy 
is to first look for biomarkers in cancer tissue and then search for the cancer-derived 
biomarkers in biofluids, such as blood.

Quantitative imaging features may also be considered as biomarkers according 
to the NIH definition. “Radiomics” refers to the collection, processing and analysis 
of a large amount of high-dimensional imaging data. “Radiomics” has been applied 
for differentiating between high-risk and low-risk intraductal papillary mucinous 
neoplasms (IPMN) [20], as well as for building prognostic models in patients with 
pancreatic cancer [21].

31.3  Technologies for Biomarker Discovery

The development next-generation sequencing (NGS) technologies has transformed 
genomic as well as transcriptomic analysis. NGS platforms offer massively parallel 
sequencing that can rapidly and comprehensively cover the human genome and 
detect low frequency genetic variants. Huge amounts of molecular data can be gen-
erated by whole-genome sequencing, whole-exome sequencing, RNA-seq, as well 
as targeted sequencing. Multiplex PCR is another platform that can be used for 
targeted sequencing.

DNA RNA Protein

Genomics Transcriptomics Proteomics

Fig. 31.2 The relationship between genomics, transcriptomics and proteomics

D. Ansari and R. Andersson



471

Mass spectrometry has been crucial for the development of proteomics and for 
high-throughput protein biomarker discovery (Fig. 31.3). Liquid chromatography- 
tandem mass spectrometry (LC-MS/MS) combines the separating power of liquid 
chromatography with the mass analysis of triple quadrupole mass spectrometry. 
Targeted quantification of biomarker candidates using mass spectrometry can be 
performed with Selected/Multiple Reaction Monitoring (SRM/MRM) or Parallel 
Reaction Monitoring (PRM). Antibody-based proteomic methods are important 
complements to MS, especially for biofluids, where protein expression covers a 
wide dynamic range. Biofluid biomarkers can be measured by a variety of antibody-
based technologies, such as enzyme- linked immunosorbent assay (ELISA), multi-
plex immunoassays and Reverse Phase Protein Arrays (RPPA).

Integration of omics data is a promising new approach, which is referred to as 
“proteogenomics” [22]. In this approach, customized sequence databases are gener-
ated that include genomic, transcriptomic and proteomic sequencing data (Fig. 31.4). 
The proteogenomics strategy can help understand which gene variants are trans-
lated to proteins, and thereby improve gene models, but also facilitate the discovery 
of new protein coding loci.

31.4  Diagnostic Biomarkers

Most patients with pancreatic cancer are identified once their disease has progressed 
to an advanced stage, contributing to the poor survival [23]. The ideal diagnostic 
biomarker for pancreatic cancer should be non-invasive, cost-effective and be able 
to detect early invasive cancers or high-risk lesions with a high degree of sensitivity 

Tissue sample Protein extraction Protein digestion Peptides Liquid chromatography

Data analysis Software analysis
MS/MS spectrum

Mass spectrometry

Fig. 31.3 Principles of mass spectrometry-based biomarker discovery
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and specificity. The accuracy of the selected biomarkers, including sensitivity and 
specificity, depends on the cut-off levels that are chosen on a continuous scale. 
Receiver operating characteristic (ROC) curve analysis is a graphical approach for 
showing accuracy across the entire range of biomarker concentrations and the area 
under curve (AUC) provides an objective statistical method to assess the diagnostic 
accuracy, as shown in Fig. 31.5. ROC analysis avoids confounding resulting from 
subjective thresholds and is essential to modern biomarker research [24, 25].

Genomics Transcriptomics Proteomics
Customized
sequence
database

• DNA sequencing • RNA sequencing • Mass spectrometry

Omics
integration

for biomarker
discovery

Fig. 31.4 An integrated omics approach for biomarker discovery
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Fig. 31.5 Receiver 
operating characteristic 
(ROC) curve showing the 
diagnostic accuracy of four 
different biomarkers. The 
area under the curve 
(AUC) measures the area 
underneath each ROC 
curve and can be used to 
compare the different tests. 
The AUC ranges in value 
from 0 to 1. An AUC value 
of 1 indicates a perfect 
classifier. In this example, 
biomarker D has the 
highest diagnostic 
accuracy, followed by 
biomarker C, biomarker B 
and biomarker A
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The STARD-guidelines should be adhered to when reporting the diagnostic 
accuracy of candidate biomarkers (Table 31.1) [26].

It is important to distinguish between diagnostic tests and screening tests. A 
diagnostic test evaluates the presence/absence of disease in symptomatic individu-
als or provides a confirmatory test in people who screen positive for disease. On the 
other hand, a screening test aims to detect early disease or risk factors for disease in 
apparently healthy, asymptomatic individuals. Examples of screening tests include 
prostate-specific antigen (PSA), pap smear, fecal occult blood test, mammography 
and colonoscopy.

Table 31.2 summarizes a panel of novel blood-based biomarkers for pancreatic 
cancer. However, their diagnostic potentials are all derived from retrospective stud-
ies and they need to be validated in independent prospective studies.

Table 31.1 Guidelines for biomarker studies

Application Guideline Details Ref

Biospecimen handling 
and processing

BRISQ Recommendations for collecting, processing and 
storing human biospecimens.

[82]

Diagnostic biomarkers STARD Improving the reporting of diagnostic accuracy 
studies. 30-item checklist.

[26]

Prognostic biomarkers REMARK Recommendations for reporting biomarker 
prognostic studies. 20-item checklist.

[44]

Table 31.2 Blood-based diagnostic biomarkers in pancreatic cancer

Category Example Sensitivity Specificity AUC Ref

Conventional 
biomarker

CA 19-9 80% 80% 0.87 [29]

Glycoproteins THBS2 + CA 19-9 87% 98% 0.97 [31]
Cytokines MIC-1 80% 85% 0.89 [34]

Stromal markers MMP7 + CA19-9 (PC vs. HC) Not stated Not stated 0.99 [36]
CCN2 + CA19-9 (PC vs. HC) Not stated Not stated 0.96
CCN2 + PLG + FN + Col4 + 
CA19-9 (PC vs. pancreatitis)

Not stated Not stated 0.94

Biomarker 
signatures

29 protein marker panel 95% 94% 0.96 [38]

ctDNA + protein 
markers

16 ctDNA mutations + 8 protein 
markers

70% 99.5% 0.91 [39]

Nucleosomes 5MC + H2AZ + H2A1.1 + 
H3K4Me2 + CA 19-9

92% 90% 0.98 [40]

microRNAs 2-microRNA panel 79% 85% 0.93 [41]
Exosomes Glypican 1-positive exosomes 100% 100% 1.0 [43]

AUC area under the curve, ctDNA circulating tumor DNA, HC healthy controls, PC pancre-
atic cancer
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31.4.1  CA 19-9

CA 19-9 is a sialylated Lewis A blood group antigen that is expressed on circulating 
mucins. It was originally isolated from a colorectal cancer cell line in 1979 [27], and 
in 1981 CA 19-9 was also found to be expressed in serum from pancreatic cancer 
patients [28]. The sensitivity/specificity of CA 19-9 is 80%/80% with an area under 
the curve (AUC) of 0.87 [29]. Levels of CA 19-9 can be elevated in several non- 
tumoral conditions, such as benign biliary obstruction or pancreatitis. Furthermore, 
Lewis-negative patients (about 5–7% of the population) cannot produce CA 19-9 
levels, leading to false negative results. Despite these limitations, CA 19-9 is still 
the benchmark by which to compare and evaluate new candidate biomarkers [30].

31.4.2  THBS2

THBS2 is a glycoprotein that may function as an angiogenesis inhibitor. THBS2 
was identified amongst secreted proteins released from human precursor PanIN 
organoids [31, 32]. In a series of human plasma validation studies, THBS2 discrimi-
nated between pancreatic cancer and controls with AUCs ranging from 0.76 to 0.87. 
The combination of THBS2 and CA19-9 provided a sensitivity of 87% at 98% 
specificity, with an AUC 0.97 [31].

31.4.3  MIC-1

Macrophage inhibitory cytokine-1 (MIC-1) belongs to the transforming growth fac-
tor beta (TGF-beta) superfamily. MIC-1 was found to be upregulated in pancreatic 
cancer tissues and elevated in the serum of pancreatic cancer patients compared 
with both healthy controls and those with benign pancreatic disease [33]. A subse-
quent meta-analysis reported that MIC-1 had a sensitivity of 80%, specificity of 
85% and an AUC of 0.895 for diagnosing pancreatic cancer, which is comparable to 
CA 19-9 [34].

31.4.4  Stromal Markers

Pancreatic cancer is characterized by a dense stromal reaction with excessive extra-
cellular matrix deposition. Stromal modifications appear to occur early in tumori-
genesis [35], and circulating stromal markers may therefore provide a foundation 
for development of novel types of diagnosis. The plasma levels of stroma-associated 
biomarkers were found to distinguish pancreatic cancer from healthy controls with 
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high accuracy when used together with CA 19-9, including MMP7 and CA19-9 
(AUC 0.99) and CCN2 and CA19-9 (AUC 0.96), while pancreatic cancer could be 
discriminated from chronic pancreatitis using a panel comprising CCN2, PLG, FN, 
Col4 and CA19-9 (AUC 0.94) [36].

31.4.5  Biomarker Signatures

Much data support the concept that a combination of biomarkers provide more 
diagnostic information than a single marker [37]. A biomarker signature compris-
ing 29 biomarkers was found to provide high diagnostic accuracy (AUC 0.96) for 
diagnosing pancreatic cancer against healthy controls in a large retrospective 
study [38]. The AUC for discrimination between pancreatic cancer stages I-II and 
chronic pancreatitis was 0.84. The biomarker signature is currently being evalu-
ated in a prospective study to detect pancreatic cancer in high-risk individuals 
(NCT03693378).

31.4.6  Combination of Circulating Tumor DNA 
and Protein Biomarkers

A proteogenomic blood test developed at Johns Hopkins University is designed to 
detect multiple cancer types at earlier stages of the disease [39]. The test, which 
is called CancerSEEK, measures circulating tumor DNA (ctDNA) from 16 genes, 
as well as eight proteins, and has been evaluated in patients with non-metastatic 
solid tumors including pancreatic cancer. The specificity is excellent (above 99%), 
but the sensitivity varies depending on tumor location, from 33% in breast cancer 
to 98% in ovarian cancer. The sensitivity for detecting pancreatic cancer was 
reported at 70%. The data are derived from a case-control study, but further pro-
spective evaluation is necessary in general population cohorts where the test 
might be introduced.

31.4.7  Circulating Nucleosomes

Epigenetic changes include modifications to DNA that can affect gene expression, 
but do not change the DNA sequence. Sera from patients with pancreatic cancer 
have been found to contain distinct epigenetic alterations in DNA and histone pro-
teins as part of circulating cell-free nucleosomes [40]. Combining CA 19-9 with a 
panel of four nucleosome biomarkers provides an AUC of 0.98 with an overall sen-
sitivity of 92% at 90% specificity.

31 Biomarkers in Pancreatic Cancer



476

31.4.8  microRNAs

microRNAs (miRNAs) represent small, non-coding RNAs that are involved in the 
post-transcriptional regulation of protein expression. Some 32 blood-based miRNAs 
have been found to be upregulated in pancreatic cancer, while five miRNAs are 
reported to be downregulated [41]. Panels with different combinations of miRNAs 
provide AUCs in the range of 0.89–0.93.

31.4.9  Exosomes

Exosomes are nano-sized vesicles that mediate intercellular signaling. Exosomes 
have been implicated in cancer metastasis and treatment resistance in several tumor 
types [42]. Glypican 1 is a heparan sulphate proteoglycan that is bound to the cell 
surface membrane. In a seminal publication, circulating glypican 1-positive exo-
somes were reported to discriminate pancreatic cancer against healthy and benign 
controls with absolute precision [43]. The reported sensitivity was an impressive 
100%, with a specificity of 100% and an AUC of 1.0.

31.5  Prognostic Biomarkers

Prognostic biomarkers indicate the likelihood of a future clinical event, such as 
disease progression, regardless of the treatment (Table 31.3). The REMARK guide-
lines should be followed when conducting prognostic biomarker studies (Table 31.1) 
[44]. However, the compliance to the REMARK guidelines in pancreatic cancer 
research has been limited [45].

31.5.1  CA 19-9

Pre-operative CA 19-9 serum levels provide useful prognostic information in 
patients with resectable tumors. CA 19-9 levels >37 U/mL have been found to be an 
independent prognostic factor of adverse outcome [46]. In non-operable pancreatic 
cancer, baseline CA19-9 levels >958 U/mL were found to be associated with poor 
survival [47].
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31.5.2  VEGF

Tumors promote angiogenesis by secreting pro-angiogenic factors, such as vascular 
endothelial growth factor (VEGF). VEGF is considered as one of the most impor-
tant prognostic factors in resected pancreatic cancer [48, 49]. However, despite the 
prognostic role of VEGF, the success of anti-VEGF therapy in pancreatic cancer has 
been limited. The stromal compartment is believed to contribute to the low efficacy 
of anti-angiogenic agents in pancreatic cancer [50].

31.5.3  SMAD4

The SMAD4 gene encodes a transcription factor that is a crucial mediator of the 
TGF-beta signaling pathway. Inactivating mutations in SMAD4 occur in approxi-
mately half of pancreatic tumors [51]. Loss of SMAD4 expression has been found 
to be significantly correlated with poor overall survival [52].

Table 31.3 Prognostic biomarkers in pancreatic cancer

Biomarkers HR (95% CI) P-value Ref

Blood
CA 19-9 >37 U/mL 
(preoperative)

1.26 (1.20–1.32) <0.001 [46]

CA 19-9 >948 U/mL 
(unresectable)

1.84 (1.31–2.57) <0.001 [47]

 CTCs 2.03 (1.14–3.63) 0.02 [58]
Tissue
VEGF 1.51 (1.18–1.92) 0.001 [48]
SMAD4 loss 1.88 (1.31–2.70) 0.001 [52]
SPARC 1.53 (1.05–2.24) 0.03 [53]
S100A2 1.64 (1.33–2.02) <0.001 [55]
S100A4 2.06 (1.30–3.28), at 12 months <0.001 [55]
PD-L1 1.63 (1.34–1.98) <0.001 [56]
miR-21 2.48 (1.96–3.14) <0.001 [57]
Molecular subtypes • Poor survival for quasi-mesenchymal subtype [11]

•  Poor survival for basal-like subtype and 
classical subtype with activated stroma

[13]

• Poor survival for squamous subtype [9]

CI confidence interval, CTCs circulating tumor cells, HR hazard ratio
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31.5.4  SPARC

Secreted protein acidic and rich in cysteine (SPARC) is a matricellular glycoprotein 
with diverse functions, including involvement in tumor-stroma interactions. SPARC 
expression in the stroma has been found to be an independent prognostic factor of 
adverse survival in pancreatic cancer [53, 54].

31.5.5  S100 Proteins

S100 proteins are low molecular weight proteins with two calcium-binding EF-hand 
motifs. These proteins have regulatory roles in various cellular processes. Both 
S100A2 and S100A4 have been independently associated with poor survival in pan-
creatic cancer, and a preoperative nomogram incorporating S100A2 and S100A4 has 
been suggested to guide patient selection for surgery and neoadjuvant therapy [55].

31.5.6  PD-L1

Programmed cell death ligand-1 (PD-L1) is a central target for immunotherapy. 
PDL-1 is an immune checkpoint molecule that through binding to its ligand, pro-
grammed death-1 (PD-1), can down-regulate T-cell responses. PD-L1 is overex-
pressed in several neoplasms, including pancreatic cancer and facilitates immune 
escape of tumor cells and confers a poor prognosis [56].

31.5.7  microRNAs

The independent prognostic utility has been reported for several miRNAs, with 
most studies evaluating miR-21 [57].

31.5.8  Circulating Tumor Cells

Most cancer deaths are related to metastasis and not the primary tumor. Circulating 
tumor cells (CTCs) are important components of the metastatic cascade. The pres-
ence of CTCs has been associated with worse prognosis for pancreatic cancer 
patients [58].
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31.5.9  Molecular Subtypes

Pancreatic cancer is a molecularly heterogeneous disease. In recent years, genomic 
and transcriptomic subtypes of pancreatic cancer have been proposed that are asso-
ciated with prognosis. Collisson et al. [11] defined the classical, quasi- mesenchymal 
and exocrine-like subtypes. The quasi-mesenchymal subtype was associated with 
the worst survival. Moffitt et al. [13] proposed tumor subtypes that included epithe-
lial, basal-like and classical subtypes, as well as stromal subtypes that included 
activated and normal stromal subtypes. The basal-like subtype and the activated 
stroma subtype in the classical subtype were associated with poor outcome. Bailey 
et al. [9] proposed four subtypes of pancreatic cancer, including squamous, pancre-
atic progenitor, ADEX and immunogenic subtypes. The squamous subtype was 
associated with poor prognosis.

31.6  Predictive Biomarkers

Predictive biomarkers provide information on the likelihood of benefit for specific 
therapies (Table 31.4).

Table 31.4 Predictive biomarkers in pancreatic cancer

Therapy Biomarkers Ref

Gemcitabine hENT1 [60–63]
FOLFIRINOX TS (5-FU), CES2 (irinotecan), BRCA1/2 (oxaliplatin), 

PALB2 (oxaliplatin)
[8, 
65–68]

Nab-paclitaxel No established marker
Erlotinib No established marker
PARP inhibitor BRCA1/2 [17, 75]
Stromal-targeting 
treatment

Hyaluronic acid (PEGPH20) [77]

Immunotherapy PD-L1, MSI/dMMR [5, 16, 
79, 80]

Treatment based on 
molecular subtype

•  Quasi-mesenchymal subtype (gemcitabine); classical 
subtype (erlotinib)

[11]

•  Basal-like subtype (adjuvant chemotherapy); stroma- 
targeted therapies should be subtype directed

[13]

•  Squamous and immunogenic subtypes may benefit from 
metabolic and cell cycle inhibitors and immunotherapy

[9]
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31.6.1  Gemcitabine Markers

Gemcitabine has been the mainstay of chemotherapy for pancreatic cancer since the 
1990s [59]. The predictive role of hENT1  in gemcitabine treatment was initially 
evaluated by immunostaining in a small study [60]. These findings were validated 
several larger studies, including tissue samples from the randomized ESPAC-3 trial 
[61–63].

31.6.2  FOLFIRINOX Markers

FOLFIRINOX (folinic acid, 5-FU, irinotecan and oxaliplatin) has been reported to 
prolong survival in metastatic pancreatic cancer as compared to gemcitabine mono-
therapy [64]. Predictive biomarkers for the individual FOLFIRINOX components 
have been identified and include TS (5-FU) [65], CES2 (irinotecan) [66, 67], 
BRCA1/2 (oxaliplatin) [8] and PALB2 (oxaliplatin) [8, 68].

31.6.3  Nab-paclitaxel Markers

Nab-paclitaxel is an albumin-bound nanoparticle formulation of paclitaxel that is 
approved for the treatment of metastatic pancreatic cancer [69]. SPARC was ini-
tially believed to be a predictive marker of nab-paclitaxel drug sensitivity [70], but 
this finding could not be confirmed [71]. Currently, there is no validated marker for 
determining response to nab-paclitaxel.

31.6.4  Erlotinib

Erlotinib is an EGFR-specific tyrosine kinase inhibitor that has shown modest 
improvement in survival in metastatic pancreatic cancer [72]. However, EGFR gene 
copy number, mutations, polymorphisms and protein expression, or KRAS muta-
tions have not shown predictive value in pancreatic cancer [73, 74].

31.6.5  Markers for PARP Inhibitors

PARP proteins are involved in a variety of DNA damage repair pathways, and 
PARP inhibitors disrupt their activity. The PARP inhibitor olaparib has shown 
promising antitumor activity in patients with metastatic pancreatic cancer and a 
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germline BRCA1/2 mutation [75]. Recently, the FDA approved olaparib for the 
maintenance treatment of patients with metastatic pancreatic cancer and a com-
panion diagnostic test was approved for the identification of BRCA1/2 muta-
tions [17].

31.6.6  Markers for Stromal-Targeting Treatment

Hyaluronic acid (HA) is a key component of the extracellular matrix. It is believed 
to raise interstitial fluid pressure in tumors and impede drug delivery [76]. PEGPH20 
is a novel drug that may degrade HA to normalize interstitial fluid pressure and 
improve drug delivery. Initial data support tumor HA as a predictive biomarker for 
response [77]. A phase III trial is currently evaluating PEGPH20 together with nab- 
paclitaxel plus gemcitabine in patients with metastatic pancreatic cancer and high 
HA (NCT02715804).

31.6.7  Immunotherapy Markers

Immunotherapy has had limited success in pancreatic cancer. Reasons include 
poor tumor immunogenicity and a highly immunosuppressive microenvironment 
[78]. The lack of reliable stratifying biomarkers is also a problem. However, 
promising predictive biomarkers are rapidly emerging. For immune checkpoint 
inhibitors, there are now several approved biomarkers, such as PD-L1 and MSI-
high/dMMR, that can guide treatment decisions for various solid tumors [5, 16, 
79, 80]. Pembrolizumab in MSI-high/dMMR tumors represents the first FDA 
approval for a biomarker-based therapy in pancreatic cancer, although the overall 
indication is organ-site agnostic [16]. MSI-high/dMMR is rare in pancreatic can-
cer (<1%), but is still important to identify given its potential to guide treatment 
decisions.

31.6.8  Directing Treatment by Molecular Subtype

Collisson et al. [11] suggested that the quasi-mesenchymal subtype is more sensi-
tive to gemcitabine, while the classical subtype is more sensitive to erlotinib. Moffitt 
et al. [13] reported that the basal-like subtype benefits from adjuvant chemotherapy, 
while stroma-targeted therapies might need to be subtype directed. Bailey et al. [13] 
reported that squamous and immunogenic subtypes may benefit from metabolic and 
cell cycle inhibitors and immunotherapy. However, strong evidence of clinical util-
ity is still lacking and the proposed molecular subtypes and their differing responses 
to treatment need to be validated in clinical trials.
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31.7  Phases of Biomarker Development

Translating investigational biomarkers to the clinic is a complex interdisciplinary 
issue. The demonstration of clinical utility is central, as well as cross-sector collabo-
rations between patients, clinicians, researchers, funders, industry, regulators and 
policymakers. Pepe et al. [81] has suggested a structured 5-step model for biomarker 
translation (Fig. 31.6). Usually sample sizes increase and the numbers of analytes 
decrease as the biomarker assay moves from discovery to validation phases. Power 
calculations need be performed during all phases. Regulatory concerns must be 
taken into account when designing prospective trials for clinical validation.

31.8  Study Design Considerations

31.8.1  Sample Integrity

Sample quality has an essential role in omics research. It is possible to introduce 
confounding factors during sample collection due to poor handling. Consequently, 
all sample acquisition and biobank processes, including clinical documentation, 
need to be standardized. The Biospecimen Reporting for Improved Study Quality 
(BRISQ) [82] recommendations have been outlined for research involving human 
biospecimens (Table 31.1).

31.8.2  Data Analysis Including Machine Learning

The analysis of large amounts of multi-omics data can be quite challenging. In tra-
ditional research, the number of individuals in the study population (n) usually 
exceeds the number of examined variables (p). However, in translational biomarker 

Phase 1 Phase 2 Phase 4 Phase 5Phase 3

Discovery
studies

Clinical assay
development

Retrospective
longitudinal studies

Prospective
screening

studies

Cancer control
studies

Number of analytes
Number of samples

Fig. 31.6 Phases of biomarker development for early detection of pancreatic cancer. (Adapted 
from reference [81])
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studies it is common for p ≫  n [83]. Several strategies have been proposed to 
improve data modeling in these cases (Fig.  31.7). Machine learning algorithms, 
such as artificial neural networks, are well suited for multi-dimensional biomarker 
datasets [84]. There is a risk of overfitting the data when the model fits itself to the 
training data but is no longer able to make predictions in new patients. To overcome 
overfitting, cross-validation procedures and validations with independent data sets 
can be performed.

31.9  Conclusion

Many promising biomarkers have emerged in pancreatic cancer with potential clini-
cal utility. By integrating different classes of omics data (genomics, transcriptomics, 
proteomics) a more holistic molecular perspective can be achieved, leading to a 
better characterization of disease genotypes and phenotypes. The CancerSEEK test 
is a good example of the high tumor specificity achieved through the integration of 
different omics approaches. In the era of “big” omics data, it is envisaged that 
machine learning techniques will play a critical role in finding predictive molecular 
patterns for complex diseases such as pancreatic cancer.

Fig. 31.7 Mathematical modeling of molecular data when the number of variables being investi-
gated (p) exceeds the number of samples that make up the study population (n). (Adapted from 
reference [83])
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Take Home Messages
• Computed tomography is the gold standard first line imaging study for 

pancreatic tumors, and magnetic resonance imaging second line imaging 
of choice

• Brush cytology is the diagnostic method of choice in patients requiring 
biliary stenting

• Endoscopic ultrasound guided sampling is the cornerstone in many equiv-
ocal tumours

• The differential diagnoses for a pancreatic tumour can be divided into four 
entities: (1) malignant neoplasia, (2) benign neoplasia, (3) inflammatory 
lesions, (4) normal anatomy or anomaly

• IgG4 and CA19-9 are the most important biomarkers in differential diag-
nosis of a solid pancreatic tumour.

Pearls and Pitfalls
• Different types of pancreatitis (autoimmune, chronic, focal) pose the great-

est difficulty in the differential diagnostics of a pancreatic tumour
• Surgery is recommended for a pancreatic tumour even in the absence of 

unequivocal findings after extensive diagnostic work-up if suspicion for 
malignancy remains, but needs to be carefully discussed with the patient.

• Rare differential diagnoses, such as tuberculosis and lymphoma, must be 
kept in mind as these might be medically curable.
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32.1  Introduction

When diagnosis is clear, tumour resectable and patient fit, proceeding to resection 
for pancreatic cancer is relatively straightforward. Solid pancreatic tumours are an 
entity where pretreatment diagnosis may sometimes be extremely difficult if not 
impossible to obtain. Imaging studies such as computed tomography (CT) and 
magnetic resonance imaging (MRI) may be misleading and signs of malignancy 
absent. Accuracy of brush cytology obtained via endoscopic retrograde cholangiog-
raphy (ERC) is around 40–70% only and might thus suggest benign origin despite 
malignancy [1]. Needle biopsy can be difficult or impossible to obtain due to prox-
imity of large vessels or fear of tumour seeding. Endoscopic ultrasound alleviates 
some of the problems associated with percutaneous sampling, but it is extremely 
dependent on the operator. Possibility of false negative result and biopsy related 
complications must also be taken into account. Further, numerous benign condi-
tions may mimic pancreatic cancer making decision to proceed to notoriously com-
plication-prone surgery even more difficult. On the other hand, laborious 
preoperative work-up and diagnostic procedures will inevitably take time, predis-
posing the patient to local tumour progression or dissemination. Modern imaging 
technology has made diagnosis without histology more certain. But still sometimes 
pancreatic surgeon finds her/himself in a position where one needs to discuss with 
the patient the potential risks of wait-and-see versus prompt surgery for a diagnosis 
that is not entirely certain. The rate of benign disease in patients undergoing pan-
creatoduodenectomy for a suspected malignancy has been reported to be around 
10% (most usually pancreatitis) [1].

32.2  Diagnostic Work-Up

Outline of diagnostic work-up of a pancreatic tumour is presented in Fig.  32.1. 
Computed tomography is the gold standard first line imaging option in patients with 
suspected pancreatic tumour and is sufficient in the vast majority of patients. 
Patients with pancreatic head tumor associated with biliary obstruction are recom-
mended to be operated without preoperative biliary stenting if possible. However, if 

Future Perspectives
• Diagnostic methods to evaluate pancreatic tumor are still far from perfect 

and new modalities need to be developed. Although both the continuous 
improvement of the conventional imaging methods and the development of 
new methods such as endoscopic ultrasound elastography and new molec-
ular imaging targets will lead to improved accuracy, it is likely that major 
breakthroughs will occur in the field of serum biomarkers in the future.
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the diagnosis is equivocal and biliary obstruction is present, ERCP with brush cytol-
ogy sampling is the method of choice to obtain proof of malignancy. MRI is the 
second line imaging option in patients with equivocal findings in CT and/or 
ERCP.  Serum markers CA19-9 and IgG4 may give hints on the etiology of the 
lesion, and are discussed in more detail later in this chapter. If the diagnosis is 
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Fig. 32.1 Outline of diagnostic work-up of a pancreatic tumour. *Surgery refers to appropriate 
surgical resection with or without neoadjuvant therapy in patients fit for surgery with resectable or 
borderline resectable tumors, and is covered in more detail in other chapters of this book
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equivocal despite aforementioned work-up, endoscopic ultrasound is the method of 
choice and has become the cornerstone in the diagnostics of these lesions.

32.3  Differential Diagnoses of a Pancreatic Tumour

Following sections will discuss differential diagnoses in solid pancreatic tumours 
and how to approach them diagnostically. Discussion of cystic pancreatic tumours 
is found in other chapters in this book. Table 32.1 summarizes the differential diag-
noses of a pancreatic tumour.

Table 32.1 Pancreatic ductal adenocarcinoma and its mimickers: typical diagnostic findings

History and clinical 
findingsa Serologyb Cross-sectional imaging

Ductal 
adenocarcinoma

weight loss, upper 
abdominal pain

Ca-19-9 ↑ hypodense infiltrating mass, 
abrupt duct occlusion

Autoimmune 
pancreatitis

history of autoimmune 
disease

IgG4 ↑ enlarged “sausage” pancreas or 
focal hypodense enlargement; 
restricted diffusion in DWI; ± 
extrapancreatic manifestations

Groove 
pancreatitis

history of alcohol abuse 
and smoking, weight 
loss, upper abdominal 
pain

hypodense fibrous tissue in 
pancreatic groove, thickened 
medial duodenal wall ± cysts

Chronic 
pancreatitis

history of pancreatitis, 
weight loss, upper 
abdominal pain

atrophy, calcifications, irregular 
duct dilatation and strictures

Acute focal 
pancreatitis

upper abdominal pain Amylase ↑
CRP ↑

Focal mass with cystic 
components, surrounding 
oedema, resolves in follow-up

Pancreatic 
lymphoma

young patients, upper 
abdominal pain

LD ↑
B2M ↑
IgG4 →

hypodense mass, restricted 
diffusion in DWI, incases 
vessels without obstruction

Metastases history of 
extrapancreatic 
malignancy

Corresponding 
tumor markers ↑

mass with variable 
characteristics, may be 
multifocal, extrapancreatic 
metastases

Benign tumors usually asymptomatic mass with sharp borders
Mimickers of 
neoplasia

history of tuberculosis, 
sarcoidosis or other 
condition

mass with variable 
characteristics, may be 
multifocal; extrapancreatic 
manifestations

IgG4 immunoglobulin G4, DWI diffusion-weighted imaging, CRP C-reactive protein, LD lactate 
dehydrogenase, B2M beta-2 microglobulin
aJaundice may be present in all entities, if bile duct is obstructed by the condition
bCa-19-9 may be elevated in all entities due to bile duct obstruction
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32.4  Autoimmune Pancreatitis

Two types of autoimmune pancreatitis are distinguished. Type 1 autoimmune pan-
creatitis (lymphoplasmacytic sclerosing pancreatitis) is more often present in 
elderly patients, especially in males, and it is associated usually with elevated serum 
IgG4 and histologically IgG4 positive plasma cells. Type 1 autoimmune pancreatitis 
may present with extrapancreatic organ manifestation which include orbital pseudo-
tumor, IgG4-associated cholangitis, exocrinopathy of the salivary gland, tubuloint-
erstitial nefritis, and pulmonary, mediastinal or retroperitoneal fibrosis [2]. Although 
extrapancreatic organ manifestation distinguishes autoimmune pancreatitis from 
pancreatic cancer, renal, retroperitoneal, and mediastinal involvement may also be 
present in pancreatic lymphoma [3]. Usual presentation of Type 1 autoimmune pan-
creatitis is a painless obstructive jaundice, similar to pancreatic cancer.

Patients with Type 2 autoimmune pancreatitis (Idiopathic duct-centric pancreati-
tis) are usually younger, aa often women as men, and present with recurrent pancre-
atitis, but Type 2 autoimmune pancreatitis might also manifest as a painless jaundice. 
It is associated with inflammatory bowel disease (particularly ulcerative colitis), but 
it does have extrapancreatic organ manifestations. Only every fourth patient has 
elevated serum IgG4 levels [4].

Two most commonly used criteria to diagnose autoimmune pancreatitis are 
HISORt (Histology, Imaging, Serology, Other organ, Response to therapy) criteria 
[5] and ICDC criteria (International Consensus Diagnostic Criteria) [6], which 
largely overlap one another.

Typical computed tomography (CT) imaging feature of both types of autoim-
mune pancreatitis is diffuse enlargement and delayed enhancement of the whole 
pancreas (sausage pancreas). However, similar diffuse or segmental enlargement 
may be seen in pancreatic lymphoma [3]. In one third of autoimmune pancreatitis 
patients a low-attenuating rim-like capsule is present. FDG-PET-CT scan may show 
increased signal in areas of inflammation and is usually not helpful in the initial 
diagnosis, but it may be used in follow-up to detect resolving inflammation follow-
ing treatment with steroids. Magnetic resonance imaging (MRI) findings are similar 
to CT in terms of morphology and enhancement, but MRI has the added value of 
diffusion weighted imaging (DWI) which shows a typical diffusion restriction that 
resolves with treatment (Fig. 32.2). The restriction is generally more prominent in 
autoimmune pancreatitis than adenocarcinoma, but there may be significant overlap 
[7]. Radiologically differentiating autoimmune pancreatitis from adenocarcinoma 
is not difficult when the whole pancreas is affected, but a focal mass is seen in over 
half of the patients (Fig. 32.3).

Serum IgG4 is one of the cornerstones in autoimmune pancreatitis diagnostics. 
Using a threshold of IgG4 >2 times of the normal upper limit leads to lower sensi-
tivity, but to very high specificity up to 99% [8]. Every tenth patient with a pancre-
atic cancer may have elevated IgG4 levels, but only 1% have >2 times the normal 
upper limit [8]. CA19-9 levels are lower in patients with autoimmune pancreatitis 
compared with pancreatic cancer, but CA19-9 levels alone are not accurate enough 

32 Difficult Diagnosis and Differentials to a Solid Pancreatic Tumour



494

a

b

Fig. 32.2 Diffuse autoimmune pancreatitis. 10-year-old boy presented with upper abdominal 
pain. In T2-weighted fat saturated MRI (a), the whole pancreas is diffusely enlarged, especially the 
head (arrows), and surrounded by a very thin T2-hypointense capsule (arrowhead). In diffusion- 
weighted imaging (b), diffusion restriction in the pancreatic parenchyma is seen as dark signal in 
the ADC map (star). The spleen (+) has an even stronger diffusion restriction, which is a normal 
finding. The “duct penetrating sign” favoring a non-neoplastic mass is also demonstrated here 
(arrowheads). A large core needle biopsy was performed and the histological and immunohisto-
chemical findings were consistent with IgG4-associating autoimmune pancreatitis
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for diagnosis. Combination of CA19-9 levels (below 85 U/ml) and elevated IgG4 
provides good discrimination of autoimmune pancreatitis and pancreatic cancer 
with sensitivity and specificity around 90% [9, 10].

Unlike in chronic pancreatitis, in which pancreaticoduodenectomy is an accept-
able treatment modality, all efforts to diagnose and distinguish autoimmune pancre-
atitis from chronic pancreatitis or pancreatic cancer should be made as simple 
steroid treatment could be enough to resolve the inflammation and prevent the 
unnecessary operation. Having said that, autoimmune pancreatitis is present in 
approximately every third patient who has undergone pancreaticoduodenectomy for 
presumed pancreatic cancer with ultimately benign histology [11, 12]. In cases 
where both pancreatic cancer and autoimmune pancreatitis are possible diagnostic 
alternatives, serum IgG4 levels and EUS-guided large core needle biopsy are rec-
ommended to obtain more certain diagnosis [1]. Further, if the biopsy is not diag-
nostic or suspicious for malignancy, a short course (4–6 weeks) steroid treatment is 
recommended to differentiate autoimmune pancreatitis from pancreatic cancer [1]. 
Keep in mind though that pancreatic lymphoma might also respond to steroid treat-
ment initially [3].

Fig. 32.3 Focal autoimmune pancreatitis. Patient in her 60s presented with abdominal pain and 
diarrhea. In CT, a large pancreatic head mass was seen (arrows). It caused a borderline bile duct 
and main pancreatic duct (arrowheads) dilatation. Ultrasound-guided percutaneous large core 
needle biopsy was performed, and the histology was consistent with pancreatitis with an IgG4- 
positive immunohistochemical stain. In a CT after 3  months of steroid treatment, pancreas 
was normal
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32.5  Acute Focal Pancreatitis

Acute pancreatitis, especially its focal form, can be extremely difficult to discern 
from pancreatic cancer. Both may form an inflammatory mass, cause duct dilata-
tion, and show encasement of vascular structures [13, 14]. The inflammation in 
acute pancreatitis may mask the underlying mass.

To make differential diagnosis even more difficult, pancreatic cancer may in fact 
cause acute pancreatitis, and pancreatitis and pancreatic cancer may co-exist. Only 
1–2% of pancreatitis are caused by pancreatic cancer and 3% of pancreatic cancers 
present as pancreatitis [13]. Five percent of pancreatitis, in which no etiological fac-
tor is found, turn out to be caused by pancreatic cancer [13]. Suspicion of pancreatic 
cancer should be raised especially in cases of older patients without risk factors for 
pancreatitis (bile stones, alcohol abuse, pancreas divisum) as well as in cases with 
signs of both pancreatic duct and bile duct dilatation (double duct sign) and abrupt 
obstruction of pancreatic duct.

Biopsy is not recommended during the acute inflammatory period. Follow-up 
imaging is the best option in unclear cases and should be performed within a month 
[14], preferably by using both MRI and CT. To support the diagnosis of focal pan-
creatitis, the mass-like lesion should at least decrease in size and have less oedema 
(less hyperintensity in T2-weighted images), or preferably disappear. If a cystic or 
heterogenous component is present or develops, the contents of it should not have 
any enhancement (although its wall may enhance). This subacute form of necrotiz-
ing pancreatitis, walled-off necrosis or WON, may contain areas of restricted diffu-
sion in DWI [15]. This should not be interpreted as neoplasia in the absence of 
contrast enhancement.

During this short follow-up period the inflammation caused by pancreatitis usu-
ally settles, but if the suspicious findings persist, endoscopic ultrasound with sam-
pling is the recommended next step in the work-up.

32.6  Groove Pancreatitis

Groove pancreatitis is a relative rare form of pancreatitis, which mainly affects the 
C-shaped area between the duodenum and head of pancreas, the so called ‘groove’. 
Groove pancreatitis is also known as cystic dystrophy of the duodenal wall or para-
duodenal pancreatitis.

Typical patient with groove pancreatitis is a male in his forties with a heavy alco-
hol drinking history [16, 17]. Groove pancreatitis may cause obliteration of duode-
num causing gastric outlet obstruction, but obstruction of bile duct via stricture or 
external compression causing obstructive jaundice is more rare. As duodenal steno-
sis apparently develops slowly, patients have usually lost weight and usually present 
with abdominal pain. Groove pancreatitis is classified into two forms: Pure form 
and segmental form.
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The pure form of groove pancreatitis is characterized by sheet-like tissue con-
fined in the pancreatic groove that in CT imaging hypoattenuates compared to pan-
creatic parenchyma. As the tissue is fibrous, delayed enhancement may be seen. The 
medial duodenal wall may be thickened. In MRI the tissue is hypointense in 
T1-weighted images and of variable intensity in T2-weighted images. The presence 
of small T2-hyperintense cysts in the duodenal wall favors the diagnosis.

The segmental form of groove pancreatitis is a more challenging differential 
from adenocarcinoma, as the fibrous tissue extends into the pancreatic parenchyma 
and is more mass-like (Fig. 32.4a). It has been suggested that if both the thickening 
of the duodenal wall and cysts in the area are present, and are accompanied by 
increased enhancement of the duodenal wall, adenocarcinoma could be fairly cer-
tainly excluded [14]. On the other hand, if common bile duct or main pancreatic 
duct dilatation is present and an abrupt, shouldering cut-off is seen (as opposed to a 
tapering dilatation), adenocarcinoma should be considered. Brush cytology or 
biopsy will aid in the diagnosis, but a false negative result due to a fibrotic region of 
the tumor needs to be considered.

Distinguishing groove pancreatitis from pancreatic cancer may be very difficult 
radiologically (Fig. 32.4b). Almost one third of patients meeting radiological crite-
ria for groove pancreatitis had in fact pancreatic cancer in a recent series of 38 
patients [18]. CA19-9 was equally often elevated in both patient groups, but patients 
with pancreatic cancer had higher CA19-9 levels than patients with groove pancre-
atitis (median 270 kU/l versus 44 kU/l). Brush cytology is one of the main corner-
stones in differentiating groove pancreatitis from pancreatic cancer, but even so 
10% of patients with groove pancreatitis may have suspicious cytology [18]. 
Differentiating groove pancreatitis from pancreatic cancer is important as large pro-
portion of patients with groove pancreatitis can be managed successfully without 
surgery [17, 18]. Yet, in a recent systematic review pooling 335 patients with groove 
pancreatitis from eight studies, 59% underwent surgical treatment, mainly pancre-
aticoduodenectomy. This might reflect more the fear of pancreatic cancer rather 
than symptoms or findings necessitating surgery [17]. On the other hand, in one 
series, 50% of patients with groove pancreatitis did not need any treatment besides 
pain medication and advice to stop smoking and drinking alcohol [18]. Conservative 
or endoscopic therapy are the initial treatment of choice in patients without suspi-
cion for pancreatic cancer [19]. In another series, initial treatment was surgical only 
in 6%, and about three-quarters were treated endoscopically with 70% clinical suc-
cess rate [20].

32.7  Chronic Pancreatitis

Unlike autoimmune pancreatitis and groove pancreatitis, chronic pancreatitis is 
usually diagnosed by its distinctive imaging features such as parenchymal and duc-
tal calcifications. If these hallmarks are missing, differentiating chronic pancreatitis 
from pancreatic cancer may be difficult. Even if diagnosis of chronic pancreatitis 
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a

b

Fig. 32.4 Groove pancreatitis (a) and pancreatic adenocarcinoma (b). (a) Patient in his 40s with 
symptoms of gastric outlet obstruction and a history of chronic pancreatitis. A hypoenhancing 
sheet-like mass was seen in the pancreatic groove (arrowheads), with extension into the pancreatic 
head (arrows) and borderline bile duct obstruction. Pancreaticoduodenectomy was performed and 
the histology was consistent with groove pancreatitis. (b) Patient in her 50s presenting with jaun-
dice. No history of alcohol abuse or pancreatitis. A hypoenhancing sheet-like mass was seen in the 
pancreatic groove area (arrowheads), causing bile duct (star) and main pancreatic duct (arrow) 
obstruction. Pancreaticoduodenectomy was performed and the histology was consistent with pan-
creatic ductal adenocarcinoma
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can solidly be made, difficulty remains to diagnose a pancreatic cancer in a patient 
with chronic pancreatitis. Approximately 1–2% of patients diagnosed with chronic 
pancreatitis harbor pancreatic cancer instead [21–24]. Further, chronic pancreatitis 
elevates the risk of developing pancreatic cancer 16-fold after the initial 2 years and 
threefold after 9 years from diagnosis of chronic pancreatitis [25]. Although this 
association might be biased by more extensive diagnostics and similar risk factors 
(alcohol and tobacco) for both diseases, there seems to be a causal relationship 
through carcinogenic attributes of inflammation [26].

The clinical presentation of chronic pancreatitis is similar to pancreatic cancer: 
weight loss and upper abdominal pain radiating to the back, and chronic pancreatitis 
may cause biliary strictures manifesting as jaundice. The radiological diagnosis of 
pancreatic cancer in a patient with chronic pancreatitis remains a challenge. 
Inflammation in chronic pancreatitis causes morphological alterations, such as main 
pancreatic duct and bile duct dilatation, pseudomasses and atrophy of the gland, 
which are similar to those seen in pancreatic cancer [14]. A pancreatic head mass in 
chronic pancreatitis should always be investigated for pancreatic cancer. A recent, 
rather small, series examined the CT findings in patients with both chronic pancre-
atitis and pancreatic cancer [27]. They concluded that a pancreatic mass is sugges-
tive of pancreatic cancer especially if bile duct was dilatated, acute inflammation 
was absent, and the mass ‘pushed’ the pancreatic calcifications aside. Dilatation of 
main pancreatic duct or atrophy are of little value in differentiating chronic pancre-
atitis from pancreatic cancer as they occur in both. However, a pancreatic duct is 
usually more dilated in pancreatic cancer and a mass at the site of obstruction favors 
cancer diagnosis [28]. The mass in pancreatic cancer does not usually contain ducts, 
while pseudomass in chronic pancreatitis usually contains ducts. This “duct pene-
trating sign” is seen in 85% of pseudomasses and often also in other non-neoplastic 
entities (Fig. 32.2b), but only in 4% of pancreatic cancers [29].

CA19-9 is at the moment the only biomarker available to help distinguishing 
chronic pancreatitis from pancreatic cancer, but it has approximately 60–80% speci-
ficity and sensitivity making both false-negative and false-positive findings a major 
problem [30].

Endoscopic ultrasound-guided biopsy is one of the cornerstones in differentiat-
ing inflammatory mass from pancreatic cancer. EUS fine needle aspiration has very 
high sensitivity (85%) and specificity (95%) to detect pancreatic cancer in a mass in 
a normal pancreas, but both of these decrease to a level of 75% in the presence of 
chronic pancreatitis [31].

The finding that chronic pancreatitis may increase the risk of pancreatic cancer, 
in addition to the fact that surgery is the most effective treatment modality of symp-
toms of chronic pancreatitis, makes pancreaticoduodenectomy an appropriate treat-
ment if there is pancreatic head mass or even a slight suspicion of pancreatic cancer 
in a symptomatic patient with chronic pancreatitis [1, 19].
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32.8  Other Solid Malignant Tumours

Pancreatic lymphoma is perhaps one of the most important malignant differential 
diagnoses for a pancreatic adenocarcinoma, since it may be curable by medical 
means and does not indicate surgical treatment. Lymphoma’s imaging characteris-
tics are to some extent similar to pancreatic cancer and autoimmune pancreatitis: 
diffuse or segmental masslike enlargement of the pancreas, typically in the head of 
pancreas that may cause bile and pancreatic duct obstruction (Fig. 32.5) [3]. If pan-
creatic lymphoma is focal, it is usually well circumscribed. It enhances homoge-
nously, but is hypoattenuating compared to pancreatic parenchyma, and there are no 
necrotic or calcified areas. In MRI, there is strong diffusion restriction in DWI, 
comparable to spleen [32]. CA19-9 is usually not elevated, except during biliary 
obstruction. Elevated lactate dehydrogenase and beta-2 microglobulin are sugges-
tive of lymphoma [33]. Diffusely enlarged pancreas mimics the characteristic sau-
sage-like appearance of autoimmune pancreatitis, and serum IgG4 levels may help 
to distinguish these two entities. Enlarged lymph nodes that extend below renal 
vessels are suggestive of a pancreatic lymphoma. Blood vessel encasement does not 
typically occlude or cause stenosis [3], which is a typical characteristic of lym-
phoma in general. Endoscopic ultrasound guided sampling is, once again, the cor-
nerstone in achieving the correct diagnosis. If possible, large core needle samples 
should be obtained to facilitate the histological diagnosis and guide treatment.

Acinar cell carcinoma is a rare malignant neoplasm of pancreas. Less than fifth 
of cases, acinar cell carcinomas may cause hyperamylasemia/-lipasemia and associ-
ated paraneoplastic syndrome with multifocal fat necrosis and polyarthralgia [34]. 
In majority of cases though, symptoms are similar to pancreatic ductal adenocarci-
noma and acinar cell carcinoma is almost as aggressive as pancreatic ductal adeno-
carcinoma. There are no specific imaging features for acinal cell carcinoma. Its 
enhancement is usually either hypo- or isovascular compared to pancreatic paren-
chyma, and it may be capsulated. It may be mistaken for an atypically enhancing 
neuroendocrine tumor [35]. Usually acinar cell carcinomas are large at presentation, 
but they usually grow by pushing adjacent structures rather than infiltrating them, 
making even large tumours resectable contrary to pancreatic ductal adenocarci-
noma [34].

Pancreatic metastases are rare, but the most common primary is renal cell carci-
noma (Fig. 32.6a). Medical history usually gives clues of such origin, but the delay 
from the primary cancer to development of pancreatic metastases may be decades. 
Renal cell carcinomas are nearly indistinguishable radiologically from pancreatic 
neuroendocrine tumours, but 68Ga somatostatin receptor PET-CT may help in dif-
ferentiating these [36]. However, also renal cell carcinoma metastases may express 
somatostatin receptors, resulting in a false positive [37] (Fig.  32.6b) and biopsy 
confirmation is recommended if the patient has a history of renal cell carcinoma.

Other very rare malignant pancreatic tumours include, hepatoid carcinoma, sar-
coma and pancreatoblastoma [38].
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b

Fig. 32.5 Pancreatic lymphoma. A patient in her 40s presented with upper abdominal pain and 
jaundice. In CT (a) there were two hypodense masses in the pancreatic head and body (arrows). 
The pancreatic head mass caused biliary dilatation and a slight main pancreatic duct dilatation. 
Because of patient-related reasons histological sampling was delayed, and in a follow-up CT after 
2 months (b) the masses had grown considerably (arrows) but did not occlude any vessels (arrow-
head, common hepatic artery). There was no evident necrosis. A percutaneous large core needle 
biopsy was consistent with diffuse large-cell B-cell lymphoma and complete remission was 
achieved with medical treatment
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b

Fig. 32.6 Renal cell carcinoma metastasis. Patient in her 70s with a history of renal cell carcinoma 
operated 18 years ago. A pancreatic mass was an incidental finding in abdominal ultrasound. In CT 
(a), a hyperenhancing, well-defined mass was seen in the pancreatic body (arrows). In 68Ga soma-
tostatin receptor PET-CT (b), the mass showed intense uptake (arrow) suggestive of a neuroendo-
crine tumor. Distal resection was performed and the histology was consistent with renal clear cell 
carcinoma metastasis
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32.9  Benign Solid Tumours and Mimickers

A host of very rare benign pancreatic tumors have been described, and detailing 
each is beyond the scope of this chapter (Table 32.2). In general, benign solid pan-
creatic neoplasms have a well-defined border, which is the most helpful imaging 
characteristic when differentiating them from pancreatic adenocarcinoma [39].

Pancreatic lipoma is a rare benign tumour, which usually does not cause any 
symptoms. They have well defined margins and consist of fat within a thin capsule, 
which are characteristic imaging findings [40]. Liposarcomas, which are extremely 
rare, are larger (>5  cm), have irregular and infiltrative margins, have enhancing 
components, and grow on follow-up. A short follow-up of pancreatic lipoma is rec-
ommended to verify its nature [40].

Pancreatic tuberculosis is very rare entity even in endemic areas. The symptoms 
(weight loss, pain, jaundice), imaging findings, and even C19-9 serology are similar 
to pancreatic cancer [41]. Pancreatic tuberculosis can present as an abscess, cyst or 
mass. Endoscopic ultrasound guided sampling of both histological and microbio-
logical samples is the recommended diagnostic strategy. Treatment with standard 
anti-tubercular therapy for 6–12 months leads to excellent cure rate [41].

Sarcoidosis may uncommonly involve the pancreas. Usually also other manifes-
tations of abdominal sarcoidosis are present, which guides the diagnosis. If sarcoid-
osis causes mass lesions to the pancreas, they are hypodense in CT imaging and 
may be multifocal [42].

Other extremely rare mimickers of pancreatic tumour include Castleman’s dis-
ease and hemangiomas [3, 43].

Table 32.2 Examples of 
benign solid pancreatic 
tumours and mimickers

Castleman’s disease
Desmoid tumor
Ganglioneuroma
Hemangioma
Leiomyoma
Lipoma
Neurofibroma
Perivascular epithelioid cell tumor
Sarcoidosis
Schwannoma
Solid pseudopapillary tumour
Tuberculosis
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32.10  Diagnostic Traps

Several normal physiological findings or non-neoplastic conditions may mimic a 
pancreatic tumor, and unawareness of these entities may lead to unnecessary diag-
nostic and treatment options [43].

Pancreas is normally lobulated and may sometimes have a single exophytic lobu-
lation that can be mistaken for a tumour. These exophytic lobulas are usually located 
in the head and neck of pancreas and behave identically to the rest of the pancreas 
in all imaging modalities [44].

Fatty replacement is a benign process in which pancreatic tissue is replaced by 
fat tissue. Usually whole gland is affected, but the replacement may be focal or 
focally absent (Fig. 32.7). Fatty replacement lacks mass effect, does not affect duct 
or vascular structures and does not alter the contour of the pancreas [45]. It typically 
spares the parenchyma immediately adjacent to the intrapancreatic common bile 
duct. Focal fatty replacement may sometimes mimic a hypodense tumor especially 
in CT imaging, but an MRI with in-phase/out-of-phase imaging, revealing fat con-
tent in tissue, is helpful [46].

Intrapancreatic accessory spleen is a congenital benign anomaly usually located 
in the pancreatic tail, and is found in approximately 2% of the population [47]. It is 
usually, as other splenic tissue, hyperdense in CT imaging and often mislabeled as 

Fig. 32.7 Focal fatty infiltration. Patient in his 60s with colorectal carcinoma had an incidental 
finding of hypoattenuating tissue in the pancreatic head. The CT features are consistent with focal 
fatty infiltration: a large irregular hypoattenuating area in which the lobular structure is still visible 
(arrows), no duct or vessel obstruction, sparing of the tissue around the intrapancreatic common 
bile duct in which the attenuation is similar to the normal pancreatic tail (arrowheads). In a 2-year 
follow-up CT, there was no change in the appearance of the pancreatic head
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pancreatic neuroendocrine tumour [47]. Unfortunately, the neuroendocrine tumour 
imaging gold standard 68Ga somatostatin receptor PET-CT is not helpful, as normal 
splenic tissue is also positive for somatostatin receptors [37] (Fig.  32.6b). A 
SPECT-CT with technetium 99m-labelled heat-damaged red blood cells can be 
used to differentiate the two entities [48].

32.11  Conclusions

In the majority of the patients presenting with a pancreatic tumor, the diagnosis is 
obtainable by routine work-up using computed tomography, CA19-9 and possibly 
ERC with brush cytology. Some patients require extensive work-up, and yet solid 
diagnosis might not be reached. Threshold for pancreaticoduodenectomy may be 
kept low in symptomatic patients with chronic pancreatitis and a head lesion even in 
the absence of histological verification. IgG4 levels and a biopsy should be obtained 
in patients with findings suggestive of autoimmune pancreatitis. CA19-9 levels are 
useful in the differential diagnostics of pancreatic cancer and autoimmune, groove 
and chronic pancreatitis, but interpretation must be based on clinical presentation, 
radiological findings instead of CA19-9 alone. Rare mimickers of pancreatic tumour 
must be kept in mind to avoid unnecessary treatments. In cases where unequivocal 
diagnosis cannot be obtained, pancreatic surgery could still be recommended if 
malignancy is suspected, but this needs to be carefully discussed with the patient 
and make a shared-decision balancing the risks and benefits of all options. Hopefully 
ongoing research will help clinicians and patients in such cases in the future.
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Take Home Messages
• The multidisciplinary team conference is an integrated part of pancreatic 

cancer diagnostics
• A correct tumor staging and resectability assessment is pivotal to make 

informed recommendations on treatment allocation
• Tumor staging and resectability assessment varies substantially between 

centers despite existence of international guidelines
• No evidence of a positive impact of multidisciplinary team conferences on 

survival exists

Future Perspectives
• Do the multidisciplinary team conferences improve pancreatic cancer survival?
• Do the perceived benefit of multidisciplinary team conferences justify the 

additional costs and resource demands?
• Can the multidisciplinary team conference infrastructure be used to 

increase inclusion rates in clinical trials?
• What is the most optimal constellation for a multidisciplinary team confer-

ence in terms of group dynamics and leadership roles?
• Should a national/second-opinion multidisciplinary team conference be 

universal?
• Should geriatricians and dietician be a part of multidisciplinary team 

conference?
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33.1  History of the Multidisciplinary Team Conference

Multidisciplinary team conferences have existed for the last 50 years in the United 
States, where it is often referred to as tumor boards. They were originally intro-
duced for educational purposes rather than optimizing patient care [1]. In the last 
two decades, however, there has been a shift in focus for multidisciplinary team 
conferences towards optimizing patient work-up, tumor staging, and treatment. The 
transition started in the United Kingdom in the late 1990s driven by public and 
political pressure after a series of reports demonstrating pronounced regional varia-
tions in treatment of cancer patients [2]. Soon after, similar multidisciplinary team 
conferences started in other Western countries [3, 4]. Especially two ways to orga-
nize multidisciplinary team conferences have become widespread. In the United 
States, many institutions prefer what is often called “one-step care”, in which 
patients at a given day is examined by all members of the multidisciplinary tumor 
board and a personal plan is designed after group discussion [5]. In Europe, 
Australia, and Canada, several patients are typically evaluated at multidisciplinary 
team conferences and plans for eventually further work-up, staging, and treatment 
are decided [5].

33.2  Purpose of the Multidisciplinary Team Conference

The central purpose of the multidisciplinary team conference is to conduct an accu-
rate staging of each patient’s tumor (Fig. 33.1).

A correct tumor staging including resectability assessment is pivotal and the 
main determinant of treatment allocation and thus the patient’s prognosis. In patients 
with a small tumor confined to the pancreas, and in patients with metastatic lesions, 
this assessment is often straightforward, i.e. surgery if performance allows it and 
oncological treatment/best supportive care, respectively. However, in about one- 
third of the patients, the tumor has grown outside of the pancreas but has not yet 
metastasized [6]. In these patients with more advanced tumors, tumor staging and 
resectability assessment can be particularly challenging.

33.3  Participants at the Multidisciplinary Team Conference

Usually, participants at the multidisciplinary team conference include surgeons/sur-
gical oncologists, radiologists, medical oncologists, gastroenterologists, and pathol-
ogists. There are, however, no uniform requirements of which medical specialties 
should be represented for a conference to be considered as “multidisciplinary team 
conference”. To conduct an evaluation of surgical resectability of a pancreatic can-
cer tumor, a radiologist and a surgeon/surgical oncologist seem to be the minimum 
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requirement. To supply with important knowledge on potential medical oncological 
treatment options, a medical oncologist should be present as well. Participation of 
clinical nurse specialists with an overview of each patient and their path through the 
healthcare system is likely to support the decision-making process in multidisci-
plinary team conferences [7].

33.4  The Decision-Making Process and Group Dynamics

Multidisciplinary team conferences are shown to have a positive effect on the 
decision- making process, which is a likely explanation of the widespread use of 
these. Factors known to impact the decision-making process may include e.g. pres-
ence of a physician with prior knowledge of the patient, time pressure, absence of 

Fig. 33.1 A tentative work-flow for multidisciplinary team conferences. MDT denotes “multidis-
ciplinary team”
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medical specialists, and lack of leadership [8, 9]. Leadership in the multidisciplinary 
team conference varies across different centers. In some places, the conference is 
led by a radiologist presenting the images, whereas other institutions may have a 
surgeon as the leader. To improve efficiency of the decision-making process—as in 
the case of the multidisciplinary team conference—a strong hierarchy may be pref-
erable but is not without challenges. Although a clear leadership seems to be an 
important factor in the decision-making process [9], having too many people of high 
power in the same conference is likely to impair the decision-making process. A 
strong hierarchy may not be required at all, as the members of the multidisciplinary 
team conference are able to reach consensus in more than 90% of the cases by panel 
discussion [10].

33.5  Efficiency of the Multidisciplinary Team Conference

A combination of a growing number of treatment options and an increasing level of 
comorbidities highlights the importance of an effective and thorough discussion of 
each case. However, a growing cancer incidence worldwide may lead to decision- 
fatigue during the multidisciplinary team meetings, and excessive work burdens 
have been identified to impair the quality of the decision-making process [10]. As 
such, the number of cases discussed at each meeting should be limited to a reason-
able amount. To reduce the work load, it is important that all necessary material is 
available to the multidisciplinary team board, e.g. assert that scans are of sufficient 
quality and that a proper medical history is available. Around 10% of all recom-
mendations from the multidisciplinary team conference are never carried out, 
which may be due to comorbidities precluding curative-intent surgery or patient 
preferences that the multidisciplinary team board were not informed of (Box 
33.1) [10].

Box 33.1 What Is Required to Reach a Decision at the Multidisciplinary 
Team Conference?
NEED TO HAVE

Patient age
Relevant comorbidity and medical history
Updated and sufficient imaging
Contact information on referring physician
NICE TO HAVE
Information on whether the patient is fit for major surgery
Patient preference
Previous antineoplastic treatment
Histology reports
Information on relevant genetic mutations
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33.6  Pancreatic Cancer Staging and Assessment 
of Resectability

Pancreatic cancer is staged according to the tumor-node-metastasis (TNM) classifi-
cation, 8th edition. This classification is used to assess the local extent of the tumor 
(T), spread to the lymph nodes (N), and presence of metastases (M). Compared with 
the 7th edition, the N-status is now classified as N0, N1, or N2 instead of N0 and N1, 
as not only the presence—but also number—of positive lymph nodes are predictors 
of prognosis [11]. Based on the TNM stage, the American Joint Committee on 
Cancer (AJCC) stage can be mapped [12]. The AJCC stage is an important guide to 
decide on treatment allocation, as survival outcomes are largely dependent on stage.

In addition to staging of the tumor, the multidisciplinary team conference must 
recommend a treatment allocation, based on the resectability assessment. 
Resectability assessment is strongly correlated with tumor invasion of central vas-
cular structures, such as the celiac axis, hepatic artery, and the superior mesenteric 
artery. In principle, the resectability assessment performed at the multidisciplinary 
team conference can fall into four categories (Box 33.2) [13]. In addition to ana-
tomical factors (vascular invasion), the tumor can also be assessed as borderline 
resectable based on biological (e.g. level of CA19-9) or conditional (performance 
status or comorbidities) factors [14]. In patients with borderline resectable tumors, 
there is considerable variation in the treatment allocation [15]. Despite the existence 
of international consensus guidelines on determining resectability in pancreatic 
cancer from organizations such as the National Comprehensive Network [16], 
Americas Hepato-Pancreato-Biliary Association [17], or the Japan Pancreas Society 
[18], a substantial variation in resectability assessment has been documented. For 
example, a study of 19 pancreatic cancer patients assessed at seven different multi-
disciplinary team conferences found that the decision on resectability was identical 
in only half of the cases [15] (Fig. 33.2). This discordance may be due to local tradi-
tions and competences and clearly demonstrates the impact of local traditions and 
competences.

Box 33.2 Resectability Assessment
RESECTABLE

The tumor is free of central vascular structures and the patient is likely to 
benefit from surgery.

BORDERLINE RESECTABLE
Invasion of central vascular structures that do not preclude curative- 

intent surgery
LOCALLY ADVANCED
Invasion of central vascular structures that preclude upfront curative- 

intent surgery
METASTATIC
The tumor has metastasized beyond the pancreas
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33.7  Impact of Multidisciplinary Team Conferences

Despite widespread implementation of multidisciplinary team conferences, their 
impact on real-world outcomes are largely unknown. Generally, patients discussed 
at a multidisciplinary team conference have shown to be more satisfied and more 
often get a correct diagnosis and treatment allocation according to available guide-
lines [19], but no effect on survival has been shown.

A Norwegian study found that patients living in counties where multidisciplinary 
team conferences were implemented had improved survival compared with patients 
in counties without multidisciplinary team conferences, and suggested that this 
could be explained by more frequent use of chemotherapy in the former group [20]. 
There is an urgent need for research on the impact of the multidisciplinary team 
conference on survival of pancreatic cancer patients. One study of 355 patients with 
malignant or benign pancreatic mass lesions evaluated at a single institution found 
that review of the patient files at the multidisciplinary team conference changed the 
proposed treatment allocation from surgery to non-surgical treatment in 25% of the 
patients [21]. These findings agree with another study of 203 patients with pancre-
atic cancer, of which 19% had their treatment allocation changed following evalua-
tion at the multidisciplinary team conference [22]. Of these patients, 75% went 
from surgical to non-surgical treatment, mainly as a result of increased detection of 
distant metastases. As surgical treatment will not benefit patients with metastatic 
lesions, these findings emphasize the importance of a thorough multidisciplinary 
workup to avoid futile surgery.

Unable to decide
Not resectable - metastatic
Not resectable - localy advanced
Borderline ressectable
Resectable

Patient no

10

N
o 

as
se

ss
ed

 p
ot

en
tia

ly
re

se
ct

ab
le

N
o 

as
se

ss
ed

 
as

 u
nr

es
ec

ta
bl

e

8

7

6

5

4

3

2

1

0

1

2

3

4

5

6

7
9 4 6 20 11 17 3 12 18 2 1 7 14 15 16 19 13

Fig. 33.2 Agreement of resectability across several MDTs. Resectability assessment of 19 patients 
with pancreatic cancer at seven different multidisciplinary team conferences. (Reprinted with per-
mission from British Journal of Surgery, Kirkegård et al. Multicentre study of multidisciplinary 
team assessment of pancreatic cancer resectability and treatment allocation. Br J Surg. 
2019;106(6):756–764)
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33.8  Perspectives of Multidisciplinary Team Conferences

The widespread use of multidisciplinary team conferences may confer additional 
benefits to patients beyond correct diagnosis and optimal treatment allocation. Use 
of multidisciplinary team conferences could facilitate an infrastructure of patient 
inclusion in clinical trials, which can assist researchers and clinicians in bringing 
forward pancreatic cancer research. Furthermore, evaluation of patients in multidis-
ciplinary team conferences can also increase the number of patients receiving more 
aggressive antineoplastic treatment [23], which may again increase survival albeit at 
a potential cost of reduced quality of life.

Another aspect of multidisciplinary team conference is related to centralization. 
It is still debatable which hospitals should have multidisciplinary team conferences, 
and if extremely specialized multidisciplinary team conferences may improve 
patient outcome. For example, a national multidisciplinary team conference was 
implemented in Denmark in early 2019. The rationale for this conference was the 
large variation in tumor staging and differences in survival according to geographi-
cal residency [15, 24]. At this conference, which is conducted weekly using a vid-
eocall, participants from all centers in Denmark performing pancreatic cancer 
surgery mutually assess all patients with non-metastatic tumors who were consid-
ered unresectable at the local multidisciplinary team conference. Thus, this national 
multidisciplinary team conference serves as a systematic second-opinion system for 
all patients with borderline resectable or locally advanced pancreatic cancers. A 
similar conference has also been implemented in Sweden. Results from these 
national multidisciplinary team conferences are still awaited.

Other open questions related to the multidisciplinary team conference remains. 
For example, to deal with the increasing burden of cancer in the elderly, geriatri-
cians may play a central role of the multidisciplinary team conferences in longer 
terms. With increasing availability of genome sequencing, personalized medicine 
may become increasing used at the multidisciplinary team conferences, and clinical 
geneticists could play a role at the multidisciplinary team conference. Also, preha-
bilitation prior to pancreatic surgery can optimize postoperative outcomes [25], sug-
gesting that clinical dieticians and physiotherapists should be a more integrated part 
of multidisciplinary team conferences.

33.9  The Multidisciplinary Team Conference in Education 
and Patient Involvement

The multidisciplinary team conference provides a plethora of possibilities for teach-
ing and education. Residents, fellows, and medical students can learn a lot from 
these conferences and are perfectly capable to present cases themselves, although 
their input may be limited. The multidisciplinary team conference can improve the 
younger colleagues’ skills in concise presentation of cases and strengthen their 
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clinical knowledge as well as their professional skills and ability to work as a team. 
Patient involvement at the multidisciplinary team conference are widely debated. A 
Danish study of patients with ear-nose-throat cancer found that in more than half of 
the cases, patient participation contributed to a change in the treatment allocations 
involving reduced use of oncological treatment due to performance status and com-
plete abstinence of anti-neoplastic treatment due to patient preferences [26]. In this 
study, each patient was allocated a timeframe of 45 min. While this may seem long, 
surgeons were in general positive towards patient involvement, as it inferred fewer 
cancelled operations and a more efficient patient flow [26]. Patient involvement at 
the multidisciplinary team conference may thus seem as a positive initiative, but it 
is also associated with substantial logistical challenges.

33.10  Future Research

No randomized studies examining the impact of multidisciplinary team conferences 
on cancer survival have been performed. In order to perform a cost-benefit analysis 
of the value of multidisciplinary team conferences, studies to examine a potential 
survival benefit are crucial. Furthermore, while only inter-observer variation has 
been investigated, no studies to date have analyzed intra-observer variance.

References

 1. Berman HL. The tumor board: is it worth saving? Mil Med. 1975;140:529–31.
 2. Calman-Hine Report. Expert Advisory Group on Cancer. A policy framework for commis-

sioning cancer services: a report to the chief medical officers of England and Wales. London: 
Department of Health; 1995.

 3. van Leeuwen AF, Voogt E, Visser A, van der Rijt CC, van der Heide A. Considerations of 
healthcare professionals in medical decision-making about treatment for clinical end-stage 
cancer patients. J Pain Symptom Manag. 2004;28:351–5.

 4. van Nes JG, van de Velde CJ. [The multidisciplinary breast cancer care team: promoting better 
care]. Ned Tijdschr Geneeskd. 2005;149:1929–1931.

 5. Prades J, Remue E, van Hoof E, Borras JM. Is it worth reorganising cancer services on the 
basis of multidisciplinary teams (MDTs)? A systematic review of the objectives and organisa-
tion of MDTs and their impact on patient outcomes. Health Policy. 2015;119:464–74.

 6. Gillen S, Schuster T, Meyer Zum Buschenfelde C, Friess H, Kleeff J.  Preoperative/neoad-
juvant therapy in pancreatic cancer: a systematic review and meta-analysis of response and 
resection percentages. PLoS Med. 2010;7:e1000267.

 7. Wallace I, Barratt H, Harvey S, Raine R.  The impact of Clinical Nurse Specialists on the 
decision making process in cancer multidisciplinary team meetings: a qualitative study. Eur J 
Oncol Nurs. 2019;43:101674.

 8. Basta YL, Baur OL, van Dieren S, Klinkenbijl JH, Fockens P, Tytgat KM. Is there a benefit of 
multidisciplinary cancer team meetings for patients with gastrointestinal malignancies? Ann 
Surg Oncol. 2016;23:2430–7.

 9. Lanceley A, Savage J, Menon U, Jacobs I.  Influences on multidisciplinary team decision- 
making. Int J Gynecol Cancer. 2008;18:215–22.

J. Kirkegård and F. V. Mortensen



517

 10. Jalil R, Ahmed M, Green JS, Sevdalis N. Factors that can make an impact on decision-making 
and decision implementation in cancer multidisciplinary teams: an interview study of the pro-
vider perspective. Int J Surg. 2013;11:389–94.

 11. van Roessel S, Kasumova GG, Verheij J, et al. International Validation of the Eighth Edition 
of the American Joint Committee on Cancer (AJCC) TNM staging system in patients with 
resected pancreatic cancer. JAMA Surg. 2018;153:e183617.

 12. Edge SB, Byrd DR, Compton CG, Fritz AG, Greene FL, Trotti A.  AJCC Cancer Staging 
Handbook. 7th ed. New York, NY: Springer; 2010.

 13. National MDT conference for pancreatic cancer. 2019. Danish Board of Health, Copenhagen.
 14. Isaji S, Mizuno S, Windsor JA, et al. International consensus on definition and criteria of bor-

derline resectable pancreatic ductal adenocarcinoma 2017. Pancreatology. 2018;18:2–11.
 15. Kirkegard J, Aahlin EK, Al-Saiddi M, et al. Multicentre study of multidisciplinary team assess-

ment of pancreatic cancer resectability and treatment allocation. Br J Surg. 2019;106:756–64.
 16. Ducreux M, Cuhna AS, Caramella C, et al. Cancer of the pancreas: ESMO Clinical Practice 

Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2015;26(Suppl 5):v56–68.
 17. Callery MP, Chang KJ, Fishman EK, Talamonti MS, William Traverso L, Linehan 

DC. Pretreatment assessment of resectable and borderline resectable pancreatic cancer: expert 
consensus statement. Ann Surg Oncol. 2009;16:1727–33.

 18. Yamada S, Fujii T, Takami H, et al. Evaluation and proposal of novel resectability criteria for 
pancreatic cancer established by the Japan Pancreas Society. Surgery. 2017;162:784–91.

 19. Basta YL, Bolle S, Fockens P, Tytgat K.  The value of multidisciplinary team meetings 
for patients with gastrointestinal malignancies: a systematic review. Ann Surg Oncol. 
2017;24:2669–78.

 20. Kersten C, Cvancarova M, Mjaland S, Mjaland O. Does in-house availability of multidisci-
plinary teams increase survival in upper gastrointestinal-cancer? World J Gastrointest Oncol. 
2013;5:60–7.

 21. Brauer DG, Strand MS, Sanford DE, et al. Utility of a multidisciplinary tumor board in the 
management of pancreatic and upper gastrointestinal diseases: an observational study. HPB 
(Oxford). 2017;19:133–9.

 22. Pawlik TM, Laheru D, Hruban RH, et al. Evaluating the impact of a single-day multidisci-
plinary clinic on the management of pancreatic cancer. Ann Surg Oncol. 2008;15:2081–8.

 23. Brannstrom F, Bjerregaard JK, Winbladh A, et al. Multidisciplinary team conferences promote 
treatment according to guidelines in rectal cancer. Acta Oncol. 2015;54:447–53.

 24. Kirkegard J, Ladekarl M, Fristrup CW, Hansen CP, Sall M, Mortensen FV. Urban versus rural 
residency and pancreatic cancer survival: a Danish nationwide population-based cohort study. 
PLoS One. 2018;13:e0202486.

 25. Nakajima H, Yokoyama Y, Inoue T, et al. Clinical benefit of preoperative exercise and nutri-
tional therapy for patients undergoing hepato-pancreato-biliary surgeries for malignancy. Ann 
Surg Oncol. 2019;26:264–72.

 26. Patient involvement in MDT conferences. Copenhagen: Danish Cancer Society; 2018.

33 The Multidisciplinary Team Conference



519© Springer Nature Switzerland AG 2021
K. Søreide, S. Stättner (eds.), Textbook of Pancreatic Cancer, 
https://doi.org/10.1007/978-3-030-53786-9_34

Chapter 34
Gross Evaluation and Histopathology

Eline C. Soer and Caroline Sophie Verbeke

E. C. Soer 
Department of Pathology, Cancer Center Amsterdam, Amsterdam UMC, University of 
Amsterdam, Amsterdam, The Netherlands 

C. S. Verbeke (*) 
Institute of Clinical Medicine, University of Oslo, Oslo, Norway
e-mail: c.s.verbeke@medisin.uio.no

Take Home Messages
• Specimen dissection, macroscopic examination, and tissue sampling are 

key determinants of the quality of the pathology reporting on surgical pan-
creatic cancer specimens. Standardization of this part of the pathology 
examination is essential for comparability of data.

• Pancreatic ductal adenocarcinoma is characterized by a high stromal con-
tent and a dispersed growth pattern. While the former presents a severe 
obstacle to bulk molecular analysis, the latter results in frequent underesti-
mation of tumour size and extent, both during macroscopic examination 
and on preoperative imaging.

• Reporting of pancreatic cancer specimens following neoadjuvant treat-
ment is challenging, because tumour regression is often patchy and viable 
residual cancer cannot be confidently distinguished from fibrosis by naked-
eye inspection. Consequently, tissue sampling must be extensive, and 
assessment of residual tumour size and ypT-stage is difficult and liable to 
interobserver variation. Existing tumour regression grading systems are of 
limited prognostic value and fraught with interobserver variation.
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34.1  Introduction

Pancreatic ductal adenocarcinoma is associated with poor patient outcome. The key 
determinants of the tumour’s aggressive biology are readily appreciated on micro-
scopic examination and represent the hallmarks of this cancer: (1) a highly infiltrative 
and dispersed growth, (2) an exceedingly prominent stroma, and (3) marked morpho-
logical heterogeneity. While the first feature directly relates to the size of the tumour 
and T-stage, the latter two are currently not part of the pathology reporting data set.

The aim of routine pathology examination of surgical pancreatic resection speci-
mens is first and foremost to confirm the diagnosis, in particular the cancer origin 
(pancreas versus ampulla, common bile duct, or duodenum) and the exact histological 
tumour entity, that is, ductal adenocarcinoma or any of its subtypes [1]. Furthermore, 
the main tissue-based prognostic predictors are assessed according to the principles of 
TNM-staging along with additional findings, such as lymphovascular tumour propa-
gation and margin status, which have a smaller prognostic impact [2, 3]. For these 
core data to be comparable between centres and studies, pathology examination 
should be fully standardized. Unfortunately, despite efforts to that effect, an interna-
tional consensus has not been reached yet. While current national guidelines and 
international data sets for the reporting of pancreatic cancer aim at standardizing the 
recording of the data items [4–7], the macroscopic and microscopic examination pro-
cedures that are required to obtain these data, have been left largely to the discretion 
of the individual pathologist and, consequently, vary between centres [8–10].

Key steps in the gross examination of pancreatic resection specimens and data 
items that are gleaned during microscopic examination are described below, along 
with their clinical relevance and possible pitfalls or shortcomings.

34.2  Macroscopic Examination

Macroscopic examination consists of specimen dissection, naked-eye inspection, 
and tissue sampling. It is this part of the pathology examination procedure that suf-
fers most from a lack of standardization, despite the fact that it is a key determinant 
of the overall quality of reporting.

Future Perspectives
• Ductal adenocarcinoma shows a wide range of histomorphological varia-

tion that requires investigation, including its relation with current molecu-
lar taxonomy models and relevance regarding the effect of chemotherapy.

• Currently, pathology examination is limited to assessing the extent, spread, 
and grade of differentiation of the cancer cell component of the tumour. 
Functional aspects of the cancer (e.g., proliferation rate, expression of che-
mosensitivity markers) and features of the tumour stroma that may have an 
impact on treatment success and patient outcome should be considered, 
both for treatment-naive and neoadjuvantly treated pancreatic cancers.
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34.2.1  Colour-Coded Inking

Following formalin fixation, all relevant surfaces of pancreatoduodenectomy or dis-
tal pancreatectomy specimens are inked in a colour-coded fashion (Fig. 34.1). This 
allows accurate reporting of the R-status and a detailed account of the tumour site 
and the relationship of the tumour to the margins. Special attention should be paid 
to the correct inking of additional margins in specimens from extended surgical 
procedures, which may include a venous or arterial resection, the left adrenal gland, 
left kidney, and/or part of the stomach, small bowel, or colon.

Fig. 34.1 Colour-coded inking and axial slicing of pancreatoduodenectomy specimens. Slicing in 
the axial plane, that is, perpendicular to the longitudinal axis of the descending duodenum, results 
on average in 12–15 axial specimen slices measuring 3–4 mm in thickness (a). Orientation of the 
specimen starts with the identification of the pancreatic transection margin and the smooth and 
slightly curved SMV-groove. The SMA-margin lies to the left of the latter and has a rough surface. 
Note the dilated main pancreatic duct (asterisk, b). Following specimen fixation, the various sur-
faces are inked in different colours: anterior surface (red), pancreatic transection margin (black), 
SMV-groove (green), SMA-margin (yellow). The specimen lies on the posterior surface (c). An 
axial specimen slice reveals a large ductal adenocarcinoma in the posterior-medial quadrant of the 
pancreatic head. Note that both the main pancreatic duct (white asterisk) and common bile duct 
(black asterisk) are obliterated by tumour (tumour periphery, blue dotted line) (d)

34 Gross Evaluation and Histopathology
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34.2.2  Specimen Dissection

Following formalin fixation and colour-coded inking, the specimen is dissected. 
Photodocumentation of the specimen slices is highly recommended, as it facilitates 
microscopic assessment, case review, and multidisciplinary discussion.

Given the complexity of the local anatomy, dissection of pancreatoduodenec-
tomy specimens is more demanding than that of distal pancreatectomy specimens. 
Two different approaches are commonly used for dissection of the former. According 
to the so-called bivalving technique, the specimen is sliced along the plane defined 
by a probe in both the pancreatic duct and common bile duct, following which both 
halves are further sliced in another plane. Probing of the narrow, curved ducts is 
difficult, especially as they are often obstructed by tumour. By slicing in the plane 
of the ducts, the ampullary region is displayed in a longitudinal fashion, which may 
be helpful in cases with primary ampullary cancer. However, the display of the tis-
sues away from the ampulla is either limited (“hidden” in the two thick halves of the 
pancreatic head) or fragmented, and given the different planes of dissection, it may 
be difficult to reconstruct the tumour in three dimensions, potentially compromising 
accurate assessment of tumour size and T-stage.

The second commonly used dissection technique is based on serial slicing in the 
axial plane (Fig. 34.1). Axial slicing is easy to perform, as every specimen is han-
dled in exactly the same manner, and there is no need for probing of the pancreatic 
and/or bile duct. Furthermore, in case of an extended resection, the vascular resec-
tion can be sliced en bloc with the pancreas, following the same simple axial slicing 
protocol. As the plane of slicing is always the same, reconstruction of the tumour in 
a mental 3-dimensional image is straightforward, which is key to correct measure-
ment of the tumour size and attribution of pT-stage and R-status [11]. Because the 
axial dissection plane is the same as the one used in CT and MRI scanning, the 
tumour and surrounding local anatomy are displayed in the same way in both axial 
specimen slices and CT/MRI images, which greatly facilitates correlation between 
pathology findings and preoperative imaging.

Specimen dissection and subsequent macroscopic examination of the specimen 
slices is of particular importance for the correct identification of the cancer origin, 
that is, for the distinction between cancer arising from the pancreas, ampulla of 
Vater, common bile duct, or duodenum. Because there are no reliable microscopic 
criteria to distinguish these entities, the location of the centre of the tumour mass is 
decisive for the identification of the cancer origin [9]. In large tumours that involve 
multiple structures, this may occasionally be difficult.

Distal pancreatectomy specimens are dissected by serial slicing in the sagittal 
plane, which is usually straightforward and can be applied also to extended surgical 
specimens that include, for example, the left adrenal gland (Fig. 34.2).
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34.2.3  Tissue Sampling

There are no guidelines regarding the method and extent of tissue sampling, despite 
the fact that both are critical determinants of the quality of pathology reporting. 
Limited sampling may lead to underestimation of tumour size and margin involve-
ment. Ductal adenocarcinoma is notoriously poorly circumscribed, due to the highly 
dispersed growth pattern, which results in the presence of invasive cancer cell clus-
ters well beyond the macroscopic tumour bed (Fig.  34.3). This means that the 
periphery of the grossly visible tumour should be sampled preferentially, including 
the adjoining, seemingly tumour-free tissues, in order to capture the full (micro-
scopic) tumour extent. Extensive en-bloc sampling of the tumour onto the peripan-
creatic tissues and specimen surface ensures the identification of microscopic, that 
is, macroscopically imperceptible margin involvement (R1). At the same time it is 
key to achieving an adequate lymph node yield. Extensive tissue sampling is par-
ticularly important for tumours that have been treated neoadjuvantly, because the 
tumour boundaries are additionally obscured by treatment-induced fibrotic changes. 
In practice, this means that most of the pancreas and relevant adjacent tissues have 
to be sampled.

‘Orange peeling’ is an alternative way of lymph node sampling, typically under-
taken prior to bivalving of a pancreatoduodenectomy specimen. With this approach, 
the peripancreatic adipose tissue is shaved from the pancreatic head and completely 
embedded [12]. While this technique aims at increasing the lymph node yield, it 
disrupts the relationship of the tumour to the peripancreatic fat and margins, hence 
compromising measurement of the tumour size and microscopic assessment of the 
R-status.

Fig. 34.2 Extended distal 
pancreatectomy specimen. 
This specimen slice shows 
a large ductal 
adenocarcinoma, which 
involves almost the entire 
width of the pancreatic 
body and extends into the 
peripancreatic fat, both 
anteriorly close to the 
inked surface (red) and 
posteriorly with 
involvement of the splenic 
vein. The adrenal gland is 
clear of tumour
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34.3  Microscopic Examination

34.3.1  Pancreatic Ductal Adenocarcinoma and Subtypes

In ductal adenocarcinoma, tumour glands are characteristically surrounded by a 
large amount of desmoplastic stroma, which consists of abundant extracellular 
matrix and pancreatic stellate cells or so-called cancer-associated fibroblasts. 
Consequently, cancer cells account for about only a third, and occasionally as little 
as 5% of the total tumour volume. This low cancer cell density may reduce the 
chance of obtaining a representative fine needle biopsy. Furthermore, it is an obsta-
cle to bulk molecular analysis of tumour tissue samples, as the signal from the 
cancer cells may be significantly diluted by that of other “contaminating” cell popu-
lations, first and foremost pancreatic stellate cells and inflammatory cells.

The WHO classification defines a number of subtypes of pancreatic ductal ade-
nocarcinoma that have distinct morphological features and differ molecularly and in 
clinical outcome from the common form of ductal adenocarcinoma, also called duc-
tal adenocarcinoma not otherwise specified (NOS) [1]. These subtypes are rare and 
account for <5% of all ductal adenocarcinomas. Colloid carcinoma consists pre-
dominantly of tumour cells that show intestinal differentiation and are suspended in 

Fig. 34.3 Dispersed growth pattern of ductal adenocarcinoma. Tumour glands of a well- 
differentiated ductal adenocarcinoma (arrows) infiltrate nonneoplastic pancreatic parenchyma 
without causing distortion or fibrosis of pre-existing tissues, that is, without being macroscopically 
visible. This phenomenon, often observed in the tumour periphery, commonly leads to significant 
underestimation of both the tumour size and extent based on macroscopic examination
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large extracellular mucin pools. While typically of large size, colloid carcinoma is 
associated with a better prognosis. Adenosquamous carcinoma shows squamous 
differentiation in ≥30% of the tumour mass and has a particularly poor prognosis. 
Medullary carcinoma of the pancreas is exceedingly rare and characterized by high 
cellularity, poor differentiation, and prominent lymphocytic infiltration. This sub-
type is strongly associated with mismatch repair deficiency and may occur sporadi-
cally or in the setting of Lynch syndrome.

While ductal adenocarcinoma NOS is defined by the WHO as having no specific 
histological features, recent studies indicate that a wide range of morphological 
variation exists within this large tumour group. This morphological heterogeneity, 
which occurs both within the same tumour and between patients, is not described in 
the WHO classification, and consequently, the prevalence and clinical relevance of 
it are currently unknown [13]. Recent evidence suggests that morphological varia-
tion is indeed linked with differences at the genomic and transcriptome level 
[14, 15].

34.3.2  TN-staging

The defining criteria of T-stage in pancreatic cancer were recently changed [2, 3]. 
Stages T1-T3 are now exclusively determined by tumour size (<2 cm, 2–4 cm, 
>4 cm, respectively), irrespective of the presence or absence of extrapancreatic 
tumour extension, while stage T4 has remained unaltered and is defined by 
involvement of the superior mesenteric artery, coeliac trunk, or common hepatic 
artery (see Chap. 14). As outlined above, accurate measurement of tumour size, 
both macroscopically and microscopically, is not without its difficulties. Indeed, 
given the dispersed tumour growth and presence of pronounced fibrosis, accurate 
measurement of tumour size can only be done microscopically, but this requires 
3D-reconstruction of the tumour across multiple specimen slices. While interob-
server agreement in tumour size assessment is obviously of key importance for 
the reliability of T-staging, it has not been assessed but is suspected to be 
suboptimal.

The N-stage reflects the extent of regional lymph node metastasis and is subdi-
vided in N1 (1–3 positive lymph nodes) and N2 (≥4 lymph node metastases). 
Nearly 80% of patients with ductal adenocarcinoma have at least one positive 
lymph node [16]. Recording of the total lymph node yield is compulsory, as the 
prognostic relevance of the N-status is dependent on the examination of an ade-
quate number of lymph nodes. In pancreatoduodenectomy specimens, ≥12 lymph 
nodes are required for reliable staging of node-negative tumours [17, 18]. For distal 
pancreatic resections the lymph node yield is typically lower, but there is no defined 
minimum yield [19]. Similarly, fewer lymph nodes are usually found in specimens 
with neoadjuvantly treated ductal adenocarcinoma, but the impact of the lymph 
node yield on the prognostic relevance of N-staging has not been investigated in 
this setting.

34 Gross Evaluation and Histopathology
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34.3.3  Additional Descriptors

Tumour propagation along lymphatics and blood vessels—reported as L1 and V1, 
respectively—is part of the minimum data set of pathology reporting, although the 
prognostic impact of both descriptors is smaller than that of T- and N-stage. 
Especially in cases with lymph node metastasis, the L-status is obviously of no 
additional clinical information. Tumour propagation along perineurial clefts—
recorded as Pn1—results in  locoregional and extraregional tumour spread and is 
associated with shorter tumour-free and overall survival [20]. While perineural inva-
sion is exceedingly common and recorded in nearly all resected ductal adenocarci-
nomas, its extent may vary significantly between individual cases [21]. Unfortunately, 
with the current binary recording system—Pn0 or Pn1—quantitative information is 
not provided, which probably limits the prognostic value of this feature.

The grade of differentiation of ductal adenocarcinoma reflects to some extent the 
intrinsic aggressiveness of the tumour. It is based on the degree of gland formation 
and cytological pleomorphism, while mucin production and mitotic activity may 
also be taken into consideration [22]. Low differentiation is generally associated 
with poorer prognosis [23, 24]. Because the grade of differentiation often varies 
within a tumour, assessment of this data item suffers from interobserver variation.

34.3.4  Margin Assessment and R-status

For pancreatoduodenectomy specimens the following surfaces should be included 
in the assessment of the margins: (1) the transection margins of the pancreatic neck, 
common bile duct, and stomach/duodenum, (2) the bluntly dissected margins, that 
is, the posterior surface and groove of the superior mesenteric vein (SMV)/portal 
vein, (3) the sharply dissected margin towards the superior mesenteric artery, and 
(4) the anterior surface, which is peritonealized and faces the lesser sac. In distal 
pancreatectomy specimens, the pancreatic transection margin, the transection mar-
gin of the splenic artery and vein, the posterior margin, and the anterior surface 
should be examined. In extended resection specimens, the surfaces of the addition-
ally resected structures should be included in the margin assessment.

Some confusion exists as to whether the anterior surface should be taken into 
account for the R-status, given that it is not a surgical margin. However, considering 
that “R” stands for residual disease rather than resection margin, the status of the 
anterior surface should be reported. Indeed, breaching of the anterior surface by 
tumour cells portends the risk of residual disease and local tumour recurrence [25].

In most countries, the presence of tumour cells <1 mm from a surgical transec-
tion or dissection margin is considered R1. This definition excludes the anterior free 
surface: here the tumour cells should breach the surface (0 mm clearance) for the 
diagnosis of R1. The 1 mm definition is supported by multiple studies, which have 
shown that an R0 resection only carries prognostic value when it is defined as 
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≥1  mm margin clearance. In the majority of patients (80%), resection is micro-
scopically incomplete (R1). Adequate sampling is of key importance for the assess-
ment of R-status, as the R1 rate increases with the number of tissue blocks that are 
taken from the tumour onto the overlying surfaces [26, 27]. Interestingly, in cases 
with involvement of the SMV, venous resection does not usually result in an R0 
resection. The reason is twofold: (1) microscopic margin involvement is often still 
present at the SMV margin around the resected vein and, (2) in a large proportion of 
cases, margin involvement is multifocal, that is, margins other than the SMV sur-
face are positive [28].

34.4  Neoadjuvant Treatment

Pathology examination of pancreatic cancer specimens following neoadjuvant treat-
ment can be challenging, because tumour regression is often patchy, and macro-
scopically, it is often impossible to distinguish areas with residual cancer from those 
with fibrosis devoid of viable cancer cells (Fig. 34.4) [29]. Consequently, extensive 
tissue sampling is essential for accurate assessment of the residual cancer. There is 
no guidance on how to measure the tumour size if the residual cancer is present in 

Fig. 34.4 Pancreatoduodenectomy specimen with venous resection following neoadjuvant treat-
ment of a borderline resectable ductal adenocarcinoma. An axial specimen slice shows extensive 
and ill-circumscribed abnormal white tissue, which involves most of the pancreatic parenchyma 
and extends into the peripancreatic fat anteriorly, towards the irregular SMA-margin, and towards 
the segment of SMV. Note the thickened wall and stenosed lumen of the latter. Based on micro-
scopic examination, viable cancer cells were found in only two small foci (black line), which are 
macroscopically indistinguishable from extensive areas of fibrosis

34 Gross Evaluation and Histopathology



528

two or more separate foci, which is often the case. Currently, there are two 
approaches: (1) measurement along a line that connects the tumour foci that are 
furthest away from each other (i.e., including intervening non-neoplastic tissue), 
and (2) summation of the size of individual foci (i.e., excluding intervening non- 
neoplastic tissue). In some cases, both approaches may give significantly different 
results, and consequently, assignment to different T-stages.

Assessment of the effect of neoadjuvant treatment is based on an estimation of 
either the decrease in tumour cells (i.e. tumour regression grading) or the quantity 
of residual cancer. Regression grading is problematic because the extent and cellu-
larity of the cancer before treatment are unknown, hence the relative change in 
either cannot be assessed [30]. Compounding this problem, the response to treat-
ment often varies considerably within the tumour, making it difficult to represent 
this variegated result with a single score.

Given these fundamental difficulties and considering the rapidly increasing use 
of neoadjuvant treatment in clinical practice, international efforts are currently 
being undertaken to improve and standardize the pathology reporting of these chal-
lenging specimens.

34.5  Preoperative Diagnostics

As explained above, due to the dispersed growth of pancreatic cancer, fine needle 
aspirates and biopsies often contain only a small number of lesional cells, such that 
a confident diagnosis may be difficult to make. Distinguishing ductal adenocarci-
noma from reactive ductular structures may be challenging, and immunohistochem-
ical investigation is often of limited if any help. In case a diagnosis of adenocarcinoma 
can be established, distinction between primary pancreatic and for example duode-
nal cancer may be impossible, especially because pancreatic cancer may show 
intestinal mimicry, that is, adopt a more intestinal morphology as it infiltrates the 
duodenal wall. As there is no specific immunohistochemical signature for ductal 
adenocarcinoma, distinction from adenocarcinoma of extrapancreatic (in particular 
upper gastrointestinal) origin may be difficult [31, 32].
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Take Home Messages
• Rare tumors of the pancreas include potentially malignant and malignant 

epithelial neoplasms as well as benign, potentially malignant, and malig-
nant non-epithelial neoplasms of the pancreas.

• In addition, intrapancreatic metastases as well as tumor-like lesion of the 
pancreas, e.g. in the context of malformation or inflammation, should be 
taken into consideration when establishing a diagnosis.

• Close interdisciplinary cooperation is needed to ensure correct diagnosis 
and adequate management of rare tumors of the pancreas.

Pearls and Pitfalls
• Many rare tumors of the pancreas show distinct morphological features, 

immunophenotypes, and molecular signatures. However, unusual presen-
tations and overlapping features exist, especially in rare epithelial neo-
plasms, and may hamper initial diagnosis.

• For example, solid-pseudopapillary neoplasms may express cytokeratins 
and neuroendocrine markers, and must be distinguished from neuroendo-
crine tumors (NETs) by their nuclear expression of beta-Catenin and/or 
molecular detection of CTNNB1 mutation. Similarly, acinar cell carci-
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noma and pancreatoblastoma can be distinguished from NET by their 
expression of Trypsin. In some cases, demographic factors can aid in dis-
tinguishing between entities, e.g. in the distinction between pancreatoblas-
toma, which is practically only observed in children, and acinar cell 
carcinoma, which is much more common in adult patients.

• In general, combining all available clinical, radiological, and pathological 
information is the best approach to reach a correct diagnosis.

Future Perspectives
• Data on rare tumors of the pancreas are still limited. With continuous 

improvements of imaging techniques, the number of diagnosed rare pan-
creatic tumors is rising, leading to an increase of available data. At the 
same time, techniques for molecular profiling, e.g. next generation 
sequencing, are being further refined and becoming more readily available, 
resulting in additional options to detect characteristic molecular signa-
tures. This will increase the number of cases where a specific diagnosis can 
be made even though only scarce diagnostic material, e.g. small biopsies or 
cyst fluids, are available.

35.1  Introduction

Rare disorders are defined in Europe as diseases occurring with a prevalence of less 
than 50 cases out of a population of 100,000 [1]. According to this definition, most 
pancreatic tumors, including variants of pancreatic ductal adenocarcinoma, belong 
to the category of rare diseases. With the exception of high-volume referral centers, 
it is therefore unlikely for physicians to be confronted with these entities during 
their professional life. However, apart from ductal adenocarcinoma, a number of 
other rare tumors and tumor-like lesions may occur in the pancreas, therefore repre-
senting a diagnostic and therapeutic challenge. These rare tumors/tumor-like lesions 
can be classified in epithelial and non-epithelial as well as in benign and (potentially 
to certainly) malignant (Table 35.1). In the following sections, the main morpho-
logical characteristics of rare pancreatic tumors and tumor-like lesions and their 
clinical manifestations are described. Pancreatic metastases are not considered in 
this chapter.
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35.2  Rare Epithelial Neoplasms of the Pancreas

35.2.1  Potentially Malignant

35.2.1.1  Solid Pseudopapillary Neoplasm (SPN)

SPN of the pancreas is a low grade malignant neoplasm, accounting for less than 
3% of all primary pancreatic tumors, and about 5% of all pancreatic cystic tumors 
[2, 3]. They occur predominantly in young women, usually in the second and third 
decade, while affected males are slightly older (mean age 35 years vs. 28 years) 
[4–6]. SPNs usually appear as single, large, and well-demarcated tumors, with a 
mean size of about 8–10 cm, and a diameter that may exceed 20 cm [5]. Cut sur-
face shows a combination of solid and pseudocystic spaces and usually extensive 
necrotic and/or hemorrhagic areas (Fig.  35.1a) [4]. Microscopically, they are 
characterized by fibrovascular stalks lined by poorly cohesive cells containing 

Table 35.1 Rare tumors of the pancreas

Rare epithelial neoplasms
Entity Subtype/variant

Potentially 
malignant

Solid pseudopapillary neoplasm 
(SPN)

Malignant Acinar cell carcinoma (ACC) Acinar cell cyst adenocarcinoma
Pancreatoblastoma

Rare non-epithelial neoplasms
Benign Haemangioma

Lymphangioma
Potentially 
malignant

PEComa Angiomyolipoma

Teratoma Solid teratoma
Cystic teratoma

Gastrointestinal stroma tumor 
(GIST)
Solitary fibrous tumor (SFT)

Malignant Sarcomas Leiomyosarcoma
Rhabdomyosarcoma
Liposarcoma
Haemangioendothelioma
Undifferentiated pleomorphic 
sarcoma
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PAS-positive globules, and characteristic grooved nuclei; mitotic figures are 
uncommon (Fig.  35.1b) [5]. Tumor cells usually express nuclear beta-Catenin, 
CD10, Vimentin, and alpha1- Antitrypsin (Fig. 35.1c, d); cytokeratins are detected 
in about 30% of cases; focal positivity for Synaptophysin and rarely for 
Chromogranin A has been reported [7]. SPNs  generally present with excellent 
prognosis [2, 7, 8]. Malignancy is reported in up to 15% of cases, and 10–15% of 
patients develops metastasis, often in the liver and peritoneum [4–6]. Given the 
excellent prognosis, surgery with sparing of as much pancreatic tissue as possible 
is considered the optimal treatment, even in presence of distant metastases or 
local invasive effects [4]. Late recurrence pattern has been reported and most 
relapses occurred more than 5  years after resection, so a >5-year follow up is 
necessary after surgery [2, 9].

a b

c d

Fig. 35.1 Solid pseudopapillary neoplasm. (a) Solid pseudopapillary neoplasm displaying solid 
and pseudocystic areas with hemorrhages (HE, 100×). (b) On higher magnification, pseudopapil-
lary projections lined by monomorphous cells can be seen (HE, 200×). The lesion stains positive 
for Vimentin (c, 200×) and shows nuclear positivity for beta-Catenin in immunohistochemistry 
(d, 200×)
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35.2.2  Malignant

35.2.2.1  Pancreatoblastoma

Pancreatoblastoma is a very rare malignant neoplasm. Nevertheless, it represents 
the most common pancreatic tumor in children, accounting for about 25% of all 
pancreatic neoplasms before 10  years of age [10]. Some adult cases have been 
reported, with a slight predominance in males and a median age of 37 years (range 
18–78 years) [11–13]. Most cases are sporadic, but association with genetic syn-
dromes, such as the Beckwith–Wiedemann syndrome or the familial adenomatous 
polyposis syndrome has been described [14, 15]. The presenting features of pancre-
atoblastoma are not specific and many cases are discovered incidentally [10, 16]. 
Cases characterized by inappropriate secretion of antidiuretic hormone or ACTH 
have been reported, leading to development of endocrine syndromes [10]. Serum 
AFP is a common serological marker, that does not correlate with tumor size, 
although its normalization is often observed after effective therapies. Elevated lev-
els of CEA and CA19.9 might be also present, especially in children [10, 17, 18].

Pancreatoblastoma typically presents as a large, solid and well-demarcated neo-
plasm, tan to whitish on cut surface, with possible features of cystic degeneration 
and hemorrhagic necrosis. Histologically, it is composed of highly cellular lobules 
separated by fibrous bands, with occasional occurrence of heterologous elements. 
The neoplastic cells resemble those found in acinar carcinomas (Fig.  35.2a, b); 
however, other cell types can be observed, including neuroendocrine or ductal ele-
ments. Presence of squamoid nests is considered a characteristic feature (Fig. 35.2c, 
d), critical for the diagnosis, but the distribution of this component is often not 
uniform, hence not always identifiable in small biopsies. Mitotic figures might be 
frequent and vascular and perineural invasion can also occur [11, 18, 19].

Pancreatoblastomas exhibit a malignant behavior and are less aggressive in chil-
dren than in adults [13, 20]. Metastases are present in up to 35% of cases, with regional 
lymph nodes, liver, lung and brain as most common metastatic sites [10, 13].

Complete surgical excision still represents the most important prognostic factor, 
associated with a 5-year survival rate of 65% in  localized disease; patients with 
unresectable disease have a poorer prognosis and a survival usually shorter than 
5 years [10, 16].

35.2.2.2  Acinar Cell Carcinoma

Acinar cell carcinoma (ACCs) is a malignant epithelial neoplasm of the pancreas 
with acinar cell differentiation [21], i.e. morphological resemblance of acinar cells 
and the production of exocrine enzymes. ACCs are very rare, accounting for only 

35 Rare Tumors of the Pancreas



536

1–2% of pancreatic neoplasms, show a male predominance, and are mostly diag-
nosed in adults with a mean age at diagnosis of approximately 60 years, although 
they may also present in children [22]. Symptoms of patients with ACC are usually 
unspecific, including abdominal pain, nausea and vomiting, and weight loss, 
although in rare cases, symptoms related to elevated serum lipase levels (polyar-
thralgia and fat necrosis of subcutaneous tissue) may occur [22]. Elevated serum 
levels of AFP have been reported in ACC patients, albeit very rarely [23].

ACCs can arise in any portion of the pancreas. Macroscopically, ACCs are usually 
well-circumscribed, large (average diameter 8–10  cm), solid tumors with a soft, 
“fleshy” cut surface, which may show hemorrhage and/or necrosis [22]. Histologically, 
they may show a lobular growth pattern and form clusters or nests with small lumina 
recapitulating the architecture of acini of the normal pancreas (Fig. 35.3a), but they 
may also display a solid sheet-like, glandular, trabecular or other growth pattern [22]. 
The tumor cells are characterized by a slightly eosinophilic cytoplasm containing 
PAS-positive zymogene granules (Fig. 35.3b), and typically show enlarged nuclei, 

a b

c d

Fig. 35.2 Pancreatoblastoma. (a) Pancreatoblastoma with a diffuse, partly acinar-like growth pat-
tern, consisting of tumor cells with slim amphiphilic cytoplasm and round, relatively monomor-
phic nuclei (HE, 200×). (b) These tumor cells stain positive for Trypsin (200×). (c) In addition, a 
second tumor cell component with nodular growth and larger tumor cells with wide eosinophilic 
cytoplasm and equally round and monomorphic nuclei can be appreciated (HE, 200×). (d) The 
cells of the second tumor cell component stain positive for CK5 (200×)
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which most commonly lack marked pleomorphism and can contain a characteristic 
single prominent nucleolus. In immunohistochemistry, ACCs stain positive for cyto-
keratins (Fig. 35.3c). The presence of pancreas enzymes, such as Trypsin, can also be 
confirmed by immunohistochemistry (Fig. 35.3d) [22].

ACCs show regional invasive growth as well as lymph node and distant metasta-
sis, i.e. to the liver. The prognosis of ACC is poor, albeit slightly better than the 
prognosis of pancreatic ductal adenocarcinoma. For resected patients, the 5-year- 
survival rate is reported to be around 25% [24].

35.2.2.3  Acinar Cell Cystadenocarcinoma

Acinar cell cystadenocarcinoma is considered a subtype of acinar cell carcinoma 
[21], which is even rarer than conventional solid ACC. They are usually large mul-
ticystic lesions lined by epithelium resembling that of ACC and, other than their 
cystic nature, share all features of conventional ACC.

a b

c d

Fig. 35.3 Acinar cell carcinoma. (a) Acinar cell carcinoma showing a solid-acinar growth pattern 
with dense cell clusters forming minute lumina (HE, 200×). (b) PAS-positive granules are the 
histomorphological correlate for zymogens produced by the tumor cells (PAS, 400×). (c) Tumor 
cells stain positive for CK8 in immunohistochemistry (200×). (d) Additional positivity for Trypsin 
confirms the diagnosis of acinar cell carcinoma (200×)
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35.3  Rare Non-epithelial Neoplasms in of the Pancreas

35.3.1  Benign

35.3.1.1  Haemangioma

Hemangiomas occur very rarely in the pancreas and are more commonly reported 
during childhood, with only few cases in adults [25]. Pancreatic hemangiomas ini-
tially present with a proliferating phase in children, followed by a period of involution 
lasting few years, and eventual regression leaving a fibro-fatty tissue [25, 26]. In 
adults, these lesions may present as multiloculated, blood-filled cystic spaces, lined 
by flat endothelium without atypia; depending on the size of vascular spaces, they can 
be capillary or cavernous type. Immunohistochemical analysis shows positivity for 
ERG, CD31 and CD34, but not for D2-40. Surgical excision seems a reasonable 
strategy for large hemangiomas, especially in cases with uncontrolled symptoms [27].

35.3.1.2  Lymphangioma

Lymphangiomas are benign, slow-growing neoplasms showing lymphatic dif-
ferentiation, usually resulting from congenital lymphatic malformations. 
Lymphangiomas can arise at all sites in the gastro-intestinal tract, but their 
occurrence in the pancreas is uncommon, accounting for less than 0.2% of all 
pancreatic cystic-appearing neoplasms. Lymphangiomas are most commonly 
found in young females (ratio 2:1), although all age groups can be affected 
(range 2–81, median age 43 years), and are more frequently reported in the pan-
creatic body or tail [28–30]. Lymphangiomas are generally large at diagnosis 
(average size 12  cm) [34]. They present as cystic- like spaces lined by single 
layers of flat endothelial cells, containing serous or chylous fluid. 
Immunohistochemistry shows positivity for all lymphatic and capillary endo-
thelial markers, like D2-40 and CD31 [29, 30]. Differential diagnosis include 
pseudocysts, other congenital cysts, serous cystic neoplasms, and hemangiomas 
[28]. Some authors advocate the usefulness of endoscopic ultrasound in the 
preoperative workout, with analysis of cystic fluid by fine-needle aspiration for 
cytology and triglycerides determination [28, 30].

35.3.2  Potentially Malignant

35.3.2.1  PEComa

Perivascular epithelioid cell neoplasms (PEComas) are well-vascularized tumors 
composed of epithelioid or spindle cells showing clear to focally granular eosino-
philic cytoplasm, which grow in a nested and alveolar pattern around blood vessels 
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[31, 32]. Angiomyolipomas represent a PEComa subtype that also contains adipo-
cytes and thick-walled blood vessels. Pancreatic PEComas can arise in patients of 
any age (mean age 47.9 years), with a strong female gender predilection [31]. The 
characteristic immunohistochemical profile includes positive melanocytic markers, 
such as HMB-45 and Melan-A, and occasionally myogenic markers, like alpha- 
Smooth muscle actin and Desmin [31]. Prognosis of pancreatic PEComas is rela-
tively good with most cases following a benign course; however, tumor recurrence 
after surgery and metastasis are reported [31, 33]. Worrisome features correlating 
with malignant behavior include size >5 cm, infiltrative growth, hypercellularity, 
high nuclear grade, high mitotic figures and necrosis [31].

35.3.2.2  Teratoma

Teratomas are neoplasms of germ cell origin arising from (misplaced) embryogenic 
tissue. Therefore, teratomas are usually found in the ovary or testis, but can arise 
anywhere along the path of germ cell migration, which is usually along the midline 
of the body. In the pancreas, teratomas are exceedingly rare, and to date, only about 
30 cases are reported in literature [34].

Usually, teratomas predominantly consist of ectodermal components like squa-
mous epithelium, skin appendages and sebaceous material, but they may contain 
tissue from all three germinal layers, i.e. ectoderm, endoderm and mesoderm. 
Teratomas can be cystic or solid.

Based on the presence or absence of immature components, they can be classi-
fied as mature (benign) or immature (malignant).

35.3.2.3  Gastrointestinal Stromal Tumor (GIST)

Pancreatic gastrointestinal stromal tumors (GISTs) are extremely rare, and they 
usually represent secondary involvement of the pancreas from primary gastric or 
duodenal GIST. To date, only 39 cases of pancreatic GISTs in 45 patients have 
been reported in the English literature from 2001 to 2016 [35]. Vague abdominal 
pain or discomfort, weight loss, and fatigue are the most common clinical presen-
tations [36]. Histologically, both epithelioid and spindle cell components have 
been described with a slight association between spindle cell GIST and solid mac-
roscopic appearance [35]. Characteristic expression of CD117 and DOG1 is 
reported, as well as activating mutations of either KIT (up to 75% of cases) or 
PDGFRA (in about 10% of cases) [35, 37]. Differential diagnosis include leio-
myoma and leiomyosarcoma, schwannoma, inflammatory fibroid polyps, and 
fibromatosis; in addition, pancreatic GISTs may have overlapping radiological 
appearances with neuroendocrine tumors and cystic pancreatic lesions [36, 37]. 
High mitotic index is considered the main risk factor in pancreatic GISTs, which 
frequently behave more aggressively than same neoplasms occurring in different 
gastrointestinal sites [35].
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35.3.2.4  Solitary Fibrous Tumor (SFT)

Pancreatic SFT is extremely rare and only few cases have been described [38, 39]. 
It usually presents as a well-circumscribed, solitary, whitish, firm and slow-growing 
mass, with a slight predominance in the head of the pancreas [38]. Histologically, it 
is composed of bland spindle cells randomly arranged in a dense collagenous 
stroma; a well-developed vascular network is frequently observed, with thin-walled, 
branching blood vessels (stag-horn) surrounded by neoplastic cells with a concen-
tric growth pattern. Mitoses are usually absent [39, 40]. On immunohistochemistry, 
neoplastic cells show diffuse positivity for CD34, BCL-2, and CD99; focal positiv-
ity for S100 can be observed. Cytokeratin (AE1/AE3), EMA, Smooth muscle actin, 
Desmin, CD117 and DOG1 are typically negative [38, 39]. Although SFT owns the 
potential for malignant transformation, to date, no malignant lesions have been 
described arising in the pancreas.

35.3.3  Malignant

35.3.3.1  Sarcomas

Primary sarcomas of the pancreas are extremely rare, accounting for about 0.1% of 
all pancreatic malignancies. Sarcomas of the pancreas occur more frequently in 
younger patients, with main involvement of the head of the pancreas, followed by 
body and tail [41]. Among pancreatic sarcomas, leiomyosarcomas tend to occur 
more frequently; others reported entities are rhabdomyosarcomas, liposarcomas, 
haemangioendotheliomas, and undifferentiated pleomorphic sarcomas [42, 43]. 
Pancreatic sarcomas tend to grow rapidly and are associated to a poor prognosis; 
patient age, tumor size, presence of tumoral necrosis, and vascular invasion are 
considered main prognostic factors [44]. They typically present as large, often well- 
circumscribed lesions, including features of necrosis and hemorrhage. Histologic 
analysis shows pleomorphic spindle cells with large atypical nuclei and numerous 
mitoses (Fig. 35.4a, b) [45]. Differential diagnosis is based on histology and immu-
nohistochemistry (Fig. 35.4c, d), and therefore diagnosis is often difficult before 
surgery [38]. The sarcomatoid variant of undifferentiated pancreatic adenocarci-
noma represents a diagnostic challenge.

35.4  Rare Tumor-Like Lesions of the Pancreas

35.4.1  Acinar Cystic Transformation

Acinar cystic transformation, in the past also referred to as acinar cell cystadenoma, 
is now thought to be a non-neoplastic cystic lesion of the pancreas whose etiology 
is not entirely clear [21]. Acinar cell cyst transformation is characterized by cystic 
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a b

c d

Fig. 35.4 Leiomyosarcoma of the pancreas. (a) Leiomyosarcoma of the pancreas presenting as 
spindle cell tumor with a fascicular growth pattern infiltrating the pancreas parenchyma (HE, 
100×; arrow: remnant islet). (b) Higher magnification shows polymorphous hyperchromatic nuclei 
and mitotic figures (HE, 400×). The tumor is positive for Smooth muscle actin (c, 100×) and 
Desmin (d, 100×)

transformation, which usually affects part of the pancreas, but may also involve the 
entire organ diffusely or multifocally. Therefore, it can either appear as macroscopic 
lesion or be appreciated only incidentally upon microscopy. The lesion shows a 
predominance for female patients [46, 47]. In most cases, patients with acinar cystic 
transformation of the pancreas are asymptomatic, although in cases with large 
lesions, symptoms due to expansive growth, such as abdominal pain, may occur.

If grossly apparent, acinar cystic transformation presents as uni- or multilocular 
cystic lesion, usually with a thin, soft cyst wall without evidence of mucinous fluid 
or connection to the pancreatic duct system (Fig. 35.5a). Histologically, the cysts 
are lined by benign-appearing acinar and ductal epithelium (Fig. 35.5b, c), which 
can be confirmed by immunohistochemistry (i.e. for Trypsin and CK19) (Fig. 35.5d). 
Surrounding pancreatic parenchyma may be fibrotic and/or atrophic (Fig. 35.5b, c).

Although initially thought to be neoplastic, clonal studies on acinar cystic trans-
formation were unable to support the neoplastic nature of the lesion [48], which is 
therefore considered non-neoplastic and may, at least in some cases, be a result of 
cystic dilation of ductulo-lobular units due to obstruction. To date, malignancy has 
never been reported in cases of acinar cystic transformation, resulting in an excel-
lent prognosis.
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35.4.2  Lymphoepithelial Cyst

Lymphoepithelial cysts of the pancreas are cystic lesions lined by squamous epithe-
lium with underlying dense lymphoid tissue and lymph follicles (Fig. 35.6a). These 
lesions are very rare and only few more than 100 cases have been reported in litera-
ture so far [49]. They show predominance for middle-aged, male patients and can 
arise anywhere in the pancreas [50].

Grossly, lymphoepithelial cysts of the pancreas appear as well-demarcated uni- 
or multilocular cysts with smooth surface lacking prominent projections, but may 
be filled with keratinous material [50]. Upon histology, the cyst-lining is composed 
of well-differentiated stratified squamous epithelia, which may be attenuated and, in 
some cases, even denudated, and can occasionally show foci of transitional differ-
entiation [50]. The underlying lymphoid tissue shows a similar composition as 
mature lymphatic tissue found in lymph nodes and can contain lymph follicles with 
germinal centers [50].

a b

c d

Fig. 35.5 Acinar cell cystic transformation. (a) Macroscopic image of acinar cell cystic transfor-
mation showing a multicystic lesion with smooth cyst walls and serous cyst fluid. (b) Fibrotic 
pancreas parenchyma with multiple cysts lined by flat to isoprismatic epithelia (HE, 100×). (c) 
Small groups of acini show a direct connection to the cystic lesion (arrow) (HE, 200×). (d) 
Immunohistochemically, the lesion is positive for Trypsin (HE, 100×)
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a b

c d

Fig. 35.6 Rare tumor-like lesions of the pancreas. (a) Lymphoepithelial cyst of the pancreas 
consisting of stratified squamous epithelium and subepithelial mature lymphoid tissue; the lumen 
is filled with keratinous material (HE, 50×). (b) Wall of a pancreatic foregut cyst with stratified 
epithelium and underlying edematous loose stroma (HE, 20×). (c) The epithelium of the foregut 
cyst consists of columnar ciliated cells (HE, 400×). (d) The epithelial cells of the foregut cyst 
express CK7 in immunohistochemistry (400×). (e) Echinococcus cyst of the pancreas with a thick 
fibrous capsule (HE, 20×). (f) PAS staining illustrates the layered architecture of the Echinococcus 
cyst wall (HE, 100×). (g) Pseudolymphoma of the pancreas displaying prominent lymph follicles 
with large germinal centers (asterisks). In the bottom part of the picture, atrophic pancreas paren-
chyma with remnant islets (arrows) can be seen (HE, 5×). Immunohistochemistry for CD20 (h, 5×) 
and CD3 (i, 5×) demonstrates organoid distribution of T and B lymphocytes
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The pathogenesis of lymphoepithelial cysts is unknown. So far, proposed 
hypotheses include: derivation from epithelial remnants in peripancreatic lymph 
nodes [51], cystically dilated pancreatic ducts with squamous metaplasia [52] and 
surrounding inflammatory infiltrate, and the possibility that lymphoepithelial 
cysts of the pancreas may be forms of teratomas or displaced branchial cysts. So 
far, malignant transformation of lymphoepithelial cysts of the pancreas has not 
been described.

e f

g

i

h

Fig. 35.6 (continued)
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35.4.3  Dysontogenetic Cyst

Dysontogenetic cysts of the pancreas are congenital cystic lesions, which are mostly 
diagnosed in children. They either present as solitary cyst or diffusely involve the 
whole pancreas (“polycystic disease of the pancreas”). The latter can be seen 
patients with various congenital syndromes associated with cyst formation, such as 
patients with autosomal-dominant polycystic kidney disease [53], although involve-
ment of the pancreas is very rare and affection of the kidney and liver is much more 
common. Etiologically, dysontogenetic pancreatic cysts are thought to arise due to 
abnormalities in the development of pancreatic duct structures during embryogen-
esis. Very rarely, congenital cysts derived from the foregut may occur in the pan-
creas. The cyst wall of foregut cysts can contain respiratory glands, cartilage and 
smooth muscle and is lined by a well-differentiated epithelium including ciliated 
cells and/or goblet cells (Fig. 35.6b–d) [54].

35.4.4  Parasitic Cyst

Parasitic cysts of the pancreas are very rare, but especially in patients from endemic 
regions, pancreatic cysts originating from an infection with the helminth 
Echinococcus granulosus or multilocularis have been reported. Humans are acci-
dental hosts of Echinococcus, which enters the human body in its ovum form via the 
gastrointestinal tract, penetrates the intestinal wall after hatching to its larva form 
(oncosphere) and spreads along the portal circulation usually to the liver, although 
spread to any organ in the body is possible. Here, it forms hydatid cysts which con-
tain immature forms of the worm (protoscolices). The incidence of pancreatic hyda-
tid cysts is reported to be ranging from 0.14% to 2% [55]. Hydatid cysts are typically 
large cysts which may contain daughter cysts. Histologically, the cyst wall shows an 
outer laminated acellular membrane and an inner germinal layer, while the cyst 
lumen contains the protoscolices and their brood capsules (Fig. 35.6e, f). Surrounding 
tissue commonly shows granulomatous inflammation with increased eosinophilic 
granulocytes and fibrosis.

Even more rarely than echinococcosis, cystic lesions of the pancreas may be a 
result of cysticercosis (infection with Taenia solium) [56].

35.4.5  Pseudolymphoma

Pseudolymphoma is a localized non-neoplastic proliferation of lymphatic tissue due 
to exogenic stimuli, such as mechanic tissue injury or foreign bodies, and com-
monly involves the skin. In the pancreas, pseudolymphoma is extremely rare, and 
only few single case reports have been published [57–59].
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Macroscopically, pseudolymphoma of the pancreas can present as well-described 
yellow or white mass. Histologically, the lesion shows lymph follicles with polar-
ized germinal centers, consistent with the reactive nature of the lesion (Fig. 35.6g). 
Normal lymphatic architecture of the tissue can be demonstrated using immunohis-
tochemistry (Fig. 35.6h, i); clonality analysis can further be used to prove the non- 
neoplastic nature and securely rule out lymphoma.

In pseudolymphomas of other localizations, cases with malignant transformation 
have been reported. In the pancreas, no malignancy has been detected in the few 
cases which have been published, with one case showing spontaneous remis-
sion [59].
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Take Home Messages
• Clinical applications of FDG PET CT include diagnosis of malignancy, 

staging, restaging after treatment, and assessment of tumour response to 
chemotherapy or radiotherapy, suspected recurrence, differentiation of 
recurrent or residual malignant disease from therapy-induced changes, 
study of patients with metastases from unknown primary sites and in radio 
therapy planning

• FDG PET CT offers better characterisation of mass-forming pancreatitis 
and therapy induced changes from pancreatic cancer than contrast 
enhanced CT, based on the distribution and degree of FDG activity

• 18F FDG PET can play an important role in differentiation post therapy 
changes from recurrence or residual tumour in a post-surgical setting

Pearls and Pitfalls
• PET CT outperforms structural imaging modalities in the detection of dis-

tant metastases, allowing for more accurate staging
• Both false-positive and false-negative findings are encountered problems 

in PET CT imaging.
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36.1  Introduction

Pancreatic malignancy carries a poor prognosis and approximately 10,000 new 
patients are diagnosed every year in the United Kingdom. Overall incidence is 12.2 
cases per 100,000 persons per year, and it usually presents late, with a 5-year sur-
vival rate of 6% at the time of diagnosis [1, 2]. Pancreatic malignancy is a heteroge-
neous group of neoplasms which includes a range of subtypes. Ninety-six percent 
of pancreatic cancers are exocrine tumours. The most common type of pancreatic 
cancer, pancreatic ductal adenocarcinoma (PDAC) is an exocrine tumour. Cystic 
neoplasms are less common and include serous and cystic pancreatic tumours 
(1–2% each) and intrapapillary mucinous neoplasms (3–5%). Epithelial and mixed- 
differentiation tumours consist of solid pseudopapillary neoplasms (1–2%), neuro-
endocrine tumours (1–2%), and pancreatoblastoma (<1%) [1]. Computer 
tomography (CT) and magnetic resonance imaging (MRI) are the main structural 
imaging modalities used for diagnosis, staging and restaging of pancreatic malig-
nancies. Functional imaging with Positron Emission Tomography (PET) CT or PET 
MRI can provide added value to structural imaging in the evaluation and manage-
ment of pancreatic malignancies including PDAC. There are now newer data in the 
literature available which support and highlight the advantages, limitations, and pit-
falls of functional imaging in the evaluation of pancreatic malignancies.

36.2  Positron Emission Tomography

PET is a non-invasive diagnostic tool which is based on the use of different sub-
stances of biological interest (sugars, amino acids, metabolic precursors, and hor-
mones) labelled with positron emitting radioisotopes (PET radiopharmaceuticals). 

• False-negative results can be due to hyperglycaemia, small tumour size or 
misinterpreting FDG activity in a tumour as physiological FDG activity in 
adjacent bowel.

• False-positive findings can be a result of misinterpretation of inflammatory 
changes or misregistration of 18F-FDG activity from the nearby bowel 
uptake as tumour recurrence.

Further Perspectives
• Future Prospective studies will help to quantify the efficacy and added 

value of FDG PET CT compared to the diagnostic performance of CT and 
MRI in the clinical management of patients with pancreatic malignancy
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The most widely used tracer 18F-Fluorodeoxyglucose (FDG) is an analogue of glu-
cose. In 1930 Otto Warburg described that malignant tissue utilises glucose at 
greater rates than normal tissue, mainly by glycolysis “Otto Warburg effect” [3]. 
FDG is taken up by normal and tumourous cells via the first stages of normal glu-
cose pathway. Unlike glucose, however, after initial phosphorylation into FDG-6- 
phosphate, FDG cannot undergo further metabolism and accumulates in tumour 
cells. This relationship has been utilised to develop an imaging method that maps 
changes in functional activity in the malignant cells by labelling FDG with the 
radioactive positron emitter 18-Fluorine (18F-FDG). The concentration of radioac-
tivity in malignant cells is proportional to the rate of glucose utilisation. Metabolic 
changes induced by tumour growth precede structural changes and functional imag-
ing with 18F-FDG allows detecting malignant tissue which is not evident on con-
ventional morphological diagnostic modalities such as CT, MRI and Ultrasound. A 
review of the FDG-PET oncology literature from 1993 to 2000 by Gambhir et al. [4] 
illustrated the added value of FDG-PET in the clinical management of cancer 
patients and as a biomarker of disease prognosis and progression. At present there 
is considerable evidence that FDG-PET has a role in the diagnostic assessment of 
patients with suspected malignancies. The current oncological applications include 
diagnosis of malignancy, staging, restaging after treatment, assessment of tumour 
response to chemotherapy or radiotherapy, suspected recurrence without clinical, 
biochemical or morphological imaging evidence, differentiation of recurrent or 
residual malignant disease from therapy-induced changes, study of patients with 
metastases from unknown primary sites and in radio therapy planning.

In pancreatic malignancy, structural imaging in the assessment of tumour diag-
nosis and recurrence is a radiological challenge. After treatment, the surgical 
changes with distortion of the normal anatomy can make the distinction between 
post therapy changes and recurrence or residual tumour difficult. Furthermore, 
physiological or reactive nodes in the abdomen can result in equivocal reports. In 
these situations, PET with 18F FDG is a better imaging technique than either CT or 
MRI (Figs. 36.1, 36.2, 36.3, 36.4 and 36.5).

Fig. 36.1 Contrast 
enhanced MRI of a patient 
presenting clinically with 
vague abdominal pain and 
weight loss shows a 
peripherally enhancing 
liver lesion in segment 2/3 
with the imaging 
characteristics of a possible 
cholangiocarcinoma and a 
liver cyst in segment 6
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Hybrid imaging devices where CT or MRI is integrated with PET on a single 
gantry allow accurate anatomic delineation of FDG-avid lesions, improving overall 
image interpretation, accuracy, and confidence. Intravenous contrast may be neces-
sary to assess accurately for vascular evaluation, lesion depiction, characterisation, 
and local staging for surgical planning [5].

36.3  Pancreatic Cancer

Diagnosis and treatment of pancreatic cancer continue to be challenging. Contrast- 
enhanced CT and MRI including magnetic resonance cholangiopancreatography 
(MRCP), endoscopic ultrasonography (EUS) and 18F-Fluorodeoxyglucose positron 

Figs. 36.2 and 36.3 Staging PET CT demonstrates increased FDG activity at the level of the liver 
lesion shown on MRI. In addition there is an abnormal FDG focus in the region of the pancre-
atic head

Figs. 36.4 and 36.5 No visible structural abnormality can be identified on the portal venous phase 
contrast enhanced CT image to correspond to the focal FDG activity shown on PET CT. The sub-
sequent EUS demonstrates a 7.2 × 11 mm sized hypoechoic lesion in the pancreas corresponding 
to the area of focal FDG activity shown on PET CT
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emission tomography (FDG PET CT) are the recognized imaging modalities avail-
able for diagnosis and staging of pancreatic cancer (Table 36.1).

Surgical resection is the only curative treatment for non-metastatic pancreatic 
cancer, thus making it mandatory to assess meticulously for the presence or absence 
of metastases and their relationship to the surrounding vascular structures [6]. In 
patients with locally advanced pancreatic cancer, induction chemotherapy followed 
by chemo-radiotherapy is a palliative option [7, 8]. Patients with metastatic spread 
to the liver, peritoneum, and regional lymph nodes, are best treated with chemo-
therapy alone or other palliative therapies [7].

FDG PET CT and FDG PET MRI have been shown to have an added value in the 
management of pancreatic cancer. The potential indications for FDG PET CT or 
FDG PET MRI include image guided targeted biopsy planning in patients with 
suspected pancreatic cancer and equivocal CT or non-diagnostic fine-needle aspira-
tion findings, tumour staging, evaluating tumour recurrence, and monitoring 
response to therapy.

Tatli et al. [9] confirmed that the use of previously acquired FDG PET CT images 
that are registered with intraprocedural CT to guide targeted biopsy in the abdomen 
is feasible and improves the diagnostic success of CT-guided biopsy of intra- 
abdominal lesions.

36.3.1  Equivocal Cross-Sectional Imaging

There are limitations of CT for depicting pancreatic cancer with a correlation 
between tumour size and sensitivity (83% for depicting lesions <2  cm) [10]. 
Through a combined qualitative and semi-quantitative evaluation, FDG PET CT 
provides additional information [11]. Pancreatic cancer manifests as an area of 
increased FDG uptake, appearing as a “hot spot” within the pancreas [3–5, 11]. On 

Table 36.1 PET vs. CT/MRI

PET CT/MRI

Anatomical details Poor depiction due to low. Spatial 
resolution

Better depicted

Biological/metabolic 
activity

Functional imaging, hence depicts 
cellular activity

Non-functional imaging

Preparation for study Low carbohydrate diet, refrain from 
strenuous physical activity prior to test

Standard bowel preparation

Radiation dose Relatively higher Relatively lower in CT, no 
radiation in MRI

Primary tumour Low sensitivity in detecting <1 cm 
tumours

Relatively higher sensitivity in 
detecting <1 cm tumours

Distant metastases/
nodal metastases

Higher sensitivity in detecting Lower sensitivity

Recurrence vs. post 
therapy change

Better differentiation Poor in differentiating between 
the two.
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the basis of tumour biology and the degree of desmoplastic response, pancreatic 
cancer may demonstrate a low level or no FDG uptake.

Semi-quantitative analysis depends on calculating the Standard Uptake Value 
(SUV) of the lesion on the basis of activity in the region of interest [11]. Typically, 
the maximum SUV (SUVmax) is higher in malignant lesions, irrespective of the 
tumour size (above a subcentimetre minimum size threshold) [12, 13]. Thus, FDG 
PET may be useful in depicting small pancreatic lesions (<2 cm) or iso-attenuating 
lesions, which are difficult to detect on CT or MRI, as well as for lesion characteri-
sation [3–5, 14]. Okano et al. [13] support the use of FDG PET for depicting small 
pancreatic lesions, with reported sensitivities of 100% for FDG PET and 40% for 
contrast-enhanced CT for depicting lesions smaller than 2 cm. Lemke et al. [15] 
found that fused contrast-enhanced PET CT is more sensitive for tumour depiction 
than PET and CT alone.

FDG PET CT was first used to differentiate chronic pancreatitis from pancreatic 
malignancy. Both conditions demonstrate extensive fibrosis, with overlapping 
imaging findings. With chronic pancreatitis, the organ demonstrates diffuse but 
lower FDG uptake versus the more focal uptake and higher maximum SUV (SUVmax) 
seen with tumour involvement [1, 14]. Differentiating mass-forming pancreatitis 
(MFP) from pancreatic cancer remains a diagnostic dilemma, even with contrast 
enhanced CT. PET CT offers better characterisation of mass-forming pancreatitis 
from pancreatic cancer than contrast enhanced CT [12, 14, 16], based on the distri-
bution and degree of FDG activity.

Earlier studies reported that pancreatic cancer tends to demonstrate higher FDG 
uptake than MFP. The SUV of PDAC (3.5–5.1 ± 1.6–2.6) was higher than that of 
benign lesions (1.9–0.8 ± 0.6–1.7) and the normal pancreas [12, 17]. Focal FDG 
activity can be highly suspicious for cancer and requires further investigation, 
whereas in patients who are euglycemic, a lack of FDG uptake is more indicative of 
an MFP lesion [14, 18]. In a study of patients with suspected pancreatic cancer, the 
SUVmax of malignant tumours was distinctly higher than that of benign lesions and 
chronic pancreatitis; FDG PET CT had a sensitivity and specificity of 89% and 
74%, respectively, for depicting such lesions [12]. In another study of 38 patients, 
four had an MFP lesion that demonstrated no FDG uptake on PET CT [16].

36.4  Preoperative Staging

Accurate staging of pancreatic cancer is essential to delineate the relationship of 
the primary tumour with surrounding structures and assess for distant spread of 
disease. Spread to regional or distant lymph nodes is usually indicative of a poor 
prognosis and usually renders the cancer inoperable [19]. Multi-slice CT is an 
excellent imaging tool to assess for local spread, with a positive predictive value 
of 73–91% for resectability and 95–100% for non-resectability [16, 20–27]. 
However small volume liver or peritoneal spread can be difficult to detect on CT 
and are discovered during surgery in about 20% of patients with tumours who 
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were thought to be resectable on staging CT. Likewise, lymph node spread is not 
optimally studied with CT.

36.4.1  Characterization of Lymph Nodes

Spread to lymph nodes is common and indicates a poor outcome [7, 19]. Lymph 
node staging remains difficult with CT, with a dismal 37% sensitivity and a more 
acceptable 79% specificity [28]. Some studies reported moderate improvement in 
the performance of FDG PET compared with multi-slice CT in patients with pan-
creatic lesions, with a sensitivity and specificity ranging from 30% to 49% and 
63–93%, respectively, for evaluation of lymph nodes [11, 16, 29, 30]. The perfor-
mance of PET CT for nodal staging in patients with pancreatic cancer has not been 
appropriately studied. The combination of PET and CT may improve the specificity 
of nodal staging compared with CT alone, helping identify metastatic deposits in 
lymph nodes that demonstrate nonspecific or borderline enlargement at CT.

36.4.2  Depiction of Metastases

Identification and characterisation of indeterminate hepatic lesions is challenging in 
patients with a fatty liver or contraindications for contrast material. Increased FDG 
activity in hepatic lesions is a strong indication of malignancy, and a lack of FDG 
uptake usually supports benignity. However, malignancy cannot be completely 
excluded in the absence of FDG uptake, especially in small lesions [31]. Moreover, 
the performance of PET is influenced not only by the size of a lesion, but also by its 
biologic or histopathologic type and whether the patient has undergone therapy for 
the tumour [32]. In a study comparing the performance of hepatobiliary contrast- 
enhanced MRI and FDG PET, MRI was more accurate in depicting small liver 
metastases, with a reported accuracy of 97.1% compared with 85.3% for FDG PET 
[33]. However, for depiction of distant metastases, FDG PET is superior to contrast- 
enhanced CT and MRI, with a reported sensitivity of 88% [16].

Pancreatic cancer tends to metastasize to the peritoneum thus rendering patients 
ineligible for surgery or locoregional treatment [34]. Detection of peritoneal depos-
its is challenging on CT, with a sensitivity of 65–88% and specificity of 38–63% 
[35]. In 7% of patients where the multi-slice CT showed no evidence of metastases, 
peritoneal deposits were found at staging laparoscopy and had locally non- resectable 
disease [20, 34–36].

FDG PET for preoperative pancreatic cancer staging has been reported to be cost 
beneficial because of its depiction of unexpected distant metastases in 43% of 
patients, thereby avoiding unnecessary surgical procedures [29, 33, 37]. The use of 
FDG PET CT may improve patient selection for surgery by detecting the primary 
pancreatic tumours not clearly evident on CT or MRI and prevent unnecessary 
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pancreatic resections by detecting unsuspected metastases [16, 27] in as many as 
25% of patients.

36.4.3  Depiction of Tumour Recurrence and Monitoring 
Response to Therapy

After surgery, 72–92% of pancreatic cancer recur locally within 2 years [38–40]. 
Locally recurrent tumors are usually not resectable; however, radiation therapy or 
ablation (e.g. radiofrequency or cryoablation) may be a palliative option. The post-
operative changes in the surgical bed and early tumour recurrence can have similar 
morphologic appearances and reliable differentiation between these entities is dif-
ficult on CT [38, 41–43]. Increased FDG activity 3 months following tumour resec-
tion within the surgical bed is usually not an expected finding and suggestive of 
recurrence. The reported sensitivity of FDG PET for depicting tumour recurrence 
(Figs. 36.6 and 36.7) is 96% compared with 39% for CT and MRI [41]. Moreover, 
after resection, tumor relapse is depicted at FDG PET earlier than it is at CT, with 
high sensitivity (98%) and specificity (90%) [38].

FDG PET may play a role in monitoring response to chemo and radiation therapy 
in patients with unresectable pancreatic cancer [42, 44, 45]. As with other neoplasms, 
a significant reduction in FDG uptake may precede volumetric reduction on structural 
imaging and may be proportional to the change in tumour size at subsequent follow-
up examinations (Figs.  36.8, 36.9, 36.10). Therefore, earlier depiction of tumour 
response to therapy on FDG PET could influence the continuation or withdrawal of 
treatment [44]. Some recently published studies reported that FDG PET CT may 
have prognostic value because tumours with a higher baseline SUVmax are more likely 
to recur in the early postoperative period. SUVmax is also an independent predictor for 
overall survival in patients with locally advanced pancreatic cancer [41, 44, 46–48].

Figs. 36.6 and 36.7 FDG PET CT in a patient with previously resected pancreatic cancer and 
clinically suspected recurrence showing multiple liver metastases not distinctly visualised on con-
trast enhanced CT
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Figs. 36.8–36.10 Pre-treatment contrast enhanced showing excess tissue in the abdomen at the 
level of the SMA in a patient with pancreatic cancer. On post treatment CT there is still residual 
excess tissue and it is not possible to determine whether this represents ongoing malignancy. The 
subsequent post-treatment. PET CT shows normal FDG distribution including at the level of the 
residual excess tissue surrounding the SMA
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36.5  Differential Diagnosis

36.5.1  Pancreatic Neuroendocrine Tumors

Pancreatic neuroendocrine tumours (PNETs) represent 1–2% of all pancreatic neo-
plasms [49, 50]. Most PNETs express Somatostatin receptors (SSRs), which can be 
utilised for both diagnostic and therapeutic purposes. The most often used PET trac-
ers to assess PNET’s for expression of SSR are 68Ga-DOTATOC, 68Ga-DOTANOC 
and 68Ga-DOTATATE. However in pancreatic cancer there is usually no SSR expres-
sion and 18F-FDG is the choice of tracer in PET imaging [51–61]. Well- differentiated, 
slow-growing neuroendocrine tumours demonstrate little or no FDG uptake, 
whereas pancreatic cancer, metastases and poorly differentiated neuroendocrine 
tumours, are well depicted on FDG PET.

36.5.2  Pancreatic Lymphoma

Lymphoma may arise primarily in the pancreas or secondarily involve the pancreas 
in the setting of systemic disease. Primary pancreatic lymphoma is rare (accounting 
for 0.5% of all pancreatic neoplasms) and is usually of the non-Hodgkin type, with 
both B- and T-cell lineages. The pancreatic head is the most common location, 
although the entire gland may be affected [49, 62].

The usefulness of FDG PET in staging and differentiating primary pancreatic 
lymphoma from secondary lymphoma has already been established [63, 64].

Upon completion of chemo or radiation therapy, response to therapy may be 
assessed at PET CT. Persistent FDG uptake in the pancreas or lymph nodes is indic-
ative of residual disease, whereas a lack of FDG uptake is indicative of a complete 
metabolic response. FDG PET findings may also be used to determine whether a 
favourable progression-free survival is likely. Two studies reported a 5-year 
progression- free survival rate of 88.8% in patients with negative PET findings and 
only 16.2% in patients with positive PET findings [65, 66].

36.5.3  Metastases

Pancreatic metastases are rare, accounting for 2% of all pancreatic neoplasms [49, 
67]. The primary malignancies that most commonly metastasize to the pancreas are 
lung, breast, melanoma, gastric, colorectal, renal, and ovarian cancers [49, 68].

Most pancreatic metastases are hypoattenuating with variable contrast enhance-
ment, and on FDG PET they often demonstrate uptake similar to that in the pri-
mary tumour [69]. Sato et al. [68] reported that in patients with lung cancer, FDG 
PET CT is advantageous both in the first stage and the follow-up stage in 
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depicting unsuspected pancreatic metastases that have not yet manifested on 
structural imaging.

36.6  Cystic Neoplasms

Cystic neoplasms of the pancreas constitute less than 10% of all pancreatic neo-
plasms. They encompass a wide range of pathologic conditions ranging from benign 
lesions, such as serous cystoadenomas, to malignant, potentially malignant, and 
borderline tumours, such as neuroendocrine tumours with cystic features, mucinous 
cystic neoplasms, and IPMNs [70]. Contrast-enhanced CT and MRI are the pre-
ferred modalities for the initial evaluation of cystic lesions. However, given the 
overlap in features of various cystic lesions, accurate classification and determina-
tion of benignity or malignancy is not always possible [71–73].

Published studies have shown that FDG-positive cystic neoplasms are frankly 
malignant or invasive. Conversely, FDG-negative lesions may be benign, borderline 
malignant, or non-invasive malignant [74]. By using a cut-off SUV of 2.5, differen-
tiating between benign and malignant IPMNs was feasible, with malignant lesions 
(range, 2.7–6.7) demonstrating significantly higher SUVmax than benign lesions 
(range, 2.1–1.8) [71, 75, 76]. The sensitivity (94%) and specificity (100%) of PET 
CT for depicting malignant cystic pancreatic lesions have been shown to be superior 
to those of FDG PET (56% sensitivity and 83% specificity) and CT (81% sensitivity 
and 100% specificity) [77].

It has been suggested that the combination of the morphologic features of cystic 
lesions seen at multidetector CT and the concurrent functional information of FDG 
uptake provided by PET may improve diagnosis of malignant or invasive mucinous 
neoplasms of the pancreas [71, 75, 76].

36.7  Limitations

False-positive and false-negative results occur with FDG PET and its inherent low 
spatial resolution may interfere with precise anatomic localisation of findings [4, 5]. 
The reported sensitivity and specificity of FDG PET for depiction of pancreatic 
adenocarcinoma are 46–71% and 63–100%, respectively [16]. It has been reported 
that, among patients with pancreatic malignancy, FDG PET has a relatively better 
sensitivity (83–86%) for tumour depiction in patients who are euglycemic than in 
those with elevated glucose levels (42–69%) [3–5, 78]. Relatively high levels of 
ionizing radiation are also a consideration in whole-body PET. Likewise, long scan-
ning times may affect patient compliance and increase patient motion. Finally, 
quantification and reproducibility of SUV may be inaccurate because of noise atten-
uation correction methods and different reconstruction platforms.
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36.8  Conclusion

FDG PET CT plays an important part in the management of pancreatic cancer 
patients. The combination of functional and anatomical information provided by 
PET CT improves the depiction of the biological behaviour of the tumour, com-
pared with other conventional imaging modalities. PET CT outperforms structural 
imaging modalities in the detection of distant metastases, allowing for more accu-
rate staging.
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Take Home Messages
• Short term benefits of prehabilitation have been shown in major abdomi-

nal surgery
• Evidence for prehabilitation prior to pancreatic surgery is limited
• Pancreatic cancer is associated with cachexia and sarcopenia which could 

be targeted by prehabilitation programmes

Pearls and Pitfalls
• The benefits of prehabilitation in pancreas surgery are not clearly shown
• Mortality rates are not affected
• Optimum programme not established
• Patients undergoing pancreas surgery often have risk factors that are 

modifiable
• They have significant nutritional compromise
• Morbidity rates remain high
• These patients could benefit the most from prehabilitation programmes 

aimed at improving nutritional status as well as cardiorespiratory function
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37.1  Introduction

Major abdominal surgery initiates a systemic inflammatory response, generalised 
catabolism and an overall energy deficit. As a result of this recipients of major sur-
gery are at risk of malnutrition, muscle wasting and, ultimately, immune compro-
mise resulting in a reduced ability to recover satisfactorily after surgery [1].

Enhanced Recovery After Surgery (ERAS) has revolutionized perioperative care 
over the past 25 years with emphasis on early post-operative feeding, mobilization 
and pain control to mitigate against the effects of the inflammatory response, with 
resultant improvements in recovery time as well as morbidity rates after major 
abdominal surgery [2].

Prehabilitation is a concept that has since developed with a focus on optimizing 
a patient’s overall condition prior to surgery. Poorer post-operative outcomes have 
been reported in patients undergoing surgery with reduced skeletal muscle mass and 
poor respiratory reserve [3, 4]. The concept of prehabilitation aims to mitigate 
against this by implementing pre-operative interventions to improve overall cardio- 
respiratory function and nutritional status.

Initial work investigating efficacy of prehabilitation programmes in the special-
ties of thoracic and abdominal surgery [5, 6] showed improvements in post- operative 
short term outcomes when patients underwent pre-operative aerobic conditioning 
and strength training in order to improve patients’ overall condition and functioning 
before undergoing major surgery. Prehabilitation has also been postulated to have 
the potential to improve more long-term outcomes such as functional capacity and 
independence post discharge in the frail patient [7]. The practice of prehabilitation 
has subsequently been increasingly utilized and investigated in an attempt to opti-
mize outcomes post operatively. It is not yet, however, considered standard of care 
in the same way that ERAS has become.

37.2  Defining a Prehabilitation Programme

The principles of a prehabilitation programme are for patients to undertake a period 
of pre-operative optimization of their overall condition and address the significant 
risk factors. Mainly this has taken the form of physical cardio-respiratory condition-
ing and nutritional optimization (Fig. 37.1).

Further Perspectives
• Precise benefit in pancreatic cancer surgery needs to be shown
• Optimum prehabilitation protocol needs to be established
• Alternative, patient focused outcome measures need to be considered
• Effect of prehabilitation on survival in pancreatic cancer requires 

investigation
• RCTs required to determine protocol efficacy

M. Hughes and K. Lassen



569

Physical conditioning is achieved by aerobic exercises such as walking or 
cycling, normally performed regularly with an increasing level of intensity advised 
over a prescribed period of time. Other physical exercises include weighted training 
to increase skeletal muscle mass as well as inspiratory muscle training to improve 
pulmonary function [8].

The exercises are performed at regular intervals and for a specified length of time 
pre-operatively. Training can either be supervised, usually by a physiotherapist, or 
guided but without direct supervision. A typical prehabilitation exercise programme 
would involve aerobic and resistance exercises once per day for 2–4 weeks before 
surgery. This could include timed cycling with increasing resistance or walks/jogs 
of increasing distance and pace [8].

An initial pre-operative intervention undertaken by prehabilitation programmes 
was pulmonary physiotherapy for patients undergoing cardio-thoracic surgery. 
This was often in the form of inspiratory muscle training (IMT). This consists of 
using a resistance device and inhaling and exhaling with varying degrees of force 
with an aim of increasing the strength and capacity of the inspiratory muscles 
with the aim of increasing inspiratory muscle mass and overall respiratory func-
tion [9].

Similarly nutritional prehabilitation involves an assessment of overall nutri-
tional status, formation of a diet plan and nutritional supplementation, often led 
by the dietician team for a period of several weeks before surgery. This must aim 
to provide sufficient proteins to compensate for increased demands during 
exercise.

The practical methods of conducting prehabilitation programmes vary between 
protocols. Reported lengths of programmes range from 1 to 6  weeks pre- 
operatively. Supervision levels, intensity goals, incorporation of nutritional sup-
plementation and the nature of physical conditioning all vary considerably [10]. 
Furthermore, the location of the physical exercises being undertaken varies from 
patient homes, community centres to in patient physiotherapy departments. This 
current heterogeneity potentially reflects the lack of a consistently proven 
optimum method.

Diagnosis
Neoadjuvant

therapy
Surgery

Prehabilitation programme

Adjuvant
therapy

Identify and treat
reversable risk

factors

ERAS

Fig. 37.1 Patient pathway from diagnosis incorporating prehabilitation programme
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37.3  Potential Benefits of Prehabilitation

Once a prehabilitation programme has been implemented it is critical, both clini-
cally and for research purposes, to establish if the intervention is effective and 
whether it translates into clinical benefit to the patient. The impact of early trials has 
been limited by the lack of universally accepted outcomes illustrating the benefit or 
otherwise of the prehabilitation intervention. Therefore, the question remains as to 
how the efficacy of prehabilitation programmes should be measured and, of the 
evidence that is available, what efficacy has been shown.

The six-minute walking test (6 MWT) has been used to assess patients during the 
prehabilitation period. This is the distance that can be achieved during 6 minutes of 
walking. This simple test is a validated measure of overall physical functioning and 
physiological reserve [11]. Prehabilitation programmes have not, however, been 
shown consistently to improve this outcome measure [12].

Formal cardio-pulmonary exercise testing (CPET) is a further measure of the 
efficacy of prehabilitation programmes on improving physiological reserve. CPET, 
which can measure the level at which the anaerobic threshold is achieved during 
exercise, which in turn is a marker of overall cardiopulmonary conditioning, has 
been shown consistently to be associated with post-operative outcome [13]. Low 
anaerobic threshold levels are associated with increased morbidity and length of 
stay following major surgery [4, 13]. Prehabilitation programmes have also been 
shown to improve anaerobic threshold levels of patients enrolled in neoadjuvant 
chemotherapy when compared to controls [14].

37.3.1  Measuring Outcomes in Prehabilitation

However the critical factor is the ability of a prehabilitation programme not only to 
provide objective benefit of physiological improvement but also to translate this into 
clinical benefit, most often measured in terms of morbidity, mortality, length of stay 
and preservation of long-term functional capacity and independence.

When looking specifically at abdominal surgery, prehabilitation has been shown 
by two meta-analyses to have a beneficial effect in both overall and pulmonary spe-
cific morbidity [12, 15]. Length of stay has not been shown to be shortened by pre-
habilitation protocols in these two analyses of the most recent RCTS in abdominal 
surgery, which may be as a result of the heterogeneity of included operations and 
also the variability in post-operative recovery pathways and discharge criteria 
utilized.

IMT has been shown to be effective in improving respiratory parameters includ-
ing forced expiratory volume (FEV1) and maximal inspiratory pressure [16–18] as 
well as rates of post-operative pulmonary morbidity and post-operative length of 
stay [19] in patients undergoing thoracic and abdominal surgery.
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It is important to emphasise that in the available literature, there is considerable 
variation in the individual prehabilitation protocols utilized [10] with no consensus 
as to make up or timings of the programmes. This is also true of the control groups 
in these studies with the comparator varying from no intervention to a “usual care” 
which includes less intense physical therapy or reduced supervision in comparison 
to the intervention group, which may explain some of the heterogeneity found in the 
outcomes of the meta-analyses. However, despite this issue, morbidity, in particular 
pulmonary morbidity is consistently reported to be reduced after major abdominal 
surgery by the implementation of prehabilitation measures.

37.4  Prehabilitation Implemented for Pancreatic Surgery

To date prehabilitation programmes have been investigated infrequently in patients 
undergoing surgery for pancreatic cancer with only one randomised controlled trial 
(Table 37.1). Patients with pancreatic cancer represent a population that have cer-
tain significant characteristics that separate them from the majority of patients 
undergoing other types of major abdominal surgery and require individual attention.

Pancreatic surgery is often undertaken in patients who have often been recently 
treated in hospital for a period of time in the pre-operative stage with jaundice, 
infection and/or malnutrition. The pre-operative work up for patients undergoing 
pancreatic surgery may therefore present inherent challenges. Obstructive jaundice, 
with or without infection, may result in emergency admission to hospital (up to 50% 
of head of pancreas lesions in one study [20]) with subsequent deterioration in 

Table 37.1 Prehabilitation trials in pancreas surgery

Type of study Prehab programme Morbidity LOS Mortality

Ausania 
et al. [36]

RCT Supervised and 
unsupervised exercises, 
nutritional, endocrine and 
exocrine support

ND
Less DGE in 
prehab group

ND ND

Nakajima 
et al. [42]

Non randomised 
retrospective 
controlled 
studya

60 min exercise 3× per 
week
Nutritional supplement

ND Reduced 
in prehab 
group

ND

Kitahata 
et al. [25]

Non randomised 
retrospective 
controlled study

Individual exercise 
programme and breathing 
exercises with in patient 
prehabilitation plus 
ERAS protocol 
post-operatively

ND
Reduced 
pulmonary 
morbidity in 
prehab group

Reduced 
in prehab 
group

ND

RCT randomised controlled trial, ND no difference, DGE delayed gastric emptying
aHepatic resections included also
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overall conditioning as a result of hospital admission, concurrent infection and 
nutritional deficit associated with acute illness.

Post-operative morbidity rates after pancreas surgery, particularly after pancre-
atoduodenectomy for lesions in the head of the pancreas, are notoriously high. 
Despite significant advances in peri- and post-operative care, and a reduction in 
mortality rates to below 5%, overall morbidity rates are consistently reported at 
40–50% [21]. As such, every effort should be made to minimize this burden. This 
patient population is potentially one that may have most to benefit from attempts to 
optimize their pre-operative condition.

Tzeng et al. [22] investigated patients undergoing pancreatoduodenectomy with 
poor functional status. This group of patients have previously been categorised as 
“borderline resectable type C” which is a grading system devised by the MD 
Anderson group that specifically recognises those patients where performance sta-
tus is the major factor precluding surgical intervention for pancreatic cancer [23]. It 
was found that 37% of all patients undergoing pancreatoduodenectomy were classi-
fied as high risk due to age, comorbidities or conditioning. This group of patients 
were more at risk of major morbidity and also mortality in general and significantly 
more at risk of dying if they suffered a major morbidity. It was also noted that the 
majority of risk factors for developing major morbidity/death in this group were 
potentially modifiable (dyspnoea, pre-operative sepsis, lack of independent func-
tion, ASA 4, transfusion intra-operatively of four or more units.) This therefore 
raises the question of a considerable need and potential benefit for targeting this 
patient group with pre-operative optimisation and minimisation of such risk factors. 
The potential gain for the prehabilitation programmes to target these areas is there-
fore considerable.

In pancreas surgery, the ability to rescue patients who have developed major 
morbidity and avoid failure-to-rescue not only rests with the clinical team, but 
also the underlying condition of the patients [24]. As described above, should a 
patient have the reversible factors associated with poor outcome then the ability to 
rescue this group of patients once a major morbidity has occurred is significantly 
compromised. Prehabilitation, namely optimisation of pre-operative function, 
cardiorespiratory fitness and skeletal muscle mass, is critical in this group of 
patients where a complicated post-operative course must be mitigated against as 
much as possible, especially in patients who are most vulnerable to the impact of 
major morbidity.

37.5  Perioperative Rehabilitation

Kitahata et al. [25] compared a “perioperative rehabilitation” cohort which included 
pre-operative exercise training as well as a 1  week hospital admission for pre- 
operative supervised exercise with their ERAS programme. This was compared 
with an historical control group that did not receive either of these. There was a 
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significant reduction in pulmonary morbidity and LOS as well as non prehabilita-
tion being predictive of pulmonary morbidity following multivariable analysis. No 
difference in postoperative overall morbidity or mortality was observed between the 
groups. This therefore suggests that prehabilitation is possible in patients undergo-
ing pancreatic surgery with the resulting benefit in reduction in pulmonary morbid-
ity, which is a consistent theme amongst prehabilitation studies. However the use of 
historical control is a weak methodology in a complex intervention like periopera-
tive optimization and the heterogeneity of the post-operative care limits the impact 
of its findings.

In non-randomised trials, particularly in pancreatic surgery, high risk patients 
may not be selected to undergo curative resection on the basis of comorbidities in 
the context of high-risk surgery. When compared to other forms of abdominal sur-
gery, patient cohorts undergoing pancreatoduodenectomy may therefore comprise 
relatively fitter patients. The question that requires an answer is what effect can 
prehabilitation have on frail patients and can it have an effect on functional indepen-
dence post discharge as well as the proportion of patients being deemed fit for 
surgery?

37.6  Specific Factors Associated with Pancreatic Surgery 
to Consider for Prehabilitation

37.6.1  Nutrition and Pancreatic Surgery

Compared with other cancers, pancreatic cancer exerts a significant cachectic 
effect [26] with 70–80% being cachectic at time of diagnosis [27, 28]. (Cachexia 
defined as unintended weight loss of greater than 5% in 6 months [29].) It has 
been reported that 39% of patients with pancreatic cancer will have lost greater 
than 10% of their body weight prior to diagnosis [30]. Sarcopenia, defined as 
the generalised and progressive loss of muscle mass and quality [31] has been 
reported at rates of up to 65% in patients with pancreatic cancer [28]. This may 
be due to multifactorial reasons, such as the cancer symptoms of pain and 
anorexia [32]; gastric outlet obstructive symptoms as well as the catabolic effect 
of pancreatic cancer [26].

Patients undergoing pancreas surgery are also susceptible to specific nutritional 
requirements, namely pancreatic endocrine and/or exocrine compromises [33]. 
Development of diabetes either pre or post operatively can compromise nutritional 
status and overall operative risk and up to 80% of patients with pancreatic cancer 
present with new onset diabetes [34]. Similarly the development of exocrine dys-
function, which has been reported in up to two third of patients with pancreatic 
cancer [35] will inevitably affect absorption and requires vigilance in order to pre-
vent such a problem exacerbating an underlying nutritional deficit.
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37.6.2  Prehabilitation Tailored to Patients Undergoing 
Pancreatic Surgery

Prehabilitation programmes developed for pancreas surgery specifically will be 
mandated to address these potential problems associated with pancreas cancer and 
surgery. Previous general abdominal surgery prehabilitation programmes have not 
had to address these issues specifically and so this represents a unique concern.

The only randomized controlled trial that has been performed to date comparing 
prehabilitation in patients undergoing pancreatoduodenectomy with a control group 
undergoing standard care [36] addressed this issue. Their programme incorporated 
endocrine and exocrine function optimization and also one week of supervised car-
diovascular training, unsupervised training as well as nutritional optimization, 
related to individualised needs as determined by a pre-operative multi-disciplinary 
investigation. The control group was partially prehabilitated. This trial did not, how-
ever, show a difference in overall morbidity for Whipple’s patients who underwent 
the prehabilitation programme although there was a significant reduction in rates of 
delayed gastric emptying in the prehabilitation group. The reasons for this are 
unclear although may have been related to the (non significant) reduction in pancre-
atic fistula in the intervention group also. The control group received exercise rec-
ommendations as well as smoking cessation and pancreatic enzyme supplementation. 
This, common with other prehabilitation studies, may explain the lack of 
observed effect.

The effect of sarcopenia on perioperative outcomes has been investigated in 
patients undergoing pancreatic surgery. There is meta-analysis evidence of poorer 
short term outcomes post pancreatic surgery for patients with sarcopenia, most 
notably length of stay [37]. Although this has not been shown consistently and the 
evaluation method of sarcopenia is often cited as contributory to variability in find-
ings [38]. What has been shown more consistently is the relationship between sar-
copenia in patients with pancreatic surgery and disease free and overall survival 
with the presence of sarcopenia being a poor prognostic indicator for patients with 
pancreatic cancer [39] and those undergoing surgery [40].

37.6.3  Preoperative Exercise and Pancreatic Surgery

The benefit of exercise, both aerobic, resistance training and a combination of the 
two have been shown to have a therapeutic benefit in populations with sarcopenia, 
albeit not with cancer related sarcopenia. Nevertheless the mechanisms of sarcope-
nia have been investigated on animal models with mitigation against these being 
demonstrated with the intervention of exercise [41].

Nakajima et al. [42] compared prehabilitation with a historical control group in 
patients undergoing pancreatoduodenectomy as well as major hepatic resections. 
Their prehabilitation programme involved unsupervised cardiopulmonary exercises 

M. Hughes and K. Lassen



575

and resistance training of one hour, three times per week as well as essential amino 
acid supplementation taken after exercise. There was no difference in overall mor-
bidity rates, but there was a decrease in length of stay in the prehabilitation group. 
Also nutritional assessments performed showed improved albumin and decreased 
weight loss before surgery in the prehabilitation group, as well as improvements in 
6  MWT distance. This suggests that patients with pancreatic cancer are able to 
respond to nutritional interventions in an attempt to negate the cachectic effects of 
pancreatic cancer prior to surgery.

37.6.4  Timing of Prehabilitation in Pancreatic Surgery

Patients scheduled for pancreatic surgery will generally fall into two groups. Some 
will be scheduled for direct surgery while others will need a stenting procedure or 
undergo a course of neoadjuvant chemotherapy. Both situations pose challenges for 
a prehabilitation programme. Where upfront surgery is recommended the time 
available for prehabilitation will be defined by the logistics and capacity of the sur-
gical department. Even in the absence of other constraints, it is the authors’ experi-
ence that few departments will be able to offer a pancreatoduodenectomy without a 
delay of 2–3 weeks as routine. Hence, provided that a prehabilitation program is 
initiated immediately following diagnosis, there should be sufficient time for a 
meaningful intervention. In selected cases of increased risk, it may well be prudent 
to delay surgery for another week or two to ensure a benefit from prehabilitation and 
optimization.

However, increasingly, patients with PDAC are undergoing neoadjuvant chemo-
therapy prior to exploratory or resectional surgery [43]. This builds in a predictable 
period of time before surgery when a period of prehabilitation could potentially be 
implemented. This is not currently routine practice and not all patients undergoing 
pancreatic surgery will be receiving treatment for PDAC. However, if an increasing 
proportion of patients undergoing pancreatic surgery will receive neoadjuvant treat-
ment, then this provides an opportunity to attempt physical and nutritional optimisa-
tion, particularly in the context of having received chemotherapy with associated 
threats to functional capacity.

The issue of whether patients undergoing neoadjuvant chemotherapy are able to 
undergo exercise programmes was addressed by Parker et  al. [44] Patients with 
pancreatic malignancy were prescribed up to 120 min of exercises per week as part 
of a home based, self-reported exercise regimen. The included patients were able to 
undertake such a programme with higher levels of reported exercise than prescribed. 
This therefore represents feasibility of potential prehabilitation programmes in 
patients with pancreatic cancer undergoing neoadjuvant chemotherapy prior to sur-
gery. Within this small study there were noted to be issues with adherence variabil-
ity. Therefore, it may be that challenges remain in this population, however this 
provides a basis on which to attempt implementation.
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Furthermore, it has been demonstrated that patients undergoing urgent diagnos-
tic investigation for suspected cancer are able to undergo community-based detec-
tion and optimisation of risk factors prior to surgery without interference with the 
diagnostic work up [45].

Adjuvant chemotherapy following surgery for pancreatic ductal adenocarcinoma 
is considered standard of care. Significant proportions of patients, however, do not 
go on to receive chemotherapy following a complicated post-operative course. 
Patients affected by major post-operative morbidity or elderly patients often do not 
receive adjuvant chemotherapy due to ongoing frailty, up to 50% in one report [46]. 
This is a potential area that prehabilitation could be employed in an effort to miti-
gate against this disruption to cancer treatment.

37.7  Areas for Future Research

The optimum outcome measure to judge the benefit of prehabilitation has not been 
determined yet. The current literature focuses mainly on objective physiological 
measures and short term post-operative outcomes. A patient focused approach 
should also prioritize alternative outcome measures. Particularly when considering 
pancreatic surgery, high proportions of patients are medically high risk [22] and 
may be deemed unsuitable for surgery. Furthermore, frail and elderly patients 
undergoing surgery are often unable to return to functional independence post- 
operatively [47] or receive adjuvant chemotherapy. Future research should focus on 
outcome measures such as these, namely can a prehabilitative programme improve 
the proportions of frail patients undergoing curative surgery, being discharged with 
a satisfactory level of function or able to regain such a level and being fit enough to 
go onto adjuvant chemotherapy if appropriate. This approach would ensure that the 
effects of prehabilitation could be assessed in practical, patient centred terms.

There is a great deal of heterogeneity when looking at the current prehabilitation 
programmes for major abdominal surgery and pancreatic surgery. Both in terms of 
the make up of the programme, i.e. included components such as weight training, 
aerobic training, timings, length of sessions and also the level of supervision. There 
is also inconsistency in the current literature regarding the control group that the 
prehabilitation groups are compared to. This often leads to inability to interpret 
meta-analyses accurately. The difficulty can arise when the intuitive benefits of a 
programme are suspected and the disinclination to “deprive” the control group of at 
least some of the benefits of the intervention group. Such practice is entirely under-
standable and, it may be that prehabilitation versus no prehabilitation should no 
longer be the focus of the research question, and that the precise make-up of the 
prehabilitation programme needs to be formalized. This is particularly important for 
prehabilitation programmes addressing pancreatic surgery as there are several com-
ponents that are particularly pertinent to this population, namely the high risk of 
cachexia and skeletal muscle loss, the potential deconditioning due to jaundice and 
infection and also the potential requirements for endocrine and exocrine 
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supplementation. In any case despite the absence of consistent protocols guiding 
intervention, no prehabilitation programme may be an inappropriate course of 
action in light of consistent feasibility and safety being reported.

37.8  Conclusions

Prehabilitation programmes have been shown to provide benefit in terms of improve-
ment in post-operative morbidity in the fields of major abdominal surgery. The evi-
dence for its benefit in surgery for pancreatic disease is limited at present. However, 
pancreatic malignancy and surgery present many unique challenges that coincide 
with the priorities of current prehabilitation programmes. As the use of prehabilita-
tion increases evidence will come to allow objective analysis of the benefits that 
they may provide. Further procedure specific studies are required to address this, 
however, care must be taken in determining the constituent of the control arm to 
ensure standard of care is addressed. On the basis of the available data however, 
mainly from non-pancreatic abdominal surgery, the encouragement of aerobic and 
resistance exercises, ideally supervised by the physiotherapy department prior to 
surgery, as well as awareness of potential nutritional deficiencies to be addressed 
would be appropriate whilst ongoing trials continue to report procedure specific 
results on revised protocols.
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Take Home Messages
• High compliance (>70%) to ERAS protocol improves outcomes after 

pancreatoduodenectomy
• Pancreatoduodenectomy should be performed without prior endoscopic 

stenting for asymptomatic patients with bilirubin level below 250 μmol/L
• Preoperative nutritional assessment expanding beyond calculation of BMI 

and weight-loss based on self-reported pre-morbid weight and weight scal-
ing upon admission is not warranted before pancreatoduodenectomy

• Preoperative nutritional intervention is recommended for pancreatic can-
cer patients with severe weight-loss; however, not as a general measure 
(i.e. >15% weight-loss or BMI < 18.5 kg/m2)

Pearls and Pitfalls
• Strict adhesion to the proposed ERAS protocol with regular internal audit 

are paramount for the successful implementation of ERAS in 
pancreatoduodenectomy

• Results of the implementation of ERAS in pancreatic surgery are conflict-
ing but the majority of studies did not comply with all the 26 items of the 
proposed protocol
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38.1  Introduction

Enhanced recovery after surgery (ERAS) is a multimodal pathway that has been 
widely introduced to reduce the surgical stress and improve recovery after major 
surgery. It is validated in many types of surgery since it reduces postoperative medi-
cal complications, hospital stay and costs [1–3]. A recent meta-analysis confirmed 
the positive impact of ERAS on postoperative recovery after pancreatoduodenec-
tomy [4]. The first ERAS guidelines for pancreatoduodenectomy included 26 items 
and were published in 2012 [5]. These guidelines have been updated in 2019 and are 
displayed with their respective level of evidence and grading in Table 38.1.

Future Perspectives
• A well-established and standardized ERAS protocol is paramount for 

evidence- based management of patients.
• Compliance with the ERAS protocol should be documented with standard-

ized database and interactive audit system to follow the real actual applica-
tion of the protocol and outcomes

Table 38.1 Summary of updated ERAS recommendations for pancreatoduodenectomy for each 
items and their respective level of evidence and grade

ERAS item Recommended (YES/NO) Evidence level
Grade of 
recommendation

1. Preoperative 
counselling

YES Moderate Weak

2. Prehabilitation YES Moderate Strong
3. Preoperative 
biliary drainage

NO unless decompression 
is needed (bilirubin level 
above 250 μmol/L, 
preoperative episodes of 
cholangitis, neoadjuvant 
treatment).

High Strong

4. Avoiding 
Preoperative 
smoking and alcohol 
consumption

YES Smoking cessation: 
Moderate; Alcohol 
cessation for 
moderate users: Low

Strong

Alcohol cessation for 
high users: High

5. Preoperative 
nutrition

YES for patients with 
severe weight-loss (i.e. 
>15% weight-loss or 
BMI < 18.5 kg/m2 
secondary to their 
disease).

>15% weight loss: 
High

Strong

6. Perioperative oral 
immunonutrition

NO High Strong
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ERAS item Recommended (YES/NO) Evidence level
Grade of 
recommendation

7. Preoperative 
fasting and treatment 
with carbohydrates

Preoperative fasting: 
limited to 6 h for solids 
and 2 h for liquids in 
patients without specific 
risk factors (i.e. gastric 
outlet obstruction, 
diabetes with severe 
neuropathy)

Moderate Strong

Carbohydrate loading: NO Moderate Strong
8. Pre-anesthetic 
medication

Pharmacological 
anxiolytics: NO

Moderate Strong

Opioid sparing 
multimodal pre- 
anaesthetic medication: 
YES

Moderate Strong

NSAIDS or selective 
COX2 inhibitor (good 
renal function): YES

Moderate Strong

9. Anti-thrombotic 
prophylaxis

YES High Strong
Mechanical measures: 
YES

Low Weak

10. Antimicrobial 
prophylaxis (less 
than 60 min before 
incision) and 
Alcohol based skin 
preparation

Single dose intravenous 
antibiotics: YES

High Strong

Alcohol based 
preparations: YES

Moderate Strong

11. Epidural 
analgesia

YES Moderate Strong

12. Postoperative 
intravenous and per 
oral analgesia

YES Moderate Strong

13. Wound catheter 
and transversus 
abdominis plane 
(TAP) block as an 
alternative to 
Epidural

YES High Strong

14. Postoperative 
nausea and vomiting 
(PONV) prophylaxis

YES Moderate Strong

15. Avoiding 
hypothermia (above 
36 °C)

YES High Strong

16. Postoperative 
glycaemic control

YES Moderate Strong

(continued)

Table 38.1 (continued)

38 Enhanced Recovery Principles in Pancreatic Cancer Surgery



584

Table 38.1 (continued)

ERAS item Recommended (YES/NO) Evidence level
Grade of 
recommendation

17. Maintenance of 
Nasogastric 
intubation

NO Moderate Strong

18. Fluid balance 
(avoidance of fluid 
overload)

YES Moderate Strong

19. Early drain 
removal at 72 h in 
patients with an 
amylase content in 
drain <5000 U/L on 
POD1

YES Selective no-drain 
regimen: Moderate

Selective no-drain 
regimen: Weak

Early removal: High Early removal: 
Strong

20. Somatostatin 
analogues

NO Moderate Weak

21. Urinary catheter 
removal at day 1

In patients with wound 
catheters or intravenous 
analgesia: YES

Low Strong

All others: NO
22. Strategies to 
prevent Delayed 
gastric emptying

None Low Strong

23. Stimulation of 
bowel movement

Chewing gum: YES Moderate Weak
Alvimopan: YES Moderate Weak
Mosapride: YES Very low Weak
Metoclopramide: NO Very low Weak
Other drugs (Ghrelin 
receptor antagonists, 
dihydroergotamine and 
neostigmine, 
Erythromycin): NO

Very low (Ghrelin 
receptor antagonists, 
dihydroergotamine 
and neostigmine)

Weak (Ghrelin 
receptor antagonists, 
dihydroergotamine 
and neostigmine)

Moderate 
(Erythromycin)

Strong 
(Erythromycin)

24. Postoperative 
normal diet and 
artificial nutrition

Normal diet: YES Moderate Strong
Artificial nutrition as an 
individual approach 
according to nutritional 
status assessment (enteral 
route preferred): YES

25. Early and 
scheduled 
mobilization

YES Low Strong

26. Laparoscopic 
and Robotic surgery

Laparoscopic surgery: 
YES

Moderate Strong

Robotic surgery: NO Low Weak
27. Audit YES Moderate Strong

Adapted from Melloul E. et al. [6] 
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Cancer patients are more prone to malnutrition, weight loss, and reduction in the 
physical performance status. These factors impact directly on short and long-term 
surgical outcome. The ESPAC-3 trial showed that the most important factor for 
long-term survival in pancreas adenocarcinoma is to achieve complete cycles (at 
least 6 cycles) of adjuvant chemotherapy. However, if it is not possible to undergo 
full cycles, it is better to wait for a full post-operative recovery than to start early 
without being able to finish the treatment [7]. On the other hand, delayed chemo-
therapy after 12 weeks is not associated with a decreased long-term survival for 
pancreatic cancer, because adjuvant chemotherapy is a prognostic factor by itself, so 
it should be offered even lately [8]. It is then paramount that pancreatic cancer 
patients who underwent surgery are fit enough to complete all full cycles of adju-
vant chemotherapy.

This chapter will focus on ERAS items that need particular consideration in pan-
creatic cancer patients.

38.2  Preoperative Biliary Drainage

The majority of patients with pancreatic head cancer present with jaundice at the 
time of diagnosis. Complication related to preoperative biliary stenting have been 
assessed in 12 meta-analyses [9–20]. Preoperative drainage is associated with 
increased postoperative complications, including wound complications, but without 
impact on mortality [10–13, 15, 17, 18, 20]. These results are confirmed by a review 
of the National Surgical Quality Improvement Program (NSQIP) database, which 
found increased risk of sepsis and wound infections after drainage without impact 
on mortality [21]. One of the meta-analysis did not demonstrate any postoperative 
adverse effects after drainage [9]. Moreover, one single meta-analysis showed less 
major adverse effects with preoperative biliary drainage [16].

According to the last Cochrane reviews on this topic from 2012 (including four 
RCTs focused on percutaneous transhepatic biliary drainage and two on endo-
scopic stenting), there was no difference in postoperative mortality, but morbidity 
rates were higher in pre-operative biliary drainage [19]. Analyzing 1500 pancre-
atoduodenectomies, the Verona group observed neither increased major complica-
tions nor mortality after biliary drainage, but higher surgical site infection rates 
(SSI) [22].

Resection should be performed without prior endoscopic stenting for asymptom-
atic patients with bilirubin level below 250 μmol/L [23]. In a multicentric study, 
serum bilirubin level ≥300 μmol/L increased severe morbidity and decreased long- 
term survival after PD for pancreatic ductal adenocarcinoma (PDAC) [24]. These 
findings suggest that biliary stenting is recommended before pancreatoduodenec-
tomy in patients with PDAC and severe jaundice (bilirubin level above 250 μmol/L), 
even if asymptomatic.

38 Enhanced Recovery Principles in Pancreatic Cancer Surgery
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38.3  Preoperative Nutrition

The majority of patients with pancreatic malignancy have significant weight loss 
before surgery [25]. Based on pre-disease self-reported weight, 5% weight-loss has 
been demonstrated to be a significant predictor of complications [26]. This empha-
size the need for supplemental nutrition, trying to restore baseline nutritional status 
prior to complex operations, such as a Whipple procedure.

Nutritional interventions (parenteral, enteral or oral/sip-feeds) are recommended 
for patients with significant weight-loss planned for major operations and these 
interventions will usually result in weight gain [27, 28]. It remains unproven that 
preoperative nutritional support reduces complication rates or enhances recovery 
[29]. A recent evaluation of several established screening tools for malnutrition 
demonstrated the absence of prognostic power in pancreatic surgery [30].

Nutritional support is recommended for patients with weight-loss >15% or BMI- 
drop to <18.5  kg/m2 [31]. For patients with moderate weight-loss, preoperative 
nutrition support is recommended by the European Society for Clinical Nutrition 
and Metabolism (ESPEN) guidelines from 2006 to 2017, but this is based on uncon-
trolled or un-blinded trials, or using surrogate endpoints [27, 28]. Of 35 randomized 
controlled trials included in latest ESPEN recommendation of 2017, none were 
published later than 2004 [28].

To summarize, preoperative nutritional assessment expanding beyond calcula-
tion of BMI and weight-loss based on self-reported pre-morbid weight and weight 
scaling upon admission is not warranted. Preoperative nutritional intervention is 
recommended for patients with severe weight-loss; however, not as a general mea-
sure (i.e. >15% weight-loss or BMI ≤ 18.5 kg/m2).

38.4  Perioperative Oral Immunonutrition

Pancreatic cancer patients tend to have high levels of pro-inflammatory cyto-
kines as well as malnutrition and cachexia [32–34]. Through its potential to 
modulate the perioperative inflammatory response, immunonutrition containing 
arginine, glutamine, ω − 3 fatty acids and nucleotides has been associated in 
several meta-analyses with decreased complication rates and length of hospital 
stay after major gastrointestinal cancer surgery [30, 35–39]. However, study 
heterogeneity was high, and optimal timing for administration debated [40–42]. 
Specific evidence on immunonutrition in pancreatic surgery is scarce [43]. An 
RCT including >200 patients did not demonstrate advantage of routine postop-
erative immunonutrition in elective upper gastrointestinal surgery patients [41]. 
Three recent RCTs demonstrated a favorable effect of either pre- or periopera-
tive enteral immunonutrition on systemic immunity in patients undergoing pan-
creatoduodenectomy [44–46].
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The potential benefits of different combinations of immunonutrients in major 
abdominal surgery was evaluated recently [47]. Immunonutrition compared with 
control groups reduced overall and infectious complications in 83 RCTs with 7116 
patients (grade of evidence low to moderate). Of note, these effects vanished after 
excluding trials at high risk of bias. Non-industry-funded trials did not display posi-
tive effects for overall complications, whereas industry-funded reported large effects 
[40–42]. According to these data immunonutrition is currently not recommended. 
More non-industry-funded studies are then needed to assess the real indication of 
immunonutrients in the perioperative period of pancreatic cancer patients.

38.5  Antithrombotic Prophylaxis

Cancer and pancreatic surgery are two independent risk factors for postoperative 
deep venous thrombosis (DVT) and pulmonary embolism (PE). It concerns a major-
ity of elderly cancer patients at high risk of venous thromboembolism (VTE) with 
complications [48, 49].

The ASCO guidelines update recommend systematic postoperative thrombopro-
phylaxis up to 4 weeks in oncologic patients undergoing major abdominal surgery 
with high-risk features [50]. The low molecular weight heparin (LMWH) or unfrag-
mented heparin (UFH) treatment should be started 2–12 h before surgery [49]. A 
recent Cochrane review reported no difference between perioperative LMWH, UFH 
and fondaparinux on mortality, VTE outcomes, and bleeding (minor or major). 
LMWH is preferable because of compliance (once-daily administration) [51]. The 
additional use of compressive stockings and intermittent pneumatic compression 
devices is recommended [52].

In a comparative cohort study (n = 186), patients undergoing pancreatoduode-
nectomy receiving thromboprophylaxis had less postoperative VTE but signifi-
cantly more postoperative hemorrhages. Minor hemorrhages were significantly 
increased, while major hemorrhage remained unchanged [53]. A large cohort study 
(n = 13,771) confirmed that the rate of post pancreatectomy VTE outnumber hemor-
rhages [54]. Multivariate analysis identified obesity, age >75 years and organ space 
infection as risk factors for late VTE. Combined perioperative thromboprophylaxis 
and epidural analgesia is safe if placement or removal of catheter is delayed for at 
least 12 h after prophylactic LMWH. No additional hemostasis altering medications 
should be administered because of additive effects. LMWH should resume at least 
4 h after catheter removal [55].

To summarize, LMWH or UFH reduces the risk of VTE complications and 
should be started 2–12  h before surgery and continued until hospital discharge. 
Extended thromboprophylaxis (4 weeks) is advised after pancreatoduodenectomy 
for cancer. In addition, mechanical measures are advised in addition to chemical 
thromboprophylaxis.
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38.6  Postoperative Artificial Nutrition

Malnutrition is preponderant among patients with pancreatic cancer, and morbidity 
rates of up to 40% after major pancreatic surgery including specific complications 
such as delayed gastric emptying (DGE), estimated between 30% and 40% of 
patients after Whipple, request thorough identification and timely support of patients 
at nutritional risk [56–58]. Early normal diet according to tolerance is safe and fea-
sible, according to several RCTs and systematic reviews [59–62], even in the pres-
ence of DGE or pancreatic fistula [57, 63]. Therefore, an early normal diet as 
tolerated should be encouraged. In patients in whom intake of less than 60% of their 
energy requirements for 7–10 days has to be expected, artificial postoperative nutri-
tional support strategies should be considered [28, 64]. However, the route of 
administration is debated due to inherent morbidity of either support strategy and 
ambiguous results of the available literature [65–67]. While some studies showed a 
beneficial effect of early enteral tube feeding notably due to its potential to maintain 
gastrointestinal integrity [68–72], either combined parenteral nutrition or total par-
enteral nutrition have been suggested as alternatives when enteral nutrition was not 
feasible [73–75]. In frail patients undergoing oncological adjuvant protocols and 
needing long-term supplementation, feeding through tube jejunostomy may be con-
sidered [76, 77]. Considering these principles, an individual approach based on 
patients’ nutritional status, disease presentation and expected postoperative course 
should guide postoperative support strategies if normal diet at will is not sufficient.

38.7  Minimal Invasive Surgery

Although a recent randomized controlled trial and a meta-analysis addressed the 
role of ERAS in pancreatic surgery, these studies did not differentiate for outcomes 
in minimally invasive pancreatic surgery [4, 78].

Three randomized controlled trials compared postoperative outcome after lapa-
roscopic pancreatoduodenectomy to open pancreatoduodenectomy in a total of 229 
patients [79–81].

The first study was the single center PLOT RCT from India [80]. This study 
found a significantly shorter length of stay and significantly less intra operative 
blood loss [80]. Duration of surgery was however significantly longer in the laparo-
scopic group.

The second study was the monocenter PADULAP RCT from Spain in 66 patients 
[79]. This study found a significantly better outcome regarding Clavien grade ≥3 
complications for the laparoscopic compared to open pancreatoduodenectomy. 
Both the PLOT and PADULAP studies were single center studies from highly expe-
rienced centers. In both studies, sample size were calculated for length of stay as 
primary outcome and therefore no definitive conclusions can be drawn on the impact 
of laparoscopic pancreatoduodenectomy on postoperative complications.
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The third study was the multicenter LEOPARD-2 RCT from the Netherlands 
[81]. All patients were treated according to enhanced recovery principles. This 
study was stopped early after randomization of 99 patients because of safety con-
cerns (increased mortality in laparoscopy group) and found no difference in time to 
functional recovery [82].

According to the last updated ERAS guidelines for pancreatic surgery, no studies 
were found assessing patients undergoing robotic assisted pancreatoduodenectomy 
within an ERAS protocol. A systematic review and meta-analysis found only five 
non-randomized prospective studies comparing robotic-assisted with open pancre-
atoduodenectomy [83]. Robotic assisted pancreatoduodenectomy was associated 
with less blood loss and lower overall complications, but longer operative duration. 
No significant differences were found in the rates of pancreatic fistula, DGE, and 
length of hospital stay compared to open pancreatoduodenectomy [83]. Currently, 
there is insufficient evidence to assess robotic assisted pancreatoduodenectomy. 
Prospective studies from high volume centers are needed.

38.8  Conclusion

Further data are needed to confirm the impact of ERAS protocol on the long-term 
oncologic outcome and reduction in the delay to adjuvant chemotherapy for pancre-
atic cancer. Therefore, a well-established and standardized ERAS protocol is para-
mount for evidence-based management of patients. Compliance with the ERAS 
protocol should be documented with standardized database and interactive audit 
system to follow the real actual application of the protocol and outcomes. In addi-
tion, it will become key part of future trials thus allowing benchmarking.
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Take Home Messages
• A double aging is taking place in Europe and the incidence of pancreatic 

cancer is highest in the elderly.
• Although very few elderly patients receive chemotherapy, older age and a 

less favourable performance status are prognostic for poor outcomes in 
randomised and non-randomised studies.

• In elderly patients, physical fitness is overestimated by performance status 
alone in comparison with a Comprehensive Geriatric Assessment (CGA).

• Studies investigating CGA and chemotherapy-treatment in elderly patients 
with pancreatic cancer are scarce.

Pearls and Pitfalls
• Pearl: Comprehensive Geriatric Assessment (CGA) may have added value 

in clinical practice of prehabilitation and rehabilitation of elderly patients.
• Pitfall: Due to ‘rejuvenation’ of elderly patients, an age cut-off for planned 

subgroup analysis in randomised studies should be carefully defined  
(in the past usually at 65 years, but should be higher).
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39.1  Introduction

Pancreatic cancer typically is a cancer of the elderly. The incidence of pancreatic 
cancer increases sharply with advanced age from ≤1 per 100,000 person years in 
the age group 15–44 years until more than 70 per 100,000 in the age group over 
75 years [1].

39.2  An Aging European Population

In many Western countries, a so-called ‘double aging’ is taking place; the ‘baby 
boom’ generation born after the second World War is reaching an older age and 
people are getting older due to improved health care and living conditions. In the 
next three decades, the proportion and absolute number of older persons in these 
populations will continue to rise.

Until 2070, the proportion of persons aged 65 and over will rise from 19% to 
29% of the population and the group aged 80 and over will increase from 5% to 
13%, becoming almost as large as the young population under 15 years in 2070 
(from 16% to 15%). By 2070, Japan, the EU and China will have the oldest popula-
tions among large economies worldwide [2] (Fig. 39.1).

39.3  Definition of ‘the Elderly’

No clear definition of ‘the elderly’ can be given. In Western countries, persons were usu-
ally defined as ‘elderly’ when they reach a chronological age of 65 years [3], which in 
many countries is the starting age at which pension benefits can be received. However, 
there is no clear medical or biological evidence to support this definition and remark-
ably, in the past decades, a process of ‘rejuvenation’ seems to have taken place [4].

Between elderly persons of the same age, a large variation in physical function-
ing exists. The process of aging is characterised by a gradual loss of functional 
reserve of several organ systems, increased prevalence of chronic diseases and 
enhanced susceptibility to stressors like cancer and cancer treatment [5]. Physiologic 
changes that are related to aging affect drug metabolism, such as the altered gastric, 
hepatic and renal function, or the altered proportion and distribution of body fat and 

Future Perspectives
• Benefits and risks of contemporary first-line and second-line chemother-

apy regimens in elderly patients need to be investigated in more detail, 
taking into account performance status, organ function and other geriatric 
aspects from Comprehensive Geriatric Assessment (CGA).
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water in elderly patients [6]. A different pace of this process in individuals results in 
a large heterogeneity within the elderly age group.

Elderly patients are underrepresented in the available evidence on which 
evidence- based guidelines are based [7, 8]. Inclusion and exclusion criteria of most 
clinical trials investigating systemic treatments explicitly exclude patients with poor 
performance status or multimorbidity. In addition, many clinical trials use an upper 
age limit, usually at 75 years of age.

Older people may have multiple, complex and overlapping health problems. 
However, when chronological age is used as a summary or surrogate measurement to 
physical functioning, decision-making will result in both under-treatment and over-
treatment in various practice settings. Furthermore, tools that intend to individualise 
treatment to patient characteristics often contain ‘chronological age’ instead of age-
associated domains of functioning (‘functional age’), for example the prognostic 
model ‘Predict’ for early-stage breast cancer (https://breast.predict.nhs.uk).

39.4  Pancreatic Cancer

The number of patients with newly diagnosed pancreatic cancer in Europe has 
increased from circa 96,000 in 2008 to 132,600 in 2018 (+38%) [9, 10], and will 
further increase with the aging European population. More than half of this patient 
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population is aged 70  years or older at time of diagnosis and about 20–29% of 
patients is 80 years or older [11, 12].

The vast majority of patients with pancreatic cancer present with advanced dis-
ease, either locally advanced (irresectable) or metastatic disease (>50% or patients). 
Many patients suffer from symptoms such as weight loss, sarcopenia and fatigue. 
Elderly patients are at increased risk to die soon after diagnosis of pancreatic cancer 
[13, 14]. For example, in a population-based study from the Netherlands nearly half 
of octogenarians with metastatic pancreatic cancer died within 30 days after diag-
nosis compared with one-fifth of patients under 70 years of age (43% and 19%, 
respectively) [14].

With rising age of patients with pancreatic cancer, chemotherapy use is far less 
likely. This age pattern was found in patients with advanced disease (metastatic or 
locally advanced) [14–19], as well as in the adjuvant treatment setting [20–23]. 
Especially in the oldest age groups a strong selection took place and only few 
patients over 80 years of age received chemotherapy [14, 19].

Given the high symptom burden and the short life expectancy, clinical trials in 
pancreatic cancer focus on patients with a higher likelihood of obtaining a clinical 
benefit [24]. This patient group usually has a relatively good performance status 
(ECOG/WHO PS 0–1 or Karnofsky PS 80–100%), which is a minority of patients 
in everyday clinical practice. In addition, survival outcomes of chemotherapy- 
treated patients in daily clinical practice often are less favourable compared with the 
original trial population, since chemotherapy is often provided to patients who were 
not eligible for the clinical trial [25]. In randomised clinical trials and in case series, 
survival outcomes after gemcitabine were between 5 and 9  months in elderly 
patients [18, 26, 27]. Nowadays more potent but also more toxic chemotherapy regi-
mens are available, with limited experience in the older population.

39.5  Metastatic Pancreatic Cancer

A significant breakthrough for patients with metastatic pancreatic cancer was 
achieved with the FOLFIRINOX regimen (5-fluorouracil, leucovorin, oxaliplatin 
and irinotecan) in the pivotal PRODIGE-4/ACCORD-11 trial (median OS 11.1, ver-
sus 6.8 months in gemcitabine alone) [28]. In addition, the MPACT trial showed a 
survival benefit of the combination gemcitabine with nab-paclitaxel over gem-
citabine alone (median OS 8.5 and 6.7 months, respectively) [28, 29]. Since the 
PRODIGE-4 trial excluded patients over 75  years of age or performance status 
higher than one [28], enrolled patients were relatively young (median 61  years, 
range 28–76) and fit (PS > 1: 0.3%) compared with patients in the MPACT trial 
(median age 63 years, range 27–88 years, ≥75 years: 10%, PS > 1: 8%) [29]. Age 
and performance status of patients in the MPACT trial seemed more in line with 
chemotherapy-treated patients in clinical practice (median age: 63–70  years, 
≥75 years: 8–34%, PS > 1: 11%) [14, 30, 31]. In the PRODIGE and the MPACT 
trials, either age over 65 years (PRODIGE), or a less favourable performance status 
(MPACT), were identified as prognostic factors for an impaired survival.
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Also in non-randomised studies, patients receiving FOLFIRINOX were substan-
tially younger (median age 60–63 years) compared with patients treated with nab- 
paclitaxel plus gemcitabine (median 68–71 years) or gemcitabine therapy (median 
69–78 years) [30–32]. A similar pattern was found for performance status; 4%, 10% 
and 20% of patients with FOLFIRINOX, nab-paclitaxel with gemcitabine and gem-
citabine, respectively, had a PS > 1 [31].

39.5.1  Elderly Patients and Gemcitabine-Based Chemotherapy

In several case series, mostly from single institutions, it was suggested that no clear 
survival differences between younger and older chemotherapy-treated patients exist 
[18, 27, 33]. However, median overall survival was quite high (mOS 8–9 months) 
and some of these studies enrolled patients with locally advanced pancreatic cancer 
as well. In population-based studies performed in the gemcitabine era [14, 30], 
overall survival of chemotherapy-treated patients was worse (median OS 
5.0–5.7 months) compared with the gemcitabine arms in the MPACT and PRODIGE 
studies. Especially chemotherapy-treated elderly patients over 75 years of age expe-
rienced a worse overall survival (<70, 70–74, 75–79, ≥80 years: median OS 25, 26, 
19 and 16 weeks, p = 0.003, HR[75–79, ≥80 vs. <70 years] > 1) [14]. Possibly poor 
performance status, complications or early discontinuation may have added to 
observed survival disparities.

39.5.2  Elderly Patients and Contemporary 
Chemotherapy Regimens

The survival benefit from FOLFIRINOX and gemcitabine plus nab-paclitaxel over 
gemcitabine monotherapy went along with an increased risk of grade 3+ toxicities 
that restricts the applicability of both regimens. To decrease the incidence and sever-
ity of adverse events while maintaining efficacy results, drug dose and schedule 
modifications were investigated [34–37].

Some studies explored outcomes of contemporary chemotherapy regimens in 
elderly patients (defined as either 65 or 75 years or older) and found small non- 
significant or no overall survival differences according to age [30, 35, 36]. In a large 
population-based study in Canada investigating patients with metastatic pancreatic 
cancer, the FOLFIRINOX-group (n = 784, median age 63 years, 4% >75 years) 
showed no survival disparities according to age, but overall survival seemed less 
favourable than in the original PRODIGE trial (median OS 8.2 versus 11.1 months, 
respectively) [28, 30]. Other studies included patients with both metastatic and 
locally advanced pancreatic cancer and thus survival could not be compared with 
the corresponding randomised studies [35, 36].

Studies investigating contemporary chemotherapy treatment specifically in patients 
with a less favourable performance status are scarce. In the FRAGRANCE- trial, only 
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patients with PS 2 and unresectable pancreatic cancer were enrolled (locally advanced 
and metastatic disease); patients were randomised between modified schemes of nab-
paclitaxel with gemcitabine [34]. Median progression-free survival (5.7–6.7 months) 
and 6-months overall survival (63–69%) in this study were encouraging, but again less 
favourable compared to the original trials in metastatic disease only.

39.6  Adjuvant Treatment for (Borderline) Resectable 
Pancreatic Cancer

No upper age limit was used for inclusion of patients in randomised studies on adju-
vant treatment following resection for pancreatic cancer [38–41]. All these ran-
domised studies enrolled some octogenarians (oldest age 81–85 years) and median 
age of patients (61–65 years) was very similar to patients treated with adjuvant che-
motherapy in an international study with population-based data from the USA, 
Belgium, The Netherlands, Slovenia and Norway (median age 61–65 years) [42]. 
Furthermore, in all randomised studies investigating 5-fluorouracil/leucovorin or 
gemcitabine-based regimens, a less favourable PS was permitted (3–12% PS 2), 
[38–40] which was similar to a nationwide cohort (6%) [42]. Only in the most recent 
PRODIGE-24 study (FOLFIRINOX versus gemcitabine) a PS 0–1 was required [41].

A less favourable performance status only seemed a prognostic factor for sur-
vival in the ESPAC-3 study that included the highest proportion of patients with PS 
2 (12%) [39]. In other randomized studies investigating 5-fluorouracil/leucovorin or 
gemcitabine-based regimens, an older age and a less favourable performance status 
did not seem a prognostic factor [21, 22, 38, 40, 42]. However, in the PRODIGE-24 
study no significant benefit was found for FOLFIRINOX over gemcitabine in 
patients aged 70 years or older [41].

39.7  Second Line Treatment

Despite the aggressive behaviour of pancreatic cancer, up to half of patients seem still 
eligible for a second-line treatment [31, 32, 43], especially following FOLFIRINOX 
[32]. Patients need to be in a good physical condition, with adequate haematological, 
hepatic and renal function. Thus far, no randomised studies are available following 
FOLFIRINOX.  In patients with metastatic disease previously treated with gem-
citabine-based therapy, the NAPOLI-1 trial showed a prolonged overall survival for 
nanoliposomal irinotecan with fluorouracil/leucovorin compared with fluorouracil/
leucovorin monotherapy (mOS 6.2 vs. 4.2 months, respectively) [44]. Age and per-
formance status of enrolled patients in the NAPOLI-1 study were largely comparable 
with the MPACT study on first-line treatment for metastatic disease, with median age 
62–63 years (25% ≥70 years) and 8.5% of patients with PS > 1. Among other factors, 
performance status, not age, was prognostic for overall survival.
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39.8  Guidelines for Chemotherapy Treatment 
in Elderly Patients

As of 2012, Clinical Practice Guidelines for pancreatic adenocarcinoma from the 
European Society for Medical and Digestive Oncology (ESMO-ESDO), as well as 
the American Society of Clinical Oncology Clinical Practice Guideline (ASCO) 
and the American National Comprehensive Cancer Network (NCCN), distinguished 
between a good and poor performance status of patients with regard of recommen-
dations on the type of adjuvant and palliative chemotherapy (Appendix) [45–50]. 
These guidelines did not specify age per se as a decision criterium to choose a type 
of chemotherapy in advanced pancreatic cancer. For adjuvant chemotherapy, the 
ESMO-group added a recommendation on age based on impaired Disease-Free 
Survival results in patients over 70 years in the PRODIGE-24 trial [41]. Although 
performance status was considered more important for treatment-decisions than 
age, it is still a rather crude measure for the heterogeneity in ‘functional age’ of 
elderly patients.

39.9  Comprehensive Geriatric Assessment

Performance status alone overestimates the physical fitness for chemotherapy treat-
ment of elderly patients in comparison with a Comprehensive Geriatric Assessment 
(CGA) [51]. As recommended by the Society of Geriatric Oncology (SIOG) in 
2014, the following domains should be evaluated: comorbidity and functional sta-
tus, cognition and mental health status, fatigue, social status and support, nutrition, 
and presence of geriatric syndromes (e.g. dementia, delirium, falls, incontinence, 
osteoporosis) [52]. This assessment can be complemented with biological markers 
that are associated with the process of aging [53], such as the inflammatory index. 
Factors that may delay or preclude the maximal recovery potential from illnesses 
should also be addressed [54].

In several types of cancer, a CGA has been shown to predict treatment outcomes 
and has been used to tailor treatment to the results of the assessment [55–58]. CGA 
predicts functional decline, chemotherapy toxicity, morbidity, and mortality [54]. 
Geriatric Assessment frequently reveals deficits in elderly patients that are not rou-
tinely captured in a standard examination, [51] potentially improving selection of 
elderly patients for cancer treatments or oncology treatment outcomes like comple-
tion rates, treatment modifications and grade 3–4 toxicities [52, 59]. Dose adjust-
ment in accordance with the functioning of specific organ systems and review of 
possible drug-drug interactions are crucial for the tolerance of chemotherapy regi-
mens and oncologic outcomes in elderly patients [6, 53]. Thus far, the systematic 
use of a Comprehensive Geriatric Assessment specifically for tailoring of chemo-
therapy treatment in patients with advanced pancreatic cancer seems scarce. For 
example, the GrandPax study uses a CGA-driven stratification of elderly patients 
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(≥70 years) with metastatic pancreatic cancer for nab-paclitaxel and gemcitabine 
versus gemcitabine alone versus best supportive care, with re-assignment when 
their CGA performance declines [37]. It was hypothesised that with personalised 
GA-directed treatment, more patients may benefit from the combination treatment. 
No data are yet available.

Recently, the American Society of Clinical Oncology (ASCO) Guidelines for 
Geriatric Oncology were published for assessment and management of vulnerable 
older patients (≥65 years) receiving chemotherapy (Table 39.1) [60]. For example, 
if chemotherapy is considered, the Cancer and Aging Research Group (CARG) or 
Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) tools can 
be used to identify patients at increased risk of toxicity from chemotherapy [57, 
58, 61].

Table 39.1 Geriatric Assessment (GA) domains and possible interventions in case of impairment, 
recommended for all patients aged 65 years and older

GA domains
Recommended tool and score 
signifying impairment Consider other options

GA guided 
interventions in case of 
impairment

Function and 
falls

IADLs (≤5 min): dependence 
on any task signifies 
impairment.
Single item: “How many falls 
have you had over the last 
6 months (or since the last 
visit)?” One or more recent 
falls.

Any ADL deficit is used 
for characterization of 
frailty.
Consider objective 
measure of physical 
performance such as 
SPPB, TUG, or gait 
speed.

Physical therapy and/or 
occupational therapy 
referrals to prescribe 
strength and balance 
training, assist device 
evaluation, home 
exercise program, and 
safety evaluation.
Fall prevention 
discussion.
Home safety evaluation.

Comorbidity and 
polypharmacy

Robust review of chronic 
medical conditions and 
medications through routine 
history (routine care): three 
or more chronic health 
problems or one or more 
serious health problems.

Consider validated tools 
such as CIRS-G or 
Charlson.
History, CIRS-G, and 
OARS comorbidity 
recommended by 
experts.

Involve caregiver in 
discussions to assess 
risks of therapy and 
management of 
comorbidities.
Involve primary care 
physician and/or 
geriatrician in decision 
making for treatment 
and management of 
comorbidities; consider 
referral to geriatrician.
Review medication list 
and minimize 
medications as much as 
possible; consider 
involving a pharmacist.
Assess adherence to 
medications; have 
patient bring in 
medications to review.
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Table 39.1 (continued)

GA domains
Recommended tool and score 
signifying impairment Consider other options

GA guided 
interventions in case of 
impairment

Cognition Mini-Cog (≤5 min): an 
abnormal test is defined by 
zero words recalled OR one 
to two words 
recalled + abnormal 
clockdrawing test. OR
BOMC test (≤5 min): a score 
of 6 or greater identifies 
patients who have moderate 
deficits, and a cut point of 11 
or greater identifies patients 
with severe cognitive 
impairment.

Multiple tools are 
available for cognitive 
assessment.
The MMSE has more 
robust data for prediction 
of outcomes in older 
patients with cancer and 
has been shown to 
predict chemotherapy 
toxicity; it is included in 
the CRASH tool [58].
The MOCA is also used 
by geriatricians.
Both MMSE and MOCA 
are considerably longer 
than Mini-Cog and 
BOMC.

Assess decision- making 
capacity and ability to 
consent for treatment.
Identification of health 
care proxy and involve 
proxy in decision 
making for treatment, 
including signing 
consent forms with 
patient.
Delirium risk 
counseling for patient 
and family.
Medication review to 
minimize medications 
with higher risk of 
delirium.
Consider further 
work-up with 
geriatrician or cognitive 
specialist.

Depression GDS 15 items (≤5 min): a 
score of >5 suggests 
depression and requires 
follow-up.

GDS recommended also 
by ASCO guidelines for 
depression.
The PHQ-9 is an 
alternative and is also 
recommended by ASCO 
guidelines for 
depression.

Consider referral for 
psychotherapy/
psychiatry.
Consider cognitive- 
behavioral therapy.
Social work 
involvement.
Consider pharmacologic 
therapy.

Nutrition Unintentional weight loss 
(>10% weight loss from 
baseline weight); BMI 
<21 kg/m2.

Consider G8 and MNA 
as alternatives; both are 
associated with mortality 
in older patients with 
cancer.

Nutrition counselling.
Referral to nutritionist/
dietician.
Assess need for extra 
support for meal 
preparation and institute 
support interventions if 
necessary (e.g., 
caregiver, 
Meals-on-Wheels).

Combination of 
GA domains: 
risk of 
chemotherapy 
toxicity

CARG toxicity tool: provides 
estimates for overall risk of 
grade 3 to 5 chemotherapy 
toxicity (5 min)a.
OR
CRASH tool: provides 
estimates separately for risk 
of grade 3 hematologic and 
grade 3 to 4 non- hematologic 
toxicity (20–30 min)b.

(continued)
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Table 39.1 (continued)

GA domains
Recommended tool and score 
signifying impairment Consider other options

GA guided 
interventions in case of 
impairment

Combination of 
GA domains: 
screening

Tools that can be used as a 
screening tool to identify 
older patients who need more 
comprehensive GA.
G8 (5–10 min)c: Score of 
≥14 signifies impairment. 
Derived from the MNA.
VES-13 (5–10 min)d: Score 
of ≥3 is associated with 
mortality and chemotherapy 
toxicity in older patients with 
cancer. A score of ≥7 has 
been shown to be associated 
with functional decline.

In addition:
Investigate social 
support, i.e. living 
condition, marital status.
Estimate (non-cancer) 
life expectancy using 
Schonberg Index or Lee 
Index, presented on 
ePrognosis (https://
eprognosis.ucsf.edu).

Perform full 
Comprehensive 
Geriatric Assessment 
and/or consider referral 
to geriatrician.

Tables 1 and 2 combined from Mohile et  al. American Society of Clinical Oncology (ASCO) 
guideline for Geriatric Oncology. J Clin Oncol 2018 [60]. See also Table  1 in: Wildiers et  al. 
International Society of Geriatric Oncology (SIOG) recommendations on Geriatric Assessment. J 
Clin Oncol 2014 [52]
Abbreviations (alphabetical): ADL activity of daily living, BMI body mass index, BOMC Blessed 
Orientation-Memory-Concentration, CARG Cancer and Aging Research Group, CIRS-G 
Cumulative Illness Rating Score-Geriatrics, CRASH Chemotherapy Risk Assessment Scale for 
High-Age Patients, ECOG PS Eastern Cooperative Oncology Group performance status, G8 
Geriatric-8, GA Geriatric Assessment, GDS Geriatric Depression Scale, IADL Instrumental 
Activity of Daily Living, LDH lactate dehydrogenase, Mini-Cog screening tool for cognitive 
impairment, MMSE Mini-Mental State Examination, MNA Mini Nutritional Assessment, MOCA 
Montreal Cognitive Assessment, OARS Older Americans Resources and Services, PHQ-9 Patient 
Health Questionnaire-9, PRO Patient-Reported Outcome, SPPB Short Physical Performance 
Battery, TUG Timed Up and Go, VES-13 Vulnerable Elders Survey-13
aEleven items: prior falls (one or more vs. none), hearing problems (deaf to excellent), limitations 
in walking one block (limited a lot, limited a little, not limited), difficulties with taking medica-
tions, interference of social activities by physical health and/or emotional problems (all of the time 
to none of the time) as well as age, height, weight, gender, cancer type (GI vs. genitourinary vs. 
other), dosage (standard vs. dose reduced), number of chemotherapy agents (mono vs. poly), hae-
moglobin level, and creatinine clearance
bAssessment of risk of hematologic toxicity includes diastolic blood pressure (>72 mmHg), IADL 
score (<26), and LDH (>459 U/L). Assessment of risk of non-hematologic toxicity includes ECOG 
PS, MMSE (<30), and MNA (<28). Chemotherapy intensity is assessed with MAX2 index = (most 
frequent grade 4 hematologic toxicity  +  most frequent grade 3–4 non/hematologic toxicity) 
divided by 2
cEight items covering appetite, weight loss, neuropsychological problems, BMI, number of medi-
cations, patient selfrated health, and age
dThirteen items including age, self-rated health, common functional tasks, and ability to complete 
physical activities
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39.10  Decision-Making: The Elderly Patients’ Perspective

Treatment goals, regimen-specific toxicities, and quality of life and survival benefit 
need to be discussed with elderly patients. Elderly patients weight cancer treatment 
options and treatment goals differently from younger patients. With rising age, qual-
ity of life and maintaining functional independence become more important than 
overall survival [62, 63], but preferences may vary widely, depending on physical, 
psychological and social situation. The potential benefits of cancer treatment in 
terms of survival and quality of life must be discussed and well balanced against 
(time spent with) symptoms or treatment complications. It has been shown that 
well-informed healthy elderly patients may actively choose to withhold from pan-
creatic cancer treatment [64].

Shared decision-making (SDM) is increasingly valued by patients and clinicians, 
but may be especially difficult in elderly patients with pancreatic cancer because of 
the tremendous lack of evidence about outcomes of treatment at increased age. In 
addition, elderly patients are less likely to take an active role in SDM [65].

39.11  Conclusion

Elderly patients receiving chemotherapy are strongly selected. Age distribution of 
patients enrolled in randomised studies seemed largely representative for everyday 
clinical practice, with the exception of studies that investigated FOFIRINOX. Older 
age and or less favourable performance status were prognostic for poor outcomes in 
many randomised studies, though a higher age cut-off at 70 or 75 years should be 
used for planned subgroup analyses in elderly patients. Further prospective and ret-
rospective studies are necessary to provide insight in benefits and risks of contem-
porary first-line and second-line chemotherapy regimens in elderly patients, taking 
into account performance status, organ function and other geriatric aspects from 
Comprehensive Geriatric Assessment (CGA).
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 39.12 Appendix: Recommendations in International Clinical 
Practice Guidelines on Chemotherapy According to Age 
and Performance Status

Adjuvant chemotherapy for 
resected pancreatic cancer

Chemotherapy for 
metastatic pancreatic 
cancera

Second line treatment in 
metastatic pancreatic cancer

ESMO • PS 0–1 mFOLFIRINOX
•  PS 2, age >70 or 

contraindication to 
FOLFIRINOX: 
gemcitabine + 
capecitabine

•  PS >2: gemcitabine 
monotherapy [48]

•  PS 0–1 and bilirubin 
<1.5 ULN: 
combination therapy 
FOLFIRINOX or 
gemcitabine + nab- 
paclitaxel

•  PS 2 due to heavy 
tumour load: 
gemcitabine + nab- 
paclitaxel

•  PS 2 or bilirubin 
>1.5 × ULN: 
gemcitabine 
monotherapy

•  PS 3–4 or severe 
comorbidities: no 
chemotherapy 
(symptomatic 
treatment) [46]

•  For fit patients: 
nanoliposomal 
irinotecan + fluorouracil 
(following progression on 
gemcitabine-based 
chemotherapy) [48]

ASCO • mFOLFIRINOX
•  In case of concerns for 

toxicity or tolerance: 
gemcitabine + 
capecitabine or 
monotherapy gemcitabine 
or fluorouracil can be 
offered [49]

•  PS 0–1 and 
favourable 
comorbidity: 
FOLFIRINOX or 
gemcitabine + nab- 
paclitaxel

•  PS 2 or comorbidity 
profile that precludes 
more aggressive 
regimens: 
gemcitabine or 
fluorouracil 
monotherapy [47]

•  PS 0–1 and favourable 
comorbidity: 
nanoliposomal 
irinotecan + fluorouracil 
(following 
gemcitabine + nab- 
paclitaxel) or nab- 
paclitaxel + gemcitabine 
can be offered (following 
FOLFIRINOX)

•  If nanoliposomal 
irinotecan not available: 
fluorouracil + irinotecan 
or 
fluorouracil + oxaliplatin 
may be considered

•  PS 2 or comorbidity 
concerns: can be 
considered gemcitabine 
or fluorouracil [47]
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Adjuvant chemotherapy for 
resected pancreatic cancer

Chemotherapy for 
metastatic pancreatic 
cancera

Second line treatment in 
metastatic pancreatic cancer

NCCN •  Good PS (0–1): 
mFOLFIRINOX

•  Otherwise: gemcitabine + 
capecitabine or 
gemcitabine monotherapy 
or fluorouracil 
monotherapy [50]

•  Good PS: 
FOLFIRINOX or 
gemcitabine 
combination therapy 
[good PS defined as 
PS 0–1]

•  Poor PS: 
gemcitabine 
monotherapy or 
gemcitabine + nab- 
paclitaxel (if 
Karnofsky 
PS ≥ 70%) or 
palliative treatment 
[poor PS defined as 
WHO PS > 1 or poor 
nutritional status or 
not patent biliary 
stent or poor pain 
control] [45]

•  Good PS: nanoliposomal 
irinotecan + fluorouracil 
(following 
gemcitabine + nab- 
paclitaxel) or 
gemcitabine- based 
(following 
FOLFIRINOX) [45]

aRecommendations for locally advanced pancreatic cancer are largely extrapolated from evidence 
in metastatic disease (ASCO, NCCN) or recommendations are not updated due to a lack of clear 
evidence in this patient group (ESMO)
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40.1  Introduction

Two-thirds of pancreatic cancers occur in adults 65 years and older; yet, older adults 
with pancreatic are underrepresented in clinical trials [1–5]. Data on long-term func-
tional independence, quality of life, and avoiding prolonged recovery are scarce 
[6–9]. Complexity in decision-making arises with heterogeneity in underlying health 
status, life expectancy, and individual goals and preferences [10–12]. For these rea-
sons, the understanding of how best to select or modify treatments is limited.

Traditionally, there is a bias towards undertreatment based on chronologic age, 
even in highly functional patients [13], whereby a minority of older adults undergo 
treatment, even in the absence of comorbidities [14–19]. Review at a multidisci-
plinary clinic with expertise in pancreatic cancer can increase the proportion receiv-
ing treatment [20]. Centralization into high-volume centres can also improve 
outcomes [21]. As a result, contemporary cancer care has seen a greater proportion 
of older adults with pancreatic cancer being treated without increasing complica-
tions [16, 17, 19, 22, 23].

In this chapter, the available evidence specifically relevant to older adults with 
pancreatic cancer is summarized.

Take Home Messages
• Older adults with pancreatic cancer can benefit from curative-intent sur-

gery and surgery should not be denied on the basis of age alone.
• SBRT may be an appropriate treatment option for patients wishing to pri-

oritize quality of life while maintaining favourable local control and 
median survival results.

• Comprehensive geriatric assessment is a structured assessment that identi-
fies deficits, and also implements treatment plans for identified issues. This 
should be done by clinicians with geriatric expertise.

Pearls and Pitfalls
• Compared to geriatric-specific assessments, conventional measures of per-

formance can miss modifiable deficits and poorly estimate treatment toler-
ance and outcomes.

• Geriatric screening tools can be used to identify those most likely to ben-
efit from comprehensive geriatric assessment.

Future Perspectives
• Future studies are needed to evaluate how comprehensive geriatric assess-

ment should guide oncologic treatment modifications, and the effect of 
treating identified deficits on oncologic treatments.
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40.2  Geriatric Considerations

Traditionally observed undertreatment has very recently improved with recognition 
that age alone inadequately describes older adults’ diverse health statuses [24–26]. 
Tools to address the specificities of older adults’ care have been refined. Conventional 
measures like ECOG (Eastern Cooperative Oncology Group) and Karnofsky per-
formance statuses, ASA (American Society of Anesthesiologists) classification, and 
clinical judgement alone miss modifiable deficits and poorly estimate treatment tol-
erance and outcomes in older adults [27–32]. Geriatric-specific assessments and 
cancer care pathways have been developed to help patients and providers balance 
disease control and quality of life [33–38].

40.2.1  Comprehensive Geriatric Assessment

Comprehensive geriatric assessment (CGA) is recommended [35–40]. CGA is con-
ducted by multidisciplinary teams with geriatric expertise to evaluate physical 
health (comorbidities, medications, nutritional status), functional status, psycho-
logical status (cognitive and emotional), and socioeconomic factors (living situa-
tion, financial resources) [35, 41]. CGA can risk stratify patients, guide treatment 
decisions, and identify unrecognized health issues and geriatric syndromes [42–45]. 
CGA ultimately leads to a treatment plan for identified deficits to enable geriatric 
optimization and improve tolerance to treatment [38].

In older adults with pancreatic cancer, CGA identifies additional deficits in over 
40% of patients previously selected for pancreatic surgery [46]. When CGA is used 
during multidisciplinary cancer conferences, 90% of older adults with resectable 
pancreatic cancer undergo surgery and 80% receive planned adjuvant chemother-
apy, and it can support receipt of systemic therapy for unresectable or metastatic 
pancreatic cancer [47, 48]. Therefore, CGA can support decision-making to mini-
mize under-treatment and support adaptation of care plans to individual patients, 
including potential unknown deficits. However, future studies are needed to evalu-
ate how CGA should guide oncologic treatment modifications, how oncologic treat-
ments impact CGA-domains, and the effect of treating CGA-identified deficits on 
oncologic treatments. A trial evaluating a CGA-stratified treatment approach is 
ongoing [49].

40.2.2  Geriatric Screening Tools

If resources are not available for all older adults to undergo CGA, geriatric screen-
ing tools can be used to select vulnerable older adults most likely to benefit from 
CGA [50–55]. This vulnerable state is referred to as frailty, which represents a state 
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of multisystem decline producing vulnerability to stressors with increased risk of 
poorer postoperative, functional, and oncologic outcomes [56, 57]. Many geriatric 
screening tools exist with variability in domains assessed and ease of use [50, 51]. 
The G8 and VES-13 (Vulnerable Elders Survey-13) are commonly used screening 
tools, completed in less than 5  min (Table  40.1); they are sensitive for CGA 

Table 40.1 G8 tool [58]

Item Answers Points

Has food intake declined over the past 3 months due to loss 
of appetite, digestive problems, chewing or swallowing 
difficulties?

Severe decrease in food 
intake

0

Moderate decrease in 
food intake

1

No decrease in food 
intake

2

Weight loss during the last 3 months Weight loss >3 kg 0
Does not know 1
Weight loss between 1 
and 3 kg

2

No weight loss 3
Mobility Bed or chair bound 0

Able to get out of bed/
chair but does not go out

1

Goes out 2
Neuropsychological problems Severe dementia or 

depression
0

Mild dementia or 
depression

1

No psychological 
problems

2

Body mass index (BMI, kg/m2) <19 0
19 to <21 1
21 to <23 2
≥23 3

Takes >3 medications per day Yes 0
No 1

In comparison to other people of the same age, how Does 
patient consider their health status?

Not as good 0
Does not know 0.5
As good 1
Better 2

Age >85 0
80–85 1
<80 2

• A score of ≤14 is abnormal (frail)
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abnormalities and cancer treatment-related outcomes [58, 59]. VES-13 can be self- 
administered by patients. Multidisciplinary teams caring for patients with pancre-
atic cancer should select at least one tool to use routinely. This can be done by any 
trained team member. An abnormal screen should prompt referral for CGA [50–55].

40.2.3  Prehabilitation

Prehabilitation consists of planned processes intended to improve capacity to with-
stand upcoming stressors like surgery. The specific elements included in prehabili-
tation vary and are still undergoing investigation, but show promise [60–64]. 
Multi-modailty programs combining exercise and nutritional interventions and tar-
geted by CGA are the most likely to be successful.

40.3  Surgery

40.3.1  Short-Term Outcomes

Short-term outcomes for older adults selected to undergo pancreaticoduodenectomy 
include 4.5% mortality, 47.2% morbidity, 18.6% pancreatic fistula, 2.6% biliary 
leak, 19.1% delayed gastric emptying, 7.3% postoperative hemorrhage, and 16.5% 
surgical site infection, as reported in mostly retrospective studies [65]. Population- 
level data indicated that outcomes for older adults have improved since the early 
2000s, with 30-day mortality after any pancreatectomy going from 9.2% to 4.5% in 
the Netherlands [19], and reaching 6–7% in the U.S. [66–68]. Of note, pancreatec-
tomy with venous resection for older adults does not yield worse outcomes [69, 70].

40.3.2  Oncologic Outcomes

The literature on oncologic outcomes after pancreatectomy for cancer in older 
adults is summarized in Table 40.2. Wide ranges exist in reported outcomes, with 
5-year overall survival from 13% to 33% in population-based studies and from 10% 
to 41% in institution-based studies. All studies are retrospective and represent 
selected patients without clear reporting of the rationale for selection.
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40.3.3  Patient-Centered and Geriatric-Relevant Outcomes

These outcomes for pancreatic cancer resection are reported in only one study. 
Quality of life in 70 older adults after pancreaticoduodenectomy improved most 
rapidly in the first 3 months after discharge [71]. While role functioning improved 
early, emotional functioning and fatigue improved more gradually over the first year 
[71]. Of note, preoperative quality of life was not assessed at baseline, and, thus, 
information on improvement or decline is not available. From a dependence per-
spective, recent data indicates that 5 years after pancreatectomy for cancer, 19.8% 
of older adults will become dependent on homecare services for personal support, 
and that 21.2% will survive while spending few days in institution each year [72].

40.3.4  Prognostic Factors for Surgical Outcomes

Information specific to older adults regarding prognostic factors following resec-
tion for pancreatic cancer remains limited [73]. Major prognostic factors reported 
are pre-operative frailty, which is associated with mortality and major 

Table 40.2 Overall survival outcomes for older adults after resection

Study
Older adults 
(No.)

Age 
(years) Data source

5-year overall 
survival, % (95% CI)

Studies using population-based or health administrative databases
Lu 2018 [102] 1027 75+ SEER 24% (NR)a

He 2015 [16] 340 66+ Texas Cancer 
Registry-SEER-Medicare

25% (19–31%)

Van der Geest 
2015 [19]

1472 70+ Netherlands Cancer 
Registry

13% (NR)

Turrini 2013 [103] 288 70–79 French Surgical 
Association

33% (NR)

Riall 2011 [66] 2393 66+ SEER-Medicare 35% (at 2 years)
Studies using institutional data
Shamali 2017 
[104]

102 75+ Single institution (United 
Kingdom)

35% (NR)

Futagawa 2017 
[105]

81 75+ Single institution (Japan) 10% (NR)

Sho 2016 [106] 99 80+ Seven centres (Japan) 16% (NR)
Adham 2014 
[107]

116 70+ Single institution (France) 41% (NR)

Oliveira-Cunha 
2012 [108]

119 70+ Single institution (United 
Kingdom)

40% (NR)

Abbreviations: CI confidence interval; SEER Surveillance, Epidemiology, and End Results data-
base; No. number; NR not reported; NSQIP American College of Surgeons National Surgical 
Quality Improvement Program
aReporting disease-specific survival at 5-years without a competing risks approach
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complications after pancreaticoduodenectomy [74], exhaustion and sarcopenia, 
which are associated with major morbidity [75], and the presence of CGA-deficits, 
which are associated with major morbidity and institutional discharge as previ-
ously mentioned [46].

40.3.5  Summary of the Surgical Literature

Overall, the understanding of surgery for pancreatic cancer in older adults remains 
limited, partly due to the low proportions of older adults undergoing surgery and the 
retrospective data hampered by selection bias. While favourable outcomes are 
reported, the criteria for selection for surgery are not known; selecting appropriate 
patients to achieve such outcomes relied mostly on individual surgeons’ judgment. 
Therefore, it is challenging to use this information when assessing and counselling 
an individual patient in clinical practice. Additional information on patient-centered 
and geriatric-important outcomes are needed to guide individual risk-stratification 
and support decision-making from both a provider and patient perspective. In the 
interim, key prognostic factors specific to older adults can help, including frailty, 
exhaustion, sarcopenia, and CGA-deficits.

Older adults with pancreatic cancer can benefit from curative-intent surgery and 
surgery should not be denied on the basis of age alone. However, discussion regard-
ing surgery requires a thorough discussion of risks and benefits, grounded by an 
objective assessment of patient values and geriatric-specific deficits. These deci-
sions are best supported by objective measurements using CGA or geriatric- 
screening tools conducted prior to decision-making to limit undertreatment and 
optimize value-congruent care and outcomes.

40.4  Peri-Operative Systemic Treatment

40.4.1  Adjuvant Systemic Treatment

Retrospective studies have shown that among patients receiving adjuvant chemo-
therapy, patients 70 years and older have similar survival to younger patients, yet 
older adults are less likely to receive chemotherapy [76–78].

Overall, adjuvant single agent regimens are likely to be of benefit in older adults 
[79–82]. Combination regimens have increased toxicity and they require excellent 
performance status at baseline [83, 84]. Using CGA to select the regimen, or no 
systemic treatment, is likely the best approach, but no studies have investigated this 
to date.
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40.4.2  Neoadjuvant Systemic Treatment

The evidence for neoadjuvant therapy (NAT) is evolving, and the best regimen 
is not yet defined. The information regarding older adults comes from two sin-
gle-centered retrospective cohort studies [85, 86]. Overall, nearly half of older 
adults selected for NAT completed it as planned, with post-operative median 
survival from 20 to 34 months [85, 86]. No difference in NAT completion rates 
or median survival was observed when comparing to younger adults [85, 86]. 
Overall, the role of NAT for older adults is not yet well defined for resectable 
pancreas cancer.

40.4.3  Chemotherapy as an Alternative to Surgery

A retrospective cohort study using Surveillance, Epidemiology, and End Results 
(SEER)-Medicare data included 2629 older adults with resectable pancreas can-
cer treated with surgery or chemotherapy without surgery [87]. In unadjusted 
analysis, median overall survival was longer for patients treated with surgery 
compared to those receiving chemotherapy only (15 vs. 0 months). When adjusted 
for age, stage, sex, and comorbidities surgery still had a strong benefit. The mag-
nitude of benefit in this study was only 3  months with surgery in those over 
80 years, but was not substantially better in younger groups. There is little evi-
dence to support the use of chemotherapy without surgery as a curative treatment 
for resectable pancreas cancer.

40.5  Radiotherapy

40.5.1  Adjuvant Concurrent Chemoradiation

The role of conventional concurrent chemoradiation remains controversial in all 
populations due to conflicting data from randomized clinical trials. The efficacy 
of concurrent chemoradiation for older adults is similar to the general population 
[88]. Overall, chemoradiation demonstrates the greatest survival with 5-year 
overall survival between 50% and 62%. Acute toxicity Grade III or higher is 
reported around 50%, but there is no information reported on late toxicity. 
However, these data come from retrospective studies with inherent selection bias, 
and information regarding health status or important geriatric baseline variables 
are not accounted for. As such, until further studies designed with these features 
in mind are done, careful patient selection is needed when deciding on adjuvant 
concurrent chemoradiation.
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40.5.2  Stereotactic Body Radiation Therapy Without Surgery

Stereotactic body radiation therapy (SBRT) is an emerging modality which delivers 
ultra-high dose radiation in few fractions. Given no randomized comparison of 
SBRT to surgery in older adults, careful patient consideration and multidisciplinary 
evaluation is essential. Although SBRT is not curative in intent, it provides similar 
to better local control than conventionally delivered radiation with an improved 
toxicity profile [89]. In an early retrospective report of adults 80 years and older 
treated with SBRT, median local control was 11.5 months, with no Grade 3 toxicity 
reported and clinically relevant symptomatic improvement in pain in 80% [90]. A 
more recent retrospective single-arm cohort of patients felt to be not operative can-
didates based on non-standardized criteria and treated with SBRT reported median 
survival was 13 months, local progression-free survival at 1 year of 80%, and Grade 
3 or higher toxicity of 10% [91]. Four retrospective single-arm cohort studies spe-
cifically included older adults treated with SBRT without surgery [92–95]. Across 
these four studies, median survival was 6–14 months, local control was 72–85% at 
1 year and 63% at 2 years, and Grade 3 or higher toxicity of 0–15% [92–95]. Given 
the invasive nature and inherent risk of surgical resection, SBRT may be an appro-
priate treatment option for patients wishing to prioritize quality of life while main-
taining favourable local control and median survival results.

40.5.3  Radiotherapy for Symptom Control

For patients requiring palliation of pain, radiotherapy should be considered. Short- 
course palliative radiotherapy is well tolerated and is associated with clinical 
response (complete pain control or decrease in use of analgesia) in 65–75% of 
patients treated [96–98]. The American Society for Radiation Oncology Clinical 
Practice Guideline gives a strong recommendation for the use of palliative radiation 
for symptom management [99]. Given its increased complexity of planning and 
delivery and potential risk of early and late toxicity, further studies are required to 
determine the role of SBRT specifically for palliation of pain. However, there is 
promise in SBRT as an option for palliation based upon a recent systematic review 
of SBRT demonstrated a global response to pain of 87% [100].

40.6  Integrating an Approach to Pancreatic Cancer 
in Older Adults

No comprehensive treatment pathways specific to older adults have been tested pro-
spectively. In Fig. 40.1 we outline a framework to integrate geriatric principles with 
the available literature on surgical, systemic, and radiation treatments in a patient- 
centered way.
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All older adults should be dually evaluated with a standard disease-based assess-
ment and a geriatric-specific assessment. The disease-based assessment uses stan-
dard approaches to diagnosis and staging to determine technical and oncologic 
resectability. This disease-based assessment can generate a multimodal treatment 
recommendation specific to the pancreatic cancer, as well as alternative treatment 
approaches with their associated benefits and risks. Details of the standard approach 
to pancreatic cancer are detailed in other chapters of this textbook.

Geriatric-specific assessment aims to uncover otherwise overlooked vulnerabil-
ity and deficits [27–38]. Ideally all patients undergo CGA; alternatively, geriatric 
screening tools can be used to select patients for referral for CGA [50–55]. While 
screening can be done by any trained person, CGA should be done by clinicians 
with geriatric expertise. The goals of geriatric-specific assessment are better risk 
stratification and identification of geriatric deficits for targeted optimization. 
Specific treatment and care process recommendations should then be made by the 
geriatric team to target identified geriatric-deficits by clinicians with geriatric exper-
tise [38].

Counselling and decision-making can then be guided by integrating the informa-
tion gained from both disease-based and geriatric-specific assessments. It is 

Use standard approaches to diagnosis, staging, and determination of
technical and oncologic resectability  

With multidisciplinary input, select a multimodality treatment approach
based on the disease-based assessment. Detail alternatives. Detail the

upsides and downsides of each treatment strategy.  

Use geriatric-specific assessments to identify those with vulnerability at
increased risk as well as geriatric deficits that may be targets for

optimization. Clinicians with geriatric expertise should be included  either for
all older patients, or those at risk on screening.  

With multidisciplinary input, provide an estimate of increased vulnerability
and risk as well as recommendations for optimization based on

comprehensive geriatric assessment 

Integrate information gained from disease-based and geriatric-specific recommendations with available
outcomes data and a shared decision-making approach incorporating patient goals and values to generate

a patient-centered treatment decision about standard treatment or an alternative.  

 
This should include treatment modalities that will be used, sequencing, and understanding of expected

goals. Modalities to consider are surgery, systemic treatments, radiotherapy, supportive care/palliative care
services, and geriatric-specific treatments including nutrition, physiotherapy, functional supports, caregiver

supports, and medication management. 

Throughout the treatment and disease course, ongoing interval reassessments of both disease-status and
overall health status incorporating geriatric-specific assessments should guide ongoing treatments and
changes to treatment planning and supports. This should include ongoing treatment and assessment of

geriatric deficits and supportive care needs. 

Ongoing Multidisciplinary Reassessment and Support

Patient-Centered Treatment Decision

Disease-Based Treatment Recommendations

Disease-Based Assessment

 

  

 
• Surgery with adjuvant combination
 chemotherapy
• Surgery with adjuvant single-agent
 chemotherapy
• Surgery alone
• Stereotactic Body Radiation
 Therapy
• Radiotherapy for symptom control
• Supportive care alone

 
 

 
 

Note: treatment decisions can be modified
based on response to targeted
interventions for identified geriatric deficits.

Examples of Tratment Decisions

Geriatric-Specific Treatment Recommendations

Geriatric-Specific Assessment

Deficits for OptimizationRisk StratificationUnresectableResectable
Borderline
Resectable

 

 

Fig. 40.1 Framework for the management of pancreatic cancer in older adults. Framework to integrate 
geriatric principles with the available literature on surgical, systemic, and radiation treatments in a 
patient-centered way. All older adults should be dually evaluated with a standard disease-based assess-
ment and a geriatric-specific assessment. Integrate the information gained from both disease-based and 
geriatric-specific recommendations with the available outcomes data for surgical, systemic, and radia-
tion treatments. Incorporate patient goals and values with using a shared-decision making approach to 
make a patient- centered treatment decision. Throughout the treatment and disease course, ongoing inter-
val reassessments of both disease-status and overall health status incorporating geriatric-specific assess-
ments should guide ongoing treatments and changes to treatment planning and supports
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important to elicit and incorporate patient goals and values to make a patient-cen-
tered treatment decision [101]. Addressing CGA-deficits may optimize oncologic 
treatment tolerance and benefit, and mitigate harms [42–45]. The integrated patient- 
centred treatment decision should detail (1) treatment modalities, (2) sequencing, 
(3) expected goals, and (4) events triggering change in plans. Modalities to consider 
are surgery, systemic treatments, radiotherapy, supportive and palliative services, 
and geriatric-directed treatments such as nutrition, physiotherapy, functional sup-
ports, caregiver supports, and medication management. Finally, both disease-status 
and performance-status should be routinely reassessed throughout the treatment and 
disease course to guide changes to care plans and supportive care.

40.7  Conclusions

The proportion of older adults with pancreatic cancer receiving treatment has 
improved over the past decades with the recognition that age alone should not deter-
mine treatments. Objective assessments of performance and potential deficits are 
crucial to tailor treatment to older adults, avoid undertreatment, and align therapy 
with patients’ wishes and values. Concurrent multidisciplinary disease-based and 
geriatric-specific assessments should guide patient-centered treatment decisions. 
Involving clinicians with geriatric expertise is critical to improve risk stratification, 
uncover unrecognized health issues and geriatric syndromes, and target geriatric 
deficits to optimize oncologic treatment benefit and mitigate harms.

Finally, studies addressing the specific needs of older adults with pancreatic can-
cer are still needed. Additional information is warranted to truly individualize coun-
selling and decision-making, including data pertaining to geriatric-relevant baseline 
characteristics, selection criteria for chosen treatments currently used, and long- 
term dependence outcomes most relevant to older adults. Ultimately, robustly devel-
oped and externally validated prediction models for individualized risk assessments 
may support clinical practice and allow for an evaluation of treatment approaches 
tailored to individual risk.
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Take Home Messages
• There is no role for routine preoperative biliary drainage in pancreatic head 

cancer. The indications for selective preoperative biliary drainage include 
presence of cholangitis, need for neoadjuvant chemotherapy, a delay to 
surgery and a bilirubin level of ≥15 mg/dL. The decision must take into 
account the availability of facilities and expertise in the performance of 
ERCP or PTBD. Prophylactic antibiotics are indicated prior to drainage. 
The most widely preferred approach to drainage is endoscopic SEMS and 
there should be a delay of 4–6 weeks until surgery.

Pearls and Pitfalls
• While SEMS are preferred, especially in locally advanced pancreatic can-

cer, they need to be removed prior to irreversible electroporation (IRE).
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41.1  Introduction

Obstructive jaundice in patients over 40 years old is associated with a 4% risk of 
pancreatic cancer, but only 30% of patients with pancreatic cancer present with it 
[1]. This figure rises up to 81% in patients with cancer of the pancreatic head 
(Fig. 41.1a) [2]. Obstructive jaundice is a negative risk factor affecting overall sur-
vival in pancreatic cancer patients undergoing resection [2].

The management of obstructive jaundice in pancreatic head cancer has evolved 
tremendously over the last century. This chapter provides a detailed discussion, 
based on available evidence, for the management of obstructive jaundice in patients 
with pancreatic head cancer.

41.2  Historical Perspective

Obstructive jaundice has long been recognized as a key presenting symptom of 
pancreatic head cancer. While an understanding of the role of Vitamin K in the 
pathophysiology of obstructive jaundice is more recent, early surgeons made the 

Fig. 41.1 Clinical images: (a) patient with jaundice, (b) Cutaneous abrasions secondary to 
scratching as a result of pruritis from obstructive jaundice

Future Perspectives
• There is a need for development of unified guidelines on the indications for 

preoperative biliary drainage in pancreatic cancer specifically addressing 
the need for drainage (or lack of it) and timing, when indicated. There is 
sufficient evidence to guide the choice of stent used, as well.

• With the increasing use of irreversible electroporation (IRE) and radiofre-
quency ablation (RFA), the use of SEMS, their safety, and need for removal 
must be clearly elucidated.
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link between obstructive jaundice (or what they referred to as ‘cholemia’) and 
the risk of bleeding during pancreatic cancer surgery. The first attempts to 
directly treat the obstructive jaundice was done by open tube cholecystostomy. It 
was Dr. Monastyrski, a Russian surgeon, [3] who argued that cholecystostomy 
carried a high risk of peritonitis and while it would eliminate ‘cholemia’, it 
resulted in patients wasting away and dying with continuing loss of bile. He 
performed the first cholecystojejunostomy, or internal biliary drainage, for a 
pancreatic tumour in 1887 [3]. During the ensuing decades, numerous approaches 
to biliary drainage were promoted, including the use of cholecysto-jejunal anas-
tomosis [4, 5], the use of a rubber tubing to drain the common bile duct into the 
duodenum [6], bilio-enteric anastomosis using the cystic duct after ligating the 
distal common bile duct [7], choledochoduodenostomy [8], and cholecystogas-
trostomy [9].

By the 1960s, retrospective reports began to emerge of successful percutaneous 
transhepatic biliary drainage (PTBD) in managing obstructive jaundice [10–12]. 
However, prospective controlled trials (comparing PTBD followed by laparotomy 
to up-front laparotomy) not only failed to demonstrate the benefit of PTBD, but 
even suggested worse outcomes due to an increased rate of complications [13, 14] 
and cost [15] from the procedure.

By the 1970s there were reports of preoperative endoscopic retrograde chol-
angiopancreatography (ERCP) and the placement of internal stents or nasobili-
ary drains to relieve obstructive jaundice [16–18]. This was found to be more 
effective and associated with lower mortality rates when compared with PTBD 
[19]. ERCP and biliary drainage rapidly became the preferred approach to 
relieving jaundice, in part because it was less invasive and did not leave a patient 
with an external drain [20]. Over time and with increasing experience there 
began to emerge reports of adverse outcomes with endoscopic biliary drainage 
[21, 22]. PTBD has specific indications, including following failed ERCP, and 
can be used to facilitate successful ERCP by the rendezvous technique. This 
involves the prior insertion of a percutaneous transhepatic wire through to the 
duodenum, over which a stent can be inserted through the ampullary into the 
bile duct.

41.3  Aetiology of Obstructive Jaundice in Pancreatic Cancer

The most common cause of obstructive jaundice in pancreatic head cancer is the 
occlusion of the distal common bile duct by the cicatrizing tumour. Less common 
causes include extrinsic compression of the bile duct by pathologically enlarged 
portal lymph nodes or liver metastases. The extent of liver dysfunction from 
metastases varies from mild cholestasis with obstruction of peripheral intrahe-
patic bile ducts, through to liver failure from centrally placed liver metastases 
obstructing right and left hepatic ducts [23]. This indicates that obstructive jaun-
dice in the context of pancreatic head cancer cannot always be relieved by biliary 
drainage.
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41.3.1  Clinical Features

In terms of clinical signs, obstructive jaundice leads to scleral icterus when the 
serum bilirubin level exceeds 3 mg/dL. Patients often report the passage of dark 
urine (as a result of increased levels of water-soluble bilirubin) and pale stools (due 
to the lack of stercobilin). On examination of the abdomen, patients with a malig-
nant obstruction of the distal bile duct are likely to have a palpable gallbladder 
(Courvoisier’s sign). In contrast, obstructive jaundice due to choledocholithiasis is 
associated with chronic inflammation of the gallbladder wall (with gallstones), and 
does not readily distend.

Unrelieved obstructive jaundice is often associated with pruritus but the level of 
serum bilirubin does correlated with severity of pruritis [24]. There appears to be a 
role for histamine release from subcutaneous mast cells in response to the increased 
bile salt levels. And there is increasing evidence for a central pathway for the cause 
of pruritis, mediated by serotonin, steroids, endogenous opioids, and lysophospha-
tidic acid [25]. Intractable pruritis is very distressing and leads to injury to the skin 
(including abrasions, wounds and scabs) (Fig.  41.1b) and superficial bruising 
(ecchymosis) because of the associated coagulopathy (Box 41.2). The principles for 
treating pruritis are covered in Box 41.1 [25].

Box 41.1 Principles of Treatment of Pruritis-Secondary to Obstructive 
Jaundice
Biliary drainage

• ERCP and stent (plastic or SEMS)
• PTBD
• Rendezvous procedure

Supportive measures

• Bathing in cool or tepid water
• Topical oil-based moisturisers and emollients (e.g. Calamine)
• Avoid soap and skin irritants
• Hydration (>2 L of oral fluids per day)

Specific medications

• Anti-histamines
• Ursodeoxycholic acid (10–15 mg/kg/day orally)
• Anion exchange resins (e.g. Cholestyramine, 4–16 g/day orally)
• Opioid antagonists (e.g. Naltrexone, 50 mg/day orally)
• Serotonin antagonists (e.g. Sertraline, 100 mg/day orally)
• Rifampicin (300–600 mg/day orally)
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41.4  Consequences of Obstructive Jaundice

Patients with obstructive jaundice have an increased risk of wound complications, 
including infection, delayed healing, dehiscence and herniae [26]. The reduction in 
the levels of propylhydroxylase, an enzyme required for the incorporation of the 
amino acid proline into cutaneous collagen, may be the reason for reduced wound 
strength [26]. Obstructive jaundice also results in delayed wound healing and dehis-
cence, possibly due to the effects of endotoxins (caused by increased intestinal 
translocation from lack of bile in the gut lumen and a decreased clearance by Kupfer 
cells) on fibroblasts and to protein malnutrition, a common finding in patients with 
pancreatic head cancer [27].

Experimental and clinical evidence [28] indicates that obstructive jaundice has 
multiple consequences including an impaired intestinal barrier function and 
increased intestinal permeability (facilitating bacterial translocation), altered muco-
sal immunity and reticuloendothelial function. It also causes a reduction in the num-
ber and function of gut mucosal T lymphocytes as well as impairs cell-mediated 
immunity. There is direct liver injury with an attendant decrease in Kupffer cell 
function with resultant endotoxemia (high TNF and IL-6 levels). Besides, obstruc-
tive jaundice affects the functioning of other organ systems such as the cardiovascu-
lar and renal systems (Fig. 41.2).

Hepatorenal syndrome, defined as a reversible renal impairment secondary to 
liver disease and is characterized by marked reduction in glomerular filtration rate 
(GFR) and renal plasma flow. It is diagnosed when no cause of renal failure has 
been identified, and rarely occurs in association with obstructive jaundice. It is more 
likely to occur in the presence of cirrhosis, hypotension/hypovolaemia and follow-
ing major surgery. Although acute kidney failure is found in only 10% of patients 
with obstructive jaundice, it is associated with a high mortality risk [27]. This con-
cern was one of the reasons widely cited for mandatory preoperative biliary drainage.

Malnutrition and coagulopathy in obstructive jaundice result from malabsorption 
of fats (causing steatorrhoea) and fat-soluble vitamins (i.e. A, D, E and K) as well 
as liver dysfunction (metabolic and synthetic capacity) and the resultant reduction 
in protein synthesis, gluconeogenesis, and disordered ketogenesis [29, 30]. 
Nutritional optimisation is important in this cohort of patients. Cachexia of cancer 
leads to poor outcomes perioperatively as well as in terms of survival [31]. Early 
involvement of the dietitian in the care of these patients is of essence. Attention 
needs to be given not only to the supplementation of macronutrients and calories, 
but also micronutrients and vitamins (especially the fat-soluble vitamins A, D, E 
and K). As will be discussed below, one of the indications of preoperative biliary 
drainage is nutritional optimisation in malnourished individuals. This is based on 
the common understanding that pancreatic resectional surgery remains a procedure 
with attendant morbidity and even the risk of mortality [32]. Enteral nutrition is the 
favoured route. If the patient is unable to tolerate, or be able to fulfil nutritional 
requirement goals, using the oral route, then consideration of placement of a naso-
jejunal/nasogastric tube for feeding needs to be considered. It is less likely that a 
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patient with resectable pancreatic cancer and obstructive jaundice will need total 
parenteral nutrition. In such patients, it important to look for metastases in order to 
avoid an operation that is morbid and would be unlikely to result in a meaningful 
survival.

Correction of coagulopathy secondary to obstructive jaundice is important prior 
to any intervention (Box 41.2).

41.5  Techniques of Preoperative Biliary Drainage  
(Table 41.1 [33, 34])

The two access routes for preoperative biliary drainage in pancreatic head cancer 
are per os endoscopic and percutaneous transhepatic. Endoscopic biliary drainage, 
by ERCP, can be by plastic internal stent, nasobiliary external drain and self- 
expanding metal stent (SEMS: covered, partially covered or uncovered) (Figs. 41.3, 
41.4, and 41.5). Percutaneous drainage, by ultrasound guided interventional radiol-
ogy, can be external drainage (with catheter above the obstruction or through the 
obstruction into the duodenum) and internal drainage (with plastic or SEMS stent). 
Endoscopic ultrasound (EUS)-guided biliary drainage has recently reported, 

Fig. 41.2 Image intensifier screening demonstrating Percutaneous biliary drainage for a lower 
bile duct obstruction resulting in upstream intra- and extra-hepatic biliary drainage. (a) Left hepatic 
duct puncture/access marked by the white arrow; (b) biliary stent across the stricture marked by a 
white arrow. (Acknowledgement: Dr Adam Koukourou, Head of Interventional Radiology, Flinders 
Medical Centre, Australia, for providing this image)
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Table 41.1 Techniques of preoperative biliary drainage with their advantages and disadvantages

Technique Advantage Disadvantage

Endoscopica

Metal (SEMS) 
stent

Longer drainage time
Lower rate of reintervention
Lower preoperative cholangitis

Higher preoperative pancreatitis
Higher wound infection ratesb

Higher post-operative complication 
ratesb

Plastic stent Lower preoperative pancreatitis Lower drainage time
Higher rate of reintervention
Higher preoperative cholangitis
Higher wound infection ratesb

Higher post-operative complication 
ratesb

Percutaneous
PTBD Lower risk of post-operative 

haemorrhageb

Higher wound infection ratesb

Higher post-operative complication 
ratesb

SEMS self-expanding metal stent, PTBD percutaneous transhepatic biliary drainage
aAdvantages are based on comparison between plastic and metal
bCompared to no drainage

Box 41.2 Management of Coagulopathy in a Patient with Obstructive 
Jaundice
Determine the cause of coagulopathy

• Obstruction of common bile duct by cancer
• Other contributing causes (e.g. liver disease/cirrhosis)
• Use of anticoagulants (indication, drug, dose)

Specific blood investigations

• Complete blood count, including platelet count
• Prothrombin time and international normalised ratio (INR)
• Activated partial thromboplastin time (APTT)
• Extended coagulation profile (e.g. rotational thromboelastometry, ROTEM)

Treatment of coagulopathy

• Treat expected coagulopathy prior to any intervention
 – Vitamin K (10 mg intravenously, and repeat if required)
 – Fresh Frozen plasma (15 ml/kg body weight) if Vitamin K resistant

• If INR >1.5 consider biliary drainage (see above)
• If coagulopathy due to underlying liver disease, refer to Hepatology
• If coagulopathy due to anticoagulants, refer to Haematology
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Fig. 41.4 (a) Plastic biliary stent (reproduced with permission from Boston Scientific, Australia); 
(b) Side-viewing endoscopic image of a successfully deployed plastic stent across an obstructing 
lower common bile duct stricture

Fig. 41.3 (a) Covered self-expanding metallic stent/SEMS (reproduced with permission from 
Boston Scientific, Australia); (b) Diagrammatic representation of endoscopic retrograde cholan-
giopancreatography (ERCP) with placement of a SEMS. (Artwork by Eric Lum, Medical Artist, 
Flinders Medical Centre, Adelaide—South Australia)
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Fig. 41.5 (a) Uncovered self-expanding metallic stent/SEMS (reproduced with permission from 
Boston Scientific, Australia); (b) Side-viewing endoscopic image of a successfully deployed 
SEMS across an obstructing lower common bile duct stricture. (Reproduced with permission from 
book chapter: Barreto SG. Pancreatic Cancer. In: Surgical Diseases of the Pancreas and Biliary 
Tree. Editors. Barreto SG, Windsor JA. Springer Nature 2018)

including tube cholecystoduodenostomy and tube choledochoduodenostomy [35]. 
However, these procedures remain experimental and would appear to be more 
appropriate for palliation of obstructive jaundice in patients with unresectable pan-
creatic head cancer. It is unlikely that these procedures will replace endoscopic or 
percutaneous biliary drainage in this setting.

A recent network meta-analysis [33] compared endoscopic (plastic vs. metal 
stents) and percutaneous drainage, and found that there was insufficient evidence to 
determine the best type of preoperative biliary drainage. There is some evidence to 
support the use of endoscopic SEMS over plastic stents [36]. The randomized con-
trolled trial by Tol et al. [37] found that endoscopic plastic stents were associated 
with higher procedure-related complications (46% vs. 24%, p < 0.011), stent-related 
occlusion/exchange rates (30% vs. 6%; P < 0.003) and surgical complications (74% 
vs. 51%; P < 0.006), when compared to endoscopic SEMS.

There appears to be no differences between covered and uncovered SEMS in 
terms of efficacy and complication rates. Uncovered or partially covered stents, by 
permitting tumour and tissue ingrowth, are less likely to migrate in comparison to 
fully covered stents [38, 39]. Thus, while the former may be preferred in palliative 
scenarios [40], the latter would be better suited to situations where removal of the 
stent maybe indicated as in the pre-operative following neoadjuvant therapy. From 
a cost perspective, there appears to be no difference between plastic stents and 
SEMS (fully covered and uncovered). Fully covered stents tend to result in fewer 
delays in neoadjuvant treatment because of the lower rates of stent occlusion. This 
offers another reason for their preference in patients requiring preoperative biliary 
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drainage, especially if they are to receive neoadjuvant therapy [41]. The addition of 
an anti-migration system to the fully covered SEMS may remove the small risk of 
stent migration [42].

A situation where a SEMS is inadvisable is in the context of irreversible electro-
poration (IRE). This may occur when surgical exploration reveals unexpected unre-
sectable locally advanced disease that is amenable to irreversible electroporation 
(IRE), where SEMS is a contraindication [43]. In this situation the SEMS will need 
to be removed prior IRE [44].

41.6  Obstructive Jaundice in Pancreatic Head Cancer: 
To Drain or Not to Drain!

Despite the complications (above) there is a role for preoperative biliary drainage in 
patients with resectable and borderline resectable pancreatic head cancer patients.

41.6.1  Indications for Preoperative Biliary Drainage

Figure 41.6 presents a treatment algorithm for the management of pancreatic head 
cancer patients with obstructive jaundice. The main indications for considering pre-
operative biliary drainage are the following:

Patient with suspected pancreatic cancer and obstructive jaundice

Confirm diagnosis* of pancreatic cancer (EUS-FNA)

Stage the cancer (Pancreas protocol/triple phase CT abdomen + CT chest +/– whole body PET-CT

Resectable pancreatic cancer Borderline resectable or locally advanced pancreatic cancer

Preoperative Biliary Drainage

Yes

Neoadjuvant therapy

Reassess for SurgerySurgery

No

Unfront Surgery

• Bilirubin >_ 15mg/dl
• Need to delay surgery to optimize the patient
 - nutritionally or medically
• Cholangitis
• Plan for neoadjuvant therapy 

Optimisation +_   reassessment
(if indicated)

MDT

Correct Coagulopathy

Optimise nutrition

Fig. 41.6 Treatment algorithm outlining the approach to the management of pancreatic cancer 
patients with obstructive jaundice
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41.6.1.1  Cholangitis

Cholangitis secondary to any obstructing pathology, including cancer, is a medical 
emergency that warrants biliary drainage [45]. Cholangitis is clinically manifested 
in 50–75% of patients by the symptom complex including fever, right abdominal 
pain and jaundice referred to as Charcot’s triad. Patients who are in severe sepsis, 
as a result of cholangitis, may also manifest lethargy and mental confusion 
(Reynold’s pentad). The risk of pancreatic head resection increases in the presence 
of cholangitis (reference). Note that cholangitis can occur without prior bile duct 
instrumentation. Bactibilia has been found in patients undergoing upfront surgery 
(see above) indicating that the biliary tree is not a sterile, closed system. Protective 
mechanism prevent colonization and cholangitis, and include continuous flushing 
of bile flow, secretions of the biliary epithelium (including mucus), bacteriostatic 
effects of bile salts and secretory immunoglobulin A (sIgA) [46]. Biliary drainage 
once again restores the bilio-enteric continuity and free drainage of bile, thereby 
ameliorating cholangitis allowing the patient time to recover to have a safe operation.

41.6.1.2  Neoadjuvant Chemotherapy

Neoadjuvant chemotherapy is indicated in patients with borderline resectable [47, 
48] and is now being extended to patients with locally advanced pancreatic head 
cancer [49] and resectable pancreatic head cancer [50]. The safe administration of 
chemotherapy requires near normal liver function and a bilirubin level <1.5 times 
the upper limit of normal [50]. Thus, in patients with obstructive jaundice, preopera-
tive biliary drainage may be necessary to improve liver function in patients being 
referred for neoadjuvant chemotherapy.

41.6.1.3  Delays in Surgery

The potential reasons for delayed surgery are many, but include:

• Logistical: The concept of regionalization of care is supported by the finding of 
improved outcomes for pancreatic head cancer surgery [51] in centres with high 
procedural volumes [52]. Referral to a regional centre may delay surgery [53].

• Patient-related: Significant co-morbidities may delay surgery because of the 
need for the treatment of reversible organ dysfunction, and preoperative biliary 
drainage will be necessary in some patients.

41.6.1.4  Elevated Bilirubin

The cut-off level of bilirubin for preoperative biliary drainage, in the absence of 
cholangitis, has varied. The published cut-off values vary from 7.5  mg/dL (or 
128  μmol/L) to 15  mg/dL (256  μmol/L) [54, 55]. This wide range reflects 
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differences in philosophy and comfort level with individual surgeon. There are risks 
associated with preoperative biliary drainage must be weighed against the risks of 
no drainage (including cholangitis and coagulopathy). Serum bilirubin levels 
≥15 mg/dL, which is associated with increased morbidity and mortality [56], is a 
widely accepted as an indication for preoperative biliary drainage.

41.7  Optimal Timing of Surgery Post-biliary Drainage

While there is no evidence for an ideal time from the time of preoperative biliary 
drainage to surgery for pancreatic head cancer, the preference is for a delay of 
4–6 weeks [32, 57]. The rationale for this approach is based on the premise that a 
delay of less than 4 weeks is insufficient for recovery of hepatic function following 
drainage, and a delay of more than 6 weeks increases the risk of bactibilia and stent- 
related complications [58].

41.8  Complications of Preoperative Biliary Drainage

There have been numerous reports of stent related complications and failures, 
including the need for preoperative stent exchanges, cholangitis, and periopera-
tive morbidity (wound infections [59] and haemorrhage). Stent-related compli-
cations are higher for plastic stents (38–93%) than for metal stents (0–15%) 
[33]. The DROP (DRainge vs. OPeration) trial [60] which randomised patients 
to either up front surgery or preoperative biliary drainage with a plastic stent 
noted a significantly higher serious complication rate in the preoperative biliary 
drainage group (39% vs. 74% p  <  0.001) secondary to complications that 
occurred before surgery and not necessarily due to a difference in post-operative 
complications.

41.8.1  Effect on Perioperative Morbidity and Mortality

A recent meta-analysis of the literature comparing preoperative biliary drainage 
with upfront surgery concluded that preoperative biliary drainage results in an 
increase in overall complications (Odds ratio, OR: 1.40) and in wound infections 
(OR: 1.94). There was not increase in mortality rate, incidence of pancreatic fistula, 
or intra-abdominal abscess formation. The effect of preoperative biliary drainage on 
post-pancreatectomy haemorrhage (PPH) remains unclear as two large studies 
(≥1000 patients each) had contradictory results, with one study indicated that pre-
operative biliary drainage was a risk factor for PPH [61], the other found no such 
influence [54]. A recent network meta-analysis suggests that preoperative biliary 
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drainage, especially by the percutaneous route, was associated with a lower risk of 
PPH when compared with upfront surgery [33].

41.8.2  Effect on Bactibilia

Preoperative biliary drainage is accompanied by bactibilia [62] which appears to be 
associated with an increased risk wound infections [63]. It has been found that 
bactibilia is present in 64% of patients following preoperative biliary drainage com-
pared with 18% of patients who had upfront surgery [64].

41.8.3  Effect on Overall Survival

The negative effects of obstructive jaundice on overall survival in pancreatic head 
cancer may, in part, be explained on the fact that a cicatrizing tumour that occludes 
the distal bile duct is more likely to be an inherently aggressive cancer [2]. 
Preoperative biliary drainage and its associated delay in surgery appears to not 
increase or decrease overall survival [65].

41.8.4  Complications Specific to ERCP and Stenting

41.8.4.1  Stent-Related Problems

Another problem with preoperative biliary drainage is the risk of stent occlusion 
necessitating stent exchanges. A systematic review and meta-analysis of the litera-
ture comparing plastic versus SEMS has shown that SEMS are associated with a 
significantly lower rate of re-intervention (OR: 0.30; p < 0.008) [34].

The use of endoscopic stents for preoperative biliary drainage has been said to 
increase the difficulty of surgery because of the inflammatory response. Olsson et al. 
[66], in their randomized controlled trial used various surrogate markers (including 
an objective reporting by the surgeon about the difficulty of the hepatoduodenal dis-
section and the ease of extracting the stent and performance of the hepaticojejunos-
tomy) to compare SEMS versus plastic stents. They found no difference.

41.8.4.2  Cholangitis

One of the indications for preoperative biliary drainage is cholangitis. However, it 
must be appreciated that cholangitis is also an important complication of the proce-
dure, usually secondary to blockage of the endoscopically placed stent [60]. This is 
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diagnosed by a combination of a clinical signs and ultrasound imaging indicating an 
absence of pneumobilia.

41.8.4.3  Pancreatitis

Another complication of ERCP and stent placement is pancreatitis. This has been 
reported in 7% of patients [60] and occurs either due to the raised intraductal pres-
sure from injection of contrast at the time of the procedure, or the stent occluding 
the pancreatic duct. Pancreatitis is more likely to occur with SEMS than with plastic 
stents (OR = 3.60, 95% CI = 1.62–7.98, P = 0.002) [34]. It is more common in cov-
ered SEMS as compared to uncovered ones [67].

41.8.5  Complications Specific to PTBD

Complications specific to PTBD include bleeding (arterial or venous) noted in 
2–5% of patients and is more common in left sided drainage [68]. Other complica-
tions include bile leak into the peritoneum or through to the skin with resultant 
skin irritation and break down [69]. Pain is another important symptom. It may 
arise from the catheter, itself, or from cholecystitis or pancreatitis. The latter may 
arise from the catheter running across the origin of the pancreatic and cystic ducts. 
Less frequently (2% of patients) transient bacteremia and sepsis have been 
reported [70].

41.9  The Role of Antibiotics with Preoperative 
Biliary Drainage?

Prophylactic antibiotics are recommended before drainage because of the risk of 
transient bacteremia and sepsis. There is no need for ongoing antibiotics following 
biliary drainage unless the patient has cholangitis or a definite source of sepsis. 
Prophylactic antibiotics are also indicated prior to resection of pancreatic head can-
cer, irrespective of whether preoperative biliary drainage was performed or not [59, 
62, 64, 71]. Ertapenem, administered as a once daily perioperative 3-day course has 
been shown to reduce the risk of infectious- and overall-complications [64]. The 
choice of prophylactic antibiotics, before drainage and before surgery, will be 
guided by local hospital protocols.
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Take Home Messages
• The preoperative assessment of the nutritional status and risk should be 

part of the routine practice
• Consultation and follow-up with a nutritionist/dietitian are encouraged 

during the neoadjuvant therapy
• The implementation of enhanced recovery after surgery programs facili-

tates postoperative functional and nutritional recovery
• The technique of intestinal reconstruction after pancreatoduodenectomy 

does not significantly affect the rate of delayed gastric emptying and long-
term nutritional status

• Appropriate timing of the nutritional support and therapy can positively 
affect short- and long-term outcomes

• If postoperative artificial nutrition is needed, enteral feeding is the best choice
• There is no evidence to show the benefit of avoiding oral intake in patients 

who are complicated by a clinically relevant postoperative pancreatic fis-
tula after surgery, and there are no criteria for who can and who should not 
be fed orally. Stable patients with a grade B-postoperative pancreatic fis-
tula may well tolerate oral diets, while grade C-postoperative pancreatic 
fistula severely affects the patient capability to be fed orally
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42.1  Introduction

Major surgery produces intense changes in metabolism and nutritional status through 
the activation of an inflammatory cascade and the release of stress hormones; this 
response appears to be proportional to the extent of the operative trauma. Pancreatic 
resections are recognized as one of the most challenging operations because of the 
magnitude of the dissection and resection, the resultant global stress, and the relatively 
high rate of morbidity. Appropriate tissue healing and recovery/maintenance of organ 
function after such operations can lead to an effective and efficient metabolic response, 
which in turn necessitates adequate qualitative and quantitative nutritional substrates 
to be effective. Moreover, obstructive jaundice, when present, is invariably associated 
with impairment of absorption, nutritional state and homeostasis [1].

Pearls and Pitfalls
Pearls:
• There is sufficient evidence to suggest the utmost role of an adequate nutri-

tional support and therapy in affecting short- and long-term outcomes after 
major pancreatic resections.

Pitfalls:
• Surgeon awareness on the importance of this therapy and the correct inte-

gration of appropriate nutritional support into the overall management of 
patients undergoing pancreatic resection need to be implemented.

Further Perspective
• The effects of neoadjuvant treatments on nutritional status and body com-

position need further investigation.
• Which subset of patients may benefit most of nutritional support during the 

delivery of the neoadjuvant chemoradiation is unclear.
• Whether nutritional supplementation needs to be implemented routinely 

after pancreatoduodenectomy has to be assessed.
• Further research on the optimal dose of pancreatic enzyme replacement 

therapy and which subset of patients may benefit most is warrant.
• Non-alcoholic fatty liver disease is a poorly recognized and investigated 

complication of exocrine pancreatic insufficiency particularly in long-term 
survivors.

L. Gianotti et al.
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Martin et al. [2], in a recent international survey, reported that the management 
of perioperative nutrition in patients undergoing pancreatoduodenectomy is very 
disparate.

The aim of this chapter is to provide evidence to support the key role of the nutri-
tional therapy in pancreatic surgery.

42.2  Preoperative Evaluation of the Nutritional Status, 
Malnutrition Risk and Anthropometry

The rate of patients with pancreatic ductal adenocarcinoma (PDAC) who experi-
ence body weight loss (WL) or have moderate to high risk of malnutrition at diag-
nosis is greater than 50% [3].

The development and progression of malnutrition can be related to decreased 
food intake and increased catabolism [4]. Several nutritional assessment scores 
have been developed to determine the magnitude of malnutrition and the risk of 
developing it [5]. All these metrics are based primarily on subjective question-
naires and they are easy to calculate and practical to use at the time of diagnosis. 
However, the percentage of patients at high risk for malnutrition varies between 
the scores, and the patients assigned as high risk by these scores were not signifi-
cantly prone to more postoperative complications [6]. Because these high-risk 
patients should be candidates for perioperative nutritional support, the discrep-
ancy in predicting poor outcomes with different nutritional screening tools might 
lead to either nutritional under- or over-treatment with potential detrimental 
effects.

Body composition, in particular the measurement of muscle mass and visceral 
fat, cannot be determined accurately by measuring BMI, because the proportions of 
these body compartments may be abnormal in malnourished as well as in normal 
weight or even in obese patients [7].

Recent data showed a strong association between preoperative muscle wasting 
and worse postoperative outcomes. Depletion of skeletal muscle was also an inde-
pendent predictor of clinically relevant postoperative pancreatic fistula (POPF), 
increased duration of in-hospital stay, and discharge to a non-home facility. The 
combination of excessive intraabdominal adipose tissue and loss of muscle mass, a 
syndrome called “sarcopenic obesity”, has been also shown to be a major determi-
nant of procedure-related morbidity and mortality [8, 9].

When considering long-term outcomes, sarcopenic patients had a decreased 
overall survival when compared with non-sarcopenic patients [10–12], and, for pan-
creatic cancer patients, sarcopenia was associated with poor tolerance to adjuvant 
chemotherapy [13] and an earlier recurrence of disease [14].

42 Nutritional Support and Therapy Before and After Pancreatic Surgery
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New data suggest that locally advanced pancreatic cancer can be treated success-
fully with neoadjuvant chemo- or chemoradiation to downstage the disease [15]. 
The effects of neoadjuvant treatments on nutritional status and body composition 
have been poorly investigated. Guidelines support the use of nutritional interven-
tions during the delivery of the neoadjuvant chemoradiation in selected cases [16].

Adverse effects of chemo-radiation, including anorexia, nausea and vomiting, 
and diarrhea may lead to a rapid worsening of the nutritional status and depletion of 
lean body mass [17, 18]. One study [19] highlighted the adverse effects of neoadju-
vant treatments on nutritional status, but also reported the encouraging increase in 
serum albumin levels after completion of the neoadjuvant chemotherapy and before 
operative exploration. Dalal et  al. [20], showed that neoadjuvant chemotherapy 
caused weight loss, but the body compartment affected the most was the fatty com-
partment, with preservation or even in some patients, a gain in skeletal muscle mass.

A study including patients with borderline or locally advanced PDAC who received 
neoadjuvant chemotherapy showed a significant loss of adipose tissue, but there was 
minimal or no wasting of lean body mass during treatment. Moreover, an increase in 
muscle mass during treatment was a strong predictor of resectability [21].

Indeed, consultation and follow-up with a nutritionist/dietitian are strongly 
encouraged during the neoadjuvant therapy.

42.3  Indications to Pre-operative Nutritional Support

The guidelines of European and American societies [22, 23] developed for major 
abdominal operations may be accepted also for pancreatic surgery in this spe-
cific cohort.

The benefit of preoperative nutritional support was only documented in patients 
with severe malnutrition - or with high risk of developing malnutrition - who were 
fed parenterally or enterally for at least 7 days prior to surgery. The definition of 
severe malnutrition has now been updated by the GLIM criteria [24] (Table 42.1) 

Table 42.1 The Global Leadership Initiative on Malnutrition (GLIM) thresholds for severity 
grading of malnutrition based of phenotypic criteria [24]

Weight loss (%) Body mass index
Reduced muscle 
massa

Moderate 
malnutrition

5–10% with past 6 mo. or 10–20% 
beyond 6 months

<20 if <70 years
<22 if ≥70 years

Mild to moderate

Severe 
malnutrition

> 10% with past 6 months or >20% 
beyond 6 months

<18.5 if <70 years
<20 if ≥70 years

Severe

Functional assessments like hand-grip strength may should be used as a supportive measure
aAppendicular lean mass index by dual-energy absorptiometry (DEXA) or corresponding stan-
dards using other body composition methods like bioelectrical impedance analysis (BIA), CT or 
MRI. Physical examination or standard anthropometric measures like mid-arm muscle or calf cir-
cumferences may be also used
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and their ability to predict major morbidity after gastrointestinal operations, has 
been validated in a large cohort of patients [25].

42.4  The Effect of the Gastrointestinal Reconstruction 
Technique on Gastric Emptying, Resumption of Oral 
Feeding, and Long-Term Nutritional Status

A Cochrane review [26] comparing pylorus-preserving pancreatoduodenectomy 
(PPPD) vs. a classic pancreatoduodenectomy procedure (PD) found that delayed 
gastric emptying, was in favor to the PD procedure. Two [27, 28] studies found a 
significant difference in favor of PPPD concerning weight gain but not overall qual-
ity of life.

In a meta-analysis comparing the outcomes of pancreatico-jejunostomy (PJ) vs. 
pancreatico-gastrostomy (PG) [29] the authors found no significant difference in the 
rate of delayed gastric emptying. There was no mention of the timing of resumption 
of early feeding or long-term nutritional outcomes. In theory, a PG anastomosis 
should derange intraluminal digestion, because it diverts secretion of pancreatic 
enzymes and of bicarbonate into the acidic pH of the stomach. Available evidence 
is based mainly on results from small series of patients. Tomimaru and co-workers 
[30] found that two years after a PG, the main pancreatic duct dilates slightly more, 
while atrophy of the remnant pancreatic parenchyma is more severe than after 
PJ. Other studies with a follow-up of 2 years or less found no difference in symp-
toms or in performance status after PG versus PJ [31, 32]. In contrast, one study 
found significantly lower fecal elastase-1 levels, more severe steatorrhea and lower 
serum level of vitamin D [33] after PG in the long-term. Despite these differences, 
BMI was unaffected by the type of reconstruction, suggesting that the regimens of 
enzyme supplementation were effective in preventing severe malabsorption after 
both operations.

In a systematic review and meta-analysis of differences between single limb vs. 
dual Roux-en-Y limbs after PD, Klaiber et al. [34] found no significant difference 
in gastric emptying. There was no mention of the long-term nutritional outcome.

In a meta-analysis [35], gastric emptying was found to be similar between the 
antecolic and retrocolic anastomosis. Although the study by Park et al. [36] stated 
that the type of pancreatic surgery influenced the nutritional outcome in multivari-
ate analysis, they did not provide any details or sub-group analyses as to which 
type of operation (PPPD or PD) or type of gastrointestinal reconstruction was 
used. Moreover, at 3  months postoperatively, all differences in Global Health 
Status/ Quality of Life, relative weight loss, and other functional scales had 
disappeared.
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42.5  Safety and Efficacy of Early Oral Feeding

Several meta-analyses on the Enhanced Recovery After Surgery (ERAS) protocol 
application in pancreatic surgery [37, 38] have demonstrated that early oral feeding 
after pancreatic surgery is feasible and safe. More challenging to establish is whether 
early oral feeding is associated with improved outcomes. In a RCT [39], Deng and 
colleagues reported a statistically significant decrease in delayed gastric emptying 
(DGE) in the ERAS group. Some studies with a lower level of evidence [10–43] 
reported conflicting results on delayed gastric emptying with the use of an ERAS 
protocol. A recent meta-analysis [38] concluded that the incidence of delayed gas-
tric emptying was less in the ERAS group, but this finding was not confirmed by 
another meta-analysis by Coolsen et al. [37].

There are no convincing data on whether the goal of attaining adequate nutri-
tional needs is speeded up by ERAS protocols. Robertson et al. [44] reported com-
pliance rates of 82% for resumption of oral fluids and 86% for tolerance of the diet. 
One study [45] showed that the mean daily calorie and protein intake in the first 
2 weeks were similar in the ERAS group and the group managed conventionally, 
despite the fact that during the first 5 post-operative days, the mean daily intakes of 
calories and proteins favored the ERAS group. In another trial [46], postoperative 
oral liquids were tolerated by 55% of the patients and solid food in 53%, but com-
pliance decreased substantially in patients with major complications. Nutritional 
supply using only oral feeding within an ERAS protocol may be insufficient to 
cover the metabolic demand. Artificial nutritional support should couple oral feed-
ing early postoperatively in malnourished patients, in patients at high risk of devel-
oping malnutrition, and in well-nourished patients who do not tolerate at least 50% 
of their caloric and protein requirement by POD 7. Artificial nutrition should be 
implemented as soon as possible in those subjects who develop severe complica-
tions because of their catabolic effect and possible hindrance to oral food tolerance 
[22, 23].

Oral intake increases production of pancreatic juice and activation of trypsino-
gen, which may potentially exacerbate a clinically relevant postoperative pancreatic 
fistula (CR-POPF). In contrast, early provision of oral intake may decrease catabo-
lism. Fujii et al. [47] analyzed the effect of oral food intake on the healing process 
of a POPF. In this RCT, they compared a group who were treated with oral dietary 
intake versus another group of patients who had no oral dietary intake but were 
maintained on total parenteral nutrition after occurrence of POPF. There were no 
significant differences between groups in terms of the nutritional indexes at differ-
ent PODs. As expected, the amount of pancreatic juice from the external drainage 
tube was greater in oral dietary intake group. Despite this difference in volume of 
pancreatic drain output, the progression to more clinically-relevant POPF was not 
statistically different. These data support the concept that oral feeding does not 
exacerbate POPF in this subset of patients.
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One must carefully interpret this finding, however, because the majority of these 
patients had a biochemical leak without clinical symptoms according to the present 
ISGPS definition [48].

At present, there is no evidence to show the benefit of avoiding oral intake in 
patients who are complicated by a CR-POPF after PD or DP, and there are no crite-
ria for who can and who should not be fed orally. Stable patients with a Grade B 
POPF may well tolerate oral diets, while grade C-POPF severely affects the patient 
capability to be fed orally [49].

42.6  When to Place a Feeding Tube During Surgery

The likelihood of developing pancreas-specific complications can be predicted by 
using scoring systems enabling stratification of patients into classes of different risk 
of developing a POPF [50]. It seems reasonable to suggest placement of a feeding 
tube in patients with a high risk of POPF (using a Fistula Risk Score ≥7 [51]). A 
further scenario that can affect the decision to place a feeding tube is re-laparotomy. 
Reoperation after pancreatic resection can be necessary to control postoperative 
major bleeding, or to drain intraabdominal collections. In patients suffering such 
life-threatening complication, protein catabolism and severe alterations of carbohy-
drate and lipid metabolism are often present or may very well develop without nutri-
tional support. Moreover, clinical experience suggest that re-operation may be 
associated with long interruption of oral feeding and may compromise its early 
resumption.

42.7  Optimal Route for Post-operative Artificial 
Nutritional Therapy

Total parenteral nutrition is successful in providing adequate and complete nutri-
tional needs, but this form of nutritional support is associated with many potential 
complications. Because of the high glucose load needed to deliver an adequate 
amount of calories, hyperglycemia, metabolic acidosis and fluid overload can occur 
if not monitored carefully [52].

In contrast, enteral nutrition is more “physiologic”, because the nutrition is 
delivered directly into the stomach, duodenum, or jejunum. In doing so, enteral 
nutrition stimulates the release of pancreatobiliary secretions which in combina-
tion with the luminal nutrients stimulates the release of metabolic and regulatory 
gastrointestinal hormones and maintains a more normal gut contractility, blood 
flow, and mucosal barrier function [53]. Concerns about enteral feeding are that it 
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may be more difficult to deliver an adequate number of calories and protein, 
because of low tolerance.

Several studies have compared the use of enteral and parenteral nutrition after 
pancreatic surgery [22, 23]. In all trials, early enteral nutrition and parenteral nutri-
tion after surgery was given routinely instead of on-demand when early oral feeding 
is unsuccessful as per the currently recommended ERAS strategy. All but one study 
[54] favored enteral nutrition because of a lesser incidence of infectious and overall 
complications, as well as a faster recovery of digestive function, nutritional status 
and the cost was considerably less. Thus, parenteral nutrition is only recommended 
in patients in whom adequate amounts of enteral nutrition are not feasible or not 
tolerated.

42.8  Techniques for Placement of an Enteral Feeding Tube

Gastric feeding may be appropriate, but it can increase the risk of aspiration (e.g., in 
patients with DGE). In these cases, intrajejunal placement of the feeding tube is 
strongly indicated [55].

Enteral access can be obtained via insertion of a naso-enteral feeding tube or via 
more invasive approaches, such as the operative insertion of a feeding jejunostomy 
at the time of surgery or via a percutaneous or endoscopic gastrostomy with a jeju-
nal extension. Each of these techniques is associated with its own potential compli-
cations [56].

With the current interest and use of ERAS protocols, it is questionable whether 
the routine placement of a jejunostomy is warranted, given the fact that about 50% 
of patients will require artificial nutritional support after pancreatic surgery, and a 
naso-jejunal tube can usually be placed postoperatively, if needed [57].

All various techniques for placement of a naso-jejunal feeding tube have their 
specific disadvantages. Blind placement of feeding tubes beyond the pylorus (in 
case of PPPD) is frequently unsuccessful and may lead to complications such as 
inadvertent placement in the bronchus. Therefore, naso-jejunal feeding tubes should 
be placed with the aid of endoscopic, fluoroscopic or bedside under electromagnetic 
guidance. A systematic review showed no differences in success and re-insertion 
rates or complications between these three techniques [58]. The decision on the 
preferred technique can therefore be made on logistics, costs, and preference of the 
health care providers.

42.9  Evaluation of Exocrine Pancreatic Function (EPI)

EPI is a ...condition in which the amount of secreted pancreatic enzymes is not 
enough to maintain normal digestion... [69].
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After PD, EPI and/or other clinical symptoms of malabsorption can be observed 
in up to 32% of patients and altered pancreatic function tests are present in up to 
80% of patients [59]. EPI was present in 45% at the time of pancreatic cancer diag-
nosis increasing to 89% after 6  months postoperatively [60]. The onset of post- 
surgical maldigestion (lack of quantity or mixing of digestive secretions) may be 
secondary to many potential mechanisms (Table 42.2).

EPI after pancreatic surgery is associated with symptoms related to the presence 
of undigested food within the intestinal lumen and/or to loss of the absorption of 
nutrients with subsequent progressive weight loss or fat-soluble vitamins (A, D, 
E, K) and mineral/electrolyte deficiencies. Patients with EPI often experience debil-
itating steatorrhea, defaecation urgency, dyspepsia, flatulence, cramping abdominal 
pain, and nausea; however, overt malabsorptive symptoms are not always apparent 
in patients with mild/moderate insufficiency [61]. Steatorrhea is defined as presence 
of more than 7 g/day of fat in the stool [62].

Non-alcoholic fatty liver disease is also being a poorly recognized complication 
of EPI [63].

If left untreated, EPI has a deleterious impact on nutritional status and on patient 
quality of life [64]. Abnormal pancreatic exocrine function as evaluated by fecal 
elastase has been reported as an independent predictor of survival in advanced pan-
creatic cancer [65].

Steatorrhea generally appears when greater than 90% of the typical secretion of 
pancreatic enzymes is lost. After PD, the combination of loss of pancreatic tissue 
and asynchronous mixing of pancreatobiliary secretions with the meal can lead to 
the onset of steatorrhea also in the presence of a more limited decrease in pancreatic 
enzyme secretion [66].

Diagnosis of EPI can be difficult in practice. The 72 h-fecal fat collection with a 
standard intake of fat allows the calculation of the coefficient of fat absorption; this 
is the gold standard test to diagnose fat malabsorption. But because this test is not 
available routinely, the fecal elastase-1 (>20 μg/g of stools) may be the only pancre-
atic function test available in clinical practice [67]. Benini et al. showed that steator-
rhea may be present in operated patients even if the fecal elaatase-1 is only mildly 
decreased [66].

Table 42.2 Potential mechanisms of post-pancreatectomy maldigestion

1. Loss of pancreatic tissue
2.  Loss of hormonal regulation of pancreatic and biliary secretion secondary to the 

duodenectomy
3. Altered mixing of pancreatic and biliary secretions and gastric emptying
4. Altered intestinal pH
5. Upper gastrointestinal dysmotility
6. Intestinal bacterial overgrowth

42 Nutritional Support and Therapy Before and After Pancreatic Surgery



658

42.10  Pancreatic Enzyme Replacement Therapy (PERT)

Patents who present with symptoms of EPI may be overlooked or advised to adopt 
inappropriate dietary restrictions in an attempt to control the symptoms. PERT has 
been shown to stabilize weight, improve dietary intake and decrease daily stool 
frequency in patients with inoperable pancreatic cancer [67, 68]. PERT use appeared 
to improve survival in patients post resection in a post-hoc subgroup analysis, pre-
dominantly in those with pancreatic ductal dilation [69].

PERT should start with doses of 40,000–50,000 units of lipase with meals, 
and 10,000–25,000 units with every snack [70, 71]. The dosage need to be care-
fully monitored, as well as altered, depending on patient food intake/pattern of 
eating, method of cooking and portion sizes. This will require repeated educa-
tional visits concerning alteration of the dosage and timing of administration. 
Dose escalation and inhibition of gastric acid secretion may be warranted 
according to response; in patients who fail to respond to treatment, extra-pan-
creatic causes should be evaluated [5]. Dietary intake and nutritional status 
should be monitored regularly to maximize patient compliance and specialist 
dietetic assessment sought in patients with underlying malnutrition. Patients 
should be encouraged to spread the capsules out over a meal when using mul-
tiple capsules or with larger meals. If the patient does not respond to the dosage 
used, the dosage should be progressively increased since there is no maximum 
dose or side effects.

There are multiple pancreatic enzyme replacement preparations that are licensed 
in the United States and European Union. As part of a recent systematic review 
examining the efficacy of PERT, the authors examined enteric-coated microspheres 
versus non-coated microspheres with regard to the coefficient of fat absorption and 
noted a that this was higher with coated microspheres [72].

Table 42.3 summarizes the strength of recommendation and quality of evidence 
for nutritional support in pancreatic surgery.

42.11  Conclusion

A large body of literature suggests the key role of nutritional support and therapy 
in affecting short- and long-term outcomes after major pancreatic resections. As 
any treatment, the benefits are maximized when the indications to the use are 
appropriate.

Nevertheless, the management of perioperative nutrition in patients undergo-
ing pancreatic surgery is very disparate among surgeons and its benefits often 
unrewarded. This chapter may help surgeons to acquire awareness on the impor-
tance of this therapy and information on the correct indications to nutritional 
prescription.
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Take Home Message
• Symptoms of pancreatic exocrine insufficiency can be vague and are often 

mistakenly attributed to the underlying cancer. Furthermore, it follows a 
progressive course with approximately 10% loss in function per month.

• Consider prescribing pancreatic enzyme replacement therapy for all 
patients with pancreatic cancer even in the absence of a diagnostic test.

• Dietician involvement ensures regular, long-term clinical, dietary, anthro-
pometric and biochemical evaluation, invaluable in the management of 
pancreatic exocrine insufficiency

Pearls and Pitfalls
• Screen regularly for type 3c diabetes and micronutrient deficiencies.
• The current widely used diagnostic test, faecal elastase, has relatively poor 

accuracy, particularly post pancreatoduodenectomy.
• Pancreatic enzymes are dependent on a neutral or near neutral pH to be 

effective, consider the addition of a proton pump inhibitor.
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43.1  Introduction

Many factors contribute to weight loss and malnutrition in pancreatic cancer; the 
most significant being pancreatic exocrine insufficiency (PEI). Optimising nutri-
tional status is imperative to survival and to enable patients to withstand treatment 
and maintain a good quality of life. In unresectable pancreatic cancer, the incidence 
of PEI is reported between 66% and 92% [1].

Following surgical resection, it is more difficult to assess the true incidence of 
PEI because of the heterogeneity of studies and the variable diagnostic standards 
(faecal elastase-1 being a common way of assessing function yet its accuracy is 
adversely affected resection). Evaluation of PEI in patients with pancreatic cancer 
before and after pancreaticoduodenectomy to determine the prevalence of PEI 
found 44% before surgery and 74% (range 36–100%) after surgery [2].

It is also essential to recognise that PEI is a dynamic, and generally progressive, 
disease state. A 2007 retrospective review with a longer follow up of 52 months 
after pancreatoduodenectomy found that 100% of patients had PEI by this time, and 
a prospective cohort study assessing PEI at multiple time points after diagnosis 
found that 66% of patients had PEI at the time of diagnosis and 92% had PEI within 
2 years of diagnosis [1, 3]. Among patients with unresectable disease there is a 10% 
decline in pancreatic exocrine function per month [1].

43.1.1  Pathophysiology of Exocrine Insufficiency

It is important to understand that the functional capacity does not just rely on the 
ability of the pancreas to secrete enzymes but on the capacity of those enzymes to 
get to the right place, at the right time and at the correct pH in order to perform their 
digestive function. Thus, the term pancreatic exocrine insufficiency in a clinical 
context refers to the digestive ability of the pancreas, not just the secretory output. 
There are several contributing factors to PEI aside from loss of parenchymal func-
tion (Table 43.1).

Table 43.1 Factors contributing to pancreatic exocrine insufficiency in pancreatic cancer

Irresectable or pre-operative setting Resecteda

Pancreatic duct obstruction preventing enzyme flow Resection of pancreatic tissue
Direct damage to pancreatic parenchyma reducing 
enzyme secretion

Duodenal resection reducing CCK 
induced post prandial enzyme secretion

Pancreatic duct obstruction preventing bicarbonate 
flow with subsequent failure to neutralise the pH of 
small bowel content

Asynchrony between pancreatic secretion 
and gastric emptying

Reconstruction delivering enzymes into a 
more acidic environment with less 
enterokinase

aPancreatoduodenectomy or total pancreatectomy
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There are multiple contributing factors to PEI in pancreatic cancer (Fig. 43.1). 
For both operable and inoperable disease there may be direct damage to the acini 
and obstruction of the pancreatic ducts preventing the passage of secretions. 
Bicarbonate is secreted solely by the pancreas and neutralises gastric acid. Thus, 
obstruction leads not only to a reduction in enzyme secretion but a reduction in the 
ability to normalise the luminal pH of small bowel. This reduces the function of 
exogenous or endogenous pancreatic enzymes. For operated pancreatic cancer there 
is physical loss of pancreatic tissue compounded by anatomical and physiological 
changes that reduce the enzymatic function. Duodenal resection results in a reduc-
tion in the intestinal phase of secretion (CCK mediated), in addition, the reconstruc-
tive element results in pancreatic enzymes reaching a more distal part of small 
intestine that is less rich in enterokinase (reducing enzyme activation) and more 
acidic (inactivating digestive enzymes). This is best demonstrated by the differences 
in PEI with different forms of reconstruction: An evaluation of exocrine function 
following pancreaticoduodenectomy in 99 patients found pancreaticogastrostomy 
to be an independent risk factor for exocrine insufficiency and a retrospective review 
of PEI (based on PERT usage) after pancreaticoduodenectomy found significantly 
higher rates of PEI in the pancreaticogastrostomy group when compared to pancre-
atojejunostomy (75% compared to 46% had PEI at 1 year after surgery, respectively, 
p < 0.001) [4, 5].

Fig. 43.1 Factors contributing to pancreatic exocrine insufficiency in pancreatic cancer
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43.2  Diagnosis of Pancreatic Exocrine Insufficiency 
in Pancreatic Cancer

This section focuses on the currently available tests for PEI relevant to pancreatic 
cancer. An effective diagnostic test for PEI is essential to assess the need for, correct 
dosage of, and efficacy of pancreatic enzyme replacement therapy (PERT), in order 
to prevent the effects of maldigestion.

PEI should be considered a digestive disorder rather than a secretory disorder. 
This is important when considering the diagnosis of PEI in pancreatic cancer as 
testing can be direct (measuring the secretory capacity of the pancreas) or indirect 
(measuring the digestive effect of pancreatic enzymes). See Table  43.2 for the 
advantages and disadvantages of the most widely used diagnostic tests.

43.2.1  Secretin-Pancreozymin Test

The most accurate direct test is the secretin-pancreozymin test which measures 
enzyme output after pancreatic stimulation via collection of duodenal secretions 
from a tube sited in the duodenum. These tests are not translatable into routine 
clinical use, as they are invasive, costly, time consuming, require specialist 
equipment and training, and carry some risk of harm. They are therefore largely 
limited to research or complex cases. Faecal elastase 1 (FE-1) is the most widely 

Table 43.2 Advantages and disadvantages of currently available tests of pancreatic function

Advantages Disadvantages

Secretin- 
pancreozymin test

–  Most sensitive test for the secretory 
capacity of the pancreas

– Can classify severity

– Costly
– Time consuming
– Invasive
– Not widely available
– Poorly standardised

72-h faecal fat 
quantification

–  Gold standard for quantifying 
steatorrhea

– Unpleasant
– Time consuming
– Must stop PERT
–  Limited sensitivity for mild/

moderate PEI
Faecal elastase 
(FE-1)

– 73–100% sensitivity for severe PEI
– Cost effective
– Easy to perform

–  Limited use post pancreatic 
surgery

– 0–63% sensitivity for mild PEI
–  Limited specificity with watery 

stool
13C-MTG test –  >90% sensitivity for detecting fat 

maldigestion
–  Good for estimating the effect of 

PERT

–  Limited sensitivity in mild 
pancreatic dysfunction

–  Not widely available outside 
tertiary centres

– Time consuming
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used direct test (both in research and clinical environments); it is easy to per-
form, does not require specialist facilities, and is relatively cheap [6]. With 
severe PEI, the reported sensitivity ranges between 73% and 100% and with 
mild insufficiency between 0% and 63% [7, 8]. It also has limited specificity in 
watery stools and is unreliable for assessing PEI in patients after pancreatic 
surgery [8, 9].

43.2.2  Faecal Fat Quantification

The reference standard of PEI evaluation is faecal fat quantification, requiring 72-h 
collection of faeces and determination of the coefficient of fat absorption (CFA). 
More than 7 g of fat per 100 g stool per day diagnoses fat malabsorption and more 
than 15 g diagnoses severe steatorrhea [10]. It is a good measure of the capacity for 
fat digestion, but is unpleasant and time consuming for both patients and laboratory 
staff alike (requiring strict adherence to 100 g of fat per day diet for 5 days and all 
faeces to be collected over 3 days), it is of limited use in mild PEI and is not specific 
for pancreatic disease. Thus this test is now largely reserved for research pur-
poses [11].

43.2.3  Breath Tests

Several breath tests have been evaluated for use in the diagnosis of PEI, the most 
promising of which is the 13C mixed triglyceride breath test (13CMTGT) 13C labelled 
fatty substrates are digested by lipolysis (using pancreatic secretion of lipase). The 
free fatty acids and monoglycerol released are absorbed and oxidised by the liver to 
13CO2, which is then exhaled. The most variable step along this process is the enzy-
matic breakdown of the substrate in proximal small bowel. The increase in the con-
centration of 13CO2 in the breath thus correlates with the secretion of pancreatic 
lipase. The 13CMTGT is non-invasive, relatively easy to perform, and the result is 
not affected by watery stool, making it more widely acceptable and specific than the 
CFA test. Significantly, it reflects the entire process of digestion and absorption, not 
just the secretion of enzymes and thus more useful after pancreatic resection. A 
proposed optimal breath test with the administration of 250 mg of 13CMTG together 
with a solid test mean containing 16 g of fat after an overnight fast found that the 
13CMTGT correlated well with CFA testing with a sensitivity of 93% and a specific-
ity of 92% for the diagnosis of PEI [12]. The main drawback is the timeframe for 
testing being 6 h and the requirement for the administration of 13C-MTG making it 
of limited routine use.

In clinical practice the diagnosis of PEI is based on a combination of probability 
(high incidence of PEI in both inoperable and operable pancreatic cancer), clinical 
suspicion, and may be supported by a diagnostic test (with FE-1 being most 
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commonly used as it is routinely available and acceptable). With no functional test 
widely available for routine use at present, the current approach to this group of 
patients is to treat without testing if there is clinical suspicion.

43.3  Consequences of PEI in Adults with Pancreatic Cancer

Symptoms manifest when ingested food overwhelms the functional capacity of the 
pancreas (through any of the mechanisms described above) and can have a signifi-
cant impact on the daily lives of patients and their carers. The symptoms of PEI are 
subtle and often confused with other disease states such as the underlying cancer; 
for example, weight loss and abdominal discomfort are invariably associated with 
PEI. Classical signs such as steatorrhoea are associated with severe PEI and further-
more patients may modify their diet, often subconsciously, to reduce the burden of 
their symptoms. Many patients can exhibit significant malabsorption with an 
absence of abdominal symptoms, especially if fat intake has been reduced in an 
attempt to help alleviate symptoms [13]. Symptoms and signs are summarised in 
Table 43.3.

By the time of diagnosis, over 80% of patients with pancreatic cancer have lost 
weight and over a third of these patients have lost >10% of their body weight [14]. 
The consequence of the resultant nutritional deficiencies can be extensive; PEI has 
been shown to increase the risk of osteoporosis, cardiovascular events, sarcopenia 
and even shorten survival [15–17].

Post pancreatic resection, PEI has been associated with increased costs, higher 
post-operative complications and longer inpatients stays [18–21].

Considering the above, it is imperative to maintain normal digestion and nutri-
tional status, this requires intensive, specialist dietetic support as part of a 

Table 43.3 Signs and 
symptoms of pancreatic 
exocrine insufficiency [13]

Signs and symptoms of PEI
Steathorrhoea Malnutrition

Loose watery stool Weight loss (often despite 
good oral intake)

Undigested food in stools Vitamin deficiencies 
(especially A, D, E, K)

Post-prandial abdominal pain Hypoglycaemia in diabetes
Nausea/colicky abdominal pain
Gastro-oesphageal reflux
Bloating/flatulence
Offensive smelling wind/stools
Indigestion
Anorexia
Early satiety
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multi- professional team. This ensures regular, long-term clinical, dietary, anthropo-
metric and biochemical assessments to assist in the evaluation of exocrine insuffi-
ciency [13, 22].

43.4  Nutritional Evaluation

The diagnosis of PEI is challenging. Altered nutritional status is the main conse-
quence of PEI. Given the failings of available diagnostic tests the ultimate assess-
ment of PEI is to combine the results of diagnostic tests (typically FE-1) with 
symptoms, biochemistry and the response of any abnormal results/symptoms to 
treatment. This comprehensive review requires specialist knowledge, expertise and 
time [23]. Therefore, part of the evaluation of PEI should include a dietetic assess-
ment carried out by Specialist Dietitian experienced and skilled in PEI.

This should include regular screening for Type 3c diabetes and micronutrient 
deficiencies. Type 3 or pancreatogenic diabetes develops due to the loss of pancre-
atic parenchyma. It differs from type 2 diabetes in that patients continue to have 
normal or enhanced peripheral insulin sensitivity [24]. Causes of pancreatogenic 
diabetes include pancreatic resection or damage caused by neoplasms [25]. Of 
note, several studies suggest a tumour associated paraneoplastic mechanism induc-
ing diabetes in pancreatic cancer, for example β cell de-differentiation and dys-
function [26, 27]. Prevalence of type 3 diabetes amongst patients with PDAC is as 
high as 47% [28]. In addition, routine vitamin and mineral supplementation may 
also be recommended [13]. Whilst, the recommendations are not based on direct 
evidence and warrant further investigation/validation, a regimen for the screening 
(e.g pre- pancreatic resection) and surveillance of malnutrition is proposed 
(Table 43.4).

43.5  Quality of Life

Overall, the aims of nutritional management are to maintain or improve quality of 
life [22]. Pancreatic enzymes particularly provide relief of maldigestion-related 
symptoms and normalise the nutritional status of patients. However, many patients 
are undiagnosed or under-treated which leads to worsening symptoms, reduced 
health-related quality of life and potentially increased malnutrition-related morbid-
ity and mortality [29]. Therefore, a patient reported outcome tool is a valuable way 
of standardizing assessment and quantifying disease specific burden of PEI.

The Pancreatic Exocrine Insufficiency Questionnaire (PEI-Q), evaluated in 2019, 
is the first PEI specific patient reported outcome measure [29]. It was designed to 
assess PEI in patients with mild, moderate and severe symptoms and the impact on 
health-related quality of life, alongside the Bristol stool form scale [29]. Further 
work is needed to assess the utility of this tool in academic and clinical practice.
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Table 43.4 Proposed approach to the practical evaluation of PEI in clinical practice [13, 23]

Test Screening Baseline Surveillance

Fat soluble 
vitamin status

Serum alpha 
tocopherol (vitamin 
E) and if abnormal 
(low) move to 
baseline tests

Within 1 year after surgical 
resection or sooner if the 
patient has signs and 
symptoms of malabsorption:
Serum retinol, 25-OH vitamin 
D, alpha tocopherol, vitamin 
K status (e.g. PT)

Normal baseline test: 
annually
Abnormal: attempt 
correction and 
recheck in 3 months

Other 
micronutrients 
(copper, zinc and 
selenium)

– Within 1 year after surgical 
resection or sooner if the 
patient has signs and 
symptoms of malabsorption

Normal baseline test: 
annually
Abnormal: attempt 
correction and 
recheck in 3 months

Anaemia screen Serum ferritin, 
haemoglobin, 
c-reactive protein

Within 1 year after surgical 
resection or sooner if the 
patient has signs and 
symptoms of malabsorption:
Iron studies, e.g. full blood 
count, folate, vitamin B12

Normal baseline test: 
annually
Abnormal: attempt 
correction and 
recheck in 3 months:
Iron studies, e.g. full 
blood count, folate, 
vitamin B12

Consequences of 
ongoing diahorrea 
(only if 
symptomatic)

Magnesium Within 1 year after surgical 
resection or sooner if the 
patient has signs and 
symptoms of malabsorption: 
magnesium, potassium

Normal baseline test: 
annually
Abnormal: attempt 
correction and 
recheck in 3 months: 
magnesium, 
potassium

Bone profile and 
Bone mineral 
density

– After completion of surgical 
recovery and any adjuvant 
treatment, within 2 years post 
operatively: Corrected 
Calcium, phosphate and 
parathyroid hormone, 
dual-energy X-ray 
absorptiometry

Normal baseline test: 
every 5 years
Abnormal: attempt 
correction and 
recheck in 3 months

Glycaemic 
control

Non diabetic: 
Random glucose
Diabetic: Incidence 
of hypoglycaemia, 
HbA1c

Annual OGTT (people 
without diabetes)
Diabetic: Incidence of 
hypoglycaemia, HbA1c

Annual OGTT 
(people without 
diabetes)
Diabetic: Incidence 
of hypoglycaemia, 
HbA1c

Plasma proteins Retinol binding 
protein, albumin, 
prealbumin

– –

PT pro-thrombin time, OGTT oral glucose tolerance test, HbA1c glycosolated haemoglobin
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43.6  Pancreatic Exocrine Replacement Therapy (PERT) 
in Pancreatic Cancer

Given the prevalence of PEI in pancreatic cancer and the fundamental importance 
of nutrition, PERT is an essential component of pancreatic cancer care. This is 
reflected by the National Institute of Clinical Excellence in the United Kingdom 
recommending PERT for all patients. PERT is known to improve the absorption of 
fats and protein and reduces stool fat which improves quality of life [30]. In a small 
randomised trial, patients with unresectable cancer who received PERT maintained 
their dietary intake and weight whilst those on placebo lost weight and had worse 
intake of nutrition [31].

More recently, the effects on survival have been observed. In an observational 
cohort study of 469 patients undergoing pancreatoduodenectomy for cancer, patients 
on PERT survived 6.4 months longer than patients without [32]. In the study, the use 
of PERT was associated with improved survival in multivariate and propensity 
matched models. Furthermore, when patients were stratified by their pancreatic duct 
width (as a surrogate for exocrine insufficiency) benefit was markedly different 
among those with a dilated pancreatic duct (3 mm or greater) where the median 
survival was 1.5  years greater among those receiving PERT than those that did 
not [32].

Among patients with unresectable cancer Dominguez-Munoz et al. demonstrated 
a survival advantage when patients received PERT.  In that study those patients 
receiving PERT also received more chemotherapy [33]. It could therefore be argued 
that any survival advantage may have been attributed to chemotherapy and not 
PERT.  However, causation is not clear, and it may be that PERT enabled those 
patients to receive chemotherapy.

In a population based propensity-matched cohort study the use of PERT was 
associated with greater survival among the entire cohort and those with unresectable 
cancer regardless of whether they did or did not receive chemotherapy suggesting 
that PERT use directly improves the duration of survival [34]. In that study, how-
ever, the proportion of long term survivors was not different suggesting that whilst 
PERT is associated with an increased duration of survival, it does not contribute to 
an increase in overall survival. The survival time ratio was 262% greater among 
those receiving PERT than matched controls; this benefit was of a similar magni-
tude to that of chemotherapy or surgery confirming the essential role that PERT has, 
and that of correcting PEI/malnutrition, among patients with pancreatic cancer.

43.6.1  Use of Replacement Therapy in Practice

Although there is an increasing evidence base of benefit for PERT and understand-
ing of the incidence of PEI in pancreatic cancer it is somewhat surprising that PERT 
is underused. Within the UK population-based cohort study PERT use was 21.7% 
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(study cohort 1998–2015). There is evidence of an increase in use of PERT, how-
ever; the RICOCHET UK national prospective audit of pancreatic cancer (2018) 
demonstrated that some 50% of patients received PERT [35]. Under treatment has 
been reported in other European countries (2012) and just 21% of Australian 
patients with unresectable cancer and symptoms of malabsorption received PERT in 
a study published in 2016 [36, 37].

Exact barriers to treatment with PERT are unclear but likely contributed to by the 
vague symptoms of PEI, many of which are confused with effects of the underlying 
cancer i.e. weight loss and abdominal pain and of a diagnostic test that lacks both 
efficacy and a rapid result. Assays determining faecal elastase levels are the stan-
dard diagnostic test however as highlighted above it has limited accuracy and fur-
thermore, unlike blood or urine tests which can be collected on hospital visits stool 
samples need to be returned to the hospital. Clinicians therefore need to remember 
to review this test and act upon it. Consequently, results will be available only weeks 
after the initial request for faecal elastase. Further limitations of the test are that it 
cannot be used to assess response to treatment or to adjust dosing of PERT. The 
inclusion of a dietician within a team is considered essential to ensure that PEI, 
PERT and responses to treatment are optimised.

43.6.2  Adjuncts to Treatment

A proton pump inhibitor is often prescribed with PERT [38]. Endo- and exogenous 
pancreatic enzymes are very dependent upon a neutral or near neutral pH to be 
effective. Gastric acid released to the duodenum and small bowel is ordinarily neu-
tralised by bicarbonate secreted from the pancreas. However, in cases of duct 
obstruction, bicarbonate secretion is impeded. After surgery, particularly pancreato-
duodenectomy, mechanisms of normal pancreatic stimulation (cholecystokinin, 
VIP, vagal stimulation) are largely lost leading to not only reduced enzyme produc-
tion but also reduced bicarbonate production. It is thus important to prescribe drugs 
that suppress gastric acid as these help normalise the pH of small bowel content. 
There is also evidence that proton pump inhibitors maintain pancreatic volume after 
pancreatoduodenctomy through a mechanism that involves increased levels of gas-
trin [39].

43.7  Treatment of PEI and of Unresolved Symptoms of PEI 
When on PERT

Patients should be commenced on 50,000–75,000 units of lipase with meals and 
25,000–50,000  units of lipase with snacks, milky drinks and nutritional supple-
ments [13]. Patients should be reviewed after two weeks and if symptoms are not 
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controlled, then other reasons should be assessed such as insufficient dosing, lack of 
compliance, inadequate timing and education around the importance of pancreatic 
enzymes (see Fig. 43.2 for a summary of this approach) [40, 41]. If there is a con-
tinued poor response despite this initial review a more complex approach to the 
patient is needed.

43.7.1  After Pancreatic Head Surgery

Following pancreaticoduodenectomy, the reconstruction predisposes patients to bile 
salt malabsorption and small bowel bacterial overgrowth. Bile salt malabsorption 
following pancreatic resection may be attributed to concurrent cholecystectomy or 
the binding of bile salts to mal-digested protein, carbohydrates and fibre. Precipitation 
of bile salts may occur due to the change in pH in the small bowel as a result of 
reduced bicarbonate secretion secondary to diminished pancreatic volume [13]. 
Symptoms of bile salt malabsorption include longstanding steatorrhea, urgency, 
faecal incontinence, flatulence, abdominal pain, bloating and nocturnal defecation. 
The management of bile acid malabsorption should include referral to a gastroenter-
ologist for SeCHat (tauroselcholic [75 selenium] acid) study and trial of a bile acid 
sequestrant (such as Colesevelam) [42].

Fig. 43.2 First line response to unresolved symptoms of pancreatic exocrine insufficiency in pan-
creatic cancer patients (operated or not-operated) [13]
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The presence of a blind loop of bowel within the reconstruction following pan-
creatoduodenectomy predisposes patients to small intestine bacterial overgrowth 
(SIBO). The most common symptoms associated with this include diarrhea, flatu-
lence, abdominal pain and bloating. The management of small intestine bacterial 
overgrowth should include referral to a gastroenterologist for breath tests which are 
widely used as an alternative to direct jejunal aspiration because they are noninva-
sive and less expensive. Treatment for SIBO is complex and must be individualized. 
The three main components are to treat the underlying disease or condition, eradi-
cate overgrowth and address associated nutritional deficiencies. Alongside this anti-
biotic treatment which should selectively target those bacterial strains that cause 
SIBO [43]. A thorough description is outside the remit of this work but the proposed 
algorithm provides clinicians with an evidence based and pragmatic approach to 
managing these patients (Fig. 43.3).

Fig. 43.3 Second line response if symptoms continue despite first line considerations [13, 44]
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43.8  Conclusion

To conclude, PEI poses a significant problem for patients with pancreatic cancer, 
not only for quality of life, but also for the related morbidity. Pancreatic enzyme 
replacement therapy is essential to maintaining adequate nutrition, improving qual-
ity of life and confers a survival advantage yet there is evidence that it is under 
prescribed across Europe. As a widely available, functional test is not in routine 
practice, a “treat all’ approach to patients with pancreatic cancer is advisable. The 
involvement of a dietician is invaluable to the .long-term care of patients with pan-
creatic cancer.
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Take Home Messages
• The efficacy of chemotherapy increases with increasing intensity of che-

motherapy in both the adjuvant and advanced disease setting; but so does 
the toxicity

• Treatment selection is dependent on patients’ performance status, co-mor-
bidities and aims of therapy

• In advanced disease a significant minority of patients are well enough to 
receive second-line chemotherapy

• Given the modest efficacy of treatments, patients should be encouraged to 
participate in clinical trials, where possible

Pearls and Pitfalls
• There are patients who are more likely to respond to platinum agents; par-

ticularly those with germ-line BRCA mutations—taking a good family 
history and considering referral for genetic testing are essential

• An honest discussion with patients about the aims of treatment is impor-
tant in choosing a regimen (e.g. maximum response from a toxic regimen 
aimed at shrinkage followed by surgery vs. disease control with less toxic-
ity in the setting of widely metastatic disease)
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44.1  Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a leading cause of cancer death in the 
world, with only 10–20% of patients having resectable disease at presentation. 
Advanced PDAC, encompassing locally advanced (stage III) and metastatic (stage 
IV) PDAC, is diagnosed in the majority of people with the disease [1]. Unfortunately 
even those undergoing a resection have an 85% chance of eventual recurrence, and 
progressing to an advanced stage [2]. Palliative radiotherapy [3] and chemotherapy 
are the only therapeutic options available for patients with advanced PDAC, though 
these result in only modest improvements in survival. The 5-year survival rate for 
all stages and stage IV disease stands at 9% and 3%, respectively [4].

This chapter will describe the drugs (individually and in combination) and regi-
mens used to treat patients with a focus on advanced PDAC (adjuvant studies are 
discussed in later in the book), and the pivotal clinical trials (Fig. 44.1) which led to 
their adoption as standard of care.

44.2  Chemotherapies

44.2.1  Fluoropyrimidines

5-Fluorouracil (5-FU), an antimetabolite chemotherapy in the fluoropyrimidine class, 
is used to treat many different solid tumours, including breast, cervical, head and neck 
(H&N) and cancers of the gastrointestinal (GI) tract [5]. 5-FU enters cells via a 

• CA19–9 can be a useful biomarker of disease response/progression—but 
only in the setting of a normal bilirubin

• In patients receiving oxaliplatin, this agent should be reduced or with-
drawn before the neuropathy becomes intolerable (as the neuropathy con-
tinues to worsen after stopping before improving, if at all)

Future Perspectives
• An increased understanding is needed of selection (or de-selection) bio-

markers for chemotherapy agent to ensure that patients likely to benefit 
most receive specific treatments treatment

• Biomarkers predictive of toxicity are lacking
• The impact of targeting specific actionable somatic mutations within 

patient’s cancer is an active area of investigation
• The impact of the stroma on drug delivery and efficacy needs to be defined 

and, possibly, targeted
• Harnessing the immune response remains a challenge in pancreatic cancer; 

rational combinations with systemic therapies warrant investigation
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facilitated transport mechanism [6], where it is then converted into several active 
metabolites: fluorodeoxyuridine monophosphate (FdUMP), fluorodeoxyuridine tri-
phosphate (FdUTP) and fluorouridine triphosphate (FUTP). These metabolites inhibit 
thymidylate synthase (TS), a nucleotide synthetic enzyme essential for normal deoxy-
ribonucleic acid (DNA) replication [7]. TS binds to FdUMP when there is a high 
intracellular concentration of 5,10-methylenetetrahydrofolate (CH2THF), a methyl 
donor. Leucovorin (LV, 5′-formyltetrahydrofolate) is commonly used in combination 
with 5-FU in clinical practice to increase the intracellular concentration of CH2THF 
[5]. FUTP also becomes incorporated into the tumour ribonucleic acid (RNA), inhib-
iting the survival of the cancer cell line [8]. 5-FU is catabolised in the liver by dihy-
dropyrimidine dehydrogenase (DPD), converting 5-FU to dihydrofluorouracil 
(DHFU). Inherited DPD deficiency (in <10% of patients) increases the risk of toxicity 
to 5-FU [9]. Common side effects of 5-FU include myelosuppression, nausea, vomit-
ing diarrhoea and fatigue [10–12].

Capecitabine, an oral pro-drug of 5-FU, avoids DPD mediated catabolism and 
therefore has improved bioavailability. It is absorbed in the GI tract and is metabo-
lised into 5-FU in the liver and the tumour cells [13, 14]. Capecitabine simulates 
continuous infusion of 5-FU by exposing the tumour to lower peak concentrations 
[15]. Side effects are similar to 5-FU, however palmar-plantar erythrodysesthesia 
(PPE) occurs more commonly with capecitabine [16].

44.2.2  Gemcitabine

Gemcitabine (2′,2′-difluorodeoxycytidine) is an antimetabolite drug (a pyrimidine 
nucleosides agent), with activity against a variety of solid and haematological malig-
nancies including breast and lung cancer and lymphoma [17, 18]. The main transport 
mechanism of gemcitabine into the cell is with the human equilibrative nucleoside 
transporter-1 (hENT-1), a transporter over-expressed in PDAC [19]. Once in the cell, 
gemcitabine is phosphorylated within the cell into two distinct metabolites: 2′,2′-diflu-
orodeoxycytidine 5′-diphosphate (dFdCDP) and 2′,2′-difluorodeoxycytidine 5′-tri-
phosphate (dFdCTP) which accumulates in the cells and competes with deoxycytidine 

Fig. 44.1 Timeline for the pivotal phase III trials which led to the adoption of the various chemo-
therapy regimens in the treatment of patients with advanced pancreas cancer. (Asterisk) 
5-Fluorouracil, irinotecan, oxaliplatin, and leucovorin. (Dagger) 5-Fluorouracil and liposomal iri-
notecan. (Double dagger) 5-Fluorouracil, oxaliplatin, and leucovorin
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triphosphate (dCTP) for incorporation into DNA. This inhibits DNA synthesis, cel-
lular reproduction and progression into the S-phase of the cell cycle [17, 18]. dFdCDP 
inhibits ribonucleotide reductase, the principal enzyme required for the formation of 
deoxynucleotide triphosphates for normal DNA synthesis [20]. Gemcitabine toxicity 
include nausea, vomiting, lethargy, diarrhoea, constipation, myelosuppression, infec-
tion, flu-like symptoms and alopecia [18, 21].

44.2.3  Platinum Chemotherapies

Cisplatin, carboplatin and oxaliplatin are platinum-based drugs used to treat various 
types of solid and haematological malignancies including GI, ovarian, cervical, 
H&N, non-small-cell lung cancers and lymphomas. The drugs diffuse passively into 
cells, before undergoing aquation. The aquated forms then bond to purine bases 
along DNA, forming intra- and inter-strand crosslinks. The intra-strand crosslinks 
distort the structure of the DNA, interfering with mitosis [22, 23], leading to cancer 
cell death through apoptosis [24]. Common side effects include myelosuppression, 
diarrhoea and fatigue. At high doses cisplatin is highly emetogenic, nephrotoxic and 
can cause hearing loss and tinnitus. Oxaliplatin is commonly associated with periph-
eral sensory neuropathy [25].

44.2.4  Nab-Paclitaxel

Paclitaxel is in the taxane class of chemotherapy drugs [26]. It’s main mechanism of 
action is stabilising microtubules against depolymerisation, essential in mitosis. This 
in turn prevents the dividing cell from progressing from metaphase into anaphase, 
leading to eventual apoptosis [27, 28]. Paclitaxel is commonly used for treating ovar-
ian, breast, GI and bladder cancer. The main side effects of paclitaxel are neurotoxic-
ity and myelosuppression, fatigue, diarrhoea, and acute drug reactions [25].

Paclitaxel is poorly-water soluble, and so requires vectors for formulation. 
Cremophor EL (CrEL-polyethoxylated castor oil) is the usual vector and has been 
implicated in acute hypersensitivity reactions and neurotoxicity. Despite the use of 
anti-histamine and corticosteroid pre-medications in paclitaxel containing regimens, 
40% and 3% of patients still have minor and life-threatening reactions, respectively [29].

Nanoparticle albumin bound (nab-)paclitaxel is an alternate delivery system by 
which paclitaxel is bound to a molecule of albumin (a natural human carrier respon-
sible for carrying hydrophobic molecules in plasma, such as hormones and vita-
mins). Nab-paclitaxel was developed to enable delivery of higher concentrations of 
paclitaxel to the tumour with lower toxicity [30]. Higher doses can be infused, with 
less side effects, with a shorter infusion time, without premedication and with 
increased anti-tumour activity [28]. Nab-paclitaxel is commonly used for treating 
breast and ovarian cancer.
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44.2.5  Irinotecan and Liposomal Irinotecan

Irinotecan is a prodrug that is activated by carboxylesterase enzymes in the liver and 
colon to the active metabolite, SN-38 [31]. SN-38 is an inhibitor of topoisomerase-I, 
an enzyme which cleaves the DNA phosphate backbone in order to avoid the natural 
torsion which occurs as the DNA is changing shape. If not for topoisomerases, this 
torsion would inhibit DNA and RNA polymerases to function properly, leading to a 
disruption of replication and transcription [32]. SN-38 is inactivated by the enzyme 
UDP-glucuronosyltransferase 1-1 [31]. Irinotecan is commonly used alongside 
5-FU in colorectal cancer. Common side effects include alopecia, anorexia, cholin-
ergic syndrome and myelosuppression [33, 34].

Liposomal irinotecan (formerly known as nanoliposomal irinotecan or nal-IRI) 
is irinotecan encapsulated into long-circulating liposome-based nanoparticles. The 
purpose of its development was to improve the pharmacokinetics and biodistribu-
tion of irinotecan, whilst protecting it from premature metabolism [35]. Side effects 
of nal-IRI include nausea, vomiting, diarrhoea, and fatigue [36].

44.3  Non-chemotherapy Agents

While this chapter is focused on chemotherapy, two additional therapies are included 
here as they have been directly relevant to the evolution of systemic therapy of PDAC.

44.3.1  Erlotinib

Erlotinib is an oral small molecule which competes with ATP for binding with the 
intracellular domain of epidermal growth factor receptor HER1/EGFR, thereby 
inhibiting downstream intracellular signalling [37]. These signals are responsible 
for cancer-promoting responses such as mitosis, cell motility, cell adhesion, inva-
sion and angiogenesis [38]. Erlotinib is used in EGFR-mutated non-small cell lung 
cancers [39]. Diarrhoea and acneiform rash are its most common side effects [37].

44.3.2  Olaparib

Olaparib is an oral inhibitor of Poly (ADP-ribose) polymerase (PARP), a group of 
proteins important for many cellular functions such as DNA repair, apoptosis and 
genomic stability [40]. PARP inhibitors are commonly used to treat patients with 
breast and ovarian cancers who have mutations in BReast CAncer (BRCA1 and 
BRCA2) genes. Germline mutations of BRCA1/2 occur in ~5% of patients with 
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PDAC [41]. BRCA genes encode for proteins essential for homologous recombina-
tion repair of double-strand DNA breaks [42].

PARP inhibitors enable trapping of inactivated PARP at sites of single-strand 
breaks in cancer cell DNA. The single-strand breaks become irreparable, leading to 
double-strand breaks. Because the double-strand breaks cannot be repaired either in 
BRCA1/2 mutant cancers, the DNA damage accumulates and results in tumour cell 
death [43]. Common side effects of olaparib include fatigue, nausea, vomiting, 
anaemia, diarrhoea and anorexia [44].

44.4  First Line Palliative Systemic Anti-cancer Regimens

Chemotherapy regimens are usually developed in the advanced disease setting, 
where it is possible to evaluate their effect in specific malignancies through mea-
surement of radiological response. Having defined a level of activity, drugs and 
regimens are then tested in the adjuvant setting, where there is no measurable dis-
ease to monitor.

The chemotherapy regimens utilised in the treatment of patients PDAC are gen-
erally classed as gemcitabine-, 5-FU- or platinum-based according to the nature of 
the drugs used, or indeed by the number of agents involved as monotherapy, two- 
and three-drug regimens. The choice of which regimen to offer to patients depends 
on general fitness to tolerate a multi-drug regimen (judged on Eastern Cooperative 
Oncology Group or Karnofsky Performance Status (PS)), stage and BRCA1/2 sta-
tus (Table 44.1). In this section, we summarise how the various common regimens 
came to be adopted into standard practice.

44.4.1  Gemcitabine

Single-agent 5-FU had been the standard of care palliative chemotherapy for 
advanced pancreatic cancer until the 1990s [10–12, 45]. The first phase I study 
investigating gemcitabine in the advanced solid tumour setting [46], was followed 
in 1994 by a single-arm phase II trial of gemcitabine in advanced PDAC [47]. 
Forty- five treatment-naïve patients experienced an overall response rate (ORR) of 
11% and stable disease (SD) of 31%. Toxicities included neutropenia, thrombocy-
topenia, flu-like symptoms and an episode of a mild haemolytic-uremic syndrome. 
A second single arm phase II trial showed a more modest ORR (6.3%) and SD 
rate (18.8%) [21]. Grade ≥3 adverse events (AEs) were again mainly 
myelosuppression-related.
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In the pivotal phase III randomised controlled trial (RCT), published in 1997, 126 
patients received either gemcitabine or 5-FU [48]. The primary end point was 
“Clinical Benefit Response” (CBR), a composite endpoint consisting of improve-
ment or stability of pain score and analgesic use, performance status and weight-
change. A CBR was seen in 23.8% of patients with gemcitabine vs. 4.8% with 5-FU 
(P  =  0.0022). The 1-year survival rate also favoured gemcitabine (18% vs. 2%, 
P  =  0.0025), as did the median progression-free survival (PFS) (9 vs. 4  weeks, 
P = 0.0002) and median overall survival (OS) (5.65 vs. 4.41 months, P = 0.0025). 
Grade ≥3 AEs favoured 5-FU were neutropenia (4.9% vs. 25.9%), thrombocytope-
nia (1.6% vs. 9.7%), anaemia (9.7% vs. 0%) and nausea/vomiting (12.7% vs. 4.8%).
This study showed gemcitabine was well tolerated and resulted in clinical improve-
ment, and therefore it became the first-line treatment for patients with advanced PDAC.

Table 44.1 Treatment algorithms for patients with advanced pancreatic cancer based on guidelines 
by the European Society of Medical Oncology

Baseline characteristics First line treatmenta Second line treatmenta

ECOG PS 3 or 4
Bilirubin >1.5× ULN
Any stage disease
Any BRCA1/2 status

Best supportive care.

ECOG PS 2
Bilirubin >1.5× ULN
Any stage disease
Any BRCA1/2 status

Single agent gemcitabine Consider FOLFOX or 5-FU/
nal-IRI after disease progression if 
able to tolerate two-drug regimen
Otherwise for best supportive care

ECOG PS 2
Bilirubin <1.5× ULN
Stage IV disease
BRCA1/2 negative

Gemcitabine and nab-paclitaxel FOLFOX or 5-FU/nal-IRI after 
disease progression

ECOG PS 2
Bilirubin <1.5× ULN
Stage III disease
BRCA1/2 negative

Gemcitabine and capecitabine FOLFOX or 5-FU/nal-IRI after 
disease progression

ECOG PS 2
Bilirubin <1.5× ULN
Any stage disease
BRCA1/2- mutated

Gemcitabine and cisplatin Olaparib maintenance following 
first-line treatment if licensed and 
available
FOLFOX or 5-FU/nal-IRI after 
disease progression

ECOG PS 0 or 1
Bilirubin <1.5× ULN
Any stage disease
Any BRCA1/2 status

FOLFIRINOX Gemcitabine based chemotherapy 
after disease progression
Olaparib maintenance following 
first line treatment if BRCA1/2 
mutant if licensed and available

aConsider clinical trial if available

44 Chemotherapy for Advanced Pancreatic Cancer: Available Drugs, Mechanisms…



688

44.4.2  Gemcitabine and Capecitabine

Since gemcitabine was established as the first-line therapy for advanced PDAC, 
investigators have combined it with other drugs in search of more efficacious regi-
mens. The combination of gemcitabine and 5-FU as a continuous infusion had 
shown promising efficacy [49, 50]. Daily oral capecitabine as an alternative to con-
tinuous 5-FU infusion represented an attractive way to avoid the complications aris-
ing from indwelling venous catheters. In the first phase I/II trial of gemcitabine and 
capecitabine in patients with advanced PDAC there was an 18.5% ORR and a 40.7% 
SD rate, with only 14.3% of patients who received the maximum tolerable dose 
(MTD) of capecitabine experiencing grade ≥3 AEs [51].

In a randomised phase II study (n = 83), published in 2003, the ORR (17% vs. 
14%), SD (56% vs. 43%), median PFS (5.1 vs. 4.0 months) and median OS (9.5 vs. 
8.2  months) all favoured the combination arm of gemcitabine and capecitabine 
compared to single-agent gemcitabine; however, the differences were not signifi-
cant. Both regimens were well tolerated, with 22% of patients in the gemcitabine 
arm experiencing grade ≥3 AEs compared to 36% of patients in the combination 
arm [52]. A smaller single-arm phase II study of gemcitabine and capecitabine 
observed an ORR of 18.9% and SD of 41.5% in 53 patients; 55% of whom experi-
enced grade ≥3 AEs, mostly related to myelosuppression [53].

Herrmann et al. published the first randomised phase III study in 319 patients 
with advanced PDAC comparing gemcitabine alone or in combination with 
capecitabine [54]. The combination arm outperformed monotherapy in both median 
PFS (4.3 vs. 3.9 months, P = 0.103) and median OS (8.4 vs. 7.2 months, P = 0.234), 
neither difference being statistically significant. Grade ≥3 AEs were similar in each 
arm. Cunningham et  al. published a similarly-designed phase III trial in 2009, 
recruiting 533 patients [15]. The combination arm had superior median OS (7.1 vs. 
6.1 months, P = 0.08), again not statistically significant. After pooling these results 
together, a meta-analysis (with additional statistical power) showed the improve-
ment in OS was significant (Hazard ratio [HR] 0.86; 95%-CI, 0.75–0.98; P = 0.02). 
Both treatment arms were well tolerated, with comparable grade ≥3 AEs. At that 
time, gemcitabine and capecitabine became a standard option for patients with 
advanced PDAC able to tolerate a two-drug regimen.

44.4.3  Gemcitabine and Nab-Paclitaxel

In 2011 the first phase I/II study combining nab-paclitaxel with gemcitabine in met-
astatic PDAC reported an ORR 48% and SD 20%; the median PFS was 7.9 months 
and median OS was 12.2 months [55]. Treatment was generally well tolerated with 
most AEs being grade 1 or 2.

The MPACT phase III trial, published in 2013, randomised 861 patients with 
metastatic PDAC to either nab-paclitaxel and gemcitabine or single-agent 

B. Nagy et al.



689

gemcitabine [56]. Median PFS (5.5 vs. 3.7 months, P < 0.001) and median OS (8.5 
vs. 6.7 months, P < 0.001) all favoured the combination arm. Gemcitabine and nab- 
paclitaxel was well tolerated, but did cause an increased incidence of all grade ≥3 
cytopenias, as well as grade ≥3 fatigue, peripheral neuropathy and diarrhoea. This 
result established this combination as the favoured doublet regimen for fit patients 
with metastatic PDAC.

44.4.4  Other Lesser-Used Gemcitabine Combinations

Gemcitabine and cisplatin has been extensively studied patients with advanced 
PDAC [57, 58]. A large phase III trial which reported that although the addition of 
cisplatin to gemcitabine improved ORR and PFS, it did not significantly improve 
OS [59]. As there is evidence that the patients with germline BRCA1/2 mutations 
benefit from platinum-based chemotherapy regimens, cisplatin-gemcitabine may be 
considered in this subgroup [60].

A gemcitabine-erlotinib combination was investigated in a randomised phase III 
trial; a total of 569 patients received gemcitabine with either erlotinib or placebo 
[61]. Median PFS (3.75 vs. 3.55 months, P = 0.004) and OS (6.24 vs. 5.91 months, 
P = 0.038) were statistically significantly better in the combination arm. There was 
some added toxicity (specifically, skin rash) in the erlotinib group. This led to the 
approval of gemcitabine and erlotinib for advanced PDAC in certain territories, 
though many did not think that the modest increase in OS was worth the added cost 
and AEs.

44.4.5  FOLFIRINOX

5-FU, irinotecan, oxaliplatin and leucovorin (FOLFIRINOX) is regarded as the 
most efficacious but also most toxic chemotherapy regimen used to treat advanced 
PDAC. A phase I study of FOLFIRINOX in pre-treated patients with solid tumours, 
in 2003, included six patients with PDAC, one of whom had a complete response 
(CR) and another a partial response (PR) [62]. The regimen was toxic; 78% of 
patients needed at least one cycle delay due to toxicity; grade ≥3 AEs included 78% 
neutropenia, 41% asthenia, 37% peripheral neuropathy.

A phase II study of FOLFIRINOX in treatment-naïve PDAC showed an ORR of 
26% (including two patients with CR) with SD in a further 39%; 52% of patients 
experienced grade ≥ 3 neutropenia, but only 4% of patients had febrile neutropenia. 
Other grade ≥3 AEs included vomiting (37%), asthenia (22%), and peripheral sen-
sory neuropathy (15%) [63].

Given these encouraging results, a pivotal phase III trial randomised 342 
untreated patients with advanced PDAC and an ECOG PS of 0 or 1 to either 
FOLFIRINOX or single-agent gemcitabine [64]. The median PFS (6.4 vs. 
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3.3 months, P < 0.001), median OS (11.1 vs. 6.8 months, P < 0.001) and one year 
survival (48.4% vs. 20.6%) all favoured FOLFIRINOX.  Grade ≥3 neutropenia, 
febrile neutropenia, thrombocytopenia, diarrhoea, and peripheral sensory neuropa-
thy were higher in the FOLFIRINOX arm. The study concluded that FOLFIRINOX 
should be the preferred first-line option for fit patients with advanced PDAC who 
could tolerate a three-drug regimen.

44.5  Second Line Palliative Systemic Anti-cancer Regimens

Second-line regimens for patients with disease progression after first-line chemo-
therapy in the treatment of patients with advanced PDAC will now be discussed.

44.5.1  Oxaliplatin and 5-FU

Oxaliplatin in combination with 5-FU has been a standard of care option for 
advanced colorectal cancer since the early 2000s [65]. In a phase II study of this 
combination in patients with advanced PDAC the ORR and SD were 23.3% and 
30.0%, respectively. Grade ≥3 AEs included, neutropenia (16%), fatigue (16%), 
peripheral sensory neuropathy (4.2%) and diarrhoea (14.2%) [66].

In a second phase II study of oxaliplatin, 5-FU and folinic acid (OFF regimen) in 
37 patients with advanced PDAC the ORR was 6% and SD was 43%. Grade ≥3 AEs 
included neuropathy (13.5%), nausea and vomiting (10.8%) and diarrhoea (8.1%) 
[67]. This regimen was then compared against 5-FU and folinic acid (FF) in 183 
patients in the CONKO-003 phase III randomised study [68]. Median PFS (2.9 vs. 
2.0  months, P  =  0.019) and OS (5.9 vs. 3.3  months, P  =  0.010) both favoured 
OFF. The incidence of neuropathy was higher in the OFF arm (P > 0.001). This 
study recommended OFF as standard second-line treatment in patients with 
advanced PDAC following first-line gemcitabine.

However, in 2016, the PANCREOX phase III study randomised 108 patients 
with advanced gemcitabine-treated PDAC to either 5-FU and leucovorin (FU/LV) 
or FU/LV plus oxaliplatin (mFOLFOX6) [69]. Median PFS was similar in both 
arms (3.1 months on mFOLFOX6 vs. 2.9 months on FU/LV, P = 0.989). The median 
OS was however significantly lower with mFOLFOX6 at 6.1 months compared to 
9.9 months (P = 0.024) in the FU/LV arm. The ≥70 year-old cohort significantly 
favoured mFOLFOX6 in terms of PFS (P = 0.015) and OS (P = 0.005) in a sub-
group analysis. The authors postulated that younger patients who were randomised 
to mFOLFOX6 had more adverse prognostic factors compared to their age-matched 
controls in the FU/LV arm. The incidences of grade ≥3 AEs also favoured FU/LV 
(11% vs. 63%).

Despite these results, 5-FU, leucovorin and oxaliplatin (FOLFOX) remains a 
commonly-used second-line option, largely based on the CONKO-003 data.
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44.5.2  Liposomal Irinotecan and 5-FU

Irinotecan as monotherapy and in combination has been studied in the second-line 
setting in patients with advanced PDAC [70, 71]. The first single-arm phase II trial 
using nal-IRI in gemcitabine pre-treated patients with advanced PDAC was pub-
lished in 2013 [72]. The 40 patients had an ORR of 7.5% with SD rate of 42.5%. 
Median PFS and OS were 2.4 months and 5.2 months, respectively; 25% of patients 
experienced grade ≥3 neutropenia and 20% experienced grade ≥3 fatigue/asthenia.

NAPOLI-1 was a three-arm randomised phase III trial with 417 patients 
receiving nal-IRI plus 5-FUand folinic acid (5-FU/nal-IRI), nal-IRI monother-
apy or FF [36]. The median PFS favoured the combination arm compared to FF 
(3.1 vs. 1.5  months, P  =  0.0001) as did median OS (6.1 vs. 4.2  months, 
P = 0.012). Nal-Iri monotherapy achieved a median PFS of 2.7 months and OS 
of 4.9 months. ORR was 16% in the combination arm, which was significantly 
higher compared to 1% in the FF arm (P < 0.0001). The ORR of nal-IRI was 
6%. The nal-IRI arm had the highest incidence of grade ≥3 diarrhoea (21%), 
vomiting (14%), anorexia (19%), hypokalaemia (12%) as well as death (3%). 
The combination arm had the highest incidence of grade ≥3 neutropenia (27%) 
and fatigue (14%). This study led to the adoption of 5-FU/nal-IRI as a standard 
second-line regimen option in patients with advanced PDAC previously treated 
with gemcitabine-based regimens.

44.5.3  Maintenance Olaparib

As previously discussed, patients harbouring germline mutations of BRCA1/2 have 
better outcomes when treated with platinum-containing regimens [60]. Maintenance 
therapy with PARP inhibitors have been shown to be effective in prolonging PFS in 
BRCA1/2-mutated ovarian cancers [73]. There is also phase II data to suggest 
BRCA1/2-mutated patients with advanced PDAC respond to second-line olaparib, 
with an ORR of 21.7%, and median OS of 9.8 months [44].

The POLO phase III study trial, published in 2019, enrolled 154 patients with 
germline BRCA1/2-mutated PDAC [74]. Patients must have received ≥16 weeks 
of platinum-based first-line chemotherapy, resulting in response or SD. Patients 
were randomised to receive maintenance olaparib or placebo (double-blind). 
Olaparib maintenance therapy vs. placebo resulted in superior median PFS (7.4 
vs. 3.8 months, P = 0.004); the median OS is not yet mature (18.9 vs. 18.1 months, 
P = 0.68). ORR was 20% in the olaparib arm vs. 10% in the placebo arm. There 
was a higher incidence of grade ≥3 fatigue/asthenia (5% vs. 2%) and anaemia 
(11% vs. 3%) with olaparib. Olaparib may be a maintenance therapy option for 
patients with BRCA1/2- mutated advanced PDAC after first-line platinum-con-
taining chemotherapy regimens, and highlights the need for molecular profiling 
in this disease group.
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44.6  Conclusion

The prognosis for patients with advanced pancreas cancer is still dismal and novel 
therapeutic approaches within innovative clinical trial platforms are needed [75]. 
Collaborative research efforts are required to inform further on the reasons for ther-
apeutic resistance and to identify mechanisms to overcome these obstacles. Many 
challenges remain in this highly-aggressive malignancy including development of 
highly-efficacious therapies targeting intracellular pathways as well as the tumour 
stroma, and learning to harness the immune response.
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Take Home Messages
• Resectable pancreatic cancer is defined according to the National 

Comprehensive Cancer Network anatomical classification.
• Upfront surgery followed by adjuvant chemotherapy is the universally 

accepted standard practice for resectable pancreatic cancer.
• Retrospective studies, meta-analysis and systematic reviews suggest that 

neoadjuvant chemotherapy is no worse than the traditional upfront surgery 
approach and may even hold benefit across outcomes.

• Providing modern chemotherapy prior to resection will ensure that almost 
all patients receive multimodal treatment.

• FOLFIRINOX or gemcitabine with nab-paclitaxel are the preferred neoad-
juvant treatment regimens.

Pearls and Pitfalls
• Patients may deteriorate during neoadjuvant chemotherapy, thus prevent-

ing subsequent surgery. Some would view this as appropriate clinical 
selection to avoid high-risk surgical candidates.
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45.1  Introduction

Historically, patients with pancreatic cancer classified as ‘upfront resectable’ would, as 
the nomenclature implies, be taken immediately to surgery. Resectable pancreatic can-
cer is defined according to the National Comprehensive Cancer Network (NCCN) clas-
sification (Box 45.1) as absence of distant organ or lymph node metastases; no tumour 
contact with the superior mesenteric vein or portal vein, or ≤180° contact with either 
vein without vein contour irregularity, and no tumor contact with (i.e. existence of clear 
fat planes around) the coeliac axis, common hepatic, and superior mesenteric artery 
[1]. With novel chemotherapy regimens, the concept of ‘resectability’ has changed, 
hence the previous definitions and terminology may become mixed or confused. 
Borderline and locally advanced disease is discussed in separate chapters of this book.

Box 45.1 National Comprehensive Cancer Network Definition of 
Resectable Pancreatic Cancer [1]

Arterial No arterial tumour contact

Celiac axis
Superior mesenteric artery
Common hepatic artery

Venous No tumour contact or tumour contact ≤180° 
without vein contour irregularity

Portal vein
Superior mesenteric vein

No distant metastases

• Patients may progress on neoadjuvant therapy, rendering them locally 
unresectable or with metastatic disease. Some would argue this in favor of 
a biological selection to avoid futile surgery.

• Effect of neoadjuvant therapy may be related to the tolerated regimen (e.g. 
FOLFIRINOX or, modified FOLFIRINOX, or Gemcitabine-based regi-
men) and number of cycles completed.

Future Perspectives
• There is a call for randomized controlled trials offering direct comparison 

of neoadjuvant chemotherapy versus upfront surgery followed by adju-
vant therapy

• Biomarkers and predictive statistical modeling to identify patients who are 
more likely to receive and benefit from differing treatment strategies are 
highly needed

• Ongoing RCTs may change practice towards routine neoadjuvant therapy, 
given the tolerability and survival benefit is proven to be beneficial

• Future trials and drugs may involve more specific and individualized therapies 
tailored to the specific tumor type, hopefully with better effect and less toxicity

K. J. Labori et al.
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Currently, upfront surgery is the universally accepted standard practice for 
resectable pancreatic cancer (Fig. 45.1). However, even after curative surgery, the 
oncological results of surgery alone are disappointing—the majority of patient 
eventually recur and a considerable proportion experience early dissemination of 
disease, despite attempt at radical surgery for cure. Therefore, surgery is integrated 
into a complete multimodal treatment sequence including surgery and adjuvant che-
motherapy. Several observations have led to a gradual change in concept regarding 
chemotherapy, namely, to apply neoadjuvant chemotherapy before surgery in an 
increasing number of patients. In the current chapter we will discuss the specific 
setting of entertaining the concept of neoadjuvant chemotherapy to patients with 
otherwise resectable pancreatic cancer.

45.2  Progress in Adjuvant Treatment

Notable progress has been observed with the use of adjuvant chemotherapy during 
the last 15 years. ESPAC-1 and CONKO-001 demonstrated that adjuvant chemo-
therapy with either 5-fluorouracil plus folinic acid or gemcitabine significantly 
improved overall and 5-year survival compared with surgery alone [2–4]. Further 
progress was made with ESPAC-4 demonstrating a survival benefit of combination 
therapy with gemcitabine and capecetabine versus gemcitabine monotherapy [5]. 
Finally, PRODIGE has shown a significant survival benefit of fluorouracil, folinic 
acid, irinotecan, and oxaliplatin (mFOLFIRINOX) versus gemcitabine (overall sur-
vival 54.4 vs. 35 months; P = 0.003) [6].

All patients with resected pancreatic cancer who do not receive neoadjuvant 
therapy should be offered 6 months of adjuvant chemotherapy in the absence of 
medical or surgical contraindications (Fig. 45.1). mFOLFIRINOX is now the pre-
ferred adjuvant regimen in fit patients in current international guidelines from 
NCCN, European Society for Medical Oncology, and American Society of Clinical 
Oncology (ASCO) [1, 7, 8]. Alternatively, doublet therapy with gemcitabine and 
capecitabine or monotherapy with gemcitabine or 5-fluorouracil plus leucovorin 
can be offered.

Of note, patients recruited into trials on adjuvant chemotherapy after pan-
createctomy have been carefully assessed before receiving chemotherapy. 
Details on screening failures and reasons for exclusion are usually not reported. 
The discrepancy of trial compliance (some report >80% completion of adju-
vant therapy after surgery) to real-life settings (compliance reported in 40–65% 
or less) is of concern, as the general impression is that many patients do not 
receive or, are not fit for adjuvant chemotherapy after what may have been a 
complex post-operative course. Detection of metastatic disease intraopera-
tively, development of overt metastases during their postoperative recovery 
period, and inability to recover functionally or nutritionally to be able to start 
adjuvant therapy in a timely manner make several patients not candidates for 
these trials [9].

45 Neoadjuvant Therapy in Upfront Resectable Pancreatic Cancer
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Fig. 45.1 Diagnostic workup and treatment recommendations in patients undergoing neoadjuvant 
chemotherapy or upfront surgery for resectable pancreatic cancer [22]. (*) Supported by data from 
randomized controlled trials. (**) Clinical protocol preferred. Duration of neoadjuvant chemo-
therapy in ongoing trials: 2, 3 or 4 months [29, 30, 32]. (***) Surgery scheduled 4 weeks after last 
course of chemotherapy. (****) Overall 6 months of chemotherapy in both treatment sequences. 
Duration of adjuvant chemotherapy: 6 months after upfront surgery. Duration of adjuvant chemo-
therapy in ongoing trials: 0, 3 or 4 months. ERCP endoscopic retrograde cholangiopancreatogra-
phy, PTC percutaneous transhepatic cholangiography, EUS-FNA endocopic ultrasound—fine 
needle aspiration, (m)FOLFIRINOX (modified) fluorouracil, folinic acid, irinotecan, and oxalipla-
tin, GemCap gemcitabine and capecitabine, 5-FU fluorouracil

Resectable pancreatic cancer

Upfront surgery*

Adjuvant chemotherapy

6 months****

-mFOLFIRINOX
-GemCap
-Gem
-5-FUplus folinic acid

Adjuvant chemotherapy

0, 3 or 4 months****

-mFOLFIRINOX
-GemCap
-Gem
-5-FUplus folinic acid

Surgery***

Neoadjuvant chemotherapy**

2, 3 or 4 months

-FOLFIRINOX
-Gemcitabine/nab-paclitaxel

EUS-FNA

Bilirubin
< 50 umol/l

Bilirubin
> 50 umol/l

ERCP or PTC
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45.3  Neoadjuvant Approach

The neoadjuvant approach has become the standard of care for several gastrointestinal 
cancers, including patients with gastric, esophageal and selected rectal cancers and 
patients with colorectal liver metastases [10–12]. The lack of efficient chemotherapy 
regimens has hampered the use of neoadjuvant therapy in resectable pancreatic cancer. 
FOLFIRINOX and gemcitabine/nab-paclitaxel have improved survival in metastatic 
pancreatic cancer [13, 14]. Moreover, the use of these regimens as neoadjuvant therapy 
in locally advanced pancreatic cancer is promising [15]. In addition, given the signifi-
cant survival benefit of adjuvant mFOLFIRINOX in resectable pancreatic cancer, pro-
ponents of the neoadjuvant approach suggest that neoadjuvant therapy could be preferred 
also in patients with resectable pancreatic cancer [6]. To date there are no prospective 
data proving an advantage of neoadjuvant therapy over upfront surgery for resectable 
pancreatic cancer. However, the rationale for a neoadjuvant approach in pancreatic can-
cer may be particularly strong. Pancreatic cancer has been shown to be systemic from 
the earliest stages and thus an early systemic approach may be essential in the attempt to 
achieve cure [16]. Indeed, about 15% of patients who undergo upfront surgery develop 
distant spread only a few months postoperatively, indicating that subclinical distant 
metastasis is likely to have been present already at diagnosis [17].

Moreover, the cancer operation is often complex and associated with a relatively 
high morbidity. Therefore, it is of great importance to biologically select only those 
patients who are most likely to benefit from surgery [9].

45.4  Current Evidence for a Neoadjuvant Approach

Current evidence of an effect of neoadjuvant therapy on long-term outcomes comes 
mainly from phase II trials and retrospective analyses. In addition, several system-
atic reviews and metaanalyses on the topic have been performed [18–23]. These 
studies conclude that neoadjuvant chemotherapy for treatment of resectable pancre-
atic cancer is no worse than traditional upfront surgery approach and may even hold 
benefit across outcomes. However, there is a call for randomized controlled trials 
offering direct comparison of neoadjuvant chemotherapy versus upfront surgery 
followed by adjuvant therapy. Indeed, several ongoing clinical trials are currently 
investigating neoadjuvant treatment in upfront resectable pancreatic cancer [20, 24].

45.4.1  Observational Studies

A retrospective study covering 25 years of the MD Anderson’ Cancer Center experience 
of neoadjuvant therapy for pancreatic cancer with chemotherapy and/or chemoradiation 
reported a progressive improvement of median overall survival from 24–28 to 
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37–42 months despite more complex operations with an increase in vascular resections 
[25]. A metanalysis of 38 studies with 3484 patients comparing upfront surgery with 
neoadjuvant treatment in patients with resectable or borderline resectable pancreatic 
cancer, of whom 1738 (49.9%) had neoadjuvant treatment, showed that overall survival 
by intention to treat was significantly better for neoadjuvant treatment compared to 
upfront surgery (18.8 vs. 14.8 months) [18]. The difference in overall survival was larger 
among patients whose tumours were resected (26.1 vs. 15.0 months). Notably, most of 
the data from these studies are from retrospective series or, at best, prospective cohorts.

45.4.2  Randomized Trials

Only three randomized controlled trials comparing upfront surgery with neoadju-
vant chemotherapy in resectable pancreatic cancer have been completed, as of the 
time of writing [26–28], the PACT-15 trial, the PREOPANC-1 trial and the Prep-02/
JSAP-05 trial.

The PACT-15 trial randomized 93 patients (in a 1:1:1 design) to receive surgery fol-
lowed by six cycles of adjuvant gemcitabine (arm A), surgery followed by six cycles of 
adjuvant PEXG (cisplatin, epirubicin, and gemcitabine) (arm B), or three cycles of 
PEXG before and three cycles after surgery (arm C, neoadjuvant arm) [26]. Primary 
endpoint was event-free at 1  year (event-free defined as freedom from progression, 
relapse, new tumour occurrence, distant metastases, or death). In the per-protocol popu-
lation, 23% (n = 6) of the patients in group A, 50% (n = 15) in group B, and 66% 
(n = 19) in group C were event-free at 1 year. Median overall survival was 20.4 months 
in the surgery plus gemcitabine group, 26.4 months in the surgery plus adjuvant PEXG 
group, and 38.2 month in the neoadjuvant PEXG strategy. Intention-to-treat estimates of 
5-year overall survival were 13%, 24%, and 49% in the three arms, respectively. Of 
note, since the trial began, the standard of care for adjuvant therapy altered, and other 
chemotherapy regimens have developed. Thus, the authors decided to not continue with 
the phase 3 part of the PACT-15. However, one may in part use the outcome of this trial 
as a “proof of principle” in terms of the benefit of a neoadjuvant approach (compared to 
adjuvant only), although comparison to more effective chemo-regimens is not possible.

In the PREOPANC-1 trial 248 patients with resectable or borderline resectable 
pancreatic cancer were randomly assigned to preoperative gemcitabine-based 
chemoradiotherapy (preceded and followed by a modified course of gemcitabine) 
followed by three cycles after surgery or upfront surgery followed by six cycles of 
adjuvant gemcitabine [27]. Preliminary results showed that in an intent-to-treat 
analysis, the resection rate was slightly lower with neoadjuvant chemoradiotherapy 
than with upfront surgery (60% vs. 72%; P = 0.065) but the R0 resection rate was 
significantly increased (61% vs. 31%; P < 0.001). Moreover, the median time until 
recurrence was significantly longer after neoadjuvant treatment (9.9 vs. 7.9 months; 
P = 0.023). The median overall survival was 17.1 months after preoperative chemo-
radiotherapy compared with 13.7 months after upfront surgery followed by adju-
vant chemotherapy (P  =  0.074). Longer follow up and final survival results are 
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needed before any definitive conclusion. Of note in the following PREOPANC-2 
trial patients with resectable and borderline resectable pancreatic cancer are ran-
domized to receive either neoadjuvant 8 courses FOLFIRINOX followed by surgery 
(no adjuvant) or neoadjuvant gemcitabine based chemoradiotherapy followed by 
surgery and adjuvant gemcitabine.

In the Prep-02/JSAP-05 trial 364 patients with resectable pancreatic cancer were 
randomly assigned to receive neoadjuvant chemotherapy using two courses gem-
citabine and S1 followed by surgery and adjuvant S1 with upfront surgery and adju-
vant S1 [28]. The median overall survival was 36.7  months after neoadjuvant 
treatment and 26.6 months after upfront surgery (P = 0.015).

45.4.3  Current Controversy and Debate

Uncertainty related to the existing body of research of the neoadjuvant approach has 
led critics to highlight the limitations of drawing too optimistic conclusions from 
small studies that are underpowered and caution against loosing the window of 
resectability [21]. More efficient first-line regimens, such as FOLFIRINOX and 
gemcitabine with nab-paclitaxel have improved overall survival in fit patients with 
metastatic disease and, may lead to conversion to surgery in some patients with 
locally advanced pancreatic cancer previously deemed unresectable.

Of note, ASCO currently recommends neoadjuvant therapy for patients with ana-
tomically resectable tumors, but with radiographic findings suspicious but not diag-
nostic for extrapancreatic disease, a performance status or comorbidity profile not 
currently appropriate (but potentially reversible) for a major abdominal operation or a 
CA 19-9 level (in absence of jaundice) suggestive of disseminated disease [7].

Thus, neoadjuvant chemotherapy seems to represent a reasonable alternative to 
upfront surgery for patients with resectable pancreatic cancer, but such patients 
should ideally be treated as part of a clinical protocol. The main ongoing random-
ized phase III trials of neoadjuvant chemotherapy for resectable pancreatic cancer 
now use FOLFIRINOX or gemcitabine with nab-paclitaxel as treatment regimens 
[24, 29, 30]. The duration of neoadjuvant chemotherapy in these trials differ from 2 
to 4 months before surgery (Fig. 45.1) [29, 31, 32]. Surgery is scheduled 4 weeks 
after the last course of chemotherapy.

45.5  Potential Advantages with a Neoadjuvant Approach

45.5.1  Compliance to Chemotherapy

Postoperative morbidity and even mortality after pancreatic surgery, can preclude 
adjuvant therapeutic delivery. Complications following pancreatectomy affect about 
60% of the patients [33–35]. The technical complexity of the operation and the 
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often frail and co-morbid patient population contribute to the high complication 
rate. Several studies have confirmed that only 50–70% of patients undergoing 
upfront surgery initiate adjuvant chemotherapy, whereas very few studies report the 
completion rate of adjuvant chemotherapy [18, 36–39]. In addition to higher age, 
worse performance status, and early disease recurrence, the causes of not receiving 
adjuvant chemotherapy is mostly related to surgical complications, especially post-
operative pancreatic fistula and post-pancreatectomy hemorrhage [36, 37, 39].

Considering the significant survival benefit of adjuvant chemotherapy, the ini-
tiation and completion rates reported in the literature remain relatively low 
(<50%). Providing modern chemotherapy prior to resection will ensure that 
almost all patients receive this modality. Successful implementation of neoadju-
vant therapy should thus increase the rate of patients having both treatment 
modalities (Box 45.2).

45.5.2  Managing Micrometastatic Disease

Both preclinical and clinical data support the contention that even early-stage pan-
creatic cancer is a systemic disease. A large single centre study on 692 patients 
undergoing pancreatectomy for pancreatic cancer found that 76% of recurrences 
occur at a distant site, indicating that most patients with pancreatic cancer have 

Box 45.2 Potential Advantages and Disadvantages with Neoadjuvant 
Chemotherapy in Resectable Pancreatic Cancer

Advantages
  • Ensure that all patients receive chemotherapy
  • Treat micrometastatic disease earlier, at the time of diagnosis
  • Decrease surgical complexity
  • Allow emergence of resistant, occult (subclinical) metastatic disease
  • Avoid futile surgery (in non-curable disease)
  •  Give patients time to improve their performance and cardiopulmonary status before 

major surgery
  •  Improve histopathological parameters (R0 resection rate and pathological lymph 

node rate) by reducing tumour bulk and involvement of nearby structures
Disadvantages
  •  Complications related to associated use of invasive procedures (ERCP or PTC, 

EUS-FNA)
  • Low rate of complete or clinically relevant pathologic or radiological response
  • Systemic toxicity to chemotherapy
  • Progression during neoadjuvant chemotherapy

ERCP endoscopic retrograde cholangiopancreatography, PTC percutaneous transhepatic 

cholangiography, EUS-FNA endocopic ultrasound—fine needle aspiration
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systemic disease at the time of resection [17]. Additionally, almost 20% of the 
patients who were free of recurrence after 5  years went on to develop disease 
recurrence.

45.5.3  Test of Biology: Allow Emergence of Occult 
Metastatic Disease

Up to 15–20% of patients with resectable pancreatic cancer who undergo surgical 
resection upfront have early manifestation of metastasis [17, 36]. Several studies 
report that early disease recurrence is a major cause of not initiating or not complet-
ing adjuvant chemotherapy [3, 36, 39]. Even in well designed randomized con-
trolled trials on adjuvant chemotherapy with good performance status patients and 
strict tumour biology inclusion criteria such as low CA 19-9 levels, early disease 
recurrence is an important cause of discontinuation of adjuvant therapy. Thus, prob-
ably up to 15% of patients with resectable pancreatic cancer receiving neoadjuvant 
therapy may fail to undergo subsequent resection due to early manifestation of 
metastases, inability to optimize performance status or comorbidities during neoad-
juvant therapy [3, 5, 40]. Patients with rapidly progressive disease under neoadju-
vant therapy can be spared major surgery, which is unlikely to be beneficial and 
associated with significant morbidity.

45.5.4  Test of Performance Status Before Major Surgery

Poor functional capacity and malnutrition may increase the rate of surgical 
complications.

At time of diagnosis several patients with pancreatic cancer suffer from weight 
loss and symptoms related to biliary obstruction or pancreatic endocrine or exocrine 
insufficiency. Relive of biliary obstruction and treatment of endocrine or exocrine 
insufficiency would improve the patients performance and nutritional status. 
Although these patients may not be candidates for systemic chemotherapy, current 
guidelines recommend to consider neoadjuvant chemotherapy in patients with a 
performance status or comorbidity profile not currently appropriate, but potentially 
reversible for a major abdominal operation [7].

Prehabilitation programs aim to optimise and improve functional capacity 
before surgery in order to reduce the risk of postoperative recovery. The benefi-
cial effect of such protocols is not well established, and the precise protocol of 
prehabilitation has not been completely established. However, prehabilitation 
before major abdominal surgery has shown to reduce overall and pulmonary 
morbidity [41]. Cardiopulmonary exercise training concurrent with neoadjuvant 
chemotherapy and/or chemoradiation for pancreatic cancer has shown to increase 
physical activity [42].
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45.5.5  Decrease Surgical Complexity

Patients treated with neoadjuvant therapy do not experience more complications 
from surgery than patients undergoing upfront surgery [43–45]. However, defi-
nite conclusions cannot be drawn, as most observations come from small stud-
ies, including heterogeneous neoadjuvant regimens and without comparison 
with upfront surgery groups. A study comparing 346 patients receiving neoad-
juvant therapy with 407 patients undergoing upfront surgery for borderline 
resectable or locally advanced pancreatic cancer showed that the rate of clini-
cally relevant postoperative pancreatic fistula was 3.6-fold lower in patients 
receiving neoadjuvant therapy versus upfront resection (3.8% vs. 13.8%; 
P  < 0.001) [45]. In addition, factors associated with postoperative pancreatic 
fistula changed after neoadjuvant therapy, and only soft pancreatic texture was 
associated with a higher risk of postoperative pancreatic fistula (38.5% vs. 
6.3%; P < 0.001).

45.5.6  Improve Resection Margin and Lymph Node Status

The resection margin status (R0/R1) and pathological lymph node rate among 
patients actually undergoing tumour resection has been shown to be significantly 
better in patients undergoing neoadjuvant therapy [18, 26, 27, 46]. The lower 
pathological lymph node rate in patients undergoing neoadjuvant therapy may be 
the result of the neoadjuvant treatment causing regression of lymph node metas-
tases. A definition of microscopic margin involvement (R1) appropriate for pan-
creatic cancer following neoadjuvant therapy is lacking [47]. Margin assessment 
based on 0 mm or 1 mm minimum clearance, as currently used for upfront resected 
pancreatic cancer, is likely to underestimate R1 resection in the neoadjuvant set-
ting. Thus, whether the R0 rate after neoadjvant therapy really decrease is under 
debate [47].

Most studies describing pathological changes in the pancreas concerns neoad-
juvant chemoradiotherapy [47]. Chemoradiation can affect the morphological 
appearance of both the tumour and non-neoplastic pancreatic parenchyma, i.e. 
more pancreatic and stromal fibrosis, hypertrophic nerves and islet cell aggrega-
tion, but less inflammation in the non-neoplastic pancreas [48, 49]. In most cases, 
fibrosis is the dominant feature of tumour regression in case of good response to 
treatment. In addition to inducing fibrosis preoperative chemoradiation to well-
oxygenated tissues with intact blood supply may enhance the effectiveness of 
drug delivery and reduce hypoxia-related resistance to chemoradiation and radia-
tion-related toxicity [42].
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45.6  Potential Disadvantages with a Neoadjuvant Approach

45.6.1  Complications Related to Invasive Procedures

Statistically, some primary resectable patients undergoing neoadjuvant treatment will 
experience severe complications related to the invasive treatment of jaundice via 
endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous transhe-
patic cholangiography (PTC) or correlated to endoscopic ultrasound (EUS) needed to 
obtain cytological or histological specimen before medical treatment (Fig. 45.1). In 
patients undergoing upfront surgery biopsy proof is not required before proceeding 
with resection [50]. A systematic review of 10,941 EUS procedures (including 51 
studies) with fine needle aspiration indicates overall complication risk of 0.98% (107 
patients) (acute pancreatitis n = 36 patients; mild in 33, severe in 3), bleeding in 14 
patients, chest or abdominal pain (n = 37), fever (n = 12), infection (n = 5), perforation 
(n = 2), and bile leak in one patient [51–53]. Mortality was reported in two patients 
(0.02%). The risk of acute pancreatitis in the general study was 0.44% (36 of 8246) 
with mild in 0.40% and severe in 0.036%. Greater complication risk is assumed in 
endoscopic fine needle puncture of pancreatic cysts than in solid pancreatic tumors 
and in patients in poor general condition and/or with comorbidity.

There has been a controversy between the benefits and adverse effects of preop-
erative biliary drainage before pancreatic resection [54]. A randomized controlled 
trial comparing a strategy of endoscopic preoperative biliary drainage followed by 
surgery, with a strategy of early surgery showed significantly more serious compli-
cations in patients who underwent preoperative biliary drainage compared with 
those who went for early surgery (74% vs. 39%; P < 0.001) [55]. The difference in 
overall complication rate was largely due to a high rate of complications owing to 
preoperative biliary drainage. However, mortality, length of hospital stay and long 
term survival did not differ significantly between the two groups. The clinical prac-
tice at the time of the trial was to use plastic stents, and a later study showed that 
fully covered self-expandable metal stents yield a better outcome than plastic stents 
in case of preoperative biliary stenting [56]. Thus, although early surgery without 
preoperative biliary drainage remains the treatment of choice, fully covered self- 
expandable metal stents should be preferred over plastic stents whenever preopera-
tive biliary drainage is indicated [56].

ERCP related complications include post ERCP pancreatitis, bleeding, infec-
tions (cholangitis, cholecystitis), perforation (duodenal, periampullary), and cardio-
pulmonary [57]. The overall incidence of post ERCP pancreatitis is estimated to be 
3% to 10% in systematic reviews, with a majority of cases being mild, and an over-
all mortality rate of 0.7% [57]. Large studies have identified numerous patient- 
related, procedure-related, and operator-related factors that have been associated 
with post ERCP pancreatitis.
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Of note, studies on preoperative biliary drainage in the course of an upfront or 
neoadjuvant approach in resectable pancreatic cancer do not report the derailment 
from a surgical pathway by stent related complications, but focus on the rates of 
stent related complications and their postoperative sequelae [55, 56, 58, 59].

45.6.2  Low Rate of Complete or Significant Radiological or 
Pathologic Response

A systematic review on 14 studies involving 365 patients with locally advanced 
pancreatic cancer found a complete pathologic response in 6 of 85 (7%) resected 
specimens, and a total RECIST response rate of 29% [15]. A large singe center 
study on an unselected cohort of 680 prospectively enrolled patients with borderline 
and locally advanced pancreatic cancer analyzed the RECIST response in 408 
patients completing the planned chemotherapy cycles: 125 patients (30.6%) had a 
partial response, 128 (31.4%) had a stable disease, and 155 (38.0%) had a disease 
progression [60]. A study of 583 patients undergoing neoadjuvant therapy with che-
motherapy or chemoradiotherapy showed a major pathologic response in 77 patients 
(13.2%) including 23 (3.9%) who had a complete pathologic response [61]. Thus, a 
complete pathological response of 3.9–7% and a radiological response of about 
30% of the patients may be expected during neoadjuvant chemotherapy.

45.6.3  Therapeutic Toxicity

A systematic review and patient-level meta-analysis on neoadjuvant FOLFIRINOX in 
patients with borderline resectable pancreatic cancer showed that neutropenia, diar-
rhea, and fatigue were the most commonly reported grade III–IV adverse events [62]. 
No deaths were attributed to FOLFIRINOX. In PRODIGE-1, no deaths occurred in 
patients receiving mFOLFIRINOX adjuvant, and all the toxic effects were reversible, 
except for oxaliplatin-induced peripheral neurotoxic effect, which was persistent at 
3 years in two patients in the modified-FOLFIRINOX group [6]. In a randomized 
clinical trial on FOLFIRINOX as compared with gemcitabine as first-line therapy in 
patients with metastatic pancreatic treatment-related grade 3 or 4 adverse events 
occurred in 5% of the patients, and one patient died from febrile neutropenia [13].

45.6.4  Progression During Neoadjuvant Therapy

The resection rate in patients undergoing a neoadjuvant or upfront surgery approach 
has been difficult to establish as most retrospective studies do not have an intention 
to treat design. A metaanalysis of studies with an intention to treat design showed 
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lower resection rate with a neoadjuvant approach (66% vs. 81.3%; P  <  0.001). 
However, the PREOPANC-1, PACT, and Prep-02/JSAP-05 trials did not show a 
significant difference in the resection rate between the neoadjuvant and upfront sur-
gery approach (PREOPANC-1: 62% vs. 72%; P = 0.15, PACT: 87.5% in both arms) 
[26–28]. The risk for local progression during neoadjuvant therapy is probably low, 
and a rate of 1.4–3.1% has been reported [26, 40]. The risk of development of dis-
tant metastases during neoadjuvant therapy has been reported to be up to 15% [26, 
40]. Of note this rate equals the occurrence of early distant metastases within 
3–4 months after upfront surgery [17, 36]. While local progression during neoadju-
vant therapy is a major concern, patients with early distant metastases after major 
pancreatectomy probably have undergone the stress of pancreatectomy for no onco-
logic gain. However, the risk for disease progression and losing a curative surgical 
window highlights the need for appropriate patient identification and additional pro-
spective comparative studies. Biomarkers to aid in the preoperative clinical decision- 
making are still lacking. Hence, exploring biomarkers and predictive statistical 
modeling to identify patients who are more likely to receive and benefit from differ-
ing treatment modalities within competing pathways are highly needed.

45.7  Conclusions

Current evidence of an effect of neoadjuvant chemotherapy on long-term outcomes 
comes mainly from phase II trials and retrospective analyses. Neoadjuvant chemo-
therapy for treatment of resectable pancreatic cancer is no worse than traditional 
upfront surgery approach and may even hold clinical benefits. However, it may 
result in the risk of losing an opportunity for surgery. Large volume, well-designed 
randomized controlled trials are warranted to evaluate the potential advantages and 
disadvantages and gain of overall survival in patients with resectable pancreatic 
cancer who receive neoadjuvant chemotherapy before surgery.
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Take Home Message
• There is increasing evidence to support the use of neoadjuvant concurrent 

chemoradiation or SBRT in borderline resectable and resectable pancre-
atic cancer.

• Neoadjuvant concurrent chemoradiation improves R0 resection rate, local 
control, and disease-free survival in borderline resectable pancreatic can-
cer; its clinical benefits in resectable pancreatic cancer remain to be proven.

• The role of adjuvant concurrent chemoradiation or SBRT in resected pan-
creatic cancer remains unclear.

Pearls and Pitfalls
• Published guidelines should be used consistently when assessing resectability.
• In borderline resectable and resectable pancreatic cancer, the patient’s per-

formance status, comorbidities, and preference should also be considered 
when making treatment decision with respect to neoadjuvant radiotherapy. 
For instance, radiotherapy should be avoided in patients with active con-
nective tissue diseases or Crohn’s disease.

• The duration of neoadjuvant treatment can be lengthy, patients should be 
restaged after completion of induction chemotherapy and then again after 
completion of concurrent chemoradiation or SBRT prior to surgery to rule 
out distant metastasis.
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46.1  Introduction

Pancreatic ductal adenocarcinoma (PDAC) remains a therapeutic challenge in 
oncology. Surgical resection with negative margins (R0) is generally thought to be 
the only potentially curative treatment. Approximately 15–20% of PDAC patients 
have resectable disease, while the remaining have unresectable/locally advanced 
disease involving major abdominal vasculature or metastatic disease at the time of 
diagnosis [1].

PDAC patients who do not have distant metastasis are generally categorized into 
three groups based on the extent of involvement of major abdominal vasculature 
including the celiac axis, common hepatic artery, superior mesenteric artery/vein, 
and portal vein—resectable, borderline resectable, and unresectable/locally 
advanced.

The most recent criteria for defining resectability status and assigning patients to 
these three groups was published in the 2019 National Comprehensive Cancer 
Network (NCCN) clinical guidelines [2], which referenced the consensus statement 
of the Society of Abdominal Radiology and the American Pancreatic Association 
[3]. The role of radiotherapy in these three groups of PDAC patients has been a mat-
ter of debate and is evolving rapidly with the advances in motion management, 
image guidance, and treatment techniques.

This chapter will focus on radiotherapy for PDAC in the neoadjuvant and adju-
vant settings. The seminal clinical trials that support or challenge the incorporation 
of neoadjuvant and adjuvant radiotherapy in the management of borderline resect-
able and resectable PDAC will be reviewed to illustrate why this topic remains 
controversial and awaits further investigation. The potential of using technological 
advances in radiotherapy delivery and combining targeted therapy/immunotherapy 
with radiotherapy to improve clinical outcomes of PDAC will be discussed.

Future Perspectives
• Future randomized phase III clinical trials should incorporate modern che-

motherapy regimens such as mFOLFIRINOX or gemcitabine/nab-pacli-
taxel to assess the true benefit of neoadjuvant concurrent chemoradiation 
or SBRT in borderline resectable and resectable pancreatic cancer.

• With MR-LINAC-based adaptive radiotherapy, dose escalation may be 
achieved to control/ablate the tumor locally, thereby complementing systemic 
therapy and improving the clinical outcomes of pancreatic cancer patients.

• The potential therapeutic benefits of combining radiotherapy and targeted 
therapy/immunotherapy warrant further investigation.
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46.2  Neoadjuvant Radiotherapy in Borderline Resectable 
and Resectable Pancreatic Cancer

The use of neoadjuvant treatment in borderline resectable and resectable PDAC is 
gaining popularity and support (Box 46.1). Earlier clinical studies used chemother-
apy alone or concurrent chemoradiation alone as neoadjuvant treatment, while more 
recent trials often incorporated induction chemotherapy followed by concurrent 
chemoradiation or stereotactic body radiotherapy (SBRT) alone.

A retrospective analysis of SEER data from close to 4000 resectable PDAC 
patients showed a survival benefit with neoadjuvant radiotherapy, with or without 
chemotherapy, compared to upfront surgery, with or without adjuvant treatment [4]. 
In a more recent meta-analysis, the Dutch Pancreatic Cancer Group [5] included 
3484 patients with borderline resectable or resectable PDAC from 38 studies and 
compared neoadjuvant treatment with upfront surgery; neoadjuvant treatment 
involved chemotherapy alone, with gemcitabine used in the majority of studies, or 
concurrent chemoradiation with total radiation doses ranging from 30 to 54 Gy. It is 
noteworthy that this meta-analysis included studies reporting median overall sur-
vival in intention-to-treat analyses [5], which is in contrast to previous meta-analy-
ses that might have introduced a survival bias by reporting outcomes only in patients 
who actually underwent surgical resection [6, 7]. The authors reported weighted 
median overall survival of 18.8 and 14.8 months, as well as R0 resection rate of 
58.0% and 54.9% (P = 0.088) by intention-to-treat in patients who had neoadjuvant 
treatment and upfront surgery, respectively [5]. In patients who did undergo surgery, 
the R0 resection rate was higher (86.8% vs. 66.9%, P < 0.001), the pathological 
lymph node rate lower (64.8% vs. 43.8%, P < 0.001), and the weighted median 
overall survival longer (26.1 vs. 15.0 months) in the neoadjuvant treatment arm than 
in the upfront surgery arm [5]. Up to 64% of patients had at least grade 3 toxicity 
involving mostly leukopenia, thrombocytopenia, nausea, and fatigue [5].

Box 46.1 Rationale for Neoadjuvant Treatment

• Treating potential distant micrometastatic disease early
• Downstaging the primary tumor
• Improving resectability
• Eradicating micrometastatic disease in the operative field
• Increasing the probability of R0/N0 resection

46 Neoadjuvant and Adjuvant Radiotherapy in Operable Pancreatic Cancer
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A recent phase II/III trial [8] randomized 50 borderline resectable PDAC patients 
to neoadjuvant chemoradiation followed by surgery (n  =  27) or upfront surgery 
(n = 23). Neoadjuvant chemoradiation was described as “a three-dimensional treat-
ment plan of 45 Gy in 25 fractions and 9 Gy in five fractions (five times a week for 
a total of 6 weeks)” plus gemcitabine 400 mg/m2 weekly. There was no detailed 
description of radiation treatment volumes with respect to gross tumor volume 
(GTV), clinical target volume (CTV), and planning target volume (PTV) (Box 
46.2), motion management, or image guidance.

In the intention-to-treat analysis, significant improvements in 2-year survival 
rate and median survival (40.7% and 21 months vs. 26.1% and 12 months, HR 1.5, 
P = 0.028), as well as R0 resection rate (51.8% vs. 26.1%, P = 0.004) were reported 
in the neoadjuvant chemoradiation arm compared to the upfront surgery arm [8]. In 
those patients who underwent surgery, smaller tumor size (2.9 vs. 3.9 cm, P = 0.014), 
lower number of positive lymph nodes (0.5 vs. 1.9, P = 0.003), and lower total num-
ber of retrieved lymph nodes (19.1 vs. 30.7, P = 0.004) were also noted in the neo-
adjuvant chemoradiation arm than in the upfront surgery arm [8]. The overall 
recurrence rates were similar between the two arms, 88.2% vs. 88.9% in the neoad-
juvant chemoradiation arm and the upfront surgery arm, respectively, with hepatic 
recurrence being the most common [8].

The PREOPANC trial, a multicenter randomized controlled phase III trial con-
ducted by the Dutch Pancreatic Cancer Group, included 246 resectable and border-
line resectable PDAC patients who were assigned to neoadjuvant treatment followed 

Box 46.2 Definitions of Radiotherapy Terminologya

Gross tumor 
volume 
(GTV)

The volume that contains gross disease that is palpable on clinical 
examination and/or is visualized on diagnostic imaging

Clinical target 
volume 
(CTV)

The volume that contains the GTV plus a margin to include any 
suspected microscopic disease; the CTV must receive the prescribed dose 
of radiation to achieve cure or palliation

Planning 
target volume 
(PTV)

The volume that contains the GTV and CTV plus a margin to account for 
all the uncertainties of treatment such as organ motion, patient motion, 
and irradiation geometry

Internal target 
volume (ITV)

The volume that encompasses the CTV and internal margin; internal 
margin accounts for the change in size, shape, and position of the CTV 
relative to anatomic reference points (e.g., movements of respiration, 
filling of duodenum)

Organs at risk 
(OAR)

Normal tissues with radiation sensitivity that may significantly affect 
treatment planning and/or prescribed dose

aDefined by the International Commission on Radiation Units and Measurements (ICRU) 
report 50 [9] and report 62 [10]
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by surgery (n = 119) or upfront surgery (n = 127) (Fig. 46.1); both groups received 
adjuvant gemcitabine after surgery [11]. Radiotherapy was given to a total dose of 
36  Gy in 15 fractions, 2.4  Gy per fraction over 3  weeks, concurrent with gem-
citabine 1000 mg/m2 weekly. Briefly, this trial used four-dimensional CT (4DCT) 
with intravenous contrast for radiation target delineation. GTV included the primary 
pancreatic tumor and pathological lymph nodes, CTV was a 5 mm expansion on the 
GTV, internal target volume (ITV) (Box 46.2) was the sum of CTVs from all phases 
of respiration, and PTV was a 10 mm expansion on the ITV; elective nodal regions 
were not covered [11]. At least 95% of the prescribed dose was to cover 98% of the 
PTV [11]. Results from this trial using intention-to-treat analyses showed signifi-
cantly longer median disease-free survival (8.1 vs. 7.7 months, HR 0.73, P = 0.032) 
and locoregional failure-free interval (not reached vs. 13.4  months, HR 0.56, 
P = 0.0034), but not median distant metastasis-free interval (17.4 vs. 12.5 months, 
HR 0.82, P = 0.24) and median overall survival (16.0 vs. 14.3 months, HR 0.78, 
P = 0.096) in the preoperative chemoradiation group compared to the upfront sur-
gery group [12]. In those patients who underwent surgery, significantly higher R0 
resection rate (71% vs. 40%, P < 0.001), as well as lower rates of pathologic lymph 
nodes (33% vs. 78%, P < 0.001), perineural invasion (39% vs. 73%, P < 0.001), and 
venous invasion (19% vs. 36%, P < 0.024) were reported in the preoperative chemo-
radiation group than the upfront surgery group; and in those who had surgery fol-
lowed by adjuvant chemotherapy, significantly longer median overall survival were 
observed in the former than the latter (35.2 vs. 19.8 months, HR 0.58, P = 0.029) 
[12]. Furthermore, neoadjuvant treatment (chemotherapy alone or radiation ± che-
motherapy) was not associated with higher postoperative morbidity or mortality and 
importantly, neoadjuvant radiotherapy appeared to decrease the rates of pancreatic 
fistula and organ space infections postoperatively due to increased fibrosis [13–16]. 
Taken together, the aforementioned studies demonstrated promising clinical bene-
fits and provided support for using concurrent chemoradiation in the neoadjuvant 
setting. Additional evidence will come from the randomized multicenter phase III 
NEOPA trial [17], which evaluates the impact of neoadjuvant concurrent chemora-
diation (50.4  Gy in 28 fractions  +  gemcitabine 300  mg/m2 weekly) on survival 

Resectable/
borderline
resectable
PDAC

Surgery

Neoadjuvant treatment:
Gem# � Gem+RT � Gem# Surgery Gem* x 4 cycles

Gem* x 6 cyclesArm 1

Arm 2

Gem+RT = gemcitabine 1000 mg/m2 on day 1, 8, 15 + RT 36 Gyin 15 fractions, 2.4 Gyper fraction, over 3 weeks, followed by one week rest
Gem#= gemcitabine 1000 mg/m2 on day 1, 8, followed by one week rest
Gem* = gemcitabine 1000 mg/m2 on day 1, 8, 15, followed by one week rest

Fig. 46.1 Schema to PREOPANC trial 8. See text for supplemental information and results. 
PDAC pancreatic ductal adenocarcinoma, Gem gemcitabine, RT radiotherapy. Gem+RT = gem-
citabine 1000 mg/m2 on day 1, 8, 15 + RT 36 Gy in 15 fractions, 2.4 Gy per fraction, over 3 weeks, 
followed by one week rest Gem# = gemcitabine 1000 mg/m2 on day 1, 8, followed by one week 
rest Gem* = gemcitabine 1000 mg/m2 on day 1, 8, 15, followed by 1 week rest
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compared to upfront surgery in resectable and borderline resectable adenocarci-
noma of the pancreatic head/uncinate process, and is expected to conclude in 2020.

The American Society for Radiation Oncology (ASTRO) published the 2019 
clinical practice guidelines for radiation therapy in pancreatic cancer [18], which 
conditionally recommended neoadjuvant therapy without mentioning specific regi-
mens for patients with resectable disease, recognizing the low quality of available 
evidence and suggesting neoadjuvant therapy to be offered on a clinical trial basis. 
For patients with borderline resectable PDAC, the 2019 ASTRO clinical practice 
guidelines conditionally recommended systemic chemotherapy followed by con-
current chemoradiation using conventional fractionation regimens or multifraction 
SBRT alone [18]. The 2019 NCCN clinical guidelines [2] listed (m)FOLFIRINOX 
or gemcitabine/nab-paclitaxel ± subsequent concurrent chemoradiation as the pre-
ferred neoadjuvant therapy regimens, and capecitabine or infusional 5-FU as the 
preferred agents to be used concurrently with radiation. The 2019 NCCN guidelines 
[2] also included neoadjuvant therapy and consideration of neoadjuvant therapy 
(particularly in high risk patients such as those with large primary tumor or very 
high CA19-9) as part of the treatment pathway for borderline resectable and resect-
able PDAC, respectively. The European Society for Radiotherapy and Oncology 
(ESTRO) has not published clinical practice guidelines for radiation therapy in pan-
creatic cancer.

The radiation dose fractionation, target volumes, and techniques currently used 
in the neoadjuvant setting for borderline resectable and resectable PDAC are often 
institution dependent. As mentioned above, total radiation doses ranging from 30 to 
54 Gy have been used in the published literature [5]. The total radiation dose and 
dose per fraction are limited by the tolerance of surrounding organs at risk (OAR) 
(Box 46.2), including stomach, duodenum, small bowel, large bowel, liver, kidneys, 
and spinal cord in the context of pancreatic cancer radiotherapy. Total radiation 
doses of 30–54 Gy is acceptable from the perspectives of achieving the goals of 
neoadjuvant treatment (Box 46.1) and minimizing the acute/late side effects of radi-
ation to the OAR. When delivered concurrently with radiosensitizing chemotherapy 
agents such as gemcitabine or capecitabine, conventional fractionation radiotherapy 
to a total dose of 50.4 Gy in 28 fractions, 1.8 Gy per fraction daily, over 5.5 weeks 
is the most commonly used regimen (Fig. 46.2).

Week 0 1 2 3 4 5

Radiation

6

Capecitabine

Fig. 46.2 Most commonly used concurrent chemoradiation regimen. Radiation is given as 1.8 Gy 
fraction (blue arrows) once daily, 5 days per week, to a total dose of 50.4 Gy, over 5.5 weeks. The 
chemotherapy agent that is used concurrently with radiation varies from institution to institution. 
Capecitabine, given at 1000 mg/m2 PO bid (orange arrows), on days of radiation is shown here as 
an example
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A single-institution retrospective study (n = 472) from the MD Anderson Cancer 
Center (MDACC) [19] demonstrated no significant difference in R1 margin status, 
treatment effect, local recurrence, and overall survival between preoperative stan-
dard fractionation radiotherapy (50.4  Gy in 28 fractions) and hypofractionation 
radiotherapy (30 Gy in 10 fractions) given concurrently with chemotherapy (5-FU, 
capecitabine, or gemcitabine); however, the 50.4 Gy regimen was associated with 
higher N0 rate (53.8% vs. 41.1%, P < 0.01) and lower mean lymph node ratio (0.06 
vs. 0.09, P < 0.01) compared to the 30 Gy regimen. Local recurrence rate was lower 
in patients who received neoadjuvant concurrent chemoradiation than in those who 
received neoadjuvant chemotherapy alone (22% vs. 33%, P < 0.01) [19]. This retro-
spective study included PDAC patients with resectable, borderline resectable, and 
locally advanced disease. The CTV included the primary tumor and regional lymph 
nodes with a 1 cm margin, CTV-to-PTV margin was 5 mm; three-dimensional con-
formal radiotherapy was used [19].

Prospective studies have been small phase II trials, with an MDACC trial (n = 86) 
[20] using 30 Gy in ten fractions concurrent with gemcitabine 400 mg/m2 weekly 
and showing a median survival of 34.0 months and 5-year survival rate of 36% in 
resectable PDAC patients who underwent surgery, and a German trial (n = 73) [21] 
using 45–57.6 Gy in 1.8 Gy fractions concurrent with gemcitabine (300 mg/m2)/
cisplatin (30 mg/m2) on day 1, 8, 22, 29 of radiation and reporting similar R0 resec-
tion rates (52% vs. 48%, P  =  0.81), time to progression (8.4 vs. 8.7  months, 
P = 0.95), and median overall survival (25.0 vs. 18.9 months, P = 0.79) in resectable 
PDAC patients who had neoadjuvant chemoradiation followed by surgery vs. those 
who had surgery alone, respectively. Both the MDACC and the German prospective 
phase II studies covered elective nodal regions and used three-dimensional confor-
mal radiation [20, 21]. A more recent single-arm, phase II trial from the Massachusetts 
General Hospital (MGH) treated 48 patients with borderline resectable PDAC with 
induction FOLFIRINOX followed by neoadjuvant concurrent chemoradiation 
(25 Gy in five fractions with protons, or 30 Gy in ten fractions or 58.8 Gy in 28 frac-
tions with photons + capecitabine 825 mg/m2 bid on days of radiation), and reported 
a R0 resection rate of 97%, 2-year progression-free survival of 55%, and 2-year 
overall survival of 72% [22]. CTV included GTV with 1-cm margin and elective 
nodal regions in the MGH study [22]. It is presently unclear what the optimal radia-
tion dose fractionation is and whether elective nodes should be covered intention-
ally for neoadjuvant concurrent chemoradiation in borderline resectable and 
resectable PDAC.

SBRT alone, with no concurrent chemotherapy, is also a neoadjuvant treatment 
option. SBRT refers to the delivery of large doses of radiation, usually in 1–5 frac-
tions, to the target precisely, with the high dose volume conforming closely to the 
target and rapid dose fall-off away from the target [23]. A representative SBRT plan 
for the treatment of adenocarcinoma of the pancreatic body is shown in Fig. 46.3. 
Mellon et al. [24] previously reported R0 resection rate of 96% and median overall 
survival of 19.2  months in borderline resectable PDAC patients (n  =  110) who 
received induction gemcitabine-based chemotherapy followed by neoadjuvant 
SBRT; any grade 3 or higher radiation-related toxicity was 7%. Furthermore, 
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borderline resectable PDAC patients who demonstrated sufficient response to such 
neoadjuvant treatment were shown to have similar perioperative and long-term sur-
vival outcomes to their resectable counterparts [25]. The PTV received 28–30 Gy in 
five fractions and the areas of vessel involvement (aka tumor vessel interface) 
received a simultaneous boost of up to 50 Gy; the GTV-to-PTV margin was 3–5 mm 
[24]. The Alliance A021501 trial evaluated induction mFOLFIRINOX (modified 
5-FU/irinotecan/oxaliplatin) followed by mFOLFIRINOX ± SBRT prior to surgery 
in borderline resectable PDAC patients [26], the results of which are expected to 
shed more light on the role of SBRT in the neoadjuvant setting. Neoadjuvant SBRT 
has several advantages—it is convenient to patients (3–5 fractions vs. 28 fractions 
with conventional fractionation radiotherapy), limits the delay for further systemic 
therapy or surgery, provides good local control, allows radiation dose escalation at 
tumor-vessel interface and thereby increases R0 resection rate, and provides greater 
cost-effectiveness in terms of quality adjusted life years [27].

It should be emphasized that all of the aforementioned meta-analyses and clini-
cal studies, with the exceptions of the Alliance A021501 trial [26] and the MGH 

Fig. 46.3 SBRT plan for the treatment of adenocarcinoma of the pancreatic body. The prescribed 
dose was 40 Gy in five fractions. Planning target volume (PTV), light blue colour wash. Different 
coloured lines represent different isodose levels as indicated by the scale in the top right corner. 
Note how the 40 Gy isodose line (pink) conforms to the PTV and the rapid dose fall-off away 
from the PTV
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phase II trial [22], were either concluded or conceived in the pre-(m)FOLFIRINOX 
and gemcitabine/nab-paclitaxel era. Therefore, the results cannot be extrapolated to 
the modern day neoadjuvant setting when induction (m)FOLFIRINOX or gem-
citabine/nab-paclitaxel often precedes neoadjuvant concurrent chemoradiation or 
SBRT. Additional prospective randomized trials that consistently adopt the NCCN 
criteria [2] for defining resectability status and incorporate these modern chemo-
therapy regimens should be pursued in order to determine the true benefit of neoad-
juvant concurrent chemoradiation or SBRT in the borderline resectable cohort and 
the resectable cohort separately.

The 2019 ASTRO clinical practice guidelines [18] conditionally recommended 
45–50.4 Gy in 1.8–2 Gy fractions for borderline resectable patients who are under-
going neoadjuvant concurrent chemoradiation, and 30–33 Gy in 6–6.6 Gy fractions 
with a consideration to boost the tumor vessel interface simultaneously to 40 Gy for 
those who are undergoing neoadjuvant SBRT alone. For conventional fractionation 
radiotherapy, there is no published consensus panel guidance for target volumes in 
the neoadjuvant setting; the target volumes from the PREOPANC trial [11] or the 
MDACC study [19] described above may be used. For SBRT, the 2019 ASTRO 
clinical practice guidelines [18] strongly recommended including the GTV with a 
small margin in the treatment volume and not routinely treating elective lymph 
nodes. With respect to radiation planning, the 2019 ASTRO clinical practice guide-
lines [18] strongly recommended the use of the following: patient-specific motion 
management techniques such as 4DCT simulation, intravenous contrast at simula-
tion, daily imaging guidance such as cone beam CT or CT-on-rail, fiducial place-
ment especially for SBRT, and modulated treatment techniques such as intensity 
modulated radiotherapy or volumetric modulated arc therapy. These radiation plan-
ning techniques allow better target delineation, superior target conformality and 
normal tissue sparing, and more precise treatment delivery, potentially maximizing 
local control and minimizing acute/late toxicities.

46.3  Adjuvant Radiotherapy in Resected Pancreatic Cancer

The clinical benefit of adjuvant concurrent chemoradiation in resected PDAC is a 
matter of controversy [28]. Earlier studies including GITSG 91-73 [29] and EORTC 
40891 [30, 31] were conducted in the 1980s and 1990s, with the former reporting 
significant improvements in median survival (20 vs. 11 months) and 2-year overall 
survival (42% vs. 15%) in patients who received adjuvant chemoradiation com-
pared to those who did not, and the latter in a 12-year update showing no significant 
10-year overall survival (17% vs. 18%) and progression-free survival (16% vs. 
17%) benefits with adjuvant chemoradiation vs. observation. Bolus 5-FU and infu-
sional 5-FU were used in the GITSG 91-53 and EORTC 40891 studies, respectively. 
The GITSG 91–73 study included patients who underwent subtotal (68%) or total 
(32%) pancreatectomy and had negative resection margins, and excluded patients 
with periampullary cancer; radiation volumes included the pancreas, pancreatic 
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bed, and regional lymph nodes and were treated with parallel opposed beams [29]. 
On the other hand, the EORTC 40891 study included patients with periampullary 
adenocarcinoma (who generally have better prognosis) and patients with both posi-
tive and negative resection margins; radiation volumes and techniques were not 
described in detail [30, 31]. GITSG 91-73 patients received maintenance chemo-
therapy while EORTC 40891 patients did not. As such, direct comparison between 
the two trials cannot be made.

Subsequently, the ESPAC-1 trial randomized patients resected for PDAC 
(n = 541) with negative and positive margins to adjuvant chemoradiation or chemo-
therapy, or by the clinician’s choice in a 2 × 2 factorial design of observation, adju-
vant chemoradiation alone, chemotherapy alone, or both [32, 33]. In patients who 
received both adjuvant chemoradiation and chemotherapy, chemoradiation was 
administered before chemotherapy. The 5-year survival rate was significantly higher 
in the patients who received adjuvant chemotherapy than those who did not (21% 
vs. 8%, P = 0.009), while the 5-year survival rates were significantly lower in the 
patients who received adjuvant chemoradiation before chemotherapy than those 
who did not (10% vs. 20%, P = 0.05) [33]. The ESPAC-1 trial has several limita-
tions: selection bias due to clinician choice of randomization and “background” 
treatment, lack of central quality assurance for radiotherapy, inconsistent radiation 
dose, and approximately 1/3 of the patients in the observation and chemotherapy 
arms received radiotherapy. Stocken et al. [34] performed a meta-analysis of five 
randomized trials including the GITSG 91-73, EORTC 40891, and ESPAC-1 stud-
ies (n = 875 in total), and found that adjuvant chemotherapy significantly decreases 
the risk of death by 25% (HR 0.75, P = 0.001), while adjuvant 5-FU based chemo-
radiation does not (HR 1.09, P = 0.43). However, subgroup analyses suggested that 
chemoradiation may be more effective and chemotherapy less effective in patients 
with positive resection margins [34]. It is important to emphasize that the GITSG 
91-73, EORTC 40891, and ESPAC-1 studies used the concurrent chemoradiation 
regimen of 40 Gy split course (20 Gy in ten fractions +5-FU) with a 2-week break 
in between and outdated radiation techniques. This split course radiation regimen is 
unlikely to provide adequate locoregional control and is no longer standard practice. 
As such, findings from these historical studies should not form the basis of the argu-
ments for or against the use of adjuvant concurrent chemoradiation for resected PDAC.

The RTOG 97-04 study [35, 36] is a phase III trial (n = 451) comparing the effi-
cacy of adjuvant 5-FU vs. gemcitabine given before and after concurrent chemora-
diation in PDAC patients who had gross total resection. Concurrent chemoradiation 
consisted of 50.4 Gy in 28 fractions + infusional 5-FU 250 mg/m2/day. This trial 
reported no difference in survival between adjuvant 5-FU and gemcitabine and 
greater hematological toxicity with gemcitabine. However, the updated analysis of 
this trial [37] showed that radiotherapy quality assurance and protocol compliance 
were associated with improved median survival and decreased risk of locoregional 
failure in all patients, and decreased grade 4/5 non-hematological toxicity in gem-
citabine patients. Worse survival was also noted in patients with post-operative 
CA19-9 > 90 U/mL (HR 3.1, P < 0.0001) [38]. Furthermore, a multi-institutional 
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retrospective pooled analysis (n = 955) showed significant improvements in median 
overall survival (39.9 vs. 27.8 months, P < 0.001) and 5-year survival rate (41.2% 
vs. 25.7%, P < 0.001) in patients treated with adjuvant concurrent chemoradiation 
with or without adjuvant chemotherapy compared to those treated with adjuvant 
chemotherapy alone [39]. Concurrent chemoradiation in this analysis consisted of 
50.4 Gy in 28 fractions in most centers, 45 Gy in 25 fractions in two centers, and 
54–60 Gy in 27–30 fractions in one center using multiple-field techniques with no 
planned break to be given concurrently with 5-FU, capecitabine, gemcitabine or 
tegafur [39].

The EORTC 40013-22012 phase II study (n = 90) demonstrated no difference in 
disease-free survival and overall survival in resected patients who received four 
cycles of adjuvant gemcitabine alone vs. those who received two cycles of adjuvant 
gemcitabine followed by concurrent chemoradiation (50.4 Gy in 28 fractions + gem-
citabine 300 mg/m2 weekly) [40], although the rate of local recurrence alone as first 
progression was lower in the latter than the former (11% vs. 24%).

On the other hand, the Johns Hopkins Hospital-Mayo Clinic collaborative study 
(n = 1092) [41] showed significant improvement in overall survival with adjuvant 
chemoradiation (50.4 Gy in 28 fractions +5-FU) compared to surgery alone (21.1 
vs. 15.5 months, P < 0.001), although no adjuvant chemotherapy alone arm was 
present.

The RTOG 08-48 trial is a phase III trial designed to evaluate if adding erlotinib 
to gemcitabine confers survival benefits compared to gemcitabine alone, and to 
assess whether adding chemoradiation in the absence of disease progression after a 
full course of gemcitabine is superior to a full course of gemcitabine alone in 
patients who have undergone R0 or R1 resection [28]. Although the RTOG 08-48 
trial incorporated modern radiation doses and treatment techniques, it did not incor-
porate (m)FOLFIRINOX or gemcitabine/nab-paclitaxel as the adjuvant systemic 
treatment regimen. Therefore, the results from this trial when available should also 
be interpreted with caution.

While SBRT (20–24 Gy in one fraction or 30 Gy in three fractions) can be deliv-
ered safely in resected PDAC with close or positive margins based on a single-
institution study [42], there is currently no evidence to support the use of adjuvant 
SBRT.  Similar to the neoadjuvant setting, clinical trials that incorporate modern 
radiation dose fractionation and treatment techniques as well as contemporary sys-
temic therapies are sorely needed to address the role of adjuvant concurrent chemo-
radiation or SBRT in resected PDAC.

The 2019 ASTRO clinical practice guidelines [18] conditionally recommended 
adjuvant concurrent chemoradiation (45–54 Gy in 1.8–2 Gy fractions +5-FU based 
chemotherapy) in patients with high risk resected disease (positive lymph nodes and 
margins), strongly recommended 4–6 months of systemic chemotherapy followed 
by concurrent chemoradiation in patients with resected disease undergoing adjuvant 
treatment and the use of the NRG Oncology consensus panel guidance for CTV 
delineation [43]. The radiation planning recommendations for adjuvant treatment 
are similar to those described above for neoadjuvant treatment.
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46.4  Future Directions

46.4.1  Utilizing Technological Advances to Improve 
Radiotherapy Delivery

MR-LINAC combines high resolution magnetic resonance imaging with a linear 
accelerator into a single machine (Fig. 46.4), allowing radiation oncologists to track 
and monitor the day to day motion of the tumor and normal tissues in real time with 
better resolution and no added radiation dose to the patient [44]. It is particularly 
useful in upper abdominal radiotherapy for pancreatic cancer given the superior soft 
tissue contrast with MR imaging and the highly variable daily physiological changes 
of luminal gastrointestinal tissues. A pancreatic head tumor is in close proximity to 
the duodenum, small bowel and stomach. Cone beam CT (CBCT) is suboptimal for 
daily treatment verification especially in the absence of fiducials because the pan-
creatic tumor and luminal gastrointestinal tissues are virtually indistinguishable 
from each other on CBCT. Day to day changes in the distension of luminal gastro-
intestinal tissues can have profound effects on treatment efficacy and toxicity. 
Therefore, it is conceivable that with MR-LINAC-based adaptive radiotherapy, dose 
escalation may be achieved using hypofractionation or SBRT to control/ablate the 
tumor locally, thereby complementing systemic therapy and improving the clinical 
outcomes of pancreatic cancer patients.

Fig. 46.4 MR-LINAC combines high resolution magnetic resonance imaging with a linear accel-
erator into a single machine. Photo Courtesy Sunnybrook Health Sciences Center Department of 
Radiation Oncology, Toronto, Canada
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46.4.2  Targeted Therapy and Immunotherapy in Combination 
with Radiotherapy

To improve the therapeutic index of radiotherapy, better visualization for physical 
tumor targeting and normal tissue avoidance during each fraction through image- 
guided radiotherapy is only one piece of the puzzle. Using pharmacological agents 
to enhance tumor cell kill by radiation and/or to mitigate the acute/late toxicities of 
radiation on normal tissues, and identifying biomarkers to select PDAC patients 
who are most likely to benefit from radiotherapy are the other pieces towards 
improving clinical outcomes.

The synergy between radiotherapy and immunotherapy is an area of substantial 
interest and active investigation in radiation oncology [45]. Wild et al. [46] previ-
ously reported inferior survival in locally advanced PDAC patients with total lym-
phocyte count of <500 cells/mm3 2 months after starting conventional fractionation 
radiotherapy given concurrently with 5-FU, capecitabine, or gemcitabine. In a sub-
sequent study by the same group [47], SBRT was found to induce significantly less 
severe lymphopenia compared to conventional fractionation radiotherapy with con-
current chemotherapy. Lymphocytes are some of the most radiosensitive cells in the 
body. Direct toxicity to the lymphocytes as they traverse through the irradiated field 
in the circulation is likely the cause of radiation-induced lymphopenia. The lympho-
cyte sparing effect of SBRT appeared to be independent of the use of chemotherapy, 
and could be attributed to smaller irradiated tissue and blood volume during SBRT 
[47, 48]. This makes SBRT a logical and attractive radiation treatment technique to 
be evaluated in combination with immunotherapy as lymphocytes are required for 
immuno-oncologic agents such as checkpoint inhibitors to exert their antitumor 
effects.

Radiation induces both immuostimulation and immunosuppression [48–50]. 
PDAC does not appear to be particularly immunogenic. The interactions between 
radiation and the immune system are complex. Total radiation dose, dose per frac-
tion, field size, and treatment techniques will invariably affect these interactions and 
in turn modify tumor response to treatment. Future clinical trials that investigate the 
toxicity and efficacy of combining radiotherapy and immunotherapy should incor-
porate the evaluation of dose fractionation and field size effects and the use of 
plasma and/or imaging biomarkers to identify PDAC patients who are most likely 
benefit from such combination.

46.5  Conclusion

There is increasing evidence to support the use of neoadjuvant concurrent chemora-
diation or SBRT in borderline resectable and resectable pancreatic cancer. Adjuvant 
concurrent chemoradiation remains a subject of controversy. The majority of cur-
rent published literature used old chemotherapy regimens and sometimes outdated 
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radiotherapy techniques/dose fractionation and therefore, should be interpreted 
with caution. Prospective randomized clinical trials that consistently adopt estab-
lished criteria of defining resectability status and incorporate (m)FOLFIRINOX or 
gemcitabine/nab-paclitaxel and modern radiotherapy techniques/dose fractionation 
are sorely needed to evaluate the true benefit of neoadjuvant concurrent chemora-
diation or SBRT in borderline resectable and resectable pancreatic cancer. The 
potential therapeutic benefits of using MR-LINAC for radiotherapy delivery and 
combining radiotherapy and targeted therapy/immunotherapy warrant further 
investigation.
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Take Home Messages
• Preoperative chemotherapy in patients with borderline resectable and 

locally advanced pancreatic cancer may result in downstaging of the tumor, 
increasing the likelihood of a radical resection.

• There is increasing evidence from randomized trials that preoperative 
chemoradiotherapy compared with upfront surgery improves survival in 
patients with (borderline) resectable pancreatic cancer.

• CT scans are mostly unable to differentiate between tumour tissue and 
fibrosis following preoperative chemo(radio)therapy and hereby underesti-
mate the impact of preoperative therapy in locally advanced and borderline 
resectable pancreatic cancer.

Pearls and Pitfalls
• Preoperative chemotherapy in patients with borderline resectable and 

locally advanced pancreatic cancer may result in downstaging of the tumor, 
increasing the likelihood of a radical resection.
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47.1  Locally Advanced and Borderline Resectable 
Pancreatic Cancer

Of all patients diagnosed with pancreatic cancer, over 50% have metastatic disease 
at onset and 30–40% have extensive vascular involvement which makes radical 
resection impossible as primary treatment [1]. Locally advanced pancreatic cancer 
(LAPC) is defined as a pancreatic adenocarcinoma without distant metastasis, but 
with involvement of the hepatic artery, superior mesenteric artery, celiac trunk or 
involvement of the porto-mesenteric vein that is considered not eligible for resec-
tion and reconstruction [2].

Borderline resectable pancreatic cancer (BRPC) is technically considered resect-
able, although the vascular involvement will reduce the likelihood of an R0-resection. 
Consensus on resectability criteria is currently lacking and also influenced by the 
local philosophy and experience per center. The different definitions for borderline 
resectable pancreatic cancer are listed in Table 47.1 [3, 4].

Radical resection (R0-resection, i.e. a tumor-free resection margin >1 mm [5]) is 
an important predictor for long-term survival of pancreatic cancer [6]. Unfortunately, 
only 20% of all patients are considered feasible for upfront resection at diagnosis. 
Recent studies have demonstrated that in 10–25% of the patients who are consid-
ered unresectable, an R0-resection can be achieved after induction chemotherapy 
treatment, known as conversion surgery [4].

Considerable developments in preoperative therapy have demonstrated better 
response rates in LAPC and BRPC with regards to inducing tumor regression and 
treatment of micrometastatic lesions, which makes R0-resection more likely [7, 8]. 
In selected patients, surgery after preoperative chemotherapy in  locally advanced 
disease may achieve similar or even superior survival rates as those obtained in 
upfront resectable pancreatic cancer [9, 10]. Besides, preoperative chemotherapy 
can be helpful in filtering out patients with biologically aggressive disease, who 
would otherwise have rapid progression shortly after surgery [7]. Therefore 

• CT scans are mostly unable to differentiate between tumour tissue and 
fibrosis following preoperative chemo(radio)therapy in patients with bor-
derline resectable and locally advanced pancreatic cancer.

• CA-19.9 response is very useful in selecting patients with borderline 
resectable and locally advanced pancreatic cancer following preoperative 
chemotherapy

Future Perspectives
• Trials using preoperative FOLFIRINOX chemotherapy for (borderline) 

resectable pancreatic cancer are ongoing.
• The added value of radiotherapy to chemotherapy in the preoperative set-

ting remains uncertain and needs to be evaluated in future trials.
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preoperative therapy is currently considered by most surgeons as the standard treat-
ment in LAPC and BRPC [11].

47.2  Staging and Diagnosis

47.2.1  Imaging

For the staging of pancreatic cancer, CT scan is currently considered the most opti-
mal imaging modality [4]. Additionally, an MRI scan may detect and characterize 
small liver lesions that could be metastases, although the clinical impact of MRI has 
not been assessed by randomized studies [12]. PET scans are not recommended as 
routine diagnostic imaging in most countries, although it is included in the UK 
NICE guideline [13].

47.2.2  Diagnosis

Prior to start of preoperative treatment, the diagnosis should ideally be confirmed by 
histopathological analysis by obtaining tissue with fine needle aspiration (FNA) 
using endoscopic ultrasound [4]. If however FNA is not possible, an alternative way 
to collect tissue is endoscopically performing intraductal biopsy or brushing during 
endoscopic retrograde cholangiopancreaticoscopy (ERCP) [14]. Ultrasound or 

Table 47.1 Various definitions of borderline resectable pancreatic cancer

Porto-mesenteric vein

Superior 
mesenteric 
artery Celiac artery Hepatic artery

AHPBA/
SSAT/SSO/
NCCN*

Encasement, abutment, 
impingement or 
occlusion of a short 
segment

Abutment Uninvolved Abutment or 
encasement of short 
segment

Alliance ≥180° circumference 
or reconstructable 
occlusion

<180° 
circumference

<180° 
circumference

Considered 
reconstructable, any 
degree of 
circumference

MD 
Anderson

Occlusion Abutment Abutment Short segment 
encasement or 
abutment

Dutch 
Pancreatic 
Cancer 
Group

90–270° 
circumference

1–90° 
circumference

1–90° 
circumference

1–90° circumference

*AHPBA/SSAT/SSO/NCCN: Americas Hepato-Pancreato-Biliary Association/ Society for 
Surgery of the Alimentary Tract/ Society of Surgical Oncology/National Comprehensive Cancer 
Network; Alliance: Alliance for Clinical Trials in Oncology
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CT-guided biopsy may be required to confirm extraregional lymph node metastases. 
In situations where no preoperative treatment is given, upfront surgery without his-
topathological confirmation is also optional.

47.2.3  CA19-9

Prior to start of preoperative chemotherapy a baseline Carbohydrate Antigen 19-9 
(CA19-9) is measured in order to evaluate the response to treatment. One should 
take notice that CA19-9 can only reliably be determined after obstructive jaundice 
subsides [4]. As such, CA19-9 is mostly a useful biomarker for monitoring effect of 
chemotherapy and post-operative follow up [15], to monitor biochemical response.

Notably, approximately 5–10% of individuals do not produce CA19-9 due to a 
missing Lewis antigen [16]. Therefore CA19-9 is mostly only of use in patients with 
an elevated baseline value prior to start of preoperative treatment.

47.2.4  Baseline Conditions

It is important to ascertain baseline conditions in order to decide what regimen of 
chemotherapy is most appropriate. Adequate renal, liver and hematologic function 
(serum platelets, neutrophil count) should be confirmed prior to start of chemo-
therapy, and be monitored carefully during treatment.

For the administration of FOLFIRINOX, serum bilirubin levels may not.
exceed 1.5 times the upper limit of normal, because of the hepatic toxicity of this 

regimen [17]. Most patients with pancreatic head cancer therefore require some 
form of biliary drainage before the start of chemotherapy administration.

47.2.5  Diagnostic Laparoscopy

A diagnostic laparoscopy (DLS) can identify occult peritoneal or superficial liver 
metastasis in patients with LAPC and BRPC. Diagnostic laparoscopy, prior to start 
of treatment, may determine metastases in three out of 25 patients without radio-
logical signs of metastatic disease [18]. A previous meta-analysis including 242 
patients with LAPC demonstrated occult metastatic disease in 86 patients (36%) 
upon diagnostic laparoscopy either before or after preoperative treatment [19].

However, consensus is lacking in what stage of treatment a diagnostic laparos-
copy best is performed. Some centers perform a DLS ahead of preoperative treat-
ment whereas others perform DLS just prior to surgical exploration, often in the 
same surgical setting.

D. Doppenberg et al.



733

47.3  Choice of Preoperative Treatment

Various schemes of chemotherapy with or without radiation therapy (i.e. chemora-
diotherapy) are administered as preoperative treatment for LAPC and 
BRPC. Primarily, gemcitabine monotherapy was the most prevelant administered 
regimen in pancreatic cancer. However, since the study by Conroy et al. showed 
superior outcomes of FOLFIRINOX compared with gemcitabine monotherapy in 
patients with metastatic disease in 2011 [20], these results are also extrapolated to 
BRPC and LAPC. Eversince, FOLFIRINOX is also administered to patients with 
LAPC and BRPC as preoperative treatment, despite a lack of randomized studies in 
this setting [21]. Trials that use FOLFIRINOX in the preoperative setting are ongo-
ing [22].

For patients who are expected not to tolerate FOLFIRINOX, gemcitabine plus 
nab-paclitaxel can be administered. Similar to FOLFIRINOX, the superiority of 
gemcitabine nab-paclitaxel over gemcitabine monotherapy is only demonstrated in 
metastatic pancreatic cancer [23]. Nevertheless, published cohort studies report 
promising results of preoperative gemcitabine nab-paclitaxel in  locally advanced 
and borderline resectable pancreatic cancer [24].

Combinations of chemotherapy and radiotherapyare traditionally widely used in 
this setting. Preoperative chemoradiotherp schedules are usually gemcitabine or 
5-FU based. Currently, studies are ongoing combining FOLFIRINOX or gem-
citabine NabPaclitaxel with, for instance, steroeotactic radiation.

47.3.1  Types of Chemotherapy

FOLFIRINOX is a combination of fluorouracil, leucovorin, oxaliplatin and irinote-
can. Irinotecan has synergistic activity with fluorouracil and leucovorin against pan-
creatic cancer. Oxaliplatin only demonstrates activity against pancreatic cancer 
when administered in combination with fluorouracil [25].

Preoperative chemotherapy with FOLFIRINOX is generally advised for 
4–8 cycles which can be administered in 2–4 months, however consensus is still 
lacking concerning the optimal duration of induction chemotherapy. FOLFIRINOX 
is administered in a two weekly schedule starting with the infusion of oxaliplatin in 
2 h (85 mg/m2), followed by 2 h infusion of folinic acid (400 mg/m2) and infusion 
of irinotecan (180 mg/m2). Subsequently fluoracil is administered starting with a 
bolus (400 mg/m2) followed by 46 h continuous infusion (2400 mg/m2). However 
based on local standards, the doses of FOLFIRINOX are often or even routinely 
reduced.

Gemcitabine and nab-paclitaxel is administered on days 1, 8 and 15  in every 
cycle of 4 weeks. Nab-paclitaxel is administered at a dose of 125 mg/m2 which is 
then followed by the infusion of gemcitabine at a dose of 1000 mg/m2 [26]. In the 
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Netherlands, FOLFIRINOX is the standard of care in patients with good perfor-
mance status (WHO performance state 0–1). In case of disease progression in 
response to FOLFIRINOX chemotherapy, gemcitabine plus nab-paclitaxel is 
administered as second-line treatment [23]. In some centers gemcitabine plus nab- 
paclitaxel is preferred over FOLFIRINOX as first-line treatment as this regimen is 
broadly better tolerated [27]. However, there is some evidence to suggest that 
FOLFIRINOX may be superior to gemcitabine nab-paclitaxel as preoperative treat-
ment for BRPC [28].

47.3.2  Side Effects

Most patients who either receive FOLFIRINOX or gemcitabine-nab-paclitaxel.
may experience toxicity. The most common reported complications are fatigue, 

vomiting, diarrhea, sensory neuropathy, thromboembolism and hematologic 
changes such as (febrile) neutropenia, thrombocytopenia and anemia. Neutropenia 
and fatigue are reported in over 20% of patients who receive FOLFIRINOX [20].

In order to prevent nausea, anti emetics are administered routinely with each 
cycle [20]. In order to prevent neutropenia granulocyte colony stimulating factor 
(G-CSF) can be administered [26].

47.4  Response and Restaging After Induction Chemotherapy

47.4.1  Radiographic Response

After 2–3  months chemotherapy, contrast-enhanced CT-imaging is generally 
repeated to determine the response to preoperative chemotherapy. In most centers 
this is assessed according to the response evaluation criteria in solid tumors 
(RECIST) [29]. By RECIST definitions, patients are classified as either having pro-
gressive disease, stable disease, partial response or complete response. The criteria 
for each category are summarized in Table 47.2. In addition to CT scan, MRI or 
ultrasonography may be performed to rule out suspect liver lesions.

It is, however, often difficult to determine radiologic response after preoperative 
chemotherapy, because CT scan is unable to differentiate between vital tumor and 
desmoplastic reaction (i.e. fibrosis). As a consequence, resectability is often under-
estimated. Several experts therefore advise surgical exploration in patients with at 
least non-progressive disease after preoperative therapy [30]. However, using this 
approach, a large proportion of patients (30–40%) may undergo futile surgery, 
which could lead to complications or even mortality [31]. Surgical exploration with-
out resection is previously associated with a doubled risk of 30-day mortality com-
pared with exploration with resection.
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Better techniques for determination of resectability before exploration are war-
ranted. An intra-operative ultrasound (IOUS) in patients with vascular involvement 
may be useful, as it may better determine resectability as compared to the preopera-
tive CT scan, however remain intra operative [19].

47.4.2  Biochemical Response

Besides imaging, biomarkers have proven to be valuable in predicting response to 
preoperative treatment and demonstrate an association with resectability and sur-
vival. As stated previously, CA19-9 is currently the only approved biomarker for 
pancreatic cancer to evaluate response to preoperative chemotherapy. If CA19-9 
shows a decrease of more than 30–50%, or normalization, in response to preopera-
tive therapy, it is associated with a higher rate of R0-resection and improved overall 
survival [15, 16].

Suker et al. also found a significant association with CEA in the prediction of 
metastatic disease. In case of a CEA ≥5 μg/L there is a risk of 91% for occult metas-
tases, compared with a risk of 4% in patients with a CEA level <5 μg/L [32].

47.4.3  Histopathologic Response

Complete pathologic response (i.e. 0% viable tumor cells in the resection specimen) 
in response to preoperative chemotherapy is associated with prolonged survival 
[33]. A retrospective study investigated the effect of chemoradiotherapy in 186 
patients with BRPC and LAPC and demonstrated a disease-free survival of 
26 months in patients with a complete response compared to 12 months in both 
patients with a nearly complete response or limited response [34].

Another retrospective study comprising 415 patients with LAPC demonstrated 
a median overall survival of more than 60 months in the 10% of patients with a 

Table 47.2 Tumor response scores according to the RECIST 1.1 criteria

Score Radiographic Histopathologic

1 Complete 
response

Loss of all target lesions No vital tumor cells

2 Partial 
response

30% decrease of target lesions Signs of tumor regression

3 Stable disease No change or minor changes that 
do not convene to the criteria in 
score 1 and 2

No change or minor changes that do 
not convene to the criteria in score 1 
and 2

4 Progressive 
disease

20% increase of target lesions or 
distant metastasis

Distant metastasis
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complete pathological response to FOLFIRINOX chemotherapy [35]. In addition, 
a study showed smaller median tumor size, significantly less lymphatic and peri-
neural invasion and a significant lower number of tumor positive lymph nodes in 
40 patients with LAPC and BRPC after preoperative therapy compared with 87 
patients who underwent upfront surgery [36]. These findings were confirmed by 
two randomized controlled trials that compared preoperative chemoradiotherapy 
followed by surgery with upfront surgery in (borderline) resectable pancreatic 
cancer [37, 38].

47.5  Outcomes

47.5.1  Borderline Resectable Pancreatic Cancer

Two recently completed randomized-trials from South-Korea and the Netherlands 
compared preoperative gemcitabine-based chemoradiotherapy with upfront surgery 
in patients with borderline resectable pancreatic cancer [38, 39]. Although the 
Dutch PREOPANC trial did not find a significant survival benefit of preoperative 
chemoradiotherapy (16.0  months vs. 14.3  months, hazard ratio, 0.78; 95% CI, 
0.58–1.05; p  =  0.096) nor a benefit regarding the resection rate (61% vs 72%, 
p = 0.058), these patients did demonstrate superior outcomes with regards to the 
R0-resection rate (71% vs 40%, p < 0.001) and lower rates of pathologic lymph 
nodes, perineural invasion and venous invasion (Fig. 47.1). Notably, over half of all 
included patients had primary resectable pancreatic cancer. In the subgroup of 
patients with borderline resectable pancreatic cancer the survival benefit was sig-
nificant (17.6  months vs 13.2  months, hazard ratio 0.62; 95% CI 0.40 to 0.95, 
p = 0.029). Furthermore, the rate of R0 resection was six times higher with preop-
erative chemoradiotherapy (79% vs 13%, odds ratio 24.20; 95% CI 6.57–89.12, 
p = 0.001).

The Korean BorderlinePancreas trial also reported an improved R0-resection 
rate and a significant survival benefit of preoperative treatment (median overall sur-
vival 21  months vs. 12  months, hazard ratio 1.495, 95% confidence interval 
0.66–3.36, p  =  0.028) in patients with BRPC who received preoperative 
chemoradiotherapy.

These results are in accordance with a previous meta-analysis of 38 studies with 
nearly 4000 patients which demonstrated a lower resection rate following preopera-
tive treatment (66.0% vs. 81.3%, p < 0.001), but a higher proportion of R0-resections 
(86.8% vs. 66.9%, p < 0.001) and improved survival after preoperative treatment 
(18.8 months vs. 14.8 months) [40]. A recent meta analysis of all six randomized 
trials comparing preoperative chemoradiotherapy (four trials) or chemotherapy, al 
gemcitabine based, versus immediate surgery found a significant survival benefit for 
both borderline and resectable pancreatic cancer [41].
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47.5.2  Locally Advanced Pancreatic Cancer

The implementation of FOLFIRINOX and gemcitabine and nab-paclitaxel appears 
to have improved the outcomes of patients with LAPC [42]. Whereas Gemcitabine 
monotherapy for LAPC is associated with a median overall survival of only 
6–13 months, a meta-analysis has suggested superior outcomes of FOLFIRINOX in 
this setting. Moreover, FOLFIRINOX can result in downstaging of LAPC to resect-
able disease in 28% of the patients. The patient-level meta-analysis by Suker et al. 
demonstrated a 24.2 months median overall survival in the total group of patients 
with LAPC receiving FOLFIRINOX, with a pooled resection rate of 25.9% [43].

47.6  Ablation Following Induction Chemotherapy

In patients with LAPC in whom a resection is not feasible following induction che-
motherapy, local ablation may be used. The most familiar and investigated ablation 
techniques are stereotactic body radiation therapy (SBRT), radiofrequency ablation 

Fig. 47.1 Survival outcomes reported in the PREOPANC trial. (a) Overall survival (OS), (b) 
disease-free survival (DFI), (c) locoregional failure–free interval (LFFI), and (d) distant metasta-
sis–free interval (DMFI) by intention-to-treat analysis in 246 patients randomly assigned to preop-
erative chemoradiotherapy (CRT; 119 patients) or immediate surgery (127 patients) in the 
PREOPANC-trial. HR, hazard ratio (Adapted from Versteijne et al. J Clin Oncol 2020 [38])
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(RFA), and irreversible electroporation (IRE). The eligibility for local therapy is 
evaluated by a multidisciplinary team including interventional radiologists, sur-
geons and radiation oncologists. The decision to perform either technique depends 
on the orientation of the tumor and it’s relation to surrounding vital structures. 
Besides the local effect, several studies show that these techniques activate a sys-
temic anti-tumor response, so called abscopal effect [44–46].

RFA is based on in the induction of coagulative necrosis due to thermal damage 
to the tissue [26]. A safety-margin from surrounding healthy tissue from the abla-
tion zone is required to avoid thermal damage, therefore this technique is not eligi-
ble for complete tumor ablation (i.e. debulking). One study demonstrated a median 
overall survival between 19.0 and 25.6 months when RFA is combined with chemo-
therapy [47]. The PELICAN trial of the Dutch Pancreatic Cancer Group is currently 
investigating the added value of RFA to preoperative treatment in LAPC in Europe 
(Netherlands Trial Registry number NTR5517).

SBRT consists of high doses of radiation with a short and accurate delivery which 
can enhance local control [48]. Petrelli et  al. demonstrated an overall survival at 
1 year of >50% with a local control rate of >70% in patients with LAPC and BRPC 
[49]. However, toxicity is an important restricting factor in SBRT.  Some studies 
report side effects that appear in a relatively late phase, especially affecting the gastro-
intestinal system, such as bleedings and ulceration [49]. To prevent such side effects 
one should be very accurate in dose gradient at the borders of the target volume [50].

IRE is an upcoming local treatment which is believed to be primarily non- thermal 
and therefore more feasible and safe with respect to the preservation of surrounding 
structures [51]. It’s mechanism is based on electric pulses which cause nanopore 
formation based on an alternation in the cell membranes’ potential [52]. As a result, 
tumor cells die due to apoptosis, which also contributes to an abscopal effect [44].

47.7  Conclusion

Patients with LAPC or BRPC remain a challenging group with several recent prom-
ising developments. Despite the increased use of FOLFIRINOX and advancements 
regarding local treatment options including conversion surgery in LAPC, overall 
prognosis remains poor. Innovative techniques and medication, possible new pre-
dictive tools and accurate patient selection are crucial and therefore important issues 
for further investigation.
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Take Home Messages
• Resection with 6 months adjuvant combination chemotherapy provides the 

best chance for long term survival.
• There is no role for adjuvant chemoradiation.

Pearls and Pitfalls
• Local recurrence occurs a little later than metastatic disease but is not asso-

ciated with a better overall survival.
• R1-direct margin is associated with local recurrence and is associated with 

overall survival.
• Local recurrence cannot be used as a surrogate marker for improved over-

all survival.
• Lung metastasis is associated with longer survival than local recurrence or 

liver metastasis.

Future Perspectives
• Identifying which patients are more likely to respond to FOLFIRINOX or 

gemcitabine- capecitabine as first line chemotherapy.
• Association of chemotherapy responsiveness to molecular subtyping.
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48.1  Introduction

Pancreatic cancer is one of the most lethal cancers and is predicted to become the 
second most common cause of cancer related deaths in the United States by 2030 
[1]. There has been only very modest improvement in overall 5 year survival for all 
stages increasing from under 4% to around 9% in the past decade [2, 3]. The genetic 
characteristics of pancreatic cancer are now well characterized with distinct high 
frequency of KRAS, TP53, CDKN2A, and SMAD4 mutations and/or loss of het-
erozygosity, along with molecular subtyping into classical and basal categories [4–
9]. Despite an increasing use of next generation sequencing based on these scientific 
advances only a minority of assay results lead to a change in clinical management 
with limited clinical efficacy, with the exception of the uncommon situations in 
patients with NRG1-fusions in KRAS wild-type tumors and patients with germline 
BRCA-mutated metastatic pancreatic cancer [10–13]. There is however increasing 
success using combinations of chemotherapy in the advanced setting [3, 14–17]. 
Despite remarkable improvement of surgical techniques, surgery by itself only pro-
vides relatively little extension of life expectancy with a 5-year survival rate of only 
8% or less with resectable disease [17, 18].

48.2  Adjuvant Therapy Trials in Pancreatic Cancer

The groundbreaking studies of the European Study Group of Pancreatic Surgery 
(ESPAC) transformed our understanding of adjuvant chemotherapy in pancreatic 
cancer, prompting the development of further types of chemotherapy and also more 
advanced techniques in surgery and the evolution of neoadjuvant therapy [3,  17–23]. 
Table 48.1 provides an overview of trials investigating adjuvant therapy after pri-
mary resection [18–40].

The ESPAC-1 trial, a multicenter randomized controlled trial of 545 patients uti-
lized a two-by-two factorial design in 289 patients, randomizing each patient twice 
to either 5-fluorouracil (5-FU) with folinic acid for 6 months versus observation, or 
chemoradiotherapy (20 with 5-FU radiosensitization) versus observation, plus addi-
tionally another 256 patients into a single randomization, comprising 68 patients 
randomly assigned to chemoradiotherapy or no chemoradiotherapy and 188 to che-
motherapy or no chemotherapy [18]. Early publication was recommended because 
of the lack of evidence to support the use of adjuvant chemoradiation after a median 
follow-up of 10 months, with a median survival of 15.5 months in 175 patients with 
chemoradiotherapy versus 16.1 months in 178 patients without chemoradiotherapy. 
There was evidence of a significant survival benefit for adjuvant chemotherapy with 
a median survival of 19.7  months in 238 patients with chemotherapy versus 
14.0  months in 235 patients without chemotherapy [18]. With mature follow-up 
47 months in the pure 2 × 2 factorial design section the estimated 5-year survival 
rate was 10% among patients assigned to receive chemoradiotherapy and 20% 
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among patients who did not receive chemoradiotherapy, 21% among patients who 
received chemotherapy and 8% among patients who did not receive chemotherapy 
[19]. The survival benefit of chemotherapy persisted after adjustment for major 
prognostic factors [19].

The Charité Onkologie (CONKO)-001 trial randomized 186 patients to adjuvant 
gemcitabine for 6 months and 182 to observation. Disease free survival, the primary 
end-point with a median follow-up of 53  months was 13.4  months in the gem-
citabine group, significantly longer than the 6.7 months in the observation group. 
There was no significant difference in median overall survival between the gem-
citabine group with 22.1 months versus 20.2 months in the observation group, nor 
in 5-year survival at 22.5% and 11.5% respectively [30]. At subsequent median 
follow-up time of 136 months, the 5-year overall survival of 20.7% in the gem-
citabine and 10.4% was statistically significant [31].

The ESPAC-3v2 trial (2000–2007) showed gemcitabine not to be superior to 
5-FU with a median overall survival rate of 23.6 months versus 23.0 months but 
with less cumulative toxicity [21]. Furthermore, additional analysis of the ESPAC-3 
data was able to show that the completion of 6 cycles of chemotherapy, but not early 
initiation was associated with improvement in overall survival [22]. Presumably, 
because without full recovery from surgery, the completion of the recommended 
number of chemotherapy cycles is less likely because of accumulating fatigue and 
therefore insufficient to treat occult systemic disease. Combining the control arms 
from ESPAC1 and ESPAC3v2 also established that adjuvant 5-FU with folinic acid 
was superior to observation [22].

The combination of gemcitabine and capecitabine has been shown to be an effec-
tive regimen in the advanced setting [12]. The ESPAC-4 trial included 730 patients, 
366 of which were randomly assigned to gemcitabine, and 364 to gemcitabine and 
capecitabine. Patients eligible had to be >18 years of age and needed to have an R0 
or R1 resection, but there were no other major exclusion criteria such as low carbo-
hydrate antigen (CA)19-9 levels [23]. The median overall survival was 28.0 (95% 
CI  =  23.5–31.5) months in the gemcitabine and capecitabine group versus 25.5 
(95% CI 22.7–27.9) months in the gemcitabine group. The number of grade 3–4 
adverse events was similar in both groups [23]. The substantive improvement sur-
vival of single agent chemotherapy and then doublet chemotherapy compared to 
chemoradiotherapy or no adjuvant therapy is shown in Fig. 48.1 and Table 48.2.

The JSAP-05 trial randomized 182 patients to neoadjuvant chemotherapy with 
S-1 plus gemcitabine and 180 patients to upfront surgery in resectable and border-
line pancreatic cancer followed by 6 months adjuvant chemotherapy with S-1 [41]. 
In the neoadjuvant group 140 (76.9%) were resected compared to 129 (71.6%) in 
the upfront surgery group. What remains unexplained is that the adjuvant S-1 arm 
had a median survival of only 26.6 months, since the JASPAC-01 trial showed a 
median overall survival of 46.5 months in patients randomized to adjuvant S-1 [36].

In 2011, a new therapy regimen based containing oxaliplatin, irinotecan, fluoro-
uracil, and leucovorin (FOLFIRINOX) was introduced in patients with metastatic 
pancreatic cancer [13]. An improved survival in the FOLFIRINOX group in 
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relatively fit patients with metastatic disease was observed compared to gem-
citabine, however the more aggressive scheme of FOLFIRINOX was associated 
with significantly higher rates of grade 3–4 toxicity events and reduced quality of 
life [42]. To reduce side-effects, modified versions of FOLFIRINOX (mFOLFIRI-
NOX), e.g. without the 5-fluorouracil bolus, with lower irinotecan dose or obliga-
tory hematopoietic growth factor Pegfilgrastim have been described [43]. In a 
retrospective review of 60 patients with metastatic pancreatic cancer, a modified 
FOLFIRINOX had similar efficacy in metastatic disease while reducing toxicity 
and improving safety profiles [43].

The French-Canadian PRODIGE [Partenariat de Recherche en Oncologie 
Digestive] 24-ACCORD [Actions Concertées dans les Cancers Colorectaux et 
Digestifs] 24 and CCTG PA.6 [Canadian Cancer Trials Group Pancreatic 
Adnocarcinoma] trial showed that in a selected group of macroscopically resected 
patients the estimated 5-year survival rate could be pushed towards 50% with a 
modified FOLFIRINOX regimen—the best 5-year survival ever reported. The 
investigators randomized 493 patients to receive either mFOLFIRINOX or gem-
citabine for 24 weeks. Patients with CA19-9 > 180 U/ml within 21 days before 
randomization and WHO performance status of >1 were not eligible for random-
ization. Median survival reached 54.4 months in the mFOLFIRINOX group com-
pared to 35  months in the gemcitabine group. Interestingly, while the median 

Fig. 48.1 Kaplan Meier survival estimates in the ESPAC trials (From Neoptolemos JP, et  al. 
Lancet. 2017;389(10073):1011–24. Supplementary appendix)
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disease free survival in the gemcitabine group was similar to the previous trials, 
median overall survival was longer, potentially pointing to the selected patient 
population or frequent use of mFOLFIRINOX in patients showing relapse [39]. It 
should be noted that mFOLFIRINOX is suitable only for relatively fit patients 
applicable to around 30–40%, the remainder needing to be given gemcitabine and 
capecitabine.

In patients with metastatic pancreatic cancer increased survival has also been 
shown with nanoalbumin-bound (nab)-paclitaxel plus gemcitabine [14]. The APACT 
study assessed effects of nab-paclitaxel and gemcitabine versus gemcitabine mono-
therapy in surgically resected pancreatic cancer patients. Exclusion criteria were 
CA19-9 levels ≥100 U/ml and ECOG performance status ≥1, with a primary end-
point of disease-free survival. There were 866 patients randomized with median 
disease-free survival of 19.4 months in the nab-paclitaxel and gemcitabine group, 
not significantly different from 18.8 months in the gemcitabine group, hazard ratio 
of 0.88, 95% CI = 0.729–1.063 (P = 0.1824) [40]. As the primary end-point was not 
met the use of nab-paclitaxel as adjuvant treatment in pancreatic cancer is not 
approved by the Federal Drugs Administration.

Table 48.2 Five year overall survival rates in the ESPAC trials

Trial Treatment

Number of 
patients 
(total = 2092)

5-Year overall 
survival (95% 
confidence 
interval)

Stratified 
log-rank 
χ2 P-value

ESPAC- 1 Neoptolemos 
et al. [18]
Neoptolemos 
et al. [19]

5-fluorouracil/
folinic acid

149 21 
(14.6–28.5) %

7.03 0.030a

No chemotherapy 143 8.0 
(3.8–14.1) %

Chemoradiotherapy 
(5-fluorouracil 
Radiotherapy)

145 10.8 
(6.1–17.0) %

ESPAC- 3 Neoptolemos 
et al. [21]

Gemcitabine 539 17.5 
(14.0–21.2) %

0.74 0.390a

5-fluorouracil/
folinic acid

551 15.9 
(12.7–19.4) %

ESPAC- 4 Neoptolemos 
et al. [23]

Gemcitabine 366 16.3 
(10.2–23.7) %

4.61 0.032b

Gemcitabine and 
capecitabine

364 28.8 
(22.9–35.2) %

From Neoptolemos JP, et al. Lancet. 2017;389(10073):1011–24. Supplementary appendix
aStratification factor: resection margin status
bStratification factors: resection margin status and country
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48.3  Adjuvant Chemoradiotherapy Trials 
in Pancreatic Cancer

Adjuvant chemoradiation is still used in some countries, especially the USA, and the 
National Comprehensive Cancer Network guideline lists adjuvant chemoradiation 
as an option, although no evidence level for this recommendation is provided [44]. 
European and UK guidelines do not support the use of adjuvant chemoradiation for 
pancreatic cancer [45, 46]. Previous studies such as the EORTC 40891 (1987–1995), 
ESPAC-1 (1994–2000), and RTOG 9704 (1998–2002) trials failed to show improved 
survival using adjuvant radiotherapy and or chemoradiation either with or without 
additional chemotherapy [18, 19, 28, 29, 33, 34]. The Gastro- Intestinal Study Group 
(GITSG) trial 9173 randomized 43 patients to split-course radiotherapy with radio-
sensitising 5-FU and maintenance systemic weekly 5-FU after surgery or surgery 
alone. There was a survival benefit for adjuvant treatment, with a median survival of 
20 versus 11 months and a 2-year survival of 42% vs. 15%, respectively [24]. A 
further 30 patients were added to the adjuvant therapy arm, and the outcome became 
modified to a median survival of 18 months and a 2-year survival of 46% [25]. The 
GITSG trial only included negative resection margins, thereby preselecting a prog-
nostically favorable group. A Phase III multicenter trial by the European Organization 
for Research and Treatment of Cancer trial (EORTC) randomized 218 patients with 
T1-2,N0-1a, M0 pancreatic ductal adenocarcinoma and T1-3, N0-1a, M0 periampul-
lary adenocarcinoma, either to adjuvant chemoradiotherapy as in the GITSG trial but 
without maintenance chemotherapy, or to observation [28, 29]. There were 114 
patients with pancreatic ductal carcinoma, of whom 60 were randomized to treat-
ment and 54 to observation with median survivals of 17.1 and 12.6 months, respec-
tively [28]. This difference was not statistically significant (P = 0.09) [28]. After a 
median follow-up of 11.7 years, 173 deaths (79%) were then reported but with the 
overall survival still did not differ sufficiently between the chemoradiation treatment 
versus the control groups confirming the previous short-term analysis, indicating no 
benefit of adjuvant chemoradiation over observation in patients with resected pan-
creatic cancer or periampullary cancer [29]. The ESPAC 1 trial also reported no 
significant difference in survival between patients randomized to chemoradiotherapy 
(as in the GITSG trial), with a median of 15.5 months versus 16.1 months for patients 
randomized to no chemoradiotherapy (P = 0.24) [18]. The RTOG 0848 trial, a large 
randomized phase III study with 952 patients that investigates the value of additional 
chemoradiation for patients with no progression after standard adjuvant chemother-
apy with gemcitabine is currently ongoing.

Radiotherapists from the USA especially have been critical of the ESPAC trials 
whilst promoting non-significant findings such as those from the RTOG 9704 adju-
vant chemoradiation trial [33, 34, 47]. In the RTOG 9704 trial there was no signifi-
cant difference in survival between patients randomized to chemoradiation plus 
fluorouracil and those randomized to chemoradiation plus gemcitabine with a 
median overall survival of around 16  months, identical to that of patients who 
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received chemoradiation in the ESPAC-1 trial [18, 19]. This was after exclusion of 
87 of the 531 patients that had already been randomized in RTOG 9704 to ensure 
that all of those eventually analyzed had adhered to the protocol. In comparison, 
patients randomized in the ESPAC-1, ESPAC-3 and ESPAC-4 trials to single agent 
chemotherapy (either 5-fuorouracil or gemcitabine) had survival rates of 
21–26  months with 5  year survival rates of 16–18% based on intention to treat 
analysis (even if reduced doses or no adjuvant therapy was received) and a median 
survival rates of 28 months with 5 year survival rates of and 29% respectively in 
those randomized to gemcitabine and capecitabine [18, 19, 21, 23]. No randomized 
adjuvant chemoradiation trial has even got close to matching these survival data. In 
experimental studies the pancreata of genetically engineered KC mice exposed to 
radiation had significantly more advanced pancreatic intraepithelial lesions and 
more invasive cancer foci than pancreata of control mice, and as a corollary radia-
tion exposure reduced median survival by more than 6 months [48]. Radiotherapists 
have been criticised in an editorial in the Journal of the National Cancer Institute for 
“few good data, much debate” [49]. A network meta-analysis from 2013 for adju-
vant treatments for resected pancreatic cancer by Liao et al. concluded that chemo-
therapy with fluorouracil or gemcitabine was the optimum adjuvant treatment for 
pancreatic cancer and reduced mortality after surgery by about a third whilst chemo-
radiation plus chemotherapy was less effective in prolonging survival and was more 
toxic than chemotherapy alone [50].

48.4  Local/Distant Recurrence

A secondary analysis of ESPAC-3 has demonstrated that resection margin (R) 
involvement, specifically R1-direct tumor margins, poor tumor differentiation, posi-
tive lymph node status, WHO performance status ≥1, maximum tumor size, and an 
R1-direct posterior resection margin were all independently significantly associated 
with reduced overall and recurrence-free survival [51]. Moreover, overall R1-direct 
positive resection margin status, positive lymph node status, WHO performance 
status ≥1, and R1-direct positive superior mesenteric/medial margin resection sta-
tus were all significantly associated with local recurrence [51].

A further secondary analysis of ESPAC-4 demonstrated that there were no sig-
nificant differences between the time to recurrence and subsequent and overall sur-
vival between local and distant recurrence [52]. The median overall survival of 
patients with distant-only recurrence (23.0 months) or local with distant recurrence 
(23.8 months) was not significantly different from those with only local recurrence 
(24.8 months). Patients with metastases to the lungs had a much longer survival 
compared to those with local recurrence or metastases to other sites such as the 
liver. Gemcitabine plus capecitabine had a 21% reduction of death following recur-
rence compared with monotherapy. Thus, pancreatic cancer appears to behave as a 
systemic disease requiring effective systemic therapy after resection [53].
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These studies show that a positive resection margin is associated with a reduction 
in overall survival, for example in the ESPAC-4 trial a reduction in 5-year survival 
from 40% to 20% [23]. Whilst a positive resection margin is also associated with an 
increased likelihood of local recurrence, this of itself is not the contributor to 
reduced survival, but rather reflects the increased likelihood of systemic disease [51, 
52]. Thus, strategies aimed at local control, may reduce subsequent local progres-
sion, but will not improve overall survival.

48.5  Prognostic Factors

It is very important to be aware of key prognostic factors when comparing survival 
outcomes from different trials and differing therapeutic regimens as this will have a 
powerful effect on survival outcomes. Multivariate analysis of 17 prospectively 
determined clinical, biochemical, pathological and treatment factors in the ESPAC-4 
trial, identified the following as independent prognostic risk factors: gemcitabine 
plus capecitabine treatment, R1 resection margin, postoperative CA19-9 levels, 
moderately well differentiated tumors, poorly differentiated tumors, undifferenti-
ated tumors, positive lymph nodes, and maximum tumor size [23]. In a single center 
cohort study from the Nanjing University Pancreas Center comprising 432 patients 
who had resected pancreatic cancer (2009–2014), the independent predictive factors 
for overall survival also included adjuvant chemotherapy along with the preopera-
tive neutrophil-lymphocyte ratio and CA19-9 levels, tumor differentiation, tumor 
stage, lymph node ratio, microscopic nerve and vascular invasion and the presence 
of metastases [53].

Unlike a number of other trials, the ESPAC trials did not have restrictive criteria 
which otherwise are liable to produce favorable outcomes. Figure 48.2 illustrates 
survival by postoperative CA19-9 levels in the ESPAC-4 trial [23]. The CONKO-001 
trial excluded patients with postoperative CA19-9 levels >92.5 KU/L [30]. Exclusion 
of patients in the ESPAC-4 trial by postoperative CA19-9 levels >92.5 KU/L would 
directly result in improved survival rates in both arms of the trial [23]. The APACT 
trial also restricted patients to the trial with postoperative CA19-9 levels <100 KU/L 
leading to apparently favorable survival rates [40]. Clear resection margin R0 rates 
were 83% in CONKO-001, 87% in JASPAC-01, and 76.3% in APACT [30, 36, 40]. 
The PRODIGE-24/CCTAG-PA6 trial had 57.2% R0 resections with the effect for 
mFOLFIRINOX being strongest for R1 resections [39]. On the other hand, ESPAC-4 
had only 40% R0 resections and with a 5-year survival estimate in R0 patients of 
40% in patients given gemcitabine plus capecitabine [23]. Lymph node clear N0 
was present in 28.2% of patients in CONKO-001, 37.1% in JASPAC-01, 25.5% in 
the PRODIGE-24/CCTAG-PA6 trial, and 28.7% in APACT. In the ESPAC-4 trial 
only 19.6% of patients had an N0 resection but in these the 5-year survival rate 
nearly reached 50% [23]. Restrictive selection criteria will also result in a higher 
proportion of patients with a normal postoperative CA19-9 level, even if this was 
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not a specific selection criterion, for example, this was found in 77% of patients in 
the JASPAC-01 trial [36]. In APACT 80.4% had a postoperative CA19-9 level 
<37 KU/L [40].

48.6  Conclusion

Significant progress in the treatment of pancreatic cancer has been made in the last 
20 years [3, 17, 54]. A major impact has been the dramatic improvements in surgical 
technique, management of post-operative complications facilitated by the central-
ization of pancreatic cancer surgery [17, 54–56]. The development of international 
guidelines for the definition of surgical techniques and postoperative complications 
for pancreatic cancer has been essential for objective assessment of outcomes help-
ing to drive technical progress. This has been most noticeably from the International 
Study Group on Pancreatic Surgery that includes definitions on the extent of pancre-
atectomy and lymphadenectomy, the pancreatic anastomosis and post-operative 
complications including pancreatic fistula, hemorrhage, and delayed gastric empty-
ing [57–67]. The impact of next generation sequencing to improve survival by tar-
geted therapy has so far proved to be rather limited [3, 10–13, 17]. The major impact 
on improvement on survival by systemic therapies has come from chemotherapy [3, 
17, 68]. This approach may offer further opportunities to improve survival even 
more by the use patient-derived tumor organoids from pancreatic cancer as pre- 
clinical models to predict response to chemotherapy [69].

Fig. 48.2 Kaplan Meier survival estimates for postoperative carbohydrate antigen (CA)19-9 lev-
els by quartile (25%) levels, 1–4 (Q1, Q2, Q3, and Q4) in the ESPAC4 trial (From Neoptolemos 
JP, et al. Lancet. 2017;389(10073):1011–24. Supplementary appendix)
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Take Home Messages
• The current management of IPMNs is based on guidelines that relies on 

expert opinions or studies providing low quality evidence.
• While MD-IPMN and MT-IPMN represent an indication for surgery con-

sidering the risk of malignancy, the majority of BD-IPMN with no HRS 
and WF can undergo surveillance.

• Difficult cases (patients with different indications according to the current 
guidelines, meaning surgery versus follow-up or endoscopic procedures) 
should always be referred to a multidisciplinary group in high-volume centers 
to provide a patient-tailored approach to better tip the scale between the risk of 
pancreatic cancer and the risk of unnecessary major pancreatic resection.

Pearls and Pitfalls
• Despite IPMNs may evolve towards malignancy, most cysts can be safely 

surveilled over time.
• Surgery represent the gold standard in case of high risk for malignant degen-

eration with the goal of cancer prevention or treatment at the earliest stage.
• The risk assessment is still entrusted to a few clinical and radiological 

features that have high sensitivity but low specificity to detect cancer.
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49.1  Epidemiology and Biology of IPMNs

Due to the overuse of high-quality cross-sectional imaging, such as CT-scan or 
Magnetic Resonance Imaging (MRI), the prevalence of incidentally discovered 
pancreatic cystic neoplasms has dramatically increased [1]. Among pancreatic 
cysts, intraductal papillary mucinous neoplasms of the pancreas (IPMNs) have a 
prevalence ranging from 20% to 80% of cases [2, 3].

As IPMNs may progress to cancer following the adenoma-to-carcinoma sequence 
[4], patients suffering from this condition represent the ideal population where to 
address efforts in order to prevent pancreatic cancer or diagnose it at the earli-
est stage.

Whereas in the first years after their discovery, IPMNs were treated aggressively, 
the progressive availability of new evidences has highlighted how most of cases can 
be safely surveilled over time due to the low risk of malignant progression.

The risk of malignancy differs among IPMN subtypes. From a morphological 
point of view, IPMN can be distinguished on the basis of the involvement of main 
pancreatic duct (MPD). The main duct type (MD-IPMN) originates directly from 
the MPD (Fig. 49.1). The branch duct type (BD-IPMN) originates from secondary 

Fig. 49.1 Main duct IPMN

Future Perspectives
• Prospective observational studies considering both patients undergoing 

surgery and under surveillance are needed to achieve a better understand-
ing of the natural history of IPMNs.

• Both cyst fluid biosignature and microbiota, will potentially solve two 
unanswered major concerns: which cysts have a high risk of malignant 
degeneration? It is safe to discontinue surveillance in case of cyst at 
extremely low-risk?
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ducts and does not involve MPD. (Fig. 49.2) The mixed type IPMN (MT-IPMN) 
represents a combination of both MD- and BD-IPMN since a branch duct dilatation 
is associated with an involvement of MPD (Fig. 49.3). Surgical series report a lower 
risk of malignancy in case of BD-IPMNs (6–46%) compared to MD- and MT-IPMN 
(60–92%) [5, 6].

Beyond the morphological classification that relies on radiological features, also 
the pathological classification of IPMNs has identified several entities with different 
risk of cancer [7, 8].

Based on the immunohistochemical characteristics of the epithelium, IPMNs can 
be distinguished in four subtypes: intestinal (expressing MUC2 and CDX2), 
pancreato-biliary (expressing MUC1 and MUC6), gastric (expressing MUC5AC) 
and oncocytic (expressing MUC1 and sometimes MUC6) subtypes. Whereas gastric 
and intestinal subtypes are the most common [9], the pancreato-biliary type is 
associated with the highest incidence of invasive carcinoma that is reported in about 
90% of cases. IPMNs can show more than one epithelial subtypes, but the oncocytic 
type is the only subtype that usually can be found alone [9, 10]. The oncocytic 
subtype shows different characteristics compared to the others (i.e. it lacks both 
KRAS and GNAS mutations, but shows mutations in ARHGAP26, ASXL1, EPHA8 
and ERBB4 genes) [11, 12] and therefore it could represent a separate entity from 
the other IPMNs. By intersecting morphological and pathological classifications, 

Fig. 49.2 Branch-
duct IPMN

Fig. 49.3 Mixed 
type IPMN

49 IPMN as a Premalignant Condition



768

the only available evidences show how intestinal subtype are mainly MD-IPMNs 
[13] and gastric subtypes are predominantly BD-IPMNs [14].

Recently, a two-tier classification system has been proposed by WHO (including 
only low and high grade dysplasia) in order to improve pathological reporting and 
align it with the clinical practice [15].

Also, invasive-IPMNs represent an heterogenous group of disease entities that 
shows different histological differentiations: colloid, tubular and oncocytic [16]. 
Colloid carcinoma usually arises from intestinal-type epithelial differentiation and 
is associated with an indolent behavior. Tubular adenocarcinoma is often associated 
with the gastric and pancreato-biliary subtypes and prognosis is similar to that of 
pancreatic ductal adenocarcinoma (PDAC) [16]. Oncocytic carcinoma derives from 
the uncommon oncocytic differentiation of the epithelial component and has a bet-
ter prognosis if compared to PDAC.

49.1.1  Clinical Presentation and Symptoms

Even if most of cases of IPMN are incidentally discovered during cross-sectional 
imaging performed for other reasons, patients affected by IPMNs usually com-
plaints of several symptoms [17]. Episodic abdominal pain, heartburn, bloating and 
post-prandial fullness are reported by 14–32% of patients. However, these symp-
toms do not correlate specifically with the presence of an IPMN, nor help in scaling 
the risk of malignancy. Few signs and symptoms can be directly related to the pres-
ence of the cyst: obstructive jaundice in case of a solid component of an IPMN 
located in the pancreatic head; acute abdominal pain in the upper quadrants radiat-
ing to the back due to acute pancreatitis produced by mucin plugs that obstruct 
MPD; new-onset or worsening diabetes mellitus and steatorrhea due to exocrine 
insufficiency produced by chronic obstructive pancreatitis due to a solid component 
arising from an IPMN; weight loss and chronic abdominal pain radiating to the back 
due to a malignant IPMN invading celiac plexus [18, 19]. These specific symptoms 
have been associated with high-grade dysplasia or invasive carcinoma [20, 21] and 
both International Association of Pancreatology (IAP) and European guidelines 
correlate these symptoms with an high risk of malignancy [22, 23].

49.2  Diagnosis of IPMNs

Current diagnostic work-up in case of presumed IPMN usually requires different 
imaging techniques. At this stage, it is crucial to correctly identify a presumed 
IPMN by distinguishing it from other pancreatic cystic neoplasms and to scale the 
risk of malignancy. Usually, CT scan, MRI and contrast-enhanced endoscopic ultra-
sound (CE-EUS) are the imaging techniques of choice. MRI with magnetic reso-
nance cholangiopancreatography (MRCP) has shown to be superior to the other 
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techniques in identifying the connection between the cyst and the MPD which is a 
fundamental prerequisite for the diagnosis of a presumed IPMN. Moreover, contrast- 
enhanced MRI is particularly accurate in characterizing mural nodules and septa-
tions [1, 7].

49.2.1  Diagnostic Accuracy from Imaging

The diagnostic accuracy varies between different techniques: CT-scan has 71–80% 
accuracy in differentiating between benign and malignant cysts, and 80% accuracy 
in detecting MPD communication [24]; MRI/MRCP has 55–76% accuracy in dif-
ferentiating benign and malignant cyst and 96% accuracy in detecting MPD com-
munication [24]; CE-EUS has 65–96% accuracy in differentiating between benign 
and malignant cysts [25, 26]. MRCP and CT scan are the first line options for IPMN 
characterization [1, 27], while CE-EUS should be considered only in those patients 
with unclear radiographic characterization of the pancreatic lesion due to the inva-
siveness of the procedure that is reported to have an overall complication rate of 
approximately 2.2% [28]. EUS is an operator-dependent examination but is able to 
detect mural nodules and differentiate between mucin plugs and/or mural nodules 
when associated with contrast enhancement (CE) and color-doppler [29, 30]. In 
recent times new endoscopic techniques have been proposed in order to have a bet-
ter and more precise assessment of the pancreatic cysts: micro-forceps biopsy [31], 
confocal laser endomicroscopy [32] or the peroral pancreatoscopy [33].

CE-EUS represents the ideal technique to obtain fine needle aspiration cytology 
of solid components and cyst fluid analysis including both cytology and assessment 
of biomarkers. Analysis of CEA level using a cutoff of 192–200 ng/ml and cystic 
fluid amylase level seems to be useful to differentiate mucinous from non-mucinous 
pancreatic cystic neoplasms [34, 35]. Recent studies reports that CE-EUS with FNA 
has 72% sensitivity and 80% accuracy in detecting invasive carcinoma or high grade 
dysplasia [36]. In the next future, DNA testing of the pancreatic cyst fluid will help 
in distinguishing between mucinous pancreatic cystic neoplasms, premalignant 
pancreatic cystic neoplasms and advanced neoplasia [37, 38]. KRAS and GNAS 
mutations have been detected in more than 90% of IPMNs [38, 39]. Micro-RNAs 
and glycoproteins altered expression might be the key to identify cysts at high risk 
of malignant degeneration regardless their morphological features [36, 40–44].

49.3  Management of IPMNs: Surgery vs. Follow-Up

Surgery for IPMNs plays a crucial role since can represent an act of cancer preven-
tion or an act of cure when pancreatic cancer is at the earliest stage. For these rea-
sons, the target of surgery is represented by IPMNs at high risk of malignant 
progression.
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The management of IPMNs has always been based on clinical and radiological 
features able to predict the risk of cancer [1, 27, 45–47]. The available guidelines [1, 
27, 46, 48] (Table 49.1) distinguish between relative and absolute indication for 
surgery. Obstructive jaundice in case of an IPMN of the head of the pancreas, 
enhancing mural nodules ≥5  mm, a solid mass, a positive cytology or an MPD 
≥10 mm are absolute indications for surgical resection if the patient is fit for surgery, 
both according to IAP [27] and European evidence-based guidelines [1]. IAP 

Table 49.1 Absolute and relative indications for IPMN surgical resection by 2018 European, 
2017 IAP, 2015 AGA and 2018 ACG guidelines

Absolute indications for surgery Relative indications for surgery

2018 
European 
guideline

Positive cytology for malignancy/HGD
Solid mass
Jaundice (IPMN related)
Enhancing mural nodule (≥5 mm)
MPD dilatation ≥10 mm

Growth-rate ≥5 mm/year
Increased levels of serum CA 
19.9 (>37 U/m)
MPD dilatation between 5 and 
9.9 mm
Cyst diameter ≥40 mm
New onset of diabetes mellitus
Acute pancreatitis (caused by 
IPMN)
Enhancing mural nodule (<5 mm)

2017 IAP 
guideline

Cytology suspicious or positive for 
malignancy
Jaundice (IPMN related)
Enhancing mural nodule (≥5 mm)
MPD dilatation ≥10 mm

Growth-rate ≥5 mm/2 years
Increased levels of serum CA 
19.9
MPD dilatation between 5 and 
9 mm
Cyst diameter ≥30 mm
Acute pancreatitis (caused by 
IPMN)
Enhancing mural nodule (<5 mm)
Abrupt change in caliber of MPD 
with distal pancreatic atrophy
Lymphadenopathy
Thickened/enhancing cyst walls

2015 AGA 
guideline

MPD ≥ 5 mm (on MRI AND EUS) AND 
solid component OR cytology positive for 
malignancy

2018 ACG 
guideline

Decided by multidisciplinary team. Referral 
in case of:
  Jaundice (IPMN related)
  Acute pancreatitis (caused by IPMN)
  Increased levels of serum CA 19.9
  Mural nodule/solid component
  MPD dilatation >5 mm
  Cyst diameter ≥30 mm
  Positive cytology for malignancy/HGD

ACG American College of Gastroenterology, AGA American Gastroenterological Association, CA 
19.9 cancer antigen 19.9, EUS endoscopic ultrasound, HGD high-grade dysplasia, IAP International 
Association of Pancreatology, IPMN intraductal papillary mucinous neoplasm, MRI magnetic 
resonance imaging, PD pancreatic duct
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guidelines [27] identifies other specific clinical and radiological characteristics: the 
worrisome features. In presence of at least one between growth rate ≥5 mm over 
2 years, increased levels of serum CA19–9, MPD dilatation between 5 and 9.9 mm, 
cyst diameter ≥30 mm, acute pancreatitis caused by IPMN, enhancing mural nodule 
<5  mm, abrupt change in the caliber of MPD with distal pancreatic atrophy, 
lymphadenopathy and thickened/enhancing cyst walls, patients must be evaluated 
with EUS in order to better scale the risk of malignancy. After EUS, patients become 
surgical candidates only in presence of MPD features suspicious for involvement, 
positive cytology or definite mural nodule ≥5 mm. Otherwise, patients can be safely 
sent to surveillance according to cyst size.

On the other hand, European evidence-based guidelines [1] propose seven addi-
tional relative indications for surgery: growth rate ≥5 mm per year, increased levels 
of serum CA19-9 (>37 U/mL), MPD dilatation between 5 and 9.9 mm, cyst diam-
eter ≥40  mm, new- onset diabetes mellitus, acute pancreatitis caused by IPMN, 
enhancing mural nodule <5 mm. Surgery is suggested in fit patients presenting at 
least one relative indication for surgery, while at least two features are required if 
the patient present with relevant comorbidities. According to European guidelines, 
surveillance is scheduled on the basis of presence or absence of relative indications 
for surgery.

American Gastroenterological Association (AGA) Guidelines for the manage-
ment of asymptomatic neoplastic pancreatic cysts [46] suggest surgery in presence 
of an MPD ≥5 mm (on MRI and EUS) concomitant to a solid component or cytol-
ogy positive for malignancy. EUS is suggested in presence of at least two high-risk 
features such as size ≥30 mm, a dilated MPD or in presence of a solid component.

In absence of indication for surgical resection, clinical and radiological surveil-
lance is recommended. According to IAP guidelines [27], surveillance can be 
scheduled on the basis of cyst size: for cyst <10 mm CT/MRI in 6 months from 
diagnosis, then every 2 years if no change; for cysts of 10–20 mm CT/MRI every 
6 months in the first year, then yearly for 2 years, then every 2 years if no change; 
for cysts of 20–30 mm EUS in 3–6 months, then every year alternating MRI with 
EUS; >30 mm alternating MRI and EUS every 3–6 months. In the last two cases, 
surgery is recommended in young and fit patients with a long-life expectancy.

European guidelines [1], instead, set surveillance intervals on the basis of the 
risk of cancer. In absence of absolute or relative indications for surgery, clinical 
evaluation, serum Ca19.9 and MRI and/or EUS are recommended every 6 months 
for the first year and then yearly. In presence of a single relative indication for 
surgery in a patient with significant comorbidities, surveillance should be intense 
with clinical evaluation, serum Ca19.9 e MRI and/or EUS every 6 months.

Both IAP and European guidelines suggest a lifelong surveillance since evi-
dences supporting a safe follow-up discontinuation should be considered only as 
preliminary data [49].

Despite this assumption, AGA guidelines [46] suggest surveillance with a new 
MRI in one year, then every 2 years for a total of 5 years if the cyst remain stable. 
At this last timepoint, surveillance can be discontinued.
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49.3.1  Referral for Work-Up and Decision-Making

Given the complexity of diagnostic workup of IPMNs, patients presenting clinical 
and radiological characteristics of high risk of malignancy should be referred to 
high-volume centers and discussed in a multidisciplinary group before undergoing 
a surgical resection.

Since the goal of surgery for IPMN is prevention of cancer or treatment in its 
earliest stage, oncological major pancreatic resections are the gold standard. 
Pancreaticoduodenectomy, distal pancreatectomy or total pancreatectomy are the 
surgical treatment recommended on the basis of the disease extension. Recently, the 
advancements in minimally invasive surgery techniques and technologies have 
shown that it is feasible also for IPMN patients [50–52].

49.3.1.1  Resection for IPMN

Even if several centers have experience in this regard [53], parenchyma sparing 
non-oncological procedures such as middle pancreatectomy or enucleation should 
be avoided or limited to very selected cases. The surgical strategy for multifocal 
BD-IPMN should be based on the risk of malignancy of each single cyst and only 
high risk cysts should be resected [1]. Modern literature disagree regarding the pres-
ence of higher or equal risk of degeneration between multifocal and unifocal 
BD-IPMN, leaving a more aggressive approach only in those patients with a famil-
iar history of PDAC [54–56]. In patients with MD-IPMN, surgical resection is the 
treatment of choice but there is still no consensus regarding the best surgical options 
between partial pancreatectomy and close postoperative follow-up of total 
pancreatectomy with follow-up scheduled only on the basis of final pathological 
findings [52, 57].

Intraoperative frozen sections of the surgical margin in case of partial are recom-
mended by all the guidelines to assess the completeness of the resection and the 
presence of dysplasia in the epithelium of MPD and secondary ducts. According to 
guidelines, if low grade dysplasia is found in the frozen section further resection is 
not required [1]. In case of invasive-component, high-grade dysplasia or denuded 
epithelium, it is recommended to extent the resection until low grade dysplasia or 
normal epithelium [1].

49.3.1.2  Recurrence Risk and Management

Recurrence of non-invasive IPMN, of invasive IPMN and metachronous PDAC not 
arising from an IPMN are all possible after surgical resection [58–60]. The impor-
tance of a regular postoperative surveillance program is due to the evidence of the 
increased risk of recurrence: 4%, 25% and 62% respectively after 1-, 5- and 10-year 
follow-up [58]. Resected patients showed a risk of a new invasive IPMN of 0%, 8% 
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and 38% after 1-,5- and 10-year follow-up [59]. After 5- and 10-year follow-up, the 
cumulative incidence of a concomitant PDAC is 4.5% and 5.9% in patients who 
underwent a prior surgical resection [60]. Therefore, patients should be followed-up 
and lifelong surveillance is recommended according to IAP and European guide-
lines. IAP guidelines advice postoperative follow-up every 6  months in patients 
with a familiar history of PDAC or high grade dysplasia at resection margin or in the 
presence of non-intestinal subtype of IPMN [27]. Instead, European guidelines 
recommend a follow-up every 6  month for the first 2  years and after an yearly 
surveillance if the IPMN had high grade dysplasia or MPD involvement [1]. In 
absence of invasive component, surveillance is not required if a total pancreatectomy 
is performed. In presence of an invasive-IPMN, regardless the type of major 
pancreatectomy, follow-up schedule must be similar to that of PDAC.

49.4  Conclusion

Despite recent advances, the complete understanding of the natural history of IPMN 
has not yet been reached. New evidences from large observational studies will pro-
vide insights on cyst’s biosignature. However, the heterogeneity of features charac-
terizing these pancreatic cysts currently requires a multidisciplinary discussion in 
the context of high-volume centers in all cases, to better tip the balance between risk 
of cancer and that of an unnecessary major pancreatic resection.
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50.1  Introduction

Pancreatic cystic lesions are becoming more prevalent due to the increasing aware-
ness and increasing employment of cross-sectional imaging as well as an aging 
population [1, 2] such that they may be found in approximately 8% of an asymp-
tomatic population [3]. Most cystic lesions are benign, but some are neoplastic and 
have a risk of progressing to cancer. However, distinguishing the variety of cystic 
lesions can be difficult [4], and often a multidisciplinary approach is necessary to 
arrive at the best work-up and surveillance strategy, if not considering resection 
based on consensus criteria [5–8].

Pancreatic cystic lesions (PCL) refer to all cystic lesions of the pancreas 
(Fig. 50.1), but these are a heterogeneous group of cysts with different malignant 
potential, radiological cyst characteristics, epidemiological features and manage-
ment [5, 9]. An increasing number of patients are being referred to pancreatic cen-
ters around the world due to often incidentally discovered cystic neoplasms of the 
pancreas resulting from the increasing availability of high-quality radiological 
imaging. Although pancreatic cystic neoplasms have certainly always existed, only 
recently have guidelines for follow-up, diagnosis, and management been issued. 
Nevertheless, these guidelines themselves are based on the scarce data available and 
are subject to evolution [4, 5, 8, 10, 11].

This chapter aims to provide an overview of pancreatic cystic lesions, focusing 
on malignant potential and management options. A general overview of existing 
guidelines and management options will be presented. Management of Intraductal 
Papillary Mucinous Neoplasms (IPMN) will be discussed elsewhere in this book.

Pearls and Pitfalls
• Guidelines are currently based on consensus made from poor level data
• Guidelines are not uniform in their criteria nor recommendations
• Currently, a given decision to resect or observe each comes with risk for 

over- and under-treatment

Future Perspective
• Better tools to differentiate cyst types and malignancy risk are needed
• Population-based, longitudinal studies are needed to better define true epi-

demiology, true prevalence and true cancer-risk in pancreatic cysts
• Novel techniques, including cyst fluid investigations, liquid biopsies, 

machine learning and artificial intelligence may help improve decision-
making and reduce over- and under-treatment

J. R. Aunan et al.
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50.2  Epidemiology of Pancreatic Cystic Lesions

The overall prevalence of PCL in the general population ranges from 2.6% to 15%, 
but increase with age to 27% in patients >80 years [12]. Pancreatic cysts are classi-
fied according to the WHO 2019 histological classification (Table 50.1) [13]. While 
radiological imaging can distinguish classical features such that benign, premalig-
nant and malignant lesions may be determined, the overall problem is that the defi-
nite classification of a cyst can be difficult before it is surgically resected and 
histologically examined. The accuracy of the preoperative diagnosis varies from 
47% to 78% when compared to the final histological diagnosis [14–16]. Thus, the 
surgeon has to balance the risk of malignancy with the possible morbidity and mor-
tality associated with pancreatic surgery. The decision-making must account for a 
possible erroneous preoperative diagnosis such that some patients will inevitably be 
subject to surgery later deemed unnecessary. The diagnostic accuracy is however 
improving and likely will continue to improve in the future due to the improved 

Intraductal papillary
mucinous cyst (IPMN)
in main pancreatic duct

Serous
cystadenorna

Benign simple
pancreatic cysts

IPMNs in
side branch

ducts

Mucinous
cystadenorna

Pseudopapillary
neoplasm

Fig. 50.1 Illustration of different cyst types in the pancreas. IPMN intrductal papillary mucinous 
neoplasia
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Table 50.1 WHO classification of pancreatic cystic lesions

Epithelial neoplastic Epithelial non-neoplastic
Intraductal papillary mucinous neoplasm (IPMN) Lymphoepithelial cyst
Mucinous cystic neoplasm (MCN) Mucinous non-neoplastic cyst
Serous cystic neoplasm (SCN) Enterogeneous cyst
Serous cystadenocarcinoma Retention cyst/dysontogenic cyst
Cystic neuroendocrine tumor Peri-ampullary duodenal wall cyst
Acinar cell cystadenoma Endometrial cyst
Cystic acinar cell carcinoma Congenital cyst
Solid pseudopapillary neoplasm (SPN)
Accessory-splenic epidermoid cyst
Cystic hamartoma
Cystic teratoma (dermoid cyst)
Cystic ductal adenocarcinoma
Cystic pancreatoblastoma
Cystic metastatic epithelial neoplasm
Others
Non-epithelial neoplastic Non-epithelial non-neoplastic
Benign non-epithelial neoplasm (e.g., Lymphangioma) Pancreatitis associated pseudocyst
Malignant non-epithelial neoplasms (e.g., sarcomas) Paracitic cyst

Developed from Bosman FT, Carneiro F, Hruban RH, et al. WHO classification of tumours of the 
digestive system: World Health Organization, 2010

accuracy of radiological imaging, increasing utilisation of EUS (Fig. 50.2) but also 
the implementation of molecular and genetic analysis [12]. Pancreatic cysts vary in 
malignant potential however there is an overall increased risk in pancreas cancer 
with the presence of a pancreatic cyst which may be increased as high as 20-fold 
compared to the general population [17].

50.3  Contemporary Guidelines for Pancreatic Cysts

With the increasing focus on pancreas cysts, several guidelines for the diagnostic 
workup and management have evolved, with four clinical guidelines now in place, 
including the International Association of Pancreatology (Fukuoka) guidelines [18], 
European Study Group on Cystic Tumours of the Pancreas [19], American 
Gastroenterological Association (AGA) [20] and American College of 
Gastroenterology (ACG) clinical guideline [21]. Furthermore, the American College 
of Radiologists (ACR) have issued a “white paper” on recommendations for 
surveillance modalities and intervals for incidentally discovered pancreatic cysts 
[22]. While this paper contains several useful algorithms and flow charts, it has seen 
less penetrance into clinical practice compared to the other clinical guidelines. 
While there is consensus that the risk of malignancy should be balanced against the 
life- expectancy and comorbidities, the indications for surgery and surveillance 
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strategies vary among the guidelines [23]. At the time of writing, there is work 
underway to merge and suggest a common set of guidelines to avoid the confusion 
generated by having several competing opinions. This chapter will refer to the 
guidelines where applicable and to ongoing areas of research with relevance to pan-
creatic cysts.

50.4  Types of Cysts in the Pancreas

Several types of cystic lesions (Fig. 50.1, Table 50.1) in the pancreas may occur and 
consideration of the clinical context is important to enable the best diagnostic strat-
egy and determine the requirement for further treatment or surveillance. While 
some lesions, such as a pancreatic pseudocyst, are relatively common particularly 
following a recent episode of acute pancreatitis, often lesions are deemed ‘inciden-
tal’ (detected on imaging performed for other indications) rather than being detected 
following investigations indicated by symptoms.

Linera array
ultrasound in

duodenum

Endoscopic ultrasound (EUS)

Cytology Biochemistry Genomics

CEA
CA 19-9
MUCINs

KRAS
GNAS

Cystic tumor
in pancreas

Ultrasound
field

Endoscope

Fine needle
aspiration

(biopsy) of
pancreatic

cystic tumor
through

duodenal wall

Fine needle
aspiration (FNA)

Fig. 50.2 Endoscopic ultrasound (EUS) with fine needle aspiration (FNA) for cyst diagnostics. 
EUS endoscopic ultrasound, FNA fine needle aspiration, CEA carcinoembryonic antigen
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In addition to common cystic lesions, one must consider the possible presenta-
tion of rarer entities; including cystic pancreatic neuroendocrine tumors (cystic 
PanNET), lymphoepithelial cysts [24], pancreatic echinococcus/hydatic cyst [25, 
26], pancreatic cystic lymphangioma [27] or hemolymphangioma [28], true con-
genital pancreatic cyst [29], or tuberculosis [30], to mention but a few rare examples 
(Table 50.1). This chapter will primarily give an overview of PCLs, focusing on 
those considered neoplastic and those which harbour malignant potential.

50.4.1  Cyst Characteristics

PCLs can be either neoplastic (PCN) or non-neoplastic (Table 50.1). Non-neoplastic 
lesions exhibit no malignant potential and rarely require treatment unless symptom-
atic. Non-neoplastic cysts can be divided into non-epithelial and epithelial cysts. 
Pancreatic pseudocysts are the most common non-epithelial and also the most 
common pancreatic cystic lesion overall [31], while retention cysts are the most 
common epithelial. Non-neoplastic lesions have no malignant potential and require 
treatment only if symptomatic.

50.4.2  Non-epithelial Inflammatory Fluid Collections

According to the 2012 revised Atlanta classification of acute pancreatitis [32], non- 
epithelial inflammatory fluid collections were classified into acute peripancreatic 
fluid collections, pancreatic pseudocysts, acute necrotic collections and walled off 
necrosis (WON) of the pancreas according to the presence of necrosis and temporal 
relation to presentation. Acute peripancreatic fluid collections occur within 4 weeks 
of interstitial pancreatitis and are fluid collections without a well-defined wall. A 
pseudocyst describes a mature fluid collection with a well-defined wall and present 
at least 4 weeks after acute pancreatitis episode. Acute necrotic collections (present 
within 4 weeks) result from necrotic pancreatitis, contain both fluid and solid mate-
rial with an ill-defined wall. Walled off pancreatic necrosis is a matured (usually 
>4 weeks) encapsulated collection of necrosis.

Pancreatic pseudocysts can be found in 5–16% of patients that have had acute 
pancreatitis and 20–40% of patients with chronic pancreatitis, especially if alcohol 
consumption is the causative factor [33]. Pseudocysts are usually diagnosed with 
CT as a rounded well circumscribed fluid collection with enhancing wall. Fine nee-
dle aspiration generally performed at EUS (Fig. 50.2) will reveal an amylase rich 
fluid, containing inflammatory cells with a paucity of epithelial cells [33]. 
Symptomatic inflammatory fluid collections have traditionally been treated by 
surgical cystogastrostomy which can be performed laparoscopically, however 
endoscopic cystogastrostomy with or without lumen opposing stents (Hot AXIOS™) 
is increasingly the preferred option. Percutaneous drainage is rarely performed for 
drainage of fluid collections, however it is often the first step if percutaneous necro-
sectomy is required for management of WON [34].

J. R. Aunan et al.



783

50.4.3  Epithelial Non-neoplastic Lesions

This is a group of rare non-neoplastic cysts that include retention cysts, squamoid 
cysts, lymphoepithelial cysts, enterogeneous cysts, mucinous non-neoplastic cysts, 
endometrial cysts and para-ampullary duodenal cysts. They are non-neoplastic in 
nature and do not require resection unless symptomatic but may be difficult to dis-
tinguish from neoplastic cysts, especially mucinous cysts. Diagnostic dilemma may 
result in an erroneous resection under the belief that they are neoplastic exposing 
the patient to the potential dangers of pancreatic surgery [35].

50.5  Pancreatic Cystic Neoplasms (PCN)

Pancreatic cystic neoplasms may harbour potential for malignant transformation and 
therefore are important to identify and manage appropriately (Figs. 50.1 and 50.3). 
They are classified as mucinous, (including IPMN and Mucinous Cystic Neoplasm 
[MCN]) and non-mucinous (Serous cystic neoplasm [SCN], Solid pseudopapillary 
neoplasms [SPN], cystic Neuroendocrine Tumour [cNET]) according to the epithelial 
lining and secretions they produce [13]. PCNs may harbor malignant potential and are 
important to identify and manage appropriately (Table 50.2).

Fig. 50.3 Pancreatic cystic lesions on cross sectional imaging. (a) Mucinous cystic neoplasia 
(MCN) on MRI T2-weighted imaging. (b) Mixed type IPMN on MRI (T2 haste), with illustration 
of side- and main-duct dilatations in insert (arrow). (c) Mucinous cystic neoplasi (MCN) on MRI, 
with invasive component (arrow showing nnodular change within cyst wall). (d) Serous cystic 
lesion on CT (white arrow), with MRI in insert

50 Pancreatic Cystic Lesions and Risk of Cancer
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50.5.1  Intraductal Papillary Mucinous Neoplasm (IPMN)

IPMN is a mucin producing papillary neoplasm of the pancreatic duct system 
representing the most commonly diagnosed and resected PCN. Arising from the 
main pancreatic duct or side branches it is therefore divided into main duct-IPMN, 
side branch IPMN and mixed type-IPMN. They can be solitary or multifocal, have 
equal sex distribution and peak incidence is fifth–seventh decade. All types har-
bour a malignant potential, however particularly main duct involvement, large 
size, high growth rate and solid component/mural nodules are associated with 
higher risk [36–38].

50.5.2  Mucinous Cystic Neoplasm (MCN)

Mucinous cystic neoplasms (Fig.  50.3a, b) occur almost exclusively in women 
(>95%), are predominately located in the pancreatic body and tail (97%) and arise 
in the fifth–seventh decade [39], usually younger than IPMN. They are commonly 
large, septated, thick-walled and lack communication with the ductal system. They 
contain an epithelial lining of tall mucin secreting cells with typical rich ovarian 
type stroma [39] and are distinguished from IPMN by the presence of this stroma, 
as well as non-communication with the ductal system and their typical location in 
the distal pancreas. MCN are generally solitary while IPMN can be multifocal 
(Fig. 50.3b). Both type of lesions have similar mucin rich cyst fluid with high CEA 
levels, however amylase level varies [40]. Mucinous cystic neoplasms carry a sig-
nificant malignant potential and resection should be considered, especially at a size 
of >4 cm with any worrisome features [41], as depicted in Fig. 50.3c.The malignant 
potential of MCN by far exceeds that of IPMN and patients should be offered resec-
tion if medically fit for operative intervention. Oncological resection (distal pancre-
atectomy with splenectomy in 90–95% of cases) with respective lymphadenectomy 
is advised if susceptive features are present. In MCN without any suspective fea-
tures a non-oncological resection can be done [19]. Five-year survival after resec-
tion of invasive MCN carcinoma is 57%, while non-invasive disease has 100% 
5-year disease specific survival [39]. A large multicentre study found a low risk in 
small MCNs [42], and these may initially be observed.

50.5.3  Serous Cystic Neoplasm (SCN)

Most serous cystic neoplasms are serous cystadenomas (SCA; Fig. 50.3d) that can 
occur throughout the pancreas. These are benign neoplasms originating from centro- 
acinar cells and are lined by serous glycogen rich cuboidal cells. In almost all cases 
these tumors are benign, indolent, slow growing and rarely cause any symptoms 

50 Pancreatic Cystic Lesions and Risk of Cancer
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[43]. They are most common in women in their sixth decade. Very rarely, malignant 
serous cystadenocarcinomas can occur as well [44, 45].

A multinational large cohort study from expert centers concludes that surgery 
should only be offered if diagnosis is uncertain, if the neoplasm causes significant 
symptoms or in exceptional cases if malignancy is suspected [43]. The tumour typi-
cally has a microcystic appearance like a honeycomb or sponge, often with a central 
scar, but can also be macrocystic or mixed [46]. Von Hippel-Lindau (VHL) patients 
are prone to develop cysts and neuroendocrine tumours in the pancreas in addition 
to several other benign and malignant neoplasms. Remarkably, pancreatic cysts 
occur in approximately 70% of VHL patients, making it the only hereditary tumour 
syndrome with such a discernible expression of pancreatic cysts.

Loss of function in the tumour suppressor VHL gene is associated with both 
VHL syndrome cases and sporadic cases of SCA [46]. VHL Cyst fluid is low in 
CEA and amylase [40].

50.5.4  Solid Pseudopapillary Neoplasm (SPN)

SPN is a rare cystic neoplasm representing 1–3% of exocrine pancreatic neoplasms 
[47] and are most common in young women (20–30 years) with a female:male ratio 
of approximately 9:1 [48]. Almost 90% of SPNs reported in the literature are from 
the period after year 2000 [48], with a large body of reports being case reports or 
case series, with only occasional, single institutional series of >10 patients prior to 
that period [49]. More recently, several larger series have been published [50–55].

SPN are classically large (mean size at diagnosis reported at 8.6 cm) [48], well- 
circumscribed solitary lesions that can have a cystic, solid or mixed appearance 
[48]. Approximately two thirds are diagnosed based on work-up following 
presentation with abdominal pain secondary to the mass effect of the tumor, while 
another third are usually detected incidentally on imaging. SPN can appear anywhere 
in the pancreas, they are usually benign with low-grade histological changes but 
10–20% have a malignant potential [56]. The cyst fluid is haemorrhagic, highly 
cellular and low in CEA [56]. The aetiology of SPN involves mutations in the gene 
encoding β-catenin (CTNNB1) [57].

The treatment of choice is surgical resection due to their malignant potential 
[48], but disease course is usually indolent (even for metastatic disease) and usually 
associated with an excellent prognosis on long-term follow-up (>90% 10-year 
survival). Surgical resection is recommended for recurrences or even in the presence 
of liver metastases, as there remains no effective oncological treatment to offer and 
very good long-term survival can be achieved even in the metastatic setting [50, 51, 
54, 58]. If possible, function-preserving surgery is advocated with no need for 
extended lymph node dissection. A high Ki67 index ≥4% (Fig. 50.4) as a marker of 
high proliferative activity in the cells may predict the malignant potential and poor 
prognosis of SPN [53, 59].
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50.5.5  Cystic Neuroendocrine Tumors (cNET)

Pancreatic neuroendocrine tumors are typically solid tumors but can sometimes also 
present as cystic lesions [60]. They have an equal sex distribution and a wide age 
range with mean age in the sixth decade of life [60]. They can be located anywhere 
in the pancreas and are difficult to distinguish from other cystic lesions such as 
IPMN or MCN, making misdiagnosis common [60]. Most of these tumors are non- 
functional and do not secrete hormones [60]. They have a straw like cyst fluid low 
on amylase and CEA and do not communicate with the pancreatic duct. Their 
malignant potential is low and lesions <1 cm are simply managed by surveillance, 
while patients with larger or clinically active lesions can be offered resection [56].

50.6  Diagnostic Workup of Pancreatic Cystic Lesions

Much remains debated as to the best and optimal management of pancreatic cysts 
(Fig.  50.5), with several suggestions and views, either holding a conservative 
attitude or a more aggressive or surgery prone approach to management. It is safe to 
say that the ‘jury is still out’ on the most appropriate modality for differentials, 
diagnostic test to use, markers of risk prediction and the optimal surgical management 
strategy [4–6, 10, 11, 61]. However, data is accumulating and evidence evolving.

50.6.1  Radiologic Imaging

Diagnosis of a pancreas cyst usually starts with cross sectional imaging, either 
following cyst symptoms, or due to other unrelated disease giving rise to the com-
monly found asymptomatic incidentally found pancreatic cyst. MRI has a higher 
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Fig. 50.4 Proliferation activity (Ki-67) and malignancy risk in SPN (Reproduced from Zou C, 
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contrast resolution and better sensitivity than CT in detecting PCN but not neces-
sarily a better specificity. The accuracy for identifying the specific type of PCN is 
40–95% for MRI and 40–81% for CT [19]. MRI is more sensitive to detect com-
munication with the pancreatic duct, septations, the presence of mural nodules 
and multifocality and is therefore the imaging modality of choice. A lack of ion-
izing radiation is of notable importance as many patients are included in surveil-
lance programs [18, 19]. CT should be used for detection of parenchymal, mural 
and central calcifications, especially when differentiating pseudocysts associated 
with chronic pancreatitis. CT is useful for excluding and staging malignant dis-
ease as well as for follow up of postoperative recurrence in case of malig-
nancy [19].

EUS in addition to contrast enhanced EUS is recommended as an adjunct to 
cross-sectional imaging. However, EUS is also imperfect in determining the spe-
cific type of PCN, yet can assist in distinguishing features associated with malig-
nancy including mural nodules, septations and microvasculature density and blood 
flow [62, 63]. As such, EUS is recommended if clinical or radiological features of 
concern are detected during primary work-up or surveillance [19]. Tissue or cystic 
fluid acquisition is another important value of EUS.

Pancreatic cystic lesion on CT/MRI

Pseudocyst

Legent:
IPMN denotes intraductal papillary mucinous neoplasia; MCN denotes mucinous cystic
neoplasia

MCNIPMN

Mucinous radiology
OR

EUS-FNA with cytology,
mucin positive

OR
CEA>192ng/ml

Serous cystic neoplasm

Resection or
survelliance

according to guidelines

Resection if>40mm
or

malignant feature such
as nodule

Solid pseudopapillary
neoplasm Cystic NET tumor

Non-mucinous

Observation for 1 year
Usually resection

Resection if>1cm or
clinically active

If not, surveillance

Consider resectionHistory of
pancreatitis?

Duct communication?

Symptomatic cyst?

Mucinous
OR

Non-mucinous?

YES

YES

YESNO

NO

NO

Fig. 50.5 A suggested flowchart of management of pancreatic cystic lesions. IPMN intraductal 
papillary mucinous neoplasia, MCN mucinous cystic neoplasia
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50.6.2  Cyst Fluid Analysis and Cytology

Utilisation of EUS- fine needle aspiration (FNA) varies widely worldwide, with 
variable indication in the guidelines. EUS-FNA can be used to proof a cyst is muci-
nous type via a combination of CEA, lipase/amylase concentration and cytological 
analysis [19]. Cytology can also help to differentiate malignant from benign, if cells 
are obtained. Determination of KRAS mutational status can help to distinguish 
mucinous cysts, while the presence of GNAS mutations can help distinguish IPMN 
from other pancreatic cysts [64, 65].

EUS-FNA has future potential as further molecular and genomic biomarkers in 
cyst fluid are identified, furthermore novel techniques including cytology brush, 
mini-biopsy forcipes, cystoscopy and confocal laser endomicroscopy might 
overcome the common paucity of cellular components in aspirated cyst fluid [66]. 
In a recent retrospective study the use of EUS-FNA with cytology and biochemical 
analyses changed the pre EUS-FNA diagnosis in nearly half the patients, especially 
in young patients with large cysts [67]. Some 55 out of 101 presumed BD-IPMN 
turned out to be other cyst types such as SCN, simple retention cysts, cNET, 
pancreatic ductal adenocarcinoma or pseudocysts. Seventeen of 26 presumed MCN 
turned out to be other cysts, such as SCN, simple retention cysts, SPN, pancreatic 
ductal adenocarcinoma and neuroendocrine tumours. The initial recommendation 
changed from surgery to conservative treatment in 61of 90 patients and from initial 
conservative to surgical treatment in 6 of 98.

50.7  Novel Diagnostic and Risk Tools for Pancreatic 
Cystic Lesions

There are many new and promising developments in PCL diagnosis (many of which 
are discussed in more detail in other chapters). Among the radiological developments, 
a Secretin-enhanced MRCP is used with promising results in some centers. In this 
technique, the hormone Secretin is given to stimulate the acinar cell secretion which 
leads to enlargement of the pancreatic ducts following increasing MR signaling. 
This enhances visibility of cyst-duct communications. This can help distinguish 
IPMN from other cystic lesions [68].

Conventional imaging studies, including CT and MRI, contain a huge amount of 
data, which are currently not used systematically to enhance information. Study of 
these granular and comprehensive datasets is defined as ‘radiomics’. Radiomics has 
potential to enhance diagnostic strategies and prognostication in a personalized 
medicine approach [69]. It utilizes quantitative image analysis to extract features in 
conjunction with machine learning and artificial intelligence (AI) methods like 
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supporting vector machines, random forest, and convolutional neural network for 
feature selection and classification. Selected features can then serve as imaging bio-
markers to predict high-risk pancreatic cystic lesions which has been demonstrated 
in some studies [70–72].

Needle-based confocal laser endomicroscopy can be used during EUS-FNA 
which allows observation of the inner wall of the cyst in microscopic detail. This 
technique has shown promising results in differentiation of PCN and performed bet-
ter than EUS + CEA alone [73]. The sensitivities and specificities of needle-based 
confocal laser endomicroscopy for the diagnosis of serous cystadenoma, mucinous 
PCL, and premalignant PCL were ≥ 95% [73].

EUS guided through-the-needle biopsy is a recently developed technique where 
a microforceps is passed through a standard FNA needle to obtain a biopsy of the 
cyst wall or mural nodules. EUS with through-the-needle biopsy technique pro-
vided better results in diagnosing mucinous cysts than CEA and FNA cytology [74].

Cyst fluid analysis is a developing field and likely will be of increased impor-
tance in the future, particularly the use of next generation sequencing methods [75–
78]. Investigators have reported KRAS/GNAS mutations to be present in 100% of 
IPMN [76], and to be highly sensitive and specific (89% and 100% respectively) for 
IPMN and mucinous cystic lesions [76]. Additional TP53/PIK3CA/PTEN evalua-
tion provided an 88% sensitivity and 97% specificity for IPMN with advanced neo-
plastic changes [76]. VHL mutations and deletions are associated with SCN [46, 79].

Since no single marker or feature of any test provides perfect accuracy, the added 
value of several modalities may hold a better clue to optimal risk stratification. The 
CompCyst test is based on combination of selected clinical features, imaging char-
acteristics, and cyst fluid genetic and biochemical markers [80]. Using data from 
436 patients with pancreatic cysts, a Johns Hopkins-led collaboration used 
CompCyst to classify patients into those who require surgery, those who should be 
monitored, and those who do not require further surveillance. The investigators 
validated the CompCyst in an independent cohort of 426 patients, with histopathology 
used as the gold standard. The CompCyst test was more accurate than the manage-
ment dictated by conventional clinical and imaging criteria alone [80]. Indeed, the 
CompCyst test would have made surgery unnecessary in >50% of patients and 
might have the potential to reduce morbidity of surgery and economic costs. Of 
note, the study was limited by using patients with cysts who underwent resection, 
therefore prospective validation is needed.

50.8  Management of Pancreatic Cysts

Surgical resection of a PCN is recommended where the risk of malignant transfor-
mation outweighs the risk associated with surgery, as mentioned for separate cystic 
lesions above. Type and extent of surgery may depend on the type and location of 
the cyst in the pancreatic gland (Fig. 50.6).
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In general, IPMN with high risk features and MCN have malignant potential and 
should be considered for surgery, but also other lesions may be resected as the best 
strategy. Obviously, the need for resection over surveillance should be viewed in light 
of patient age, comorbidity and preference and carefully balanced against the risk of 
progression to invasive malignancy. All guidelines recommend that surgery should be 
performed in high volume centers after consultation in multidisciplinary teams.

If the cyst is located in the head or uncinate process a pancreatoduodenectomy is 
performed, while a distal pancreatectomy is performed for cysts in the body or tail. 
Parenchymal sparing resection and enucleations are sometimes indicated, but as yet 
there is no solid data to guide decisions in the context of cystic lesions. Although 
some institutions employ this strategy for small IPMN this is not widely accepted. 
Total pancreatectomy, sometimes indicated for disease affecting the entire gland, 
needs careful consideration as risk and the long-term consequences are consider-
able [81].

According to the European [19] and IAP guidelines [18] resection is indicated in 
all SPN as long as the patient is fit for surgery. Cystic pancreatic neuroendocrine 
tumours should be resected if they are symptomatic, if there are signs of malignant 
behaviour or if size exceeds >20 mm as there is a 20% risk of malignancy [19]. 

 Anatomical regions of the pancreas where cystic lesions are located

Type of surgery needed to remove the affected part of the
pancreas where cystic lesions may be found

Head
Neck

Liver

Gall
bladder

Spleen

Body

Tail

HHHeadHHeadeadHeadeadead

TailTail

NeckNeckNeckNeckeckNeckNecN

a Whipple b Distal pancreatectomy c Central pancreatectomy

Stomach

Duodenum

Pancreas

A

B

Fig. 50.6 Location of cysts and type of resection considered for pancreatic cysts. (A) Locations of 
cysts within the pancreatic gland; the neck is over the porto-mesenteric confluence. (B) types of 
resections considered in cystic lesions, (a) pancreatoduodenectomy, (b) distal pancreatectomy and 
(c) central pancreatectomy
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Smaller asymptomatic cysts without any sign of malignancy can be surveilled [19]. 
The IAP guidelines [18] recommend resection for all MCN, while the European 
guidelines [19] recommend resection only if the size is >40  mm, an enhancing 
mural nodule is detected or if symptoms occur. Guidelines for IPMN are mentioned 
in a separate chapter in this book.

As current surgical treatment options pose a significant risk of morbidity and 
mortality, hence the development of efficacious minimally invasive treatment 
options would be desirable. Pancreatic cyst ablation is one such technique which is 
showing promising potential.

Ethanol ablation used in early trials showed disappointing efficacy and a signifi-
cant risk of pancreatitis [82]. A recent development is cyst lavage with ethanol fol-
lowed by infusion of the chemotherapeutic agent paclitaxel. A successful ablation 
rate of 50–79% was observed, but with significant risk of developing pancreatitis, 
peritonitis and venous thrombosis in up to 10% of patients [82]. A more recent study 
showed the same ablation effect with significantly less side effects when chemo-
therapeutic ablation was used alone [82, 83].

Studies comparing chemical ablation with surgery or surveillance are lacking, 
therefore no recommendations can be made at this point of time. Trials are also 
ongoing evaluating the effect of EUS guided radiofrequency ablation, the results 
still pending.

50.9  Conclusion

Pancreatic cystic lesions vary from benign to premalignant lesions requiring resec-
tion and are becoming discovered at an increasing rate due to the increasing preva-
lence of high-quality radiologic imaging. Guidelines developed in the last decades 
help in the treatment decision, but there is still ongoing debate concerning appropri-
ate selection for surgery or continued observation in individual patients due to the 
potential morbidity traditionally associated with resections. However new advances 
in diagnostic accuracy through radiology and EUS procedures will likely improve 
patient selection, and advances in endoscopy and minimally invasive surgery will 
reduce their complications. Molecular biomarkers may prove beneficial in selecting 
high risk candidates for progression or facilitate intervals of surveillance.
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Take Home Messages
• EUS has a higher diagnostic accuracy than all other cross-sectional imag-

ing modalities for the detection of solid pancreatic lesions below 30 mm.
• EUS guided sampling of a solid pancreatic lesion is a first-line approach in 

case tissue diagnosis is required.
• EUS is used as a supplement to CT for assessing resectability of pancreatic 

cancer but there is no recommendation for routine EUS performance in 
patients with pancreatic cancer found to have resectable disease on CT scan.

Pearls and Pitfalls
• Ancillary techniques, such as contrast-enhanced EUS and real time elastogra-

phy, may help characterize a solid pancreatic lesion and select patients to 
undergo EUS-guided sampling, thus potentially improving diagnostic accuracy.

• Fine needle biopsy (FNB) provides the possibility to obtain histologically 
intact samples, potentially leading to specific histopathology diagnosis and 
adequate specimens for immunohistochemical analysis and molecular profiling.

• EUS performance is highly operator dependent.

Future Perspectives
• Further studies are needed in order to establish the role, long term efficacy, 

and survival benefit of EUS guided therapies in the management of pancre-
atic adenocarcinoma.

• Larger prospective studies are needed to confirm the accuracy of EUS-
FNB to provide a specific diagnosis even in non-malignant cases of solid 
pancreatic lesions.
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51.1  Introduction

In contrast with pancreatic cystic lesions which are commonly detected as inciden-
tal findings in imaging examinations, patients diagnosed with solid pancreatic 
lesions (SPLs) most frequently present with symptoms such as jaundice and epigas-
tric pain. Endoscopic ultrasound (EUS) plays a crucial role when a SPL is sus-
pected, as it may provide high-resolution images of the pancreas through the 
stomach and duodenum, without the disruption of intervening gas, fat, and bone. 
Consequently EUS provides exceptional accuracy for the detection of pancreatic 
focal lesions, especially in patients with small tumors of 3 cm or less with a median 
sensitivity of 94% [1]. After initial assessment, EUS-guided fine needle aspiration 
(FNA) or fine needle biopsy (FNB), potentially in combination with ancillary tech-
niques such as contrast enhancement and elastography, may help obtain a specific 
diagnosis [1]. Furthermore, since most SPLs turn out to be pancreatic cancer, EUS 
may provide information on staging and resectability, which are important param-
eters for further management decisions, including surgical or EUS-guided therapy.

The aim of this chapter is to describe the utility of EUS in the management of 
solid pancreatic lesions with special reference to its role in their detection, sam-
pling, and staging as well as EUS-guided endotherapy.

51.2  Endoscopic Ultrasound Examination

EUS is an endoscopic exam in which an ultrasound probe is fitted at the tip of the 
endoscope enabling the operator to obtain high-resolution images of the pancreas 
through the stomach and duodenum, by transducing high-frequency sound waves. 
EUS scopes can be either radial or linear, with the former providing a circumferential 
(usually 360o) view of the area whereas in the latter views are in the same line with 
the scope shaft, compulsory for real-time EUS-guided FNA performance (Fig. 51.1).

a b

Fig. 51.1 (a) Tip of a radial echoendoscope. It bears an ultrasound probe which may scan a 360° 
plane vertical to the shaft of the echoendoscope. (b) Tip of a linear array echoendoscope. It bears 
an ultrasound probe which may scan an axe-like plane parallel to the shaft of the echoendoscope, 
enabling real-time visualization of aspiration/biopsy needles (Courtesy of Olympus Corp)
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Similar to conventional upper gastrointestinal (GI) endoscopy patients typically 
undergo a fasting period of at least 6 h for solids and 2–4 h for liquids [2]. Prior to 
starting the procedure, patients are placed in left lateral decubitus position [3]. 
However, EUS lasts usually longer and may be more inconvenient for the patient 
(due to the need of contact between the scope tip and the GI wall to establish 
acoustic coupling) compared to conventional upper GI endoscopy. Also, an EUS 
exam may be combined with interventional procedures (e.g. fine needle sampling). 
Consequently regarding sedation, ideally anesthesia provider assistance should be 
considered to accomplish deep sedation. This is associated with improved outcomes 
and better efficacy regarding EUS-FNA.  However, under certain circumstances 
(including but not limited to national and local regulations and policies, patient 
comorbid illness burden, etc.) moderate sedation could be also administered and 
monitored by the echoendoscopist [4].

51.3  Detection of Solid Pancreatic Lesions

Although pancreatic adenocarcinoma accounts for the majority of SPLs, reaching 
85%, several alternative diagnoses need to be considered including benign 
conditions, such as focal or IgG4-related autoimmune pancreatitis (Table 51.1). The 
distinction is important as appropriate therapy may vary significantly among differ-
ent conditions [5–9].

According to a recent meta-analysis [1], EUS is the most sensitive imaging 
modality for the detection of pancreatic lesions with a median sensitivity of 94%. 
Compared with computed tomography (CT) or transabdominal ultrasound scans, 
EUS has higher sensitivity (74% vs. 98% and 67% vs. 94%, respectively) [1]. There 
are only few comparative studies between EUS and magnetic resonance imaging 
(MRI), showing higher sensitivity for the detection of pancreatic lesions in the case 
of the former (98% vs. 87.5%) [10]. Moreover its negative predictive value reaches 

Table 51.1 Differential diagnosis of solid pancreatic lesions

Neoplastic Non neoplastic

Pancreatic adenocarcinoma (85%)
Neuroendocrine tumor (<10%)
Metastasisa (2–5%)
Primary pancreatic lymphoma (0.5%)
Solid pseudopapillary tumors
Ampullary tumor
Acinar cell carcinoma
Pancreatoblastoma

Chronic pancreatitis
Autoimmune pancreatitis
Teratoma
Ectopic spleen
Sarcoidosis
Hamartoma
Lymphoid hyperplasia
Lipomatous pseudohypertrophy
Lymphangioma
Lymphoepithelial cyst
Endometriosis

aMainly from breast carcinoma, lung carcinoma, melanoma, gastrinoma, renal cell carcinoma, 
retroperitoneal liposarcoma, osteosarcoma, GI tract carcinoma

51 EUS and Solid Pancreatic Lesions
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100%, with the few false negative cases being related to the presence of chronic 
pancreatitis, diffuse carcinoma, or recent acute pancreatitis [11].

EUS demonstrates even better comparative diagnostic efficacy in the detection of 
small lesions below 30 mm [1] .The difference in detection efficacy increases with 
decreasing SPL (Table 51.2) [12].

51.4  EUS-Guided Sampling of SPLs

51.4.1  EUS-FNA

Although EUS-FNA of SPLs has been shown to be as accurate as percutaneous (CT 
or US guided) or surgical approaches to obtain a tissue diagnosis [13], as regards to 
SPLs  <  3  cm, EUS-FNA has greater accuracy than US- or CT-guided FNA 
(p = 0.015) [14]. This superiority in favor of EUS-FNA also applies to complication 
rates [15] and cost minimization [16].Thus, guidelines from all major endoscopy 
associations recommend EUS-guided sampling of an SPL as a first line approach in 
case tissue diagnosis is required [15] (Fig. 51.2). As an alternative, the percutaneous 
approach may be considered in metastatic disease [15]. In a meta-analysis including 
41 studies (4766 patients), the sensitivity of EUS-FNA to detect the correct etiology 
for SPLs is 86.8% (95% confidence interval [CI], 85.5–87.9)with a specificity of 
95.8% (95% CI, 94.6–96.7), a positive likelihood ratio of 15.2 (95% CI, 8.5–27.3) 
and a negative likelihood ratio of 0.17 (95% CI, 0.13–0.21) [17].

There are several technical and procedural parameters that can affect the diag-
nostic yield of EUS-FNA of pancreatic lesions [18, 19]. A recent network meta- 
analysis of 27 prospective randomized trials (2711 patients) found no difference in 
diagnostic accuracy between 25 and 22 G FNA needles for sampling SPLs (Relative 
Risk 1.03, 95% CI 0.91–1.17) [20]. The suction technique performed by applying 
negative pressure during aspiration yields higher cellularity (odds ratio [OR] 2.12; 
95% CI, 1.37–3.30), accuracy (85.2% vs. 75.9%; p = 0.004), and sensitivity (82.4% 
vs. 72.1%; p = 0.005) when prospectively compared to no suction [21]. Additionally, 
the fanning technique is also utilized to acquire tissue by sampling multiple areas 
within a lesion during each pass. According to a randomized controlled trial with 54 
patients the fanning technique showed better diagnostic accuracy when compared to 
standard approach (96.4% vs. 76.9%; p  =  0.05). Fewer passes were required to 

Table 51.2 Detection efficacy of EUS compared with CT and MRI according to different SPL 
size [12]

EUS (sensitivity %) CT (sensitivity %) MRI (sensitivity %)

SPL < 3 cm 93 53 67
SPL < 2 cm 94 50 –
SPL < 1 cm 80 33–75 –
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establish the diagnosis and in a significant proportion of patients it was achieved 
with just one pass (57.7% vs. 85.7%; p = 0.02) [22].

Rapid on-site evaluation (ROSE) of FNA specimens by a cytopathologist during 
EUS-guided sampling is considered an important factor improving specimen ade-
quacy rate (average improvement by 10%, 95% CI 5–24%) [23], and diagnostic 
yield (increase by 10–30% from baseline) [18]. ROSE is also associated with fewer 
needle passes [24] and decrease in the number of repeated procedures by approxi-
mately 50% (p = 0.024) [25], but it may increase both procedural time and costs 
[24]. European Society of Gastrointestinal Endoscopy (ESGE) recommends EUS-
guided sampling either without ROSE and 3–4 needle passes or with ROSE and 
individualized number of passes typically 2–3 [19].

51.4.2  EUS-FNB

Compared with FNA that usually provides only a cytopathology specimen, FNB 
needles usually also procure a tissue specimen (Fig. 51.3), with intact architecture 
allowing for immunohistochemical analysis and molecular profiling, leading to a 
diagnostic yield of >90% [26]. According to recent meta-analyses EUS-FNA and 
FNB share comparable safety and diagnostic accuracy rates provided FNA is 
accompanied by ROSE [20, 27], although FNB offers adequate specimens more 
frequently with fewer needle passes [27]. However, new generation FNB needles 
that have recently entered the market appear to have revolutionized the standard 
practice in tissue sampling. Their diagnostic adequacy on cellblock exceeds 
90–95%, and their use is likely to obviate routine use of ROSE. Furthermore accord-
ing to a prospective study with 30 patients who underwent both techniques, the 
accuracy for obtaining a specific tissue diagnosis, even in non-malignant cases, such 

a b

Fig. 51.2 (a) A hypoechoic lesion (arrow) in the head of the pancreas is seen obstructing the com-
mon bile duct (double arrow). (b) EUS-FNA obtained from the part of the lesion obstructing the 
common bile duct. A 25 G FNA needle is used
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as autoimmune or focal pancreatitis, was significantly higher for EUS-FNB com-
pared with EUS-FNA (68.4% and 5.3%, p < 0.005) [28]. Should these findings be 
confirmed in larger prospective studies, it is conceivable that EUS-FNB may help 
avoid unnecessary surgery in patients with unclear diagnosis after a benign 
cytopathology sample (FNA), thus potentially reducing the number of patients with 
benign disease undergoing pancreatic resections due to presumed malignancy, and 
possibly provide a specific diagnosis of conditions that may be treated by 
medications, such as IgG4-related pancreatitis [29].

51.4.3  Sample Processing and Evaluation

Apart from conventional direct smears and liquid based cytology, cell block prepa-
ration is frequently applied aiming to optimize diagnostic accuracy (Table 51.3). 
Cell block is constructed by taking all or part of the pellet from the centrifuged 
liquid sample (specimen obtained by FNA in a liquid solution), forming a hardened 
structure and putting it into a paraffin wax block which is then processed as a histo-
pathology specimen. It is superior to direct smear (or liquid-based cytology) dem-
onstrating a higher sensitivity (85% vs. 61%; p < 0.001), negative predictive value 
(55% vs. 36%; p  =  0.046), and accuracy (86.5% vs. 68%; p  <  0.001) [30]. 
Combination of cytology smears and cell block techniques increases sensitivity 
from 79% to 90% (p = 0.0313) and accuracy from 81% to 91% (p = 0.0313) for 
diagnosing pancreatic malignancy compared to cytology smears alone [31]. This 
benefit of the cell block technique lays upon the advantage of performing ancillary 
(immunochemical and molecular) testing.

a b

Fig. 51.3 (a) Tip of a standard 22 G FNA needle used for procurement of cytological aspirates. 
(b) Crown-shaped tip of a 22 G FNB needle used for histological core tissue acquisition (Courtesy 
of Boston Scientific)
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51.5  Complications

The risk of complications of diagnostic EUS is generally low with a reported risk of 
perforation of 0.03–0.07%, and, in the event of FNA, bleeding of about 0.13% and 
acute pancreatitis of 1.5–2% [32]. Risk factors for the latter are higher number of 
punctures and more than 15 back and forth movements [33]. Tumor seeding is 
another potential adverse event of EUS-FNA and a matter of controversy in the lit-
erature [34]. Although there are case reports describing either peritoneal seeding, 
metastasis to the gastric wall or postoperative recurrence [35], there is no difference 
in survival or in recurrence risk between patients with vs. without previous EUS-
guided sampling [36, 37]. Moreover, the risk of tumor seeding is regarded lower in 
the case of EUS-FNA compared to percutaneous sampling (2% vs. 16%) [38].

51.6  Image Enhancement Techniques

51.6.1  Real-Time Elastography (RE)

RE-EUS is a mean for real time evaluation of tissue stiffness and elasticity. Results 
are presented as transparent color images superimposed on the standard EUS gray 
scale images (Fig. 51.4). The technique is based on the principle of “the harder the 
lesion, the higher chance of malignancy” [39]. Important parameters are elasticity 
score and strain ratio (Table 51.4). Elasticity score alone is a rather subjective score. 
By combining both, a strain ratio value of 7.75 has been proposed as a cut-off to 
detect malignancy with a specificity of 95%, sensitivity of 99%, positive predictive 
value of 98%, negative predictive value of 98.5%, and accuracy of 97% [40].

Table 51.3 Methods of specimen processing

Aspiration material Biopsy-core tissue material

Direct smear cytology (dry, spray fixation, immersion 
into 95% alcohol)
Liquid based cytology(saline, cell culture medium, 
fixative, formalin)
Liquid samples → direct smear preparations
Liquid samples → concentrate the material (cytospin 
technique, proprietary liquid-based cytology machine
Liquid samples → cell block
Possible visible tissue fragments or clots fixation for 
histology

Expel into fixative (fixed in formalin 
and processed in a paraffin wax block) 
for histology
Expel onto glass slide for histology
Expel into Saline for histology
Cytologic evaluation of remaining 
specimen
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51.6.2  Contrast-Enhanced Harmonic (CEH) EUS

CEH-EUS is performed using power Doppler EUS after a bolus intravenous injec-
tion of micro-bubble agents (sulfur hexafluoride, galactose-palmitic acid or perfluo-
robutane) that generate an acoustic signal when hit by ultrasonic waves [41]. 
CEH-EUS allows the examination of the arterial and venous phases as well as of a 
potential wash-out effect. Pancreatic adenocarcinoma usually appears hypovascular 
in comparison with the surrounding pancreatic parenchyma whereas focal pancre-
atitis or pancreatic neuroendocrine tumors behave as iso- or hyper-vascular lesions, 
respectively (Fig. 51.5) [41]. A recent meta-analysis showed that CE-EUS has a 
high sensitivity of 0.92 (95%CI, 0.90–0.93) and a relatively high specificity of 0.86 

Fig. 51.4 Conventional EUS (right-hand side) and elastography image (left-hand side) of a 
hypoechoic mass lesion (arrow) in the pancreas. The lesion appears blue on strain elastography, 
indicating a hard lesion, compared to the surrounding parenchyma. The strain ratio is calculated 
taking into consideration a typical area of the lesion (a) and an area of the surrounding parenchyma 
(b). EUS-FNA showed adenocarcinoma (Courtesy of Dr. Roald Flesland Havre, University of 
Bergen, Norway)

Table 51.4 Classification system of elasticity for real-time elastography EUS [39]

Elasticity score Stiffness Possible histology

1 Homogeneous soft Normal pancreatic tissue
2 Soft heterogenity Fibrosis, chronic pancreatitis
3 Hard Early pancreatic adenocarcinoma
4 Hard Neuroendocrine tumor, metastasis
5 Hard Advanced pancreatic adenocarcinoma
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(95% CI, 0.84–0.89) in the diagnosis of benign vs. malignant pancreatic tumors 
[42]. Besides enhancing SPL characterization, CEH-EUS is also useful for guiding 
FNA (highlighting vessels as well as necrotic and fibrotic parts to be avoided). 
According to a prospective cross-over study, CHE-EUS FNA offers numerically 
higher accuracy than conventional EUS-FNA (86% vs. 78%; ns), whereas by com-
bining both methods the accuracy reaches 94% [41].

a

b

c

Fig. 51.5 (a) A hypoechoic filling defect without acoustic shadow seen in the distal pancreatic 
duct (arrow) in a patient referred due to unexplained relapsing pancreatitis. The distal common bile 
duct (double arrow) is seen as a structure with anechoic (black) lumen between the lesion in the 
pancreatic duct and the echoendoscope. (b) In order to discern viable tissue from debris 0.5 ml of 
SonoVue microbubble contrast medium was given iv. Uptake of contrast was seen in the lesion 
(arrow) in the right-hand side of the image, confirming that this was a solid lesion. (c) EUS-guided 
FNA of the lesion (arrow) using a 25 G FNA needle (double arrow)
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Both image enhancement techniques may be applied in patients with a negative 
FNA and a high suspicion of PC (especially in the background of chronic pancreati-
tis). Thus, in patients with a negative initial EUS-FNA, and characterization of a 
lesion as hard (RE-EUS) and hypovascular (CEH-EUS) or soft/mixed (RE-EUS) 
and hypervascular (CEH-EUS), the specificity to diagnose PC in the former and 
focal chronic pancreatitis in the latter is 100% with no reported false positive cases 
[43]. Since hard and hypovascular lesions are highly suggestive of PC and soft and 
hypervascular of benign focal pancreatitis, the use of FNA may be confined to inde-
terminate cases that account for 20% of patients (i.e. those with hard and hypervas-
cular or soft/mixed and hypovascular lesions) [43].

Patients with chronic pancreatitis (CP) have a lifetime risk for PC around 13fold 
higher than that of general population [44] whereas in subsets of CP patients, this 
risk is even more pronounced (69-fold risk in hereditary pancreatitis and 100-fold 
risk in tropical pancreatitis) [44]. Data from a recent meta-analysis highlight the 
limited sensitivity for EUS-FNA to diagnose malignancy in a background of CP 
(54–74% vs. >90% in the absence of CP) [15, 45]. The supplemental use of both 
RTE-EUS and CEH-EUS, as described above may bridge the sensitivity gap and 
reduce false negative and false positive cases. However, larger prospective studies 
are warranted before RE-EUS and CEH-EUS are fully adopted in algorithms used 
in routine clinical practice.

51.7  Staging of Pancreatic Cancer

Accurate pre-operative staging of PC is important in order to be able to identify 
patients suitable for different therapeutic approaches: (1) resectable tumor that 
should be referred directly for potentially curative surgery; (2) locally advanced/
borderline tumor that can be referred for downstaging therapy, and (3) metastatic/
unresectable tumor that should be directed to palliative therapy.

In a meta-analysis, including 20 studies (726 patients), the estimated pooled sen-
sitivity, specificity, and accuracy of EUS for staging pancreatic cancer, were 72%, 
90%, and 90% for early and intermediate disease (T1 and T2), and 90%, 72%, and 
90% for advanced disease (T3 and T4), respectively [46]. When compared with CT, 
four of five studies concluded that EUS was superior (25–73% vs. 63–85%) in terms 
of overall T stage accuracy [47].

Assessment of vascular invasion is part of T staging and is exceptionally crucial 
as it is related to resectability. It is defined by certain EUS criteria [48]. (Table 51.5). 

Table 51.5 EUS criteria for vascular invasion

•  Peripancreatic venous collaterals in an area of a mass that obliterates the normal anatomic 
location of a major vessel

• Tumor within the vessel lumen
•  Abnormal vessel contour or irregular wall with loss of the vessel-parenchymal sonographic 

interface
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According to a meta-analysis, the sensitivity to diagnose vascular invasion was 
higher for EUS (86%) than CT (58%), with comparable specificities (93% vs. 95%, 
respectively) [49]. This was confirmed by a systematic review involving 30 studies 
(1554 patients) reporting a diagnostic accuracy of 72% for EUS and 63%for CT 
[50]. EUS has a better performance specifically for venous (80–91%) compared to 
arterial invasion (17–67%) [49]. In the detection of portal vein or confluence inva-
sion, the sensitivity of EUS is >80%, consistently superior to that of CT [1], increas-
ing up to 100% when adding contrast [51]. Nevertheless, in the evaluation of the 
superior mesenteric vein, superior mesenteric artery, and celiac axis, the sensitivity 
οf EUS decreases to 17–83%, 17%, and 50%, respectively [52].

51.7.1  Nodal Staging

Nodal evaluation includes perigastric, periduodenal, and celiac lymph nodes as well 
as nodes in the liver hilum. Mediastinal lymph nodes, distant to the primary tumor, 
should also be evaluated. Various EUS criteria have been suggested for the charac-
terization of lymph nodes as malignant but those mostly used are round shape, 
hypoechogenicity, smooth border, and a short axis size greater than 5 mm [1]. The 
sensitivity of EUS for nodal staging, however, is far from perfect reaching about 
62% in a recent meta-analysis including 20 studies [46], though superior to that of 
CT [47, 49].This may be due to that malignant lymphnodes in the abdomen tend to 
vary in morphology [53] even in patients without cancer [54], possibly because of 
co-existing inflammatory conditions. Thus, EUS-FNA has the potential to increase 
sensitivity. EUS-FNA has a sensitivity of 96.7% (95% CI, 82.2–99.9%) and a speci-
ficity of 100% (95% CI, 91.0–100%) for the diagnosis of para-aortic lymph node 
metastasis (compared to 53.3% and 97.5%, respectively for PET/CT) [55].

51.7.2  Stage 4 Disease

Distant metastatic disease is understandably better detected with CT and MRI than 
EUS [1]. However, EUS may occasionally detect small liver metastases undetected 
by other imaging modalities, small amount of ascites, and distant mediastinal lymph 
nodes [56, 57]. EUS-FNA has a sensitivity of 82–94% for the diagnosis of malig-
nant disease in ascites or liver lesions [1], and in this case unnecessary surgery may 
be prevented.

To conclude, there is no evidence-based consensus on the optimal preoperative 
imaging assessment. Although EUS is superior to CT or MRI for T and N staging as 
well as vascular invasion of the spleno-portal confluence, CT or MRI may detect 
distant metastases and provide images that may be re-reviewed and discussed in 
multidisciplinary team meetings (MDTs). In practice, EUS is used as a supplement 
to high-quality CT for assessing resectability of PC [58]. If a pancreatic tumor 
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appears resectable on CT, most MDTs would not require further evaluation by 
means of EUS, as also supported by a recent Cochrane meta-analysis [59]. However, 
under certain circumstances such as the availability of a skilled endosonographer or 
in cases of doubtful invasion, EUS may be used along with CT aiming to provide 
complementary information. Regarding staging of pancreatic cancer, EUS accuracy 
appears to improve after 100 staging cases, and almost 80% of misstaging occurs 
early in the learning curve [60].However, the reported interobserver variablility 
does not only depend on the examiner’s learning curve since inconsistencies in stag-
ing findings have been described even among experienced examiners given the sub-
jective nature of the examination.

51.8  EUS-Guided Therapy

Pancreatic adenocarcinoma carries an extremely poor prognosis and 80–90% of 
patients have inoperable disease at diagnosis [61]. Development of resistance to 
chemotherapy and radiotherapy (attributed, in part, to PC hypovascularization and 
intense tissue desmoplasia) constitutes a barrier to the delivery of therapeutic agents 
and significantly limits therapeutic options [62].

Recently EUS applications, apart from diagnosis and staging of SPLs, have been 
extended to therapeutic purposes. The target population for such interventions 
includes patients with either locally advanced (for local treatment) and borderline 
resectable tumors (for downstaging) or those who refuse or are unfit for surgery. 
Due to the possibility of real-time observation of pancreatic lesions and to that of 
access to tumors in a minimally invasive fashion, interventional EUS may provide 
tumor targeted therapies(Table 51.6).

51.8.1  EUS-Fine Needle Injection (EUS-FNI) 
of Anti-tumor Agents

Antitumor agents can be directly delivered into tumor tissue by EUS-FNI, thus 
reducing systemic exposure and toxicity. First reports were published about 
20 years ago [63] and since then various agents have been tested for this purpose. 
Apart from local injection of conventional chemotherapy agents (gemcitabine, 
paclitaxel) [64, 65], allogenic mixed lymphocyte cultures (cytoimplant), immature 
dendritic cells, as well as tumor necrosis factor-erade (TNFerade: replication 
deficient adenovector based gene therapy, allowing inducible translation of the 
human TNF-α gene) and gene-deleted replication selective viruses (HF10, BC819, 
ONYX-015) have been used [66, 67]. Their administration induces activation of 
the immune mechanism (cytokine or toxin secretion, viral replication and tumor 
cell apoptosis and death) ultimately causing tumor regression. Most of these agents 
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have shown a good safety profile [68] but are still under investigation as significant 
survival benefit has not been reached yet.

51.8.2  EUS-Assisted Radiotherapy

Conventional external beam radiation therapy is an option for controlling locally 
advanced PC.  In order to minimize surrounding normal tissue damage and to 
provide precise and sufficient localization of the radiation alternative methods have 
been utilized. These mainly consist of interstitial brachytherapy and image-guided 
radiotherapy. Brachytherapy works by implanting radioactive seeds, that generate 
gamma rays leading to tumor tissue damage [69]. Iodine-125 is preferred to irid-
ium-192 and palladium-103 mainly due to extended half-life and better efficacy for 
rapidly growing tumors such as PC [66]. EUS-guided brachytherapy tends to replace 
traditional seed implantation during open laparotomy or by CT guidance. According 
to two pilot studies, after EUS-guided brachytherapy partial tumor response ranged 
from 13.6% to 27% while stable disease was observed in 45.5–53% of cases [70, 
71]. Transient pain reduction was reported by one out of three patients whereas 
adverse events ranged from 0% to 20% (pancreatitis, pseudocysts). No survival ben-
efit was observed [71]. Placement of radioactive fiducial markers (mostly gold) 
inside or near the tumor prior to stereotactic body radiotherapy also allows precise 
tumor targeting. Pooled rates for fiducial migration and adverse events are 3% (95% 

Table 51.6 EUS-guided treatment options for pancreatic cancer

Tumor targeted therapies

(a)  EUS-fine needle injection 
(EUS-FNI) of anti-tumor agents

• Cytoimplant(allogeneic mixed lymphocyte culture)
• Tumor necrosis factor (TNF)-erade
• Oncolytic viruses (HF10, BC819, ONYX-015)
•  Deliver chemotherapy directly in the pancreas 

[Gemcitabine, OncoGel(ReGel/paclitaxel)]
• Immunotherapy: dendritic cells (DCs)

(b) EUS assisted radiotherapy • Brachytherapy
•  EUS-guided interstitial chemoradiation
•  Stereotactic body radiotherapy (SBRt) after fiducial 

placement
•  Intensity-modulated radiotherapy (IMRT) after fiducial 

placement
(c) EUS-guided ablative techniques • Radiofrequency ablation (RFA)

• Cryothermal ablation
• Photodynamic therapy (PDT)
• EUS-guided ethanol ablation
•  Neodymium-doped yttrium aluminum garnet (Nd: 

YAG) laser probe
• High-intensity focused ultrasound
• Irreversible electroporation (IRE)
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CI, 1.0–8.0) and 4% (95% CI, 3–7) respectively [72], whereas technical and clinical 
success was reached in about 90–98% of cases [72, 73].

51.8.3  EUS-Guided Ablative Techniques

Although not well-established as a therapeutic method, EUS-guided ablation of SPLs 
has shown promising results with reported resolution rates ranging from 62% to 
100% [74]. The technique is based on the application of different types of energy 
(electrical/thermal), with the purpose to cause intralesional tissue damage and cellular 
necrosis. The most common reported ablative therapy for the treatment of SPLs is 
radiofrequency ablation (RFA) which apart from PC has also been proven to be 
efficient for treating functional pancreatic neuroendocrine tumors [75]. It consists of 
a needle inserted through the channel of the echoendoscope with a monopolar 
electrode on the distal part. In theory, RFA may lead to serious adverse events such as 
thermally induced pancreatitis and injuries to nearby structures and vessels. In a meta-
analysis including 28 patients, only mild abdominal pain and mild pancreatitis were 
reported (25–33% and 14% respectively), while the technical success rate reached 
100% [76]. Alternative EUS guided ablation techniques for SPLs include cryothermal 
ablation, photodynamic therapy (PDT), and EUS-guided ethanol ablation.

Although these techniques have generally shown high technical success and sat-
isfactory safety profiles, they have failed to establish a statistically significant sur-
vival benefit [76]. Most of them are performed in referral centers by experienced 
endosonographers, most commonly in investigational settings. Well-designed 
randomized controlled trials are warranted to further estimate the safety, long term 
efficacy, and benefits of these techniques before they may become routine practice.

51.9  Conclusion

EUS is an indispensable method for detection, characterization, and differential 
diagnosis of solid pancreatic lesions. Image enhancement techniques used in com-
bination with EUS, may aid in optimal lesion characterization, while EUS-guided 
sampling may help establish a cytopathology diagnosis with high accuracy and low 
risk for complications. Accurate local information with regards to staging and 
resectability can be also provided by EUS, supplementary to CT in inconclusive 
cases. Furthermore, minimally-invasive local techniques have been developed, and 
are still under investigation aiming to provide both active and palliative manage-
ment within the treatment options of inoperable pancreatic cancer. It is likely that in 
the near future EUS will become increasingly important playing an integral role in 
the management of certain patients with SPLs.
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Take Home Messages
• Use of laparoscopic staging may be of benefit to avoid a non- therapeutic 

laparotomy in a select cohort of patients undergoing surgery for pancre-
atic cancer.

• Laparoscopic US enhances the ability to determine resectability of these 
tumours.

• In most studies reported, CT and laparoscopy reduces the rate of unresect-
ability at laparotomy.

• It has been shown to be cost effective.

Pearls and Pitfalls
• Use of an angled telescope facilitates the examination of the celiac axis 

and biopsy of lymphadenopathy.
• Maintaining haemostasis at all times is essential, as bleeding will obscure 

vision and impact on the operating surgeon’s ability to assess the tumour, 
particularly when performing biopsy of celiac or hepatic lymph nodes

• Peritoneal washings for cytology should be obtained prior to any manipu-
lation of the tumour.

Future Perspectives
• More recent studies (post 2000) evaluating the effectiveness of staging 

laparoscopy after employing more modern pre-operative imaging.
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52.1  Introduction

One of the major diagnostic challenges associated with pancreatic cancer is its’ 
indolent course. Currently no means of early detection exists, resulting in most 
patients presenting at an advanced stage. At present only 15–20% of patients with 
the disease have a tumour that is amenable to curative resection [1, 2]. The average 
survival time of patients post resection is estimated at between 12 and 24 months 
[3, 4]. For those whose condition is inoperable the average survival time is even less 
[5]. Whether a tumour is amenable to surgery is therefore an important prognostic 
indicator. Staging of pancreatic cancer aims to classify tumours as localized, locally 
advanced or metastastatic and the staging will have implications for further man-
agement options.

Accurate initial staging is paramount to determine whether a tumour is amenable 
to operative treatment, while also aiming to minimize unnecessary intervention [1]. 
Tumours may also be referred to as resectable (localized), borderline resectable 
(BLR) (local invasion) or unresectable [6]. Even in those whose initial staging 
investigations indicate resectability, a number of factors have been linked to an 
increased risk of unresectability at the time of exploratory laparotomy. Indeed 
despite the improvement of radiologic staging investigations in recent years, current 
literature suggests that up to 30% of patients undergo a non-therapeutic laparotomy 
in the setting of advanced pancreatic cancer [3, 7]. In such cases laparoscopic stag-
ing (LS) may play a role.

The aim of this chapter is to discuss the current evidence and controversies 
around LS in pancreatic cancer.

52.2  Staging in Pancreatic Cancer

The aim of LS in pancreatic cancer is to detect or outrule local or regional disease 
spread prior to further operative management. It has been shown to be a safe and 
cost-effective way of directing appropriate therapy and avoiding unnecessary inter-
vention when used in conjunction with appropriate imaging modalities [8].

Laparoscopy allows direct visualisation of the peritoneal cavity and can detect 
peritoneal spread of the cancer or the involvement of other abdominal organs that 
may not be apparent on imaging. Involvement of the liver is demonstrated in 
Fig. 52.1. Laparoscopic staging was popularised by Cuscheri in the late 1970s and 
early 1980s, who found that peritoneal metastasis and omental deposits were only 
detected at laparoscopy, rendering five out of nine patients unresectable and pro-
posed that LS should be considered in all patients in whom a subsequent laparotomy 
was being considered [9, 10]. Of note, it can also detect small subcapsular hepatic 
metastasis of <10 mm in diameter.

Some of the reported advantages of LS include reduced operative morbidity, 
postoperative pain and operating costs associated with non-therapeutic laparotomy. 

H. S. Earley et al.
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It has also been reported to be associated with a higher likelihood of receiving sys-
temic therapy in patients with unresectable pancreatic cancer compared to explor-
atory laparotomy and surgical palliation [3].

However, a number of criticisms of laparoscopy in this setting arose, including 
that it allowed only two-dimensional inspection of the liver and the peritoneal cav-
ity, as well as a lack of tactile sensation which limited the identification of intrapa-
renchymal hepatic metastases and evaluation of retroperitoneal tumour-vessel 
relationships, both of which were of key importance in further operative planning. 
In an attempt to address these perceived shortcomings of the procedure, John et al., 
developed the concept of laparoscopic ultrasound (LUS) in 1995 [11]. The develop-
ment of LUS improved diagnostic yield by allowing the surgeon to examine the 
liver parenchyma and proximity of the tumour to major vessels such as the SMA 
and porta hepatis. Studies reported sensitivities of greater than 90% for predicting 
operability in pancreatic tumours [8, 12–15]. In 1996 Conlon et  al., described a 
multiport technique to stage and assess resectability of peripancreatic malignancy, 
mimicking the surgical assessment performed at open operation [16]. In addition to 
assessment of liver and peritoneal cavity, this technique involved extended laparos-
copy to evaluate the lesser sac, porta hepatis, duodenum, transverse mesocolon and 
celiac and portal vessels. It was associated with a 100% positive predictive value, 
obviating the need for open exploration in patients with potentially resectable peri-
pancreatic tumours.

In addition to direct visualization, at the time of laparoscopy biopsy or washings 
for cytology can be performed if a suspicious liver, omental or peritoneal lesion is 
seen. Patients undergoing LS are most often deemed to have unresectable disease as 
a result of occult liver metastases and peritoneal tumour seeding [17, 18]. Positive 
lavage cytology is associated with lower resectability and lower survival rates [19]. 
In the majority of centres cytology is not available at the time of staging 
laparoscopy.

Borderline resectable (BLR) tumours are a subgroup of pancreatic ductal cancers 
in which LS may play a role in. BLR tumours comprise an imprecise entity that lie 

a b

Fig. 52.1 (a) Peritoneal metastases identified at laparoscopy. (b) Liver surface evaluation per-
formed during laparoscopy showing suspicious lesions
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820

between resectable and unresectable disease on the initial clinical evaluation. This 
is usually due to vessel involvement that renders an R0 resection unlikely to be 
achieved [20, 21]. A consensus on the definition of BLR pancreatic cancer has not 
yet been reached. The most commonly accepted definition (adopted by American 
Hepatopancreaticobiliary Association (AHPBA)/Society for Surgery of the 
Alimentary Tract (SSAT)/Society of Surgical Oncology (SSO)/National 
Comprehensive Cancer Network (NCCN)), is:

The presence of venous involvement of the superior mesenteric vein (SMV)/
portal vein (PV) demonstrating tumour abutment, encasement, or short segment 
venous occlusion, but with suitable vessel proximal and distal to the area of ves-
sel involvement, allowing for safe resection and reconstruction; gastroduodenal 
artery encasement up to the hepatic artery (HA) and short segment encasement/
direct tumour abutment of the HA with no extension to the coeliac axis; or 
tumour-superior mesenteric artery (SMA) involvement <180° [22]. BLR tumours 
may benefit from resection after neoadjuvant therapy and re- staging [21–24]. 
Some centres recommend LS in certain patients with BLR pancreatic cancer 
prior to initiation of neoadjuvant therapy in order to improve the reliability of 
initial staging [21, 23, 25]. The third St. Gallen EORTC Gastrointestinal 
Conference in 2016 found that 38% of those on the panel would perform LS in 
this patient cohort [6] (Box 52.1).

52.3  Controversies in Laparoscopic Staging

Despite its apparent benefits, LS is not universally employed by pancreatic sur-
geons. Opinions range from recommending its routine use before laparotomy, to not 
performing LS in any setting [22]. Most recently, data from the National Surgical 
Quality Improvement Program for patients with pancreatic cancer published in 
2019 showed that SL was becoming less common and just 10% of patients who 
underwent exploratory laparotomy without further resection or bypass had a staging 
laparoscopy [26].

Box 52.1 Definition: Borderline Resectable Pancreatic Cancer

• The presence of venous involvement of the SMV/PV demonstrating 
tumour abutment, encasement, or short segment venous occlusion, but 
with suitable vessel proximal and distal to the area of vessel involvement, 
allowing for safe resection and reconstruction.

• Gastroduodenal artery encasement up to the HA and short segment encase-
ment/direct tumour abutment of the HA with no extension to the coe-
liac axis.

• Tumour-SMA involvement <180°.
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An argument against routine LS has arisen in recent years, as the proportion of 
patients found to have metastatic disease at laparoscopy is decreasing due to the 
increased sensitivity of imaging, and in particular Computerised Tomography (CT) 
[3]. Critics argue that if imaging is appropriately employed, a minority of patients 
would benefit from the addition of LS. CT technology has evolved rapidly in the 
past 20 years, with the availability of spiral CT, multichannel CT with IV contrast 
and multi detector—row CT and multiphase helical CT, all of which produce vary-
ing results in terms of sensitivity and specificity. The standard imaging protocol 
recommended by NCCN guidelines at present is triphasic pancreatic CT. Current 
CT scanners are thought to have a sensitivity of up to 90% for detection and a speci-
ficity of up to 80–90% for staging in pancreatic ductal cancer [27]. However some 
limitations remain, including limited sensitivity of CT in detecting small metastasis 
and the ability to distinguish between reactive and malignant lymphadenopathy 
[12]. Despite the improvement of current staging investigations, a high proportion 
of patients still undergo a non-therapeutic laparotomy for pancreatic cancer [7, 26]. 
These data would suggest that LS still has a role to play, the challenge being in 
determining which patients are most likely to benefit [1, 3, 7, 26, 28].

A 10 year review of pancreatic cancer and peri-pancreatic neoplasms at Memorial 
Sloan Kettering conducted by White et al. between 1995 and 2005 found that the 
yield of SL decreased during the study period. However, it did note that of the 1045 
patients deemed resectable on imaging, 145 (14%) had radiologically occult metas-
tasis at subsequent laparoscopy [17]. Interestingly, the yield varied depending on 
whether pre-operative imaging was performed within the institution or externally. 
With internal imaging a yield of 8.4% was found, whereas after external imaging 
this rose to 17% (p < 0.01), indicating that variation in imaging modality or inter-
pretation of CTs by different radiologist may influence the value of staging CT. This 
study also noted that for the subgroup of patients with pancreatic tumours (n = 838) 
patients with adenocarcinoma had a substantially higher risk of radiologically 
occult unresectable disease compared to patients with other histologies.

In 2016 a Cochrane Review was conducted to assess the diagnostic accuracy of 
LS after CT for assessing resectability with curative intent in pancreatic and periam-
pullary cancer. Sixteen studies with a total of 1146 patients were included for 
review. The summary sensitivity of diagnostic laparoscopy was 64.4% (95% confi-
dence interval (CI) 50.1–76.6%). Assuming a pre-test probability of 41.4%, the 
post-test probability of unresectable disease for participants with a negative test 
result was 0.20 (95% CI 0.15–0.27). This indicates that if a person is said to have 
resectable disease after diagnostic laparoscopy and CT scan, there is a 20% proba-
bility that their cancer will be unresectable compared to a 41% probability for those 
receiving CT alone. A subgroup analysis of people with pancreatic cancer gave a 
summary sensitivity of 67.9% (95% CI 41.1–86.5%). The post-test probability of 
unresectable disease after being considered resectable on both CT and diagnostic 
laparoscopy was 18% compared to 40.0% for those receiving CT alone. The authors 
concluded that on average, using diagnostic laparoscopy with biopsy confirmation 
of suspicious lesions prior to laparotomy would avoid 21 unnecessary laparotomies 
in 100 people in whom resection of cancer with curative intent is planned.
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These results were replicated in a meta-analysis of 12 studies conducted by Ta 
et al., published in 2019, who found that between 14% and 38% of patients had 
radiologically occult metastases that rendered them unresectable, with an overall 
rate of 20% unresectability reported for the 2486 patients included in analysis [18]. 
Of those who underwent laparotomy after LS, a further 5% were deemed unresect-
able. Liver metastasis was the most common reason for non-resectability in (49.6%), 
followed by sites not specified (18.5%) and peritoneal metastases (17.4%). After 
laparotomy, vascular involvement was the most common reason for non- resectability 
(40.6%). None of the included studies reported the rate of additional disease after 
LS in patients reported as specifically borderline resectable after CT [18].

In terms of sensitivity and specificity of CT in the studies included, the ranges 
were as follows; sensitivity (0.26–0.83), specificity (1.00–1.00), positive predictive 
value (100–100%), negative predictive value (62–86%) were reported. However, 
the authors noted that a limitation of the currently available evidence on this subject 
was that the majority of studies published to date were performed before 2000, 
before the introduction of more advanced pancreatic imaging protocols including 
high resolution CT, MRI or PET CT were developed. This highlighted a need for 
newer studies evaluating the effectiveness of staging laparoscopy after employing 
more modern pre-operative imaging as well as the interpretation of imaging by 
specialist radiologists in a multi-disciplinary or tumour board assessment.

A number of studies have aimed to address the question of whether LS represents 
a cost effective measure in pancreatic cancer. A large cost analysis study in the 
United States (US) found that routine SL was favoured, with an increased cost 
effectiveness ratio of $10,695 US dollars per quality adjusted life month in patients 
undergoing primary surgery as their mainstay of treatment [29]. A further study by 
Morris et al. found LS to be cost effective for potentially resectable pancreatic can-
cer, but not for ampullary cancer [30].

52.4  Indications for Laparoscopic Staging

Based on the above discussion, pre-operative imaging alone may not provide suffi-
cient accuracy to proceed to successful therapeutic surgical resection in all cases. 
The aforementioned meta-analysis on the role of LS in resectable and BLR pancre-
atic cancer concluded that LS is worth consideration in cases where pre-operative 
imaging demonstrates resectable or radiographically indeterminate disease [18]. 
More specifically, an algorithm for LS in pancreatic surgery has previously been 
published by Memba et al. in 2018, who suggested that patients with tumours meet-
ing the following criteria should be considered for laparoscopic staging [31]:

• Tumours larger than 3 cm and markedly elevated CA 19-9.
• Indeterminate metastatic disease on imaging (equivocal peritoneal/liver metasta-

ses, low-volume ascites).
• In preoperative staging of BLR pancreatic cancer, in order to select more accu-

rately the patients for neoadjuvant protocols.
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These recommendations were similar to those published in 2016 by De Rosa 
et al. [3]. Although some studies on this topic also suggested a role for tumour loca-
tion (body and tail of the pancreas), CEA levels, weight loss or jaundice, the authors 
felt there was insufficient evidence to support their inclusion into the above algo-
rithm [3, 12, 22, 25]. The National Cancer Comprehensive Network (NCCN) have 
recently published guidelines [32], which recommend staging laparoscopy in 
patients who meet any of the following criteria:

• CA 19-9 level >150 U/mL
• Low-volume ascites
• Tumor in the body of the pancreas
• Borderline resectable tumor
• Tumor size >3 cm
• Common bile duct lymphadenopathy

52.5  Surgical Technique of Laparoscopic Staging

LS can either be performed immediately prior to laparotomy as part of a scheduled 
pancreatectomy or as a separate procedure. The advantage of performing it as part 
of the definitive surgical procedure is that the patient is subjected to one hospital 
admission and general anaesthetic. It is however, associated with a risk of wasted 
theatre resources, should the patient be diagnosed with unresectable disease and the 
planned pancreatectomy cancelled.

52.5.1  Positioning and Trocar Placement

LS is performed under general anesthetic with the patient in supine position. A 
periumbilical skin incision and open Hasson technique [33] is most frequently 
performed to gain access to the abdomen. A 10 mm blunt port is placed to intro-
duce the laparoscope. Pneumoperitoneum is maintained between 8 and 
12 mm Hg. Additional 5 mm trocars are used at the discretion of the surgeon for 
further exposure and for potential biopsies, ultrasound or intervention as indi-
cated. The secondary ports are placed in the line of a planned skin incision for 
subsequent laparotomy.

52.5.2  Intrabdominal Examination

A 30° angled scope is employed to allow inspection of the intra-abdominal cav-
ity, including liver, gallbladder, stomach, intestine, pelvic organs, and visible 
retroperitoneal surfaces (Fig. 52.1a, b). Intraperitoneal adhesions, if present, are 
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divided. If ascitic fluid is present, it may be aspirated for cytology. Peritoneal 
washings for cytology may also be collected after instilling between 200 and 
400 cc of saline into both upper quadrants and pelvis prior to any manipulation 
of the tumour. After careful inspection of the peritoneal cavity, fine needle aspi-
ration (FNA) or biopsies of any suspicious serosal lesions is performed. The 
tumour is then examined for extent, size and mobility to help determine resect-
ability. Systematic inspection of the liver and diaphragmatic surface after posi-
tioning the patient in a 20° reverse Trendelenburg is carried out. Incision of the 
gastro-hepatic omentum, exposing the caudate lobe, coeliac axis and inferior 
vena cava are performed. HA is visualised and biopsies of portal, perigastric and 
celiac lymph nodes, if enlarged, are carried out. The lesser sac is entered with the 
camera via right upper quadrant port (10 or 5 mm, if a 5 mm camera is used) for 
evaluation of the tumour. The patient is positioned at 10° Trendelenburg and the 
greater omentum is moved to the left upper quadrant. The transverse colon is 
lifted to visualise the ligament of Treitz, transverse mesocolon, middle colic vein 
and to inspect for lymphadenopathy in the region.

52.5.3  Laparoscopic Ultrasonography

Laparoscopic ultrasound (LUS) is performed to assess for small intraparenchymal 
hepatic lesions, invasion of PV, SMA or SMV, as well as peripancreatic extension 
of the tumour and local and regional lymph nodes. A 6–10 MHz linear or curvilinear- 
array transducer is placed. In addition, Doppler allows vessel identification and 
assessment of tumor-vessel surface. LUS can also facilitate biopsies and needle 
aspirations of suspicious lesions.

Indicators that a tumour is not amenable to resection include: direct visualisation 
of hepatic, serosal, peritoneal or omental metastasis or histological confirmation of 
these by frozen section; peripancreatic tumour extension, celiac or portal positive 
lymph nodes; high PV involvement by tumour or invasion and/or encasement of the 
celiac trunk, HA or SMA [31, 34–37].

This operative approach described above utilises laparoscopic skills which 
should be easily performed by the majority of surgeons mimicking the assess-
ment of resectability performed at open exploration. The use of an angled tele-
scope facilitates the examination of the celiac axis and biopsy of any suspect 
lymphadenopathy. As with any advanced laparoscopic technique excellent optics 
and gentle tissue handling are required. Care must be taken to secure haemostasis 
at all times as bleeding will obscure vision and impact on the operating surgeon’s 
ability to assess the tumour. This is particularly important when performing a 
biopsy of celiac or hepatic lymph nodes. Overall, our experience over the last 
thirty years has been that laparoscopic staging is safe and can be performed with 
minimal morbidity.
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52.6  Conclusion

In summary, selective use of laparoscopic staging may be of benefit to avoid a non- 
therapeutic laparotomy in a select cohort of patients undergoing surgery for pancre-
atic cancer. The addition of LUS during laparoscopy enhances the ability to 
determine resectability of these tumours. Current guidelines suggest a high CA19-9, 
presence of ascites or bile duct lymphadenopathy, pancreatic body tumour, BLR 
tumour or tumour size >3 cm as factors influencing the decision to proceed with 
laparoscopic staging. In most studies, a combination of multiphase, thin-slice CT 
and laparoscopy reduces the rate of unresectability to 10–20% at laparotomy, com-
pared to the 30–50% rate historically reported for exploration for pancreatic cancer 
(Box 52.2).
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Take Home Messages
• Pancreaticoduodenectomy is a complex procedure consisting of an explor-

atory phase, a resection phase and a reconstruction phase, each with sev-
eral important steps to consider.

• The exploratory phase consists of duodenal mobilization, identification of 
the SMV/PV confluence, dissection in the hepatoduodenal ligament with 
cholecystectomy and a proper lymphadenectomy, as well as exclusion of 
an infiltration of any major arteries. This phase ensures resectability before 
the point of no return is reached during the operation.

• The resection phase includes the division of the common bile duct, tran-
section of the duodenum and pancreas with division of the mesopancreas 
and specimen removal.

• Reconstruction is done between the enteric tract and the pancreatic stump, 
the transected bile duct as well as the duodenal (or gastric) remnant.

• Several reconstructive techniques and variations have been described, e.g. 
for the pancreato-enteric anastomosis, with no consensus on the preferred 
type of reconstruction.
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• Some variations are suggested (e.g. dunking technique) for when the pan-
creatic gland is soft and the pancreatic duct small and, hence, an increased 
risk of pancreatic leak may be mitigated.

Pearls and Pitfalls
• Important anatomic variants must be declared prior to surgery, such as a 

replaced right or common hepatic artery which originates from the SMA 
and is typically located lateral and posterior to the common bile duct.

• Stenosis of the coeliac trunk should be detected at the time of preoperative 
imaging and its patency restored before pancreaticoduodenectomy.

• The gastroduodenal artery is the most frequent location of postoperative 
pseudoaneurysms secondary to pancreatic fistula. It is important to ligate 
the vessel with a carefully placed non-absorbable suture and a metal clip 
which can aid in finding the position of the stump by interventional radiol-
ogy, should a bleeding occur in the postoperative course.

• The medial and posterior margins are the most common site of R1 resec-
tions. When transection of the mesopancreas is performed, the anterolat-
eral aspect of the SMA should be carefully exposed in order to increase the 
chance of achieving tumor-free margins.

• No specific surgical technique can eliminate the risk of complications, 
such as clinically relevant postoperative pancreatic fistula.

Future Perspectives
• Investigations into how various surgical techniques may have an effect on 

function and outcomes may be needed, also with increasing use of neoad-
juvant chemotherapy.

• Novel investigations that may predict patency or risk to the pancreato-
enteric anastomosis would be useful if clinically applicable and easy to use 
for surgeons.

• When to use drains, which type (internal, external, abdominal) and how 
long to keep them will continue to be a matter of intensive debate.

53.1  Introduction

Pancreatic ductal adenocarcinoma is predominantly localized within the pancreatic 
head and is markedly the most prevalent tumor of the pancreas followed by other 
periampullary neoplasms that originate in either the Ampulla of Vater, in the com-
mon bile duct or in the duodenum. For pancreatic head cancer, a pancreatoduode-
nectomy offers at present the only chance for a cure. The procedure still carries a 
significant morbidity and mortality risk and results in varying oncologic outcomes 
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[1–4]. A meticulous surgical technique, proper patient selection, comprehensive 
perioperative care as well as multimodal treatment approaches are key to achieving 
optimal clinical and oncologic outcomes [1, 5].

Over the past century, since the first reports of successful pancreatoduodenec-
tomy performed in two stages by the surgeons Kausch in 1909 and Tenani in 1922 
[6, 7], the procedure has evolved remarkably. It was first popularized by Allen 
Whipple who in 1941 reported 41 cases with a historically relatively low mortality 
rate of 27%, after he performed the operation in one stage [8]. Numerous successive 
technical advances, centralization of pancreatic surgery and improvements in inten-
sive care have helped to gradually reduce morbidity and mortality to 30–50% and 
2–3%, respectively [9, 10]. Together, these advances eventually led to a far-reaching 
acceptance of this operation.

While the procedure is entertained both laparoscopically and robotically (covered 
in other chapters in this book) as well as in more advanced disease (e.g. involving 
resection of veins and arteries), this chapter will focus on the open technique, describ-
ing the essential steps and variations for performing a safe resection of the pancreatic 
head cancer. Pre-operative work-up with state-of-the at imaging, patient selection 
and pre-operative counseling and informed consent is mandatory (Box 53.1).

Box 53.1 Pre-operative Items to Consider

• The precise evaluation of local tumour relationships relative to major vas-
cular structures (superior mesenteric/portal vein, superior mesenteric 
artery, hepatic arteries and coeliac artery) with a computed tomography 
(CT) using a contrast-enhanced pancreas protocol serves as the basis for 
the classification of individual tumours without detectable metastases as 
resectable, borderline resectable and locally advanced, and is designed to 
guide therapeutic decisions [5, 11].

• Appropriate patient selection involves the evaluation of patient age and perfor-
mance status. Patients above the age of 80 and those with a Charlson Age-
Comorbidity Index above 4 have a relatively high risk of in-hospital death [9].

• Endoscopic decompression of the bile duct is indicated in patients who 
present with cholangitis or borderline resectable patients who are sched-
uled for neoadjuvant treatment. However, it should be avoided in patients 
who present with obstructive jaundice without cholangitis, because the 
procedure can lead to an acute pancreatitis or infectious complications [12].

• Nutritional status, which can be assessed using patient’s weight loss and 
body mass index as part of the routine preoperative work-up, should be 
corrected perioperatively in order to lower the risk for surgery-related 
complications [13].

• An effective treatment of iron deficiency, which is the most common cause 
of pre‐operative anaemia, is recommended in order to reduce the need for 
transfusions and potentially improve outcomes [14].
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53.2  The Procedure

A pancreatoduodenectomy is a complex procedure, best described by breaking it 
into several steps, with three major phases which are the exploratory phase, the 
resection phase and the reconstruction phase. Each phase will be described with the 
associated steps, in which standard accepted techniques will be proposed with exist-
ing alternatives, when felt of importance. Notably, there is a huge variation of each 
step and alternatives, and an exhaustive overview is not possible, but relevant refer-
ences will give direction to further details, where appropriate.

Every procedure starts with going through the WHO Surgical Safety checklist 
[15]. Items of particular importance to the specific patient and procedure of the days 
should be highlighted to the team in order to facilitate maximum safety and under-
standing of the plan at hand.

53.3  Exploratory Phase

The patient is placed in the supine position. A Chevron/rooftop or an upper abdomi-
nal midline incision is performed, the round and falciform ligaments are divided and 
a bilateral retractor frame is set up. The liver and all peritoneal surfaces should be 
inspected for cancer deposits and distant metastases and any suspicious lesions 
should be biopsied and sent for frozen section to avoid a futile procedure in case of 
disseminated disease.

53.3.1  Mobilization of Duodenum

The lesser sac is entered through the gastrocolic ligament, which is divided to 
the right. The right colonic flexure is mobilized and a wide Kocher maneuver is 
performed to evaluate the local tumor relationship relative to the superior mes-
enteric artery (SMA) in the retroperitoneum (Fig. 53.1). This maneuver exposes 
the ligament of Treitz, which is divided and allows for the early inspection of 
the SMA, which is dissected on its right hemi-circumference. This so-called 
posterior “artery first approach” helps exclude any tumor infiltration of this 
artery at an early stage during the operation where CT cannot rule out involve-
ment since arterial encasement of the SMA (as well as of the hepatic arteries or 
celiac axis) is generally accepted as a contraindication to resection [16, 17]. In 
fact, at least six artery‐first approaches to pancreatoduodenectomy have been 
described in the literature [17]. Other suggested benefits of this approach 
include improved R0 resection rates along the SMA margin, improved overall 
survival, a reduction in intraoperative blood loss and lower overall morbidity 
rates [16].
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53.3.2  Identification of the SMV

Next, the transverse mesocolon is mobilized from the anterior surface of the pan-
creatic head to expose the superior mesenteric vein (SMV) at the inferior margin 
of the pancreatic neck, where the vessel continues its course behind the pancreas 
and can be assessed for tumor involvement together with the portal vein (PV). In 
general, the resection and reconstruction of these veins is feasible if deemed nec-
essary due to invasive cancer growth. However, special attention should be paid to 
the involvement of the first jejunal branches of the SMV, since even a short seg-
ment infiltration at this level may preclude a safe reconstruction of this crucial 
vessel. In such a case, it is advisable to deem the tumor unresectable rather then 
proceed with the resection, which could otherwise lead to an acute hemorrhagic 
infarction of the small bowel. In contrast, involvement of the middle colic vein or 
artery does not prevent resection since they may be taken with the specimen, with-
out compromising the blood supply to the transverse colon.

53.3.3  Dissection in Hepatoduodenal Ligament

Attention is then turned to the hepatoduodenal ligament and the hepatic arteries to 
ensure resectability. Cholecystectomy is performed in a typical fashion, even if the 
operation is abandoned in the later course, to avoid potential problems. The cystic 

Fig. 53.1 Kocher maneuver with an “artery first approach”. The depicted wide Kocher maneuver 
serves to mobilise the pancreatic head and the duodenum off the retroperitoneum and evaluate the 
local tumor relationship relative to the superior mesenteric artery
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duct is traced to its origin from the common bile duct (CBD), which is best dis-
sected in the hepatoduodenal ligament from left to right (Fig. 53.2a), which helps 
avoid injury to the portal vein. Another pitfall is an injury to a fully replaced right or 
common hepatic artery, which originates in the SMA and is typically located lateral 
and posterior to the common bile duct (Fig. 53.2b). Importantly, such variant should 
also be clearly visible with state-of-the-art preoperative imaging and therefore the 
surgeon should not be caught off guard. An accessory right hepatic artery, which can 
be found in the same location as a fully replaced artery but in the presence of a 
native right hepatic artery, should also be preserved. However, if necessary, such an 
accessory right hepatic artery can be ligated without the need for reconstruction in 
the presence of a patent native right hepatic artery.

Next, the gastroduodenal artery (GDA) is identified and clamped with a bulldog 
clamp to test if the flow in the hepatic artery depends on the GDA, which indicates 
a partial or complete occlusion of the coeliac trunk. In case of a weak pulse in the 
hepatic artery at test clamping, division of the median arcuate ligament may restore 
the flow in the celiac trunk. Again, a stenosis of the coeliac trunk should be visible 
with state-of-the-art preoperative imaging and its patency should be restored before 

Fig. 53.2 Dissection in the hepatoduodenal ligament. The hepatoduodenal ligament with its three 
main anatomic structures hepatic artery (HA), portal vein (PV) and common bile duct (CBD) is 
shown. (a) Standard anatomy where the HA is located to the left of the CBD. The CBD is best 
encircled by dissecting in the plane between the HA and the CBD (red arrow). An additional dis-
section in the plane between the CBD and PV (blue arrow) can be helpful but must be performed 
very cautiously to avoid an injury to the PV. (b) A frequent anatomic variant is shown with a 
replaced HA that originates from the superior mesenteric artery and is usually located to the right 
and posterior to the CBD
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pancreaticoduodenectomy ideally using endovascular techniques. After confirming 
an adequate pulse in the proper hepatic artery and having already excluded an infil-
tration of the hepatic arteries, the coeliac trunk and the SMA by the tumour, as well 
as a non-reconstructable involvement of the SMV-PV axis, the surgeon can now 
proceed to the resection phase.

53.4  Resection Phase

The GDA is ligated and divided. Since the GDA is the most frequent location of 
postoperative pseudoaneurysms, it is important to ligate the vessel with a carefully 
placed non-absorbable suture and a metal clip which can aid in finding the position 
of the stump should a bleeding occur in the postoperative course [18]. The right 
gastric artery is usually ligated but can be preserved if post pyloric reconstruction is 
planned, making lymph node dissection technically more challenging. The CBD is 
transected cephalic to the origin of the cystic duct while leaving the bifurcation into 
the left and right hepatic duct intact. Microbial swabs should be taken at this point 
to get information on potential microbiota contaminating the bile. Great care should 
be taken to avoid injury to the right hepatic artery, which is normally located directly 
behind the common hepatic duct at this level. At this stage, a lymphadenectomy of 
the hepatoduodenal ligament with removal of all fatty tissues is recommended [19], 
which exposes the suprapancreatic portion of the PV and facilitates the creation of 
a tunnel between the SMV-PV and the pancreatic neck.

53.4.1  Transsection of the Duodenum and Pancreas

The right gastroepiploic artery and vein are divided, and the duodenum is trans-
sected approximately 2–3 cm beyond the pylorus using a linear stapler. If the tumor 
infiltrates the first portion of the duodenum or the pylorus and pyloric preservation 
is not feasible, a distal gastrectomy is performed instead. The neck of the pancreas 
is looped in a typical avascular plane with a nylon tape to avoid injury to the anterior 
portion of the PV during transection which is usually done with an electrocautery or 
scalpel [20, 21]. To decrease the development of pancreatic fistula from the transec-
tion surface, various alternative methods have been attempted for pancreas transec-
tion, including the use of ultrasonically activated shears/scalpel [21, 22], the cavitron 
ultrasonic surgical aspirator [23] and crush-clamping [24]. Those transection tech-
niques were only evaluated in mostly small, one-arm, single-institutional studies 
and delivered mixed results, and therefore cannot be recommended as standard pro-
cedures for pancreatic transection at this stage. Bleeding vessels from the transected 
pancreas are best ligated using 5/0–6/0 non-absorbable sutures. Narrowing of the 
pancreatic duct should be meticulously avoided. Electrical cautery on the pancreas 
for hemostasis should be kept to a minimum since it is a widely held belief that 
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extensive application of electrical cautery on the pancreas may be detrimental to the 
tissues and compromise the pancreato-enteric reconstruction. A frozen section of 
the pancreatic remnant can be sent for histology to test for tumor free margins at this 
stage of the operation or later.

53.4.2  Division of the Mesopancreas

The jejunum is divided using a linear stapler approximately 15–20 cm distal to the 
Treitz ligament. The mesentery is divided at its entry point to the proximal jejunal 
loop, which is passed together with the fourth portion of the duodenum posterior to 
the mesenteric vessels to the right of the operative field. The head and uncinate 
process can now be separated from the superior mesenteric vessels, whereby the 
mesopancreas (Box 53.2) [25–27] is divided along the superior mesenteric artery 
with ligatures, bipolar cautery, clips or energy-based devices (e.g. Thunderbeat™ or 
Harmonic™ shears). Stapling off the entire resection surface with a stapler is not 
recommended due to the high risk of vessel injury. Special care should be taken 
when performing this step to expose the anterolateral aspect of the SMA while 
avoiding injury to this crucial vessel in order to ensure that all soft tissues along the 
superior mesenteric vessels are harvested, since the medial and posterior margins 
are the most common site of R1 resections [28].

If venous reconstruction is required (covered in detail in a separate chapter in this 
book), it is reserved as the last step in the resection phase. Primary anastomosis can 
be done for a short segment vein resection (≤2–3 cm). To this end, adequate mobi-
lization and control of the proximal and distal PV and SMV must be ensured using 
vessel loops for gentle dissection and control. In addition, a mobilization of the liver 
may help to approximate both ends of the resected vein. For long segment recon-
struction, interposition grafts are used, such as the internal jugular vein (Fig. 53.3). 
The specimen is sent for histologic examination, frozen section of the pancreatic 

Box 53.2 The Mesopancreas
The term mesopancreas refers to retropancreatic tissue, which consists of 
areolar and adipose tissue, peripheral nerves, blood and lymphatic vessels or 
capillaries, as well as lymph nodes. There is no fibrous sheath or fascia sur-
rounding these structures and therefore does not have well defined boundar-
ies. Rather, the mesopancreas is continuous and connected through its 
components with the paraaortic area, in line with the concept that considers 
the retropancreatic area as an anatomical site of embryologic fusion of perito-
neal layers, the so called “Treitz fusion fascia”.
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stump and the distal CBD are requested at this time, hemostasis is ensured and the 
operative field washed with saline solution before proceeding to the reconstruc-
tion phase.

53.4.3  Standard lymphadenectomy

Lymph node (Ln) dissection, which is an integral part of the above-described resec-
tion phase, is best performed in line with the consensus statement by the International 
Study Group on Pancreatic Surgery (ISGPS) [19]. According to the nomenclature of 
the Japanese Pancreas Society [29] standard lymphadenectomy for pancreatoduo-
denectomy sshould include Ln stations number 5 (suprapyloric Ln), 6 (infrapyloric 
Ln), 8a (Ln in the anterosuperior group along the common hepatic artery), 12b (Ln 
along the bile duct), 12c (Ln around the cystic duct), 13a (Ln on the posterior aspect 
of the superior portion of the head of the pancreas), 13b (Ln on the posterior aspect 
of the inferior portion of the head of the pancreas), 14a/b (Ln stations along the right 
side of the SMA), 17a (Ln on the anterior surface of the superior portion of the head 
of the pancreas), and 17b (Ln on the anterior surface of the inferior portion of the 
head of the pancreas) [19]. A standard lymphadenectomy should regularly provide 

Fig. 53.3 Last step of the resection phase. The specimen consists of the first portion of the duode-
num or distal stomach, neck, head, and uncinate process of the pancreas, distal biliary tree, and 
approximately 10–20 cm of the proximal jejunum (the gallbladder is already removed). Here a 
pancreatic carcinoma in the head of the pancreas that infiltrates the superior mesenteric vein but is 
amenable to reconstruction is shown. Venous reconstruction is performed at the end of the resec-
tion phase. If primary anastomosis is not feasible in case of long segment vein resections (>2–3 cm), 
interposition grafts are used as shown
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≥15 Ln’s to ensure adequate pathologic staging of the disease [19]. Extended 
lymphadenectomy, which includes dissection of additional Ln stations cannot be 
recommended because the actual survival benefit is limited at best [19, 30–33].

53.5  Reconstruction Phase

The reconstruction phase ensures that continuity is maintained between the pancre-
atic stump, biliary tract and duodenal/stomach stump to the enteric tract by appro-
priate anastomoses. Notably, several variants and techniques are described and used 
for each of the three anastomoses (the pancreato-enteric, hepaticojejunostomy and 
entero-enteric anastomosis). We will describe essential and accepted techniques and 
refer to variations where applicable.

53.5.1  Pancreato-Enteric Anastomosis

According to a recent position statement by the International Study Group of 
Pancreatic Surgery (ISGPS), there is currently no clear consensus regarding the 
ideal method of pancreatico-enteric anastomosis, which includes over 60 different 
types of pancreaticojejunostomy and pancreaticogastrostomy [34–38].

Despite numerous trials that compared diverse pancreatico-enteric anastomosis 
techniques and other adjunctive strategies (pancreatic duct stenting, somatostatin ana-
logues, etc.), no specific technique can eliminate the development of clinically rele-
vant postoperative pancreatic fistula, which remains the most troublesome complication 
after pancreatoduodenectomy [34–38]. The two most commonly used methods to 
establish drainage of the pancreatic remnant to the gastrointestinal tract (with similar 
reported rates of pancreatic fistulas) are both variations of the pancreato- jejunal anas-
tomosis, the so-called dunking procedure and the duct-to- mucosa technique [34, 39].

For both techniques, the pancreatic remnant is mobilized from the retroperito-
neum and splenic vein for a distance of approximately 1.5–2 cm to facilitate suture 
placement for the pancreato-enteric anastomosis. The transected jejunum is deliv-
ered to the supra-mesenteric compartment either through an opening in the trans-
verse mesocolon to the right of the middle colic vessels or in the bed of the resected 
duodenum. The antimesenteric jejunal border is brought alongside the cut end of the 
pancreas 2–3 cm distal to the staple line at the proximal end of the jejunum and the 
anastomosis is performed in an end-to-side fashion.

53.5.2  Duct-to-Mucosa Pancreato-Jejunal Anastomosis

First, a back outer row of interrupted monofilament absorbable sutures (4–0 or 
5–0 PDS) is placed through the dorsal capsule, with the needle entering the pan-
creatic parenchyma approximately 1 cm from the cut end of the stump taking an 
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adequate bite of the tissue and a seromuscular bite of the jejunum (Fig. 53.4a). 
Knots are only tied following completion of each of the four suture rows and a 
careful technique is used to avoid tearing the pancreatic parenchyma. Next, the 
pancreatic duct is identified and a small jejunotomy corresponding to the duct is 
created using electrocautery. The posterior inner row of the anastomosis is then 
constructed using 5–0 or 6–0 PDS sutures, taking generous bites of the pancreatic 
parenchyma with the duct and full-thickness bites of the jejunum (Fig. 53.4b). If 
the pancreatic duct is small (1–2 mm in diameter), a total of three sutures will 
suffice. For larger pancreatic ducts, the sutures are spaced about 1.0–1.5  mm 
apart, and more sutures can be required to adapt the duct to the jejunal mucosa. 
This step is followed by the anterior inner row of 4–0/5–0 PDS sutures, which is 
driven through the pancreatic parenchyma ensuring an adequate bite of the tissue 
of the pancreas and the anterior enterotomy edge (Fig. 53.4c). Great care should 
be taken to avoid catching the back wall of the duct and thus occluding the pan-
creatic duct lumen. A second row of anterior sutures (4–0/5–0 PDS) is finally 
placed through the ventral capsule and the seromuscular layer of the jejunal limb 
at a point that will allow a fold of the jejunal wall to cover the inner row of sutures 
in a tension-free manner (Fig. 53.4c, d).

Fig. 53.4 Duct-to-mucosa pancreato-jejunal anastomosis. (a) Completed outer posterior row with 
interrupted sutures. (b) Posterior inner row of the anastomosis with careful adaptation of the duct 
to the jejunal opening. (c) Anterior inner row. (d) Completed anastomosis
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53.5.3  Dunking Procedure Pancreato-Jejunal Anastomosis 
(Invagination Technique)

Another widely adopted variation of the pancreato-jejunal anastomosis is the dunk-
ing procedure, which allows the jejunum to be pulled over the pancreas more promi-
nently than in the duct-to-mucosa anastomosis. First, a back outer row of 3–0 silk 
mattress sutures is placed about 5–10  mm back from the edge of the pancreas, 
beginning at the superior pancreatic margin and extending to the inferior border of 
the pancreas (Fig.  53.5a). A longitudinal enterotomy is then performed with the 
width of the opening tailored to the size of the pancreatic stump. For the inner pos-
terior layer, two 3–0 Vicryl sutures are placed at the inferior edge of the anastomosis 
(Fig. 53.5b). The needle is then driven through the cut face of the pancreas first 
catching about one-third of the surface, ensuring an adequate bite of the paren-
chyma and exiting just at the cut edge of the remnant pancreas. The bite is carried 
into the lumen of the jejunum in a single pass incorporating the full thickness of 

Fig. 53.5 Pancreato-jejunal anastomosis: dunking procedure. (a) Outer layer of posterior row 
with interrupted mattress sutures. (b) Inner continuous sutures; the posterior row with locking 
stitches is depicted dorsally. (c) Outer layer of anterior row. (d) Completed anastomosis with 
invagination of the pancreatic remnant
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jejunum. A running suture using locking stitches is placed along the posterior inner 
row starting at the lower border of the gland and advancing to the superior margin 
of the anastomosis. When the pancreatic duct is large, the stitches may be placed 
into it, thereby incorporating the duct into the posterior inner row. In case of a small 
duct, however, placing the stitches into the duct may be omitted altogether. Next, the 
ventral row of the inner layer is created in a running, nonlocking fashion, entering 
the anterior surface of the pancreas and exiting one-third of the way down the cut 
face of the pancreas, again ensuring a full-thickness bite of the jejunum (Fig. 53.5b). 
After completion, the anterior inner suture row is tied to the inner posterior suture 
from the back row. Lastly, a ventral outer layer of 3/0 silk mattress sutures is placed 
ensuring an adequate bite of the pancreatic parenchyma (Fig. 53.5c). A seromuscu-
lar bite of the jejunum is taken at a point that will allow a fold of the jejunal wall to 
cover the inner row of sutures (Fig. 53.5c, d). All knots are gently tied after comple-
tion of this suture row.

53.5.4  Bilioenteric Anastomosis

In contrast to the pancreatoenteric anastomosis, the approach to the biliary anasto-
mosis is less variable. The bilioenteric anastomosis is usually constructed approxi-
mately 10–15 cm downstream from the pancreato-jejunostomy in an end-to-side 
fashion with a single layer of PDS 5/0 sutures. The cut edge of the bile duct is 
freshened to obtain well-perfused healthy tissues and a small enterotomy is made at 
the antimesenteric border of the jejunal loop. The posterior suture layer is first con-
structed by placing the sutures inside out both on the jejunum and on the hepatic 
duct, leaving the knot outside the anastomosis, although variations of this technique 
exist which leave the knots inside. Each individual suture is held in clamps, until the 
entire suture row is completed and before knotting begins. Alternatively, this anas-
tomosis can be performed in a running fashion when the bile duct is significantly 
enlarged. Lastly, the anterior suture row is completed in a similar fashion with knots 
outside. After completion of the anastomosis, the mesocolic opening around the 
jejunal limb or the Treitz ligament are closed to avoid an internal hernia.

53.5.5  Reconstruction of Gastrointestinal Continuity

This reconstruction involves either an end-to-side gastrojejunostomy or duodenoje-
junostomy depending on whether a classic or pylorus-preserving pancreatoduode-
nectomy is performed. Current evidence shows no relevant differences in mortality, 
morbidity and survival between both techniques, although some data suggest that 
operating time, intraoperative blood loss and the need for blood transfusions may be 
more favorable with the pylorus-preserving operation [40–42]. The gastro- and duo-
denojejunostomies are both made approximately 50  cm downstream of the 
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hepaticojejunostomy in an end-to-side fashion in one or two layers using a PDS 4/0 
running or interrupted sutures. The reconstruction can be done either in a retrocolic 
or antecolic fashion with similar postoperative outcomes as demonstrated by mul-
tiple randomized controlled trials and meta-analyses [43–47]. The placement of two 
closed suction drains (Box 53.3) at the pancreatic and biliary anastomoses allows 
for early detection of a postoperative pancreatic fistula (POPF) and, should POPF 
develop, drainage of pancreatic effluent, thereby mitigating the clinical severity and 
morbidity of the fistula [48, 49].

53.6  Conclusions

Pancreaticoduodenectomy is a complex procedure that requires a meticulous surgi-
cal technique and an appropriate patient selection in order to achieve low morbidity 
and mortality rates. A detailed radiological evaluation and intraoperative explora-
tion will avoid that the surgeon is caught off guard due to an unexpected infiltration 
of major vascular structures or the presence of anatomic variants, in particular those 
of hepatic arteries. Several techniques for the various steps of the procedure have 
been described, but more so than the choice of the techniques used, a successful 
operation is most dependent on the surgeon’s concentration on careful and precise 
execution of the chosen technique.

Box 53.3 Post-operative Items to Consider

• Routine placement of drains at the pancreatic and biliary anastomoses sig-
nificantly reduces the incidence of gastroparesis, intra-abdominal fluid col-
lections and the severity of postoperative complications [48].

• In patients with low risk of pancreatic fistula, the drains can be safely 
removed by the third postoperative day after standard pancreatic resections 
[49–51]. A prolonged period of drain insertion in the absence of a pancre-
atic fistula is associated with a higher rate of postoperative complications, 
a longer hospital stay and increased costs [50].

• Routine prolonged nasogastric (NG) decompression is unnecessary and 
NG suction tubes are immediately removed at extubation [52].

• Postoperative early resumption of oral intake is safe and should be endorsed 
within enhanced recovery protocols [13]. In case of severe postoperative 
complications or poor tolerance of oral food after the operation, supple-
mentary artificial nutrition should be started instantly [13]. When artificial 
nutritional support is needed, the enteral route is whenever possible pre-
ferred over parenteral nutrition [13].
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54.1  Introduction

Most pancreatic resections are done without vein resection, and venous infiltration 
was previously a relative if not absolute contraindication to surgery. Over the past 
decades this has changed, the experience with vein resection has increased, with 
perioperative outcomes reported equal to or in the same range as for pancreatoduo-
denectomy done without venous resection. Also, a shift in mind-set from resectable/
unresectable has been introduced with the “borderline” and “locally advanced” 
resectable categories and the introduction of neoadjuvant treatment for many 
patients with these types of tumors. Hence, experience with vein resections has 
increased and is now accepted as a standard approach for selected patients in most 
institutions [1]. This chapter will discuss the role of vein resection in pancreatodu-
doenectomy and the technical issues concerning this. Other chapters will discuss 
issues concerning arterial resections and related specific procedures.

54.2  Historical Background

One of the early reports on vein resection during pancreatoduodenectomy was pub-
lished in 1951 [2]. In the report, the surgeons recognized tumor attachment to the 
lateral aspect of the superior mesenteric vein intraoperatively and performed a 

Pearls and Pitfalls
• Planned resection is preferred over incidental vein resection
• Planning of type of reconstruction and type of graft before surgery is 

strongly advised
• If not trained in vascular reconstruction, teaming up with a transplant or vascu-

lar surgeon for vein reconstruction is recommended to enhance outcomes
• Graft for reconstruction should be harvested and ready before the portal 

vein is resected
• Several complications may occur in the short-term, particularly bleeding, 

thrombosis and loss of graft patency

Future Perspectives
• Better understanding of type, dose and duration of thromboprophylaxis 

is needed
• The use of graft type in relation to benefits and risks remains undecided
• Optimal biological criteria for appropriate patient selection beyond imag-

ing are needed
• The oncological efficacy remains unclear, with need for better studies
• Controlled trials investigating various types of reconstruction technique 

for either short- or long-term differences are lacking

D. Kleive et al.
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segmental vein resection with primary end-to-end anastomosis. Although this likely 
was one of the first of many publications regarding this topic, the authors cover an 
impressive number of relevant aspects concerning vein resection during pancreato-
duodenectomy, several which are still discussed today. These include different 
reconstruction techniques, the potential benefit of simultaneous superior mesenteric 
artery clamping, splenic vein preservation or ligation and the use of intraoperative 
heparin and postoperative anticoagulation.

In the 1970s, Fortner brought further notice to vascular resection during pancre-
atic surgery [3]. Due to the high morbidity and mortality associated with the proce-
dure, the method was not widely adopted. However, with the advancement in 
preoperative work-up, surgical technique, postoperative treatment and anesthesia, 
the last three decades have provided an extensive amount of literature on the topic 
and pancreatoduodenectomy with vein resection should now be considered standard 
of care in high-volume centers delivering state-of-the art pancreatic surgery.

54.3  Oncological Considerations

The main principles of surgical resection for pancreatic cancer engaging the porto-
mesenteric vein axis are the same as for a standard pancreatoduodenectomy. The 
short- and long-term results for patients undergoing pancreatoduodenectomy with 
vein resection should assume that of a standard resection. Notably, several centers 
have reported increased morbidity and mortality with more extensive procedures [4, 
5]. However, the risk of morbidity and mortality should not outweigh the prospects 
of an acceptable quality of life and chance for survival after the procedure. Several 
reviews and meta-analysis have investigated this during the last decade (Table 54.1) 
with variable findings concerning both short-and long-term outcomes.

Neoadjuvant chemotherapy is increasingly used for borderline and locally advanced 
disease [6–8]. Neoadjuvant treatment may aid in the selection of patients with an 
unfavourable tumor biology. Resection should be offered to patients with signs of vein 
involvement on preoperative imaging given stable disease or remission on subsequent 
restaging. The data on neoadjuvant chemotherapy are limited by single-center reports 
[8, 9]. However, a recent randomized controlled trial was terminated due to favourable 
results for patients with borderline-resectable pancreatic cancer given neoadjuvant 
therapy compared to upfront surgery [10]. Further randomized trials are underway [7]. 
A recent meta-analysis found a 63% resection rate for patients with borderline-resect-
able tumors after neoadjuvant chemotherapy and the estimated median survival for 
patients resected, was 25.9  months [11]. This is fairly equal to the results of the 
ESPAC-4 trial [12] evaluating long-term outcomes in selected patients with primary 
resectable pancreatic cancer completing both surgical and adjuvant systemic therapy.

Consequently, the proposal of administering neoadjuvant chemotherapy for 
patients with borderline resectable disease, followed by restaging and resection in 
patients without disease progression [13] seems reasonable. It is important to bear 
in mind that several different classifications [14] of resectable, borderline and 
locally advanced pancreatic tumors exist [15] and stringency in the use and report-
ing on this is warranted (Box 54.1).

54 Pancreatoduodenectomy with Portal Vein Resection
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54.4  Preoperative Work-Up and Imaging

Decisions regarding resectability should involve multidisciplinary consultation at a 
high-volume center. A dedicated pancreatic CT [16, 17] or MRI with contrast should 
be present (within 4 weeks) before decision making or, after restaging in case of 
neoadjuvant therapy. Sub-millimeter axial sections with a dual-phase pancreatic 
protocol containing images obtained in both the pancreatic and portal venous phase 
of contrast enhancement is preferable [18].

The pancreatic parenchymal enhancement will produce the optimal visual con-
trast differences between the enhanced pancreatic parenchyma and the usually 
hypoattenuating tumor. Also, the peripancreatic arteries are usually well opacified 
during this phase, allowing for their concomitant evaluation.

In the second portal venous phase acquisition, the portomesenteric venous 
system is well opacified and potential tumor growth into the superior mesen-
teric/portal vein can be assessed [19]. The liver is also maximally enhanced 
during this phase, which improves detection of hepatic metastases [18]. A struc-
tured reporting template ensures that all important data from the scan are docu-
mented [16, 17]. The degree and extent of tumor-vein contact should be 
described and reported (Fig. 54.1). There is reason to believe that preoperative 
awareness of venous and arterial anatomy has an impact on outcomes [20], as 
incidental (or, accidental/unplanned) vein resections are associated with higher 
risk of complications [20].

Box 54.1 Borderline Resectable Pancreatic Cancer, According to 
NCCN [13]

• Solid tumor contact with the SMV or PV > 180°, contact of ≤180° with 
contour irregularity of the vein or thrombosis of the vein but with suitable 
vessel proximal and distal to the site of involvement allowing for safe and 
complete resection and vein reconstruction

• Solid tumor contact with the inferior vena cava
• Solid tumor contact with the common hepatic artery without extension to 

coeliac trunk or hepatic artery bifurcation allowing for safe and complete 
resection and reconstruction

• Solid tumor contact with the SMA of ≤180°
• Solid tumor contact with variant arterial anatomy
• For tumors in body and tail of the pancreas: Solid tumor contact with the 

coealiac trunk >180° without involvement of the aorta and with intact and 
uninvolved gastroduodenal artery and thereby permitting a modified 
Appelby procedure

D. Kleive et al.
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54.5  Classifications

An initial classification system for venous resections was proposed in 1992 by 
Ishikawa [21] and several modifications thereof have been presented later. In 2014, 
the International Study Group of Pancreatic Surgery (ISGPS), proposed a consensus 
classification of 4 different types of vein resection [14] (Box 54.2).

Box 54.2 Classification of Venous Resections (According to ISGPS)

• Type 1: partial venous excision with direct closure (venorraphy) by suture 
closure.

• Type 2: partial venous excision using a patch.
• Type 3: segmental resection with primary end-to-end venovenous 

anastomosis.
• Type 4: segmental resection with interposed venous conduit and at least 

two anastomoses.

Pancreatic tumor (T) invading SMV/PV Tumor-vein interface on cross-section

T Tumor-vein
contact length

PV

T V

T

V

T V

T V

SMV

a b

c d

Fig. 54.1 Venous tumor contact in pancreatic cancer invasion of SMV/PV. (a) Less than or equal 
to 180° tumor contact without deformity. (b) More than 180° tumor contact without deformity. (c) 
Less than or equal to 180° tumor contact with deformity (arrows). (d) Tear drop deformity (arrows). 
SMV superiomesenteric vein, PV portal vein, T tumor, V vein. Dashed line 180° of lumen 
circumference

D. Kleive et al.
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54.6  Types of Venous Reconstruction

With appropriate definitions for common reporting of data, future evidence-based 
recommendations can be achieved based on a common understanding and compari-
son between series and trials [14]. The four types of resections are summarized in 
Fig. 54.2.

The most frequent reported reconstruction technique is end-to-end anastomosis 
(Type 3) and venorrhaphy (Type 1). In a review of over 2000 vein resections the 
Type 1 and 3 techniques were used in almost 80% of the cases [22].

Long segments of the SMV/PV have been reported removed and subsequently 
reconstructed with an end-to-end anastomosis by methods such as the Cattell- Braasch 
maneuver and liver mobilization [23, 24]. End-to-end anastomosis for involved seg-
ments up to 3 cm is considered sufficient by most surgeons, while some consider 
longer segments (median 4.6 cm, range 3–7 cm of length) doable for an end-to-end 
anastomosis [23]. However, end-to-end anastomosis after resection of longer 

Type 1

Partial vein resections Segmental vein resections

Type 2 Type 3 Type 4

PV

SMV

SV

PV PV

PV

PV

PV

U
grtPV

PV

SMV

SMV

SMV

SMV

PV

U
grt

SMV

SpV

SMV

SMV

SV

SV
IJV

IJV

IJV

IJV

Primary suture Patch

End-to-end
+ splenic vein
preservation

Interposition graft
+ splenic vein
preservation

+ splenic vein reposition

Fig. 54.2 Types of reconstruction techniques. Legend: Type 1 and 2 reconstruction refers to par-
tial vein wall resection and closure either with a venorraphy (Type 1) or a patch (Type 2). Type 3 
and 4 resections refers to segmental resections with either primary end-to-end anastomosis 
(Type 3) or interposition graft (Type 4). Reconstruction can be done with or without reposition of 
the splenic vein in case of segmental resections. Note the oblique resection of Type 4 to preserve 
the splenic vein. Several alternatives exist to reconstruction beyond the main described techniques
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segments (>3 cm) have also been reported to have poorer patency rates at longer fol-
low up [25].

54.6.1  Vein Reconstruction with Interposition Graft (Type 4)

A variety of patch or interposition materials have been reported (Table 54.2), rang-
ing from bovine pericardium, synthetic material, peritoneal material, autologous or 
allo-veins, autologous or allo-arteries [22, 26–34].

The likelihood that an interposition graft will be needed for reconstruction too, 
should be anticipated in the planning phase before surgery. However, the need for 
end-to-end anastomosis or interposition graft is likely to relay on surgeon prefer-
ence. For all types of reconstruction, however, anticoagulation with heparin is usu-
ally compulsory, as in other vascular surgical procedures. Some authors recommend 
heparin before clamping the vein [35], while others do not [1]. Clamping of the 
superior mesenteric artery can be performed in order to reduce bowel ischemia. 
Measuring the clamping time of both the superior mesenteric artery and the SMV/
PV seems reasonable, however, the time used for reconstruction and its impact on 
short-term patency and overall complications is unknown. For all types of recon-
struction, a tension free anastomosis or venorraphy is warrented. In the case of end- 
to- end anastomosis or interposition graft, a growth factor should be in place upon 
ending the suture. Releasing the distal clamp on the portal vein first will allow for 
thorough expansion of the reconstruction.

Table 54.2 Overview of patches and interposition material used

Graft Description Pros Cons

Autograft Left renal vein
Great saphenous 
vein
Gonadal vein
Iliac vein

No rejection
No infection

Size matching
Complications from site of graft harvest
Time consuming

Allograft Ready for use
Time efficient
No graft harvest 
needed

Possible graft rejection
Stenosis⇑
Legal issues outside the transplant setting 
in some centers
Only in units with Tx

Xenograft Ready for use
Time efficient
No graft harvest 
needed

Graft rejection ⇑
Costs ⇑

Synthetic PTFE (Teflon)
PETE (Dacron)

Ready for use
No graft harvest 
site

Infection risk ⇑
Costs ⇑
Early vein thrombosis risk ⇑

Peritoneal No rejection
No infection

Time consuming
Size mismatch

PTFE polytetrafluoroethylene, PETE polyethylene terephthalate

D. Kleive et al.
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When an interposition graft is needed, autologous veins may be the best option 
as it is generally more readily available than allogenic material and have superior 
patency rates compared to synthetic material [28]. A vein of commensurate diame-
ter is advisable in order to avoid flow-limiting stenosis. Veins harvested from differ-
ent locations have been reported used in this setting: the left renal, the internal 
jugular and the superficial femoral vein [36]. The vein should be harvested and be 
ready for use before the superior mesenteric vein is transected and the pancreatic 
specimen removed.

Some liver transplant centers with tissue banking facilities use donor vein grafts 
when needed [26]. In the absence of this resource, the patient’s internal jugular vein 
or left renal vein offer the best size match. Harvesting the internal jugular vein often 
mandates the help of a vascular surgeon and the need for preparing another opera-
tive field. In comparison, the left renal vein is far more accessible and can be har-
vested with ease to fulfil this need. In the following, an example of use of the left 
renal vein as interposition graft will be explained.

54.7  Surgical Technique: Use of Left Renal Vein 
as Interposition Graft

Use of the left renal vein has been described by several groups for reconstruction 
[37–39]. It is of importance that the left renal vein is assessed for suitability for use 
as a graft before surgery. The patient should have acceptable renal function and 
anatomical considerations on pre-operative imaging must be assessed, like the rare 
variation of a retro-aortic left renal vein that may preclude its use.

When a portal vein interposition graft is needed, at the time of the Kockerisation 
of the duodenum this may be continued with the Cattell-Braasch manoeuvre and 
expose the left renal vein fully (Fig. 54.3a). The renal vein is then isolated with 
vascular slings ready to be harvested later. At the pancreaticoduodenectomy that 
follows, after isolation of the portal vein superiorly, dividing the duodenum at D1 
and the pancreatic neck and division of the proximal jejunum, the uncinate process 
and head of the pancreas are mobilized off the SMV and SMA. At this stage it will 
be apparent if the PV and SMV actually needs resection to achieve tumor clearance. 
It will also be clear as to how much length of vein will be lost. One should also 
assess the length of vein to be resected or if the mesentery is too bulky and non- 
yielding for mobilization to allow for an end-to-end (Type 3) anastomosis. Then, 
before proceeding with actually dividing the portal vein for removal of specimen, 
the next step is to proceed to harvest of the left renal vein graft.

The medial aspect of the left renal vein graft is usually taken with a vascular TA 
stapler flush with the IVC (Fig. 54.3b). At the renal hilum, two stay sutures are 
placed just beyond the suprarenal and gonadal veins, to prevent retraction of the 
vein if it slips through the Satinsky vascular clamp, with an adequate cuff of vein to 
be over sewn (Fig. 54.3b). The vein is then divided and the graft harvested.

54 Pancreatoduodenectomy with Portal Vein Resection
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Following this it is one of the authors’ practice (Mike Silva) to give the patient 
2000 U i.v. heparin and then place a vascular clamp to occlude the SMA inflow to 
the bowel. This prevents mesenteric and bowel engorgement while the resection and 
reconstruction of the portal vein takes place. A timer is then started and the pancre-
atoduodenectomy completed with the specimen removed with a segment of vein.

The interposition graft is then sewn in with a continuous suture starting with the 
superior anastomosis (Fig. 54.4a). A growth factor is left on the suture when tying 
it off and a heparin saline flush in to the graft with the clamps taken off for a 

Fig. 54.3 Left renal vein harvest. (a) Complete mobilization of the right colon (Catell Brasch 
maneuver) to identify and isolate the left renal vein (arrow). (b) The use of a TA vascular stapler 
for medial aspect of LRV graft, Satinsky on the lateral part (Images courtesy of Mr. Mike Silva)

Fig. 54.4 Left renal vein reconstruction. (a) interposition graft is sewn in with a continuous suture 
starting with the superior anastomosis. (b) Type 4 reconstruction completed with LRV (arrow)

D. Kleive et al.
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momentary controlled bleed out to remove any clots that may have formed while the 
clamps were on, and the reconstruction competed (Fig. 54.4b).

There is no evidence of long-term impact on renal function following the use of 
a left renal vein graft [40, 41]. However, a slightly higher risk of reversible acute 
kidney injury during the first 1–3 days has been noted [41].

54.8  Postoperative Treatment and Specific Complications

Post-operative treatment and complications are overall similar to standard pancre-
atoduodenectomy. In order to identify potential early graft failure or early failure at 
the reconstructed SMV/PV one could perform an ultrasound scan with Doppler 
flow of the reconstructed SMV/PV 4-6 hours after the end of the procedure. In the 
case of early thrombosis or occlusion due to graft kinking, this should lead to 
reoperation.

54.8.1  Anticoagulation and Extended 
Post-operative Thromboprophylaxis

Overall, there is considerable heterogeneity in the use of anticoagulation after PV 
resection and currently no consensus exists on this topic [42–44]. For pancreatic 
resections, the use of double-dose low-molecular weight heparin for 6 weeks after 
surgery, increased the number of clinically relevant post-pancreatectomy hemor-
rhages and need for relaparotomies in an uncontrolled Dutch cohort study [45]. 
Others have found no difference in the presence of postoperative venous thrombo-
embolism and early portal vein thrombosis between the use of double-dose and 
single dose low molecular weight heparin [43].

A systematic review [42] compared studies with an anticoagulation policy to no 
anticoagulation policy after venous resection. They found eight anticoagulation 
policy studies of a total of 266 patients and five studies reporting no anticoagulation 
with a total of 95 patients. The anticoagulation policy studies included aspirin, clop-
idogrel, heparin or warfarin. Only half of patients in the anticoagulation policy 
group received anticoagulation. There were more prosthetic grafts in the anticoagu-
lation policy group. The overall morbidity and mortality were similar in both groups.

Prevalence and outcome of portomesenteric thrombosis was reported in as many 
as 27–28% in some series [46, 47] with most occurring late (within a year). Early 
PV thrombosis is usually reported in 3–7% and highest in patients who received a 
synthetic graft [42, 47]. Early PV thrombosis was similar between the groups and 
was associated with a high mortality (40%) [42]. When prosthetic grafts were 
excluded there was no difference in the incidence of early PV thrombosis 
between groups.
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54.8.2  Left-Sided Portal Hypertension

Sinistral or left-sided portal hypertension has been a matter of debate over the recent 
years [48–52]. While some argue that it may not be a major clinical issue, as most 
patients with advanced pancreatic cancer necessitating portal vein resection does 
not live long enough to experience the relevance of the complications. Failure to 
reinsert the splenic vein can cause gastric remnant venous congestion, esophageal 
varices, splenomegaly, or severe or prolonged thrombocytopenia.

In the short-term, no clinically relevant difference is noted between reconstruc-
tion or not [50], but risk of varices may increase over the subsequent years [48]. 
Sacrifice of all potential collateral veins (referred to as the critical veins: left gastric 
vein, middle colic vein, and superior right colic vein arcade) and absence of any 
spontaneous splenorenal shunt is associated with risk of formation of varices [52]. 
Based on the limited data there seems to be a higher risk for sinistral portal hyper-
tension with splenic vein division. Selected reconstruction may be considered, with 
several techniques reported [49]. Alternative techniques to avoid splenic vein divi-
sion and need for reinsertion has also been reported [53].

54.9  Clinical and Oncological Outcomes

Use of venous resection has expanded over the years and is increasingly used also in 
the elderly group of resected patients [54, 55]. Overall, the resection of portomesen-
teric invasion does not increase survival per se although good outcomes can be 
achieved [56–59]. The R0 rate, in the setting of upfront surgery is usually not changed 
due to growth in the superior mesenteric/portal vein groove [60]. Survival is likely 
attributed to other biological factors, such as response to chemotherapy, tolerance 
and number of cycles received and size of tumor. Larger tumor-vein length/interface 
(Fig. 54.1) is related to bigger tumor-size [59, 61], need for larger vein-resections 
and associated with both poorer patency rates and overall survival [62–64].

54.10  Conclusions

Portomesenteric vein infiltration by pancreatic and periampullary tumours is con-
sidered technically resectable in selected patients. Neoadjuvant chemotherapy is 
increasingly used to select good surgical candidates. Proper pre-operative evalua-
tion of tumor-vein interface is warranted. Data on patency for different types of 
reconstruction and different types of graft used is limited. Surgeon preference and 
familiarity with both vascular surgery and SMV/PV resection is likely to improve 
both short- and long-term patency at the reconstructive site. Acceptable outcomes 
both in the short and long-term after pancreatoduodenectomy can be achieved.
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Take Home Messages
• There are six artery-first approaches described which provide primary 

access to different portions of the SMA.
• Each approach has a specific indication depending on the location of the 

tumour in the pancreas.
• A combination of more than one approach improves access and exposure 

to the SMA.
• Retrospective studies suggests an artery-first approach may improve peri-

operative outcomes, margin status and survival. However, a single RCT 
comparing artery-first approach with standard pancreatoduodenectomy 
showed comparable outcomes.

Pearls and Pitfalls
• The principle of an artery-first approach relates mainly to the 

SMA. However, borderline resectable and locally advanced tumours in the 
neck of the pancreas with suspicious involvement of common hepatic 
artery warrant a common hepatic artery first approach to ensure resectability.
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55.1  Introduction

Pancreatoduodenectomy followed by adjuvant chemotherapy is still considered stan-
dard of care for pancreatic head malignancy. In spite of a potentially curative surgery, 
the rates of R1 resection remain high with the majority of patients developing recur-
rence either locally or liver metastasis within the first 2 years [1, 2]. The site of a 
margin positive resection is often along the superior mesenteric artery and is an estab-
lished adverse prognostic factor for local recurrence [1]. Refinements in the surgical 
technique to improve R0 resection rates along the superior mesenteric artery (SMA) 
margin both during pancreatoduodenectomy and distal pancreatectomy have led to the 
concept and development of artery first approach to pancreatic cancer surgery [3]. The 
artery-first approach to pancreatoduodenectomy was first described in 1993 by Nakoa 
et  al. [4]. The SMA was approached in the mesentery of the jejunum (mesenteric 
approach), allowing early division of the inferior pancreatoduodenal artery and dissec-
tion along the SMA. This report was followed by several modifications allowing expo-
sure of SMA along its course from the aorta to the small bowel mesentery [5–11].

Earlier identification of tumor along the SMA margin will ensure no irreversible 
steps such as division of pancreatic neck are undertaken thereby avoiding a margin 

Future Perspectives
• Further RCT’s are warranted to explore the benefits of each artery-first 

approach compared to standard pancreatoduodenectomy to evaluate the 
perioperative and oncological outcomes.

• An artery-first approach may have an important role in patients receiving 
neoadjuvant therapy for borderline and locally advanced pancreatic cancer, 
to differentiate tumour from fibrous tissue along SMA and may further 
improve R0 resection rates. This needs to explored in future studies

• Further studies are warranted to confirm the feasibility of a laparoscopic/
robotic artery-first approach in terms of its safety, perioperative and onco-
logical outcomes.

• The various artery-first approaches complement each other with regards to 
exposure to the SMA at various levels. A combination of approaches may 
be beneficial in order to expose the length of the SMA particularly in 
patients post neoadjuvant therapy. Proficiency in more than one approach 
is recommended.

• A circumferential skeletonisation of the SMA should be avoided when fea-
sible to reduce risk of chyle-leak and postoperative diarrhoea.

• A pancreas protocol CT with an arterial phase is paramount to clearly iden-
tify anatomical variations in SMA and common hepatic artery supply par-
ticularly post neoadjuvant treatment. The CT scan may not differentiate 
tumour from post chemotherapy fibrosis but lack of progression on RECIST 
criteria would warrant a trial dissection using the artery-first approach.
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positive resection. Furthermore, the increasing use of neoadjuvant therapy for bor-
derline and locally advanced pancreatic cancers has created the added challenge of 
local staging predominantly along the superior mesenteric artery [11, 12]. An 
artery- first approach has a potential role allowing trial dissection and frozen sec-
tions along the SMA at an earlier stage of pancreatoduodenectomy before irrevers-
ible steps are taken to identify tumor regression along this margin.

55.2  Technical Descriptions of Open Artery First Approaches 
to Pancreatic Head Cancer

There are six different techniques of artery first approach previously described in 
the literature [3]. Each approach provides exposure to the SMA from its origin from 
the aorta through the pancreas and as it enters into the bowel mesentery (Fig. 55.1).

A brief description of the individual approach and advantages and disadvantages 
with each approach are summarized below.

55.2.1  Posterior Approach

The posterior approach is indicated for tumours in the head and neck of the pancreas 
with involvement of Portal-superior mesenteric vein. It may not be feasible in 
patients with peripancreatic inflammation and adhesions around the head of the 

Fig. 55.1 Diagram showing the six approaches to the superior mesenteric artery. S superior 
approach, A anterior approach, P posterior approach, L left posterior approach, R right/medial 
uncinate approach, M mesenteric approach. (Reproduced from British Journal of Surgery 2018 
May;105(6):628–636. With permission from John Wiley and Sons)
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pancreas. However, given the relative familiarity with extended kocherisation and 
exposure of the retroperitoneum by most hepatobiliary surgeons, this is the most 
commonly used artery-first approach.

The posterior approach is the most frequently used approach amongst the artery 
first approaches during open pancreatoduodenectomy [5, 6]. The dissection begins 
with extended kocherisation of the duodenum, exposing the left renal vein, inferior 
vena cava and the anterior surface of aorta. The SMA is then exposed in front the 
left renal vein (Fig. 55.2). A sharp dissection is undertaken to expose the adventitia 
of the SMA by dividing the perivascular connective tissue. This plane is then main-
tained along the SMA and dissection continued towards the head of the pancreas to 
where it crosses the duodenum. The origins of the superior and inferior pancreato-
duodenal arteries can be identified and ligated as they enter the pancreatic head and 
uncinate process respectively.

55.2.2  Medial Uncinate Approach

The medial uncinate approach is indicated for tumours of the uncinate process of 
the pancreas [7, 8]. This approach will allow early identification of SMA involve-
ment for tumour in this location before any irreversible steps such as division of 
neck of the pancreas are undertaken.

Similar to the posterior approach, an extended kocherisation is undertaken first. 
A further Cattell-Braasch manoeuvre is then undertaken which will allow the right 
colon and small bowel to be retracted well to the left facilitating the exposure of 
superior mesenteric vein as it passes over the third part of the duodenum. A further 
division of the ligament of Treitz can be undertaken and translocation of the proxi-
mal jejunum with its intact mesentery into the supracolic compartment. This allows 
alignment of the uncinate process with the jejunal mesentery and further exposure 

Fig. 55.2 Posterior approach, exposing the origin of superior mesenteric artery (SMA) in front of 
the left renal vein after Kocherization. For clarity the SMA has been made more apparent. IPDA 
inferior pancreatoduodenal artery, LRV left renal vein, IVC inferior vena cava. (Reproduced from 
British Journal of Surgery 2012;99:1027–1035. With permission from John Wiley and Sons)
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of superior mesenteric vein in the first instance. The superior mesenteric vein is then 
dissected from the pancreas often requiring division of small venous tributaries and 
thereby exposes the SMA (Fig. 55.3). A sharp dissection is undertaken to expose the 
adventitia of the SMA by dividing the perivascular connective tissue. The dissection 
on the SMA is then carried out under the neck of the pancreas towards its origin 
from the aorta. The inferior pancreatoduodenal artery is encountered on the way and 
is ligated and divided at its origin.

The perceived draw-back of the uncinate approach is a late identification of a 
replaced right hepatic artery, however this can be addressed by starting the posterior 
approach first until the replaced right hepatic artery is identified and then undertak-
ing the uncinate approach and join the 2 planes of dissection.

55.2.3  Left Posterior Approach

The left posterior approach allows exposure of the SMA without mobilisation of the 
duodenum or colon and is indicated for tumours of the posterior aspect of the head 
of the pancreas and the uncinate process [9].

Before any dissection is undertaken, the proximal jejunum is pulled to the left and 
the first and second jejunal arteries are divided. Further traction on the proximal 
jejunum produces a counter clockwise rotation to the SMA that allows identification 
and division of the inferior pancreatoduodenal artery, arising from the posterior sur-
face of the SMA. This will allow the SMA to be free and retreated to the right with 

Fig. 55.3 Medial uncinate approach. Demonstrating the uncinate process (UP), inferior pancre-
atoduodenal artery (IPDA) and vein (IPDV), superior mesenteric artery (SMA) and vein (SMV) 
after kocherization and mobilization of the duodenojejunal flexure. (Reproduced from British 
Journal of Surgery 2012;99:1027–1035. With permission from John Wiley and Sons)
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exposure of the SMV under the SMA (Fig. 55.4). The first jejunal branch of the 
SMV is divided and the superior mesenteric vein is skeletonized up to its confluence 
with the splenic vein. This frees the superior mesenteric vein and SMA from the 
uncinate process and the mesentery of the proximal jejunum. The proximal jejunum 
is then divided and the further part of the duodenum is transposed into the supracolic 
compartment. Further dissection from here on is similar to the uncinate first approach.

55.2.4  Inferior Infracolic Approach (Mesenteric Approach)

This approach allows exposure of SMA at the base of transverse mesocolon and is 
indicated for tumours from the ventral pancreas with suspicion of infiltration of 
SMA [10].

The duodeno-jejunal flexure is mobilized first. The inferior mesenteric vein is 
encountered during the mobilization and is divided. The SMA is then palpated at the 
base of transverse mesocolon and the peritoneum overlying it is divided (Fig. 55.5). 
The SMA and the superior mesenteric vein to its right are exposed. The middle colic 
artery is identified arising from the SMA and can be divided at its origin from the 

Fig. 55.4 Left posterior approach. Exposing the first and second jejunal arteries at their origin on 
the superior mesenteric artery (SMA) in the transverse mesocolon. Further traction on the proxi-
mal jejunum produces a counter clockwise rotation to the SMA that allows identification and divi-
sion of the inferior pancreatoduodenal artery (IPDA) arising from the posterior surface of the SMA 
(inset). MCA middle colic artery, SMV superior mesenteric vein. (Reproduced from British Journal 
of Surgery 2012;99:1027–1035. With permission from John Wiley and Sons)
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SMA to allow a wide opening at the base of transverse colon for wider exposure. 
The dissection on the SMA is carried towards the dorsal surface of the pancreas and 
this allows exposure of the inferior pancreatoduodenal artery at its origin, often aris-
ing from the first jejunal artery. After division dissection on the SMA is continued 
along the anterior and medial aspects of it towards the neck of the pancreas. Several 
small venous tributaries from the superior mesenteric vein are encountered during 
the dissection and divided allowing complete mobilization of superior mesenteric 
vein during the process.

The added advantage of this approach is earlier identification of SMA involve-
ment without the need for kocherisation of the duodenum with minimal handling of 
the head of the pancreas allowing the so called “no-touch” pancreatoduodenectomy 
and thereby prevents tumor cell dissemination [11]. This approach is particularly 
popular amongst Japanese surgeons.

55.2.5  Inferior Supracolic Approach (Anterior Approach)

This approach is advocated for tumours along the inferior border of the pancreas 
[11]. Unlike the Inferior infracolic approach, the original description described divi-
sion of the antrum of the stomach and neck of the pancreas to expose the superior 

Fig. 55.5 Inferior infracolic approach (mesenteric approach). Exposing the superior mesenteric 
artery (SMA) and vein (SMV) and branches after dividing the peritoneum to the right of the duo-
denojejunal flexure (DJF) in the transverse mesocolon. P pancreas, SV splenic vein, MCV middle 
colic vein, IPDA inferior pancreatoduodenal artery, MCA middle colic artery. (Reproduced from 
British Journal of Surgery 2012;99:1027–1035. With permission from John Wiley and Sons)
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mesenteric vein and SMA (Fig. 55.6). It is however possible to expose the superior 
mesenteric vein and SMA along the inferior edge of the pancreas to determine 
resectability before division of the neck of the pancreas. This approach also entails 
a reverse kocherisation, i.e. the mobilisation of the pancreas head is left until the 
dissection of the SMA and SMV is completed. Then an enbloc mobilisation of the 
duodenum and pancreas head undertaken in a plane posterior to the Gerotas fascia 
and anterior the left renal vein and inferior vena cava.

55.2.6  Superior Approach

The superior approach is indicated for tumours arising from the dorsal surface of the 
pancreas with suspicious common hepatic artery involvement. The common hepatic 
artery is exposed first in the lesser sac and dissection carried right to left towards the 
coeliac axis exposing the origins of the gastroduodenal artery, splenic artery and the 
left gastric artery (Fig.  55.7). The lymph nodes anterior to the common hepatic 
artery are removed. Once the origin of the coeliac axis is exposed, a caudal retrac-
tion of the pancreas is undertaken to facilitate exposure of the SMA. The exposure 
of SMA through the superior approach can be challenging in patients with a low 
origin of SMA and one of the other approaches will be more suitable depending on 
the location of the tumor. There are no published studies describing the outcomes of 
a superior artery-first approach.

Fig. 55.6 Inferior supracolic approach (anterior approach). Demonstrating the superior mesen-
teric artery (SMA) and vein (SMV), splenic vein (SV) and coeliac axis and its branches after divi-
sion of the neck of the pancreas. LGA left gastric artery, CHA common hepatic artery, SA splenic 
artery, PV portal vein, IMV inferior mesenteric vein, IPDA inferior pancreatoduodenal artery. 
(Reproduced from British Journal of Surgery 2012;99:1027–1035. With permission from Wiley)
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55.3  Technical Descriptions of Laparoscopic Artery-First 
Approaches to Pancreatic Head Cancer

The feasibility of a laparoscopic artery-first approach was explored in few studies in 
the recent past. Nagakawa et al. first described the laparoscopic uncinate first pan-
creatoduodenectomy approach in 2015 [13]. After an initial kocherisation and 
mobilisation of the duodeno-jejunal flexure, proximal jejunum was divided and 
translocated into the supracolic compartment. This brings the duodeno-jejunal flex-
ure in line with the uncinate process of the pancreas. Similar to the open uncinate 
first approach, the left posterior side of the SMA and superior mesenteric vein are 
exposed first. Dissection along SMA exposes the branches of the inferior pancreato-
duodenal artery and these are divided at positions where they enter and exit the 
uncinate process before dissecting the pancreatic head from the right aspect of the 
SMA completing the dissection along the SMA towards its origin from the aorta. 
Ten patients who underwent a laparoscopic artery-first approach were compared 
with 22 patients undergoing conventional laparoscopic pancreatoduodenectomy. 
There was no significant difference in the operating times between the two groups. 
However, the intraoperative blood loss was significantly lower in the uncinate first 
approach when compared to the conventional laparoscopic pancreatoduodenectomy 
group (162.7 mL vs. 463.8 mL, respectively; P = 0.023).

Chen et al. [14] similarly compared the laparoscopic uncinate first approach and 
open uncinate first approach in a series of 102 patients. Although the mean opera-
tion time was significantly longer in the laparoscopic pancreatoduodenectomy 
group, laparoscopic artery-first group was associated with lower intraoperative 

Fig. 55.7 Superior approach. Demonstrating the axis and its branches and the superior mesenteric 
artery (SMA) in the lesser sac above the neck of the pancreas. LGA left gastric artery, CHA com-
mon hepatic artery, SA splenic artery, PV portal vein, GDA gastroduodenal artery. (Reproduced 
from British Journal of Surgery 2012;99:1027–1035. With permission from Wiley)
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blood loss, shorter first flatus time, shorter diet start time and lower hospital stay. 
The rates of overall postoperative complications and postoperative fistula rates were 
comparable between both groups. The postoperative oncological outcomes were 
again comparable between both groups. Pedziwiatr et al. [15] compared the 12 lapa-
roscopic uncinate first approaches with 19 patients who underwent a classical lapa-
roscopic pancreatoduodenectomy specifically looking at oncological outcomes. 
The lymph node yield was higher in the laparoscopic artery-first group (19 vs. 13), 
with comparable R0 resection rates along the SMA margin and other postoperative 
outcomes.

In our experience, predominantly with the robotic approach, the dissection of 
SMA and superior mesenteric vein along the uncinate process is greatly augmented 
with the 3D view which facilitates accurate dissection along the adventitia of the 
SMA.  Furthermore, the robotic approach has the added advantage of facilitating 
endosuturing with relative ease compared to a laparoscopic approach for any bleed-
ing encountered from small venous tributaries along the SMA.  Further improve-
ments however are needed with the energy devices currently available with the 
robotic platforms. The long learning curve of robotic pancreatoduodenectomy (80 
procedures) to achieve proficiency means the likelihood of trial comparing a stan-
dard open pancreatoduodenectomy with robotic artery-first approach is unlikely in 
the near future. However as more centers undertake robotic pancreatoduodenectomy, 
we may be able to explore the benefits of artery-first approach outside a trial setting.

55.4  Evidence from Systematic Reviews and Metaanalysis

Three systematic reviews [16–18] have summarized the available evidence regard-
ing the perceived benefits of artery-first approach with standard pancreatoduodenec-
tomy. A metaanalysis [16] of 14 studies compared artery-first pancreatoduodenectomy 
with standard pancreatoduodenectomy. Artery-first pancreatoduodenectomy was 
associated with less intraoperative bleeding, fewer blood transfusions and higher 
rates of portal vein resections. In addition the risk of post- operative pancreatic fistula 
and delayed gastric emptying was lower in the artery- first group. The oncological 
outcomes however were comparable between the 2 groups.

A further metaanalysis [17] including 18 retrospective studies and 1 randomised 
controlled trial, comparing 771 patients who underwent artery-first approach with 
701 patients who underwent a standard pancreatoduodenectomy. The posterior 
approach was the most frequently used approach. None of the included patients had 
borderline resectable or locally advanced tumours. Similar to the previous meta-
analysis, intraoperative blood loss (mean difference − 389 mL; P < 0.001), propor-
tion of patients requiring intraoperative transfusion, pancreatic fistula rates were 
significantly lower in the artery-first group. The oncological outcomes including the 
R0 resection rates (75.8% vs. 67%) and overall survival were significantly higher in 
the artery-first group. Jiang et al. in a further metaanalysis in 2020 including the 
same studies showed similar outcomes [18].
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The data from retrospective studies and systematic reviews stemming from those 
studies should be interpreted with caution. Firstly, due to the inherent risk of bias 
and heterogeneity due to non-randomised design. Secondly, it is possible that early 
detection of patients with positive SMA margin led surgeons to abandon the resec-
tion thereby spuriously improving survival outcomes.

55.5  Evidence from Randomised Controlled Trials

Two randomised controlled trials explored the benefits of an artery-first approach. 
Galle et al. [19] compared 6 patients undergoing standard pancreatoduodenectomy 
with 6 patients undergoing artery first pancreatoduodenectomy with a no touch 
technique with the primary outcome being the presence of circulating tumor cells in 
the portal circulation. Prior to resection of the pancreatic head, there was no differ-
ence in the number of circulating tumor cells between the 2 groups (range, 0–4 in 
the standard pancreatoduodenectomy group vs. 1–6  in the artery-first group; 
P = 0.31). Following resection, an increase in the number of circulating tumor cells 
was seen in 5 of 6 patients (83%) in the standard pancreatoduodenectomy group but 
0 of 6 patients in the artery-first group (P = 0.003). This trial was not powered to 
evaluate the postoperative and oncological outcomes between the 2 groups.

Sabater et al. [20] recently published the first adequately powered RCT compar-
ing artery-first pancreatoduodenectomy with standard pancreatoduodenectomy. The 
posterior artery-approach was the preferred artery-first approach. The primary out-
come measures were R0 resection, morbidity and mortality. Seventy five patients 
with periampullary and pancreatic malignant tumours undergoing standard pancre-
atoduodenectomy were compared with 78 patients undergoing artery-first approach. 
The R0 resection rates were 77.3% with standard pancreatoduodenectomy and 
67.9% with artery-first group, P = 0.194. There were no significant differences in 
postoperative complication rates and perioperative mortality. The perceived benefits 
shown in previous retrospective studies and metaanalysis with regards to blood loss, 
transfusion requirements, postoperative pancreatic fistula and survival advantage 
could not be demonstrated in the trial.

One of the limitations of the trial was 46% of included patients were those with 
periampullary malignancy who would generally have a higher R1 resection rate 
than pancreatic ductal adenocarcinoma and therefore combining both pathologies 
would make interpretation of resection status difficult. The trial did not explore the 
long term survival outcomes. Furthermore only one artery first-approach (posterior 
approach) was used for all pancreatic malignancies, while the published evidence 
suggests the approach used should depend on the location of the pancreatic tumor 
in relation to the SMA. A further randomised controlled trial (MAPLE-PD) com-
paring the mesenteric approach versus conventional approach for pancreatic adeno-
carcinoma in currently underway in Japan [21]. Further trials are needed to explore 
the benefits of individual artery-first approaches and perhaps even comparing the 
various artery-first approaches.
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55.6  Evolving Concept of the Artery-First Approach

The technique of laparoscopic artery-first is still evolving and is not fully standard-
ized. The current evidence suggests that a laparoscopic artery-first approach is fea-
sible and the uncinate first approach is the preferred approach. A laparoscopic 
approach may be associated with improved perioperative outcomes when compared 
to an open approach. However it is important to acknowledge that although laparo-
scopic pancreatoduodenectomy is being increasingly undertaken, the evidence from 
randomised controlled trials regarding the benefits of laparoscopic pancreatoduode-
nectomy is conflicting [22, 23]. Further trials investigating the safety and oncologi-
cal benefits of laparoscopic pancreatoduodenectomy are warranted before exploring 
the benefits of a laparoscopic artery-first approach.

It is important to acknowledge that the enthusiasm to undertake the artery-first 
approach has risen from the necessity to identify SMA involvement at an earlier 
stage during dissection and improve the SMA margin, predominantly in patients 
undergoing surgery first followed by adjuvant chemotherapy. In spite of this, recent 
evidence suggests only a marginal improvement in R0 resection status with artery- 
first approach [20] even with aggressive hemi-circumferential nerve plexus dissec-
tion [24]. Two thirds of recurrences occur at distant sites after pancreatoduodectomy, 
suggesting that most patients with pancreatic ducal adenocarcinoma have systemic 
disease [1]. An aggressive surgery alone may not improve margin status. Two recent 
trials [25, 26] exploring the benefits of neoadjuvant chemotherapy in resectable and 
borderline resectable pancreatic cancer have shown improved R0 resection rates in 
patients receiving neoadjuvant chemotherapy. A standard pancreato-duodenectomy 
was used in both trials. Perhaps the use of an artery-first approach in these groups of 
patients receiving neoadjuvant therapy may further improve R0 resection rates and 
needs to be explored in future trials. The other group of patients who would benefit 
with an artery-first approach are those undergoing surgical exploration for locally 
advanced pancreatic cancer after neoadjuvant therapy. It is often difficult to differ-
entiate tumor from fibrous tissue around SMA and artery first approach and frozen 
sections along the SMA margin may prevent a margin positive resection.

55.7  Conclusion

Since its initial description, the techniques of artery-first pancreatoduodenectomy 
have evolved. The perceived advantages of artery-first approaches shown in non- 
randomised studies have not been confirmed in the single randomised controlled 
trial and the evidence to support routine use of an artery-first approach is lacking. 
Artery-first pancreatoduodenectomy may still have a role in patients receiving neo-
adjuvant therapy and this need to be explored in future trials.
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Take Home Messages
• Traditional resectability criteria are currently challenged by the develop-

ment of new and more powerful systemic treatments.
• Better systemic control of PDAC, mostly related to the introduction of new 

multi-agent chemotherapies, allow selected patients to undergo more 
aggressive surgery.

• Pancreatectomies with arterial resection have similar outcomes compared 
to “conventional pancreatectomies” in selected groups of patients.

Pearls and Pitfalls
• Rates of mortality and morbidity of pancreatectomies with arterial resec-

tion have reached acceptable ranges in the current series.
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56.1  Historical Notes and Background

Complete resection is considered as a cornerstone in curative therapy for pancreatic 
ductal adenocarcinoma cancer (PDAC), nonetheless curative resection for patients 
with locally advanced disease remains challenging due to the tumor’s proximity to 
peri-pancreatic arteries (hepatic artery, celiac trunk, superior mesenteric artery) and 
veins (superior mesenteric vein, portal vein) that must be preserved. In 1973, in an 
effort to surgically treat patients with locally advanced pancreatic cancer without dis-
tant metastasis, JG Fortner published a cohort of patients from the Memorial Sloan 
Kettering Cancer Center who were treated with pancreatectomy that involved large 
peri-pancreatic vessel resection and reconstruction (regional pancreatectomy) [1]. Dr. 
Fortner’s “regional pancreatectomy” was not widely accepted due to the rate of mor-
bidity and mortality associated to this procedure [2], even though the post- operative 
mortality rate of “conventional pancreatic resections” was 15 to 20%, which was simi-
lar to that of “regional pancreatectomy” during that time period [3–5]. Poor long-term 
survival result of “regional pancreatectomy” was also often criticized, as patients who 
underwent “regional pancreatectomy” had a 12-month overall survival rate of 62%. 
The median survival period after pancreaticoduodenectomy in treating PDAC was 10 
months, which was similar to that of palliative surgery [6]. The proceeding guidelines 

• With the emergence of effective neo-adjuvant systemic treatment, selected 
patients can experience improved long-term survival after undergoing pan-
createctomy with arterial resection. 

• The experience of this kind of resection is limited in a few institutions.
• The selection of the candidates for pancreatectomy with arterial resection 

and expertise of the institutions in this operation are important factors 
influencing the outcome.

Future Perspectives

• More objective and prognostic-based criteria for resection of PDAC need 
to be defined by the International Scientific Community.

• Larger studies should validate the encouraging results reported by recent 
publications.

• The indications and techniques for pancreatectomy with artery resection 
should be standardized.

• Eligibility criteria should be defined by centers where pancreatectomy with 
artery resection will take place. Volume of cases alone cannot justify the 
expertise of the center required for pancreatectomy with artery resection.
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failed to incorporate arterial resection in treating PDAC involving the peri-pancreatic 
arteries due to the influence of strong criticism against Fortner’s idea on implementing 
radical artery resection.

Before 2000, pancreatectomy with vascular resection and reconstruction was 
not commonly performed. Recent reports have shown that PDAC patients who 
underwent pancreatectomy with vein resection/reconstruction have similar mor-
bidity, mortality and survival rate as those who underwent surgical treatment of 
tumors that did not involve the veins [7–9]. For this reason, pancreatectomy 
with vein resection and reconstruction has become the gold standard of achiev-
ing curative resection when superior mesenteric vein/portal vein is involved, 
according to multiple guidelines [10]. In contrast with the wide acceptance of 
vein resection in treating PDAC, performing pancreatectomy with peri-pancre-
atic artery resection remains debatable, since there are only few publications 
that show favorable long-term survival results. These reports are recent studies 
from specialized centers that show promising long-term survival results associ-
ated with pancreatectomy with arterial resection.

This chapter examines the current technical aspects of arterial resection in treat-
ing PDAC, delving into the topics of resection and reconstruction of various peri- 
pancreatic vasculatures. Recent survival outcomes of patients, who underwent 
pancreatectomy with arterial resection after the administration of modern systemic 
therapies, are then depicted.

56.2  Technical Aspects

56.2.1  Cattell-Braasch Maneuver

In order to mobilized the ascending colon, right colonic flexure, and the cecum, 
surgeons can perform a Kocher maneuver and a Cattel-Braasch maneuver, which is 
previously executed as a method to rapidly access the retroperitoneal structures in a 
setting of a trauma event. The root of the small intestine could also be mobilized by 
following an avascular plane from the retroperitoneum together with the ligament of 
Treitz (Fig. 56.1a). Following this these procedures, the aorta and the caval vein 
located in the retroperitoneum would be exposed. After which, dissection should 
proceed cranially until the superior mesenteric artery root and left renal vein are 
visualized (Fig. 56.1b). One should keep in mind the extent of mobilization should 
not go beyond the superior mesenteric artery root. The origin of the superior mesen-
teric artery is generally identified by a vessel loop during the retroperitoneal margin 
dissection. The superior mesenteric artery also needs to be identified in preparation 
of cross clamping of the artery in case of bowel congestion related to long superior 
mesenteric vein cross-clamping time or in case of the superior mesenteric artery 
bleeding. Following the method described, the bowel should be sufficiently mobi-
lized for vein reconstruction. 

56 Pancreatic Surgery with Arterial Resections
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Fig. 56.1 Cattell-Braasch maneuver. The cecum, right colon, and right colonic flexure are entirely 
mobilized (a). The root of the small bowel is also mobilized by following an avascular plane from 
the retroperitoneum together with the Treitz ligament (b)

56.3  Hepatic Arteries and Celiac Trunk Resection 
with Reconstruction

56.3.1  End-to-End Anastomosis

When the tumor involves the hepatic artery or the celiac trunk, the presence of a free 
margin at the hepatoduodenal ligament or the celiac trunk origin from aorta should 
be identified for vascular reconstruction, respectively. When the tumor invades a 
short-segment of the hepatic artery (Fig. 56.2), the segment of the hepatic artery 
should be resected with the tumor, and the hepatic artery could be subsequently 
reconstructed by end-to-end anastomosis [11] (Fig. 56.3).

56.3.2  Rotation of the Splenic Artery

When the tumor involves a long-segment of the hepatic artery or the celiac 
trunk, total pancreatectomy with rotation (transposition) of the splenic artery is 
recommended for artery reconstruction. This procedure is performed by mobi-
lizing the persevered splenic artery on the celiac trunk axis and anastomosing 
the end of the splenic artery with the distal cut margin of the resected hepatic 
artery (Fig. 56.4). Total pancreatectomy prevents the occurrence of pancreas 
fistula and its potentially fatal complications that can affect the intactness of 
artery anastomosis.
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Fig. 56.2 Pancreatic head cancer invading the common hepatic artery. When the common hepatic 
artery is involved, the presence of a free margin at the hepatoduodenal ligament or the celiac trunk 
origin from aorta should be identified before vascular reconstruction
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Fig. 56.3 End-to-end anastomosis of the hepatic artery. When the hepatic artery is involved, the 
involved segment of the hepatic artery should be resected with the tumor, and the hepatic artery 
could be reconstructed by end-to-end anastomosis
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56.3.3  Graft Interposition

When the tumor involves a long-segment of the hepatic artery and the splenic 
artery needs to be resected or preserved, an alternative structure is required for 
artery reconstruction. In such cases, anastomosis of the hepatic artery and the 
celiac trunk can be achieved with an interposition saphenous vein graft, unless 
distal pancreatectomy with celiac axis resection (DP-CAR) procedure is per-
formed (Fig. 56.5).

56.4  Hepatic Artery and Celiac Trunk Resection Without 
Reconstruction (Distal Pancreatectomy with Celiac Axis 
Resection, Modified Appleby Procedure)

When locally advanced PDAC involves the pancreas body, the procedure of 
DP-CAR could be considered. DP-CAR is performed to create negative micro-
scopic margins at the celiac trunk, nerve plexus, and retroperitoneal tissue 

Splenic Artery

Proper
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University of Colorado

Superior
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Superior
Mesenteric
Vein

Common
Hepatic Artery

Fig. 56.4 Rotation of the splenic artery and the superior mesenteric artery reconstruction. When a 
long segment of the hepatic artery is involved, total pancreatectomy with rotation (transposition) 
of the splenic artery for artery reconstruction could be performed. The persevered splenic artery at 
the celiac trunk is mobilized and anastomosed to the distal cut margin of the resected hepatic 
artery. When the superior mesenteric artery is involved, a 5  mm free margin after resection is 
needed for reconstruction. For reconstructing of the resected superior mesenteric artery, end-to end 
anastomosis can be performed with Cattell-Braasch maneuver and bowel hypothermia
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[12–14]. This procedure is a derivative of the Appleby procedure that was origi-
nally invented for radical lymph node dissection used in treating advanced gastric 
cancer [15]. Arterial reconstruction is not necessary for this procedure, since the 
collateral pathways coming from the superior mesenteric artery, pancreatoduode-
nal arcades, and the gastroduodenal artery can supply the hepatobiliary system 
(Fig. 56.6).

56.5  Superior Mesenteric Artery Resection

In the setting of tumor involvement of the superior mesenteric artery and artery 
reconstruction is considered, surgeons need to assess the possibility of obtaining 
tumor-free margins of at least 5  mm at the mesentery and aorta after resection. 
Intraoperative frozen section analysis needs to be performed to exclude arterial mar-
gin involvement. After performing the superior mesenteric artery resection, recon-
struction of this artery can be achieved through end-to-end anastomosis, in 
combination with tension-reducing Cattell-Braasch maneuver and local hypother-
mia [16] (Fig. 56.4).

grafted with
Saphenous
Vein 

Pancreas

Superior Mesenteric Artery
Superior
Mesenteric
Vein

Proper Hepatic
Artery

Copyrighted © 2019 – Susan Ficca
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Fig. 56.5 Graft interposition. When the celiac trunk and the splenic artery are simultaneously 
involved, anastomosis of the hepatic artery and the celiac trunk can be achieved with an interposi-
tion saphenous vein graft
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Fig. 56.6 Hepatic artery and celiac trunk resection without reconstruction (distal pancreatectomy 
with celiac axis resection, modified Appleby procedure). Arterial reconstruction is not necessary in 
DP-CAR, since hepatobiliary arterial blood supply can be maintained by the collateral pathways 
originated from the SMA, pancreatoduodenal arcades, and the gastroduodenal artery

56.6  Combination Arterial and Venous Resection

56.6.1  2 Vessels (Superior Mesenteric Artery, Superior 
Mesenteric Vein)

When there is a concurrent tumor involvement of the superior mesenteric artery and 
superior mesenteric vein/portal vein, resection and end-to-end anastomotic vessel 
reconstruection of the respective vasculatures could be performed. Bowel mobiliza-
tion allows reconstruction of vessels irrespective of the remaining length of the 
vessels after resection [8].

56.6.2  2 Vessels (Hepatic Artery, Superior Mesenteric Vein): 
Splenic Rotation

When the tumor simultaneously involving the hepatic artery and superior mesen-
teric vein/portal vein, the hepatic artery should be resected first to minimize the risk 
of liver ischemia. Unless the pancreas is markedly fibrotic, total pancreatectomy is 
usually performed to avoid leakage.
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56.6.3  3 Vessels (Hepatic Artery, Superior Mesenteric Artery, 
Superior Mesenteric Vein): Interposition

Similar to the situation in which there is a concurrent tumor invasion of the hepatic 
artery and superior mesenteric vein or portal vein, the hepatic artery should be 
resected first to prevent liver ischemia when the hepatic artery, the superior mesen-
teric artery, and the superior mesenteric vein/portal vein are concurrently involved. 
Total pancreatectomy is generally performed for the same reason to prevent leakage 
(Fig. 56.4).

56.7  What’s New in Arterial Resection?

Although the practice of pancreatectomy with major peripancreatic artery resec-
tion is still debatable, recent literature has demonstrated that there are survival 
advantages associated with this procedure compared to palliative procedures [17]. 
In fact, studies have shown that survival outcome associated with artery resection 
is superior to the that of vein-artery resection [7]. It has been speculated that the 
patients’ prognosis and survival outcomes are more associated with the biological 
characteristics of the tumor, rather than the vessels that involved. Hence, factors 
such as the aggressiveness of tumor development and response of the tumor to 
systemic therapy should be taken into consideration prior to performing surgical 
treatment [7].

Modern multi-drug chemotherapy has raised the median survival rate of 
patients with primary resectable PDAC from 35 to 54 months. With the emer-
gence of these effective systemic therapy, the implementation of artery resection 
in may become more questionable [18].

However, patients, who received systemic therapy in conjunction with pancre-
atectomy with arterial resection, have been reported to have improved long-term 
survival outcome that is nearly equivalent to that of those with primary resectable 
PDAC without artery involvements [11, 19]. According to a cohort of 118 patients 
from 1990–2017, the 5-year-survival rate associated with pancreatectomy with 
arterial resection were 11.8% [20]. Del Chiaro et al. reported that a 5-year survival 
of patients who underwent pancreatectomy with arterial resection (50% of whom 
underwent neoadjuvant treatment) were superior to that of those who underwent 
palliative care due to unresectability (23.4% vs. 0%, P = 0.003) [11]. In the same 
study, the complication rate of pancreatectomy with arterial resection was 38.2% 
and mortality rate was 2.9%. Study conducted by Tee et al. showed that the median 
survival period of patients who underwent pancreatectomy with arterial resection 
following neoadjuvant treatment was longer than that of those who underwent 
upfront resection (53.6 months vs. 16.6 months, p = 0.038, log-rank test) [19]. 
Although these favorable results could be associated with the advancement in 
pancreatic surgery and improved peri-operative management, it is important to 
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note that incorporation of modern chemotherapeutics in PDAC treatment is also 
one of the key variables in the improvement of treatment outcome. Modern sys-
temic chemotherapeutics for the treatment of PDAC can be an effective tool in 
selecting surgical candidacy, as those with better response to chemotherapy gen-
erally will have better survival outcomes after undergoing pancreatectomy with or 
without arterial resection. Since there is a lack of reliable predictors of resectabil-
ity [21, 22], and there are some studies that support the practice of radical pancre-
atectomy associated with artery resection [11, 19], several publications have 
advocated that all borderline resectable/locally advanced tumor cases should 
undergo surgical exploration after neoadjuvant treatment, whether or not radio-
logic imaging show effective treatment response [23, 24].

56.8  Management After Vascular Resection

Currently, very few data address the peri-operative management of patients who 
underwent pancreatectomy with arterial resection. The few series reported in lit-
erature are either missing or presenting different peri-operative managements. In 
this chapter we will describe our approach, modified from other surgical proce-
dures, based on our practice and experience that still require validation through 
studies.

56.8.1  Before Surgery

 – Normal subcutaneous low molecular weight heparin should be given for prophy-
laxis of deep vein thrombosis.

 – No epidural analgesia should be given to avoid intra- and post-operative 
hypotension.

56.8.2  During Surgery

 – Systemic heparinization (5000 IU i.v.) should be given only in case of arterial 
resection, but not in isolated vein resection.

56.8.3  After Surgery

 – Subcutaneous low molecular weight heparin prophylaxis should be given for at 
least 2 weeks.
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 – In case with complex vascular reconstruction, prothrombin time should be main-
tained at 40 to 60 s for 5 days via heparin infusion. After which, heparin should 
be given subcutaneously.

 – Low dose aspirin should be given from day 4 to 5 and is maintained 
indefinitely.

56.9  Learning Curve and Training

To the best of our knowledge, there are no reports, data or recommendations for 
training of pancreatectomy with artery reconstruction. Therefore, multiple afore-
mentioned concepts in this text are based on personal opinions and experience.

As for any low-level-evidence practice regardless of specialty, the indication and 
the selection of patients for pancreatectomy with arterial resection is crucial. Before 
starting a program for the surgical treatment of locally advanced PDAC, a compe-
tent multidisciplinary team, involving oncologists, radiologists, endoscopists, gas-
troenterologists, pathologists, anesthesiologists, surgeons and other experts in this 
field, should be active. These cases should be discussed in a dedicated multidisci-
plinary pancreas specific clinic.

The decision to proceed with these operations should be based on the patient’s 
prognosis and their preoperative condition that determines whether they are fit to 
undergo surgery.

In addition, according to the promising data showing constantly improving ther-
apeutic effects of neoadjuvant therapy, performing arterial resection by pancreatic 
surgeons will eventually become necessary for better survival outcome of the 
patients. Currently, there are very few centers in the world with training programs 
that are designed for these kinds of procedures. Some surgical fellowships have 
incorporated training of peripancreatic artery resection and reconstruction in their 
program (https://medschool.cuanschutz.edu/surgery/specialties/surgical-oncology/
education).

Before the establishment of multiple training programs focusing on these proce-
dures, we suggest two safe methods of learning the procedure of pancreatectomy 
with artery resection and reconstruction:

 1. Involvement in training for both HPB surgical oncology and transplant is recom-
mended. This European approach in training emphasizes on combining compe-
tency required in Surgical Oncology and the training needed for handling 
abdominal vessels, including small visceral vessels.

 2. Creating a surgical team in which a surgical oncologist can collaborate with 
vascular surgeon and/or transplant surgeon is recommended. However, this 
approach, can present some disadvantage, as described in several series, since 
surgeons from different teams may fail to notice important information related to 
the part of the surgery that they will not perform, if there is no adequate com-
munication amongst the teams.
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While training programs are being established for these procedures, we believe that 
these are the two minimum requirements needed to perform these kinds of procedures.

56.10  Conclusion

Even if more studies are showing that local anatomical details, such as artery infil-
tration, are not the most important prognostic factor in PDAC and that prognosis of 
the disease is more related to tumor biology, artery resections during pancreatec-
tomy should not be considered for every patient [25]. In order to have good treat-
ment results, the selection criteria of patients are crucial. Patients who could 
potentially benefit from an arterial resection should be referred to experienced cen-
ters. Even though only few studies indicate that pancreatectomy with artery resec-
tion should become a routine, we still need to prepare ourselves to perform these 
surgeries since more patients will need to undergo artery resections due to the emer-
gence of more effective systemic treatment for PDAC.

The management of these patients should be standardized, and surgeons should 
receive a dedicated training. High volume of pancreatic surgery cases is necessary, 
but not enough to develop a program for the surgical treatment of locally advanced 
PDAC. Therefore, in this area of pancreatology, we could consider the implementa-
tion of centralization.
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Take Home Messages
• Cases should be carefully selected (resectable tumors, no vascular 

invasion).
• High-quality cross-sectional imaging and identification of anatomic vari-

ants (i.e., replaced/aberrant right hepatic artery) and vascular involvement.
• Good preoperative planning.

Pearls and Pitfalls
• Placing the patient in reverse Trendelenburg position facilitates better 

exposure of the main anatomical structures.
• Use intraoperative ultrasound to assess the tumor margins and its relation-

ship with vascular structures.
• Grasping or any traction applied on gastroduodenal artery should be 

avoided at all costs due to the fragility of the vessel.
• Be aware of the presence of a replaced or aberrant right hepatic artery.
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57.1  Introduction

Laparoscopic distal pancreatectomy is widely acknowledged as an efficient alter-
native compared to its open counterpart in terms of postoperative morbidity and 
oncological outcomes [1]. However, laparoscopic pancreatoduodenectomy is a 
technically demanding procedure, and there is no consensus in the literature 
regarding its’ oncologic efficacy and safety when applied for the treatment of 
pancreatic cancer, although, single-center studies have proven the feasibility and 
benefits of laparoscopic pancreatic surgery [2, 3]. Despite the fact that the first 
laparoscopic pancreatoduodenectomy was performed by Gagner and Pomp in 
1994, the procedure was not popularized. Nevertheless, a minimally invasive pan-
creatoduodenectomy has the potential to reduce inflammatory response, enhance 
recovery, decrease postoperative pain, morbidity and in-hospital stay, improve the 
quality of life and hence facilitate the implementation of adjuvant therapy. For 
these reasons, implementation of laparoscopic pancreatoduodenectomy during 
the last decade has been characterized by a sharp rise in interest and current results 
are promising.

Future Perspectives
• Future prospective studies with a large patient cohort for ensuring ade-

quate patient selection.
• Modifications of this innovative procedure, and perioperative management 

are necessary to demonstrate the efficacy and effectiveness of laparoscopic 
pancreatoduodenectomy.

• Technical developments, or improvement of the existing, is necessary, per-
taining to sophisticated instruments may facilitate an easier and safer pan-
creatojejunostomy, especially if laparoscopically performed.

• Randomized control trials are necessary to clarify the value of portal vein 
resection in pancreatoduodenectomy for pancreatic cancer.

• Pay attention to the small mesenteric tributaries of the uncinate process as 
they can easily be avulsed resulting in troublesome hemorrhage.

• Create the anastomoses at the beginning of the learning curve via a mini 
laparotomy. Furthermore, portal vein resection and/or reconstruction, may 
be accomplished through this laparotomy.

• In cases of soft and fragile pancreatic remnant or small sized pancreatic 
duct prefer a triple purse-string telescoped pancreatogastrostomy.

• Use a falciform ligament flap to cover the stump of the gastroduode-
nal artery.
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57.2  Patient Selection

Adequate preoperative assessment with multidetector computed contrast enhanced 
tomography (CT) scan and/or magnetic resonance imaging (MRI) of the abdomen 
are of paramount importance in determining whether a patient is a candidate for an 
open or laparoscopic pancreatoduodenectomy, or not suitable for any operation.

Most patients with periampullary neoplasms are eligible for a laparoscopic pan-
creaticoduodenectomy. Borderline cases of pancreatic adenocarcinoma, obesity, 
chronic pancreatitis, administration of neoadjuvant chemotherapy and/or radiother-
apy, large tumors (>3 cm) or previous laparotomies are relative contraindications 
[4–6]. Apart from the traditional contraindications of laparoscopic surgery, locally 
advanced neoplasms with involvement of major venous or long porto-mesenteric 
segments necessitating resections with reconstruction, or cases requiring anatomi-
cal hepatectomy, constitute an absolute contraindication to laparoscopic pancreato-
duodenectomy [4–7], although several highly specialized centers of excellence 
occasionally offer laparoscopic pancreatoduodenectomy even in this setting [8].

57.3  Surgical Technique

Currently, the surgical approaches for laparoscopic pancreatoduodenectomy range 
from a totally laparoscopic approach when both the dissection and the reconstruc-
tion of all the anastomoses (pancreaticojejunostomy, hepaticojejunostomy, gastroje-
junostomy) are performed intracorporeally to the most commonly reported hybrid 
laparoscopic-assisted techniques when the dissection is performed laparoscopically 
and the reconstruction is done through a mini-laparotomy which is also used for 
specimen extraction [9].

57.3.1  Positioning of the Patient and Trocars

The patient under general anesthesia is placed in the supine lithotomy position, with 
the legs abducted (French position). The surgeon is positioned between the legs of 
the patient and the first and second assistant to the left and right side of the patient. 
The upper extremities are covered with soft pads and are extended less than 60° to 
avoid any potential injury to the brachial plexus.

Pneumoperitoneum is established through a 12 mm optical periumbilical trocar, 
where a 30° laparoscope is introduced, and is usually maintained at 12 mmHg. The 
laparoscope should be placed, in a patient with normal Body Mass Index, slightly to the 
right and above the umbilicus, to align with the superior mesenteric vein and facilitate 
the best exposure of the uncinate process. Under direct vision, five additional ports are 
placed: one 12-mm port in midpoint between the xiphoid process and the umbilicus for 
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Fig. 57.1 Trocar positioning during laparoscopic pancreatoduodenectomy. (a, b) 12-mm trocar 
used for laparoscope/stapler insertion. (a, b) 5-mm working trocars. 1,2: 5-mm trocar exposure 
trocars. Gray line: mini laparotomy for the specimen’s extraction and reconstruction (hybrid 
technique)

the laparoscopic ultrasound device and/or endoscopic stapler, and four 5-mm trocars—
two working channels in the paraumbilical/pararectal region on either side of the mid-
line (usually along the mid-clavicular line) and two for exposure and lateral traction as 
needed: one in the right upper quadrant (usually 2 cm below the inferior costal margin) 
and the remaining subxiphoidically in the midline (Fig. 57.1).

Placing the patient in reverse Trendelenburg position facilitates better exposure 
of the main anatomical structures. Furthermore, abraided Silk 0 transfixing stitch 
piercing the round ligament, inserted subxiphoidically, provides an efficient suspen-
sion of the liver (Fig. 57.2).

57.3.2  Intraoperative Assessment of Tumor Resectability

After port placement a general inspection of the peritoneal cavity is performed in 
order to rule out any peritoneal or liver metastases. Any suspicious peritoneal or 
liver nodule as well as lymph nodes at the left side of the superior mesenteric artery 
and/or the aortocaval space are sent for frozen section [10]. Metastases in the afore-
mentioned structures preclude the continuation of the operation. Intraoperative 
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ultrasound is used to assess the tumor margins and its relationship with the major 
vessels and surrounding structures to confirm the final resectability of the tumor 
[11]. However, inter-aorto-caval lymphadenectomy remains a controversial issue in 
the treatment of periampullary cancer [12].

57.3.3  Cholecystectomy

The first step of the operation is a laparoscopic cholecystectomy. Any adhesions are 
taken down with ultrasonic shears and/or scissors. The cystic duct and cystic artery 
are divided, and the gallbladder is removed using an extraction bag.

57.3.4  Dissection of the Right Colon and Duodenum

The gastrocolic ligament is opened in order to enter the lesser sac and expose the 
retroperitoneal area and ultimately the pancreas. Division of the gastrocolic liga-
ment is performed below the gastroepiploic vessels using an energy device (i.e. 
ultrasonic shears, LigaSure, etc) or bipolar diathermy along with scissors. 
Subsequently, under appropriate cephalad traction by grasping the stomach antrum 
or body with atraumatic forceps, any adhesions present between the posteriorsur-
face of the stomach and the anterior surface of the pancreas, are taken down, leading 
to direct visualization of the pancreas. We continue dissection laterally to fully 
mobilize the hepatic flexure and exposing the duodenum. Right colon mobilization 
facilitates an easier mobilization of the duodenum and control of gastrocolic trunk 

Fig. 57.2 A braided Silk 0 transfixing stitch piercing the round ligament, inserted subxiphoid-
ically with a suture passer, provides an efficient suspension of the liver

57 Laparoscopic Pancreatoduodenectomy for Pancreatic Cancer



896

of Henle as well as of the superior mesenteric vein and first jejunal venous branch. 
Next, a Kocher maneuver is performed to the level of the left renal vein, taking all 
the retroperitoneal attachments off the pancreas and exposing the medial and infe-
rior borders of the superior mesenteric artery. During the Kocher maneuver, we 
ensure gentle traction on the duodenum in order to avoid an inadvertent perforation. 
A wide Kocherization allows an excellent exposure of the inferior vena cava and 
aortocaval and right celiac plexus dissection (Fig. 57.3).

57.3.5  Dissection of the Portal Venous Confluence

The peritoneum overlying the inferior border of the pancreas is opened and dis-
sected in order to identify the infrapancreatic superior mesenteric vein. Blunt dis-
section is carried on along the anterior surface of the superior mesenteric vein, 
progressively separating the vein from the posterior aspect of the pancreatic neck 
and eventually leading to the identification of the spleno-mesenteric confluence. 
Ligation of the gastrocolic trunk of Henle using an energy device is mandatory prior 
beginning the creation of the retropancreatic “tunnel” from below (Fig.  57.4). 
During this step, the laparoscopic approach offers a significant advantage repre-
sented by the magnified visualization of the “tunnel”. Injury of the porto- mesenteric 
veins should be avoided at all costs by very gentle preparation.

57.3.6  Dissection of the Hepatoduodenal Ligament

We are now proceeding to the dissection of the common and proper hepatic artery. 
This step ensures proper recognition of the gastroduodenal artery before its transec-
tion. An adequate lymph node clearance of the hepatoduodenal ligament is 

Fig. 57.3 Aorto-caval dissection. IVC inferior vena cava, SMA superior mesenteric artery
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performed. The removal of the common hepatic artery lymph node further facili-
tates the visualization of the gastroduodenal artery which is then skeletonized. 
Grasping or any traction on gastroduodenal artery should be avoided at all costs due 
to the fragility of the vessel. Additionally, care should be taken in order to avoid any 
avulsion to the superior anterior pancreaticoduodenal artery. Above all, a hepatic 
artery injury should be avoided during this step by using scissors for dissection of 
the hepatic artery. The common hepatic artery is lifted by a vascular band (about 
8 cm in length) in order to facilitate the dissection of surrounding lymph nodes. We 
then identify the common bile duct and all lymphatic tissue lateral and posterior to 
it is cleared inferiorly towards the pancreas. The surgeon should be aware of the 
presence of a replaced or aberrant right hepatic artery (Fig. 57.5), which will be 
identified posterior to the common bile duct. The common bile duct is transected 
either with an endoscopic stapler to avoid bile spillage or with electrocautery or cold 
scissors. In the latter cases an endo-bulldog clamp should be placed to secure its 
proximal aspect. Usually, the common bile duct is transected 2–3 cm cephalad the 

Fig. 57.4 Ligation of the gastrocolic trunk of Henle

Fig. 57.5 Accessory right hepatic artery arising from the SMA (Superior mesenteric artery)
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superior edge of the pancreas. “Cold” transection preserves a normal bile duct wall 
for the subsequent bilio-enteric anastomosis.

57.3.7  Transection of the Jejunum and the Stomach

The next step is stomach and jejunal transection. The ligament of Treitz is identi-
fied, mobilized from its retroperitoneal attachments and divided, allowing the proxi-
mal jejunum to be pulled underneath the superior mesenteric artery. The jejunum is 
transected with a linear endoscopic stapler, approximately 15–20 cm distal to the 
duodeno-jejunal flexure and the mesentery is divided with an energy device at the 
border of the mesentery and serosa. The transection of the jejunal mesentery is con-
tinued up to the uncinate process and the superior mesenteric vein. We then divide 
the greater omentum at the level of the gastric antrum, the right gastroepiploic artery 
is divided using bipolar diathermy or an energy device. The lesser omentum is 
opened and the stomach is transected with an endoscopic stapler just proximal to the 
pylorus. Alternatively to a Whipple pancreatoduodenectomy [13], a pylorus pre-
serving pancreatoduodenectomy [14] may be performed and in such case, the duo-
denum is transected 2–3 cm distal to the pylorus, in order to preserve its function.

57.3.8  Ligation of the Gastroduodenal Artery and Completion 
of the Retropancreatic “Tunnel”

At this step, gastroduodenal artery is ligated with clips and/or stiches, near its origin 
from the common hepatic artery just above the superior margin of the pancreas. 
Prior to gastroduodenal artery ligation, common hepatic artery flow is confirmed on 
Doppler after occlusion of the gastroduodenal artery using an endo-bulldog. The 
supra-pancreatic portal vein is identified at the apex of the triangle formed by the 
common hepatic artery, gastroduodenal artery, and the superior border of the pan-
creas. The avascular plane between the posterior aspect of the pancreatic neck and 
the portal vein is developed in a cephalad-to-caudal direction, thereby completing 
the retro-pancreatic “tunnel” from above.

57.3.9  Transection of the Pancreas 
and Retroperitoneal Dissection

We can now proceed to pancreatic transection along the previously created “tunnel” 
with an energy device, laparoscopic linear stapler or with electro-cautery. However, 
it seems important to perform a “cold” transection of the pancreatic duct with 
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scissors, 2–3  mm from the right side of the parenchymal transection line. This 
enables an easy future passage of the pancreatic juice. The pancreatic remnant is 
mobilized 2–3 cm to the tail, if a pancreaticojejunostomy is planned or furthermore 
(up to 4–5 cm) to the groove of the splenic artery on the posterior surface of the 
pancreas if a pancreatogastrostomy will be performed, and covered by a gauze in 
order to prevent the spillage of the pancreatic juice into the peritoneal cavity. When 
necessary, a frozen section of the transected section of the pancreas, is performed.

The inferior pancreaticoduodenal arcade is controlled and thereafter, both the 
duodenum and the first jejunal loop can easily be rotated under the mesenteric ves-
sels. Pulling the jejunum underneath the ligament of Treitz—and not through a defect 
in the transverse mesocolon—avoids jejunal twisting that can be easily overlooked 
laparoscopically and provides a tension-free loop for reconstruction. The dissection 
continues towards the porto-mesenteric confluence by pulling the specimen upwards 
and to the right while dissecting and ligating all short vessels to the uncinate process. 
The uncinate process can be dissected free from the superior mesenteric artery using 
an energy device; however, occasionally it will require clips or ligature. We are now 
transecting the retroperitoneum along the superior mesenteric artery. The surgeon 
should pay attention to the small mesenteric tributaries to the uncinate process as 
they can easily be avulsed resulting in troublesome hemorrhage. Cephalad, we 
encounter and individually ligate the superior pancreaticoduodenal arcade. With the 
dissection along the superior mesenteric vessels, the mobilization of the specimen is 
completed (Fig. 57.6). The extraction of the specimen is performed using a laparo-
scopic endobag, through a mini laparotomy extended among the 5 mm and 12 mm 
trocars in the midline (Fig. 57.1) and after inserting a plastic wound protector.

Fig. 57.6 Endoscopic view of the major vasculature of the surgical field after specimen’s com-
plete mobilization
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57.3.10  Vascular Resection

The international study group of pancreatic surgery (ISGPS) guideline recom-
mended straight forward resection in the presence of isolated and reconstructable 
portal-mesenteric vein involvement, in order to obtain an R0 resection [15]. 
Reconstruction is easier on the portal compared to the superior mesenteric vein 
because the portal vein is more superficial with longer distance from the mesentery 
and the mesocolon, has a thicker wall and is easier to be controlled. Resection 
should be performed, either in a wedge or cylindrical manner using cold scissors, 
after the specimen is extracted, because the exposure is better and vascular clamp-
ing is more effective as all venous collaterals are controlled. Although vascular 
clamping is prolonged compared to open pancreatoduodenectomy, it seems that 
clamping is better tolerated during the laparoscopic approach due to less mobiliza-
tion and twisting of the intestine.

Extensive mobilization of porto-mesenteric and splenic confluence is mandatory. 
Thereafter, portal, superior mesenteric and splenic veins are controlled with vascular 
clamps. When a wedge or a cylindrical resection is performed, vascular reconstruc-
tion may be carried out with a monofilament continuous suture (e.g. Prolene 4/0 or 
5/0). A defect between the proximal and distal vein edges >4 cm is considered an 
indication for interposition graft. After resection of the invaded venous segment, the 
distance between the cut edges is measured. A prosthetic graft is prepared based on 
this measurement. Reconstruction is performed in a caudal to cephalic manner. 
Caudal anastomosis is carried out after the graft and the vein are rotated 360° with a 
monofilament running suture while the cephalad anastomosis is performed from the 
posterior wall and then shifted to the anterior wall with a continuous suture as well. 
The graft is flushed with heparin solution after the reconstruction is completed. 
Postoperative thromboprophylaxis (with low molecular weight heparin initially and 
thereafter with warfarin) is of paramount importance for the graft patency [16].

57.3.11  Reconstruction

The reconstruction phase is carried out either intracorporally or through the mini 
laparotomy performed for the specimen’s extraction and encompasses the perfor-
mance of a pancreaticojejunostomy, hepaticojejunostomy and a gastrojejunostomy 
or duodenojejunostomy. It is advisable to create the anastomoses at the beginning of 
the learning curve via a mini laparotomy. Management of the pancreatic stump is 
the real key point of the entire procedure. Duct occlusion is associated with unac-
ceptable incidence of pancreatic fistula. Currently, the majority of surgeons per-
forms a pancreatojejunostomy rather than a pancreatogastrostomy, mainly due to 
the technical difficulty of the latter. Furthermore, a pancreatogastrostomy obstacles 
the creation of a laparoscopic gastrojejunostomy. Several variations of a pancreati-
cojejunostomy have been described: two-layer [17–19] or one-layer end- to- side 
duct-to-mucosa [20], one-layer end-to-end intussuscepting [21] or end-to- side 
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dunking anastomosis in a single -running or interrupted- layer or up to four layers 
of mattress sutures [22].

For the pancreatojejunostomy, we perform a two-layer end-to-side duct to 
mucosa anastomosis in all cases. The free end of a 20–30  cm jejunum loop is 
brought in proximity to the pancreatic stump in a retro-mesocolic fashion. It is nec-
essary to check the position of jejunum’s mesentery in order to avoid any torsion. 
The anastomosis begins with the construction of the posterior trans-pancreatic/sero-
muscular anastomotic row, which is fashioned using a single-layer synthetic absorb-
able monofilament suture (polydioxanone 4/0). The jejunum loop is stitched 4–6 cm 
distal from the stump in the middle of the posterior semi-circle. The pancreatic 
stump is stitched approximately 1.5–2.0 cm from the cut edge and 0.5 cm from the 
inferior part. The distance between sutures is 0.5–1.0 cm. Electrocautery or har-
monic scalpel is utilized to create a small (2–3 mm) enterotomy in the jejunum. 
Thereafter, a duct-to-mucosa pancreaticojejunostomy is created using a synthetic 
absorbable monofilament suture (polydioxanone 5/0) in an interrupted fashion. Six 
to eight sutures are usually placed, depending on duct size. Implementation of a 
pancreatic stent is not mandatory in our opinion. However, trans-anastomotic stent-
ing, either internal or external, still remains a controversial issue in pancreatic sur-
gery. The anterior row is performed in the same manner as the posterior one (parallel 
to the posterior row of the pancreas). However, in cases of soft and fragile pancre-
atic remnant or small sized pancreatic duct we prefer a triple purse-string telescoped 
pancreatogastrostomy, usually via the mini laparotomy [23]. In such cases the 
reconstruction begins with the bilio-enteric anastomosis and thereafter the pancrea-
togastrostomy and finally gastrojejunostomy is performed.

The completion of a pancreaticojejunostomy is followed by the construction of 
an end-to-side bilio-enteric anastomosis using interrupted 4/0 synthetic absorbable 
monofilament sutures in cases of a narrow (<5 mm) bile duct. The posterior row of 
the anastomosis is fashioned first and usually requires three to four interrupted 
sutures. Subsequently, the anterior row of the hepaticojejunostomy is constructed in 
a similar manner. Alternatively, the anastomosis is performed by two running semi-
circular sutures 2 mm apart, in a clockwise fashion beginning at 9 and 3 o’clock, 
respectively. The incision of the jejunum wall is performed 10–15 cm distal to the 
pancreaticojejunostomy, using electrocautery or harmonic scalpel. In order to mini-
mize the tension of the bilio-enteric anastomosis, it is advisable anchor the free end 
of the jejunal loop to the hilarplate using one or two interrupted stitches.

The gastrojejunostomy or duodenojejunostomy is the next and final reconstruc-
tive step. In both options the jejunum loop is pulled up in antecolic position and an 
anastomosis is performed 30–40 cm below the hepaticojejunostomy. The gastroje-
junostomy is performed by a stapled technique in the lowest part of the gastric 
stump on the greater curvature and sutured closure of the common enterotomy is 
done in two layers. Alternatively, a “hand-sewn” gastrojejunostomy or end-to-side 
duodenojejunostomy in a one- or two-layered fashion can be formed.

Finally, the peritoneal cavity is inspected for bleeding, bile leakage, or remaining 
enterotomy defects. Two abdominal 19 French closed suction drains are placed close 
to the pancreatojejunostomy or pancreatogastrostomy through the foramen of 
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Winslow and the lesser sac. The greater omentum is pulled up to cover the pancreati-
cojejunostomy so that the gastrojejunostomy or duodenojejunostomy are not in 
direct contact with the pancreaticojejunostomy and is fixed in this position with clips 
or stiches. The falciform ligament is used to create a flap to cover the stump of the 
gastroduodenal artery, in order to prevent erosion in case of pancreatic leakage. The 
flap may be marked with a metallic clip for recognition if a postoperative angiogra-
phy is needed. Abdominal wall fascial defects >5 mm are closed in a usual manner.

57.3.12  Postoperative Care

Most patients are transferred to the general ward and enhanced recovery after sur-
gery (ERAS) protocols are implemented with conservative intravenous fluid admin-
istration according to standardized hemodynamic parameters and urine output as 
well as early diet advancement as tolerated. We do not typically leave a nasogastric 
tube, as there is no evidence to support its routine use. Drain output is measured for 
amylase level on postoperative day 1, 3 and 7 and drains are removed in the absence 
of a pancreatic fistula [24, 25].

57.4  Conclusions

Although more than 25 years have passed since its introduction, laparoscopic pan-
creatoduodenectomy remains a challenging, though technically demanding proce-
dure with steep learning curve. One of the largest barriers of this complex procedure 
is the reconstruction phase with the creation of three separate anastomoses (pancre-
aticojejunostomy or pancreatogastrostomy, hepaticojejunostomy, and gastrojeju-
nostomy). A hybrid approach may help surgeons—especially during the initial 
phase of the learning curve- to overcome the difficulties associated with a fully lapa-
roscopic reconstruction, while retaining the advantages of laparoscopy. The corner-
stone of the success is a thorough and careful selection of the patients. However, 
laparoscopic pancreatodudodenectomy should be evaluated in randomized con-
trolled trials to establish its true benefit.
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Take Home Messages
• Robotic surgery for pancreatic cancer is safe with reduced blood loss, 

length of stay, early physiological return to chemotherapy and equivocal if 
not better oncological outcome.

Pearls and Pitfalls
• With introduction of potential new robots to market over next few years, 

the cost will inevitably reduce to popularize robotic surgery till then it is 
currently used in a handful of fully competent HPB surgeons.

Future Perspectives
• Well-designed multi-centre randomised controlled trials comparing robotic 

pancreatic surgery to both open and laparoscopic techniques to identify the 
true benefit to this technique.

58.1  Introduction

Minimally invasive surgery (MIS) has had a profound impact on the surgical com-
munity over the last three decades, resulting in a transformation from conventional 
open surgical approaches in many surgical specialties. The benefit of MIS, including 
less blood loss, less blood transfusion requirements, reduced pain, reduced surgical 
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trauma, and a faster return to functional activities, shortening length of hospital stay, 
is not disputed. There are, however, inherent challenges in laparoscopic surgery 
including compromised hand-eye coordination and the use of long rigid instruments, 
which restrict dexterity, and exaggerate the natural physiological tremor. This results 
in a long learning curve before laparoscopic surgery can be performed safely and 
effectively. Further, surgeons often experience significant discomfort and fatigue 
from the positioning required using laparoscopic techniques. Pancreatic surgery 
necessitates intricate dissections and complex sutured anastomoses, thus the uptake 
of minimally invasive surgery amongst pancreatic surgeons is significantly lower 
than other surgical specialties, and open surgery remains standard practice. Indeed, 
there is a considerable learning curve for laparoscopic pancreaticoduodenectomy 
(PD), which may be as high as 104 cases before expert proficiency is reached [1]. 
The LEOPARD-2 trial [2], which randomised patients to either laparoscopic or open 
PD, was terminated early due to a higher mortality directly related to laparoscopic 
PD, highlighting the potential problems with laparoscopic pancreatic surgery.

The disadvantages of laparoscopic surgery led to robotic solutions. In 2000, the 
Da Vinci robotic system (Intuitive Surgical Inc., Mountain View, CA) gained FDA- 
approval [3]. In the same year, a French team used the Da Vinci to perform the 
world’s first robotic radical prostatectomy [4]. Robotic surgery has several advan-
tages to the normal laparoscopic approach. It provides a three-dimensional visual 
field with depth perception. Its ‘wristed’ instruments provide the natural seven 
degrees of motional freedom mimicking open surgery, and tremor is eliminated. 
The ergonomics of the surgeon at the robotic console is improved compared to lapa-
roscopic operating. These advances increase dexterity, improve hand-eye coordina-
tion, and reduce surgeon fatigue, which may extend the capabilities of the surgeon, 
in cases thought to be unfeasible laparoscopically. Using a robotic approach, hand 
dominance is eliminated during surgical tasks [5], and the visual benefit of 3D 
optics, reduces distraction level compared to 2D surgery allowing for better focus 
[6]. Even when comparing 3D robotic and 3D laparoscopic operating, the robotic 
group perform tasks with less errors [7]. These advantages enable precise position-
ing of instruments and a relative ease of suturing, which may be advantageous when 
dealing with small vessels, and difficult anastomoses, particularly important in pan-
creatic surgery. In addition, as the surgeon controls the camera position and all 
instruments, the reliance on the skills of the surgical assistant is reduced. Further, 
we have shown that the learning curve to acquire surgical skills is significantly 
shorter after robotic, compared to laparoscopic, training (unpublished data). Robotic 
surgery is gaining momentum in many surgical specialties including urology, 
colorectal surgery, cardiothoracics, neuro-surgery, gynaecology and endocrine sur-
gery [8–12]. Certainly, robotic surgery has transformed radical prostatectomy (PT) 
to the point that open surgery is performed in only 12% of cases in the UK [13] 
whilst laparoscopic PT never gained popularity amongst urologists due to technical 
difficulties. Giulianotti performed the first successful robotic PD in 2003 demon-
strating that robotic pancreatic surgery provides the benefits of minimally invasive 
surgery whilst bypassing the disadvantages associated with laparoscopic surgery 
[14, 15]. Since this time there has been a growing body of observational studies 
published, demonstrating that robotic pancreatic surgery is feasible and safe.

L. R. Jiao et al.
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To date however, there are several disadvantages of using a robotic approach for 
operations. Firstly, the cost of robotic surgery is far higher than laparoscopic tech-
niques. A Da Vinci robotic surgical system costs up to two million US dollars. 
Further, there are annual maintenance costs, and each instrument can only be used 
a limited number of times before replacement is necessary. With a rapid improve-
ment in technology, robotic systems are constantly being developed, which may 
therefore necessitate regular updates by hospitals. Currently, the robotic system is 
large and cumbersome, this can be an issue in some smaller and overcrowded oper-
ating theatres. There is also a lack of haptic feedback (force and tactile) in robotic 
surgery, such that all operating must be conducted by vision alone. As robotic pan-
creatic surgery is a new technology, there is as yet, an absence of robust and estab-
lished evidence to justify its use despite the perceived advantages. However, many 
of these problems may well diminish with future developments.

58.2  Techniques in Robotic Pancreatic Surgery

A major advantage of robotic surgery is to allow the standardisation of techniques 
in pancreatic cancer surgery, and to enable video analysis and assessment of 
operations.

58.2.1  Pancreaticoduodenectomy (PD)

Procedural steps for robotic PD have been published by Giulianotti et al. [16], and 
is outlined below. There may be some variation in the procedure including: a differ-
ent order of steps; a combination of established vascular ligation techniques; instru-
ments used for pancreatic transection; preference of suture material for the 
anastomoses; and pancreatic anastomosis technique.

58.2.1.1  Patient Positioning and Port Insertion (Fig. 58.1a, b)

Patients are positioned in the supine position with at least 15 degrees reverse 
Trendelenburg and 10–15 degree left-side tilt. The legs are parted with the hips and 
knees slightly flexed, arms are abducted. The surgical assistant sits or stands between 
the legs. Pneumoperitoneum is induced either with a Veress needle at Palmer’s point 
or with a subumbilical Hassan technique, which is the authors’ preferred method. 
Standardisation of port placement is recommended, allowing for some variance 
based on the patient’s body conformation. The Si and X system is docked from the 
head of the patient, whilst the Xi system is docked from the patient’s left side. The 
camera port is positioned in the right para-rectal line, just superior to the umbilicus 
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as camera arm or arm 2. One robotic arm is positioned to the right of the camera port 
as arm 1, and two to the left of the camera port as arms 3 and 4. With the X and Xi 
system these ports are placed in a horizontal line, at least 4 cm apart (Fig. 58.1a), 
with the Si system, the ports are placed in a ‘u shape’, at least 5–6  cm apart 
(Fig. 58.1b). Two 10 mm assistant ports are placed at least 5 cm below the line of 
the robotic ports, between the camera port and the robotic arms to the left, and right 
of the camera. The authors’ preferred initial instrument insertion is bipolar fenes-
trated forceps in arm 1, hook diathermy in arm 3 and cardiere forceps in arm 4. Arm 
3 is where the majority of instrument changes take place, swapping the hook for the 
vessel sealer, needle holder, hem-o-lok and scissors, as required.

58.2.1.2  Procedural Steps

A laparoscopy is performed, and the operation abandoned if any liver or peritoneal 
metastases are seen. The gastro-colic ligament is divided up to the short gastric vessels 
with monopolar diathermy hook and/or vessel sealer, and the lesser sac entered. 
Inspection for tumour invasion into the posterior gastric wall, small bowel or colonic 
mesentery is made. The right gastro-epiploic artery is divided with the vessel sealer. 
The posterior wall of the distal stomach or duodenum is dissected and either a robotic 
or laparoscopic stapler used to transect the stomach (whipples) or duodenum (pylo-
rus-preserving PD). Dissection of the hepatic hilum is commenced to expose the com-
mon, right and left hepatic arteries and the common bile duct. The gastro-duodenal 
artery (GDA) is dissected and exposed and ligated with a robotic or laparoscopic 

PD - da Vinci Xi®

Camera Port

Robotic Arms

Assistant Ports

12mm incision for
Pneumoperitoneum

PD - da Vinci Si®

Camera Port

Robotic Arms

Assistant Ports

12mm incision for
Pneumoperitoneum

a b

Fig. 58.1 (a) Port positioning for pancreaticoduodenectomy using the Da Vinci Xi. (b) Port posi-
tioning for pancreaticoduodenectomy using the Da Vinci Si
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stapler (preferably curved-tip) or with ties and hem-o-lok clips. The Kocher manoeu-
vre is completed up to the left side of the aorta, aided by retraction of the pylorus/
duodenal stump with the robotic third arm. The jejunum is then divided at 5–10 cm 
distal to the Treitz ligament with a robotic or laparoscopic stapler below the mesoco-
lon. A retrograde cholecystectomy is performed to the cystic duct and the common 
bile duct is dissected from the portal vein and transected with monopolar diathermy or 
with scissors. A tunnel is then created under the pancreas, anterior to the portal vein. 
The pancreas is divided with an energy device (vessel sealer, monopolar diathermy or 
harmonic). The uncinate process is then mobilised using the vessel sealer and hook. 
Larger vessels are ligated with ties and/or hem-o- loks. The specimen is extracted in a 
15 mm endocatch via a pfannenstiel or sub- umbilical incision. The jejunal loop is 
passed retrocolic, where possible, into the upper abdomen. A pancreatico-jejunos-
tomy is performed using an end-to-side duct- to- mucosa technique with PDS 4/0 or 
5/0 sutures. A small internal stent may be placed into the pancreatic duct. A Blumgart 
technique may be used to further anchor the pancreas to the jejunum. A pancreatico-
gastrostomy with an invagination technique may be performed if the pancreas is soft 
without a visible pancreatic duct (Robotic PG for normal pancreas with non-visible 
PD following robotic Whipple’s -Pulling Technique, YouTube, Professor Long R 
Jiao). The hepatico-jejunostomy is then performed using PDS 3/0, 4/0 or 5/0 sutures 
depending on the size of the duct. A small internal stent may be placed into the hepatic 
duct. A gastro/duodeno- jejunostomy is created on a loop of jejunum at least 50 cm 
distally to the biliary anastomosis using a robotic or laparoscopic stapler. A jejuno-
jejunostomy may then be performed with a stapler at least 10 cm proximal to the 
gastro-jejunostomy to aid biliary drainage. Two Robinsons drains (20 Fr) are placed, 
one by the pancreatico- jejunostomy and one by the hepatico-jejunostomy.

58.2.2  Distal Pancreatectomy (DP)

58.2.2.1  Patient Positioning and Port Insertion (Fig. 58.2a, b)

For body/distal tail of pancreas lesions, patients are positioned in the supine position 
with at least 15 degrees reverse Trendelenburg, this positioning aids dissection of the 
pancreas from the portal vein. For proximal tail of pancreas lesions, we advocate a 
right lateral decubitas position similar to that used for adrenalectomy to allow easier 
dissection of the splenic hilum and mobilisation of the spleen. The legs are parted 
with the hips and knees slightly flexed, arms are abducted. The surgical assistant sits 
or stands between the legs. Pneumoperitoneum is induced either with a Veress nee-
dle at Palmer’s point or with a subumbilical hassan technique, which is the authors’ 
preferred method. In the supine position, the ports are placed as outlined in Fig. 58.2. 
In the right lateral position, the port position may vary in relation to the patient’s 
anatomy, but in general the ports are placed in a horizontal line (Xi) or u-shape (Si), 
with the centre, to the right and superior to the umbilicus. An assistant 10 mm port 
is placed 5 cm inferior to the robotic port line. Instrument insertion is as for DP.
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58.2.2.2  Procedural Steps

Coratti et al. outlined procedural steps for robotic DP [17]. In brief, the gastro-
colic ligament is divided with the hook and/or vessel sealer up to the gastrolienal 
ligament. The short gastric vessels may be divided with the vessel sealer and/or 
hem-o- lok clips. The stomach is retracted with the cardiere forceps and the trans-
verse colon and splenic flexure mobilised. The inferior edge of the pancreas is 
identified and, at the site chosen for pancreatic transection, a plane is developed 
behind the pancreas. Two suspension PDS sutures are placed to aid pancreatic 
retraction. If the transection plane is at the pancreatic neck, then the splenic artery 
and vein are identified separately and ligated with hem-o-loks. If the transection 
plane is left of the coeliac trunk, then the splenic artery and vein may be ligated 
and divided en-bloc with the pancreatic parenchyma. We use an endo-GIA or 
robotic stapler to transect the pancreatic parenchyma. The proximal pancreatic 
stump is retracted superiorly to aid a retropancreatic avascular plane of dissection 
up to the splenic hilum. The spleen is then mobilised aided by retraction of the 
spleen to the right, allowing transection of the splenorenal ligament with the hook 
or vessel sealer. The specimen is removed in an endocatch via a pfannenstiel or 
subumbilical incision (supine position) or a left lateral incision (right lateral decu-
bitas position). A 20 Fr Robinsons drain is placed to cover drainage of the pancre-
atic stump and splenic bed.

DP - da Vinci Xi®

Camera Port

Robotic Arms

Assistant Ports

12mm incision for
Pneumoperitoneum
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a b

Fig. 58.2 (a) Port positioning for distal pancreatectomy using the Da Vinci Xi. (b) Port position-
ing for distal pancreatectomy using the Da Vinci Si

L. R. Jiao et al.



911

58.3  Outcomes for Robotic Pancreatic Surgery

A systematic MEDLINE search was conducted including only series with >25 clini-
cal cases. Prior to 2010 there were no reported series for robotic pancreatic resec-
tions. Currently, there are no randomised controlled trials analysing robotic versus 
open or laparoscopic PD or DP. For each study details on patient demographics, 
operative outcomes and oncological information were recorded using a pre-set data 
extraction form. Data was tabulated and analysed for the means and standard devia-
tions for each variable.

58.3.1  Pancreaticoduodenectomy (PD)

In the published literature, there are 11 reported series of at least 25 robotic PD 
cases since 2010 with 576 combined cases [14, 18–26]. Outcomes are promising 
and summarised in Tables 58.1 and 58.2.

Table 58.1 Operative details for robotic pancreaticoduodenectomy (PD)

Publication Operative details

Series Country Year

Number 

of cases

Patient age 

(mean, 

years)

Operative time  

(mean, min)

EBL  

(mean, ml)

Transfusion 

rate (%)

Conversion  

to open (%)

Giulianotti 

et al.

USA 

and 

Italy

2010 60 58 421 394 10.00 18.30

Buchs et al. IL, 

USA

2011 44 63 444 387 22.70 4.50

Chalikonda 

et al.

OH, 

USA

2012 30 62 476 485 NR 10.00

Zeh et al. Pa, 

USA

2012 50 68 568 350 22.00 16.00

Boggi et al. Italy 2013 34 60 597 220 2.90 0.00

Zureikat 

et al.

PA, 

USA

2013 132 65 527 300 11.00 8.00

Napoli et al. Italy 2016 112 60 526.3 NR 28.60 2.70

Coratti et al. Italy 2016 36 67 510 150 NR 22.20

Liu et al. China 2016 27 57 387 219 NR 0.00

Marino 

et al.

Italy 2018 26 62 540 290 7.70 15.30

Gall et al. UK 2019 25 61 452 109 0.00 0.00

Pooled 

analysis

576 62.09 ± 3.48 495.3 ± 64.76 290.4 ± 117.50 13.11 ± 9.56 8.82 ± 7.71

Key: NR not recorded, EBL estimated blood loss
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A pooled analysis found a mean operative time of 495.3 ± −64.8 min (range 
387–597 min) with a combined conversion rate of only 8.82 ± 7.71%. Some series 
comparing robotic and open PD report a longer mean operating time for robotic PD 
[27] however, a meta-analysis of robotic PD versus open PD comparative studies 
analysing 680 patients, did not find a significant difference in operating time [28]. 
Further, minimally invasive procedures do not result in a peri-operative cortisol 
peak compared to a cortisol surge in open surgery, irrespective of procedure dura-
tion [29, 30]. Therefore, despite potentially longer operating times, there is likely a 
reduced surgical stress response in robotic compared to open PD. The conversion 
rate to open operation (n = 37) is also significantly less for robotic (n = 25) than 
laparoscopic PD (n = 41) (Gall et al. unpublished data), highlighting the increased 
difficulty with laparoscopic techniques. The mean estimated blood loss (EBL) was 
290.4 ± 117.50 with no series reporting a mean blood loss more than the clinically 
significant 500mls. Indeed, only 13.11 ± 9.56% of patients required perioperative 
blood transfusion. This is consistently reported as a major advantage for minimally 
invasive PD [31].

The mean length of post-operative stay was 14.78 ± 5.37 days. An improve-
ment in length of stay for robotic compared to open PD has been observed in three 
meta-analyses [27, 28, 32], and may also be shorter compared to laparoscopic PD 
(Gall et al. unpublished data). Serious morbidity was recorded in 21.14 ± 6.95% 
with post-operative pancreatic fistula in 20.39  ±  9.64%. 90-day mortality 
amongst all series was 3.45 ± 1.37%. Meta-analyses of comparative case series 
show no significant difference in morbidity and mortality between robotic and 
open PD [14, 18, 22].

Pooled analysis of oncological details revealed an R0 resection rate of 
89.24  ±  11.95%, although this high rate may be due to the selection of smaller 
tumours (mean tumour size was 25.62 ± 3.50 mm). The average number of har-
vested lymph nodes across all series was 22.47 ± 10.37, more than the 15, recom-
mended by The European society for medical oncology (ESMO) [33].

58.3.2  Distal Pancreatectomy (DP)

There are 11 reported series of at least 25 DP cases with a total of 872 cases [22, 
34–43] (outcomes and pooled analysis summarised in Tables 58.3 and 58.4). Only 
31.50 ± 23.42% of these were for pancreatic ductal adenocarcinoma, the majority 
undertaken for NETs or benign pathologies. An advantage of robotic DP appears to 
be a higher spleen preservation rate [44], however, this is obviously not relevant in 
malignant cases, which mandate splenectomy.

Our pooled analysis showed a mean operative time of 223.4 ± 60.6 minutes 
with an estimated blood loss of 135.5 ± 45.1 and perioperative blood transfusion in 
6.2 ± 3.8%. Despite robotic DP having longer operating times than laparoscopic and 
open resections [45, 46], an improved estimated blood loss is consistently reported 
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in comparative studies of robotic, open and laparoscopic DP [34, 47]. Further, a 
conversion rate of only 5.2 ± 10.6% is consistent with others reporting this to be 
lower in robotic compared to laparoscopic DP [34, 45].

Total length of hospital stay was 8  ±  2.7  days. Indeed, three recent meta- 
analyses of robotic versus laparoscopic and open DP, all confirmed a shorter length 
of hospital stay for robotic resections [45–47], resulting in lower total costs for the 
robotic technique [48]. Although some report a reduced morbidity rate for robotic 
DP compared to laparoscopic [34] and open [46] techniques, others have found 
comparable morbidity and mortality [45]. Certainly, this does not appear to be 
worse in comparative reports. Further, there is no reported difference in terms of 
oncological outcomes [34]. Indeed, our pooled analysis found an R0 resection rate 
of 98 ± 5.4% with a mean of 14.3 ± 4.3 lymph nodes harvested.

These initial results show that, in experienced hands, robotic PD and DP have 
similar outcomes to open and laparoscopic techniques whilst reducing blood loss, 
transfusion rate and length of stay. However, in surgeons’ early experience, there is 
likely bias in terms of case selection. Further, the long term oncological outcomes 
are infrequently reported. The overall quality of evidence however is poor and ran-
domized controlled trials are required to confirm the outcomes.

Table 58.3 Operative details for robotic distal pancreatectomy (DP)

Publication Operative details

Series Country Year

Number 

of cases

Patient age 

(mean, 

years)

Operative time 

(mean, min)

EBL (mean, 

ml)

Transfusion 

rate (%)

Conversion to 

open (%)

Daouadi 

et al.

USA 2013 30 59.00 293.00 150.00 10.00 0.00

Zureikat 

et al.

USA 2013 83 65.00 256.00 150.00 11.00 2.00

Lee et al. USA 2015 37 58.00 213.00 193.00 NR 38.00

Napoli 

et al.

Italy 2015 55 56.60 278.20 NR 8.30 0.00

Chen 

et al.

China 2015 69 56.20 150.00 100.00 2.90 0.00

Zhang 

et al.

China 2017 43 48.70 139.30 50.00 9.30 0.00

Lelpo 

et al.

Spain 2017 28 59.70 294.00 175.00 NR 3.6

Liu et al. China 2018 210 48.30 159.80 161.20 4.30 4.80

Marino 

et al.

Italy 2019 35 59.30 230.00 95.00 0.00 2.9% [1]

Hong 

et al.

South 

Korea

2019 46 51.20 166.40 NR NR 0.00

Alfieri 

et al.

Italy 2019 236 58.00 277.80 145.00 3.4% [8] 6.3% [15]

Pooled 

analysis

872 56.36 ± 5.07 223.41 ± 60.63 135.47 ± 45.07 6.15 ± 3.75 5.24 ± 10.58

Key: NR not recorded, EBL estimated blood loss

L. R. Jiao et al.
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58.4  The Future of Robotic Pancreatic Surgery

We anticipate that HPB will advance into minimally invasive approaches and robotic 
solutions will become more attractive, particularly given the precision of robotic 
instruments, and the improved ergonomics, both important considerations in pan-
creatic surgery as supported by the International Robotic hepatopancreaticobiliary 
Focus group, held at the IHPBA meeting in Geneva in September 2018. The major 
disadvantage to robotics is cost. Limiting robotic HPB surgery to high volume cen-
tres combined with other surgical robotic specialties can also offset costs, as has 
been shown in rectal surgery [49]. We envisage that technological advances will 
continue over the coming decades, leading to the introduction of haptic feedback, 
artificial intelligence, a reduction in overall system size, and improved speed of 
instrument changes, which will add further benefit to the robot. The public percep-
tion of robotic surgery is of perceived benefit, and certainly there is a preference for 
minimally invasive surgery [50]. Patient demand may become the driving force for 
the future establishment of robotics in HPB. It is paramount that trainees develop 
robotic skills, with the majority of current trainees believing that a formal robotic 
surgical curriculum should be established, and exposure should begin in year one of 
surgical training [51].

58.5  Conclusion

Robotic pancreatic surgery offers major advantages over open and laparoscopic sur-
gery. It is the future of pancreatic surgery if platform is readily available to HPB 
surgeons with a reduced cost.

Disclosures and Funding None.
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Take Home Messages
• Appropriate patient selection, especially in the early phase of a robotic 

pancreas program, is paramount to achieve optimal outcomes.
• Adequate training, close coaching and the use of two-faculty approach is 

necessary to build a successful program.
• Published data on the safety, feasibility and oncologic outcomes mainly 

emanates from high volume centers. Therefore, cautious use and interpre-
tation of these data is advisable when starting a program.

Pearls and Pitfalls
• Expertise in both pancreatic and robotic surgery is needed to establish a 

successful robotic program.
• Conversion to open surgery in the setting of hemorrhage should be prompt 

and requires impeccable coordination between operating surgeons and 
operating room staff. Injury to the portal vein and its tributary system can 
often be controlled by compression of the vessel with a laparoscopic 
instrument and a gauze. This maneuver permits to undock the robotic plat-
form in a controlled fashion and to gain undisturbed access to the abdomen 
for a laparotomy.
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59.1  Introduction

The use of robotic surgery has been widely adopted in many surgical procedures but 
its application in pancreatic resection for cancer has lagged due to the complexity of 
the operation, the high morbidity of the surgery and the concern of inferior onco-
logic outcomes (Table  59.1). Over the last decade, multiple studies showed that 
robotic pancreatic surgery is safe, feasible, and has at least equivalent morbidity 
profile and oncologic outcomes compared to open surgery [1–14].

In 2019, the Miami international evidence-based guidelines on minimally inva-
sive pancreas resection were published and supported the use of minimally invasive 
distal pancreatectomy for pancreatic ductal adenocarcinoma and low-grade malig-
nant tumors but acknowledged that there is insufficient data to recommend mini-
mally invasive pancreaticoduodenectomy (PD) over the open approach [15].

In our institution, we created a program to optimize the robotic approach for PD 
starting 2008. First, we focused on understanding the safety and feasibility of the 
procedure. This was followed by studies on the optimal learning curve which is 

Table 59.1 Outcomes Table comparing RPD to OPD/LPD and RDP to ODP/LDP

Author Year Approach Number
Mortality 
(%)

Major 
morbidity (%)

LOS 
(days)

OT 
(min)

Zureikat 
et al. [6]

2016 RPD vs. 
OPD

211 vs. 817 1.9 vs. 2.8b 23 vs. 23 8 vs. 8a 402 vs. 
300c

Kowalsky 
et al. [1]

2019 RPD vs. 
OPD

159 vs. 95 4 vs. 6b 26 vs. 33 7 vs. 8a 371 vs. 
413c

Nassour 
et al. [14]

2017 RPD vs. 
LPD

193 vs. 235 1 vs. 2.6 55 vs. 49 11 vs. 11 422 vs. 
429

Nassour 
et al. [11]

2017 RPD vs. 
LPD

165 vs. 1458 4.8 vs. 5.6b 9 vs. 8a

Lee et al. 
[16]

2014 RDP vs. 
ODP

37 vs. 637 0 vs. 0.6b 43 vs. 25 5 vs. 7a 213 vs. 
185c

Magge 
et al. [2]

2018 RDP vs. 
ODP

196 vs. 85 0 vs. 3.5c 14 vs. 21 6 vs. 8a 211 vs. 
316c

Daouadi 
et al. [10]

2013 RDP vs. 
LDP

30 vs. 94 0 vs. 1.1b 20 vs. 14 6 vs. 7 293 vs. 
372c

Raoof 
et al. [17]

2018 RDP vs. 
LDP

99 vs. 605 0 vs. 3b 5 vs. 6a

RPD robotic pancreaticoduodenectomy, OPD open pancreaticoduodenectomy, LPD laparoscopic 
pancreaticoduodenectomy, RDP robotic distal pancreatectomy, ODP open distal pancreatectomy, 
LDP laparoscopic distal pancreatectomy, LOS length of stay, OT operative time
aMedian Length of Stay (LOS). Otherwise, the values represent mean LOS
b90 days mortality. Otherwise, the values represent 30-day mortality
cP < 0.05

Future Perspectives
• Randomized trials are needed to ascertain the safety and oncologic effi-

cacy of robotic pancreatic surgery in comparison to the open approach.
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estimated at 80 cases for novice adopters and then we performed multiple compara-
tive studies which supported the efficacy of the robotic approach. Finally, we devel-
oped a training program that allows safe propagation of this technique.

In this chapter, we will focus on the technical aspects of robotic pancreaticoduo-
denectomy (RPD) and distal pancreatectomy (RDP) with or without en bloc resec-
tion of the celiac axis.

59.2  Patient Selection for Robotic Pancreatic Surgery

The indication for robotic pancreatic surgery is similar to open approach with few 
exceptions. Selecting patients adequately, especially in the early learning curve is 
important to the success of the procedure. Here are key considerations:

 (a) Optimal pathology to undergo RPD is small pancreatic adenocarcinoma with 
pancreatic and biliary duct obstruction. The large size of the ducts and firm 
texture of the pancreas allow easier reconstruction for novice. Once the surgeon 
becomes more experienced, the application of this approach may be expanded 
to other periampullary malignancies.

 (b) All patients need high quality triphasic computed tomography scan to determine 
the relationship of the tumor to the vasculature. Patients who require vascular 
reconstruction should not undergo robotic surgery—at least for the time being.

 (c) Patients with biopsy proven pancreatic body/tail tumor with involvement of any 
branches of the celiac axis should have a disease-free hepatic trunk and gastroduo-
denal artery (GDA) to be able to perform a distal pancreatectomy with en bloc 
resection of the celiac axis.

 (d) Patients with extreme BMI (i.e. ≥40 or ≤20) should not be offered robotic sur-
gery: Patient with low BMI or with small transverse diameter will not have 
adequate working space for the robotic instruments. On the other hand, patients 
with high BMI pose a challenge in the mobilization of the transverse mesocolon 
and the division of the ligament of Treitz from the right upper quadrant.

 (e) Since the robotic approach usually takes longer time than the open one, a patient 
who underwent previous abdominal surgery and has extensive adhesions requir-
ing significant lysis should only rarely if ever be selected for this approach. In 
addition, a patient with upper gastrointestinal reconstructions should be avoided 
due to the difficulty of small bowel orientation robotically and the concern of 
small bowel injury during excessive manipulation due to lack of haptic feedback.

59.3  Robotic Pancreaticoduodenectomy

The patient is positioned on the split-leg table with the legs abducted to allow for the assis-
tant to stand in between the legs. The right arm is tucked, and the left arm is placed on an 
arm board. The operative table is placed in steep Trendelenburg and rotated 45° away 
from the anesthesia-related space to allow for the Da Vinci® Si robot to be docked at the 
head of the table. If the Xi is used, the robot can be docked from the side of the patient.
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The abdomen is accessed via an incision in the left upper quadrant along the 
midclavicular line and 3 cm above the umbilicus using a 5 mm zero-degree scope 
and an optical separator trocar. After insufflation to 15 mmHg, a diagnostic laparos-
copy is performed to rule out metastasis and then 6 additional ports are placed as 
described per Fig.  59.1a. Briefly, the camera 12 mm laparoscopic port is placed 
3 cm above and to the right of the umbilicus (note that a 12 mm camera port applies 
to the DaVinci Si platform only, all Xi ports- including the camera port- are 8 mm). 
Two 8 mm robotic trocars are placed in the right abdomen in the mid-clavicular (P2) 
and anterior axillary (P3) line at the same level as the camera. Then, the optical 
separator–which was used to access the abdomen– is changed to an 8 mm robotic 
trocar (P1). A 5-mm assistant port is placed a handbreadth below and between the 
camera and P2, and another 12-mm assistant port is placed a handbreadth below and 
between the camera and P1. The last 5-mm trocar—through which the Mediflex 
liver retractor is introduced—is placed laterally just inferior to the left costal margin.

After docking the robot, the resection portion of the operation— which consists 
of 4 major steps— starts (see Video 59.1).

59.3.1  Right Colon Mobilization, Kocherization and Division 
of the Ligament of Treitz

Using the hook cautery and the fenestrated bipolar, the gastro-colic ligament is 
taken down to access the lesser sac inferior to the right gastroepiploic vessels. The 
stomach is retracted anteriorly with a Prograsp through P3 and all adhesions 
between the stomach and the pancreatic capsule are taken down. The transverse 
mesocolon is dissected inferiorly, then the hepatic flexure and right colon are 
mobilized to expose the duodenum. After kocherization, the ligament of Treitz is 
divided from the patient’s right side and the duodenum is completely freed up 
allowing for the proximal jejunum to be delivered in the right supracolic compart-
ment. The proximal jejunum is transected 10 cm from the duodenum with a GIA 

Fig. 59.1 Trocar placement for (a) Whipple. (b) Distal pancreatectomy
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stapler using a 60  mm gold staple load. The mesentery is divided with the 
Ligasure™ up to the uncinate process, therefore creating a linearized segment of 
duodenum (Fig. 59.2a).

59.3.2  Dissection of the Porta-Hepatis

The gastrohepatic ligament is divided with care taken not to injure a replaced or 
accessory left hepatic artery. Then the stomach is divided with a GIA stapler using 
a 60 mm purple load exposing the porta hepatis. The station 8A lymph node is dis-
sected off the common hepatic artery and the right gastric artery is doubly clipped 
with a 5-mm Endo Clip and divided. Using a no touch technique, we dissect the 
common hepatic artery (CHA), gastroduodenal artery (GDA) and the portal vein 
(PV). The GDA is circumferentially dissected and transected with a GIA stapler 
using a 45-mm gold load after confirming that there is still pulse in the hepatic 
artery when the GDA is clamped (Fig. 59.2b). Then, the common bile duct is dis-
sected circumferentially and off the PV using the robotic monopolar hook cautery 
and is transected with a GIA stapler with angled tip using a 45 mm gold load to 
avoid bile spillage. Finally, we dissect along the anterior border of the PV heading 
inferiorly toward the neck of the pancreas to facilitate creating the retropancre-
atic tunnel.

Fig. 59.2 (a) After kocherization, the ligament of Treitz is divided, and the jejunum is delivered 
into the right upper quadrant allowing to linearize the duodenum. (b) Dissected GDA. (c) Exposed 
SMV/PV after transection of the pancreas
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59.3.3  Creation of Retropancreatic Tunnel and Transection 
of the Pancreas

The duodenum is retracted toward the right upper quadrant (P3) creating tension on 
the gastroepiploic vein. Attention is now directed to the SMV which must be identi-
fied at the infra-pancreatic border–by a combination of gentle brushing and energy 
dissection—and then dissected along its anterior surface, using the hook cautery. 
Thus, we identify the right gastroepiploic vein, middle colic vein and the trunk of 
Henle which is divided using the Ligasure™. Then, the retropancreatic tunnel is 
developed by elevating the pancreas with the fenestrated bipolar and gently pushing 
down on the SMV with the hook. The neck of the pancreas is then divided with hot 
monopolar shears until the duct is encountered. The duct is sharply divided to pre-
vent thermal injury (Fig. 59.2c).

59.3.4  Dissection of the Uncinate

The specimen is retracted laterally (using P3 which holds the inferior stapled edge 
of the transected D1) to expose the uncinate and the small fibers between the unci-
nate and the SMV/PV are divided. The vein of Belcher is transected superiorly with 
the Ligasure™. and the first jejunal vein is preserved inferiorly. Then the dissection 
is continued along the SMA and the inferior pancreaticoduodenal artery is divided. 
Finally, the retroperitoneal tissue to the right and behind the SMA is resected with 
the Ligasure™. After performing a cholecystectomy, the specimen is placed in a 
15-mm EndoCatch retrieval bag and removed through the LLQ Incision after 
extending it to 4 cm. A gel port is placed in the extraction site and pneumoperito-
neum is re-established in preparation for the reconstruction phase which consists of 
3 additional steps (see Video 59.2).

59.3.5  Pancreaticojejunostomy

A modified Blumgart technique is performed for the pancreaticojejunostomy anas-
tomosis (Fig. 59.3a). The pancreatic neck is dissected off the retroperitoneum and 
the anterior surface of the splenic vein for 1 cm to allow space for the jejunum to 
oppose firmly to the pancreas. The jejunum is brought behind the root of the mesen-
tery as a neo-duodenum with the antimesenteric border facing the transected edge 
of the pancreas. Three horizontal mattress sutures (2-0 silk cut to 20 cm) are placed. 
We start anteriorly on the surface of the pancreas, full thickness through the gland, 
then we take a horizontal seromuscular bite of the jejunum and finally we go back 
through the pancreas from posterior to anterior. A 4- or 5- French stent is placed in 
the duct to prevent narrowing from the second stitch which is placed around the 
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pancreatic duct. The sutures are tied and the needles are left to be used for the ante-
rior seromuscular layer. The straddling suture around the pancreatic duct is tied 
loosely to approximate the posterior pancreatic capsule to the jejunal serosal layer 
but without exerting any external compression on the pancreatic duct. After tying 
this suture, the pancreatic stent is completely removed from the pancreatic duct and 
reinserted to ensure patency of the pancreatic duct.

Next, a duct to mucosa anastomosis is performed. After performing an enterot-
omy on the antimesenteric border of the jejunum directly facing the pancreatic duct, 
interrupted 5-0 polydioxanone sutures are placed. Posteriorly, two to three sutures 
are placed and tied. The stent is placed back in the pancreatic duct and into the jeju-
num. Then anterior sutures are placed to complete the anastomosis. These sutures 
are tied at the end to allow better visualization of the anastomosis. Finally, the 2-0 
silk are used to complete the anterior outer layer by taking seromuscular bites of the 
jejunum.

59.3.6  Hepaticojejunostomy

An end-to-side hepaticojejunostomy is performed either in a continuous fashion for 
a large duct (>8 mm) or in an interrupted fashion for a small duct (<8 mm) and a 
stent is placed.

We sharply cut the bile duct staple line to ensure bleeding and we create an enter-
otomy in the jejunum slightly smaller than the bile duct, 10 cm distal to the pancre-
aticojejunostomy. For continuous anastomosis, we use two 4-0 V-loc sutures from 
the right lateral edge to medially. First the posterior raw is performed and then the 
anterior one until both overlap. Finally, both sutures are tied together.

For interrupted anastomosis, we use 5-0 polydioxanone or 5-0 polyglyconate 
sutures (Fig. 59.3b). After placing a right corner stitch and retracting it to expose the 
anastomosis, we start placing sutures posteriorly and tying them down. Then the 
anterior raw of sutures is placed laterally to medially without tying them initially to 
maintain good visualization of the anastomosis. At the end, the sutures are tied 
down and the anastomosis is completed.

59.3.7  Gastrojejunostomy

The jejunum is marked 40 cm distal to the hepaticojejunostomy with 2 sutures to be 
able to identify the correct orientation. Then the transverse colon is retracted cepha-
lad to find the divided ligament of Treitz. The excess jejunum is reduced through the 
defect and it is brought up in an antecolic fashion to perform a 2-layer end-to-side 
hand-sewn isoperistaltic gastrojejunostomy (Fig.  59.3c). The stomach is grasped 
along the lesser curvature with P3 and moved medially and superiorly toward the 
left lateral sector of the liver, this maneuver creates appropriate tension and 
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facilitates exposure. The posterior raw is created using 2-0 silk interrupted Lembert 
sutures. The robotic monopolar curved scissor is used to cut 4 cm of the gastric 
staple line and to create an enterotomy. Two 3-0 V-loc are used to create the inner 
layer. The posterior layer is performed in a continuous fashion while the anterior 
one is done using a running Connell stitch. Finally, the outer layer is completed with 
interrupted 2-0 silk Lembert sutures.

At the end of the procedure, a 19-French channeled drain is placed posterior to 
the hepaticojejunostomy and anterior to the pancreaticojejunostomy through the P3 
trocar and the fascia of the extraction site and the 12 mm trocar are closed with #1 
Polysorb sutures. Postoperatively, the patient management follows the enhanced 
recovery pathway.

59.4  Robotic Distal Pancreatectomy

Similar to robotic pancreaticoduodenectomy, the patient is positioned on a split-leg 
table with the legs abducted. The left arm tucked, and the right one is placed on an 
arm board. The operative table is placed in steep Trendelenburg and rotated 45 degrees 
away from the anesthesia to allow for the Da Vinci® SI robot to be docked at the head 
of the table. If the XI is used, the robot can be docked from the side of the patient.

The abdomen is accessed via an incision in the left upper quadrant along the 
midclavicular line using a 5 mm zero-degree scope and an optical separator trocar. 
After performing a diagnostic laparoscopy to rule out metastatic disease, 6 addi-
tional ports are placed. The robotic ports are placed in a mirror image to the 

Fig. 59.3 (a) Pancreaticojejunostomy. (b) Hepaticojejunostomy. (c) Gastrojejunostomy

I. Nassour et al.
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pancreaticoduodenectomy—as depicted in Fig. 59.1b—while the assistant ports are 
positioned in a similar fashion.

We perform the initial part of the operation laparoscopically. The lesser sac is 
opened by taking down the gastrocolic ligament with the Ligasure™ making sure to 
preserve the right gastroepiploic vessels. Then the short gastric vessels are divided to 
fully expose the pancreas. Next, we mobilize the left and transverse colon by taking 
down the white line of Told, the splenocolic and splenorenal ligaments. At this point, 
the liver retractor is placed under the stomach to allow for a good visualization of the 
celiac axis and the pancreas. The robot is docked. Next, the splenic artery is dissected 
circumferentially, and a vessel loop is used to encircle the artery (Fig. 59.4a). A bull-
dog is used to occlude the vessel and confirm that there is flow to the hepatic artery. 
Usually the left gastric vein is encountered during the splenic artery dissection and 
is divided with the Ligasure™. The splenic vein is dissected at the inferior border of 
the pancreas, encircled with a vessel loop and finally a tunnel is created behind the 
pancreas. An umbilical tape is placed around the pancreas, this will serve as a handle 
to facilitate pancreatic parenchymal engagement with the stapler which is fired using 
a 60 GIA purple load (Fig. 59.4b). Then, using a 45 GIA gold load with a curved tip, 
the artery is divided followed by the vein (Fig. 59.4c). While holding the staple line 
of the specimen and retracting it anteriorly, the attachments of the pancreas to the 
retroperitoneum are divided using the Hook cautery. Finally, the spleen is mobilized 
by dividing its suspending ligaments and the pancreas- spleen unit is extracted 
through the left lower quadrant 12-mm port incision.

At the end of the procedure, a 19-French channeled drain is placed through the 
P1 trocar and the fascia of the extraction site and the 12 mm trocar are closed with 

Fig. 59.4 (a) The dissected splenic artery. (b) After transection of the pancreas, the umbilical tape 
can be used as a handle to retract the gland. (c) Splenic vein dissected circumferentially
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#1 Polysorb sutures. Postoperatively, the patient management follows the enhanced 
recovery pathway.

59.5  Robotic Distal Pancreatectomy with En Bloc Resection 
of the Celiac Trunk (DP-CAR)

Patient position and port placement are similar to robotic distal pancreatectomy 
(Fig.  59.1b). Similarly, the lesser sac is entered, and the left/transverse colon is 
mobilized. The stomach is then retracted to expose the neck and the body of the 
pancreas. The common hepatic artery (CHA) is followed along the superior border 
of the pancreas to identify the GDA. Then the CHA is clamped and blood flow in 
the proper, right and left hepatic arteries is confirmed using the robotic ultrasound. 
If there is a triphasic flow in these vessels, the operation can proceed in a robotic 
fashion. If not, then we convert to an open procedure as this scenario will require a 
jump graft from the aorta to the proper hepatic artery.

The splenic artery is identified and transected at the tail as the proximal part is 
usually encased by the tumor, then the splenic vein is divided followed by the pan-
creatic parenchyma to the left of the GDA.

The CHA artery is transected while preserving the GDA origin (Fig. 59.5a). Then 
it is followed proximally to the left gastric vessels which are transected then to the 
celiac axis. At this point the aorta is exposed superior to the celiac trunk and inferiorly 
until the SMA is exposed posterior to the pancreas. The location of the SMA and 
celiac axis are confirmed with the robotic ultrasound. After clearing all lymphatics 
and perineural tissues surrounding the aorta and celiac axis, the origin of the celiac 
axis is transected using a stapler (GIA 45 mm gold vascualr load) (Fig. 59.5b). Finally, 
the specimen is extracted through the left lower quadrant 12-mm port incision.

At the end of the procedure, a 19-French channeled drain is placed through the 
P1 trocar and the fascia of the extraction site and the 12 mm trocar are closed with 
#1 Polysorb sutures. Postoperatively, the patient management follows the enhanced 
recovery pathway.

Fig. 59.5 (a) Common hepatic artery exposed and ready to be transected with care taken to protect 
the GDA. (b) Transection of the celiac artery at its base

I. Nassour et al.
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59.6  Miscellaneous Robotic Pancreatic Surgery

The robot can be used for any pancreatic operation as long as the surgeon has an 
adequate expertise in pancreatic procedures and in using the robotic platform. We 
have previously described how to use the robot to perform:

 1. Cyst-gastrostomy with debridement of infected necrotic pancreatic tissue and 
continued drainage into the stomach.

 2. Total pancreatectomy with or without auto islet transplantation for chronic 
pancreatitis.

 3. Puestow, Frey and Beger procedures for chronic pancreatitis.

59.7  Conclusion

In conclusion, the robotic platform can be safely and effectively used to perform a 
wide variety of pancreatic procedures in the hands of experienced and high-volume 
surgeons. Training in expert centers with a formalized curriculum is important to 
start a successful robotic pancreatic program and can potentially help to decrease 
the challenges encountered during the early adaption phase.

Table of Contents Robotic Whipple Dissection (5:54)

 1. (00:01–00:38) Access to the lesser sac
 2. (00:39–00:58) Mobilization of the right colon
 3. (00:59–02:00) Extended Kocher maneuver
 4. (02:01–02:03) Division of the ligament of Treitz
 5. (02:04–02:09) Jejunal transection
 6. (02:10–02:28) Duodenal linearization
 7. (02:29–02:44) Gastric transection
 8. (02:45–02:49) Removal of station 8A lymph node
 9. (02:50–02:54) Identification of the hepatic artery and the gastroduodenal artery
 10. (02:55–03:02) Division of the right gastric artery
 11. (03:03–03:14) Division of the gastroduodenal artery
 12. (03:15–03:44) Bile duct isolation and division
 13. (03:45–04:01) Superior retropancreatic dissection
 14. (04:02–04:17) Inferior retropancreatic dissection—pancreatic tunnel
 15. (04:18–04:34) Pancreatic parenchyma transection
 16. (04:35–04:42) Pancreatic duct cannulation
 17. (04:43–05:54) Uncinate dissection
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Robotic Whipple Reconstruction (4:55)

 1. (00:00–00:50) Pancreaticojejunostomy duct-to-mucosa
 2. (00:51–03:14) Hepaticojejunostomy
 3. (03:15–03:36) Pancreaticobiliary limb identification and marking
 4. (03:37–04:55) Gastrojejunostomy
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Take Home Messages
• Role of surgery in oligometastastic pancreatic cancer remains unclear
• No prospective trials are currently available
• Retrospective data show a potential survival advantage in highly selected patients

Pearls and Pitfalls
• Definition of oligometastatic disease in pancreatic cancer still unclear
• Role of surgery in intraoperatively detected single metastasis not clear
• Type and duration of perioperative chemotherapy are not defined
• Routine surgery cannot be recommended based on the available data

Future Perspectives
• Proper definition of oligometastatic disease is needed
• Prospective trials are needed to define role of surgery in the oligometa-

static setting
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60.1  Introduction

According to the guidelines of the National Comprehensive Cancer Network 
(NCCN), local therapy procedures are not recommended in the presence of distant 
metastases [1, 2]. The guidelines do not distinguish between the location, number, 
synchronous or metachronous metastases and recommend palliative chemotherapy 
for all patients with pancreatic cancer in stage IV. For this reason, synchronous or 
metachronous metastatic resections in pancreatic carcinoma are only performed in 
rare exceptional cases and do not correspond to current practice in contrast to other 
metastatic cancers, such as liver or lung metastasis from colorectal cancer.

The concept of oligometastasis (Box 60.1) has so far not been applied in staging and 
treatment decisions for pancreatic carcinoma. Recently, an attempt has been made to 
define subgroups of patients within the M1 group that are to be considered oligometas-
tasized. It was found that patients with a maximum of 4 metastases in a single organ, 
together with CA 19–9 baseline <1000 U/mL and response or stable disease after first-
line chemotherapy are most likely to be defined as oligometastatic patients [6].

Nevertheless, operations in this patient-group, in contrast to the recommenda-
tions of the guidelines, are carried out in individual cases and the results are pub-
lished in smaller case series [7–10]. In the following, the current state of research 
and evidence level for patients in the oligometastasized stage of pancreatic carci-
noma will be presented.

60.2  Para-Aortic Lymph Node Metastases

Para-aortic lymph node metastases are generally regarded as extra-regional metasta-
ses and thus as distant metastases (M1) [11]. The prognostic value of this lymph node 
group is still controversially discussed. A meta-analysis of 13 studies found a reduced 
overall survival in the group with positive para-aortic lymph nodes compared to those 
without [12]. The median survival ranged between 15 and 36 months in the group 
without para-aortic lymph node metastasis and 6–17 months in the group with evi-
dence of M1 lymph node metastasis. This results in a hazard ratio according to the 

Box 60.1 Oligometastasis
It defines an intermediate stage between limited and metastatic disease, being 
characterized by the presence of fewer than 5 metastases [3, 4]. However, syn-
chronous oligometastases (sync-OM) and metachronous oligometastases (oligo-
recurrence) have a different oncologic significance: the primary site is already 
controlled in the presence of an oligorecurrence but sync-OM might be the ‘tip of 
the iceberg’ [5]. In oligo-recurrence, the time between primary treatment and 
recurrence might give an idea of the tumor biology whereas in sync-OM disease 
there is no information about the distinct aggressiveness of the malignancy.
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meta-analysis of 1.84 for tumor-related death with detection of interaorto-caval lymph 
node metastases. These data could be confirmed in a previous analysis [13].

Presence of M1 lymph node stations is thus undisputedly associated with a sig-
nificantly worse prognosis in patients, but the question of whether resection would 
provide a survival advantage cannot be answered. So far, there is no study compar-
ing the course of disease in patients who underwent resection with positive evidence 
of para-aortic lymph nodes to patients where lymph nodes were left in situ. 
Therefore, all available studies in which this particular lymph node region was sur-
gically removed, resection can only be considered as an extended pathological stag-
ing [14]. The question of whether a primary tumor resection should be performed if 
this lymph node station is found to be positive cannot be answered conclusively 
either. A recent study by the Heidelberg research group showed a median overall 
survival of 12.3 months after tumor resection and resection of positive para aortic 
lymph nodes [10]. Compared to detection of distant metastases in parenchymal 
organs (liver, lungs) the prognosis of M1 lymph nodes seems to be better but worse 
than in the N+ stage of locoregional lymph nodes.

60.3  Hepatic Metastases

The liver is the most frequent site of metastasis of pancreatic carcinoma, both in the 
meta- and synchronous situation [15]. The tumor cells first reach the liver via the 
portal venous drainage system before reaching other organ systems via the caval 
vein. Therefore, metastasis pattern in this case is similar to that of other gastrointes-
tinal tumors. Due to better imaging modalities (CT, MRI, contrast enhanced ultra-
sound), the number of hepatic metastases detected preoperatively has increased, 
avoiding futile surgery in patients with disseminated disease. However, in a propor-
tion of patients the hepatic metastases are only visible intraoperatively, with no 
visible metastases despite use of multimodal imaging. In about 12% of patients, 
hepatic metastases are not detected preoperatively, primarily due to small lesions 
(<5 mm) or in patients with morphological situations that make diagnosis difficult 
(e.g. intrahepatic cholestasis, multiple liver cysts, benign liver tumors) [12].

The therapy of this group of patients regularly exhibit a particular challenge to 
the clinician, especially if the findings are few and technically easy to resect in com-
bination with a well resectable primary tumor.

60.3.1  Liver Surgery for Metastasis

The evidence level for resections of synchronous or metachronous metastatic lesions in 
pancreatic cancer is weak. An overview of the current available studies is given in 
Table 60.1. The first study included 11 patients with resection of hepatic metastases in 
whom a significant survival advantage was found compared to patients who only 
underwent exploratory laparotomy [7]. In the group of patients with metastatic 
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resection a median overall survival of 11.4 months was found compared to 5.9 months 
in the control group. The other studies included were smaller series and case reports, 
however, overall Shrikande’s data could be confirmed in meta-analysis [8]. Another 
retrospective study revealed in 20 patients a median survival of 13.0  months after 
resection of metastases and primary tumors [16]. The extent of metastasis resection 
included the entire spectrum of liver resection procedures, in the majority atypical 
resections were performed (n = 22), with fewer anatomical segment resections (n = 6) 
and major hepatectomies (n = 4). Another study with 22 patients was able to find a 
median overall survival of 7.6 months without a control group [17]. An international 
multi-center study conducted by the Hamburg working group in 2016 identified 69 
patients with resection of synchronous metastatic lesions who were compared to a 
control group of patients with palliative bypass surgery [9]. A median survival of 
13.6 months was found in the resection group, which was significantly longer than 
7.0 months in the palliative bypass group. The median number of resected metastases 
was 2 (range 2–11 metastases). The largest series on this topic to date has been pub-
lished by the Heidelberg research group. Here 128 patients in the M1 stage underwent 
resection of the primary tumor and distant metastases [10]. The collective was divided 
into 85 patients with hepatic metastases and 43 patients with para-aortic lymph node 
metastases. Survival data of a control group are not provided, but median overall sur-
vival was identical for both metastatic groups at 12.3 months. In the majority of cases 
resection of synchronous hepatic metastases was performed (73%), for the group of 
metachronous resections the period between primary surgery and metastasis resection 
was not given.

60.3.2  Metachronous Liver Metastasis

Whether patients benefit from a metachronous metastasis resection cannot be 
answered on the basis of the available study data. Another study showed a shortened 
overall survival in the case of a metachronous resection compared to a simultaneous 
resection procedure (8.3 vs. 5.8 months) [19]. Whether the data can be transferred 

Table 60.1 Overview of the studies with the largest patient cohorts with primary tumor and 
metastatic resection

Author [ref] year number (N) Type of resection Median OS Mortality Morbidity

Klempnauer 1996 20 S oder M 8.3 n.a. n.a.
Gleisner [18] 2007 17 S 5.9 9.1% 45.5%
Shrikande [7] 2007 11 S 11.4 0.0% 24.5%
De Jong [16] 2010 20 S oder M 13.0 n.a. 1.0%
Klein [17] 2012 22 S 7.6 0.0% 18.0%
Tachezy [9] 2016 69 S 13.4 1.0% 68%
Hackert [10] 2017 128 (85)a S oder M 12.3a 2.9% 45%

Resection type S synchronous metastasis resection, M metachronous resection, Median OS median 
overall survival, n/a not specified
aThe study included 85 patients with hepatic metastasis, data refer exclusively to this patient 
collective
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to today’s surgical and multimodal therapy concepts must, however, be viewed 
critically.

In the majority of the studies mentioned, both perioperative morbidity and mortality 
rates are reported [8–10, 16, 17]. What all studies have in common is that both morbidity 
and mortality are within an acceptable range for pancreatic surgery and do not differ 
significantly from those of pancreatic resections alone. Postoperative complications 
typical for pancreatic surgery, such as pancreatic fistulas, postoperative bleeding and 
delayed gastric emptying, were leading. Postoperative complications specific liver sur-
gery such as biliomas were rare and did not occur to a clinically significant extent.

60.3.3  Ablation Techniques

In the therapy of hepatic metastases, the use of local ablative methods has proven 
successful and is of particular importance for colorectal liver metastases but also for 
liver tumors in the case of functional irresectability. Microwave ablation (MWA) 
and radiofrequency ablation (RFA) are primarily used here. In contrast to the treat-
ment of colorectal cancer, the level of evidence for metastatic ablation in pancreatic 
cancer is low [20]. There was no primary tumor resection. A modern therapy con-
cept was recently published from the Mayo Clinic in Jacksonville. Patients in the 
hepatic oligometastasized stage were first treated with induction chemotherapy 
using the FOLFIRINOX regimen or gemcitabine + nab paclitaxel. Subsequently, 
primary tumor resection was performed and in 4/6 patients RFA of liver metastases, 
the remaining 2 patients were resected. A median survival of 2.7 years was observed 
which was identical in this study to the median survival of patients without distant 
metastases [21].

60.4  Pulmonary Metastases

Patients with a single organ pulmonary metastasis appear to differ in their oncologi-
cal course from patients with liver metastases. This group of patients is rare, only 
about 3% of the patients show exclusively pulmonary metastases in the course of 
the disease after resection of the primary tumor [22]. However, the tumor biology of 
this group of patients seems to vary from that of other metastatic sites. A recent 
study from the Johns Hopkins University shows a median overall survival of 
23 months after diagnosis of pulmonary metastases, which increases to 51 months 
after metastasectomy (p = 0.04) [22]. A study by Krueger and colleagues investi-
gated the course of pulmonary metastases after primary tumor resection. The 40 
patients examined showed a median survival of 25.5  months after diagnosis of 
metastases, which appears to be dependent on the number of metastases: patients 
with less than 10 metastases and unilateral occurrence had significantly better sur-
vival than patients with >10 metastases or bilateral involvement (31.3 vs. 18.7 and 
31.3 vs. 21.8 months, p < 0.05) [23]. A study from Japan collected case reports from 
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the years 1983–2004 and analyzed them in a meta-analysis. The median overall 
survival after metastasis resection was 37 months, the 3 and 5 year survival was 
50% and 41%, respectively. Again, patients with pulmonary metastases <16 mm 
who underwent lobectomy had a significantly longer overall survival compared to 
the control group (83 vs. 16 months, p = 0.04) [24].

60.5  Current Data and Recommendations

According to currently valid guidelines, local resection procedures are not recom-
mended in the metastatic stage of pancreatic carcinoma [1, 2]. At the time of diag-
nosis, the majority of patients show a polytopic metastasis pattern with many 
metastases and often more than one organ system affected. Surgical procedures are 
not feasible for these patients, as tumor clearance cannot be achieved in this patient 
group. Even if this would be the feasible in exceptional cases, the question of the 
oncological benefit arises.

For the significantly smaller group of patients in the oligometastatic tumor stage, 
however, it is worth taking a differentiated look at the currently available evidence. 
Even though the overall evidence level is low, there is increasing data that there may 
be subgroups within stage IV patients that might benefit from primary tumor and 
metastasis resection, especially in the setting of modern multimodal therapy 
regimens.

With the introduction of highly effective chemotherapy regimens such as the 
FOLFIRINOX, gemcitabin/nab-paclitaxel combination or liposomal irinotecan 
(nal-IRI), survival in the palliative situation was significantly prolonged compared 
to gemcitabine standard therapy [25–27]. With overall survival between 9 and 
13  months, the survival rates are approximately in the range that the previously 
listed studies following resection of metastases could also show. Common to all 
studies is a high selection bias, the indication for surgery or palliative chemotherapy 
is retrospectively not evaluable in all cases, in addition, various chemotherapy 
regimes were used so that a direct comparison of survival data is not feasible. 
However, it is obvious that in the majority of the studies an overall survival between 
12 and 14  months could be shown for the patients in an oligmetastasized stage 
which differed only insignificantly between the studies.

A resection of metastases can still not be recommended on the basis of the avail-
able data. However, the dogma of categorical rejection of surgical treatment options 
in the metastatic stage should be questioned in some cases. If such a procedure is 
decided upon within the framework of an interdisciplinary consensus, the patients 
should be embedded in a multimodal therapy concept, in the sense of a preoperative 
induction chemotherapy and in the case of a stable tumor finding a secondary resec-
tion should be aimed at. However, no data are currently available for this concept, 
so that the oncological benefit cannot be assessed beyond the individual experience 
of a few individual cases.

F. Gebauer et al.
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60.6  Conclusions

The available data clearly show the need for prospective studies to assess the role of 
surgery in multimodal therapies in the metastatic stage. Based on the currently 
available data, a general recommendation cannot be made for metastatic resection 
neither in the syn- nor metachronous stage and will, outside studies, continue to be 
reserved for highly selected patients in the sense of an individual therapy concept.

References

 1. Seufferlein T, et  al. S3-guideline exocrine pancreatic cancer. Z Gastroenterol. 
2013;51(12):1395–440.

 2. Tempero MA, et  al. Pancreatic adenocarcinoma, version 2.2014: featured updates to the 
NCCN guidelines. J Natl Compr Canc Netw. 2014;12(8):1083–93.

 3. Weichselbaum RR, Hellman S.  Oligometastases revisited. Nat Rev Clin Oncol. 
2011;8(6):378–82.

 4. Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol. 1995;13(1):8–10.
 5. Yamashita H, et al. Lung stereotactic radiotherapy for oligometastases: comparison of oligo- 

recurrence and sync-oligometastases. Jpn J Clin Oncol. 2016;46(7):687–91.
 6. Damanakis AI, et al. Proposal for a definition of “Oligometastatic disease in pancreatic can-

cer”. BMC Cancer. 2019;19(1):1261.
 7. Shrikhande SV, et al. Pancreatic resection for M1 pancreatic ductal adenocarcinoma. Ann Surg 

Oncol. 2007;14(1):118–27.
 8. Michalski CW, et al. Resection of primary pancreatic cancer and liver metastasis: a systematic 

review. Dig Surg. 2008;25(6):473–80.
 9. Tachezy M, et al. Synchronous resections of hepatic oligometastatic pancreatic cancer: disput-

ing a principle in a time of safe pancreatic operations in a retrospective multicenter analysis. 
Surgery. 2016;160(1):136–44.

 10. Hackert T, et  al. Radical surgery of oligometastatic pancreatic cancer. Eur J Surg Oncol. 
2017;43(2):358–63.

 11. van Roessel S, et  al. International Validation of the Eighth Edition of the American Joint 
Committee on Cancer (AJCC) TNM staging system in patients with resected pancreatic can-
cer. JAMA Surg. 2018;153:e183617.

 12. Paiella S, et al. The prognostic impact of para-aortic lymph node metastasis in pancreatic can-
cer: a systematic review and meta-analysis. Eur J Surg Oncol. 2016;42(5):616–24.

 13. Komo T, et  al. Prognostic impact of para-aortic lymph node micrometastasis in pancreatic 
ductal adenocarcinoma. Ann Surg Oncol. 2016;23(6):2019–27.

 14. Sho M, et al. Postoperative prognosis of pancreatic cancer with Para-aortic lymph node metas-
tasis: a multicenter study on 822 patients. J Gastroenterol. 2015;50(6):694–702.

 15. Disibio G, French SW. Metastatic patterns of cancers: results from a large autopsy study. Arch 
Pathol Lab Med. 2008;132(6):931–9.

 16. de Jong MC, et al. Safety and efficacy of curative intent surgery for peri-ampullary liver metas-
tasis. J Surg Oncol. 2010;102(3):256–63.

 17. Klein F, et al. The impact of simultaneous liver resection for occult liver metastases of pancre-
atic adenocarcinoma. Gastroenterol Res Pract. 2012;2012:939350.

 18. Gleisner AL, et al. Is resection of periampullary or pancreatic adenocarcinoma with synchro-
nous hepatic metastasis justified? Cancer. 2007;110(11):2484–92.

 19. Klempnauer J, et al. Is liver resection in metastases of exocrine pancreatic carcinoma justified? 
Chirurg. 1996;67(4):366–70.

60 The Role of Surgery in Oligo-Metastatic Pancreatic Cancer



940

 20. Hua YQ, et al. Radiofrequency ablation for hepatic oligometastatic pancreatic cancer: an anal-
ysis of safety and efficacy. Pancreatology. 2017;17(6):967–73.

 21. Kandel P, et al. Survival of patients with oligometastatic pancreatic ductal adenocarcinoma 
treated with combined modality treatment including surgical resection: a pilot study. J Pancreat 
Cancer. 2018;4(1):88–94.

 22. Arnaoutakis GJ, et al. Pulmonary resection for isolated pancreatic adenocarcinoma metastasis: 
an analysis of outcomes and survival. J Gastrointest Surg. 2011;15(9):1611–7.

 23. Krüger et al. Isolated pulmonary metastases define a favorable subgroup in metastatic pan-
creatic cancer. Pancreatology. 2016;16(4):593–8. https://doi.org/10.1016/j.pan.2016.03.016. 
Epub 2016 Mar 30.

 24. Nakajima M, et al. Novel indications for surgical resection of metachronous lung metastases 
from pancreatic Cancer after curative resection. J Clin Gastroenterol. 2017;51(5):e34–8.

 25. Conroy T, et al. FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer. N Engl J 
Med. 2011;364(19):1817–25.

 26. Wang-Gillam A, et al. Nanoliposomal irinotecan with fluorouracil and folinic acid in meta-
static pancreatic cancer after previous gemcitabine-based therapy (NAPOLI-1): a global, ran-
domised, open-label, phase 3 trial. Lancet. 2016;387(10018):545–57.

 27. Von Hoff DD, et  al. Increased survival in pancreatic cancer with nab-paclitaxel plus gem-
citabine. N Engl J Med. 2013;369(18):1691–703.

F. Gebauer et al.

https://doi.org/10.1016/j.pan.2016.03.016


941© Springer Nature Switzerland AG 2021
K. Søreide, S. Stättner (eds.), Textbook of Pancreatic Cancer, 
https://doi.org/10.1007/978-3-030-53786-9_61

Chapter 61
Total Pancreatectomy

Onur Bayram, Christoph W. Michalski, and Jörg Kleeff

O. Bayram · C. W. Michalski · J. Kleeff (*) 
Department of Visceral, Vascular and Endocrine Surgery, University Hospital Halle (Saale), 
Martin-Luther-University Halle-Wittenberg, Halle (Saale), Germany
e-mail: Onur.Bayram@uk-halle.de; Christoph.Michalski@uk-halle.de;  
joerg.kleeff@uk-halle.de

Take Home Messages
• Case selection for total pancreatectomy is challenging, regardless of the 

type of disease or indication.
• Total pancreatectomy should be avoided if another organ-preserving surgi-

cal procedure is applicable.
• Postoperative care after total pancreatectomy is demanding.
• Patient education and compliance are paramount, in particular to prevent 

potentially fatal hypoglycemia.

Pearls and Pitfalls

Pearls:
• Avoidance of pancreatic anastomosis and associated risks of morbidity and 

mortality
• Curative approach in case of diseases affecting the whole organ

Pitfalls:
• Lifelong complications of exocrine and endocrine insufficiency, especially 

hard to control, brittle diabetes mellitus
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61.1  Introduction

Depending on the underlying pathology (e.g. benign or malignant) and its location 
within the gland, there is a wide range of operative techniques for the surgical treat-
ment of pancreatic diseases. Total pancreatectomy (TP) is one of them, which 
entails the complete removal of the organ. While there is no need for a potentially 
complex pancreatic anastomosis, the procedure carries the significant drawback of 
lifelong metabolic insufficiencies of the endocrine and the exocrine function of the 
pancreas.

The first reported TP cases are from Rockey in a patient with carcinoma in 1943 
[1] and from Priestley in a patient with hyperinsulinism in 1944 [2], showing the 
feasibility of this resectional approach. Following these reports, three of Whipple’s 
original five cases of chronic pancreatitis reported in 1946 were treated with a total 
pancreatectomy [3]. TP was introduced again in 1954 by Ross [4] and then by Porter 
in 1958 [5] and its popularity increased in the 1960s. In 1960, Howard and Jordan 
reported the first series of patients that underwent TP [6]. The perioperative mortal-
ity rate was 37%, which indicated that TP was a high-risk operation with morbidity 
and mortality rates similar to a Whipple’s resection at that time. In addition to avoid-
ing a pancreatic anastomosis, TP was for some time also considered an extension of 
oncological radicality in patients with pancreatic cancer in larger series from the 
late 1980s and 1990s [7–12]. However, TP for malignancy did not improve survival 
rates compared to other pancreatic resections and had no benefits regarding periop-
erative mortality rates. In contrast, TP led to a worse quality of life, as a result of 
exocrine and endocrine deficiency [13]. Besides unstable and difficult to control 
blood glucose levels, other impacting metabolic problems were severe diarrhea 
leading to weight loss through malabsorption and cachexia with vitamin D insuffi-
ciency leading to osteopathy.

Recently, there has been an increase in total pancreatectomy rates for different 
indications because of markedly decreased surgical complication rates and better 
options to manage endo- and exocrine insufficiency, in particular pancreatic enzyme 
preparations and long-acting insulin products [14–17].

Future Perspectives
• Better definition of the extent of resection for main-duct intraductal-papil-

lary mucinous neoplasia (IPMN); better localization of areas with high risk 
of malignant progression.

• Further genetic research to identify individuals with high risk for pancre-
atic cancer (e.g. familial pancreatic cancer) that might benefit from pro-
phylactic pancreatectomy.

• Maintaining better long-term graft function in cases of total pancreatec-
tomy and islet cell auto-transplantation.

O. Bayram et al.
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61.2  Indications

TP is mainly indicated for main duct intraductal papillary mucinous neoplasms 
(IPMN) or for pancreatic cancer located close to or at the neck of the pancreas. 
There are also rarer indications such as chronic pancreatitis and—in particular—
hereditary pancreatitis, or multifocal tumors, such as neuroendocrine tumors of the 
pancreas or renal cell carcinoma metastasis.

Rather than planned before the operation as in the mentioned scenarios, the indi-
cation to perform a TP is often made intraoperatively, e.g. to prevent pancreatic 
fistula as a result of a high-risk pancreatic anastomosis in cases of a soft and/or fatty 
pancreatic parenchyma and a non-dilated pancreatic duct, or because of positive 
resection margins on frozen sections.

TP is a major procedure with potentially severe complications, but for selected 
cases perioperative mortality is low and long-term overall morbidity is acceptable 
[14–26]—see Sect. 61.4.

61.2.1  Intraductal Papillary Mucinous Neoplasm

The prevalence of cystic pancreatic lesions is estimated between 2% and 45% of the 
normal population in radiological series [27–31]. Up to 70% of these are intrapapil-
lary mucinous neoplasms (IPMN) [32]. IPMN are classified into three sub-types, 
which are the main duct IPMN (MD-IPMN), the branch duct IPMN (BD-IPMN) 
and the mixed type IPMN. According to large series, invasive carcinoma is seen in 
11–30% of cases with BD-IPMNs and in 33–60% of cases with MD-IPMNs 
[33–37].

According to the current guidelines of the European Study Group on Cystic 
Tumours of the Pancreas [38], surgery should be considered in all cases of 
MD-IPMN and mixed-type IPMN, because of the high rate of malignancy. Resection 
is advised for MD-IPMN with a duct diameter larger than 5 mm, and total pancre-
atectomy can be considered in this setting, if there are mural nodules within the 
main pancreatic duct, or in high risk patients, for example with a positive family 
history of pancreatic cancer. In contrast, the international Fukuoka consensus guide-
lines recommend surgical resection for MD-IPMN with a duct diameter larger than 
10 mm or in cases with mural nodules, positive cytology, and for patients that pres-
ent with jaundice [39]. A duct diameter between 5 and 9 mm is considered a ‘wor-
risome feature’ with recommendations to close follow-up, but not immediate 
resection.

The indications for total pancreatectomy are based on the degree of main pancre-
atic duct dilatation, mural nodules, and presence of symptoms. Clearly the goal of 
surgery is to achieve complete removal of the tumor, but patients must also be able 
to deal with the resulting ‘brittle’ diabetes mellitus and exocrine insufficiency. In fit 
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patients, indications for total pancreatectomy are outlined above, and TP should 
also be considered at the time of the operation if frozen sections of the resection 
margin are positive for (high-grade) dysplasia. It remains a matter of debate whether 
TP is also indicated in case of low-grade dysplasia or without dysplasia but IPMN 
at the margin, or whether in those cases close surveillance is sufficient. Further, in 
cases of invasive pancreatic cancer arising from IPMN, TP is often not advised as 
the prognosis is determined by pancreatic cancer and not the remaining IPMN in 
most instances.

In general, complete removal of the pancreas can be avoided in MD-IPMN, espe-
cially when the risks of the procedure outweigh its advantages.

61.2.2  Pancreatic Cancer

Locally advanced pancreatic cancer is the most common indication for performing 
a TP [19, 24–26, 40]. Despite metabolic drawbacks after surgery, current studies 
show that overall median survival is similar to that of partial pancreaticoduodenec-
tomy and as high as 21 months [24]. In a recent study, Hartwig et al. reported about 
the indications for TP in 377 patients with malignant pancreatic disease, which 
included 289 patients (76.7%) with pancreatic cancer. An intraoperative decision 
for TP was made in 115 patients (30.5%) because of tumor extension, in 138 patients 
(36.6%) because of margin positivity, in 38 patients (10.1%) because of the need for 
an arterial resection (and the increased risk with a combined pancreatic anastomo-
sis), and in 46 patients (12.2%) because of the pancreatic texture (e.g. the pancreas 
was atrophic, soft or lipomatous), which can also lead to anastomotic problems 
postoperatively. Only 40 cases (10.6%) were preoperatively planned for a 
TP. According to this study, poor tumor grading, high AJCC tumor stage, age more 
than 70 years, an R1 resection, and simultaneous vascular resections were prognos-
tic parameters for adverse long-term outcomes [22].

Satoi et al. reported in their series that in the TP group, there was higher-stage 
disease, a higher frequency of lymph node metastasis, and a lower adjuvant chemo-
therapy completion rate compared with the partial pancreaticoduodenectomy group, 
yet no differences in mortality and morbidity were observed [40]. A review of the 
National Cancer Data Base of 2582 pancreatic cancer cases showed that age, tumor 
size and grade, lymph node positivity, margin positivity, and adjuvant therapy sig-
nificantly impacted survival rates for patients after TP. Here, median overall survival 
was low at 15 months [17].

In conclusion, total pancreatectomy may be required in selected pancreatic can-
cer resection cases, particularly in patients with large/central tumors, with (repeti-
tive) positive margins, with extended (e.g. arterial) resections and when 
reconstruction seems to be associated with a high risk of a significant postoperative 
pancreatic fistula. While in recent series, overall survival is comparable to that after 
partial pancreatectomy, there are also data that survival is inferior. Thus, a careful 
risk-benefit assessment must be made preoperatively or during surgery.

O. Bayram et al.
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61.2.3  Familial Pancreatic Cancer

Familial pancreatic cancer is an uncommon tumor syndrome, commonly defined as 
having at least two first degree relatives with pancreatic cancer [41]. Several genetic 
syndromes (e.g. Peutz–Jeghers syndrome) are associated with an increased risk of 
developing pancreatic cancer as well as other malignancies and diseases. In addi-
tion, in a significant number of cases the genetic cause of familial pancreatic cancer 
is currently unknown.

Schneider et al. classified individuals at risk with at least two first-degree rela-
tives with confirmed pancreatic cancer in their 10-year experience from the German 
national case collection (FaPaCa) [42]. Here, the authors document their screening 
approach and recommend a prophylactic limited surgical resection for potential pre-
cursor lesions [43, 44]. Total pancreatectomy is only performed when there is can-
cer on frozen section, or multifocal high grade pancreatic intraepithelial neoplasia 
(PanIN) or intrapapillary mucinous neoplasia (IPMN). Total pancreatectomy might 
further be indicated in high risk individuals on a case-by-case basis as prophylactic 
surgery [45].

61.2.4  Chronic Pancreatitis

Chronic pancreatitis is a multi-factorial chronic inflammatory disease leading to 
chronic abdominal pain and often multiple hospitalizations with acute painful (pan-
creatitis) attacks. Patients with this condition develop diabetes mellitus and mal-
digestion as a result of progressive exocrine and endocrine insufficiency and have a 
higher risk to develop pancreatic cancer [46, 47]. Chronic pancreatitis is frequently 
associated with high alcohol consumption [48, 49].

Surgery for chronic pancreatitis involves partial resections or specific drainage 
operations (for indications and types of surgery, see [50, 51]). In general, surgical 
treatment for chronic pancreatitis is meaningful for patients with a (severe) pain 
syndrome, with an inflammatory/calcified mass in the pancreas, and/or with a 
dilated main pancreatic duct, and/or with organ complications such as bile duct 
obstruction and others. In those cases, total pancreatectomy is generally not required. 
However, even after drainage or resectional procedures, the debilitating pain syn-
drome might remain, and a completion (total) pancreatectomy might be considered 
on an individual basis.

In rare instances, chronic pancreatitis is a hereditary disease. Several gene muta-
tions and variants have been identified that correlate with the risk to develop chronic 
pancreatitis. Long standing chronic pancreatitis has an increased risk of malignant 
transformation to pancreatic cancer (for example about 40%–55% lifetime risk in 
patients with autosomal dominant hereditary pancreatitis with a confirmed mutation 
in the gene encoding cationic trypsinogen (protease serine 1, PRSS1) [52, 53]. 
Especially in these cases, total pancreatectomy with islet autotransplantation (TPIAT) 
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has been suggested, to provide pain relieve and to prevent brittle diabetes mellitus 
[54, 55]. The main indication for TPIAT is therefore hereditary chronic pancreatitis, 
while it is rather controversial for non-hereditary chronic pancreatitis. The current 
International Consensus Guidelines [56] suggest careful patient selection with the 
main indication being recurrent pancreatitis refractory to medical treatment that lim-
its the quality of life at a young age. In this group of patients TPIAT is preferred over 
TP alone when feasible, although long-term graft failure remains a problem.

61.3  Procedure

The operative procedure of total pancreatectomy follows similar steps as those for 
partial pancreaticoduodenectomy and distal pancreatectomy.

Entering the abdomen can be achieved by a bilateral subcostal or midline inci-
sion. The pancreas is exposed through entering the lesser sac. The duodenum is 
mobilized with a Kocher maneuver. Creating a retropancreatic tunnel above the 
superior mesenteric vein/portal vein may be necessary for a planned partial pancre-
atoduodenectomy, but for a preoperatively planned TP the pancreas can be fully 
mobilized from the portal and superior mesenteric veins later in the procedure fol-
lowing the principles of the uncinate process first approach and distal pancreatec-
tomy. The hepatoduodenal ligament and the common hepatic artery are dissected to 
complete an en-bloc lymphadenectomy (in case of cancer) and preparation of the 
gastroduodenal artery. After the dissection of Calot’s triangle, en-bloc or separate 
retrograde cholecystectomy is performed. The common hepatic duct is divided 
above the cystic duct insertion. The gastroduodenal artery is test-clamped and 
hepatic artery blood flow confirmed before dividing and ligating the gastroduodenal 
artery. An individualized approach needs to be taken in case of insufficient flow 
(e.g. vascular surgeon’s assessment, intraoperative interventional procedure, bypass 
procedure etc.). Without proper arterial blood flow to the liver, the procedure should 
be abandoned. The spleen can be preserved, if technically feasible and if the indica-
tion of TP is not malignancy. When indicated to remove it because of multifocal or 
extended disease, the spleen is fully mobilized with division of the short gastric 
vessels for en-bloc resection to achieve adequate lymphadenectomy. The splenic 
artery is dissected and ligated close to its origin from the coeliac axis and the splenic 
vein is dissected and ligated behind the pancreas close to its insertion into the portal 
vein. Preserving the left gastric artery is then necessary to supply gastric arterial 
blood flow, which remains the dominant and potentially only source for the stom-
ach. To avoid gastric congestion in these cases, it is advisable to preserve the coro-
nary vein. If this is not possible and if the stomach is congested at reconstruction, it 
may be required to resect up to two thirds of the stomach. In such cases, a Roux-
en-Y reconstruction will be necessary. Proximally, the post-pyloric duodenum or if 
needed the stomach, and distally, the proximal jejunum are divided. The proximal 
jejunal mesentery is prepared allowing reflection of the duodenum and proximal 
jejunum underneath the root of the small bowel mesentery into the supracolic com-
partment. The pancreas and uncinate process are then dissected of the portal vein 
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and the superior mesenteric artery following the principles of the uncinate process 
first approach [57] and following reflection of the pancreatic tail to the right by dis-
secting it from the retroperitoneal structures. Reconstruction is generally performed 
using a continuous limb with a retrocolic hepatico-jejunostomy and an antecolic 
gastro-jejunostomy.

61.3.1  Minimally Invasive Total Pancreatectomy

Total pancreatectomy with or without splenectomy can be carried out laparoscopi-
cally or robotically in selected patients. In comparison to partial pancreatoduode-
nectomy and distal pancreatic resection, data on the laparoscopic and robotic 
approach for TP are sparse, and therefore, there is currently no solid evidence on the 
superiority of the minimal-invasive approach. Nonetheless, the laparoscopic and 
robotic approach for TP appears to be feasible and safe [58, 59].

61.4  Outcomes

61.4.1  Perioperative Outcomes

Due to improvements in surgical techniques and postoperative management, the 
initially high perioperative morbidity and mortality rates have decreased signifi-
cantly in the last two decades [14–17, 21]. In a large series from two high volume 
centers, morbidity was 59.3% and the 30-day mortality rate was 2.1% [60]. In 
another series, overall morbidity and 30-day mortality rates were 31.9% and 5.4%, 
respectively [61].

Advanced age (>70 years), the presence of comorbid conditions, long duration of 
the operation (>420 min), high blood loss (>2000 mL), and/or arterial resections 
were reported as independent risk factors for mortality following TP [22, 62].

Morbidity after TP are mostly surgical complications including delayed gastric 
emptying, postoperative hemorrhage, anastomotic leakage, intraabdominal 
abscesses and wound infections [21, 22].

Not surprisingly, compared to elective TPs, completion pancreatectomies for 
complications have significantly higher mortality (39% to 47% vs. 4.8% to 12.5%) 
and morbidity rates (79% to 100% vs. 46% to 54%) [16, 21].

61.4.2  Long-Term Outcomes

Late complications and morbidities of TP include diabetes mellitus and malabsorp-
tion due to endocrine and exocrine insufficiency, respectively, but also hepatic ste-
atosis and anastomotic ulcers [16, 18, 22, 23].
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Besides life threatening but easily underestimated hyper- and hypoglycemia 
(brittle diabetes mellitus) through a complete lack of endogenous insulin and gluca-
gon [14, 21], diabetes mellitus after total pancreatectomy is also associated with the 
typical late complications like retinopathy, nephropathy, neuropathy and cardiac 
diseases, which results in decreased quality of life.

Diarrhea and/or steatorrhea due to exocrine insufficiency contributes to the loss 
of fat-soluble vitamins, especially vitamin D, magnesium, and trace elements, lead-
ing to malnutrition-related complications such as osteopathy and osteoporosis, as 
well as to hepatic steatosis [63].

Another important drawback of TP is the risk of an anastomotic ulcer, which can 
result in serious complications. Barbier et al. observed anastomotic ulcers with or 
without pylorus preservation, indicating that this complication is not influenced by 
the mode of reconstruction. Therefore, the authors strongly recommend life-long 
PPI treatment for all TP patients, since no anastomotic ulcer was observed after 
routine PPI administration [21, 64–66].

Indications for total pancreatectomy:
• Oncological (e.g. IPMN, pancreatic cancer): to achieve clear margins (e.g. cen-

trally located pancreatic cancers, main-duct IPMN affecting the whole gland 
with high-grade dysplasia).

• Prophylactic (e.g. IPMN, hereditary chronic pancreatitis, familial pancreatic 
cancer): to prevent cancer development in case of main-duct IPMN, or hereditary 
CP, or familial pancreatic cancer.

• Technical: in cases where the pancreatic anastomosis is deemed unsafe with a 
high risk of leakage, or with concomitant vascular resections.

• Rescue: as completion pancreatectomy following pancreatic leak, or recurrent 
disease (either benign, or malignant).

Technical tips:
• Aim for en-bloc resection of the pancreas and avoid cutting the pancreas at the 

pancreatic neck in case of malignant or premalignant lesions (e.g. IPMN).
• Start dissection from right side with mobilisation of the duodenum to the left side 

for a spleen-preserving total pancreatectomy.
• Apply dissection from right to left or left to the right side for a total pancreatec-

tomy with splenectomy.
• Priority should be given to the left gastric vessels to avoid any perfusion insuf-

ficiencies or venous congestion of the stomach.
• Be ready for an extra vascular anastomosis if there is inadequate flow after test- 

clamping the gastroduodenal artery.

61.5  Conclusion

Total pancreatectomy is a major procedure, with significant short and long-term 
sequalae. Although complications from the pancreatic anastomosis are avoided, 
morbidity and mortality rates are not different from other major pancreatic 
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resections. In general, total pancreatectomy should not be the first line treatment, if 
any other organ-preserving procedure is applicable.

If indicated, both surgeons and patients should anticipate the metabolic chal-
lenges of exocrine and especially endocrine insufficiency with the ensuing brittle 
diabetes mellitus. Therefore, case selection is challenging, regardless of the type of 
indication.
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62.1  Introduction

Cancer in the distal pancreas (left to the porto-mesenteric vein) may be considered 
for curative surgery. Only about 30% of pancreatic cancers arise in the body/tail 
region [1], and many may be unresectable at time of diagnosis due to the compara-
tively aggressive biology of distal tumours [2].

The practice of distal pancreatic resection demonstrates huge variation between 
regions, with several differences in type of access (open, laparoscopic and robotic), 
type of stump-handling and fistula mitigation strategies, and in type of patients (and 
lesions) found eligible for resection [3].

In this chapter we will discuss the open approach in distal resections as the most 
frequently used access technique for pancreatic cancer. Particular situations and 
techniques, such as distal pancreatectomy with coeliac-access resection for advanced 
disease are discussed elsewhere, as are the specific complications associated with 
pancreatic resections. Situations and technical details specific to distal pancreatec-
tomy will be elucidated, where applicable, including the radical antegrade modular 
pancreato-splenectomy (RAMPS) technique.

Pearls and Pitfalls
• Experience with left resection is increasing due to broader indications also 

for benign and borderline lesions.
• In locally advanced cancers or cancers with vascular involvement, neoadju-

vant treatment might increase survival and reduce postoperative fistula rates.
• Postoperative pancreatic fistula rates remain high independent of transec-

tion technique used.
• Indications for drains are more and more questioned, the final word on this 

topic is not set yet.

Future Perspectives
• Importance of extended resections, such as RAMPS procedures, remains 

to be proven.
• Randomised trials of (neo-)adjuvant therapy and body and tail cancers 

are needed.

• New onset diabetes is common after left resection, less so for exocrine 
insufficiency.

• Neoadjuvant treatment should be entertained for cancers with vessel 
involvement or locally advanced tumours.
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62.2  Pre-Operative Evaluation

Several factors need to be considered in the pre-operative planning and decision- 
making which access to choose for resection. A high-quality tri-phasic CT scan is 
mandatory to evaluate the extent of the tumour—especially at the posterior margin—
and the vascular characteristics. Tumour involvement of the splenic vein leading to 
peri-splenic varices or anatomical variants as the left hepatic artery arising from the 
left gastric artery are just some to be mentioned. In both cases, the surgical planning 
and approach to resection can be substantially affected. Discussion in a multidisci-
plinary team setting with dedicated specialists is recommended, especially for border-
line lesions and cystic variants that warrant resection. Endoscopic ultrasound might 
be helpful in case a limited, parenchymal sparing resection is planned to better eluci-
date the future transection line. An important issue to be addressed are cancers with 
involvement of the splenic vessels, that would be in general be technically resectable 
with vascular resection, but where the questions remains if it is biologically plausible. 
There is no general agreement so far, which lesions are on the one hand technically 
well resectable but otherwise have biologically-wise a bad prognosis and might ben-
efit from neoadjuvant treatment [4]. Trials are needed for this particular situation.

62.3  Technical Considerations

The principles for open and laparoscopic distal pancreatic resection are similar, but with 
some variation. In general, for cancer resection a combined pancreatosplenectomy is 
considered the standard treatment. William Mayo proposed the standard technique in 
1913 which long set the standard for this rarely performed operation [5]. Detection rates 
of pancreatic lesions have increased steadily over the last years with better sonographic 
imaging, hence the numbers of distal pancreatic resection have increased substantially. 
This was accompanied by technical advancements, leading to wider use of minimally 
invasive techniques and consensus recommendations by international experts [6].

In cancer resection, aiming for tumour free margins is of utmost importance and 
key of all operative planning. Adequate lymph node dissection and avoidance or 
prediction of potential severe morbidity are further issues that need to be addressed 
preoperatively. The potential risks and benefits have to be outweighed against 
patient’s needs and surgical experiences.

Several approaches for tumours of the body and tail of the pancreas have been 
described, but the so called radical antegrade modular pancreatosplenectomy (RAMPS) 
is probably the most debated. First described by Strasberg in 2003, this operation was 
adapted from the surgical oncological principles of pancreatoduodenectomy at that time 
[7]. High rates of R1 resections and early local and systemic recurrences were referred 
to the surgical approach, tackling the tumour from the left side by starting mobilising the 
spleen, making it difficult finding the way into the right plane and enabling early vascu-
lar control. Basically, the RAMPS approach starts dissecting from right to left, facilitat-
ing early central ligation of the splenic artery and vein, furthermore, integrating a proper 
central lymphadenectomy with clearance of lympho-vascular tissue alongside the celiac 
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trunk and the superior mesenteric artery. The landmark for further dissection is the left 
adrenal gland, respectively the left adrenal vein and the renal vein (Fig. 62.1). Tumours 
invading or coming close to Gerota’s fascia, should be planned as a posterior RAMPS, 
including en bloc dissection of the left adrenal and pre-renal fat tissue. In smaller or 
anteriorly located lesions adrenalectomy needs to be avoided (anterior RAMPS). The 
left renal vein encounters the inferior border of the resection plane.

To date, no randomized controlled trial has proven an oncological benefit of the 
RAMPS technique compared to the conventional approach [8]. The potential ben-
efits and harms are depicted in Table 62.1.

62.3.1  Approach to Open Resection

For open resections, a roof top incision is usually preferred as it gives good access 
to the left lateral and subcostal part of the abdomen, although some also use a stan-
dard midline incision [12]. Proper retraction is always mandatory to achieve a good 

Pancreas

Short gastric vessels

Parietal peritoneum

Anterior renal fascia

Spleen

Posterior renal
fascia

SMV

Traditional plane of dissection

Plane of anterior RAMPS

Adrenal gland

Plane of posterior RAMPS

Kidney

Fig. 62.1 Posterior anatomical planes guiding resection for RAMPS procedure. Transversal ana-
tomical section depicting transection lines during 3 variants of distal pancreatic resection. Standard 
approach along Gerota’s fascia (black broken line), anterior radical antegrade modular pancreato-
splenectomy (blue broken line) and posterior radical antegrade modular pancreatosplenectomy 
(red broken line). (Reproduced from Chun, YS.  Role of Radical Antegrade Modular 
Pancreatosplenectomy (RAMPS) and Pancreatic Cancer, Ann Surg Oncol (2018) 25:46–50. 
10.1245/s10434-016-5675-4. With permission of Springer)

Table 62.1 Potential benefits 
and harms of RAMPS 
procedure [7–11]

Benefits Harms

Early vascular control Longer operating time
Improved visualisation of 
posterior planes

Higher complication rate

Higher lymph node yield Prolonged recovery
Less tangential margin positivity
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overview of the surgical field. A safe preparation being able to control essential 
vascular structures like the celiac trunk or the portal confluence at any time is highly 
recommended, especially in demanding borderline or locally advanced pancreatic 
cancers.

After proper exploration—the role of laparoscopy is discussed extensively else-
where in this book—the gastrocolic ligament is either anatomically dissected off the 
transverse colon or transected to get into the Bursa omentalis (Fig. 62.2).

The anatomical preparation in planes allows to create a biologic vascularised tis-
sue coverage with the omentum after resection has been performed. Regardless of 
the approach, careful preservation of the right gastroepiploic arcade must be pur-
sued. The left colonic flexure is taken down and retracted caudally, while the stom-
ach is explored and freed off adhesion to the pancreatic surface. There might be 
inflammatory adhesions that need careful evaluation to rule out any cancer invasion. 
In case of adjacent organ invasion, en bloc resection should be done for oncological 
safety (e.g. a wedge resection of stomach wall may be needed). For more dissemi-
nated involvement (e.g. seed-like dispersed nodules in the bursa omentalis) it may 
be advised to send specimen for frozen section and abort resection if malignancy 
is proven.

Retractor
Posterior
stomach

Splenic artery

Spleen

Tumor

Transverse colon

Plane of
dissection

SMVMiddle colic
vein

Gastroepiploic
vein

Pancreas

Duodenum

Hepatic
artery

Vessel
loop

Fig. 62.2 Planes of dissection. Schematic overview of the original situs. To open the omental 
bursa, the gastrocolic ligament has to be divided. (With permission of Springer)
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The pancreatic gland is now inspected, and the tumour explored. The lesser sac 
is opened close at its origin of the caudate lobe. Care has to be taken to avoid injury 
of a left hepatic artery arising from the left gastric artery.

The gastroepiploic vein is followed down to Henle’s trunk and the superior mes-
enteric vein cranially freed of connective tissue. The neck of the pancreas can safely 
be lifted up off the portal vein confluence with a right-angled clamp and a loop 
pulled around to gently create traction and counter-traction. The caudal margin of 
the pancreas is further mobilised using energy devices like bipolar or ultrasonic 
shears, depending on the size and location of the tumour. Cancer at the inferior 
border of the body might invade the middle colic artery, this might be technically 
challenging but should be well distinguished on preoperative scans.

A lymphadenectomy is performed, starting at the left border of the hepatoduode-
nal ligament. The easiest and safest way is to dissect along the left hepatic artery, 
which has to be secured. Using vessel loops helps to create gentle traction and 
counter-traction and enhances the anatomical overview. Lymph nodes at the gastro-
duodenal artery should be included in the lymphadenectomy in cases with tumours 
located in the body of the gland. Posteriorly the portal vein is cleared off lympho- 
vascular tissue and the left gastric vein (coronary vein) tied off at its inflow. At this 
stage, transection of the pancreas enables better access to the common hepatic artery 
and its central division towards the celiac trunk. Dividing the pancreas is clearly a 
point of no return, hence resectability needs to be proven before this step. When the 
gland has been divided, frozen sections of the margin should be sent. Various tech-
niques of transection are reported, depending on the texture and the thickness of the 
gland (Table 62.2) [13].

Extended resections to the right might render sharp dissection and suture closure 
necessary. The splenic vein at its confluence is encircled with a loop and also 
checked for invasion. Any type of venous reconstruction might be feasible (direct 
closure, Patch or interposition graft, see chapter pancreatoduodenectomy with por-
tal vein resection).

The splenic artery is carefully dissected and ligated with a double tie, leaving a 
5 mm stump whenever feasible. Clamping before dissection adds to safety of this 
procedure, demarcation of the spleen will be nicely seen immediately. Ligating the 
artery before tying the vein avoids congestion of the spleen and surgical field, 
reduces blood loss and is therefore always recommended. Larger tumours of the 
body or stromal attachments might tackle this strategy in some cases. 
Lymphadenectomy should then be completed around the left gastric artery. The 

Table 62.2 Transection techniques

Technique Benefits Potential risks/disadvantages

Stapled transection Fast, safe, convenient Costly
Electrocautery (±suture?) Convenient, haemostasis Duct closure sufficient?
Scalpel + suture Less traumatic, cheap Bleeding
Energy devicea (±suture?) Convenient Duct closure sufficient?

aUltrasonic shears or electrocautery shears such as Harmonic, Ligasure
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coronary vein might be ligated or sealed for a second time at this anatomical level. 
In heavily obese patients, transection of the left gastric artery might be a technical 
option to provide a better lymphadenectomy, only for tumours of the body of the 
pancreas.

The splenic vein is now diverted using simple ties (Fig. 62.3). Care has to be 
taken to avoid stricture of the portal vein at the insertion site, hence for simple ties 
the stump needs a length of at least 5 mm. A Satinsky clamp can be used and a run-
ning suture applied for closure instead, or a vascular stapler. The inferior mesenteric 
vein can be either saved or also safely transected.

At this stage, complete vascular control is obtained, the last area where bleeding 
might occur are the short gastric vessels. At this point, a RAMPS procedure can be 
performed or a classical right to left approach handling along Gerota’s fascia. In the 
latter case, the pancreas and spleen are lifted anteriorly, and the connective tissue is 
dissected with energy devices, ending with the splenic ligaments towards its back-
wards fixation. Finally, the short gastric vessels are divided. Care has to be taken to 
avoid decapsulation of the spleen and injury of the stomach, although the latter can 
be nicely over sewn or even wedge resected.

In larger tumours of the body, a RAMPS procedure is performed to gain better 
margins and increase the lymph node yield. After division of the splenic vein, 

Ligated splenic
artery

Superior
dissection plane

Spleen

Tumor

Splenic
vein

Retroperitoneal
dissection

plane

Stapled
splenic vein

stump

SMV

Pancreas (with
staple line)

GDA

Transfixion
sutures

Hepatic
artery

Fig. 62.3 Transection and central vascular ligation. Transection of the pancreas at the neck region 
offers best access as the parenchymal bridge is narrow and no major vessels appear. After stapler 
transection, which has to be done in one step using 1 cartridge, better access to ligate the central 
splenic artery and subsequently the splenic vein is possible. These procedures follow the same 
criteria for open and minimally invasive resections. (With permission of Springer)
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dissection towards the superior mesenteric artery is mandatory and the tissue to the 
left of the artery is cleared. In such cases of larger tumours, an extensive 
Kocherization is helpful. At this step, the left renal vein as an important landmark 
should be transected freely as the inferior-posterior landmark of resection. Starting 
from medially, the adrenal vein needs to be visualised and a decision has to be 
made for either the anterior or posterior transection line. Cranially, the celiac trunk 
is cleared from connective, neuro- and lympho-vascular tissue on the left side 
accordingly making left diaphragmatic pillars visible. Gerota’s fascia is com-
pletely resected together with prerenal fat. Transection of the short gastric veins 
enabling the stomach being retracted to the right is necessary at an earlier step of 
this complex procedure to facilitate a better view towards the cranio-posterior sur-
gical field.

After removal of the specimen, a careful check of haemostasis and lymphatic 
leaks is mandatory. In any case of vascular reconstruction, the patency of the vessel 
needs to be finally evaluated. Final inspection of the stomach and transverse colon 
ends the procedure. If a surgical drain is used, it is usually inserted from laterally 
with the tip pointing at the pancreatic stump aiming for early removal. The colonic 
flexure is put back in its original position and the pancreatic stump carefully covered 
with the omentum or round ligament patch (Fig. 62.4) [14].

Special considerations have to be taken into account in locally advanced tumours 
encasing the celiac trunk and/or the superior mesenteric artery. Some major pitfalls 
can occur during surgery with potential life-threatening intraoperative complica-
tions. In Table 62.3 some scenarios and strategies are presented.

Pancreatic
stump

Round
ligament

Staple line Sutures

Fig. 62.4 Round ligament patch closure technique. The round ligament is mobilized behind the 
stomach and placed as coverage on to the pancreatic stump staple/suture line after distal pancre-
atectomy. The patch is then anchored on to the exposed pancreatic surface with sutures (distances 
are exaggerated for educational purposes). (Reproduced with permission from Br J Surg [14], 
Wiley ©2019)
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62.3.2  Transection of the Pancreas and Handling the Stump

The main cause of morbidity after left resection is postoperative pancreatic fistula 
(POPF), a specific problem that is recognised worldwide and was dealt with in 
numerous studies. The risk of developing POPF is 20–35%, which is a considerable 
number [15]. Various techniques are in use; sharp knife dissection and suture, elec-
trocautery, stapled transection and energy devices (Table 62.3). Minimally invasive 
approaches and the use of staplers have considerably added to the ongoing discus-
sion. The International Study Group of Pancreatic Surgery (ISGPS) has recently 
published consensus guidelines on stump management [13]. The stump can be cov-
ered with biological tissue, e.g. the falciform ligament, or with bio-chemical agents, 
e.g. fibrin sealants, none has reduced rates of POPF and can therefore not be recom-
mended [14, 16] (Fig. 62.5).

Table 62.3 Difficult situations during resection, mainly for locally advanced tumours

Problem Prevention Potential solution

Bleeding from splenic 
artery during exploratory 
phase, e.g. in cases with 
short tumour-free distance 
due to encasement

•  Get frozen section of 
perivascular tissue early, 
stop if invasive cancer is 
present

•  Sling celiac trunk and 
common hepatic artery

•  Keep the gastroduodenal 
artery safe

•  Have autologous 
material ready 
(testicular/ovaric vein)

•  Ask for help from 
experienced vascular 
surgeon

•  Call for help from experienced 
colleague

• Use local haemostatics
• Controlled hypotension
•  Transect pancreas to gain better 

access
•  Try to clamp celiac trunk avoiding 

further vascular lesions, if not 
possible aortic clamping might be 
necessary

•  Try to dissect the tumour off, stop 
bleeding with suture even with 
minimum flow and reconstruct under 
better conditions

Bleeding from portal vein 
without previous control

•  Meticulous dissection of 
all confluent branches

•  Vessel loops for 
immediate clamping

•  Transection of splenic 
artery before division of 
splenic vein

•  Call for help of experienced surgeon
•  Use local haemostatic and local 

pressure
•  Clamp superior mesenteric artery and 

splenic artery to reduce backflow
•  If SMV is not accessible, perform 

Cattell-Braasch manoeuvre manually 
and use tourniquet for global flow 
control of SMV

•  Suture the leak to stop bleeding and 
proceed controlling confluence

Shrinking of mesocolon 
with adherence of middle 
colic artery

•  Frozen sections to check 
for invasive cancer

•  Omit procedure if 
positive

•  Probatory clamping 
close at origin, further 
dissecting check closely

•  Transect the artery at closest to origin 
(aim for R0)–Reconstruction is rather 
difficult and most likely not 
successful

•  Proceed with resection and check 
finally for ischemic bowel

• Consider need for colectomy
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62.4  Drains

Although many centres use surgical drains after distal pancreatectomy due to the 
high rate of clinically-relevant POPF, their routine application is still controversial 
[17]. A recent prospective, randomized, multicentre study comparing DPs with and 
without routine intraperitoneal drainage did not show any significant difference in 
POPF, severe complications or mortality. However, the group without drainage 
showed a significantly higher rate of intraabdominal fluid collection (22% vs. 9%) 
[18]. In a propensity-score matched study based on the American College of 
Surgeons-NSQIP database, routine drainage did actually increase the risk of POPF 
and overall morbidity [19]. There is also some retrospective data, that the type of 
drain also might influence the rate of POPF, with smaller drains reducing the degree 

Table 62.4 Factors having potential impact on outcomes after pancreatic left resections

Patient related
Tumour/parenchyma 
related

Technique and perioperative treatment 
related

Gender PDAC vs. other tumours RAMPS vs. conventional resection
Age Firmness of gland Stump closure
Body mass index Stump coverage
Immunosuppressive 
treatment

Surgical experience

Smoking Somatostatin analogues
Neoadjuvant treatment

Stapler

Patch and glue

Patch

Mesh

Glue

Anastomosis

Ablation

Suture

Fig. 62.5 Distal stump closure techniques. A network map showing correlation between all stud-
ies reviewed and outcomes compared. The thickness of the connecting lines indicates the number 
of direct comparisons. (Reproduced with permission from Br J Surg [14], Wiley ©2019)
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of suction on the pancreatic transection surface [20]. Furthermore, the timing of 
drain-removal is a subject of ongoing discussion. Some studies suggest, that 
removal as early as on the morning of the first postoperative day might be benefi-
cial in patients with low risk of developing a clinically-relevant pancreatic fistula, 
and this could be facilitated by measuring drain-amylase and/or serum amylase 
[17, 21, 22].

62.5  Perioperative Outcomes

Perioperative morbidity might be influenced by several factors that are either patient 
related, tumour and/or parenchyma related or related to the techniques used 
(Table 62.4).

The most specific complication after pancreatic left resection is postoperative 
pancreatic fistula [23]. Up to one third of patients (25–35% [15]) develop leakage of 
the stump, which affects the further postoperative course and has economic impact 
as well. Furthermore, POPF may lead to accumulation or be causative for other 
specific complications as delayed gastric emptying, haemorrhage or chyle leaks as 
well as collections, abscesses or wound infections.

The randomized controlled DISPACT trial was performed in 21 European cen-
tres and compared stapler versus hand-sewn closure [24]. The 30-day fistula rate in 
352 analysed patients was 36%, among which 56% were clinically relevant. 30 and 
90-days mortality was 1 and 3% respectively. 11% of patients developed new onset 
diabetes.

Neoadjuvant chemotherapy might have an impact on postoperative POPF and 
reduce the risk significantly, in a Propensity-score-matched cohort analysis of 188 
patients, POPF was reduced to 10% (vs. 23%) after neoadjuvant chemotherapy [4].

All patients should be run under evidence based enhanced recovery programs 
(ERAS), which have recently been updated for pancreatic surgery [25]. Adherence 
to an ERAS protocol is able to reduce non-surgical complications like venous 
thromboembolism, pneumonia or catheter and line associated sepsis.

62.5.1  Endocrine and Exocrine Functional Outcomes

New onset diabetes after left resection can be found in 14–28% of patients in the 
short term and up to 36% in the long term. Patients suffering from diabetes preop-
eratively are very likely to develop insulin dependency [26, 27]. There is a correla-
tion of resected volume and glucose tolerance. The exocrine function is impaired in 
the early postoperative period in 18–80% (depending on the method of testing). It is 
important to take preoperative function into account, which can be reduced by 
tumour induced obstructive pancreatitis and loss of acinar cells [28].
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62.6  Conclusions

Distal resection of the pancreas remains a challenging procedure which is recently 
increasingly performed due to earlier recognition of premalignant and cystic lesions. 
The cornerstone of resection for ductal adenocarcinomas remains a negative margin 
and an adequate lymph node dissection. While the radical antegrade modular pan-
creatosplenectomy (RAMPS) has influenced the open approach and led to ongoing 
discussions among pancreatic surgeons worldwide, minimally invasive resections 
are clearly on the rise. While early recovery seems clearly beneficial for the laparo-
scopic approach, the oncological benefits remain to be proven with well-designed 
randomized studies. Education and training to gain proficiency in this technique 
remains a challenge.
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63.1  Introduction

Many lesions in the pancreas are increasingly detected as incidental findings on imag-
ing performed for other reasons. These may range from benign cystic lesions to cysts 
of indeterminate nature, to non-functional neuroendocrine tumours or suspected pan-
creatic cancers. Hence, lesions in the distal pancreas (left to the portomesenteric vein) 
are increasingly considered for surgery. Only about 30% of pancreatic cancers arise in 
the body/tail region [1], and many may be unresectable at time of diagnosis due to the 
comparatively poor and aggressive biology of distal tumours [2].

The practice of distal pancreatic resection demonstrates huge variation between 
regions, with several differences in type of access (open, laparoscopic and robotic), 

Take Home Messages
• Laparoscopic distal pancreatectomy has comparable short-term outcomes 

to open resection in favour of shorter hospital stay with laparoscopy.
• Same surgical oncological principles should apply for open or laparo-

scopic distal resections for malignant lesions.
• Post-operative pancreatic fistulae remains one of the most frequent 

complications.

Pearls and Pitfalls
• In premalignant lesions (e.g. pancreatic cysts) it is debated if a splenec-

tomy is truly mandatory.
• Laparoscopic access should not be an excuse to resect more lesions just for 

being minimal-invasive—same indications apply as for open surgery.
• No specific technique has demonstrated superior ability to reduce post-

operative fistulae.
• In pancreatic cancer, a non-inferior effect of laparoscopic to open access 

on oncological outcomes remains to be proven.

Future Perspectives
• Ongoing randomized trials will investigate effect on oncological outcomes, 

particularly long-term survival.
• Importance of extended resections, such as RAMPS procedures, remains 

to be proven.
• Added value of robotic surgery (over laparoscopy) to open surgery remains 

unclear.
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type of stump-handling and fistula mitigation strategies, and in type of patients (and 
lesions) found eligible for resection [3].

In this chapter we will discuss distal resections for premalignant conditions (usu-
ally cysts) and current data available for pancreatic cancer. We will discuss factors 
relevant to the laparoscopic approach (but not robotic) with technical considerations 
and associated outcomes.

63.2  Pre-Operative Evaluation

The indication for surgery should be based on clinical evaluation and work-up, and 
independent of the surgical approach. Once the decision to proceed with pancre-
atectomy is made, several factors need to be considered (Box 63.1) in the pre- 
operative planning to choose the approach for the resection [4].

63.3  Technical Considerations

The principles for open and laparoscopic distal pancreatic resection are similar, but 
with some variation related to the specific access used. Several variations and pref-
erences to port placement, equipment and nuances to various steps exist between 
surgeons and institutions.

Box 63.1 Factors to be evaluated for patient selection when considering 
surgical access

Surgeon-related factors • Surgeon experience (lap and open)
• Team experience

Patient-related factors • General health and comorbidities
• Previous abdominal surgery
• Body habitus; BMI/fat distribution
• Preoperative diagnosis

Procedure-related factors • Visualization by MIS vs. open
• Wound issues
• Adequate surgical equipment

Tumour-related factors • Benign vs. malignant
• Size
• Localization, anatomical variants
• Locally advanced? Organs involved?

Societal and health economic factors • Cost of procedure
• Return to work
• Quality of life
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63.3.1  Patient Positioning and Port Placement

Patient positioning is variable, depending on equipment available. In general, posi-
tioning should facilitate access to the left flank, provide a gravitational effect on the 
intestines to improve access and should keep in mind the position on the table in 
case of need to convert to open surgery.

The surgeon and assisting surgeon (controlling the camera) may stand on the 
patient’s right side. Some prefer a supine split-leg position which is ideal for a right 
to left dissection while most prefer a right lateral decubitus or at least a 45° eleva-
tion of the left flank which is the preferred position for a left to right dissection.

A right lateral decubitus position is used by some, others use a pillow under the 
left flank and position the table in a tilt (head up, left flank up) to facilitate a similar 
effect (given the OR table as the operational function to do this).

Several variations and preferences to port placement, equipment and nuances to 
various steps exist between surgeons and institutions. Patient’s BMI, body habitus 
and previous surgeries may also play a role in adjusting port placements. A setup for 
port placement is suggested in Fig. 63.1. Four trocars placed with one above the 
umbilicus (12  mm); one in the lateral part of the left rectus abdominis muscle 
(12  mm); one to the left of the xiphoid process (5 mm); and one in the left flank 
(5 mm). Additional ports may be placed as needed and should be used liberally to 
facilitate access and avoid conversion, if possible. Several techniques are used to 
remove the stomach away from the field, either by suturing to the abdominal wall, 
lift by a tape/sling, use of retractor (e.g. Nathasons’s retractor) or simple lift by a 
grasper handled by a second assistant (which may standing at patient’s left side).

A standardised approach to laparoscopic distal pancreatectomy has been pro-
posed by the ‘clockwise, stepwise’ approach [6, 7] (Fig.  63.2). The left colonic 
flexure will be mobilized (Fig. 63.2, Step 1), and the splenocolic ligament will be 

5-mm
trocar position

12-mm
trocar position

Fig. 63.1 Suggested 
placement of trocars for 
laparoscopic distal 
pancreatectomy. 
(Reproduced from 
Björnsson et al. [5]. © 
2020 The Authors. British 
Journal of Surgery 
published by John Wiley & 
Sons Ltd on behalf of BJS 
Society Ltd)
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divided. Thereafter, the omental bursa will be opened, and the stomach completely 
mobilized, including the short gastric vessels. The lesion in the pancreas will be 
identified with or without the help of ultrasonography. The inferior border of the 
pancreas will be dissected, and a band placed around the pancreas between the 
lesion and spleen if appropriate (Step 2). A band (a penrose drain; a vascular sling 
or similar) may be placed around the pancreas to the right of the lesion (and the 
splenic vein, if splenectomy is intended). The pancreas may be undermined at the 
level of the portomesenteric confluence in case of a more proximal located lesion 
(step 3). Before dividing the pancreas, the splenic artery will be identified and 
secured (step 4) using Hem-o-lock clips (Teleflex Medical, Weck Drive, Research 
Triangle Park, NC, USA). In cases of spleen-preserving procedures, the splenic 
artery will be dissected from the pancreas and left intact. To improve visibility of the 
superior border of the pancreas, the stomach may be sutured to the anterior abdomi-
nal wall or, lifted by an assistant.

Depending on the preoperative assessment, lymphadenectomy will be performed 
as indicated for pancreatic adenocarcinoma. The pancreas will be divided using a 
linear stapler with a cartridge size fitting the thickness of the pancreas (Fig. 63.3). It 
is the author’s personal preference is to use a large, black load with enforcement of 
the stapler line. However, we recognize the data regarding use of stapler with and 

Liver

Portal vein

Superior
mesenteric

vein

Splenic vein

Inferior
mesenteric
vein

Splenic
flexure

Spleen

Pancreas

4

3

2

1

5

Fig. 63.2 The stepwise, clockwise approach to laparoscopic distal resection. The five clock-
wise steps as suggested by Asbun and Stauffer [6]. The 5 steps are indicated by numbered circles. 
(1) mobilize the splenic flexure of the colon; (2) dissect the inferior border of the pancreas; (3) 
undermine the pancreas at the intended level of transection; (4) identify the splenic artery and 
secure & ligate before transecting the pancreas; (5) mobilization of the spleen, ±splenectomy. For 
details, please refer to main body of text
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without enforcement or other techniques is debated [8–12]. Notably, a randomised 
trial found no differences in complications (including post-operative fistulae rate) 
with use of enforced compared to bare staplers [13]. A systematic review suggested 
staplers to be superior over suture closure of the stump with regard to fistula rates 
[14], but the data were likely skewed towards open resections with uncertainty of 
how this would fare for laparoscopic resections. Overall, there are numerous varia-
tions and techniques reported, but systematic reviews [15] and consensus data cur-
rently does not support one over another [16].

A gradual stepwise compression technique and division is used before firing the 
stapler [7]. This standardized approach to laparoscopic distal resection, with step-
wise graded compression technique for pancreatic transection has been described to 
reduce the risk of rupture of the pancreas along the stapling line [6, 7]. While the 
stapler size to pancreas thickness ratio may be of some importance [17], it is recog-
nized that not all glands will fit with the staplers available and hence universal rec-
ommendations may not apply [16].

Portal
vein

Coeliac
truck

Ligated
splenic artery

Pancreatic
tumor

Inferior
mesenteric
vein

Endo
stapler

Splenic
vein

Superior
mesenteric

vein

Fig. 63.3 Division of the gland by using a stapler. Performing a subtotal distal resection may be 
required of the lesion is close to the portomesenteric vein, the gland is then transected at the por-
tomesenteric confluence (the pancreatic neck), otherwise the transection can be performed more 
distally for lesions located in the body or tail of the pancreas. (Reproduced with permission from 
Björnsson et al., Br J Surg [5] by Wiley, copyright the Authors © 2020)
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Following division of the pancreas, the resection will be performed in a medial 
to lateral direction (step 4). Lastly (step 5), mobilization of the spleen is done (in 
case splenectomy en-bloc is included as part of the procedure). The surgical speci-
men will be placed in a plastic bag and retrieved through enlargement of the trocar 
incision—either in the midline or, as some prefer, through a Phannenstiel incision 
over the symphysis pubis.

A drain may be placed depending on surgeon preference and local practice, 
although the role of drains in pancreatectomy remains debated [15, 18–20]. Early 
removal of drain is usually practiced, depending on the character and amount of 
drainage reflected by the amylase levels.

63.4  The Lateral Approach

For lesions located more distal in the pancreatic gland, an alternative to the ‘clock-
wise’ or ‘medial approach’ may be entertained, and a ‘lateral approach’ has been 
described [21] (Fig. 63.4). This technique may facilitate spleen-preservation.

63.5  Spleen Preservation or Splenectomy 
with Distal Pancreatectomy

The role of spleen preservation is much debated. Considerable variation exists in 
practice across centers [22]. Splenectomy is regarded as part of an oncological pro-
cedure in case of confirmed or suspected malignancy, although the exact role of 
lymph node dissection and inclusion by splenectomy remains to be debated. One 
study found an overall low involvement, and no positive lymph node in station 10 
(splenic hilum) when tumour was located in the pancreatic body, rather than tail, 
and when no suspected lymph nodes found on CT [23].

For lesions not showing an overt malignant character, it is generally recom-
mended to preserve the spleen, if possible. Avoiding splenectomy is associated with 
fewer complications and lower risk for surgical site infections [24, 25] but not in all 
studies [26]. Smaller lesions are associated with a higher chance for successful 
spleen-preserving procedure [27, 28].

Two types of techniques for spleen preservation are described, the Kimura tech-
nique [29] and Warshaw technique [30]. The Kimura procedure preserves the 
splenic vessels by an accurate dissection and ligation of small splenic branches and 
splenic vessels away from the pancreas. The Warshaw technique leaves the spleen 
to be perfused by the short gastric artery and the left gastroepiploic artery, dissecting 
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the splenic vessels at the transection level of the pancreas and the splenic hilum. 
Both these procedures are described as safe and feasible.

Robotic laparoscopic distal pancreatectomy is even less widespread in use than 
laparoscopic resections. However, outcomes appear to be overall similar, with a 
higher spleen-preservation rate for robotic resections [31]. This latter effect may be 
attributed to a better technical control and handling with the 3-dimensional space- 
handling by the robotic platform, but may also be attributed to selection of cases for 
robotics in the early phases of implementation of this technique. Further compara-
tive data are needed.

a b

c d

Fig. 63.4 The lateral approach to distal pancreatectomy. Steps to lateral distal pancreatec-
tomy. The inferior and superior borders of the pancreas are identified (a, b) and the distal gastric 
vessels are identified and the lesser sac is entered. The pancreas is elevated from the splenic vessels 
(c) in a lateral to medial manner, for a spleen-preserving procedure. When well medial to the lesion 
(d), the pancreas is transected using a laparoscopic stapler. Further details and instructional videos 
are provided in. (Reproduced with permission from Stricland et  al. [21], Surgical Endoscopy, 
Springer ©2015)
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63.6  Complications

Complications encountered after distal pancreatectomy are the same as those for pan-
creatic head resections [24, 32, 33], and defined by the consensus groups for post-
operative pancreatic fistulae, delayed gastric emptying, and chyle-leak (as covered 
elsewhere in this book). However, while fistulae rates may be higher in distal resec-
tions (up to 30%), they are usually less severe and have much less grave consequences. 
Also, mortality is usually much lower after distal resections (at 1%) compared to pan-
creatic head resections (mortality usually reported between 3–5%) [34–37], most 
likely explained by a less invasive procedure and lower risk for severe complications.

63.7  Effect on Short-Term Outcomes

Several observational studies report on beneficial short-term effect of laparoscopic 
distal resections compared to open. Less bleeding, less morbidity and shorter hospi-
tal stay is consistently reported across reports [4].

In the randomized LEOPARD trial, [37] the laparoscopic approach reduced time 
to functional recovery compared with open distal resections. Notably, while the 
overall rate of complications was not reduced, the use of minimal invasive access 
was initially associated with less delayed gastric emptying and better quality of life 
without increasing short-term costs [37]. However, upon 1-year follow up, the costs, 
quality of life and cosmesis results became comparable between the two groups 
[38]. Long-term oncological outcomes are still awaited from this trial.

In the more recent LAPOP trial [5] comparing laparoscopic and open distal pan-
createctomy, median hospital stay was shorter, time to functional recovery was 
shorter, and less bleeding was observed in the laparoscopic group. Of note, most of 
the lesions included where of benign or cystic origin, with no extrapolation possible 
to malignant lesions or large tumours.

The short-term benefits of laparoscopic distal resections has also been shown in 
observational studies [22, 36], reporting overall variation between regions but in gen-
eral laparoscopy is associated with almost 50% reduction in length of stay compared 
to open surgery [39]. However, readmissions are quite common, with up to 20% in 
some series [36], and may be due to early discharge or late presentation of complica-
tions (e.g. pancreatic fistulae) that emerge only after patients have been discharged.

63.8  Use and Implementation of Open Versus Laparoscopic 
Access for Distal Pancreatectomy

Regional variation is considerable in the use of minimal-invasive access (most 
often laparoscopy) and the take-up rate is now around 46% in a multicentre study 
from the UK representing ‘early adopters’ to laparoscopic distal resections [40], 
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over 60% laparoscopy rate in a nationwide study from Norway [36] including all 
centers and all patients, but with notable variation between regions in the adop-
tion of laparoscopy (15% in the lowest to 80% in the highest rate) [22]. In the US, 
adoption of laparoscopic distal pancreatectomy has been slow [41]. Training and 
access to minimal invasive surgery and particular HPB is an issue that is not eas-
ily overcome nor have a universal answer [42]. Training programmes, curricula 
and guidelines have been proposed in an attempt to standardize common themes 
of training and education as well as practice of minimal-invasive pancreatic sur-
gery [43, 44].

63.8.1  Learning Curve and Volumes

Training programs for minimally invasive distal pancreatectomy, laparoscopic pan-
creatoduodenectomy and robotic pancreatoduodenectomy have been described with 
acceptable outcomes during the learning curve and improved outcomes after train-
ing [45]. Learning curve studies have revealed an association between growing 
experience and improving perioperative outcomes, with cut-off found at around 30 
procedures in one study [40]. In addition, the association between higher center 
volume and lower mortality and morbidity has been reported by several studies, 
suggesting an effect of centralization of procedures [32], while others have sug-
gested that this would have no effect [46].

63.8.2  Difficulty Scores

Agreed and universal methods for scoring difficulty and evaluation of laparoscopic 
distal pancreatectomy do not exist, although some scores are proposed [47, 48]. The 
Japanese classification system [47] (Figs. 63.5 and 63.6) for difficulty of laparo-
scopic distal pancreatectomy is currently the best standardized system, with good 
outcomes and robustness reported in an external validation cohort [49].

63.9  Oncological Outcomes for Open Vs. Laparosopic 
Distal Pancreatectomy

While both RCTs (LEOPARD, LAPOP) discussed above prove the short-term ben-
efits of laparoscopy, there are no randomised data regarding oncological outcomes. 
Adhering to oncologic resection principles is as crucial laparoscopically as in open 
surgery. Any safe oncologic techniques should aim for R0 resection for curative- 
intent and sufficient nodal harvest for accurate staging, keeping in mind the 
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10-level index

3-level index

Landmark
operation

Low Intermediate High

1 2 3 4 5 6 7 8 9 10

For beginner, with
experience of less than

20 cases.

For trainee to become
expert, with experiences

of 20 to 49 cases.

For expert, with
experiences of 50 or

nore cases

Technical limitation or contraindication
in the current situation

Laparoscopic distal pancreatectomy for benign disease
(resection at the level of portal vein + splenectomy)

Fig. 63.5 Difficulty index of laparoscopic distal pancreatectomy. According to 10-level diffi-
culty index, index 1 and 10 were defined as the easiest and the most difficult cases, respectively. 
Difficulty was also classified into three indexes in the viewpoints of education; low (1–3, for begin-
ner), intermediate (4–6, for trainee to become an expert), and high (7–10, for expert). As a land-
mark operation, laparoscopic distal pancreatectomy with splenectomy for benign disease by the 
resection line at portal vein was set at index 3 to share the common scale of difficulty index among 
operators and reviewers. Scoring of likely difficulty of laparoscopic distal pancreatectomy. 
(Reproduced with permission from [47] from Wiley © 2018)

Type of operation

Pancreatic resection line

Score

+4

+3

+1

Score

+1

0

Score
+5

0

Score
+1

0

Score
+2

0

Portal vein level

Pancreatic tail

DP-S for benign disease

SPDP

RAMPS

Tumor close to major vessela

Tumor extension to peripancreatic tissue

Left side portal hypertension and/or splenomegaly

Presence

Absence

Presence

Absence

Presence

Absence

Fig. 63.6 Difficulty scoring system for laparoscopic distal pancreatectomy. The difficulty 
index is calculated by the addition of factors including type of operation, resection line of the 
pancreas, presence or absence of the tumor close to the major vessels, tumor extension to peripan-
creatic tissue, and left side portal hypertension and/or splenomegaly. aThe situations include that 
the tumor abutment to the splenic artery/vein is observed during SPDP, the tumor invasion is noted 
near the confluence of the splenic vein and superior mesenteric vein, or tumor is close to the root 
of splenic artery. DP-S distal pancreatectomy with splenectomy, RAMPS radical antegrade modu-
lar pancreatosplenectomy, SPDP spleen and vessel preserving distal pancreatectomy. (Reproduced 
from [47] with permission from Wiley and Sons © 2018)

63 Laparoscopic Distal Pancreatectomy



978

limitations of staging for biological behaviour of tumours [50]. The R0-criteria is 
similar for body and tail cancers [51] to those applied for head of pancreas malig-
nancies. The often reported poorer outcomes in pancreatic body and tail cancers is 
most likely due to a commonly late presentation and possibly more advanced biol-
ogy, as these cancers have a higher rate of squamous subtypes and aggressive behav-
iour [2]. Cancer of the body and tail should be approached by a multimodal approach 
[52], considering neoadjuvant therapy as part of the management plan before sur-
gery [53, 54] regardless of mode of access for surgery.

Systematic review and metanalysis [55–57] comparing the oncological safety of 
open to laparoscopic distal resections find that there are overall short-term benefits 
with laparoscopy, including less blood loss, lower morbidity and shorter hospital 
stay, but notably no hard data on cancer outcomes are reported. One meta-analysis 
calculated no significant difference in the 3-year (HR 1.03, 95% CI 0.89–1.21; 
P = 0.66) and 5-year overall survival (HR: 0.91, 95%CI 0.65–1.28; P = 0.59) [56]. 
Another systematic review found that laparoscopic (or minimal invasive access) 
was associated with comparable survival, R0 resection, and use of adjuvant chemo-
therapy, but a lower lymph node yield, as compared to open distal resection [57]. 
However, there are caveats in the comparisons between laparoscopic and open 
resections. For one, tumours were found to be of smaller size in the laparoscopic 
distal resection group in two of the metanalyses, [55, 57] with lower lymph node 
yield with laparoscopic access [57]. Therefore, due to treatment allocation bias and 
lower lymph node yield the oncologic efficacy of minimal-invasive distal pancre-
atectomy remains uncertain.

63.9.1  Minimal-Invasive Radical Antegrade Modular 
Pancreatosplenectomy (RAMPS)

The RAMPS procedure was designed to achieve optimall radicality for pancreatic 
cancer lesions in the body and tail. The details are discussed more extensively in the 
chapter on “open distal pancreatectomy” in this book. Several reports have emerged 
with the use of laparoscopic RAMPS and more recently with use of robotic-assisted 
technique [58–63]. data are scarce on the a exact role of this technique for cancer 
outcomes, independent on acces modality. A randomised trial has been designed to 
compare robotic RAMPS to a standard resection [64]. However, the endpoints (pri-
mary endpoint is R0 rate; secondary endpoints are the number of harvested lymph 
nodes, perioperative complications and perioperative indicators such as duration of 
surgery, blood loss, blood transfusion volume, costs) will not allow for evaluation of 
the actual impact on cancer survival.

A video showing a laparoscopic RAMPS procedure is presented (Video 63.1; 
courtesy Fuks & Gayet), which nicely demonstrates the principles and technique 
when this procedure is done.
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63.10  Costs

As part of the potential benefits and also downsides to laparoscopic distal pancre-
atectomy is the cost-effectiveness aspect, another debated topic in this regard [38, 
65–69]. The debate includes a higher procedure cost based on equipment, yet a 
potential cost-saving on the side of hospital days. Health care systems, insurance 
coverage, out of pocket costs and financial incentives may influence how this is 
valued overall. The randomised LEOPARD trial suggest that laparoscopy was at 
least as cost effective as open distal resection [38].

63.11  Conclusions

Laparoscopic distal pancreatectomy is safe, effective and comparable with the out-
comes of open approach despite limited randomized controlled trials. Long-term 
oncologic outcomes remain to be proven for malignant lesions. Training and stan-
dardized approach to laparoscopic distal pancreatectomy suggest an improvement 
in learning curve while indications to perform an open or laparoscopic approach 
depends on several factors including surgeon experience, patient and tumour related 
factors. Finally, oncologic principles in distal pancreatectomy for pancreatic tail 
tumours must be maintained whether approach is open of laparoscopic.
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Take Home Messages
• This chapter describes a standardized approach to distal pancreatectomy 

with celiac axis resection (DP-CAR) based on expert consensus and inter-
national evidence.

• DP-CAR is a safe and effective operation when performed at specialized 
high- volume centers on carefully selected patients who received neoadju-
vant chemotherapy.

• In those cases, mortality rates are acceptable and median overall survival 
times can exceed 30 months. However, the aggregated median overall sur-
vival time based on 22 published reports (N = 524) is 21 months.

• Treatment of older patients with serious co-morbidities, lack of neoadju-
vant chemotherapy, extensive vascular resections, and/or lack of proce-
dure-specific surgical experience may lead to detrimental outcomes 
including a higher risk of 90-day mortality.
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64.1  Introduction

Pancreas surgeons have traditionally differentiated between resectable, borderline 
resectable and locally-advanced pancreatic cancer [1]. While local and locally- 
advanced pancreatic cancer are two distinct stages of the disease, definitions for 
surgical resectability are continuously debated and updated. In part, this is the result 
of improved treatment modalities like neoadjuvant chemotherapy, which result in 
higher surgical eligibility rates. On the other hand, new evidence or new surgical 
tools also shift the boundaries of resectability. Although resectability itself is a rela-
tive concept, influenced by locoregional practice variations, radical surgical removal 
of the primary tumor is key to acceptable overall survival [2]. Currently, only 
20–30% of patients with pancreatic cancer undergo resection. If surgical eligibility 
rates can be expanded, more patients may benefit from radical surgical resection [2].

Recent international studies show that a subgroup of patients with pancreatic can-
cer, localized in the pancreatic tail or tail and extending into the celiac axis, may 
benefit from distal pancreatectomy with celiac axis resection (DP-CAR). This 

Pearls and Pitfalls
• + DP-CAR expands surgical eligibility for selected patients with locally 

advanced pancreatic cancer involving the celiac axis.
• + Eligibility and survival for DP-CAR have increased over the past decade 

as a result of down staging with more effective neoadjuvant therapy 
regimens, such as FOLFIRINOX chemotherapy.

• − DP-CAR is associated with higher major morbidity (33%) and 90-day 
mortality (6%) than conventional pancreatectomy, although these rates are 
lower at high-volume centers in combination with careful patient selection.

• − Severe ischemic (i.e. gastric or hepatic) complications may occur as a 
result of the extensive vascular resection. Theoretically, these risks might be 
reduced by preoperative common hepatic artery embolization, gastric artery 
preservation, or bypass grafting, but the evidence on these strategies is weak.

Future Perspectives
• Future research should aim to improve insights in pancreatic cancer patho-

physiology, improve post-resection collateral flow to the liver and stom-
ach, and reduce severe pancreatectomy-related complications.

• Individualized chemotherapy regimen, immune therapy, or genetic/epigen-
etic approaches may effectively target the systemic component of pancre-
atic cancer in the future.

• Improved understanding of anatomical variations and the physiology of 
collateral flow could improve resection and reconstruction techniques and 
reduce ischemic complications.

• New strategies to prevent postoperative pancreatic fistula may prevent 
post- pancreatectomy hemorrhage, abscesses, or other serious postopera-
tive complications.

S. Klompmaker et al.
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procedure was previously referred to as the modified Appleby procedure [3–5]. After 
resection of the celiac axis, the liver is perfused by retrograde flow from the superior 
mesenteric artery via the pancreatic head arcade into the gastroduodenal artery. If the 
left gastric artery is also resected, the stomach is perfused via the right gastric artery 
(Fig.  64.1). For this operation, the aorta, gastroduodenal and superior mesenteric 
arteries should be free of tumor. Additionally, the patient should be fit enough to 
undergo such extensive surgery. When performed at specialized and high- volume 
pancreatic surgery centers, after induction or neoadjuvant chemotherapy 
(FOLFIRINOX [FOLic acid, Fluorouracil, IRINotecan, OXaliplatin] or Nab- Gem- S1 
[Nab-Paclitaxel, Gemcitabine, Tegafur/Gimeracil/Oteracil]), complication rates are 
acceptable and median postoperative overall survival can reach up to 30 months [5, 6].

Here, we describe the standardized approach to DP-CAR with and without left 
gastric artery preservation. We discuss the role of preoperative artery embolization 
and a clinical risk score to determine which patients may benefit from DP-CAR. We 
also touch on additional venous or arterial resection and reconstruction, without 
going into detail on these experimental procedures. Finally, we present an updated 
evidence table of a previously published systematic review on DP-CAR.

64.2  Patient Selection and Preoperative Work-Up

From previous studies we know that patient selection is critical to achieve accept-
able outcomes after DP-CAR [5, 6]. Each patient should be discussed within a mul-
tidisciplinary team and should meet at least the following criteria at baseline: (1) 
recent CT-/MRI-imaging is available, (2) there are no distant metastases on imag-
ing, (3) the tumor is confined to the pancreatic body/head and the celiac axis, 
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Fig. 64.1 Schematic overview of the anatomy related to DP-CAR. The transparent organs are 
resected during DP-CAR. The arrows represent reversed flow after resection. The actual anatomi-
cal lay-out may differ from this schematic representation. (Drawing by Van der Zon Visueel)
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leaving the aorta, superior mesenteric artery and the gastroduodenal artery free of 
tumor, (4) the patient completes at least 2–4 months of preoperative chemotherapy. 
Other relative selection criteria are (5) no concurrent organ involvement, (6) ade-
quate physical condition to undergo maximally invasive surgery, and (7) availability 
of a surgical team performing at least one DP-CAR per year. The impact of the last 
three criteria on the risk of 90-day mortality can be assessed using a validated risk 
calculator (www.panreascalculator.com) [6].

Comparison of results between high- and low-volume centers has taught us that 
preoperative chemotherapy using FOLFIRINOX or Gemcitabine/nab-paclitaxel/S-1 
may greatly improve survival after resection. This effect is attributed partly to self- 
selection of patients with less aggressive tumors (i.e. less likely to metastasize) that 
remain stable or partially respond after neoadjuvant treatment and partly to the 
effective combination of systemic and local therapy [6]. The latter may also be 
enhanced by preoperative stereotactic body radiation therapy (SBRT) [7]. After pre-
operative treatment, tumor response should be evaluated using the response evalua-
tion criteria in solid tumors (RECIST) and the change in CA 19.9 levels [8].

Although strong evidence on its efficacy is lacking, some centers apply preopera-
tive artery embolization (PAE) to evaluate and enhance collateral flow to the liver 
and/or stomach [9]. Additionally, PAE may reduce the risk of postoperative isch-
emic complications [4, 6, 9–11]. The treatment is based on coiling of the common 
hepatic artery and/or the left gastric arteries 2–3 weeks prior to surgery. If the aim 
is to preserve the left gastric artery, only the common hepatic artery should be 
coiled. After coiling, the collateral flow can be tested on CT-angiography or conven-
tional angiography. In case of insufficient collateral flow, the coils can be removed 
and the procedure can either be aborted or arterial bypass surgery can be considered. 
Recommended steps for preoperative selection and workup, including preoperative 
chemo−/radiotherapy and embolization, are outlined in Fig. 64.2.

64.3  Technical Aspects

64.3.1  Conventional Resection

The patient is placed in supine position and staging laparoscopy is performed to 
rule out peritoneal or liver metastases. Hereafter, a bilateral subcostal or midline 
laparotomy is performed followed by a second inspection of the liver, peritoneum, 
and lesser sac. Optionally, intra-operative ultrasonography is performed to confirm 
tumor involvement of the celiac axis, and rule out involvement of the aorta, superior 
mesenteric and gastroduodenal arteries and portal vein. At this stage, preoperative 
CT-/MRI-imaging or visual inspection alone are deemed unreliable as a result of 
residual inflammation after neoadjuvant chemotherapy. Intraoperative frozen sec-
tions are taken liberally throughout the operation to confirm the ultrasound findings 
and the possibility to achieve radical (R0) resection.

S. Klompmaker et al.
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The operation proceeds with dissection of Treitz’ ligament to again assess tumor 
involvement of the superior mesenteric artery. The inferior vena cava, aorta, and 
origin of the celiac axis and superior mesenteric artery are exposed using an 
extended Kocher maneuver. The celiac axis and superior mesenteric artery are 
encircled with vessel loops if technically feasible. Tumor involvement of the celiac 
axis and superior mesenteric artery is now confirmed once more. The pancreas is 
encircled with vessel loops at its neck, ventral to the portomesenteric vein. Lymph 
node dissection is performed along the hepatic artery (station 8a) as part of routine 
lymphadenectomy.

Patient with
pancreatic cancer involving celiac axis

Are these criteria fulfilled on
CT-A/ MRI-pancreas at baseline?

-    Distant metastases absent

-    SMA/GDA/aorta free of tumor

-    PV involvement < 90°

Not eligible for DP-CAR

Neoadjuvant therapy (2 - 4 months):

-    Serum CA19-9 level

-    FOLFIRINOX or Gem-nab-paclitaxel/ S-1

-    Optionally: radiotherapy or SBRT

Are these criteria fulfilled 

on CT-A/ MRI-pancreas after chemo?

-    Serum CA19-9 reduction at least 30%

-    RECIST stable or regression

Not eligible for DP-CAR

Eligible for DP-CAR

No

No

Yes

Yes

Fig. 64.2 Recommended steps for patient selection and preoperative work up. Consensus recom-
mendations based on multicenter evidence and expert opinions. CT-A computed tomography 
angiogram, GDA gastroduodenal artery, Gem gemcitabine, MRI magnetic resonance imaging, 
SBRT stereotactic body radiation therapy, PV portal vein, RECIST Response Evaluation Criteria in 
solid tumors. (Reprinted with permission from: Klompmaker et  al. Journal of Gastrointestinal 
Surgery; 2018)
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The hepatic artery is inspected and test-occluded using a bulldog clamp. 
Adequate collateral flow to the liver via the proper hepatic artery should now be 
established using a Doppler probe. This step is omitted if the hepatic artery was 
embolized preoperatively. The diaphragmatic crus is divided cranially to the celiac 
axis to create space for resection. Celiac axis involvement is once more confirmed 
by frozen section. Using vascular staplers, the hepatic artery is transected at 1 cm 
proximal to the gastroduodenal artery and at the base of the celiac axis. Suture and 
clip closure can be applied when there is not enough space for the stapler. Of note, 
the left gastric artery may be spared if it shows no tumor involvement and if its 
origin lays very proximal to the aorta [12].

After a frozen section of the pancreas, the pancreas is now divided in between the 
vessel loops ventral to the porto-mesenteric vein using a stapler, surgical blade or 
cautery device. The left gastric vein and the splenic artery and vein are divided. It is 
important to preserve the right gastric and gastroepiploic arteries to reduce the 
risk of gastric ischemia. The dissection continues dorsally to free the superior mes-
enteric artery of all nervous and lymphatic tissue on its left side.

The operation now follows the steps of a regular radical antegrade modular 
pancreato- splenectomy (RAMPS) [13]. Using the left renal vein as a landmark, 
medial to lateral dissection includes the anterior renal fascia (Gerota), pancreatic 
tail, short gastric vessels, and spleen. An anterior RAMPS (i.e. including the ante-
rior renal fascia) or posterior RAMPS (i.e. including the left adrenal gland) is 
advised according to the extent of dorsal tumor ingrowth to achieve a radical resec-
tion. Lymphadenectomy should include stations 11 (supra-pancreatic) and 18 (infra- 
pancreatic), according to international study group on pancreatic surgery (ISGPS) 
recommendations [14]. Lymph station 10 is included in the splenectomy.

Optionally, a wedge or segmental portal vein resection may be carried out as 
final step, provided involvement is detected perioperatively and adequate exposure 
can be achieved. A peritoneal patch may be used if only the left lateral aspect of the 
porto-mesenteric confluence is involved [15]. Otherwise, a segmental resection is 
performed followed by autologous or synthetic graft insertion. Notably, the pancre-
atic head remnant likely prevents tension-free endo-to-end anastomosis. This is one 
of the reasons vascular reconstructions are riskier in DP-CAR compared to 
pancreatoduodenectomy.

Finally, the pancreatic tail and spleen are removed en-bloc, together with the 
celiac axis. The abdomen is closed after adequate hepatic artery flow is confirmed 
by visual inspection and Doppler probing. A surgical drain is left in situ at the pan-
creatic cut margin, with extra side holes at the upper left quadrant. An overview of 
all recommended steps is presented in Fig. 64.3.

64.3.2  Robot Assisted Approach

Although rarely performed, the robot-assisted DP-CAR may reduce morbidity and 
mortality rates compared to open in the hands of experienced robotic pancreas sur-
geons at high-volume centers [6, 16]. Similar to the open approach, the operation is 
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preceded by staging laparoscopy. Hereafter, the robot is docked and set up next to 
two laparoscopic trocars, as described elsewhere [16]. The omental bursa is opened 
and the pancreas is tunneled and encircled with vessel loops. Similar to the open 
approach, test clamping is performed to check the collateral flow prior to resection. 
A robotic or laparoscopic non-reinforced linear stapler is then used to divide the 
pancreas followed by the common hepatic artery. The superior mesenteric artery is 
then located through further dissection and traced back to its origin at the celiac 
axis. A robotic ultrasound device is used frequently to confirm the origins of the 
superior mesenteric artery and the celiac axis.

Using a vascular linear stapler, the splenic artery and left gastric artery and vein 
are transected distally to their origin at the celiac axis. This is followed by lymph-
adenectomy on the superior and right side of the celiac axis. Then, the dissection 

No artery embolization

Abort surgery

(Lap) test occlusion of
CHA: Doppler ++ ?

Proximal LGA branching from aorta?

CHA + LGA coilingCHA coiling

Staging laparoscopy: peritoneal or liver metastases absent? 

Confirm GDA, SMA, and aorta are free of tumor. Take frozen 

sections of the celiac axis and LGA to confirm involvement: 

-    If both free of tumor: preserve both, perform regular RAMPS

-    If both involved: resect celiac axis at theroot

-    If only celiac axis involved: resect celiac axis and preserve LGA

Abort surgery

-     Continue as RAMPS procedure: en-bloc resection of pancreatic 

body and tail, Gerota’s fascia, spleen, lymph stations 8, 11, 18. 

-     Perform (partial) PV resection if necessary.

Preoperative artery embolization

No

Yes

Yes

Yes

Yes

No

No

Fig. 64.3 Procedural steps of the DP-CAR. Consensus recommendations based on multicenter 
evidence and expert opinions. CHA common hepatic artery, GDA gastroduodenal artery, lap lapa-
roscopic, LGA left gastric artery, PV portal vein, RAMPS radical antegrade modular pancreato- 
splenectomy, SMV superior mesenteric vein. (Reprinted with permission from: Klompmaker et al. 
Journal of Gastrointestinal Surgery; 2018)
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continues along the adrenal vein from lateral to medial, lifting the distal pancreas 
and spleen including the renal fascia off of the retroperitoneum. Ligation of the 
splenic artery and vein, and distal pancreas at the hilum of the spleen and “in situ 
splenectomy” is performed in most cases to facilitate manipulation of the distal 
pancreas during dissection of the retroperitoneum. These steps ensure the surgeon 
has 270-degree access to the celiac trunk at its origin from the aorta. Thus, the dis-
section to isolate and divide the celiac axis can proceed in any of these planes. 
Providing the portal vein shows no tumor involvement at this stage, the splenic vein 
is divided. Otherwise, splenic vein resection is performed in the final stage. The 
procedure is concluded by lymphadenectomy on the right side of the celiac axis, 
followed by transection of the remainder of the celiac axis at its origin using the 
vascular stapler. All specimens are removed via a pubic (i.e. Pfannenstiel) incision 
and a surgical drain is left in situ.

64.4  Postoperative Management and International Outcomes

A postoperative enhanced recovery pathway is recommended after DP-CAR, with 
special attention to clinical or laboratory signs of gastric or hepatic ischemia or 
infarction [17, 18]. Such signs include abdominal pain or discomfort, delayed gas-
tric emptying, hematemesis from ulceration, or elevated liver enzymes or serum 
lactate levels. The occurrence of postoperative pancreatic fistula could also indicate 
ischemia and may cause severe damage to vascular stumps or anastomoses when 
left untreated. A CT-angiography is indicated at the occurrence of any of the afore- 
mentioned symptoms. All patients should receive proton pump inhibitors for 
6  months postoperatively. Otherwise, management and follow-up are similar to 
oncologic distal pancreatectomy.

An overview of the international literature on outcomes after DP-CAR is 
presented in Table 64.1. The search strategy and evidence from a previous sys-
tematic review published in 2016 were updated in October 2019 [4]. Only cohort 
studies with 3 subjects or more were included. Overlapping cohorts were 
removed and case-weighted averages and aggregate proportions were re-estab-
lished. Compared to the previous systematic review, median age was lower (57 
vs. 63 years), PAE was performed less often (26% vs. 36%), neoadjuvant ther-
apy was performed more often (41% vs. 16%), adjuvant therapy was performed 
more often (62% vs. 51%), and medial overall survival has improved (median 21 
vs. 14  months). However, major morbidity (33% vs. 27%), 90-day mortality 
(6.0% vs. 3.5%), and radical resection rates (68% vs. 75%) were worse com-
pared to the previous systematic review. Higher rates of (neo-)adjuvant therapy 
and a younger patient population may explain improved survival rates. Suspected 
underreporting in older studies may have confounded morbidity, mortality and 
radical resection rates. As shown in a recent international multicenter cohort 
study, outcomes are considerably better in specialized high-volume pancreatic 
surgery centers [6].
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64.5  Conclusion

The standardized DP-CAR is a safe and effective operation when performed at spe-
cialized high-volume centers, on carefully selected patients who received neoadju-
vant chemotherapy. Based on 22 published reports (N = 524) the 90-day mortality 
rate was 6% and the median overall survival time was 21 months. However, high- 
volume centers have reported lower 90-day mortality rates and median overall sur-
vival exceeding 30 months.
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Take Home Messages
• Pancreatic cancer surgery has rapidly evolved in the last four decades.
• Mortality has decreased from above 20% to around 3% in high-volume 

settings.
• Postoperative pancreatic fistula remains a relevant problem both after pan-

creatoduodenectomy and distal pancreatectomy.
• Surgical resection remains the prerequisite for long-term survival. In com-

bination with modern chemotherapy median survival times above 
50 months can be achieved.

• Surgical resection techniques have to aim for local radicality (R0 resec-
tion) and should be oriented at the mesenteric and celiac arteries and at the 
mesenteric and portal veins

• The role of minimally invasive surgery and the best therapy sequencing of 
resection and chemotherapy are two important topics of current research that 
will have major impact on the future development of pancreatic cancer surgery.
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65.1  Introduction

Pancreatic cancer is the fourth most common cause of cancer-related death in the 
Western world [1] and it is projected to become the second leading cause by 2030 [2]. 
Surgical resection in combination with systemic chemotherapy offers the only chance 
of long-term survival and potential cure [3]. However, only about 20–30% of patients 
with pancreatic cancer present with resectable tumours [3, 4] and even these patients 
frequently do not undergo potentially curative surgery. Despite the clear survival ben-
efit from resection, several recent population-based studies identified a failure to offer 
surgery to many patients with stage I-II pancreatic cancer with resection rates varying 
between 35% and 70% across the USA and Europe [5, 6]. While various mechanisms 
contribute to this underutilization of surgery, a persisting skepticism of primary care 
providers and patients towards the safety and efficacy of pancreatic cancer surgery 
appears to play an important role [3]. Pancreatic resections belong to the most chal-
lenging procedures in oncological surgery and are associated with a considerable risk 
of morbidity and even mortality. In addition, pancreatic cancer remains one of the 
most deadliest cancers with a high rate of recurrence affecting around 25–40% of 
patients already in the first year and 5 year survival rates of only around 20 even after 
successful resection [3]. However, the field of pancreatic cancer surgery has enor-
mously evolved over the last few decades resulting in considerably improved safety 
and efficacy and continues to rapidly develop.

This chapter gives a brief overview about the evolution of pancreatic cancer sur-
gery and summarizes advances that are of central importance for the optimization of 
outcomes. Many of these advances were made in areas that do not only involve 
surgery itself, but the entire management of patients with pancreatic cancer and 
include preoperative diagnostic workup, perioperative patient care, complication 
management as well as adjuvant and neoadjuvant therapy.

Advances in these areas are inextricably linked to the past evolution and to the 
future of pancreatic cancer surgery and are delineated in dedicated chapters within 
this textbook. This chapter highlights technical aspects in the evolution of 

Future Perspectives
• Evidence on the effect both of techniques pointed at local radicality and of 

minimally invasive techniques on short-term (safety) and long-term out-
come (efficacy) will be decisive for the future technical development of 
pancreatic cancer surgery.

• The reduction and management of postoperative pancreatic fistula will 
remain in the focus of short-term outcomes.

• Evidence from ongoing studies on therapy sequencing (upfront surgery 
versus neoadjuvant therapy) in resectable and borderline resectable pan-
creatic cancer will have considerable impact on the role of surgery in the 
multimodal treatment of pancreatic cancer.

• With advances in both surgical technique and systemic treatment of pancreatic 
cancer the role of pancreatic cancer surgery is expected to increase in the future.
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pancreatic cancer surgery. Topics that are currently of main interest and may have 
considerable impact on the future evolution of pancreatic cancer surgery are 
highlighted.

65.2  Evolution of Pancreatic Cancer Surgery

The history of pancreatic cancer surgery spans less than 140  years and can be 
divided in several eras in which the incremental progress was driven by distinct 
advances in both surgical technique and in other disciplines.

65.2.1  Era of the Pioneers

Even a brief overview on the evolution of pancreatic cancer surgery should pay 
tribute to the pioneering surgeons, who dared to explore and boldly push forward 
the frontiers of pancreatic surgery and prepared the ground for modern pancreatic 
cancer surgery. In the second half of the nineteenth century advances in aseptic 
techniques and surgical anesthesia were preconditions for the evolution of visceral 
surgery, when it was in its infancy. Pancreatic surgery started from palliative proce-
dures for the management of biliary obstruction or procedures to manage pseudo-
cysts in pancreatitis [7, 8]. Towards the end of the nineteenth century the first 
pancreatic resections for malignant tumors were performed (Table 65.1) [9–20].

The first anatomical pancreatic resection for cancer is attributed to Friedrich 
Trendelenburg, who performed a distal pancreatectomy with splenectomy during a 
resection for sarcoma in 1882 [9]. Due to the challenges in resection and reconstruc-
tion for pancreatic head tumors that we still face today, it took almost three decades 
until Walther Kausch performed the first successful partial pancreatoduodenectomy 
for an ampullary cancer as a two-stage procedure in 1909 [13]. The first successful 
one-stage partial pancreatoduodenectomy was performed by Georg Hirschel in 
Heidelberg in 1914 [14]. Interestingly, the first combined vascular resection for pan-
creatic cancer was performed as early as 1927 as a subtotal pancreatectomy with 
portal vein resection by Gordon Gordon-Taylor in London [15].

While the previous partial pancreatoduodenectomies were non-anatomical, remov-
ing only a part of the pancreatic head and duodenum, Allan Whipple performed the 
first anatomical partial pancreatoduodenectomy as a two-stage procedure for an 
ampullary cancer in 1934 [16]. The 1935 publication of Whipple and colleagues on 
pancreatoduodenectomy marks an important event in pancreatic surgery, as it trig-
gered a broader recognition of the procedure and its role in ampullary cancer. However, 
the first anatomical resection for pancreatic head cancer per se, performed as pylorus-
preserving partial pancreatoduodenectomy in 1937, is attributed to Alexander 
Brunschwig [17]. Although techniques for pancreaticojejunostomy were described as 
early as 1907 [12], the first partial pancreatoduodenectomies were performed with 
suture closure for management of the pancreatic remnant, resulting in inevitably high 
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leakage rates. Pancreatojejunostomy became standard for reconstruction after ana-
tomical partial pancreatoduodenectomy in the early 1940s [7, 18]. The evolution of 
surgical technique was closely linked to advances in related fields of medicine: The 
first pancreatoduodenectomies were performed as two-stage procedures with bilioen-
teric anastomosis to relief cholestasis and improve liver function at stage one followed 
by tumor resection at stage two. The discovery and clinical implementation of Vitamin 
K to reverse coagulopathy together with the availability of blood transfusion allowed 
to establish one-stage procedures as the standard in the 1940s [7].

While these pioneering contributions are important landmarks in the evolution of 
pancreatic cancer surgery until the 1940s, further progress over the next four decades 
was inhibited by overall poor outcomes with reported mortality rates ranging 
between 20 and 40%, and 5-year survival rates after resections for pancreatic cancer 

Table 65.1 Landmarks in the evolution of pancreatic resections for cancer

Year
Surgeon 
(reference) Place Procedure Appraisal

1882 Friedrich 
Trendelenburg 
[9]

Bonn, 
Germany

Distal pancreatectomy 
and splenectomy

First anatomical pancreatic 
resection for a solid tumor 
(sarcoma)

1898 Alessandro 
Codivilla [10]

Imola, Italy One-stage partial PD First attempted radical PD for 
cancer (unsuccessful, in hospital 
death)

1898 William 
Halsted [11]

Baltimore, 
USA

Transduodenal excision First resection for ampullary 
cancer (performed as local 
excision)

1907 Abel 
Desjardins 
[12]

Paris, 
France

Pancreaticojejunostomy First description of anatomical 
PD and reconstruction with 
pancreatojejunostomy (based on 
a study in human cadavers)

1909 Walther 
Kausch [13]

Berlin, 
Germany

Two-stage partial PD First successful (non- anatomical) 
partial PD (ampullary cancer)

1914 Georg 
Hirschel [14]

Heidelberg, 
Germany

One-stage partial PD First successful one-stage 
(non-anatomical) partial PD 
(ampullary cancer)

1927 Gordon 
Gordon-Taylor 
[15]

London, 
England

Subtotal 
pancreatectomy with 
portal vein resection

First combined vascular resection 
for pancreatic cancer.

1934 Allen Whipple 
[16]

New York, 
USA

Two-stage PD First anatomical PD (ampullary 
cancer)

1937 Alexander 
Brunschwig 
[17]

New York, 
USA

Two-stage PD First anatomical (pylorus- 
preserving) PD for pancreatic 
cancer

1940 Allen Whipple 
[18]

New York, 
USA

One-stage anatomic PD First one-stage anatomical PD

1942 James 
Priestley [19]

Rochester, 
USA

Total pancreatectomy First successful total 
pancreatectomy (insulinoma)

1994 Gagner and 
Pomp [20]

Montreal, 
Canada

Laparoscopic PD First minimally invasive 
anatomical pancreatic resection 
(chronic pancreatitis)

PD partial pancreatoduodenectomy

O. Strobel and M. W. Büchler



1003

of only 5% [7, 21]. The excessive mortality and poor long-term outcomes hampered 
broader clinical implementation of pancreatic cancer surgery. Some surgeons even 
concluded that pancreatoduodenectomy should be abandoned in favor of palliative 
procedures for the treatment of pancreatic cancer or should even be prohibited by 
law [22–24].

65.2.2  Era of Standard Clinical Implementation

Standard clinical implementation of oncological resections in the treatment of pan-
creatic cancer was only achievable by considerable improvements in safety with 
reduction of the excessive perioperative mortality rates reported until the early 
1980s [21]. These essential advances were achieved in a few expert centers for pan-
creatic surgery led by prominent surgeons around the world. Without the claim of 
completeness the list of these pancreatic surgeons includes from Europe: Michael 
Trede of Mannheim, Hans Beger of Ulm, Ingemar Ihse of Lund, David Carter of 
Edinburgh; from the USA: John Cameron of Baltimore, Andrew Warshaw of 
Boston, Murray Brennan of New York, Howard Reber of Los Angeles; from Japan: 
Fujiu Hanyu of Tokyo; and others [21, 25–28]. By establishing tertiary referral cen-
ters and, thereby concentrating case volume and experience, these prominent pan-
creatic surgeons were able to reduce the high mortality rates associated especially 
with pancreatoduodenectomy to well below 5% and, thereby, to implement pancre-
atic resection as the standard treatment for resectable pancreatic cancer [26, 27]. 
Even series of more than 100 consecutive pancreatoduodenectomies without mor-
tality were reported [25]. Volume-outcome effects were recognized to play an 
important role not only for refinements in surgical techniques of resection and 
reconstruction, but also for improved perioperative management and for advances 
in complication management resulting in a reduction of the failure to rescue patients 
with morbidity [29, 30].

The growing experience and case load of pancreatic cancer surgery in these cen-
ters was connected to advances in other disciplines including anesthesia, medical 
and radiation oncology, diagnostic and interventional radiology, as well as basic and 
translational pancreatic cancer research. Many of the treatment concepts that define 
modern pancreatic surgery were initiated in this era. The development of clinical 
pathways for staging and stage-adjusted treatment [31], the administration of adju-
vant therapy after pancreatic cancer resection [32] and the use of neoadjuvant ther-
apy for downstaging of locally advanced cancers [33] are important examples. With 
the achievement of adequate safety, the efficacy of pancreatic cancer surgery defined 
by median survival time and 5 year overall survival rates got into the focus. The 
evolution of pancreatic surgery was further driven by an increased international 
exchange of knowledge and the formation of study groups that have been instru-
mental to advance the treatment of pancreatic cancer until today, such as the 
European Study Group for Pancreatic Cancer (ESPAC) [34].

However, the increased safety reported from high-volume centers also triggered 
a world-wide trend to perform pancreatic cancer surgery in low-volume settings, 
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resulting again in poor outcomes. After pancreatic surgery was identified as an area 
with clear volume-outcome effects [30] a trend for (re-)centralization of pancreatic 
cancer surgery was triggered in several countries. However, in other countries a 
significant proportion of pancreatic cancer surgery is still performed in low-volume 
settings [35].

The prominent pancreatic surgeons named above also trained many of today’s 
leaders of pancreatic surgery. Therefore, their era seamlessly transitions to the pres-
ent modern era of pancreatic cancer surgery.

65.2.3  Modern Era of Pancreatic Cancer Surgery

The increase in safety has triggered the further evolution of clinical practice and 
research of pancreatic cancer surgery in several directions that together define 
today’s “modern” era of pancreatic cancer surgery.

With the reduction of perioperative mortality of pancreatic cancer surgery the 
focus on improving early outcomes has shifted to decreasing the still considerably 
high morbidity of pancreatic resections and especially the rate of postoperative pan-
creatic fistula as the most relevant complication. The modern era is characterized by 
international efforts to establish common definitions for both the most relevant 
complications and for the extent of resections in order to advance research by 
enabling standardized reporting in clinical studies. Definitions established by the 
International Study Group on Pancreatic Surgery (ISGPS) include consensus defini-
tions with severity grading for the complications of postoperative pancreatic fistula, 
post-pancreatectomy hemorrhage, delayed gastric emptying, and chyle leak 
[36–40].

These ISGPS definitions have indeed fostered international research and enabled 
multicenter randomized controlled trials on surgical techniques, such as the division 
of the pancreas during distal pancreatectomy or the technique of pancreatic anasto-
mosis [41, 42].

In parallel the improved safety of pancreatic cancer surgery led to an expansion 
of the patient populations undergoing surgery in high-volume settings in several 
directions:

 1. towards offering surgery to older patients with higher comorbidity,
 2. towards more advanced tumors requiring multivisceral and vascular resections 

or resection after downstaging by neodjuvant therapy, but also
 3. towards “preemptive” surgery in patients with premalignant tumors such as 

intraductal papillary mucinous neoplasia (IPMN) [43–48].

Again, this evolution was accompanied by efforts to establish international con-
sensus. The contributions of the ISGPS cover consensus definitions for borderline- 
resectable pancreatic cancer, extended pancreatectomy, standard lymphadenectomy 
as well as position statements on the need of preoperative tissue confirmation and 
techniques of pancreatic anastomoses [49–53].
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The optimization of the oncologic outcomes of pancreatic cancer surgery in the 
modern era is mainly based on progress in two areas, namely the evolution of surgi-
cal techniques aimed at local radicality, and the evolution of interdisciplinary and 
multimodal treatment algorithms (Fig. 65.1) [3]. Adequate oncologic outcomes in 
patients with localized pancreatic cancer can only be achieved by the combination 
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Fig. 65.1 Important quality criteria for pancreatic cancer surgery and their inter-relationships. 
Different criteria for structural process and outcome quality are relevant at different time points 
during the treatment pathway. Institutional volume (green) affects all aspects of process and out-
come quality. The quality of surgery is essential (orange), although the quality of surgical out-
comes is closely dependent on the quality of interdisciplinary treatment involving radiology (in 
patient resection and complication management), anaesthesia (for patient selection and periopera-
tive care), medical oncology (for patient selection and adjuvant treatment) and others. Overall 
survival is currently the most important indicator ofoutcome quality. However, in the future, owing 
to improvements in survival outcomes the importance of disease-free survival and quality of life 
will increase. (Reproduced with permissions from Strobel O, Neoptolemos J, Jäger D, Büchler 
MW. Optimizing the outcomes of pancreatic cancer surgery. Nat Rev. Clin Oncol. 2019 Jan;16 
(1):11–26)
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of radical surgery and systemic chemotherapy administered either in the neoadju-
vant or the adjuvant setting [3]. The evolution of adjuvant chemotherapy has been 
one of the major drivers of modern pancreatic surgery and is topic of another chap-
ter in this textbook. In the following we focus on the evolution of surgical technique.

65.3  Techniques of Modern Pancreatic Cancer Surgery

Techniques of pancreatic cancer surgery have to aim for both safety and efficacy. 
The main parameters of safety, perioperative (90-day or in-hospital) morbidity and 
mortality, are essentially determined by the rate of postoperative pancreatic fistula. 
The efficacy of pancreatic cancer surgery is defined by median survival times and 
5-year survival rates as main outcome parameters. In a simplified model the efficacy 
of pancreatic cancer surgery is mainly determined by local radicality of the resec-
tion while its safety is mainly determined by the reconstruction. In reality, safety 
and efficacy are closely related: Perioperative morbidity, especially postoperative 
pancreatic fistula and other septic complications have considerable impact on the 
administration of adjuvant therapy, which in turn is closely associated with survival 
outcome. Vice versa an increase in local radicality, such as extended lymph node 
dissections, vascular resections, multivisceral resections, and total pancreatectomy, 
is associated with an increased risk of morbidity [44, 54, 55]. A final evaluation of 
any technique in pancreatic cancer surgery, therefore, has to be based on endpoints 
for both safety and efficacy.

In the following, we focus on techniques relevant for resection, but not for recon-
struction. The oncological principles of local radicality of a resection for any gastro-
intestinal cancer include en-bloc resection of the tumor with clear margins in 
combination with an adequate extent of lymphadenectomy [56].

Due to the anatomical relationship of the pancreas to major visceral arteries and 
veins and due to the biology of pancreatic cancer with a predisposition for perineu-
ral invasion and growth towards these major vessels, local radicality is more diffi-
cult to achieve in pancreatic cancer compared to other gastrointestinal cancers. 
Radicality of pancreatic cancer resections is pathologically defined by the resection 
margin (R−) status and determined by the distance of the cancer to the closest mar-
gin [57]. The R-status has considerable impact on survival outcome if all relevant 
margins (including both transection and circumferential margins) are thoroughly 
evaluated according to current standards [57]. If a pancreatic head cancer was 
resected with a minimum safety margin of 1 mm, this is associated with a median 
survival of 42 months and a 38% 5-year survival rate [58]. For left-sided pancreatic 
cancers the median survival and 5-year survival associated with a 1 mm free margin 
are even more favorable with 62 months and 53%, respectively [59].

The effect of an extended (retroperitoneal) lymphadenectomy versus a standard 
(regional perivascular) lymphadenectomy in pancreatic cancer was assessed in 
several randomized controlled trials. An extended lymphadenectomy does not 
increase survival but is associated with increased morbidity according to current 
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evidence and is, therefore, not recommended [54]. The ISGPS has defined a stan-
dard lymphadenectomy that includes peripancreatic lymph nodes as well as peri-
vascular lymph nodes along the tumor-oriented side of the superior mesenteric 
vessels and the celiac axis as well as in the hepatoduodenal ligament [51]. If the 
techniques listed below are applied these lymph nodes are by default included in 
the resection.

The following techniques and strategies are aimed at local radicality in pancre-
atic cancer surgery. Several of these techniques were first described by Japanese 
surgeons.

65.3.1  Artery First Approaches

Because of perineural invasion of the periarterial plexus most R1 resections for 
pancreatic cancer are located at the posterior and medial margins oriented towards 
the superior mesenteric vessels and the celiac axis [57]. With the aims to evaluate 
resectability early during cancer surgery and to increase local radicality several 
artery-first approaches have been described [60]. The first such approach (mesen-
teric approach) was described by Nakao et al. as early as 1993 based on a study in 
114 patients [61]. Over time several other artery-first approaches were described 
and have specific advantages dependent on tumor location in relation to the arteries 
[60]. Theoretically, artery-first approaches have the following common advantages 
over the traditional resection technique: (1) Assessment of resectability early during 
surgical exploration before a point of no return is passed, thus avoiding R2 resec-
tions; (2) Increase in radicality at the vessels and in R0 rates; (3) Good control of the 
vessels resulting in lower blood loss and increased safety. At present the evidence 
on artery-first approaches is still limited. While a systematic review and meta- 
analysis of mainly retrospective studies substantiated the presumed advantages for 
artery-first approaches [62], the first multicenter randomized controlled trial did not 
[63]. However, the trial protocol only specified the sequence of operative steps, but 
not the radicality of perivascular resection and it remains unclear if the purpose of a 
radical dissection was fulfilled. The results of further randomized controlled trials 
on this important topic are eagerly awaited [64].

65.3.2  Level-III Perivascular Dissection

A pancreatic resection can be performed at different levels around the visceral arter-
ies. In order to achieve the widest possible margin towards the arteries the level of 
dissection should be directly at the vascular wall, including the removal of the peri-
arterial nerve plexus (Level-III dissection according to Inoue et al.) [65]. One of the 
technical advantages of artery-first approaches is that they facilitate a level-III 
dissection.
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65.3.3  TRIANGLE-Operation

A radical resection for pancreatic cancer includes a level-III dissection at the tumor- 
oriented side of the superior mesenteric, celiac and hepatic arteries down to their ori-
gin as well as a complete clearance of soft tissue around the superior mesenteric and 
portal veins (or a venous resection). This will result in an operative site in which the 
above-named vessels form a triangle free of other tissue (Fig. 65.2). This attribute of 
a radical resection for pancreatic cancer was first described after neoadjuvant therapy 
for locally advanced pancreatic cancer, where a circumferential level-III dissection 
around the arteries in combination with venous resection is frequently necessary [66].

65.3.4  Vascular Resections

Vascular resections are important techniques to increase radicality in pancreatic 
cancer surgery and are topic of a separate chapter in this book. While the first venous 
resection was already reported in 1927 [15], vascular resections were popularized 
much later. Again, Japanese surgeons had a leading role in introducing venous 
resections in common practice for pancreatic surgery [67]. Nowadays 30% and 
more of pancreatic resections for cancer involve venous resections and there is suf-
ficient evidence that venous resections can be performed with adequate safety and 

a b

Fig. 65.2 Extended dissection of putatively tumor-infiltrated soft tissue (TRIANGLE). (a) 
Triangle bordered by the portal vein (pv), celiac trunk (ct), and superior mesenteric artery (sma). d 
right crus of diaphragm, p pancreas. (b) Surgical field after vessel-oriented pancreatic head resec-
tion. cha common hepatic artery, ct celiac trunk, d right crus of diaphragm, p pancreas, pv portal 
vein, sa splenic artery, sma superior mesenteric artery, smv superior mesenteric vein. Asterisk 
indicates site end-to-end reconstruction of the smv. (Reproduced with permission from Schneider 
M, Strobel O, Hackert T, Büchler MW. Pancreatic resection for cancer-the Heidelberg technique. 
Langenbecks Arch Surg. 2019 Dec;404 (8):1017–1022)
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long-term outcomes [44, 68]. In contrast, arterial resections remain highly contro-
versial, although they are increasingly applied in dedicated high-volume centers. 
Due to high morbidity and poor long-term outcomes, a strategy of neoadjuvant 
therapy is recommended whenever an arterial infiltration is suspected.

While some decades ago, pancreatic surgeons tried to avoid the vessels, the mod-
ern pancreatic resection techniques are oriented at the vessels as a common strategy. 
The result of any resection for pancreatic cancer should, therefore, look similar and 
include an exposure of the superior mesenteric, celiac and hepatic arteries consis-
tent with a Level-III dissection and a TRIANGLE operation [65, 66, 69].

65.4  Current Trends and Future Directions

Research in pancreatic cancer surgery is currently dominated by several trends and 
controversies. New evidence in these “Hot-topics and future research frontiers” 
areas (Box 65.1) will define the future evolution of pancreatic cancer surgery. In 
research on perioperative management and outcomes, the quest for better strategies 
for prevention and management of postoperative pancreatic fistula remains in the 
focus. Treatment strategies that are adapted to the risk of postoperative pancreatic 
fistula as determined by recently developed scores may contribute to solve this per-
sisting problem [70].

Box 65.1 Future Research Frontiers
Improvement of perioperative outcomes:

• Strategies to reduce the rate of postoperative pancreatic fistula.
• (Pancreatic Fistula-) risk-adapted treatment strategies.

Surgical technique:

• Effects of radical resection techniques on short and long term outcomes.
• Effects of minimally invasive pancreatic resections on short and long term 

outcomes.
• Role of vascular resections following neoadjuvant therapy.

Multimodal cancer therapy:

• Therapy sequencing (surgery first or neoadjuvant strategy) in resectable 
and borderline-resectable cancers.

• Role of “conversion surgery” in responders with unresectable and oligo-
metastatic tumors.

• Novel regimens for neoadjuvant and adjuvant therapy.
• Role of radiotherapy.
• Role of locally ablative procedures in unresectable pancreatic cancer.
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65.4.1  Minimal Invasive and Maximal Invasive Surgery

The evolution of surgical techniques is driven by two main trends that will dominate 
the next decades: On the one hand, there is a trend towards improving efficacy of 
pancreatic cancer surgery by extending resections towards more radical resections 
including vascular resection. This is closely linked to the trend to extend the indica-
tions for resections towards locally advanced, previously unresectable tumors after 
downstaging by neoadjuvant therapy. On the other hand we have a trend towards 
minimally invasive (laparoscopic and robotic) resections for pancreatic cancer 
[71–73].

The further evolution of pancreatic cancer surgery in these two main directions 
will in the end depend on their short and long-term outcomes. The current limited 
evidence suggests that minimally invasive distal pancreatectomy for cancer is safe 
and may be effective [73]. In contrast, minimally invasive pancreatoduodenectomy 
is much more technically demanding and may not be safe unless a long learning 
curve has been passed [74, 75]. One possible development is that the minimally 
invasive technique will become the new standard for left resections but will remain 
restricted to a few highly specialized surgeons for pancreatoduodenectomy.

65.4.2  Multimodal Treatment

Pancreatic cancer requires a multimodal treatment and the other important develop-
ments will occur in this context. One of the most pressing questions is on therapy 
sequencing in resectable and borderline-resectable pancreatic cancer. Based on 
heavily biased retrospective studies there is a current discussion about “neoadjuvant 
therapy for everybody”. Scientifically, we need to compare the strategies of surgery 
first vs. neoadjuvant therapy in randomized controlled trials with an intention-to- 
treat analysis [3]. While several such trials are ongoing, the first results of two trials 
are frequently used to support the neoadjuvant strategy while they only show how 
difficult it is to design and conduct a good trial in this area [76]. Preoperative staging 
and patient selection remain main challenges for such trials pointing to the fact that 

Patient selection and personalized therapy:

• New biomarkers for prediction of prognosis and therapy response.
• Better diagnostic tools for prediction of local resectability and detection of 

small metastases.
• Tailored therapy sequencing.
• Role of personalized oncology.
• Role of surgery in localized recurrence.
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better diagnostic tools are urgently needed. Two other seemingly opposing trends 
that are of relevance for the multimodal treatment of pancreatic cancer are (1) the 
standardized treatment of all patients along guidelines versus (2) personalized can-
cer medicine. Based on novel tools for evaluating prognosis and therapy response 
personalized medicine for pancreatic cancer in the future should not only include 
targeted drug therapy, but also personalized surgery and personalized therapy 
sequencing.

65.5  Conclusions

Pancreatic cancer surgery has enormously advanced in the last four decades and 
continues to rapidly evolve. Surgical resection remains the cornerstone of curatively 
intended therapy for pancreatic cancer. More effective systemic therapy regimens 
for the adjuvant and neoadjuvant settings have led to considerable improvements in 
long-term outcomes and an extension of the patient population eligible for surgical 
resection. We expect that with further advances in both surgical technique and medi-
cal treatment the role of surgery in the treatment of pancreatic cancer will further 
increase.
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Take Home Messages
• Chyle leak is defined as an output of milky-like fluid from a drain, drain 

site, or wound that occurs 3 days or more postoperatively, with a triglycer-
ide content ≥110 mg/dL (≥1.2 mmol/L).

• Three grades of severity (A, B, C) exist and are defined according to the 
management required and the postoperative impact.

• The mainstay of treatment is conservative management with dietary mea-
sures, including a diet high in protein, low in fat, and containing main-
chain- triglycerides (MCT) or total parenteral nutrition (TPN) which is 
intended to decrease the flow of lymph.

• Interventional procedures are reserved for refractory cases as they are 
anecdotal and hardly effective.

Pearls and Pitfalls
• After a pancreatic resection, whenever the output of a drain turns out to be 

milky, it should be tested for triglycerides to facilitate early detection and 
diagnosis of a chyle leak.

• Treatment should be protracted until the resolution, i.e. when the drainage 
output become unequivocally limpid after the reintroduction of normal 
oral feeding. A conservative management should always be the first thera-
peutic option.
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66.1  Introduction

Chyle leak is an uncommon yet potentially important complication of pancreatic 
surgery. A chyle leak may occur as the consequence of a direct surgical lesion to the 
cisterna chyli or one of its major tributary lymphatic vessels [1]. These structures are 
located anterior to the first and second vertebrae at the same level as the pancreatic 
head and neck [2] making them more likely to be injured by dissection performed 
during pancreatic resections, especially those including extended lymph node dis-
sections which are performed as a radical treatment option [3]. The first description 
of a chyle leak can be traced back to the seventeenth century when Gaspare Asellio 
observed white creamy-like effluvium after transecting a whitish cordon spreading 
through the mesentery during a dog autopsy mistaking it for a nerve.

66.1.1  Frequency of Chyle Leak After Pancreatic Surgery

The reported incidence of this postoperative complication varies widely (1–16%) 
mainly due to heterogenous definitions [4]. Among the more recent and larger 
series, Kuboki [5] reported 3.3% after pancreatoduodenectomy and 3.8% after dis-
tal resections in a series of more than 2000 patients. In a German series, Strobel 
reported an overall frequency at 10.4% in a series over 3300 patients [6], with high-
est rate in distal resections 16%. A series from Johns Hopkins found only 1.3% 
chyle leak in a series over 3500 pancreatic operations [7].

• Surgical strategy—such as extended lymphadenectomy or vascular resec-
tion—may affect the risk of this complication.

• The presence of a chyle leak can be made at time of suspicion by testing 
for triglyceride content, the severity however is only made in retrospect.

Future Perspectives
• The widespread use of neoadjuvant treatment with more complex surgical 

procedures for pancreatic cancer could increase the incidence of chyle leak.
• Understanding structural alterations on peripancreatic tissue (including 

lymphatic vessels) induced by chemo/radiotherapy could help to prevent 
and treat such complications, as well as to clarify the pathogenesis.

• The early enteral feeding is one of the key factor of the enhanced recovery 
pathways after pancreatic surgery. At the same time its role in triggering 
the development of chyle leak is well-documented. Thus, establishing 
early optimal therapeutic reactive strategies within enhanced postoperative 
recovery pathways in case of a chyle leak is of utmost importance to ensure 
rapid postoperative recovery, and proper nutritional support.

S. Paiella et al.



1021

66.1.2  Definition of Chyle Leak

The International Study Group of Pancreatic Surgery (ISGPS) has recently released 
a consensus statement with a definition and grading system of chyle leak to allow 
valid assessments and comparison of studies from different settings. According to 
this, a chyle leak is defined as “as output of milky-colored fluid from a drain, drain 
site, or wound on or after postoperative day 3, with a triglyceride content ≥110 mg/
dL (≥1.2 mmol/L)”, with the grading system outlined in Table 66.1 [4].

The validity of this classification was confirmed by the authors who demon-
strated that, in addition to the length of stay, the rate of major complications, and the 
occurrence of septic events, the average cost of hospitalization also differed between 
the three grades [8].

The findings of all major surgical series exploring the incidence and risk factors 
of chyle leak are outlined in Table 66.2.

Unfortunately, these studies were reported before the ISGPS consensus state-
ment, and they come from heterogeneous retrospective surgical cohorts. Fundamental 
parameters, such as the diagnostic criteria, differ between series, as well as the type 
of surgery associated with chyle leak. This may explain the incongruity in the 
reported incidence of this complication according to different reports, and the dif-
ferent management pathways adopted.

66.1.3  Risk Factors

Several factors that independently increase the risk of developing chyle leak have 
been reported. They are showed in Table 66.3.

In general, the alterations and tissue distortions induced by a chronic process (such 
as in chronic pancreatitis or diabetes) or locally by neoadjuvant treatments (such as in 
malignancy) could increase the risk of lymphatic rupture and chyle leak [6, 10].

Table 66.1 ISGPS grading system for isolated chyle leak after pancreatic resection [5]

Grade A Grade B Grade C

Therapeutic 
consequence

None or oral 
dietary 
restrictiona

Nasoenteral nutrition with dietary 
restrictiona and/or TPN, 
percutaneous drainage by IR, 
maintenance of surgical drains, or 
drugs (e.g. octreotide) treatment

Other invasive 
in-hospital 
treatmentb, admission 
to the ICU, and/or 
mortalityc

Discharge with 
(surgical) drain or 
readmission

No Possibly Possibly

Prolonged 
hospital stay

No Yes Yes

TPN total parenteral nutrition, IR interventional radiology
aNo-fat diet with/without medium-chain triglyceride
bInterventional radiology (lymphatic embolization/sclerosis) or reoperation
cRelated directly to the chyle leak

66 Chyle Leak After Pancreatic Surgery
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Table 66.2 Overview of major series investigating chyle leak after pancreatic surgery

Study Pts

Incidence 
of chyle 
leak, %

Time of 
onset 
(days) Management (%) Risk factors

Malik [9] 105 6.7 6 (5–37) TPN
SS
PV shunt

Early enteral feeding

Assumpcao 
[7]

3532 1.3 5 (4–8) TPN
SS
Lscint /Lgram
Reoperation

Longer operative time;
No. of lymph nodes harvested;
Vascular resection

Van der 
Gaag [10]

609 11 6 (3–52) LCT diet
TPN
Expectative 
approach

Female gender;
Focal chronic pancreatitis

Aoki [11] 65 7.7 8 (6–16) TPN
SS

Not reported

Noji [12] 138 8 NA 5 days 
fasting + TPN

Early enteral feeding

Kim [13] 222 10.8 5 (3–9) TPN
Diet
No treatment

Early enteral feeding

Abu Hilal 
[7]

245 16.3 4–7 MCT diet Extensive lymphadenectomy;
Postoperative portal/mesenteric 
venous thrombosis;
Early enteral feeding

Kuboki [5] 574 3 NA TPN alone
SS

Manipulating para-aortic area;
Vascular resection;
Early enteral feeding

Pan [11] 1921 2.6 NA NA Manipulating para-aortic area 
and superior mesenteric artery 
root area;
Retroperitoneal invasion;
Focal chronic pancreatitis;
Early enteral feeding

Strobel [6] 3324 10.4 5 (3–8) MCT
TPN
MCT + SS
TPN + SS
MCT 
diet + TPN + SSA
No specific 
therapy

Pre-existing diabetes;
Resection for malignancy;
Longer operative time;
Duration of surgery;
Concomitant POPF/abscess

Paiella [8] 945 4.5 NA LCT diet
Switch to TPN
TPN ab initio

Overall:
Younger age
Grade B only:
Preoperative biliary drain;
Pancreatoduodenectomy;
High estimated blood loss;
Longer operative time

TPN total parenteral nutrition, SS/SSA somatostatin/somatostatin analogues, PV peritoneovenous, 
Lscint lymphoscintigraphy, Lgram lymphangiogram, LCT/MCT low/middle-chain-triglycerides

S. Paiella et al.
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An early enteral intake has been considered the most important risk factor for 
chyle leak. This is attributed to the stimulation operated by the lipid content of 
the food that keeps open the disrupted lymphatic vessels before they have time 
to heal following surgery [9]. Physiologically, flow through the cisterna chyli 
increases from a fasting baseline of <1 mL up to 225 mL/min after ingestion of 
a fatty meal.

66.1.4  Intraoperative Detection and Tests

Several investigators have developed different techniques to detect the leak directly 
in the operating theatre. They do this by delivering fat-containing fluid to the duo-
denum, either by administering 60 mg of butter 4 h prior to surgery by injecting 
50 mL of 10% intralipid solution into the jejunum prior to its division, or by deliv-
ering 100  mL of milk via a naso-gastric tube into the duodenum (the so called 
“milky test”). Using this system Aoki et al. demonstrated that most lymphatic leak-
age sites lie around the periphery of the superior mesenteric artery and vein 
area [12].

A lower incidence of chyle leak events after routine use of the milky test was 
suggested in their practice, despite a recent report downplaying its role in favour of 
sealing technology [13]. Interestingly, Assumpcao et al. found that for every extra 
30  min of operative time, the risk of developing chyle leak increased by 14%. 
Similarly, for each individual lymph node harvested the risk of chyle leak increased 
by 6%, while vascular resection was the most strongly associated with an eightfold 
risk of developing a chyle leak [7].

Table 66.3 Risk factors for chyle leak after pancreatic surgery

Pre-operative 
factors Intra-operative factors Post-operative factors

• Female sex • Dissection of the para-aortic/
superior mesenteric artery root area

• Early enteral feeding

• Age • Extended lymphadenectomy and 
total number of lymph nodes harvested

• Concomitant post-operative 
pancreatic fistula or abdominal 
abscess

• Pre-existing 
diabetes

• Presence of retroperitoneal invasion • Portal vein/superior mesenteric 
vein thrombosis

• Chronic pancreatitis
• Resection for malignancy
• Vascular resection and 
reconstruction
• Longer operative time

66 Chyle Leak After Pancreatic Surgery
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66.2  Management of Chyle Leak After Pancreatic Surgery

At present there is no single, robust, evidence-based protocol for the management 
of a chyle leak. Treatment options include dietary measures, use of pharmacological 
agents (e.g. Somatostatin analogues), and surgical and percutaneous interventions 
in selected cases [4].

A brief summary of the authors’ policy of management is shown in Fig. 66.1. 
When the output of drainage has the typical milky-like appearance, or if there is any 
doubt of a chylous component, fluid is sampled and analysed for triglycerides. 
When the level is ˃110 mg/dL from POD 3 on, then a diagnosis of chyle leak is 
established (according to ISGPS consensus statement), irrespective of the levels of 
amylase of the fluid.

Management is tailored according to different clinical scenarios. If the leak has 
been diagnosed after the start of oral feeding, then a low-fat diet is administered at 
first. If ineffective, standard total parenteral nutrition is administered. Conversely, 
the first-line treatment would be total parenteral nutrition (especially if concomitant 
delayed gastric emptying is present). In rare case of failure of conservative treat-
ments, after up to 4–6 weeks of total parenteral nutrition, a more aggressive treat-
ment (such as percutaneous procedure or relaparotomy) is carefully evaluated, 
balancing the risk over the benefits. Indeed, in the authors’ experience chyle leak 
solves almost always spontaneously, and interventions (including relaparotomy) 
may be technically demanding. The treatment continues until the drainage output 
becomes unequivocally limpid after the reintroduction of normal oral feeding, on a 
safe trial-and-error basis. We systematically do not treat chyle leak with enteral 
nutrition and we do not reassess the triglycerides levels to confirm biochemically 
the resolution of the leak. Also, treatment with somatostatin is not standardised and 
is carefully evaluated in each individual case. No changes are adopted if the fluid 
becomes rich in amylase, unless complications occur (basically abdominal collec-
tions, with systemic signs of inflammation/infection); total parenteral nutrition is 
continued and the output from the drainage monitored daily, drives the manage-
ment, together with repeated evaluation of triglycerides and amylase. If then a chyle 
leak solves but a postoperative pancreatic fistula remains, the management is the 
one of the latter (enteral feeding and/or nihil per mouth, low-fat-diet).

66.2.1  Non-Interventional

The importance of conservative measures, with a success rate ranging from 75 to 
85%, has been emphasized by several reports [6]. Dietary measures include a low- 
fat diet with restriction of long-chain triglycerides, a medium-chain triglycerides 
diet, and a fat-free diet. As medium-chain triglycerides are directly absorbed along 
the gut mucosa and transported as free fatty acids and glycerol directly into the por-
tal circulation bypassing the lymph system, restricting a normal oral diet and 

S. Paiella et al.



1025

replacing it with a medium- to -low chain triglyceride regimen has been suggested 
in patients at high risk of developing chyle leak [7, 14]. In the authors’ experience 
some weeks may be necessary to obtain the healing of chyle leak with this method. 
In this case, a good communication with patient is fundamental, in order to explain 
the commonly low clinical burden of this complication, and the need of time to solve.

YES

NO

Shift to low-fat diet

Carefully consider
interventional management

Resolution

Non-interventional
managemenet 

Detection of a milky-like output of drainage

Analysis of fluid positive
for triglycerides (>110
mg/dL) from POD3 on

Diagnosis of Chyle leak

Oral feeding
already
started?

Total parenteral nutrition
(ab initio if delayed gastric

emptying is present)

Conservative
measures
effective?

Start of normal
enteral feeding

Failure

NO

YES

Fig. 66.1 Flowchart outlining key steps of chyle leak diagnosis and management at the authors’ 
institution

66 Chyle Leak After Pancreatic Surgery
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Treatment with somatostatin or somatostatin analogues may be another valid 
therapeutic option. Due its short half-life (1–3 min) somatostatin is usually admin-
istered intravenously, while octeotride has a longer half-life (~ 2  h) and can be 
administered by subcutaneous injection. The rationale beyond their usage is that 
they reduce lymph flow by decreasing the splanchnic blood flow and portal pressure 
and by reducing fat absorption in the bowel [15]. The latter effect depends mainly 
upon the inhibition of pancreatic exocrine function. Kuboki et al. [5] observed a 
significant decrease in the daily drainage output (to less than 100/mL day) 1 day 
after initiation of somatostatin analogues treatment, whereas the same effect was 
not seen in similar patients with chyle leak treated with total parenteral nutrition 
alone. In addition, patients treated with somatostatin analogues resumed oral intake 
sooner and their abdominal drains were removed earlier than patients in the total 
parenteral nutrition-alone group [5]. Total parenteral nutrition may provide ade-
quate and complete nutritional needs, especially in those patients who are unable to 
tolerate oral intake (such as in those with delayed gastric emptying) or in whom 
nutritional requirements cannot be met by oral supplements alone [16]. In addition, 
chyle leak and its more diffuse counterpart, chylous ascites (or chyloperitoneum), 
may induce malnutrition and immunodepression via the loss of immunoglobulins 
and protein [1].

Nutritional support, provided by total parenteral nutrition in combination with 
somatostatin analogues (e.g. octreotide, administered subcutaneously at a dose of 
100 μg three times a day), appears an effective therapy with a median duration of 
use of 7–8  days until resolution (in the absence of other complications) [9]. 
Drawbacks of total parenteral nutrition include potential complications related to 
the central route of administration (mainly infectious), failure to maintain gut muco-
sal integrity, and costs [16].

66.2.2  Interventional

Patients refractory to conservative management may require a more aggressive ther-
apeutic approach [7], including lymphoscintigraphy and lymphangiogram [17], 
sclerotic embolization [18, 19], re-exploration for surgical ligation of leakage sites, 
and peritoneovenous/peritoneosubcutaneous shunt insertion [7, 14]. The efficacy of 
these complex interventions is reported mainly by small cohort studies and case 
reports [20]; thus, results are controversial. Another treatment option has been 
reported by Corradini et al. [21] and is based on clinical experience with lymphocu-
taneous fistulas. The authors described the successful use of low-dose radiotherapy 
(8.0 Gy administered in daily fraction of 1.0 Gy) in treating a patient with very 
refractory chylous ascites which developed following a pancreaticoduodenectomy 
for cancer.

S. Paiella et al.
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66.3  Morbidity and Mortality

Controversy exist as regard the impact of chyle leak on postoperative outcome and 
survival. According to some studies, chyle leak is not associated with poor survival 
or an increased risk of surgical/general complications or a prolonged hospital stay 
[7, 14]. However, other reports show that patients with chyle leak do experience a 
prolonged duration of abdominal drainage and a longer hospital stay [14], and a 
poorer survival outcome.

When comparing the chyle leak group to patients with no leak, most of the com-
plications reported in those with chyle leak did not occur with a higher frequency. 
The most frequently reported complications include malnutrition (defined as serum 
albumin less than 3.5 mg/dL) in 92%, sepsis (13%), peritonitis (6%), abscess (4%), 
and concomitant clinically-relevant pancreatic fistula (4%) [6].

In comparison to this, when comparing patients with a contained chyle leak to 
patients with a diffuse chylous ascites, the prognosis seems to be substantially dif-
ferent. Patients with chylous ascites have a protracted clinical course and a need for 
additional therapeutic interventions. Survival analysis showed worse long-term out-
come in the chylous ascites group than the chyle leak one (3-year survival of 19% 
vs. 53%) [7].

In the largest cohort of patients reported so far, Strobel et al. [6] demonstrated 
that overall survival in patients with pancreatic cancer was not affected by the devel-
opment of an isolated chyle leak. In subgroup analysis however, they identified 
failure of conservative management (defined as drain output of 2000 mL or greater 
after 14 days of treatment) to be associated with worse survival in patients with pal-
liative resection (median survival of 5.2 months in patients with failed treatment vs. 
16.4  months in patients whose chyle leak resolved) but not in patients who had 
potentially curative resections (median survival of 20.5  months vs. 23.8  months 
respectively). Thus, chyle leak, especially refractory chyle leak, has a potential neg-
ative effect on long-term outcome.

66.4  Conclusions

Chyle leak is a rare complication of pancreatic surgery that almost always responds 
well to non-operative measures and has a significant clinical and economic impact 
[8]. Unfortunately, available data are limited and derived from heterogeneous series. 
Hence no reliable conclusions can be drawn about early detection and treatment 
strategies. In our experience, adoption of the International Study Group of Pancreatic 
Surgery classification reliably and consistently identifies the different clinical sce-
narios of chyle leak, thus overcoming the lack of uniformity in reporting the actual 
incidence of this complication after pancreatic surgery.

66 Chyle Leak After Pancreatic Surgery
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Chapter 67
Post-op Pancreatic Hemorrhage

O. Radulova-Mauersberger, J. Weitz, and M. Distler
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Take Home Messages
• PPH is a feared complication after surgery associated with nearly one-half 

of the postoperative mortality.
• Sentinel bleeding occurs is almost 50% of patients with delayed PPH and 

requires immediate adequate management.

Pearls and Pitfalls
• Endovascular management should be performed as a first-line treatment in 

cases of delayed bleeding.
• In hemodynamically unstable patients, resuscitation should be attempted 

for performing interventional radiology.
• PPH may occur also due to radical lymphadenectomy and arterial anastomosis.
• Formation of pseudoaneurysms causes delayed PPH in most of the patients.
• The failure to rescue rate is much higher in low volume centers which may be 

due to the fact that Sentinel bleeding is not recognized and adequately managed.

Future Perspectives
• Risk-adjusted surgery and improving operative techniques is needed to 

prevent POPF as a major risk factor for late bleeding.
• An update of the ISGPS definition for PPH is required to focus on clinical 

relevant occurrence of postoperative pancreatic hemorrhage
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67.1  Introduction

Perioperative mortality after pancreatic surgery has been remarkably reduced in the 
last years in high-volume centers to less than 5% [1–4], However, pancreatoduode-
nectomy is still associated with a high morbidity up to 50% [5–8]. Post-op pancreatic 
hemorrhage is a less common but severe complication and adequate management has 
always been a major concern for hepato-pancreato-biliary (HPB) surgeons. A more 
than sixfold increase in mortality compared to other postoperative complications in 
patients with PPH after surgery is reported [9] Until 2007 the published incidences 
varied remarkably due to a lack of reliable definition of PPH. Therefore, the interna-
tional study group for pancreatic surgery (ISGPS), founded in 2006, provided an uni-
versally applicable definition of PPH. Postoperative hemorrhage was stratified into 
Grades A, B, and, C based on time of bleeding onset, location, and severity (Table 67.1).

Table 67.1 Adapted from Wente et al. Postpancreatectomy hemorrhage (PPH)–An International 
Study Group of Pancreatic Surgery (ISGPS) definition, Surgery 142(1): 20–25, 2007 [17]

Classification of PPH

Grade

Time 
of 
onset Location Severity

Clinical 
condition

Diagnostic 
consequence

Therapeutic 
consequence

A Early Intra- or 
extraluminal

Mild Well Observation, 
blond count and, 
if necessary, 
computed 
tomography

No

B Early 
or 
late

Intra- or 
extraluminal

Mild Often well/
intermediate, 
very rarely 
lifethreatening

Observation, 
blond count, 
computed 
tomography, 
angiography, 
endoscopy

Transfusion of 
fluid, blood, 
intermediate care 
unit (or ICU), 
therapeutic 
endoscopy, 
embolization, 
relaparotomy for 
early PPH

C Late Intra- or 
extraluminal

Severe Severely 
impaired, 
life-threatening

Angiography, 
computed 
tomography, 
endoscopy

Localization of 
bleeding, 
angiography and 
embolization, 
(endoscopy) or 
relaparatomy, ICU

• Reevaluation of Grade A bleeding is required to avoid overestimation of 
PPH rates.

• Development of an internationally accepted and standardized algorithm of 
diagnostics and management of PPH.
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67.1.1  Classification

According to the classification, early (within the first 24 h after index operation) and 
delayed (beyond the period of 24 h) hemorrhage are defined depending on the time 
of onset. Based on the intensity, events of bleeding are classified into mild (hemo-
globin decrease less than 3 g/dL and no need of surgical or interventional angio-
graphic procedures) and severe (hemoglobin decrease more than 3  g/dL, 
life-threatening, invasive rocedures are necessary). Grade A consists of all early 
mild bleedings and Grade C of all late severe events. Grade B contains the early 
severe and late mild bleeding occurrences. Based on the bleeding site, hemorrhage 
is classified into intra- and extraluminal.

Intraluminal bleeding originates mostly from the anastomotic sites, from the 
pancreatic cut surface and suture line of the pancreaticojejunostomy or from the 
duodeno- or gastrojejunostomy. Also stress ulcers can be an intraluminal source of 
bleeding after operation [8]. The extraluminal hemorrhage originates from peripan-
creatic vessels and pseudoaneurysms, or from resection surfaces in the opera-
tive field.

Most common bleeding sources are the stump of the gastroduodenal artery, fol-
lowed by the common and proper hepatic artery, superior mesenteric artery, and 
other bleeding sites (Fig. 67.1) [8, 10].

67.1.2  Sentinel Bleeding

“Sentinel bleeding” is defined as a small amount of bloody drainage fluid, hemateme-
sis or melena, which stops spontaneously yet is followed by a massive bleeding 
several hours later. In the Oxford English dictionary, sentinel is defined as “a soldier 
whose job is to guard something”. In 1991 Brodsky and Turnbill first described the 
term of “sentinel bleeding” after pancreatoduodenectomy analogous to the surgical 
experience in cervical and inguinal lymphadenectomy. According to the authors, it 

Fig. 67.1 Most likely sites 
of bleeding after pancreatic 
resection [8, 10]. (1) GDA 
(gastroduodenal artery) 
stump; (2) hepatic artery; 
(3) superior mesenteric 
artery (SMA); (4) resection 
surface; (5) 
pancreatic surface
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is an indicator event for a massive following hemorrhage and, thus, its reliable rec-
ognition and adequate management is essential to prevent fatal outcomes [11]. 
Several authors describe the importance of this worrying event for preventing seri-
ous life -threatening episodes. Sentinel bleeding occurs in approximately 50–80% 
of the patient cohort for an average of 2,2 days before massive bleeding [12, 13].

The etiology of PPH is different depending on the time of onset. Early hemor-
rhage (<24  h) occurs generally due to technical surgical failure. Late bleeding 
(>24 h) is mostly caused by erosion due to an inflammatory process, like pancreatic 
fistula, or anastomotic dehiscence. Due to leakage of enzyme rich fluid in the abdo-
men, pancreatic fistula lead to arterial erosion and formation of pseudoaneurysms. 
A rupture of a pseudoaneurysm is the reason for severe late bleeding in one-third of 
cases and post-op hemorrhage is associated with pancreatic fistula in 80% of cases 
[14]. One potential mechanism might be the use of electrocautery and radical 
lymphadenectomy which affects the wall of the peripancreatic vessels and thus 
facilitates corrosion and vascular lesions [15, 16].

67.2  Incidence and Diagnostics

PPH occurs after 5–10% of all pancreatic resections, which is quite rare compared 
to other specific complications as delayed gastric emptying (19–57%) or POPF 
(3–45%) [8, 12, 15, 17–19]. Nevertheless, this complication is with 30–50% one of 
the main causes of mortality after pancreatic surgery [15]. Current studies published 
a sixfold increase in mortality for patients after PPH [9].

The clinical presentation of postoperative bleeding is very heterogenous.
Based on the ISGPS classification, few studies have published their results. 

Grade A bleeding, corresponding to mild early post-op hemorrhage, was mostly not 
recorded in databases and, thus generally not evaluated. The published incidence of 
4.8%–12.7% for PPH Grade A is therefore based on only several publications [20, 
21], meaning the estimated number of unreported cases might be higher. Grade B 
PPH occurred in 1.5–15.2% and Grade C PPH in 0.5–9.2% of patients after pancre-
atic surgery [8, 20, 22, 23].

Based on the ISGPS classification, algorithms of diagnostic and management 
were established.

Postoperative bleeding presents clinically as blood in the abdominal drains or 
melena, hematochezia or hematemesis along with clinical signs as hemoglobin 
dynamics, hypotension, tachycardia or even oliguria and hypovolemic shock.

The decision for further diagnostic management is based on one main aspect- 
hemodynamic stability.

The majority of patients undergoes a diagnostic investigation before intervention 
for PPH but in case of hemodynamic instability and massive hemorrhage regardless 
of timing of bleeding an emergent angiography or re-operation should be performed 
[12, 15].
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Patients who are in relatively stable hemodynamic condition should undergo a 
triple-phase CT—angiography (unenhanced, arterial, and venous phases) as soon as 
the sentinel bleeding occurs [8, 24, 25]. Furthermore, computed tomography with 
angiography (CT-A) is a reliable tool for the detection of the site, cause and nature 
of bleeding. The procedure is widely available, fast and non-invasive, and very help-
ful to guide further treatment. The arterial phase shows the vessel anatomy and 
potential extravasation as origin of active arterial bleeding (Fig. 67.2). The venous 
phase can show a delayed contrast pooling which can be due to the filling of pseu-
doaneurysms [24]. Nevertheless, in 55% CT-A is not able to locate the origin of 
bleeding but some suspicious signs for PPH like hematoma or parietal irregularities 
of arteries might be found [26].

Earlier studies favored endoscopy for diagnosis of hematemesis, melena or, 
blood in the nasogastric tube as symptoms of gastro-intestinal intraluminal bleeding 
[27]. Current publications report that CT-A is superior to endoscopy for detecting 
site and etiology of gastro-intestinal hemorrhage [28]. It is also important to con-
sider a possible extraluminal source that only presents as intraluminal bleeding in 
case of anastomotic failure, such as dehiscence of the pancreaticojejunostomy. 
Therefore, endoscopy may fail in detecting the bleeding source, or may be even 
dangerous in some cases of false positive findings of hemorrhage sources (like ero-
sive gastritis) and hence delaying adequate intervention [19, 26].

Fig. 67.2 Computer 
tomography with 
arteriography showing 
active bleeding from a 
branch of the superior 
mesenteric artery after 
pancreatoduodenectomy
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If the site of bleeding is uncertain after CT-A, angiography of the celiac axis and 
superior mesenteric artery should be performed. Angiography can deliver additional 
information by detecting paravasation, vascular spasm, or other irregularities as 
indirect signs of hemorrhage. Although angiography appears to be a more specific 
and sensitive method, it still fails to identify bleeding in 25% of cases due to the 
intermittent nature of the hemorrhage [10]. If the hemorrhage source after sentinel 
bleeding remains unclear an intensive observation of the patient with hemodynamic 
monitoring and repeated blood test is strongly recommended.

67.3  Management

After establishing the ISGPS definition for PPH, some studies published an algo-
rithm for management of bleeding, mostly based on retrospective data and small 
case series due to low incidence [8, 15]. Treatment procedures for PPH comprise 
endovascular intervention (angiography with coiling or stent grafting), endoscopy 
or surgery.

A suggested algorithm for diagnosis and treatment is shown in Fig. 67.3.
The strategy of PPH treatment should be generally stratified according to the 

nature of bleeding. The decision on the diagnostic and treatment procedure is based 
on two important facts: time of onset in relation to the index operation and hemody-
namic status of the patient. Early severe hemorrhage may be intra- or extraluminal 
and usually due to insufficient hemostasis during surgery and can be successfully 
managed by surgical re-intervention. This may involve jejunotomy to manage 
bleeding at a pancreaticojejunostomy or surgical control of an extraluminal bleed-
ing. Endoscopy represents another option of first-line management for intraluminal 
PPH.  It can provide successful treatment of bleeding for anastomotic ulcers or 
patients with pancreatogastrostomy (PG) [29] but is only rarely suitable for early 
hemorrhage from the surface of the pancreatojejunostomy. Care must be taken not 
to delay clinical management of a bleeding pancreatojejunostomy by prolonged 
endoscopic maneuvers.

For late hemorrhage even small amounts of blood loss in the drainage or in the 
gastric tube should trigger diagnostic steps. After CT-A, angiography of the celiac 
axis and superior mesenteric artery, and consequently embolisation or stent-grafting 
as less invasive and highly effective technique should be performed. Interventional 
radiology gained enormous acceptance in the treatment of PPH in the last years and 
is now recommended as a first-line therapy for hemodynamic stable patients. Recent 
data show that endovascular treatment is associated with lower morbidity and mor-
tality, lower blood loss and shorter intensive care unit stay than surgery. A success 
rate of 87% in achieving hemostasis is reported [12, 24]. Angiography may show 
the presence of pseudoaneurysms and active contrast extravasation while simultane-
ously providing a treatment option: mainly by embolisation and blocking the distal 
blood flow or stent grafting, ceasing the hemorrhage by preserving the distal blood 
flow [24]. In awareness of the bleeding locations after pancreatectomy, 
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coil-embolisation is often performed in the stump of the gastroduodenal artery or 
other small single feeding vessels. Stent grafting is the preferred procedure for ero-
sions in the common and proper hepatic artery, celiac axis, or in the superior mes-
enteric artery preserving the distal perfusion [24] (Fig. 67.4).

Nevertheless, endovascular repair may fail to succeed and, in these cases, sur-
gery is required to achieve control of the bleeding. Operative management can pro-
vide hemostasis by suturing the bleeding stump of small vessels, without blocking 
the blood flow of the feeding vessel. Furthermore, surgery may enable the control of 
local infection and sepsis by completion pancreatectomy or appropriate drainage 
placement and lavage. However, re-laparotomy for PPH may be complex because of 
postoperative adhesions and poor operative view due to massive bleeding. In such 
cases, an aortic occlusion balloon catheter may be helpful for controlling the hypo-
volemic shock and obtaining a better view of the operative field [13].

Surgery may be also performed additionally after providing control of bleeding 
by endovascular intervention for evacuating hematoma, abscess or salvage pancre-
atectomy for pancreatitis or dehiscence. If a patient is septic but hemodynamic 

Fig. 67.3 Suggested algorithm for treatment of PPH. The most frequent steps are highlighted in red
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Fig. 67.4 (a, b) Active bleeding from a branch of the superior mesenteric artery, (c) successful 
coiling with angiography, (d) active bleeding from the hepatic artery, (e) stent grafting of the 
hepatic artery with preservation of the blood flow to the liver
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stable, at least an interventional percutaneous drainage of infected fluid collections 
should be performed for sepsis control after endovascular hemostasis.

It should be noted that some cases of late extraluminal bleeding with an anasto-
motic leak may clinically present as a gastrointestinal bleed. In such a case endos-
copy can provide false positive findings and, thus, may delay adequate treatment 
[6, 10].

67.4  Discussion

After the ISGPS developed and published an objective definition and clinical grad-
ing in 2007 in order to introduce a guideline for appropriate management of PPH 
and to compare outcomes, several validation studies based on retrospective research 
were published [8, 20, 22, 23]. It can be stated that the ISGPS classification proves 
suitable for clinical as well as scientific application, for comparing management and 
outcome, and for identifying risk factors for PPH. There is comprehensive data for 
severe and delayed hemorrhage while the data situation for PPH Grade A is sparse. 
This is because clinically not significant, mild bleeding is often not captured in 
standard databases. However, a study on a large cohort of 2429 patients showed no 
differences in mortality, ICU stay and readmission rates comparing patients with 
PPH Grade A to a cohort without cases of bleeding. It can be concluded, that Grade 
A PPH has no relevant clinical impact and requires no intervention [30]. The most 
important factor for distinguishing different types of PPH is the time of onset due to 
different pathogenesis of bleeding and consequently different mortality rates. Early 
bleeding which accounts for 9%–36% of all PPH events has much better outcome 
then delayed bleeding with mortality rates of 1,2% and 10,6%, respectively [8, 20, 
23, 31]. Late hemorrhage results in most cases from POPF and is accompanied by 
sepsis as an additional comorbidity, which may contribute to higher mortality rates 
[12]. Several studies published a significant correlation (up to 80%) of Grade B and 
C PPH and POPF [8, 30, 32, 33] as well as pseudoaneurysms [25, 34, 35]. Grützmann 
et  al. reported that pancreatic fistula increased the mortality in the PPH cohort 
17-fold [6].

Generally, there are two different pathways of management: re-laparotomy for 
early and interventional radiology for delayed bleeding events. Although some 
authors preferred immediate re-laparotomy in case of sentinel bleeding in the past, 
the endovascular approach is recommended as the first-choice therapy of delayed 
PPH nowadays [6, 11, 12]. Standop et al. reported that re-operation in case of com-
plications after pancreatectomy is associated with a high mortality rate of 13–60% 
[36]. Thus, in current literature, there is a clear shift towards interventional radiol-
ogy as a first-line treatment for delayed PPH [12, 13, 15, 32, 35]. However, endo-
vascular therapy of PPH itself is associated with complications. Thus, several 
studies reported about morbidity, mortality, and long-term results after endovascu-
lar intervention (e.g. recurrent bleeding 7–30%, hepatic failure 12–63% and mortal-
ity 7–54%) [12, 13]. A meta-analysis of 15 studies and 248 patients with PPH 
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showed comparable success rates for hemostasis (76% vs. 80%; P = 0.35) and sig-
nificantly lower mortality rates after endovascular intervention compared to surgery 
(22% vs. 47%; P = 0.02). A technical success rate of 82–100% has been reported for 
interventional radiology as a treatment for PPH [12, 13, 24]. Consequently, some 
authors recommend attempting resuscitation of hemodynamic stability even in criti-
cal cases to allow endovascular management first [25].

Correa-Gallego et al. reported low mortality of 3% for PPH if its promptly rec-
ognized and adequately managed [23]. This emphasizes the recommendations for 
centralization of pancreatic surgery in high volume centers, since failure to rescue 
rates are much lower in specialized centers [4, 37].

67.5  Conclusion

PPH is categorized in early and late, intra- and extraluminal, and mild and severe. 
In cases of massive hemorrhage, immediate transfer to angiography or re- laparotomy 
should be undertaken. Patients in hemodynamic stable condition should undergo 
imaging with CT angiography. In case of intraluminal bleeding an endoscopical 
intervention is indicated. In the very likely event of extraluminal bleeding, a pseu-
doaneurysm is the main cause of hemorrhage and patients should be first submitted 
to endovascular therapy. Surgical intervention for late hemorrhage carries a risk for 
new complications but is important for the control of sepsis.

PPH is a major complication after pancreatic surgery, which requires an adequate 
management. The outcome for postpancreatectomy bleeding seems to be better in 
high-volume centers.
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Take Home Messages
• Post-operative pancreatic fistula (POPF) is a serious complication and a 

major cause of morbidity and mortality in pancreatic surgery.
• POPF is graded into biochemical leaks, and grades B and C with clinical 

relevance.
• POPF occurs in about 20% of patients undergoing pancreatoduodenec-

tomy, but usually <2% are serious (grade C).
• POPF may occur in up to 30–40% of patients undergoing distal resections, 

but usually have a less severe clinical course.
• Management consists of drainage (prolonged), ± total parenteral nutrition, 

and sometimes completion pancreatectomy in the critically ill patient.
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68.1  Introduction

Post-operative morbidity remains a challenge after pancreatic surgery. The compli-
cation of most concern is the development of a post-operative pancreatic fistula 
(POPF) [1]. The occurrence of a pancreatic leak leads to risk of infection, risk of 
bleeding and life-threatening sepsis with prolonged hospitalization, increased mor-
bidity and increased risk of mortality. Understanding the cause, identifying modifi-
able risk factors and implementing preventive measures has been a focus of 
significant research by those with an interest in pancreatic surgery.

Severe POPF (Fig. 68.1) may be responsible for about one third of all deaths after 
pancreatic surgery and even though such fistulae occur in a relatively small propor-
tion of patients (<2%), their impact on outcome is considerable [2]. Extrapolating 
from volume-outcome series, it is probable that some POPF may be avoided by 
meticulous attention to technique and perioperative management [3], yet the rate of 
about 15–17% CR-POPF (grades B and C) and <2% severe (grade C) fistulas across 
time-series and center-volumes is consistent. Studies from Sweden and Finland did 
not report a change in POPF rates after centralization of pancreatic surgery [4, 5], 
neither was cost nor length of stay associated with reduced POPF rates. Thus, fac-
tors other than volume and experience are likely to contribute to CR-POPF.

Pearls and Pitfalls
• Several risk factors exist and several risk scores have been proposed but 

few validated.
• The large variations in anastomotic techniques used likely reflects that 

none are superior in POPF mitigation.
• Use of prophylactic drains at time of surgery is controversial, with data 

pointing to both beneficial and detrimental effects on fistula rates.
• Use of ductal stents, in either head or distal resections, is not justified by 

existing data.
• Most prophylactic medical interventions have not been substantiated over time.
• Completion pancreatectomy may be required as a rescue procedure in 

severe leaks.

Future Perspectives
• The current understanding of POPF pathogenesis is incomplete.
• Better and larger trials of existing drugs to modify risk are needed.
• Botox injection in Sphincter of Oddi has proven beneficial in distal resec-

tions, but awaits result from randomized trials.
• The inflammasome, including pancreatitis, needs better understanding to 

prevent or treat POPF.
• The microbiome as a potential causative or contributory factor has emerged 

and needs further investigation.
• If, substantiated, antibiotics may gain an extended role in preventing POPF.
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68.2  Definition of POPF

Until 2005, no uniform definition of pancreatic leaks existed. A 2005 consensus 
report initially standardized reporting of the incidence and outcome of POPF [6]. 
However, due to inconsistencies (in particular to grade A) further refinement took 
place with an updated definition in 2016 [7]. The new definition does not consider a 
biochemical leak (previously grade A) as a clinically relevant POPF (grade B and C; 
Fig. 68.1).

68.3  Risk Factors and Risk Scores of POPF

A better understanding of the underlying pathophysiology is crucial in order to bet-
ter prevent and predict the occurrence of POPF [1]. The development of a POPF 
may be influenced by several concurrently occurring factors (Fig.  68.2) and the 
pathophysiological effects and interactions of each on the other are complex and 
poorly investigated.

CLINICAL FINDINGS POPF DEFINITION
ISGPF 2016

OUTCOMES

CR-POPF

Biochemical leak Prevalence 17-20%

Pancreatic fistula

Prevalence 10-12%
Mortality (rare*)

Prevalence <2%
Reoperation rate >75%
Mortality ≈ 40%

Grade B

Grade C

Drain amylase level
>3x normal value

Clinically relevant change
in management

1) Percutaneous or
2) Endoscopic drainage;
3) Interventional radiology
for POPF-related bleeding
Drain in situ >3 weeks

+ Sepsis
+ Organ failure
+ Re-operation

Death

Fig. 68.1 Definition of POPF according to the 2016 ISGPS. Diagram based on the 2016 ISGPF 
definition. (*) Asterisk to indicate that any mortality related to grade B POPF is to be graded as 
type C, per definition. Only very rarely is a sudden post-operative death event in the presence of a 
POPF grade B truly unrelated to the fistula. POPF denotes post-operative pancreatic fistula. 
CR-POPF denotes “clinically relevant- POPF”. (Reproduced with permission from Soreide K 
et al. HPB 2019 Dec;21(12):1621–1631, ©2019 with permission from Elsevier)
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68.3.1  Risk Scores for POPF

Several risk scores (at the time of writing at least 13) and nomograms have been 
proposed to predict POPF. The most highly validated risk score for fistula develop-
ment is the Fistula Risk Score [8], constructed of pancreatic gland texture (soft 
gland has higher risk), pancreatic duct diameter (smaller has higher risk), type of 
pathology (higher risk in patients without pancreatic cancer or chronic pancreatitis) 
and perioperative blood loss (higher risk with increasing blood loss). Critique of the 
FRS is that it can only be estimated after surgery (when blood loss is estimated). 
Thus, suggestions of both an ‘alternative FRS’ [9] (a-FRS; consisting of pancreatic 
texture, duct diameter, BMI (higher BMI carries higher risk) and an ‘updated alter-
native FRS’ [10] (ua-FRS; adding male sex to the a-FRS, males have higher risk) 
have emerged; of which the latter (ua-FRS) is suggested to also be useful for mini-
mally invasive pancreatic surgery. The occurrence of new scores and inconsistent 
variable validation of scores underline that the endpoint (e.g. POPF) is a ‘moving 
target’ influenced by several parameters not captured in one simple risk score. Most 
of the scores have a mediocre accuracy (Area Under the Curve [AUC] usually well 
below 0.8), and hence their clinical value is limited.

Patient specific

Preparation specific Performance specific Pancreas specific

Procedure specific Pathway specific

•    Obesity
•    Smoking
•    Age
•    Comorbidities
•    Hemoglobin
•    Albumin
•    Jaundice
•    Infection
•    Weightloss
•    Pancreatitis

•    Provider volume
•    Estimated blood loss
•    Transfusion
•    Operating time
•    Perfusion, fluids
•    Periop. hypotension
•    Pancreas stenting
•    Patch of anastomosis
•    Pancreas drain

•    Tissue texture
•    Duct size
•    Vascular perfusion
•    Pathology type
•    Post-op pancreatities

•    Biliary stenting
•    Nutritional status
•    Preconditioning
•    Prehabilitation
•    ERCP/EUS related
•    Biopsy/brushings
•    Neoadjuvant therapy
•    Prophylactic meds
         •    SA-analogues
         •    Hydrocortisone

•    Open/laparoscopic/robotic

•    Pancreatoduodenectomy
•    Distal resection
•    Central/median resection
•    Enucleation
•    Total pancreatectomy

•    Venous/arterial resection
•    Anastomotic technique(s)

•    Pain control
         •    Mode
         •    Drugs
•    Nutrition
•    Prophylactic drain use
•    Mobilisation
•    Fluid volumes
•    Blood transfusion

Preoperative Perioperative Postoperative

Fig. 68.2 Reported risk factors across the perioperative course in pancreatic surgery. The number 
of factors potentially influencing the POPF risk is depicted (list is not exhaustive but includes fre-
quently debated factors). (Reproduced with permission and modifications from Soreide K et al. 
HPB 2019 Dec;21(12):1621–1631, ©2019 with permission from Elsevier)

K. Søreide et al.



1047

68.3.2  The Pancreatic Gland and Anastomotic Healing

Poor healing of the pancreatic anastomosis with subsequent leakage of pancreatic 
juice and enzymes into the abdomen may represent one source, but leaks can also 
occur from the pancreas parenchyma or from subsequent sequelae, i.e. a leak due to 
injury or trauma not directly related to the anastomosis, or inflammation (e.g. post- 
operative pancreatitis).

Abdominal fluid collections occur in one in every five patients undergoing pan-
creatic surgery [11], with two-thirds of collections being asymptomatic, and only 
half of collections eventually requiring percutaneous drainage. In the latter group, 
this is most often due to a pancreatic fistula [11]. Distinction of pathophysiological 
steps that separate a self-contained or drainable leak from a progressive, CR-POPF 
that progresses to sepsis, organ failure and potential death is currently not available 
(Fig. 68.3).
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Time after pancreatic surgery to event or recovery

MULTIORGAN FAILURE AND MORTALITY

NO SIGNS OF PANCREATIC LEAK

BIOCHEMICAL LEAK

PANCREATIC FISTULA

GRADE B

GRADE C

Grade C leak with recovery

Grade B leak with recovery

Biochemical leak with recovery

Uneventfull recovery
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Fig. 68.3 The putative course of events of POPF after pancreatic surgery. Illustrated is examples 
with no leak, biochemical leak or a potential aggravation of leak into clinical relevant leak with 
recovery or, in some instances, progression to multiorgan failure and death. The likely sequence of 
events from surgical insult and potentially cascading events leading to severe POPF within the 
model is poorly understood, which is reflected in the vast number of factors investigated and the 
continued debate in the literature. Green colours resemble less harmful events with recovery, 
amber and red indicates progressive deranged physiology (e.g. organ failure and need for organ 
support), with risk of death. (Reproduced with permission from Soreide K et  al. HPB 2019 
Dec;21(12):1621–1631, ©2019 with permission from Elsevier)
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68.3.3  Pancreatic Gland Texture

Glands containing more fibrosis (harder texture) have less risk of POPF. The pan-
creatic gland itself seems to be a crucial risk factor for POPF and is included in all 
of the most frequently used risk scores (FRS, a-FRS, and ua-FRS). However, con-
siderable issues with standardization, robustness and validation exist with measure-
ments derived from the gland itself.

The pancreatic parenchyma may be of variable quality and consistency with 
direct implication for development of POPF. While a ‘soft’ gland has a higher risk 
of POPF [12], there is no consensus in how to objectively score the gland texture 
[13]. A systematic review of gland texture confirmed the validity in risk between a 
‘firm’ and ‘soft’ gland, yet stated the lack of an objective, reproducible and valid 
definition of this feature [13]. Administration of intraarterial octreotide did not 
result in any clinically relevant effect on tissue hardness [14].

Currently, the surgeon’s tactile impression is what determines gland texture. This 
is problematic in that several scores include the distinction between ‘soft’ and 
‘firm’, but there is no clear-cut definition or objective means by which to assess this 
[13]. The subjective and simple use of ‘soft’ and ‘firm’ is currently recommended. 
A histologic score based on fibrosis grade, fat content, pancreatic duct size, and 
signs of chronic pancreatitis was calculated in one study and correlated well with 
tissue hardness and suture holding capacity [15].

68.3.4  Pancreatic Duct Size

A small pancreatic duct (≤3 mm) has been reported to be an independent risk factor 
for POPF [16, 17]. The combination of a soft gland and a small duct increases the 
risk for fistulae by several magnitudes [18]. No universal standard exist for measur-
ing duct size (e.g. based on pre-operative imaging; intraoperatively, cut surface of 
gland, largest diameter etc).

68.3.5  Pancreatic Gland Perfusion

The neck of the pancreas is a ‘watershed area’ as a site of vascular anastomosis 
between the celiac and superior mesenteric arterial systems. Thus, hypoperfusion in 
this region may be associated with poor healing and risk of anastomotic breakdown. 
Intraoperative assessment of blood flow at the anastomotic site is frequently done by 
surgeons, but usually by inspection and palpation. In a prospective, non-randomized 
study [19], the blood supply at the cut surface of the pancreas was evaluated, and if 
found inadequate, the pancreas was cut back 1.5–2.0 cm to improve the blood sup-
ply. The technique resulted in a very low POPF rate of 1.6% [19].
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In this regard, perioperative fluid balance may serve as a surrogate for adequate 
perfusion and, has been a matter of debate in relation to fluid type, volumes and 
measurements. Of note, patients with a higher net fluid balance 72 h after surgery 
have a higher rate of POPF [20, 21]. However, a systematic review found no definite 
difference with intraoperative fluid restriction and few studies on post-operative 
fluid restriction on POPF outcome [22]. Furthermore, a systematic review on use of 
“enhanced recovery” principles did not demonstrate any difference in POPF 
rate [23].

68.4  Multifactorial Pathogenesis and Sequence of Events

Risk factors related to POPF could be viewed as either modifiable (e.g. choice of 
anastomosis, use of drugs, stents, patches or drains) or non-modifiable (e.g. type of 
pathology, gender, age, obesity) [1, 24]. Further, there will be known risk factors 
(e.g. smoking, pre-operative biliary stenting) and unknown risk factors (e.g. type of 
microbiome, specific reaction to drugs and perioperative fluids, involvement of 
inflammasome and surgical stress) that are not specifically monitored for or mea-
sured in any individual patient [1]. Thus, a complete picture of all factors involved 
is not described in any one study nor any one single patient. Importantly, several of 
the factors that are described are related to each other, possibly confounding results 
and also interacting as modulators of progression and severity (Fig. 68.4).

68.4.1  Proteases from Pancreatic Juice

The pancreatic juice contains enzymes and proteases that may either digest the 
anastomosis or facilitate further leakage if disruption of the duct-to-mucosa anasto-
mosis should occur. One report documented a possible indirect finding regarding 
the role of digestive enzymes with a lower POPF ratio when nonabsorbable (poly-
ester) sutures were used compared to slow absorbable (polydioxanone) suture mate-
rial in a propensity-score matched study [25]. A study using intraperitoneal 
microdialysis [26] to monitor intraperitoneal metabolites (glycerol, lactate, pyru-
vate and glucose) close to the pancreaticojejunostomy has shown that patients who 
later developed clinically significant POPF had higher intraperitoneal glycerol con-
centrations and lactate/pyruvate ratios, and lower glucose concentrations in combi-
nation with an increase in trypsinogen activation peptide. Also, several different 
measures of amylase in either serum or in drain fluids have been proposed to cor-
relate with fistula risk. None of the findings are consistent or validated, but interest 
in pharmacological manipulation of factors involved in the microenvironment, 
inflammation and on the output of pancreatic juice have been taken on as a result of 
such findings.
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68.4.2  Inflammation and Post-Operative Pancreatitis

Post-operative pancreatitis is a clear risk factor for POPF [27], and this suggests that 
inflammation (even if sterile) may be an important contributor to POPF. One study 
found a correlation between pancreatic acinar cell density at the cut surface of the 
pancreas and the intraoperative amylase levels measured during surgery, to the sub-
sequent frequency of pancreatitis and risk of POPF [28, 29]. Thus, a better under-
standing of the post-operative “inflammasome” may lead to new therapeutic targets 
and may provide new avenues for dampening the inflammatory signals that result 
from surgery in the immediate post-operative phase.

68.4.3  Microbiome in POPF

The understanding of the microbiome and its influence on outcome after pancreatic 
surgery is developing [30–32]. Bacterial contamination in ascitic fluid or intrab-
dominal contamination has been documented in association with POPF [33–37]. 

Infected bile
Blood loss Gland texture

firmness

acinar cell density

fatty pancreas

Fluid volume

Blood pressure

perfusion

microcirculation

biliary decompression

microbiome

antibiotics

nutrition

wound healing

sarcopenia

metabolism
drugs

Duct size

inflammasome

ductal inflammation

Acute pancreatitis

Fig. 68.4 Multifactorial pathogenesis and interaction of mechanisms in POPF. A number of factors 
investigated in relation to pancreatic fistula development. Contributions from metabolism, inflam-
masome and microbiome are suggested, as well as anatomic and disease specific contributions to 
risk. The model is not exhaustive but represent a conceptual framework for integrated research 
across disciplines. Contribution of the inflammasome and microbiome are poorly understood but 
likely are key players in the understanding of POPF development. (Reproduced with permission 
from Soreide K et al. HPB 2019 Dec;21(12):1621–1631, ©2019 with permission from Elsevier)
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Likewise, contaminated bile, with or without pre-operative stenting, also increases 
the risk for POPF [38, 39]. Furthermore, it is documented that neoadjuvant therapy 
in PDAC is associated with different bacterial cultures in patients who undergo 
resection [31]. Sampling at multiple sites in patients undergoing pancreatoduode-
nectomy has revealed considerable changes in the microbiome, and patients with 
POPF had increased abundance of Klebsiella and decreased abundance of commen-
sal anaerobes, such as Ruminococcus, in postoperative faecal samples [30].

Based on an increasing number of reports in the literature, it has become clear 
that the microbiome may influence surgical disease and outcomes in a range of 
ways not appreciated to date [40]. As the understanding of the bacterial load, spe-
cies and interaction with human organ and tissues becomes clearer, we may learn 
more of their direct or indirect association with development of POPF.

68.5  Preventive Measures or Mitigation of Risk

With the associated risk in both pancreatoduodenectomy and distal resections, sev-
eral strategies to mitigate this risk or even prevent POPF, have been tried, developed 
and incorporated (or, refuted) over the years. Roughly, one can separate these mea-
sures into those that are related to the surgery per se (type of resection and anasto-
motic techniques) and those that are part of the perioperative management.

68.5.1  Interventions to Reduce POPF After Distal Resections

The POPF rate after distal pancreatic resection is reported at around 30% across 
series [41, 42], with no difference between the open and laparoscopic approach. 
While usually not progressive to severe complications and death (e.g. grade C), 
POPF after distal pancreatectomy can contribute to morbidity, longer hospital stay 
and prolonged periods of drainage required for infection/output control.

A recent metanalysis of available techniques to reduce POPF after distal resec-
tion, found patch coverage after stapler or suture closure to have the lowest POPF 
rate and best outcomes among stump closure techniques after distal pancreatectomy 
[41], much in line with another metanalyses on the same topic [42].

The largest RCT on stapler versus hand-sewn closure of the pancreatic remnant 
after distal pancreatectomy (the DISPACT trial) found no difference between the 
two types of closure [43]. With the increasing use of laparoscopy for distal pancre-
atic resections [44, 45], but considerable variation in reported use and outcomes [46, 
47], one may expect further trials to inform the optimal strategy. While some recom-
mend and prefer reinforced stapler for laparoscopic distal resections, there is no 
documented benefit over regular staplers [42]. In a small, propensity score matched 
cohort, the use of reinforced stapler (12% POPF) was superior to transection with 
an ultrasonic dissector (40% POPF) [48], but considered hypothesis generating data 
at best. A Japanese RCT [49] found a non-significant difference comparing rein-
forced with regular staplers for distal resections (16.3% vs. 27.1%).

68 Post-Operative Pancreatic Fistula After Pancreatic Surgery



1052

The transection site in distal pancreatectomy also seems to play a role in the 
development of POPF. Because of the normal anatomy, the pancreas is thinnest at 
its neck, ie over the portal vein, and is thicker towards the tail. Transection in the tail 
of the gland carries a higher risk of POPF compared with the neck [50], according 
to one study. However, deliberate transection at the neck might lead to unnecessary 
extra loss of pancreatic tissue which can contribute to the development of exocrine 
and endocrine pancreatic insufficiency.

Prophylactic pancreatic stenting has been proposed as a mitigation strategy for 
POPF in patients undergoing distal pancreatectomy. Although some series reported 
favorable results, the only randomized controlled trial carried out in Sweden, did 
not find any benefit of preoperative pancreatic stenting [51]. The results, although 
non-significant, actually suggested a harmful effect of stents in terms of POPF and 
infectious complications.

The use of pre-operative botulinum toxin injection in the sphincter of Oddi could 
provide a similar hypothetical benefit as pancreatic stenting (ie. free flow of pancre-
atic juice to the duodenum), possibly without the harm of stent placement. Botulinum 
has been demonstrated to reduce the POPF rate in a small phase I/II trial [52], but 
failed to be replicated in a single-center, retrospective series [53]. However, a multi- 
institutional trial is now underway in Germany (PREBOT trial).

68.5.2  Patches to Prevent Leaks in Pancreatoduodenectomy

Covering of the anastomosis with a sealant to protect from leakage is an intuitively 
attractive approach but evidence is weak with no or little effect, as reviewed elsewhere 
[1]. Several randomized trials and systematic reviews have failed to demonstrate any 
beneficial effect of Tachosil™ patches in reducing the risk of POPF [42, 54, 55].

Occlusion of the pancreatic duct with a chemical substance to avoid a pancreatic 
anastomosis during pancreaticoduodenectomy has been tried in a Dutch/Italian ran-
domized clinical trial [56]. The trial found that duct occlusion (Ethibloc, Neoprene or 
Trasylol) without pancreaticojejunostomy did not reduce postoperative complications 
or mortality. However, the technique did significantly increase the risk of pancreatic 
endocrine insufficiency. A further trial [57] was recently performed using injection of 
a neoprene-based glue in the pancreatic duct for occlusion. In patients at high-risk of 
POPF, the POPF rate was reduced (to the level of a low-risk PJ anastomosis), but this 
technique almost tripled the risk of diabetes at 1 and 3 years after surgery.

68.5.3  Type of Anastomotic Reconstruction

Anastomosis of the pancreatic stump to the jejunum includes various forms such as 
end-to-side duct-to-mucosa anastomosis, and end-to-side or end-to-end invagination 
techniques (dunking). The most frequently used technique for pancreaticojejunos-
tomy is the end-to-side, duct-to-mucosa anastomosis. However, it should be noted that 
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more than 66 variants of anastomotic techniques are reported in the literature [58], 
likely reflecting that none is superior to the other and that this is unlikely to be the 
solution to POPF.

Several meta-analyses (including a Cochrane review [59]) have investigated the 
effect of the two most commonly performed techniques (pancreaticogastrostomy 
and pancreaticojejunostomy) on fistula rates and found significantly different rates 
of POPF, in favor of pancreaticogastrostomy. The meta-analyses reported over the 
years have included different numbers of trials, with variable number of patients 
and also arrived at different conclusions due to the endpoints investigated other than 
POPF, such as biliary fistula rates and intra-abdominal fluid collections.

The superiority of pancreaticogastrostomy was reported in a recent meta- 
analysis, but only with slightly better results [60]. Furthermore, a small Canadian 
RCT found no difference between the two techniques, and the trial was stopped 
early [61]. Another negative trial found no long-term difference, but more post- 
operative bleeding events after pancreaticogastrostomy [62]. Based on results from 
surveys, almost 90% of surgeons use pancreaticojejunostomy in their current prac-
tice [63]. In another survey, more senior and experienced surgeons tended to use 
pancreaticogastrostomy [64]. Currently, the jury is still out on this, and practice 
seems to be based on institutional preferences.

68.5.4  Internal or External Stents

The use of stents, either internally or externally, to reduce POPF rates has also cre-
ated debate over the years [65, 66]. Data remains conflicting, as one trial found a 
reduction in POPF by using external stents [66], while another trial found external 
stents were associated with a higher rate of POPF than internal stents [65]. In a large 
North-American multicenter study (n = 729 pancreatoduodenectomies), the use of 
external stents was placed at the surgeons’ discretion (in about 18%) and found to 
be of value in risk-stratified patients who were at high risk of POPF [67]. Hence, 
weak data to support selective use of stents is available, however there is no support 
for routine use of this modality.

68.5.5  Placement of Intraperitoneal Drains After Surgery

The use of drains has caused considerable debate over the past few years, with argu-
ments for and against their use [68]. Several meta-analyses have been undertaken 
with variable conclusions [69–73]. Routine use of drains is not supported by evi-
dence, but still used by many, if not most, surgeons.

Concerns evolve around patients with a high-risk for development of POPF, and 
in this subgroup of patients drains may have a role (e.g. patients with a soft pan-
creas, small duct and high BMI), where the drains may give sentinel information 
about POPF development. The drain may thus help reduce failure-to-rescue rates. 
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Hence, the clinical practice is to place drains with a policy for early drain removal 
[74–78], if drain amylase is low (e.g. <1000  U/L) preferably by post-operative 
day 3 [79].

68.5.6  Perioperative Care to Mitigate POPF Rate

Several attempts at optimizing the perioperative care pathway by focusing on vari-
ous types of care elements, interventions and preventive measures have been pro-
posed over the years in order to prevent or reduce the impact of POPF. Risk scores 
are not universally used. Early detection parameters and selective use of various 
strategies is what is practiced in most centers, with accumulating data either being 
conflicting or not conclusive for one strategy over another.

Early detection of clinically relevant POPF is important. Variables associated 
with early diagnosis of POPF was identified in a systematic review and included 
[80]: non-serous drain efflux (day 3); positive drain culture (day 3); elevated tem-
perature (any day); elevated C-Reactive Protein (CRP; day 4); elevated white blood 
cell count (day 4) and peripancreatic collections on computed tomography (CT; 
day 5–10).

68.5.7  Perioperative Drugs Associated with Risk of POPF

Use of non-opioid drugs after major gastrointestinal surgery has been promoted for 
enhanced-recovery and in enhanced recovery protocols. Use of non-steroidal anti- 
inflammatory drugs (NSAIDs) and the more specific cyclooxygenase-inhibitors 
(COX-2 inhibitors) have been linked to risk of anastomotic leaks in other gastroin-
testinal surgery. One study in patients undergoing pancreaticoduodenectomy found 
a non-significant increase in POPF rates with the use of NSAIDs (specifically the 
use of Ketorolac), and a significant increased risk of POPF for COX-2 inhibitors 
when adjusting for cofactors [81]. More recently, Ketorolac was proposed to increase 
the risk of POPF [82]. While data are still equivocal regarding the relationship of 
drugs to POPF, clinicians should be aware of a potential association to impaired 
wound healing if considering use in a fast-track/enhanced recovery setting where the 
focus is often on alternative pain medication to replace opioids after surgery.

68.5.8  Perioperative Use of Corticosteroids

Hydrocortisone has been demonstrated in two small trials to be effective in reducing 
overall postoperative complications after pancreatoduodenectomy [83] and POPF 
after distal pancreatectomy [84]. However, in an RCT comparing hydrocortisone to 
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a somatostatin-analogue, pasireotide, in patients with high-risk of POPF, hydrocor-
tisone was not non-inferior to pasireotide, and pasireotide was more effective in 
preventing POPF after distal pancreatectomy [85]. Intraoperative dexamethasone 
was associated with reduced number of infectious complications in an observational 
cohort study [86], but no difference in major complications at 30 days was observed 
between the groups.

68.5.9  Preventive Use of Somatostatin-Analogues

Use of somatostatin and the somatostatin-analogues (octreotide, pasireotide, vapre-
otide, or lanreotide) to prevent POPF after pancreatic surgery remains a controver-
sial and much debated topic. In a Cochrane review of 21 trials with a total of 2348 
patients, there was a reduction in overall fistula rates with the use of somatostatin-
analogues after pancreas surgery (RR 0.66; 95%CI 0.55–0.79). However, when 
investigating those trials that specifically reported clinically relevant fistula 
(CR-POPF), no difference was found (RR 0.69; 95%CI 0.38–1.28). Of note, most 
studies have been performed before the most recent revision of the POPF definition, 
hence a large number of POPFs may be simple biochemical leaks.

Two recent meta-analysis have investigated the effect of somatostatin-analogues 
and adds to the layer of confusion as they arrived at rather different conclusions 
[87, 88].

The first meta-analysis [87] (Fig. 68.5) included all studies, regardless of type of 
resection, somatostatin-analogues given and year of study. Including 15 studies of 
overall 2221 patients, they found statistically significant lower overall fistula rate 
and CR-POPF in the pooled analyses. However, as demonstrated in the figures, the 
study on pasireotide from Allen et al. [89] was a strong contributor to the pooled 
risk, and as the authors acknowledged, the heterogeneity between studies was 
considerable.

A further meta-analysis [88] (Fig.  68.6) including all RCTs investigating 
somatostatin- analogues after pancreatoduodenectomy, found 12 trials with a total of 
1615 patients. The investigators found no difference in POPF. The overall POPF 
rate in the studies was 19.8% [88], with a pooled rate of 17.4% for SA-analogue and 
22.3% for controls, for a non-significant difference between groups with a pooled 
odds ratio (OR) of 0.73 [95% CI 0.51–1.05; p = 0.09] . When looking only at the 6 
trials that were reported after the 2005 POPF definition, there were no difference 
between groups. Finally, when exploring specifially for CR-POPF only, no differ-
ence with the use of prophylactic octreotide was identified. Furthermore, no differ-
ence was found in any other complications, including delayed gastric emptying, 
abdominal collections, reoperation, hospital stay nor in mortality [88].

Pasireotide is a relative new somatostatin-analogue used in the treatment of 
Cushing syndrome with a 40-times higher affinity to the somatostatin-5 receptor 
compared to other somatostatin-analogues. An RCT on pasireotide [89] demon-
strated a significant reduction in clinically relevant fistulas, leaks and abscesses. The 
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Fig. 68.5 Meta-analysis of somatostatin-analogues on outcomes after all types of pancreatic 
resections. Presented are the effect on (a) overall fistula rate, (b) clinical-relevant fistulae; (c) over-
all morbidity and (d) overall mortality. (Reproduced from on Tianpei et al., Pancreatology ©2019, 
with permission from Elsevier)
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effect remained significant in favor of pasireotide when looking specifically at type 
of surgery (pancreaticoduodenectomy versus distal pancreatic resections) and duct 
size (dilated versus normal). However, the trial has since been heavily criticized for 
several reasons; a) using an institution-specific definition of POPF rather than using 
the ISGPF definition; b) having a slightly higher POPF rate (at around 20%) in the 
placebo group compared to other [90] series, and, c) lacking external validity as the 
trial was done in one center only. One Finnish RCT [85] found beneficial effect of 
pasireotide on POPF in distal pancreatic resections, compared to hydrocortisone. 
Others have not been able to replicate the findings in non-randomized studies, 
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Fig. 68.6 Meta-analysis of somatostatin-analogues in RCTs after pancreatoduodenectomy. Effect 
of SA-analogue on (a) overall fistula rates (b) CR-POPF rates and (c) mortality, showing no effect 
for either of the subgroups. (Reproduced from Adiamah A, Arif Z, Berti F, et  al. The Use of 
Prophylactic Somatostatin Therapy Following Pancreaticoduodenectomy: A Meta-analysis of 
Randomised Controlled Trials. World J Surg 2019;43:1788–1801, pending permission from 
Springer)
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reporting no effect on any of the outcomes [91]. Furthermore, pasireotide is more 
costly than other somatostatin-analogues, for which cost-effectiveness has not been 
demonstrated [92].

68.5.10  Antibiotics: From Prophylaxis 
to Perioperative Treatment?

With several reports on positive bile cultures, the use of biliary stenting (more so in 
the neoadjuvant setting) and the putative role of the microbiome in POPF, proposals 
for different ways of antibiotic management have developed [32, 37, 93]. However, 
in a recent RCT [94], the use of intraperitoneal irrigation of antibiotics did not 
reduce the number of surgical site infections, nor was there a reduced rate of 
CR-POPF in the two groups (11 versus 12%). Retrospective studies have not pro-
vided data to favor implementation of extended treatment of broad-spectrum antibi-
otics [93], and further research is needed to investigate the clinical impact of the 
microbiome and how this should be best handled.

68.6  Treatment of POPF

When a POPF is established by the definition (Fig. 68.1) it is important to tailor the 
intervention to avoid deterioration and progression to a severe type grade C POPF 
(Fig. 68.3).

68.6.1  Drains

For most clinically relevant POPF, simple drain placement (or, keeping an already 
intraoperatively placed drain) for a prolonged period may suffice. Patients with infec-
tious signs, with or without positive bacterial cultures from bile (pre-stented bile duct) 
or in drain fluid, associated with fever, leukocytosis and increased CRP may warrant 
empirical administration of intravenous antibiotics pending results from cultures.

In severe POPF, catheter-based drainage as a “step-up-approach” has been sug-
gested to be beneficial in management of severe POPF over direct relaparotomy [95, 
96]. In a Dutch consecutive cohort, 309 (14.1%) patients developed severe POPF, 
with an in-hospital mortality of 17.8% (55 patients). Of these, 227 patients (73.5%) 
underwent primary catheter drainage and 82 patients (26.5%) underwent primary 
relaparotomy. Primary catheter drainage was successful (that is, survival without 
relaparotomy) in 175 patients (77.1%). After propensity score matching, 64 patients 
who underwent primary relaparotomy were matched to 64 patients who underwent 
primary catheter drainage. Mortality was lower after catheter drainage (14.1% vs. 
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35.9%). The rate of new-onset single-organ failure (4.7% vs. 20.3) and new-onset 
multiple-organ failure (15.6% vs. 39.1%) were also lower after primary catheter 
drainage [95]. In this study, acknowledging the limitations of propensity scores for 
matching, primary catheter drainage was favorable compared to primary relaparotomy.

68.6.2  Octreotide (Somatostatin-Analogues)

Other than prophylactic use, somatostatin-analogues have also been used in the 
treatment of pancreatic fistulas. However, data supporting this tradition is scarce. 
One meta-analysis pooled evidence for the use of octreotide to promote closure of 
POPF from seven RCTs [97]. Only 102 patients had fistula from the pancreas, and 
pooling of closure rates showed no significant difference between patients treated 
with somatostatin analogues compared with controls, for an odds ratio of 1.52 
(95%CI 0.88–2.61) [97]. Of further note, recent studies [98, 99] have not been able 
to demonstrate the effect of octreotide in reducing the pancreatic juice output.

68.6.3  Nutritional Support

In patients with severe POPF, many would recommend nil per mouth and start par-
enteral nutrition as part of the supportive process towards healing when a POPF has 
developed. While total parenteral nutrition may be warranted in patients who are 
under intensive care and unable to swallow, it may not be of value in patients who 
are able to eat independently. In a multicentre, non-inferiority randomized trial of 
oral or enteral feeding of patients with POPF after pancreatoduodenectomy, a total 
of 114 patients were included, and received either oral (n = 57) or enteral (n = 57) 
feeding [100]. In the intention-to-treat analysis, oral feeding was non-inferior to 
enteral feeding in terms of 30-day fistula closure rate (88% versus 89%, respec-
tively). Compared with enteral feeding, oral feeding significantly reduced hospital 
costs and duration of stay. No significant differences were noted in the number of 
patients whose POPF evolved into grade B/C, or any other outcomes. Extrapolating 
from the summarized RCT data from regular post-operative nutritional intake after 
pancreatoduodenectomy [101], the results also suggest that oral intake is the route 
preferred, if tolerated and possible.

68.6.4  Completion (Total) Pancreatectomy

In severe leaks and in patients not responding to the step-up management above 
(e.g. drainage of collections, antibiotics etc) with new onset or worsening organ 
failure, the only treatment may sometimes be to do a completion pancreatectomy 
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[102] in order to take out the source of the ongoing pathology. The timing and role 
of this is still controversial, with different attitudes to perform this across various 
institutions [96] and reported high mortality. Some very high-risk procedures (e.g. 
involving arterial resection and reconstruction) are now done with a planned total 
(complete) pancreatectomy as part of the procedure [103], based on the very detri-
mental consequences should even a minor leak occur after surgery.

68.7  Conclusions

The risk for POPF remains largely unchanged with several risk factors for patients 
with pancreatic cancer who need either a pancreatoduodenectomy or a distal resec-
tion [1]. Known risk factors may be used to tailor monitoring and the post-operative 
course. Several interventions, techniques and strategies have been suggested to 
mitigate risk, but few are universally effective. Even if a complete understanding of 
the pathophysiology of POPF is not available, novel technology and big data may 
help predict POPF risk better and earlier. Current risk models are based on only a 
handful of variables. Early data on machine learning may show promise, at least in 
the objective interpretation and use of imaging-based data [104]. Novel ideas and 
investigations into the cause of POPF should be embraced in order to hopefully 
reduce or even eliminate this risk of pancreatic surgery.
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Take Home Messages
• Delayed gastric emptying has an incidence of 14–30%.
• Risk factors associated with an increased incidence are sepsis, intra-

abdominal collections, post-operative pancreatic fistula and respiratory 
complications.

• Pylorus-preserving pancreaticoduodenectomy and classical Whipples 
show no difference in delayed gastric emptying.

• Antecolic reconstruction is favoured over retrocolic reconstruction.
• Enteral or parenteral nutrition, together with metoclopramide and erythro-

mycin has been shown to be beneficial.

Pearls and Pitfalls
• Early recognition and management of pancreatic fistula will reduce inci-

dence of delayed gastric emptying.
• A Braun entero-enterostomy is associated with a decreased incidence and 

severity of delayed gastric emptying after pylorus-resecting pancreatico-
duodenectomy and should be considered.

• Meticulous surgical technique to minimise pancreatic fistula is probably 
the most important surgical aspect rather than the actual anastomosis or 
reconstruction technique used.
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69.1  Introduction

Despite the improvement in technique, anaesthesia, perioperative and postoperative 
care that has come with centralisation of pancreatic surgery, postoperative morbidity 
remains high and is in the order of 30–50% [1–4]. Delayed gastric emptying (DGE), 
although not immediately life-threatening, is a frequent complication of pancreatico-
duodenectomy, accounting for 14–30% of patients post-operatively [3, 5–7]. Delayed 
gastric emptying, or gastroparesis occurs due to the impaired motor function of the 
stomach to empty its contents. It is characterised by a prolonged use of a nasogastric 
tube, delay in commencement of oral nutrition or a replacement of nasogastric tube 
after a period of vomiting and is a common cause of prolonged hospitalisation or 
readmission following pancreatic surgery [8, 9] and therefore costs.

69.2  Definition of Delayed Gastric Emptying

Many definitions of delayed gastric emptying have been reported in the literature 
and most of them are based on the time taken for postoperative removal of the naso-
gastric tube or resumption of oral diet. There have been considerable differences in 
the definitions used, and thus made comparison of results difficult due to the lack of 
a consistent definition. In 2007, the International Study Group of Pancreatic Surgery 
(ISGPS) issued a position statement and suggested a definition and grading system 
which standardised the reporting of delayed gastric emptying in the literature [10]. 
It represents the inability to progress to a standard diet by the end of the first post-
operative week and includes prolonged nasogastric intubation of the patient. They 
suggested that the mild, moderate and severe forms of delayed gastric emptying can 
be classified into grades A, B and C depending on their clinical impact (Table 69.1).

Table 69.1 The ISGPS definition of delayed gastric emptying after pancreatic surgery [10]

DGE 
grade

Nasogastric tube 
required

Unable to tolerate solid 
oral intake by POD

Vomiting/gastric 
distension

Use of 
prokinetics

A 4–7 days or 
reinsertion > POD3

7 ± ±

B 8–14 days or 
reinsertion > POD 7

14 + +

C >14 days or 
reinsertion > POD 14

21 + +

Future Perspectives
• Further research is needed into the role of pyloric ring resection during 

pancreaticoduodenectomy and subtotal stomach-preserving pancreatico-
duodenectomy (SSPPD). Both these techniques show promise but require 
a randomised clinical trial to confirm superiority.
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Grade A is characterised by a patient requiring a nasogastric tube (NGT) between 
post-operative days (POD) 4 and 7, there is reinsertion of the NGT if the patient had 
nausea and vomiting after POD 3 or if the patient is unable to tolerate a solid diet by 
POD 7 but is able to before POD 14.

Grade B is present if an NGT is required from POD 8–14, if there is reinsertion 
of the NGT after POD 7, or if the patient is unable to tolerate a solid diet by POD 
14 but is able to eat and drink before POD 21.

Grade C is present if the patient is unable to remove the nasogastric tube, or it has 
to be replaced after POD 14, or if the patient is still unable to maintain oral nutrition 
by POD 21.

The ISGPS definition of delayed gastric emptying was validated in 2010 by the 
Pancreatic Surgery unit in Verona, Italy [11]. They analysed 260 consecutive pancreati-
coduodenectomies for complications and found pancreatic fistula in 23.1% of patients 
and delayed gastric emptying in 13.8%. On univariate and multivariate analysis they also 
found that clinically relevant pancreatic fistula, biliary fistula, abdominal collections, 
sepsis and pulmonary complications were statistically significant factors associated with 
delayed gastric emptying [11]. This was also evaluated by the Heidelberg unit in 
Germany. They also found that factors independently influencing delayed gastric empty-
ing were female sex, preoperative heart failure and associated major complications [12].

69.3  Risk Factors Associated with Delayed Gastric Emptying

The pathophysiology of delayed gastric emptying is not fully understood. Possible 
causes have been postulated to involve a decrease in the plasma motilin levels with 
duodenectomy [13–15], disruption of the vagal innervation to the antrum and pylo-
rus, and localised ischaemia of the pylorus and proximal duodenum [16, 17], or the 
improper alignment after reconstruction. These are referred to as primary delayed 
gastric emptying and are not as common as secondary delayed gastric emptying, 
where a complication or risk factor can be identified such as postoperative pancre-
atic fistula or retrogastric collection [18].

69.3.1  Preoperative Factors and Delayed Gastric Emptying

While there have been many studies looking at operative and postoperative factors 
associated with delayed gastric emptying, very few studies have looked at preopera-
tive factors. Sarcopenia is defined as a loss of skeletal muscle leading to decreased 
strength and general physical performance with impaired resilience to stress [19]. It 
is found in almost 80% of cancer patients and is associated with decreased survival 
and increased recurrence rates in numerous malignancies, but particularly with pan-
creatic adenocarcinoma [20]. Tankel et al. studied the effect of sarcopenia in patients 
undergoing pancreaticoduodenectomy. They found that patients suffering with sar-
copenia were six times more likely to have delayed gastric emptying [21].

69 Delayed Gastric Emptying After Pancreatic Surgery
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69.4  Surgical Factors and Delayed Gastric Emptying

69.4.1  Pylorus-Preserving Pancreaticoduodenectomy Versus 
Classic Whipple Procedure

Many surgical techniques have been studied to investigate the causes of delayed 
gastric emptying or possible ways to decrease its incidence. Pylorus-preserving 
pancreaticoduodenectomy (PPPD) was reintroduced in the late 1970s by Traverso 
and Longmire for chronic pancreatitis [22]. It was thought that preservation of the 
pylorus would lead to better gastrointestinal function, less dumping and improved 
postoperative weight gain [23]. However there were concerns over resection mar-
gins, and an increase in the complications rates, particularly with delayed gastric 
emptying [3].

Early studies showed increased rates of delayed gastric emptying after PPPD 
because of pylorospasm [24]. This led to numerous modifications such as pyloro-
myotomy, pyloric dilatation and pyloric resection [25–27]. In fact, Fischer and 
Hong performed their prospective study and confirmed a significant decrease in the 
incidence of delayed gastric emptying by performing a pyloric dilation prior to 
anastomosis [25], something that all four studies confirmed compared with 
PPPD alone.

Pyloric ring resection was introduced as an alternative to pyloric dilatation in 
which the pyloric ring and duodenum are resected, leaving the majority of the stom-
ach intact to act as a reservoir for food. Fujii et al. compared the PPPD with the 
classical Whipple procedure, and subtotal stomach-preserving pancreaticoduode-
nectomy (SSPPD) and found significant reduction in the incidence of delayed gas-
tric emptying, with 27.3%, 5.8% and 5.4% respectively [28]. This was also 
confirmed by the Heidelberg unit in 2013. Hackert et al. studied 40 patients who 
underwent a pylorus-resecting pancreaticoduodenectomy and pair-matched the 
group with patients who underwent a PPPD. They found the incidence of delayed 
gastric emptying was significantly reduced in the pylorus-resecting group with an 
incidence of delayed gastric emptying of 15% compared with 42.5% [29]. Their 
incidence of delayed gastric emptying in the standard group with significantly 
higher than many other units however and a randomised clinical trial has yet to be 
performed to confirm a difference. A meta-analysis of pylorus-preserving versus 
pylorus-resecting pancreaticoduodenectomy involving 992 patients however found 
no difference in relation to delayed gastric emptying [30].

Tran et al. compared PPPD with the standard Whipple procedure and found no 
differences in delayed gastric emptying between the two techniques, with 22% and 
23% incidence of delayed gastric emptying in both groups. They also found that 
there was no difference in length of stay, postoperative pancreatic fistula (13% vs. 
14%) and found that delayed gastric emptying was associated with postoperative 
pancreatic fistula and sepsis [31].

The Heidelberg group performed a meta-analysis in which they analysed three 
randomised clinical trials and eight non-randomised studies with a total of 992 
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patients [30]. In the analysis of all studies found that standard Whipple was superior 
regarding delayed gastric emptying and length of hospital stay, however there was 
substantial statistical heterogeneity in the studies (Fig. 69.1). In the subgroup analy-
sis using only the randomised clinical trials there was no statistical difference 
between PPPD and standard Whipple with regard to delayed gastric emptying [30].

69.4.2  Billroth I Versus Billroth II Vs. Roux-en-Y 
Reconstruction

There is a theoretical advantage in utilising a Billroth I reconstruction post pancre-
aticoduodenectomy because the sequence of anastomoses is similar to the normal 
anatomy. However, all the three anastomoses lie in very close proximity due to the 
limitation of available space which could therefore impair gastric emptying. Billroth 
II and Roux-en-Y reconstructions, on the other hand, place the gastrojejunal anas-
tomosis away from the pancreatic and biliary anastomoses. Therefore, theoretically, 
Billroth I reconstruction may increase the incidence of delayed gastric emptying.

Studies looking into Billroth I, Billroth II and Roux-en-Y construction found 
significantly higher rates of delayed gastric emptying with Billroth I reconstruction 
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Fig. 69.1 Meta-analysis of pylorus-preserving compared to pylorus resecting pancreatoduodenec-
tomy and the risk of DGE. RCT randomized controlled trial, NRS non-randomised studies. 
(Reproduced from Klaiber U, et  al. Meta-analysis of delayed gastric emptying after pylorus- 
preserving versus pylorus-resecting pancreatoduodenectomy. Br J Surg. 2018;105 (4):339–349 
with permission from Wiley)
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as compared to Billroth II reconstruction and Roux-en-Y reconstruction [32]. 
Shimoda et al. performed a randomised clinical trial looking into the effect of Roux- 
en- Y reconstruction and found significantly higher rates of delayed gastric empty-
ing with Roux-en-Y as compared to Billroth II reconstruction [33]. A further 
randomised clinical trial comparing Billroth II versus Roux-en-Y reconstruction 
(PAUDA trial) with 40 patients in each arm found no difference between the two 
techniques [34]. Therefore the published data suggests that Billroth II reconstruc-
tion may be associated with a lower incidence of delayed gastric emptying com-
pared to Billroth I or Roux-en-Y reconstruction but the literature is heterogeneous 
and a strong recommendation for Billroth II or Roux-en-Y reconstruction cannot be 
made to reduce delayed gastric emptying (Fig. 69.2).

69.4.3  Antecolic Versus Retrocolic Reconstruction 
Following Pancreaticoduodenectomy

The antecolic route for reconstruction of the gastrojejunostomy has been preferred 
due to theoretical advantages that the anastomosis has the colon between the pancre-
atic anastomosis and the gastrojejunal anastomosis, thereby offering protection from 
any pancreatic fistula that may develop postoperatively. There is also less chance of 
angulation or kinking of the gastrojejunostomy without the mesocolon pressing on 

60 cm
60 cm 30 cm

Fig. 69.2 Two types of gastrojejunostomy: Billroth II and Roux-en-Y reconstruction. Billroth II 
(left) and Roux-en-Y reconstruction (right). (Reproduced from Busquets J, et al. Randomized trial 
of two types of gastrojejunostomy after pancreatoduodenectomy and risk of delayed gastric emp-
tying (PAUDA trial). Br J Surg. 2019;106 (1):46–54 with permission from Wiley)
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the anastomosis or venous congestion of the jejunal loop used for reconstruction. 
Both retrospective studies and randomised clinical trials have compared the two 
reconstruction techniques and found either no difference, an advantage of antecolic 
reconstruction over retrocolic anastomosis or the opposite findings [35–39].

In 2015, Bell et al. performed a meta-analysis of 9 studies with a total of 878 
patients comparing antecolic versus retrocolic reconstruction. They found that 
antecolic reconstruction was associated with a lower relative risk of delayed gastric 
emptying, a lower length of stay, and an earlier return to oral diet. They also found 
no difference in pancreatic fistula or mortality [40].

The largest meta-analysis included 7 randomised clinical trials and 8 retrospec-
tive studies comparing the incidence of delayed gastric emptying in 2270 patient 
[41]. The overall incidence of delayed gastric emptying was 27.2% and they found 
that the antecolic route of gastrojejunostomy showed a significantly lower incidence 
of delayed gastric emptying, length of stay and earlier commencement of oral nutri-
tion when compared to retrocolic anastomosis [41].

69.4.4  Braun’s Entero-Enterostomy

The reflux of bile into the stomach from the gastroenterostomy has been proposed 
as a possible cause of delayed gastric emptying [42]. To mitigate this in the setting 
of gastric surgery, an enteroenterostomy between afferent and efferent limbs of the 
gastroenterostomy was proposed by Braun over 100 years ago to divert bile from 
the afferent limb into the stomach.

The use of a Braun enteroenterostomy following a classic pancreaticoduodenec-
tomy has therefore the potential to stabilise and reduce any kinking at the gastroje-
junostomy. Food passing through either the afferent or efferent limbs can progress 
distally through the Braun enteroenterostomy. It also directs pancreatic and biliary 
secretions away from the stomach, thereby reducing the exposure of the gastric 
mucosa to the irritating effects of bile. It also protects from pressure increases in the 
biliopancreatic limb when there is oedema and kinking of the gastrojejunostomy.

There have been several retrospective studies comparing the rates of delayed 
gastric emptying with or without a Braun’s enteroenterostomy [42–44]. These have 
shown a significant decrease in the incidence of delayed gastric emptying, with one 
study finding a delayed gastric emptying rate of 35% with standard reconstruction 
and only 4.2% with a Braun enteroenterostomy [43]. Fujieda et al. carried out a 
randomised clinical trial looking at the effect of a Braun enteroenterostomy on 
intragastric bile reflux and delayed gastric emptying. They found that the Braun 
enteroenterostomy did not reduce the intragastric bile reflux and had only a minor 
effect on delayed gastric emptying. The incidence of delayed gastric emptying was 
29.4% in the non-Braun group and 20.6% in the Braun group, but this was not sta-
tistically significant [45]. Zhou et al. carried out a meta-analysis in 2018 involving 
1672 patients in the hope that they could provide a definitive answer to the question. 
They found that a Braun enteroenterostomy not only reduced the incidence of 
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delayed gastric emptying but also its clinical severity [46]. The conclusion therefore 
is that after a pylorus-resecting pancreaticoduodenectomy, a Braun enteroenteros-
tomy is probably associated with a decreased incidence and severity of delayed 
gastric emptying.

69.4.5  Pancreaticojejunostomy Versus Pancreaticogastrostomy

The effect of pancreatic anastomosis on delayed gastric emptying has been investi-
gated by many units. There is a view that a pancreaticogastrostomy has a theoretical 
advantage because any pancreatic leak or collection will not contain activated pan-
creatic enzymes. However, delayed gastric emptying has been shown to be associ-
ated with intra-abdominal collections near the stomach and therefore if there are 
leaks from the pancreaticogastrostomy, then this may actually increase delayed gas-
tric emptying [18]. Bassi et al. carried out a randomised clinical trial comparing 
pancreaticojejunostomy (PJ) and pancreaticogastrostomy (PG) in 2005 [47]. They 
randomised 151 patients and found that delayed gastric emptying was associated in 
3% of PG versus 12% of PJ patients. They did however find that PG patients who 
had delayed gastric emptying and a pancreatic fistula had a severe clinical impact.

In 2018, Lyu et al. carried out a meta-analysis of 7 randomised clinical trials with 
a total of 1184 patients. They found no difference in post-operative pancreatic fis-
tula, delayed gastric emptying or mortality and morbidity. They did however find 
that pancreaticogastrostomy was associated with a slightly higher incidence of post- 
pancreatectomy haemorrhage and suggested that this could be reduced using a two- 
layer anastomosis [48].

69.5  Post-Operative Factors in Delayed Gastric Emptying

In every study looking at risk factors for delayed gastric emptying, the recurring 
post-operative factor associated with an increased incidence is post-operative pan-
creatic fistula [49–51]. In their original validation paper of the ISGPS classification 
of delayed gastric emptying, Malleo et al. analysed 260 consecutive patients under-
going pancreaticoduodenectomy. They found on univariate analysis that abdominal 
collections, clinically relevant pancreatic fistula, biliary fistulas, sepsis and pulmo-
nary complications were all associated with delayed gastric emptying. On multi-
variate analysis, only clinically relevant pancreatic fistula and biliary fistulas were 
associated with delayed gastric emptying [11].

A similar finding was seen by the Karolinska unit in Sweden. They looked at 327 
patients undergoing pancreatic resection and found that pancreatic fistula was the 
most significant factor associated with delayed gastric emptying [18]. Liu et al. ana-
lysed 196 consecutive pancreaticoduodenectomy patients and also found that only 
postoperative complications instead of operative methods were associated with 
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delayed gastric emptying. They found that independent risk factors for delayed gas-
tric emptying were clinically relevant post-operative pancreatic fistula and intra- 
abdominal collections [52].

69.6  Management Strategies for Delayed Gastric Emptying

The definition by the ISGPS has been helpful in standardising the reporting of 
delayed gastric emptying, however there is no standardised management. Many 
units investigate delayed gastric emptying with a gastrograffin contrast swallow to 
confirm hold-up in the stomach or even a gastroscopy to confirm patency of the 
afferent and efferent limbs of the gastrojejunostomy [11].

69.6.1  Prokinetic Drugs

Prokinetic agents such a metoclopramide are routinely used in the first instance and 
has been shown to decrease delayed gastric emptying [53]. However, the use of 
erythromycin has been more extensively studied. Yeo et al. performed a randomised 
clinical trial on the use of erythromycin after pancreaticoduodenectomy. They 
administered 200 mg of intravenous erythromycin or 0.9% saline to 118 consecu-
tive patients undergoing pancreaticoduodenectomy and found a 37% reduction in 
the incidence of delayed gastric emptying (19% vs. 30%) in the erythromycin 
patients [54].

69.6.2  Somatostatin

Somatostatin analogues are often routinely used following pancreaticoduodenec-
tomy. Despite numerous randomised trials, no benefit in its routine use has been 
found to reduce either post-operative pancreatic fistula or delayed gastric empty-
ing [55].

69.6.3  Nutrition

Patients with delayed gastric emptying are at high risk of malnutrition and therefore 
steps should be made to provide supplemental nutrition until the patient is able to 
sustain normal nutrition and delayed gastric emptying is no longer present. Optimal 
management of patients with delayed gastric emptying has been found to occur 
when supplementary nutrition is started within 10 days of the operation. Therefore 
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if Grade B or C delayed gastric emptying is suspected, then either total parenteral 
nutrition or jejunal feeding either via a nasojejunal feeding tube, or feeding jejunos-
tomy should be considered [50].

69.6.4  Management of Related Complications

The majority of patients with delayed gastric emptying have a post-operative com-
plication. Therefore, the of management of any complication that may be a con-
tributory factor is paramount. Percutaneous drainage of any undrained collection, 
treating any pulmonary complications with chest physiotherapy and antibiotics, 
treating any diagnosed sepsis, and ensuring that there is no mechanical obstruction 
to the gastrojejunostomy are important steps in management.

Finally, studies looking at enhanced recovery for pancreatic surgery have found 
that complications, including delayed gastric emptying and respiratory complica-
tions can be reduced by adopting an enhanced recovery programme for pancreatico-
duodenectomy patients such as early removal of nasogastric tube, early oral nutrition 
and mobilisation and physiotherapy [56–58].

69.7  Conclusion

Delayed gastric emptying is a common complication of pancreaticoduodenectomy 
affecting 14–30% of patients [4, 5, 54]. Risk factors associated with an increased 
incidence are sepsis, intra-abdominal collections, post-operative pancreatic fistula 
and respiratory complications. Management of these complications is imperative if 
delayed gastric emptying is to be treated successfully.

Meticulous surgical technique is important to try to reduce any post-operative 
complication and therefore any possibility of delayed gastric emptying. Pylorus- 
preserving pancreaticoduodenectomy or classic Whipple has no difference in the 
incidence of delayed gastric emptying. Antecolic reconstruction is superior to retro-
colic reconstruction in reducing the incidence of delayed gastric emptying. Billroth II 
and Roux-en-Y reconstruction are superior to Billroth I and the use of a Braun entero-
enterostomy in a classic Whipple has been shown to reduce delayed gastric emptying. 
Pancreaticojejunostomy and pancreaticogastrostomy are equivalent in their incidence 
of delayed gastric emptying and should be used according to a surgeon’s preference.

Nutrition is important to improve a patient’s outcome following surgery. If a 
patient has sarcopenia, then consideration should be made for a preoperative nutri-
tional regime to improve their strength and reduce their risk of delayed gastric emp-
tying. In the post-operative period, then the use of enteral or parenteral nutrition, 
together with metoclopramide and erythromycin has been shown to be beneficial.

Finally, patience from the surgeon is vital. Operative intervention is not indicated 
in the absence of any mechanical obstruction and can exacerbate the problem.
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Take Home Messages
• Always maintain high index of suspicion for complications after pancre-

atic surgery and early rescue is mandatory to ensure good outcomes
• Early complications include bleeding, fistula, and thrombosis
• Arterial injuries are rare but may have grave consequences
• Rare complications can co-exist alongside more common complications 

and their presence can therefore be overlooked.
• A herald gastrointestinal bleed after pancreatoduodenectomy is due to a 

GDA stump blow-out until proven otherwise
• Long-term complications include risk of diabetes and anastomotic strictures

Pearls and Pitfalls
• Beware of possible arterial anatomy variations; study good quality arterial 

phase CT in pre-operation staging
• In patients with no pre-operative biliary stent and with a normal pancreatic 

duct, the gland is likely to be soft and at higher risk of anastomotic failure
• It is possible to sacrifice an aberrant right hepatic artery that arises from the 

SMA which is involved by tumour, by embolising it prior to surgery to 
establish collateral supply to right liver from the left hepatic artery

• An omental wrap of the pancreatic anastomosis may not reduce the inci-
dence of leaks but may protect the GDA stump and prevent false aneu-
rysms and post operative bleeding
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70.1  Introduction

Pancreatic surgery is associated with significant morbidity of 30–40% [1]. Although 
30-day mortality has declined over the last 2 decades to 2–5%, operative technique 
and perioperative care [2], morbidity remains a major challenge.

Complications following pancreatic surgery primarily relates to pancreatic fis-
tula [2]. Additionally, a range of less-common complications do occur (Table 70.1). 
These complications are wide ranging because of the organ’s structural biology, its 
close proximity to major blood vessels and associated viscera, variations in hepato-
biliary anatomy between patients and the high degree of technical fidelity required 
to perform pancreatic resections.

This chapter attempts to cover less frequently encountered complications of pan-
creatic surgery based on the available literature and the authors personal experi-
ences. Most of these are life-threatening, significantly prolong hospital stay, 
frequently with intensive care input and are an economic burden to the healthcare 
system [3]. In general, they can co-exist alongside more common complications and 
their presence can therefore be overlooked. Their management typically requires a 
multi-disciplinary approach with early identification and rapid rescue that can 
improve outcome. An understanding of the ways in which they may present and the 
principles of their management is therefore paramount.

70.2  Vascular Complications

Vascular complications such as major secondary post-operative haemorrhage typi-
cally occur on the background of pancreatic anastomotic leak (discussed elsewhere 
in this book).

Table 70.1 Case reports of pancreatic surgery complications

Complication Operation Presentation Management

Septic arthritis [64] Distal pancreatectomy Sepsis Irrigation, 
antibiotics

Bronchopulmonary fistula 
[65]

Pancreatoduodenectomy Bilioptysis 
10-years post-op

IR-guided 
therapy

Portal vein 
pseudoaneurysm [66]

Pancreatoduodenectomy Upper GI bleed IR-guided 
therapy

Portoenteric fistula [66] Pancreatoduodenectomy Upper GI bleed Operative 
intervention

Diaphragmatic hernia [67] Distal pancreatectomy and 
splenectomy

Abdominal pain Operative 
intervention

Hepatic lymphorrhea [68] Total pancreatectomy Massive ascites Open drainage
Dorsal pancreatic arcade 
haemorrhage [69]

Pancreatoduodenectomy Sentinel bleed IR-guided 
therapy

Arteriobiliary fistula [70] Pancreatoduodenectomy Shock, 
haemobilia

IR-guided 
therapy

A. N. Gordon-Weeks et al.
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70.3  Arterial Injuries

Injury to specific vessels are rare (<0.9% in one series) [4], but can occasionally 
present as an isolated problem. Pre-operative arterial, venous and portal phase 
imaging is crucial for identifying variants in vascular anatomy and tumour involve-
ment. Understanding these factors and using this knowhow to plan the operative 
approach is most likely to identify patients at risk of and ultimately prevent vascular 
injury. Notably, arterial injuries in particular are invariably associated with adverse 
outcome, prolonged intensive care stay and reduced survival [5].

70.3.1  Superior Mesenteric Artery (SMA) Injury

This potentially devastating complication is thankfully rare and is typically encoun-
tered during surgery for pancreatic head malignancy. Injury may involve complete 
arterial transection, serosal injury or intimal injury that can occur following opera-
tive manipulation and close dissection. Transection injuries are usually identified 
and repaired at the time of surgery. Serosal or intimal injuries have potential to 
result in false aneurysms and can present in the post-operative period with major 
haemorrhage due to rupture, especially when associated with a pancreatic fistula. 
An alternative presentation is with mid-gut ischaemia secondary to thrombosis.

Symptoms resulting from complication of intimal injuries may mimic standard 
post-operative discomfort and the clinician will require a high index of suspicion. 
Patients with severe pain out of proportion to the physical examination and a rising 
lactate despite adequate fluid resuscitation should be reviewed early and usually 
will require urgent CT angiography. Delays in identification of this complication 
risks complete loss of the midgut territory bowel due to ischaemia with the need for 
life-long peripheral nutrition and/or in a small proportion of patients who may be 
eligible, small intestinal transplantation.

Definitions of pancreatic cancer operability may have helped to reduce the inci-
dence of SMA injuries by identifying those patients with arterial involvement prior 
to surgery [6]. Borderline resectable tumours with SMA involvement may have a 
higher risk of SMA injury and use of an arterial-first approach in these cases enables 
an early appreciation of the risk of SMA injury if resection is to be attempted [7]. In 
any patient deemed at risk based on pre-operative imaging or artery-first dissection, 
proximal control of the SMA prior to dissection of the pancreas is beneficial to 
control torrential haemorrhage should injury occur [8].

Complete transection injuries are treated with end-to-end anastomosis or with 
use of an intervening autologous vein or synthetic graft if anastomotic tension is an 
issue [7]. An alternative approach is re-implantation of the distal SMA to the infra- 
renal aorta and this may help reduce post-anastomotic stricture development, which 
is frequently seen following end-to-end SMA repair (Fig. 70.1) [8, 9]. Literature 
from patients undergoing planned SMA reconstruction in the setting of advanced 
pancreatic malignancy indicates an association with significant intra-operative 
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blood loss and poor post-operative outcome, with twice the expected 30-day mortal-
ity compared with standard pancreatic resections [8–10]. This should be borne in 
mind in patients who undergo repair of SMA injury who will require close monitor-
ing and assessment of coagulation status using thromboelastography to guide the 
judicious use of anticoagulant agents in the post-operative period. Typically, these 
patients will be managed in an intensive care setting.

70.3.2  Hepatic Artery and Coeliac Trunk Injuries

The strongest predictor of hepatic arterial injury is aberrant arterial anatomy. The 
hepatic artery (HA) in particular demonstrates significant patient-to-patient varia-
tion. The presence of a replaced or accessory right HA (RHA) arising from the 
SMA is the most common variant [11, 12] with other variants including replaced or 
accessory left hepatic arteries particularly from the left gastric is also recognised 
[13]. The replaced RHA usually travels posterior to the portal vein from the SMA 
and this must be safeguarded to prevent injury during division of retro-portal tissue 
during pancreatic head resection [7].

Fig. 70.1 Transection injury of SMA at total pancreatectomy repaired with end-to-end anastomo-
sis. Arterial-phase CT demonstrating post-operative thrombosis of the repair end-to-end SMA 
anastomosis with bowel ischaemia resulting from evident but insufficient arterial backfilling from 
the IMA. The patient ultimately required enterectomy to the distal transverse colon. The bile duct 
was anastomosed to the pylorus of the stomach and a venting gastrostomy placed. The patient is 
currently on the bowel transplant waiting list as his pancreas histology was benign

A. N. Gordon-Weeks et al.
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In some cases, either due to local invasion, or because the replaced RHA arises 
from an intra-pancreatic portion of the SMA, the artery may need to be sacrificed to 
achieve satisfactory disease clearance. Performing an artery-first approach is useful 
for identification of such cases. Reconstruction of the injured RHA may be attempted 
through use of saphenous vein or artificial interposition grafts, although the diame-
ter of the vessel usually does not make such repair suitable and post repair thrombo-
sis is common. An alternative approach is to sacrifice the RHA [14]. Indeed, this 
approach has potential advantages over attempted reconstruction including less 
blood loss and lack of post-operative anastomotic complications. Our practice is to 
selectively embolise a replaced RHA arising from the SMA if it requires sacrifice 
due to tumour involvement, 2 weeks prior to surgery. This enables establishment of 
collateralisation of the right lobe via the left hepatic artery. Prior to embolisation, 
the presence of right-left communication is established by formal selective angiog-
raphy (Fig. 70.2).

Although in cases of intra-operative RHA injury, the liver can survive through 
portal oxygenation and significant collateral supply from other sources [14], these 
patients typically develop ischaemic hepatitis following loss of arterial supply [15, 
16]. The typical presentation is with right upper quadrant pain and deranged liver 
function tests, notably with raised transaminase enzymes. Evidence of hepatic 
ischaemia should be recorded using arterial-phase cross-sectional imaging and 
serial imaging may be required to monitor progression of the ischaemic insult. 
Although in the majority of patients this is self-resolving (Fig. 70.3) [14], the pres-
ence of septic features could indicate the development of hepatic abscess which 
may require percutaneous drainage. Rarely, partial hepatectomy may be required in 
these cases.

Fig. 70.2 Selective pre-operation embolisation of fully replaced right hepatic artery. This was 
required prior to Whipples procedure for pancreatic head malignancy. The patient experienced 
successful collateralisation and underwent an uncomplicated pancreatectomy
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70.3.3  Post-Operative Pancreatic Haemorrhage

Post-operative pancreatic haemorrhage (PPH) occurs in 3–5% of patients following 
pancreatic resection [17–20]. Bleeding is often associated with major (grade C) 
pancreatic fistula. PPH is associated with a mortality of up to 20% [21]. Various 
attempts to classify PPH including division into intra- vs extra-luminal haemor-
rhage [17] or presentation <24 h vs >24 h post-surgery [19] have been utilised to 
identify likely aetiology and guide management.

70.3.4  Clinical Presentation of Bleeding

The typical presentation is with sudden haemodynamic compromise and associated 
signs of a GI bleed or blood in peritoneal drains. An early brisk bleed that spontane-
ously stops prior to becoming a large haemorrhage occurs in up to 70% of patients 

Fig. 70.3 Inadvertent right hepatic artery transection causing right hepatic ischaemia. (a, b) Day 
1 post-op arterial phase CT abdomen demonstrating reduced perfusion to the right hemi-liver. (c, 
d) Day 10 post-op showing improved arterial enhancement in the right hemi-liver with develop-
ment of collaterals
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with PPH [20, 22] and more common in late bleeds. A herald bleed, when it occurs, 
presents as an enteral bleed (haematemesis or coffee ground vomitus or melena). 
Here the bleed is initially intra-abdominal from a false aneurysm originating from 
the gastroduodenal artery stump which makes its way through the defect in the pan-
creatico- enteral anastomosis to reach the GI tract as a herald bleed (Fig. 70.4).

Early PPH is more likely to be cause by bleeding from the SMA in patients who 
have undergone pancreatic head resection, or the splenic artery in the case of distal 
pancreatic resections. Conversely, late PPH is primarily caused by hepatic territory 
or gastroduodenal artery (GDA) stump ‘blow outs’ [19, 20].

Because of the association between major pancreatic fistula and late haemorrhage, 
the authors preference is to fashion an omental wrap around the pancreaticojejunal 
anastomosis following pancreatic head resection as a means of safeguarding the 
divided remnant GDA and right gastric artery stump should an anastomotic leak 
develop. Careful GDA transfixion with a non-absorbable suture and the application of 
multiple clips or ties to the GDA stump are other methods that the authors routinely 
employ to reduce PPH. At surgery, it is also our practice to leave a relatively long GDA 
stump in place to facilitate post-operative embolisation should haemorrhage occur.

If the GDA stump is short the management of a GDA blow out and false aneu-
rysm is through interventional radiological stent placement in the common hepatic 

Fig. 70.4 Imaging findings in patient with Herald bleed following pancreatectomy. (a) Selective 
coeliac artery angiography showing GDA stump false aneurysm. (b, c) Placement of stent within 
common hepatic artery aneurysm with extravasating contrast demonstrating how blood from GDA 
reached jejunum. (d) Control of bleed following satisfactory stent placement in common 
hepatic artery
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artery occluding the GDA origin. Placement of common hepatic artery stents are not 
always straightforward due to natural kinks in the artery and availability of suitably 
size matched stents. In the setting of a pancreatic leak and local sepsis, the common 
hepatic artery is also friable at the level of the GDA origin and minor diameter size 
match discrepancies can result in common hepatic artery rupture at stent deploy-
ment (Fig. 70.5). Patients with PPH require the co-ordinate management of HPB 
surgeons, radiologists, intensive care physicians and haematologists.

70.3.5  Portal Vein Thrombosis

Portal vein thrombosis (PVT) occurs in approximately 5% of patients undergoing 
portal vein reconstruction [23, 24]. The presentations of this rare complication include 
non-specific abdominal pain, nausea and fevers as well as haemodynamic collapse 

Fig. 70.5 Pitfalls in the management of GDA false aneurysm. This patient developed a GDA false 
aneurysm secondary to a pancreatic anastomotic leak post Whipples procedure. (a). On deploy-
ment of the stent in the common hepatic artery at the level of the GDA origin, there was immediate 
massive extravasation of blood due to rupture of the vessel (b). The interventional radiologist 
immediately deployed another stent beyond the level of the rupture and controlled the bleeding, 
securing the GDA false aneurysm (c). However, this second stent also occluded the left hepatic 
artery origin. The patient developed segment II/III ischaemia and later a liver abscess which was 
managed with a radiological drain (d). This patient remains well 4 years post-surgery
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and bloody diarrhoea secondary to intestinal ischaemia. Later presentations include 
ascites, splenomegaly and upper gastrointestinal bleeding from varices. Early cross-
sectional imaging with multi-phase CT is important for delineating the degree of 
venous occlusion and to look for evidence of bowel ischaemia. Although Doppler 
ultrasound has a reported sensitivity and specificity of 93% and 99% respectively 
compared to 90% and 99% for contrast computer tomography in the diagnosis of PVT 
[25, 26], CT has the benefit of being able to detect the presence of co-existent compli-
cations. The predominant risk factor for PVT is portal vein reconstruction (Fig. 70.6). 
Patients who undergo PTFE re-construction as opposed to renal vein interposition 
graft or lateral venorrhaphy alone are at the greatest risk of thrombosis [24].

70.3.6  Management of Portal Venous Thrombosis

Management is dependent upon the severity of thrombotic complications and the 
duration of symptoms, with early thrombus being most amenable to anticoagulation 
or thrombolytic therapies. Published evidence to guide management is particularly 
weak and based primarily on patients treated for spontaneous PVT not related to 
surgery. Here, early administration of systemic heparin enables re-canalisation in up 
to 50% of patients and lowers the subsequent incidence of PVT complications 
including portal hypertension, splenomegaly and collateral formation [27]. The 
benefit of systemic heparin is supported by small series of patients who develop 
PVT following pancreatectomy [28].

Fig. 70.6 Complicated portal vein thrombus. Portal venous-phase CT abdomen demonstrating 
portal vein thrombus (left) with resultant thickening and paracolic fat stranding of the ascending 
colon indicating ischaemia (right) in a patient 8-days following Whipples procedure with portal 
vein lateral venorrhaphy. This presented 8-days following surgery and was associated with theom-
bocytopenia. A diagnosis of heparin-induced thrombocytopenia was diagnosed. The patient was 
anticoagulated with fondaparinux and his condition improved without further intervention
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For patients in whom re-canalisation is not achieved through systemic anticoagu-
lation or for patients with acute venous ischaemia, the next option is catheter 
directed thrombolytic therapy delivered via the portal vein or SMV. In the setting of 
anastomotic stricture, radiological stent placement has been successful in prevent-
ing recurrent thrombosis on rare occasions following catheter directed thrombolytic 
therapy. Although this technique has a greater re-canalisation rate than systemic 
heparin this is only the case if it is used within the first 2 weeks of PVT formation 
[29], significantly limiting its utilisation in the post-operative period.

An alternative approach in patients with acute intestinal ischaemia secondary to 
PVT is to perform operative thrombectomy. This approach has been reported in 
patients with bowel ischaemia following pancreatic surgery with successful removal 
of PVT clot and preservation of the intestine [30].

70.4  Non-vascular Complications

70.4.1  Stent-Related Complications 
of the Pancreatico-Jejunal Anastomosis

Plastic stents are frequently used in the pancreatico-jejunal anastomosis with the inten-
tion being to aid pancreatic drainage, promote anastomotic healing and ultimately 
reduce the incidence of clinically relevant post-operative pancreatic fistula (POPF).

Pancreatic stent placement has also been attributed to post-operative complica-
tion. Potential problems include stent retention and migration although it is not 
possible to determine the incidence of these complications from the published lit-
erature due to the possibility of under-reporting. Stent retention presents with steat-
orrhoea and/or recurrent post-operative pancreatitis [31, 32]. Endoscopic removal 
of the stent is indicated if it is found to be retained at 6-months post-surgery [33], or 
sooner if resulting in complication. Interestingly, in those cases reporting stent 
retention, the plastic stent was not identified on cross-sectional imaging (CT or 
MRI) [32] indicating need for clear documentation of stent use at the time of sur-
gery. Pancreatic stent migration was the underlying aetiological factor in patients 
presenting with intestinal bezoar obstruction [34, 35] perforation requiring bowel 
resection [36] and hepatic abscess [37].

70.4.2  Post-Pancreatectomy Pancreatitis

Diagnosis of post-pancreatectomy pancreatitis (PPP) is complicated by the signifi-
cant overlap in presentation with POPF. Under certain circumstances POPF may be 
the direct result of PPP as indicated by studies demonstrating that post-operative 
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pancreatic inflammation pre-dates POPF [38, 39]. This is further supported by his-
tological evidence of pancreatitis and pancreatic necrosis in pancreatic remnant 
explants from patients with grade C POPF [40]. However, documentary evidence of 
serum lipase and amylase rises in the absence of subsequent POPF [41, 42] indicate 
that PPP may also exist as a clinical entity separate to POPF [43]. The aetiology of 
PPP includes ischaemia, perfusion abnormality, gland texture and intra-operative 
trauma [43].

70.4.3  Bilioenteric Anastomotic Complications

The bilioenteric anastomosis can be complicated by either leak (early) or stricture 
(late). Both complications are relatively rare.

70.4.4  Bile Leaks

Clinically relevant bile leak occurs in <1% of patients. It usually presents within the 
first week of surgery with an elevated drain bilirubin alone or with ensuing biliary 
peritonitis, sepsis and multi-organ failure [44, 45]. Small biliary duct diameter [46, 
47] and coeliac axis atherosclerosis [47] are the primary risk factors and most bili-
ary leaks occur with concomitant POPF. Intra-abdominal haemorrhage is also fre-
quently seen in patients with anastomotic leak indicating the importance of 
concurrent arterial-phase imaging in the work-up of these patients [46].

At least 50% of patients with biliary anastomotic leak will settle spontaneously 
with conservative management consisting of prolonged drainage and antibiotics 
[44, 45]. Patients with evidence of peritonitis, a large volume of free intra-peritoneal 
fluid or rising inflammatory markers are better served with early laparotomy, copi-
ous washout and re-fashioning of the anastomosis around a T-tube.

Complete disruption of the bilioenteric anastomosis is rare and can be associated 
with re-laparotomy for POPF. This usually requires re-fashioning of the anastomo-
sis over a T-tube. At re-do anastomosis, the cut surface of the bile duct is usually 
inflamed and fragile and this may require further excision to the level of healthy 
duct. This may go beyond the bile duct confluence and result in two ducts to anas-
tomose, increasing the complexity. Another option in this situation is to place the 
limbs of a T-tube in the right and left ducts with the tube itself crossing the anasto-
mosis to be externalised through the jejunal wall further downstream (Fig. 70.7). 
The anastomosis is then secured with interrupted absorbable sutures that also 
include the hilar plate along with the bile duct wall thus preventing the sutures 
‘cheese wiring’ through the friable tissue. A wide bore drain is also left in the sub- 
hepatic space to cover the inevitable bile leak.
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70.4.5  Bile Duct Stricture

The incidence of biliary anastomotic stricture following pancreatoduodenectomy is 
reported at approximately 3% [22, 44, 48, 49]. Early and late subtypes are identi-
fied. Early strictures present within the first weeks of surgery, whilst the average 
time to presentation of late strictures is 12 months. Bile duct diameter ≤5 mm is an 
independent predictor for early stricture development [44]. Conversely, aetiological 
factors in late strictures include the use of pre-operative biliary drainage and age 
<60 years [22, 48]. The primary pathology (benign vs malignant disease) does not 
affect the incidence of biliary anastomotic stricture and although adjuvant chemo-
therapy is also not a risk factor, the use of adjuvant radiotherapy is strongly associ-
ated with stricture formation [49].

Patients with rising bilirubin, recurrent cholangitis or choledocholithiasis follow-
ing pancreatic surgery should initially undergo ultrasonographic examination. Biliary 
dilatation in a jaundiced patient is an indication for further imaging. Magnetic reso-
nance cholangiopancreatography is the modality of choice, as it provides an unparal-
leled level of ductal anatomical detail and detection of concurrent biliary leaks [50].

For late strictures in patients who have undergone pancreatic cancer surgery, 
positron-emission CT (PET) scan is useful to exclude malignant recurrence at the 
anastomotic site, although in the setting of cholangitis PET will have a high false- 
positive rate and should be delayed until any sepsis has resolved. Biliary scintogra-
phy, although useful in the evaluation of leak, is not sensitive or specific for the 
detection of anastomotic stricture and does not delineate biliary tree anatomy suf-
ficiently to plan management [51].

Fig. 70.7 Bilioenteric disruption. Cholangiogram demonstrating complete breakdown of bilioen-
teric anastomosis. This was managed with re-laparotomy trimming back of bile duct to the hilar 
plate and placement of the limbs of a T-tube in the right and left ducts with the tube itself crossing 
the anastomosis to be externalised through the jejunal wall further downstream and then exterior-
ised via the anterior abdominal wall
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70.4.6  Management

For early strictures, surgery and re-fashioning of the anastomosis, preferably around 
a T-tube should be considered shortly after a stricture is detected. This management 
strategy is optimal, as early stricture typically involves technical failure which is 
best addressed operatively [44]. Patients with cholangitis will require urgent biliary 
de-compression pre-operatively and this is best performed through placement of a 
percutaneous transhepatic drainage tube as endoscopic approaches are unlikely to 
access the biliary anastomosis in patients who have undergone pancreatic surgery.

Interventional radiology is the primary therapeutic modality for patients with 
late-presenting anastomotic biliary stricture. Balloon dilatation and stent placement 
is performed via the percutaneous transhepatic route. Multiple interventions are 
usually required over a prolonged time period and therapeutic failure without evi-
dence of recurrent malignancy will necessitate operative anastomotic revision. Prior 
to embarking on re-exploration for re-do biliary reconstruction, it is always helpful 
to carry out a CT angiogram to ascertain the anatomical location of the hepatic 
arteries in relation to the bile duct and anastomosis in order to avoid iatrogenic 
injury. Additionally, the presence of a PTC drain or stent is helpful in locating to bile 
duct at the hilum by palpation, especially if there is increased postoperative fibrosis.

70.4.7  Abdominal Wall Failure in the Setting of High 
Enteric Fistulae

Abdominal wall failure in the setting of pancreatectomy typically arises following 
damage control surgery for complex pancreatic or biliary fistulae. Re-look laparot-
omy in these patients leaves an abdomen that is difficult to close without undue 
tension due to intestinal distension, gut wall oedema, gross contamination and asci-
tes. The primary aim is to close the fascial defect as quickly as possible. This task 
can be complicated by the presence of high-output enteric fistulae.

Negative pressure dressings (VAC dressings) to manage an open abdomen in this 
setting has proved invaluable. Commercially available negative pressure dressing 
systems like Abthera™ can be utilised with low settings to help reduce the inci-
dence of suction related bowel fistulae. This strategy however is not feasible in the 
setting of an ongoing fistula especially if it is of high output. To overcome this it is 
usually possible to place large bore T-Tubes or Foley catheters (Fig. 70.8) in to the 
fistulating viscus and where possible exteriorising these tubes through the abdomi-
nal wall to divert flow of the fistula from the open abdomen, facilitates use of such 
dressing. In order to reduce loss of negative pressure around the exit sites of such 
drains, placement beyond the dressings or fashioning ‘chimney barriers’ around the 
Foley catheter or T-tube are measures commonly used (Fig. 70.8).

In some circumstances, diversion of the high output fistulae is not possible. In 
such situations the use of VAC dressing is not an option. These patients are managed 
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with large wound manager dressings with emphasis on sepsis control, overcoming 
organ dysfunction and planned re-exploration.

70.5  Long-Term Complications After Pancreatic Resection

Whilst most complications following pancreatic surgery occur within the immedi-
ate post-operative setting, a small proportion of which may have a delayed presenta-
tion and present several years post operatively.

70.5.1  Post-Pancreatectomy Diabetes

Endocrine failure in the remnant pancreas with subsequent development of pancrea-
togenic diabetes mellitus is an acknowledged late complication [52]. The incidence 
rates of new onset diabetes following pancreatic resection vary across the literature, 

Fig. 70.8 Management of abdominal wall failure following pancreatectomy. (a) Negative pres-
sure dressing for an open abdomen placed at re-laparotomy for sepsis post pancreatectomy. (b) 
T-tube placement (yellow) in a anastomotic leak with a ‘chimney barrier’ to facilitate use of a 
negative pressure dressing system. (c) Foley catheter under gentle traction to occlude enterotomies 
following anastomotic breakdown to divert high output fistulae and facilitate placement of negative 
pressure dressings to the healing abdominal wound. The goal is to eventually achieve skin cover 
and optimise patient sufficiently to subsequently re-explore and close fistulae
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ranging from 0–50% [53–56]. A published case series of 1717 patients who under-
went pancreatic surgery, noted a new onset diabetes rate of 30% following distal 
pancreatectomy, and a lower rate of 17%, following pancreaticoduodenectomy [56]. 
Predominance of islet cells within the pancreatic tail which may explained the 
observed higher rates of new onset diabetes following distal pancreatectomy [57].

70.5.2  Anastomotic Strictures

All gastro-intestinal anastomoses are vulnerable to the development of an anasto-
motic stricture over time. In the context of pancreatic surgery, pancreaticojejunal 
anastomotic stricture has been described as a late complication [58, 59]. There is a 
scarcity of literature on this topic. This is likely due to the fact that the vast majority 
of patients undergoing a pancreaticoduodenectomy is on the basis of a confirmed or 
suspected malignancy, these patients will succumb to their disease prior to develop-
ing a symptomatic pancreaticojejunal stricture. As there is now greater numbers of 
patients with benign disease undergoing pancreaticoduodenectomy, long-term fol-
low up of this cohort has provided further insight into the symptomatic presentation 
of pancreaticojejunal stricture and potential treatment strategies [60]. The presenta-
tion often includes vague symptoms such as epigastric pain, nausea and weight-loss 
[61]. A published case series on 7 patients with symptomatic pancreaticojejunal 
stricture, noted that 71% of the cohort presented with recurrent pancreatitis [61].

Stone formation within the stricture may also contribute to the symptoms [62] 
(Fig. 70.9). If a pancreaticojejunal stricture is suspected, cross-sectional imaging 
should be organised to assess for stone impaction, stricture formation and subse-
quent upstream dilatation of the pancreatic duct. If the index pancreatic resection 
was for malignancy, excluding a localised recurrence should be considered. A PET 

Fig. 70.9 Pancreaticojejunal stricture. MRI scan showing dilated pancreatic duct which contains 
multiple calculi with a stricture at pancreatojejunal anastomosis (right). MRCP of same patient 
demonstrating dilated duct and stones (left). This patient had a Whipples procedure for focal pan-
creatitis in the head of pancreas and developed this complication 4 years later. He also is having 
recurrent pancreatitis in his pancreatic remnant and is currently being assessed for potential com-
pletion pancreatectomy and islet auto transplantation
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scan may be of benefit within this context. Management strategies for pancreatico-
jejunal strictures range from an endoscopic approach to surgical revision of the 
anastomosis [63].

70.6  Conclusion

Some of the less common complications following pancreatic surgery are presented 
here. These complications present acutely and are often associated with significant 
morbidity and mortality. The evidence base for the optimal management strategies 
for these complications is limited and is often based on individual case reports and 
single surgeon’s experience. A low threshold for investigation is required in this 
unique patient cohort. Failure to identify such a complication and a delayed inter-
vention is detrimental. Despite these complications being uncommon, they should 
not be managed in isolation by one team. Rather a true multi-disciplinary approach 
spanning several different specialities is required in order to improve individual 
patient outcomes.
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Take Home Messages
• Pancreatic surgery is associated with improving but substantial morbidity 

and a wide array of quality metrics have been adopted across the literature.
• Overall complications may serve as a holistic quality metric, but may 

under- capture cumulative complications that dictate mortality rates.
• Textbook outcomes, failure-to-rescue, and benchmarking are novel tools used 

to assess quality, but all possess limitations that readers should be cognizant of.

Pearls and Pitfalls
• A wide variety of quality metrics for pancreatic surgery exist in the litera-

ture, each with its own limitations.
• Most quality metrics are not patient-centered, with a paucity of emphasis 

on patient-reported outcomes.
• There has been no consensus on the optimal quality metric that should be 

adopted and standardized for benchmarking across institutions.
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71.1  Introduction

Pancreatic surgery has historically been a high-risk, complex operation with consid-
erable morbidity. However, the operation has become safer in recent years, likely 
secondary to improvements in critical care, endoscopic and interventional tech-
niques, and increased regionalization of the care of patients who require pancreatec-
tomy [1–3]. Of all complex surgical procedures, pancreatic surgery most apparently 
illustrates the volume-outcome relationship and exhibits the biggest differential in 
mortality rates between high and low volume centers [1]. However, simple volume- 
metrics are insufficient to gauge quality, and several other modes of performance 
evaluation have been proposed over the past decade.

The definition of procedure-specific complications in pancreatic surgery has 
improved over the past decade through consensus work and collaborative studies. 
Much work has been dedicated to the most common complications, their classifica-
tion, and best management options. In this chapter, we aim to more broadly review 
current quality metrics that are being used in pancreatic surgery, with an emphasis on 
their strengths and limitations of each, as well as propose future directions in this arena.

71.2  Traditional Reporting of Complications

Reporting outcomes after complex surgery may be difficult, as there are many aspects 
to consider with several outcome metrics that can be potentially used as performance 
indicators. In any given treatment phase of the patient’s care, there may be procedure 
specific as well as associated medical complications that can impact the recovery 
trajectory (Fig. 71.1). Some scoring systems only capture the most severe complica-
tion and/or outcome and hence fail to consider the course of events that cumulatively 
may lead to an unfavorable outcome. Also, variation in how outcomes are measured 
(e.g. specified time-periods for inclusion of event) may vary, which makes compari-
son across institutions, regions, countries or health care systems difficult.

71.2.1  Procedure-Specific Complications

For pancreatic surgery, there are several complications specific to the operation 
itself that are common but occur with varying severity. Most important among these 
are post-operative pancreatic fistula, [4] post-pancreatectomy hemorrhage, [5] 

Future Perspectives
• With advances in electronic medical records that can facilitate data input 

and tracking, institutions should engage in routine measurement of patient-
reported outcomes for incorporation into existing quality metrics.

K. Søreide et al.
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delayed gastric emptying [6] and chyle leak [7]—all of which have been defined and 
graded through consensus work by the International Study Group of Pancreatic 
Surgery (ISGPS), and are discussed below.

71.2.2  Length of Hospital Stay

Length of hospital stay is a commonly utilized metric in the past, where longer stay 
was typically associated with complications and need for continued care until safe 
discharge could occur. However, this metric is unreliable as it varies substantially 
between hospital payer systems, country-specific practices, and may be influenced 
by many factors unrelated to clinical care. This metric also does not capture subse-
quent admission to secondary units, recovery facility, or readmission-related hospi-
tal days. To that point, in a study using administrative data of hospital episodes for 
all digestive tract resections in a universal health care system over a 5-year period, 
the authors found considerable differences in length of stay depending on the 
method used to calculate hospital stays [8]. An “aggregated length of stay”, which 
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in red), while others are more general (e.g. marked in purple). For details, please see main body of 
text (illustration KSoreide©2020)

71 Quality Metrics and Performance Evaluation in Pancreatic Surgery



1108

is the total length of all accumulated days in the hospital was proposed, which may 
better reflect the utilization of hospital resources between institutions (Fig. 71.2).

When aLoS was investigated [8], the median index procedure hospital stay for 
pancreatoduodenectomies was 9 days, but increased to a median of 14 days when 
“aggregated length of stay (aLoS)” was utilized, having added the days for transfers 
to other facilities (56.8% of patients) and for readmissions (12.4% of patients). 
Notably, for pancreatoduodenectomy, about one-third of the accumulated hospital 
stay was caused by days added beyond the index stay, which may more accurately 
reflect the use of hospital resources within a health care system, rather than just for 
the index hospitalization. Similar patterns where found for distal pancreatectomies 
[9, 10], with less prominent differences for laparoscopic distal resections.

71.2.3  Readmissions

Throughout the 2010s, readmission had been scrutinized as a potential quality met-
ric for pancreatic surgery given its adoption by the Center for Medicare and 
Medicaid services in the United States as a metric that dictated reimbursements for 
targeted medical conditions such as pneumonia and heart failure [11, 12]. It 
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ultimately proved to be a poor quality metric for pancreatic surgery given that a 
significant proportion of its complications occur later in the course of recovery [13, 
14]. If readmissions were to be used as a quality indicator, it might dangerously 
discourage providers to appropriately admit patients for rescue interventions. 
Separately, in a study of almost ten million Medicare patients covering 12 surgical 
procedures, readmission to the index hospital was associated with a 26% lower risk 
of 90-day mortality than readmission to a non-index hospital, with the most pro-
nounced effect observed following pancreatectomy [15]. As such, a more reliable 
metric may therefore incorporate intent of patients to undergo rescue interventions 
at index facilities (i.e. patient ‘ownership), although this may prove to be impracti-
cal given that most patients travel to referral centers for their care and do not neces-
sarily reside near the index hospital of record [16].

71.2.4  In-Hospital Mortality After Surgery

In-hospital mortality has been used as a metric to gauge performance, but discounts 
the importance of its incidence after hospital discharge. In a nationwide cohort from 
Norway, the 30-day mortality was 2%, but doubled to 4% when assessed at 90-days 
[17]. In a separate study of 24,798 patients in North America, the 30-day mortality 
rate after pancreatectomy was 2.5%, but rose to 7.1% when 90-day mortality was 
measured [18]. While it may require more resources, this emphasizes the need for 
longitudinal quality assessment beyond historic 30- and 90-day time intervals, 
while balancing perioperative outcomes with oncologic outcomes that start to 
appear shortly thereafter.

Box 71.1 Clavien-Dindo Score [19]

Degree Definition

I Every deviation from normal postoperative course without the necessity for drug 
treatment or a surgical, endoscopic or radiological intervention. Permissible 
therapeutic measures: drugs from the substance classes antiemetics, antipyretics, 
analgesics, diuretics; electrolyte substitution and physiotherapy. Surgical 
treatment of wound infections at the bedside

II Drug treatment in excess of the pharmacological measures listed under degree 
I. Blood transfusions and parenteral nutrition

III Necessity for surgical, endoscopic or radiological intervention
IIIa: Intervention without general anaesthesia
IIIb: Intervention with general anaesthesia

IV Life-threatening complications leading to transfer to an intermediate care or 
intensive care unit
IVa Dysfunction of an organ system (including the necessity for temporary 
dialysis)
IVb Multiorgan dysfunction

V Death, any cause

71 Quality Metrics and Performance Evaluation in Pancreatic Surgery
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71.3  Grading of Complications After Surgery

While complications are common after pancreatic surgery, they vary significantly in 
severity and their impact on mortality. Two of the most frequently utilized grading 
systems of complications are the Clavien-Dindo and the Accordion score (Boxes 
71.1 and 71.2).

71.4  Comprehensive Complication Index

Using complications as a quality metric is not straight forward and one needs to 
keep in mind that the quality metrics are only as good as its measurement, its fre-
quency and its reliability. Several complications and adverse events may be flawed 
as outcome metrics, as they are rare events (e.g. perioperative mortality) or unreli-
ably measured (e.g. venous thromboembolism is a rare clinical event, depends on 

Box 71.2 Accordion severity grading system[20] (expanded 
classification)

1. Mild complication
Requires only minor invasive procedures that can be done at the bedside such as insertion 
of intravenous lines, urinary catheters, and nasogastric tubes, and drainage of wound 
infections. Physiotherapy and the following drugs are allowed: antiemetics, antipyretics, 
analgesics, diuretics, electrolytes, and physiotherapy
2. Moderate complication
Requires pharmacologic treatment with drugs other than such allowed for minor 
complications, for instance antibiotics. Blood transfusions and total parenteral nutrition 
are also included
3. Severe: invasive procedure without general anesthesia
Requires management by an endoscopic, interventional procedure or re-operationa 
without general anesthesia
4. Severe: operation under general anesthesia
Requires management by an operation under general anesthesia
5. Severe: organ system failureb

6. Death
Postoperative death

aAn example would be a wound re-exploration under conscious sedation and/or local 
anesthetic
bSuch complications would normally be managed in an increased acuity setting, but in some 
cases patients with complications of lower severity might also be admitted to an 

ICU. Reproduced as presented in Strasberg et al. [20]
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symptoms or definitions and intensity of imaging done for detection, and may be 
either asymptomatic or a clinically relevant event). A good example of this in pan-
creatic surgery may be the variation between studies reporting on post-operative 
pancreatic fistulae and the associated risk factors and outcomes [21].

One distinct limitation associated with both the Clavien-Dindo and the Accordion 
score is the inability to quantify the sum of cumulative complications because these 
systems derive the score from the most severe complication associated with the oper-
ation. In an effort to address this, a comprehensive complication index (CCI) was 
proposed [22]. The CCI is calculated as the sum of all complications that are weighted 
for their severity (multiplication of the median reference values from patients and 
physicians). The final formula yields a continuous scale to rank the severity of any 
combination of complications from 0 to 100  in a single patient. When assessed 
against the Clavien-Dindo score, CCI was more strongly associated with length of 
hospital stay than the Clavien-Dindo score. For prolonged hospital stays (≥30 days), 
only the CCI showed a moderate correlation, while the Clavien- Dindo score did not, 
suggesting its superiority in measuring surgical quality [23]. Additionally, given that 
it is a continuous variable, it has been shown to significantly decrease sample size 
requirements for clinical trials and serves as an appealing endpoint for future trials 
given its superior sensitivity in measuring surgical morbidity [24].

71.5  Measuring Quality of Care Beyond Traditional Metrics

The previously mentioned traditional outcome metrics such as length of hospital 
stay and 30-day mortality do not sufficiently gauge institution performances uni-
formly across various regions and health care systems and don’t provide a complete 
root-cause analysis. Given that, there have been recent efforts aimed at developing 
more robust performance metrics, of which some are discussed here in relation to 
pancreatic surgery.

71.5.1  Failure to Rescue

Given the known variation in mortality rates across hospitals performing pancre-
atectomy, there has been interest in determining if this was due to the differences in 
complication rates or the ability to rescue patients from complications. Failure to 
rescue is a quality metric that attempts to address this issue. Several proposed defi-
nitions exist, but the most commonly used definition has been the rate of 90-day 
mortality among patients with major complications [25]. A high failure to rescue 
rate may indicate the lack of timely recognition and management of a complication, 
and in turn, poor eventual outcomes [25–28]. This is particularly important in pan-
creatic surgery, where early recognition and intervention by skilled endoscopists 
and interventional radiologists is critical in rescuing patients from potentially fatal 

71 Quality Metrics and Performance Evaluation in Pancreatic Surgery
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complications such as gastroduodenal artery pseudoaneurysm bleeding. Not sur-
prisingly, patients who were older and more frail were more susceptible to failure- 
to- rescue, highlighting the importance of heightened awareness and early recognition 
of complications in this population [29–31]. At the hospital level, lower nurse-to- 
patient ratios, fewer intensive care bed availability, understaffing, hierarchal culture 
and lack of junior staff support were associated with higher failure to rescue rates 
[27, 32]. This metric provides insight to potentially actionable avenues that could 
improve rescue rates, such as improved communication within and between teams 
and safety culture of hospitals (Fig. 71.3).

71.5.2  Textbook Outcomes

While all the aforementioned quality indicators such as morbidity, readmission 
and mortality rate are inter-related to a certain extent, these may not holistically 
capture the quality of care provided throughout the hospital course [33]. As such, 
a composite measure termed ‘textbook outcomes’ has recently been coined with 
the purpose of providing a more reliable measure of overall quality [34]. When 
the metric was first proposed, textbook outcome was defined as the absence of 
complication, prolonged length of stay (>75th percentile), readmission, or death. 
In a study of 8035 Medicare patients undergoing pancreatectomy in the United 
States, the composite outcome was achieved in 44.1% of patients, and is more 
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Fig. 71.3 Importance of structure and team-work to avoid failure-to-rescue. Conceptual model of 
the organizational dynamics affecting complication rescue. RRT rapid response team, QI quality 
improvement. (Reproduced with permission from Br J Surg, [29] Wiley © 2016)
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likely to be achieved if patients underwent pancreatectomy in a major teaching 
hospital or at high-volume (≥20 resections per year) centers [35]. For patients 
with pancreatic cancer, the outcome was more likely to be achieved at dedicated 
cancer centers [36].

In an attempt to achieve consensus on its definition, the Dutch Pancreatic 
Cancer Group conducted a survey of 24 international experts (Box 71.3) in pan-
creatic surgery and identified predictors of achieving the outcome using the 
Dutch Pancreatic Cancer Audit [37]. Importantly, and in contrast to other spe-
cialties, textbook outcome in pancreatic surgery did not include any pathologi-
cal parameters. The experts agreed that in contrast to other cancers, margin 

status in pancreatic cancer more frequently reflected the extent of disease biol-
ogy than in other resectable solid tumors. Of 3341 patients, textbook outcome 
was successfully achieved in 60.3% of patients. In pancreatoduodenectomy, 
textbook outcome was predicted by a dilated pancreatic duct (≥3 mm) and pan-
creatic adenocarcinoma as indication for the operation. ASA class 3 was associ-
ated with the risk of not achieving a textbook outcome. In patients undergoing 
distal pancreatectomy, female gender and the absence of neoadjuvant treatment 
predicted textbook outcome. In the Netherlands, 18 out of the 20 centers per-
forming pancreatic surgery perform ≥20 resections a year, with 5 centers per-
forming ≥40 operations per year. Despite this high proportion of ‘high- volume’ 
centers, there was considerable variation in textbook outcome rates between 
institutions even after adjusting for case-mix, which reiterates the need for qual-
ity assurance programs and audit.

As a metric, textbook outcome has its inherent limitations. Length of stay is a 
common barrier to patients achieving textbook outcome [38]. However, inclusion of 
length of stay in textbook outcomes is problematic since there are cultural, organi-
zational and economic factors that heavily influence length of stay between coun-
tries. For example, Asian centers frequently suffer from prolonged hospitalization 
periods compared with their European and US counterparts. In one analysis, when 

Box 71.3 Proposed Definition of ‘Textbook Outcome’ in 
Pancreatic Surgery

Defined as absence of
• Postoperative pancreatic fistula (ISGPS grade B/C)
• Bile leak
• Post-pancreatectomy haemorrhage
• Severe complication (Clavien Dindo grade ≥ III)
• In-hospital mortality

Based on definitions in the Dutch Pancreatic Cancer Audit [37]
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length of stay was removed from the textbook outcome, Eastern hospitals went from 
exhibiting consistently lower rates of textbook outcome than Western centers to 
consistently higher rates [39]. Presently, the consensus definition as published by 
the Dutch group excludes length of hospital stay as a criterion for textbook outcome 
because of low agreement between experts. Whether this will be adopted widely is 
yet to be determined [40]. Additionally, because this is a composite metric, it doesn’t 
provide any granularity to the root cause of low attainment rates, and needs to be 
deconstructed to inform quality improvement purposes.

71.5.3  Benchmarking in Surgery

Benchmarking is defined as comparative assessment of high-level performance and 
is adopted from economic evaluation studies [41]. Benchmarking facilitates the 
understanding of processes by which performance can be compared, and thus 
improved. Rather than comparing averages across a spectrum, benchmarking 
addresses the top tier performance (e.g. the 75th percentile) and sets it as a standard 
to reach. As the benchmark represents the best possible outcome, the gap between 
benchmark and performance reflects the theoretical potential to improve. A sug-
gested 10-step process (Box 71.4) to arrive at benchmark for a surgical procedure 
has been proposed [41] (Fig. 71.4).

Box 71.4 Ten steps to develop a benchmark[41]
 1. Intervention: Select intervention desired to benchmark
 2. Patients: Specify requirements (benchmark criteria) of patients to repre-

sent the lowest risk for complications
 3. Outcome: Define specific key indicators of outcome (benchmarks) and 

how they can be measured
 4. Centres: Find eligible centres for benchmark determination
 5. Number: Number of centres needed:
 6. Contact: Research leaders contact candidate centres for collabora-

tion inquiry
 7. Extract: Extract the predefined patients with the lowest expected postop-

erative morbidity of each centre
 8. Collect: Collect data (patient characteristics, benchmark values) for the 

chosen intervention of each included centre
 9. Calculate: Calculate the median (continuous benchmark values) or the 

proportion (binary benchmark values) of each benchmark value individu-
ally for each centre

 10. Benchmark: Compute the 75th percentile by taking each centre’s median 
to determine the benchmark value

Reproduced with permission from [41]
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Fig. 71.4 Example of calculation for benchmarking. Calculation of the Comprehensive Complication 
Index (CCI®) benchmark (BM) value from the median CCI® of each participating centre. The num-
ber of benchmark procedures per centre (number size) does not influence the result. The higher the 
CCI® value, the greater the severity of overall morbidity. Within this cohort of lowest-risk patients, 
the cut-off at the 75th percentile to determine the benchmark value excludes the 25% of patients 
with the highest overall morbidity. Reproduced from Staiger RD, et al. Improving surgical outcomes 
through benchmarking. Br J Surg. 2019 Jan;106(1):59–64 with permission from Wiley ©2019

A benchmark may be used within a hospital or between hospitals with defined 
actions needed to take in order to close a gap between outcomes, and, as such, 
potentially lead to an improved performance. Currently, only one large, multicentre 
study has reported on benchmark values in pancreatic surgery [42]. Based on a 
cohort derived from 23 referral centres consisting of over 6186 pancreatoduodenec-
tomies, a total of 2375 (38%) low-risk patients were deemed eligible for benchmark 
analysis. The investigators arrived at benchmark cut-off values for 20 endpoints, of 
which selected numbers are presented in Box 71.5.

Box 71.5 Select benchmark cut-off values (eight of a total 20 reported)
• Operation duration: ≤7.5 h
• Blood transfusions: ≤23%
• Hospital stay: ≤15 days
• POPF grade C rate: ≤5%
• CCI score: ≤20.9
• In-hospital mortality: ≤1.6%
• Failure to rescue rate: ≤9%
• Readmission rate: ≤21%

71 Quality Metrics and Performance Evaluation in Pancreatic Surgery
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Of note, huge variation between the selected centers chosen for the bench-
mark outcomes were found, as were variation in center volume and case-mix. 
One can argue that some of the benchmark values chosen, such as R1-rate and 
number of harvested lymph nodes, are poor metrics for gauging performance. 
However, the investigators proposed that such metrics may be used to compare 
differences in performance between centers, gauge the outcome for introduc-
ing  new technology (e.g. minimal-invasive pancreatic surgery) and identify 
patients who fall outside the benchmark for discussion at quality improvement 
meetings. Whether this form of quality metric and performance evaluation will 
supersede alternative outcomes, including textbook outcomes, remains to be 
seen [43].

71.6  Future Directions

To date, most quality metrics proposed and adopted by national registries do not 
incorporate patient perspectives, and consequently are not patient-centric. In studies 
assessing long-term quality of life scores in patients who have undergone pancreatic 
resection, patients often struggle with gastrointestinal dysfunction, and up to 50% 
and 15% required pancreatic enzyme replacement and insulin therapy, respectively 
[44–47]. While these published data can better inform shared decision making in 
the preoperative setting, they need to be better tracked longitudinally to identify 
potential actionable domains.

The increased sophistication of modern day electronic medical health records 
can facilitate input and longitudinal tracking of patient-reported outcomes [48], and 
should be an avenue worth investing in for hospitals performing complex operations 
such as pancreatic resections. As our patients live longer with better systemic ther-
apy and safer operations, it is imperative that we start incorporating patient-centered 
outcomes into quality metrics to more accurately track their wellbeing after their 
postoperative recovery.

71.7  Conclusion

Pancreatic surgery is a complex operation associated with high morbidity and mor-
tality rates. As we continue to refine the operation and improve perioperative care, 
its outcomes need to be closely tracked for quality improvement purposes. While 
there has been a wide array of individual and composite metrics used, they each are 
associated with their own limitations. Clinicians and academics need to understand 
the utility of each metric, and be cognizant of each of their specific shortcomings to 
accurately interpret outcomes published across the literature.

K. Søreide et al.
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Take Home Messages
• Disease recurrence remains the main cause of mortality in patients who 

underwent pancreatic cancer resection.
• A combination of elevated serum tumour markers and progressive, suspi-

cious findings on imaging indicates pancreatic cancer recurrence.
• Despite its limitations, CA 19-9 remains the most assessed tumour marker 

for surveillance purposes.
• CT imaging is the preferred imaging modality for postoperative surveil-

lance; however, PET-CT can be helpful to differentiate between non-spe-
cific postoperative changes and local tumour recurrence.

• The optimal surveillance strategy remains a subject of discussion, although 
a surveillance strategy with 3–6 monthly serum CA 19-9 testing and CT 
imaging is increasingly recommended.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53786-9_72&domain=pdf
https://doi.org/10.1007/978-3-030-53786-9_72#DOI
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72.1  Introduction

Disease recurrence after pancreatic cancer resection remains one of the biggest 
challenges in pancreatic cancer treatment. Despite the administration of (neo-)adju-
vant systemic therapy, almost all patients experience local and/or systemic disease 
recurrence after sufficient follow-up [1]. The prognosis of patients with pancreatic 
cancer recurrence remains very poor, with a median post-recurrence survival of 
only 3–9 months [2, 3]. As limited effective palliative treatment options are avail-
able, the value of recurrence-focused surveillance for the early detection and treat-
ment of pancreatic cancer recurrence remains controversial [4, 5].

Recent advancements in pancreatic cancer treatment, however, have resulted in 
an extended disease-free interval after pancreatic cancer surgery [6]. Adjuvant che-
motherapy regimens have been improved and the importance of completing adju-
vant treatment is being emphasized [7–9]. Additionally, alternative treatment 
strategies for localized pancreatic cancer, such as neoadjuvant therapy, are increas-
ingly considered [10–12]. This allows for a better patient selection for surgery, 
improving the a priori prognosis of patients undergoing pancreatic resection. As 
early disease recurrence in particular is associated with a poor prognosis, a pro-
longed disease-free interval opens the possibilities for palliative treatment of recur-
rence [6, 13]. Furthermore, with more effective systemic and locally ablative 

Pearls and Pitfalls
• A combination of serial serum tumour marker testing and routine follow-

up imaging could aid in the early detection of pancreatic cancer recurrence.
• Advancements in systemic and local ablative therapies have opened the 

therapeutic framework for treatment of pancreatic cancer recurrence.
• Retrospective studies suggest both survival and quality of life benefits of 

recurrence- focused surveillance after pancreatic cancer resection.
• Survival and quality of life benefits of early detection and treatment of 

pancreatic cancer recurrence have yet to be established.
• The optimal method, frequency and duration of surveillance after pancre-

atic cancer resection remains unclear.
• Recurrence-focused surveillance is increasingly being implemented, 

although high-quality evidence on this subject is lacking.

Future Perspectives
• Prospective studies are needed to evaluate the true value of early detection 

and treatment of pancreatic cancer recurrence with regard to survival and 
quality of life.

• Current research focuses on further development of liquid biopsies for the mea-
surement of circulating tumour cells and DNA as a promising method for detec-
tion of disease recurrence during surveillance after pancreatic cancer resection.
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treatment options currently available, the therapeutic framework for the treatment of 
pancreatic cancer recurrence has been expanded [4, 14–16]. Several small, retro-
spective studies suggest both improvement in survival and quality of life [16–21]. 
However, prospective studies evaluating these new therapies are lacking. 
Nevertheless, an increased interest in the early detection and treatment of pancreatic 
cancer recurrence exists. Standardized surveillance with routine tumour marker 
testing and imaging after surgery has been suggested for the early detection of dis-
ease recurrence. Nonetheless, the optimal method, frequency and duration of post-
operative follow-up remains a subject of discussion, with widely varying surveillance 
strategies being recommended in pancreatic cancer guidelines worldwide [5].

72.2  Current Practice

Pancreatic cancer recurrence is generally diagnosed through a rise in serum tumour 
markers combined with suspicious, progressive findings on imaging, which is either 
performed as part of a routine follow-up or clinically indicated (Figs.  72.1 and 
72.2). A combination of serial serum tumour marker testing and radiographic imag-
ing with a certain interval could therefore aid in the early detection of disease recur-
rence. Without standardized diagnostic testing, pancreatic cancer recurrence is 
usually detected after the manifestation of symptoms, which is associated with a 
more advanced disease stage [13].

Fig. 72.1 Algorithm for diagnostic testing during the first 5 years after resection of pancreatic 
ductal adenocarcinoma as recommended by the European Society for Medical Oncology (ESMO), 
the International Association of Pancreatology/European Pancreatic Club (IAP/EPC), the American 
Society of Clinical Oncology (ASCO), the National Comprehensive Cancer Network (NCCN), 
and the Japan Pancreas Society (JPS)

72 Surveillance After Surgery for Pancreatic Cancer
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72.2.1  Biomarkers

CA 19-9 is currently the most widely assessed serum tumour marker for both diag-
nostic and surveillance purposes in pancreatic cancer care [22]. Before the introduc-
tion of CA 19-9 as an effective biomarker for pancreatic cancer, the carcinoembryonic 
antigen (CEA) was used. Nevertheless, CA 19-9 has been shown to be superior to 
CEA for surveillance after pancreatic cancer resection [23, 24]. Therefore, CEA has 
generally been replaced by CA 19-9 as the biomarker of choice in patients with 
pancreatic cancer.

CA 19-9 is a monoclonal antibody, raised against tumour-associated glycopro-
teins, which was initially detected from a colorectal cancer cell line [25]. In later 
research, CA 19-9 was found to be associated with pancreatic cancer [26]. In pan-
creatic cancer, elevation of CA 19-9 reflects increased production and secretion of 
this antigen from malignant cells [27]. However, CA 19-9 can also be elevated in 
other cancers, including hepatocellular, colorectal and ovarian cancers, and can be 
elevated in benign diseases as pancreatitis, choledocholithiasis and liver cirrhosis as 
well [26, 28–30]. Also, CA 19-9 was found to be increased in patients with obstruc-
tive jaundice [31].

For the primary detection of pancreatic cancer, CA 19-9 is not considered to be 
useful (see own chapter in this book) [32]. For predicting pancreatic cancer recurrence 
following resection, however, serum CA 19-9 was found to have a moderate value 
with a sensitivity of 68–89% and a specificity of 77–89% for detecting recurrence 
[22]. Several studies reported on a significant additional value of preoperative CA 

Fig. 72.2 A 70 year old man presented with abdominal pain and weight loss 7 months after pan-
creatoduodenectomy for a T3N1 R0 pancreatic head tumour. Postoperatively, a symptomatic fol-
low- up approach was applied, without serum tumour marker testing or follow-up imaging, 
according to the current European guidelines [32]. As the patients’ symptoms were suggestive of 
disease recurrence, a CT scan of thorax and abdomen was clinically indicated, which showed iso-
lated local pancreatic cancer recurrence. Since the patient experienced significant toxicity during 
adjuvant systemic treatment with gemcitabine chemotherapy, no palliative chemotherapy was 
started. However, local ablative therapy with stereotactic body radiation therapy (5 × 7 Gy) was 
performed, which resulted in radiologic disease stability for 3 months. Hereafter, a period of slow 
clinical decline followed and the patient passed away about 1 year after pancreatic cancer recur-
rence was detected
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19-9 levels >100 U/ml, CA 19-9 levels >50 U/ml adjusted to the serum bilirubin lev-
els, elevated postoperative CA 19-9 levels and postoperative CA 19-9 velocity > 95 U/
ml/4-weeks in predicting disease recurrence [23, 26, 33]. Herewith, serial CA 19-9 
testing could be useful to inform patients on their prognosis and support shared deci-
sion making [34]. Furthermore, it was found that CA 19-9 elevation precedes evidence 
of recurrence on imaging by 3–6 months [21, 34]. As a consequence, it was suggested 
that CA 19-9 dynamics during surveillance could be used for tumour marker-guided 
chemotherapy, resulting in survival benefits [21]. A major limitation of CA 19-9, how-
ever, is that it is related to the Lewis blood group antigens. About 90–95% of patients 
belong to Lewis blood groups (i.e. Le (α−β+) or Le (α+β−)) that express the CA 19-9 
antigen [28, 35]. Consequently, 5–10% of all patients do not express CA 19-9. In these 
patients, routine CA 19-9 measurements have no added value.

Other biomarkers reported in the literature that are related to pancreatic cancer 
are s-pancreas antigen-1 (SPan-1) and duke pancreatic monoclonal antigen type 2 
(DU-PAN 2) [31, 36–41]. In contrast to CA 19-9, these biomarkers can be detected 
in Lewis antigen α- and β-negative individuals and could therefore be of particular 
interest in patients who are unable to synthesize CA 19-9. Just a few studies evaluat-
ing these potentially useful biomarkers are published, solely focusing on preopera-
tively measured values for the diagnosis of pancreatic cancer or prognostic purposes. 
As a consequence, the value of these tumour markers with regard to postoperative 
surveillance after pancreatic cancer resection is yet unknown.

72.2.2  Liquid Biopsies

In recent years, liquid biopsies have shown promise as a biomarker for the monitor-
ing of tumour dynamics in several cancers [42]. With regard to pancreatic cancer, a 
growing interest in liquid biopsies for the measurement of circulating tumour DNA 
and circulating tumour cells exists as well [43–47]. A prospective study on circulat-
ing tumour cells in patients with resected pancreatic cancer showed that a rise in 
circulating tumour cells during surveillance was predictive of recurrence within 
2 months [46]. Similarly, tumour-specific circulating tumour DNA predicted clini-
cal disease recurrence and was shown to precede the detection of disease recurrence 
by imaging with a lead time of almost 3 months [45, 48]. Although such tests might 
be useful for surveillance after pancreatic cancer resection, no clinically applicable 
tests are yet available [49]. Current research focuses on further development of 
these promising detection methods.

72.2.3  Imaging

Imaging modalities that can be used to detect pancreatic cancer recurrence are CT 
imaging, PET-CT imaging and MRI. Of these, contrast-enhanced CT imaging is the 
preferred imaging modality to be applied during follow-up in clinical practice 
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[50–52]. The diagnostic accuracy of contrast-enhanced CT imaging for the detec-
tion of local and/or distant pancreatic cancer recurrence was found to be moderate, 
with a sensitivity of 70% and a specificity of 80% [53]. PET-CT showed a higher 
diagnostic performance, with a sensitivity and specificity of respectively 88% and 
89% to detect and localize pancreatic cancer recurrence. A combination of contrast- 
enhanced CT and PET-CT further improves the sensitivity and specificity to 95% 
and 81%, respectively [53]. The additional value of PET-CT relates in particular to 
the ability to differentiate between postoperative fibrosis and recurrent tumour tis-
sue, thus being specifically valuable in case of uncertain CT findings. Moreover, 
PET-CT can be useful in case of suspected clinical signs or tumour marker elevation 
with negative CT results [54–57]. The value of MRI as imaging modality during 
postoperative follow-up remains unknown, as no studies are published on its diag-
nostic accuracy for recurrence detection.

In most studies reporting on the diagnostic performance of imaging modalities 
for the detection of disease recurrence, further diagnostic imaging was performed 
based on a significant patient-initiated complaint or serum CA 19-9 elevation [56–
58]. The value of routine follow-up imaging in the context of a standardized surveil-
lance program was only evaluated in a few small, retrospective cohort studies [54, 
55, 59, 60]. Nevertheless, these studies showed that routinely performed CT and 
PET-CT scans had a similar diagnostic accuracy as compared with scans that were 
performed when recurrence was clinically suspected [53].

72.2.4  Tissue Diagnosis

A common difficulty in the diagnosis of disease recurrence after pancreatic cancer 
resection is to obtain histological evidence of a suspicious lesion. This applies in 
particular to localized tumour recurrence within the pancreatic remnant or its sur-
rounding structures. For the primary diagnosis of pancreatic cancer, endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) has shown to be a useful and 
accurate diagnostic tool [61]. In the diagnostic workup of pancreatic cancer recur-
rence, however, the value of EUS-FNA is poorly assessed. Two small, retrospective 
studies have been performed evaluating the diagnostic performance of EUS-FNA 
for pancreatic cancer recurrence. These studies suggested that EUS-FNA is useful 
for the diagnosis of disease recurrence, with a sensitivity ranging from 81 to 93% 
and a specificity of 100% [62, 63]. Nevertheless, it can be technically difficult to 
perform EUS-FNA after pancreatic resection both safely and successfully. 
Difficulties to differentiate between viable tumour tissue and postoperative fibrosis 
can impair visualisation of the target lesion. Moreover, success rates of biopsies to 
collect sufficient aspiration material for a definite histological diagnosis of pancre-
atic cancer recurrence remain unknown. As soft tissue around a major artery was 
found to be associated with a false negative diagnosis, the results of EUS-FNA need 
to be interpreted with care for these patients in particular [62].
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72.3  Controversies

Current guidelines on surveillance after pancreatic cancer resection are based on 
expert opinion and other low-level evidence. Moreover, the cost-effectiveness of 
recurrence-focused surveillance and early treatment of cancer recurrence is increas-
ingly being questioned in other types of cancer, such as ovarian and colorectal can-
cer [64, 65]. Prospective studies in these cancers did not found a significant 
disease-specific survival benefit of active surveillance. Unfortunately, the risk of 
disease recurrence after pancreatic cancer resection is much higher as compared 
with other cancer types. As a consequence, potential benefits of recurrence-focused 
surveillance might have a higher impact in pancreatic cancer patients. On the other 
hand, pancreatic cancer recurrence is notoriously difficult to treat as it is typically 
characterized by multifocal and destructive spread, possibly limiting the clinical 
benefit of additional treatment.

Few studies have been performed evaluating the direct impact of postoperative 
imaging surveillance on survival and quality of life. Herewith, it was found that 
annual follow-up imaging was not associated with improved survival [66]. However, 
survival benefits have been suggested with CT imaging at a 3–4 or 6 monthly inter-
val during the first 2 years after surgery [18–20, 51]. It was shown that systematic 
CT-based follow-up at these intervals resulted in the detection of pancreatic cancer 
recurrence in an early, asymptomatic stage [18, 19]. Subsequently, patients with a 
good performance state and tumour biology that are most likely to benefit from 
further treatment could be identified. This strategy could allow for more aggressive 
oncological treatment in an increased number of patients while the tumour burden 
is still low, thus improving survival rates [18–20]. Furthermore, it was thought that 
early detection of pancreatic cancer recurrence could facilitate patient selection for 
clinical trials evaluating new therapies [18, 19]. Nevertheless, a simulation study on 
the cost-effectiveness of postoperative surveillance using data from patients who 
had received standardized imaging surveillance every 3–4 months showed that a 
limited surveillance strategy consisting of 6-monthly clinical evaluation and CA 
19-9 testing was most cost-effective [67].

Considering quality of life outcomes, a structured surveillance was found to con-
tribute to the optimization of symptom- and cancer-directed treatment, improving 
quality of life [17]. Moreover, patients seem to desire routine surveillance after 
pancreatic cancer resection, which was supported by pancreatic cancer clinicians as 
well [68]. In contrast, recurrence-focused surveillance might have some substantial 
disadvantages with regard to the patients’ quality of life. Regular postoperative 
diagnostic testing is known to introduce significant psychological stress and fear of 
cancer recurrence [69, 70]. Moreover, diagnostic testing as well as additional treat-
ment for recurrence can introduce significant morbidity, which may result in an 
overall decrease in quality of life. Also, it was found that with serial CA 19-9 mea-
surements patients mainly focus on the test results during follow-up appointments, 
hampering discussions on other oncological and gastro-intestinal problems [71]. 
These (ethical) concerns are particularly important to account for when considering 
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intensified surveillance in a patient population with such a limited life expectancy 
as with pancreatic cancer. Besides, frequent diagnostic testing increases the eco-
nomic burden for both individual patients and society, while the cost-effectiveness 
of standardized surveillance for the early detection and treatment of pancreatic can-
cer recurrence is yet unclear.

As a result of these controversies, widely varying surveillance strategies are 
applied throughout the world (Table 72.1). Guidelines by the National Comprehensive 
Cancer Network (NCCN) and Japanese Pancreas Society (JPS) do recommend stan-
dardized surveillance with serum CA 19-9 testing and imaging every 3–6 months 
during the first 2 years after pancreatic resection [50, 72]. Contrastingly, guidelines 
by the European Society for Medical Oncology (ESMO), the International 
Association of Pancreatology/European Pancreatic Club (IAP/EPC) and American 
Society of Clinical Oncology (ASCO) provide minimal guidance on method, fre-
quency and duration of postoperative surveillance [32, 73, 74].

72.4  Future Research

Results of previous studies on potential survival and quality of life benefits of 
standardized surveillance after pancreatic cancer resection are conflicting. 
Furthermore, the current evidence mainly consists of small, retrospective studies. 

Table 72.1 Recommendations regarding surveillance after pancreatic cancer resection in current 
guidelines

Organization Recommended surveillance strategy Level of evidence

ESMO (2015) 
[32]

No recurrence-focused surveillance No evidence 
(4D)

IAP/EPC 
(2016) [73]

No recommendation Not applicable

JPS (2016) 
[72]

Serum tumour marker testing and CT imaging every 
3–6 months for 2 years after resection and every 
6–12 months subsequently, at least for 5 years

Low (C)

NCCN (2018) 
[50]

History and physical examination for symptom assessment 
every 3–6 months for 2 years, then every
6–12 months on clinical indication

Uniform expert 
opinion (2A)

CA 19-9 and follow-up CT imaging (chest, abdomen, and 
pelvis) with contrast every 3–6 months for 2 years

Non-uniform 
expert opinion 
(2B)

ASCO (2017) 
[74]

History and physical examination every 3–6 months after 
completion of therapy. Additional serum
CA 19-9 testing if elevated pre-operatively

Low (C)

No recommendations regarding the use of imaging 
procedures, surveillance intervals and duration

ESMO European Society for Medical Oncology, IAP/EPC International Association of 
Pancreatology/European Pancreatic Club, JPS Japan Pancreas Society, NCCN National 
Comprehensive Cancer Network, ASCO American Society of Clinical Oncology
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This has led to significantly different surveillance strategies being applied in clini-
cal practice, potentially depriving certain patients from meaningful surveillance, 
whilst others might be wrongfully harmed. Most available studies were performed 
before the introduction of recent, more potent treatment options. More recent stud-
ies, however, suggest that surveillance with tumour marker testing and imaging at 
regular intervals contributes to the early detection of pancreatic cancer recurrence, 
before the onset of symptoms. This can increase the number of patients with a 
good performance state eligible for further therapy such as chemotherapy or radio-
therapy. As a result, pancreatic cancer centres worldwide increasingly implement 
a standardized surveillance strategy with serum CA 19-9 testing and CT imaging, 
every 3–6 months during the first 2 years after resection. At the end of 2018, the 
PRODIGE Group published impressive results of modified FOLFIRINOX chemo-
therapy as adjuvant chemotherapy for patients with resected pancreatic cancer 
[15]. However, the control group, in which patients received adjuvant gemcitabine, 
also showed considerably high survival rates as compared with other phase three 
trials performed on this subject (35 months vs. 20–27 months). The authors sug-
gested that this could be due to the use of FOLFIRINOX as recurrence treatment 
in the majority of patients (76%) that were diagnosed with pancreatic cancer 
recurrence in the gemcitabine group. When discussing on the value of standard-
ized postoperative surveillance, potentially improved perspectives for pancreatic 
cancer patients following treatment with FOLFIRINOX chemotherapy therefore 
need to be considered. To provide recommendations on postoperative surveil-
lance, however, high-quality evidence from prospective studies comparing differ-
ent surveillance strategies on the true value of recurrence-focused surveillance 
are needed.

72.5  Conclusion

In summary, surveillance after surgery for pancreatic cancer remains a subject of 
discussion, with an ongoing effort to improve both the detection and treatment of 
pancreatic cancer recurrence. Although the true value of standardized postoperative 
surveillance has yet to be established, a surveillance strategy existing of 3-6 monthly 
serum CA 19-9 testing and CT imaging during the first 2 years after surgery is 
increasingly implemented.
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Take Home Messages
• Factors associated with 5-year survival in multivariate analyses consis-

tently include lymph node status and negative resection margins.
• Pancreatic cancer is a systemic disease and systemic adjuvant or neoadju-

vant therapies are therefore invaluable in improving survival.
• Neoadjuvant or adjuvant FOLFIRINOX improves the overall survival of 

patients with pancreatic adenocarcinoma.
• Patient-reported outcomes after pancreatic resection help inform decision- 

making and aid in managing patients’ perioperative expectations.

Future Perspectives
• An improved understanding of the biology of pancreatic cancer to allow 

for treatment paradigms
• Early detection of pancreatic cancer through new diagnostic modalities 

such as screening of microRNA, liquid biopsies for proteomic analysis and 
other biomarkers

• Improved understanding of the genetic or biologic risk factors for pancre-
atic cancer

• Elucidation of factors that may predict early postoperative recurrence 
which may allow patients to forgo highly morbid surgery
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73.1  Introduction

The incidence of pancreatic cancer continues to rise with an estimated 62,000 cases 
in the United States in 2020 [1]. Although resection offers the only chance for cure 
in pancreatic ductal adenocarcinoma (PDAC), 5-year survival after surgical resec-
tion, while improving, remains low at 13–27% [2].

This chapter gives an overview of survival (Box 73.1) measures for patients hav-
ing surgery for PDAC and factors associated with survival times in the current treat-
ment landscape.

73.2  Independent Predictors of 5-Year Survival After 
Surgery for PDAC

73.2.1  Surgical Margins

Similar to many other solid cancers, negative surgical margins (R0 resection) cor-
relate with long-term survival [3–7]. Notably, prior retrospective studies and phase 
III clinical trials demonstrate that patients who have a macroscopically positive 
margin after resection have a survival similar to that of patients who do not undergo 
an operation [8, 9], and planned tumor debulking is therefore not recommended in 
pancreatic cancer. However, even with surgically negative margins, 5-year survival 
rates after pancreaticoduodenectomy are 10–25% with a median survival between 
10–20 months [10–15]. In the ESPAC-3 trial, a negative resection margin was asso-
ciated with improved survival on univariate survival analysis among patients who 
received either fluorouracil plus folinic acid or gemcitabine as adjuvant therapy. The 

Box 73.1 Types of Survival
• Disease-free survival: The percentage of patients in complete remission 

after completing curative treatment
• Recurrence-free survival: The percentage of patients who do not experi-

ence recurrence after completing curative treatment
• Cancer-specific survival: The percentage of patients who have not died 

from a specific cancer in a defined period of time after diagnosis or start of 
treatment. Patients who died from causes other than the specific type of 
cancer are not counted in this measurement

• Overall survival: The percentage of patients who are alive at a certain 
time after diagnosis

• Relative survival: The overall survival of patients who have a disease 
divided by the overall survival of patients who do not have the disease

• Conditional survival: The percentage of patients surviving an additional 
number of years given that they have already survived a certain amount of 
time after surgery or diagnosis

C. R. Ferrone and Y. Sekigami



1137

increased risk of death in patients with positive margins compared with patients 
with negative margins was 35% [16]. However, in a series of 141 patients who 
received neoadjuvant FOLFIRINOX followed by radiation therapy at Massachusetts 
General Hospital, surgical margins were not found to be predictive of overall sur-
vival in those patients who were successfully resected [17].

73.2.2  Nodal Status

In patients with completely resected PDAC, one of the most significant prognostic 
factors is nodal status. Five-year survival for those with node-positive disease is 
approximately 10%, whereas those with node-negative disease have a 30% chance of 
surviving 5 years [18]. A review of a prospectively maintained database of 618 patient 
who underwent pancreatic resection for PDAC at Memorial Sloan-Kettering Cancer 
Center revealed that early American Joint Committee on Cancer (AJCC) stage 
(p < 0.001) and negative margins (p = 0.001) were associated with 5-year survival [6]. 
At Massachusetts General Hospital, Ferrone et al. demonstrated that negative mar-
gins and negative nodal status were predictors of 5- and 10-year survival [19]. Katz 
and colleagues found negative lymph node status to be significantly associated with 
5-year survival (odds ratio 1.92, p =  .02) on multivariate analysis in patients with 
resected PDAC [20]. In a retrospective study of 519 patients who underwent pancre-
atic resection for adenocarcinoma, Konstantinidis and colleagues found that patients 
with one positive lymph node fared better than those with greater than one positive 
lymph node [21]. They also demonstrated that node involvement by metastasis or 
direct invasion were equally significant predictors of reduced survival. In a recent 
retrospective study of 546 patients with resected PDAC, median overall survival for 
pN0 patients was found to be significantly longer than pN1 patients. In addition, time 
to recurrence was significantly longer in pN0 compared to pN1 patients [22].

Number of nodes sampled has contributed to improved survival stratification. 
Multiple studies have demonstrated that patients with less than 10–12 lymph nodes 
sampled with pN0 disease have worse survival outcomes compared with those who 
had greater than 10–12 nodes sampled [23–25]. Given the improved patient stratifi-
cation associated with an increased number of nodes sampled, extended lymphad-
enectomy (removal of nodes up to the hepatic hilum and para-aortic region from the 
diaphragmatic hiatus to the level of the inferior mesenteric arteries) has been pro-
posed to improve outcomes. However, multiple studies including a recent meta- 
analysis demonstrated that extended lymphadenectomy does not improve overall 
survival compared to standard lymphadenectomy, but rather leads to increased mor-
bidity [26–28].

Although some institutions have explored extended pancreatic resection to 
include vascular resection and retroperitoneal lymphadenectomy, a prospective trial 
performed by Michalski and colleagues demonstrated that extended operations in 
patients who have not received neoadjuvant therapy leads to increased morbidity 
and mortality without survival benefit [27, 29].
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73.2.3  Tumor Pathology

Tumor size and grade have both been implicated as important prognostic factors for 
patients with resectable PDAC [30]. Upon multivariate analysis, Han and colleagues 
found that tumor size (HR 5 1.38, p 5 0.03) and tumor differentiation (HR 5 0.76, 
p  5 0.02) affected long-term survival in PDAC patients after resection [4]. With 
regards to size, a study from the Mayo clinic found survival is significantly better in 
small pancreatic cancers (<2 cm) with regional nodal metastasis (stage III) com-
pared with similar stage large pancreatic cancers (5-year survival 44 vs 7%, medial 
survival 58 vs 18 months, p < 0.001). However, there was no survival difference 
regardless of tumor size in patients with small pancreatic cancers and localized 
disease (stage I and II) compared with large pancreatic cancers with similar stages 
[31]. Size greater than 2.5  cm on pathology was an independent predictor of 
decreased overall survival in patients who received neoadjuvant FOLFIRINOX fol-
lowed by chemoradiation and then underwent resection in the MGH series of 141 
patients [17].

73.2.4  Patient Factors

Patients undergoing resection for PDAC today are generally older and have more 
comorbidities than those who underwent resection 30 years ago [32]. A study per-
formed by Dias-Santos et  al. demonstrated that an age-adjusted Charlson Age 
Comorbidity Index of ≥6 increased the odds of death threefold within the first year 
after resection [33]. Recently, Hank et  al. identified that diabetes was associated 
with a worse median overall survival, larger tumors, and higher rates of lymph node 
involvement and perineural invasion [34].

Even in the era of neoadjuvant therapy, comorbidities seem to be predictive of 
outcome. Michelakos et al. found that after neoadjuvant FOLFIRINOX, Charlson 
comorbidity index >1 predicted decreased overall survival [17].

73.2.5  CA 19-9 Levels

CA 19-9 has been shown to correlate with tumor burden, with higher preoperative 
levels (>180 U/mL) correlating with adverse pathologic features and poorer sur-
vival [35]. Ferrone et al. demonstrated that a postoperative decrease in addition to a 
postoperative CA 19-9 value of less than 200 U/mL were strong independent pre-
dictors of survival [36]. Patients with a preoperative CA 19-9 < 1000 U/mL had a 
significantly longer median survival (2.3 years versus 1 year). Patients with resected 
PDAC and postoperative CA 19-9 ≥ 180 U/mL had significantly worse survival and 
were 3.5 times more likely to die from recurrence than those patients with CA 
19-9 < 180 U/mL in a study conducted by Berger and colleagues [37].
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Trend in perioperative CA 19-9 also confers important prognostic value. 
Normalization of levels postoperatively was associated with a superior prognosis in 
multiple studies [38, 39], while the failure of levels to normalize postoperatively 
may have a negative impact on survival [36, 40]. A study from University of 
Pittsburgh identified five different patterns of CA 19-9 beyond the post-resection 
period. Persistent normalization was an independent predictor of survival (HR, 
0.44; p  =  0.001) and the always-elevated pattern was negatively associated with 
survival (HR, 3.31; p = < 0.001). Conditional overall survival analysis revealed that 
elevated CA 19-9 was associated with worse survival at each time point and that the 
impact of CA 19-9 status increased over time [41].

CA 19-9 levels in response to neoadjuvant therapy also has implications for sur-
vival. A CA 19-9 response of >50% was associated with improved overall survival 
and was an independent predictor of survival [42].

73.2.6  Circulating Tumor DNA

There has been increasing interest in the development of non-invasive biomarkers 
for prognostication in pancreatic cancer. Circulating tumor DNA (ctDNA) has 
emerged as a promising prognostic biomarker in various cancers, and multiple stud-
ies have investigated its role in PDAC [43, 44]. A recent meta-analysis revealed 
detectable pre- or post- operative ctDNA in resectable PDAC has a significant nega-
tive effect on both overall and disease-free survival [45].

73.3  Conditional Survival

More contemporary studies have investigated the conditional survival of pancreatic 
cancer patients, which embraces the notion that survival is a dynamic and not a 
static concept. A study performed at Johns Hopkins of 1822 patients revealed that 
the conditional 2-year survival of patients who already survived three years was 
66%, whereas the actuarial 5-year survival of all patients after resection was 18%. 
When conditional survival was stratified by lymph node ratio, there was a more 
notable increase in 2-year conditional survival over time when comparing patients 
with N0 disease or a low lymph node ratio (<0.132) versus patients with a high 
lymph node ratio (>0.307). They also discovered that patients with R1/R2 disease 
saw the greatest increases in 2-year conditional survival as more time elapsed [46]. 
A similar bi-institutional study of patients undergoing pancreatectomy for PDAC 
showed similar trends between conditional and overall survival, and also found that 
when stratified by the levels of prognostic covariates, the 60-months conditional 
survival estimates for disease-free patients tended to level off progressively, indicat-
ing the factors independently associated with survival at time of pancreatectomy 
lost power over time [47].
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73.4  Neoadjuvant and Adjuvant Therapy

Pancreatic cancer is a systemic disease which requires systemic treatment in addi-
tion to localized surgical control, regardless of stage of disease. This chapter will 
focus on the major findings of the key trials demonstrating the survival benefit of 
neoadjuvant and adjuvant therapies in the setting of patients who undergo resection 
with curative intent (Box 73.2).

73.4.1  Neoadjuvant Therapy

Neoadjuvant therapy is attractive for pancreatic cancer given the significant morbid-
ity and mortality associated with surgical treatment. Because of the significant mor-
bidity of pancreatic resections, up to one-third of patients will not receive adjuvant 
therapy. Neoadjuvant treatment offers multiple benefits including the ability to bet-
ter understand the biology of disease, decrease the incidence of microscopically 
positive margins and leaks from the pancreatic-enteric anastomoses, and allows for 
a higher proportion of patients to receive systemic therapy [2].

A combination of chemoradiotherapy and isolated chemotherapy has been the 
longstanding neoadjuvant regimen for patients with PDAC.  Photon therapy 
(50.4 Gy) is frequently utilized to downsize borderline or locally advanced tumors 

Box 73.2 Key Trials in Adjuvant Therapy
• GITSG trial: adjuvant 5-FU-based chemotherapy + radiotherapy followed 

by 2 years of 5-FU resulted in 21-month survival compared to 10 months 
with observation alone (p = .03) [48].

• RTOG-9704 trial: no significant difference in survival between gem-
citabine with fluorouracil before and after fluorouracil-based chemoradia-
tion [49].

• CONKO-001 trial: improvement in survival with 6  months of adjuvant 
gemcitabine chemotherapy versus observation after surgical resection 
(median 22.8 months vs 20.2 months; p = .01) [50].

• ESPAC-3: significantly better overall survival for patients who receive 
adjuvant 5FU/folinic acid (HR .70, p  =  .003) compared with surgery 
alone [51].

• ESPAC-4: significantly improved median overall survival in patients who 
received adjuvant gemcitabine plus capecitabine versus gemcitabine alone 
(28 vs 25.5 months) [52].

• PRODIGE 24/CCTG PA.6 trial: adjuvant therapy with a modified 
FOLFIRINOX regimen resulted in significantly longer disease-free and 
overall survival compared to gemcitabine among patients with pancreatic 
cancer who received an R0 or R1 resection. However, this gain in survival 
came at the expense of a higher incidence of adverse events [53].
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to become resectable [2]. Concomitant chemotherapy typically consists of 
5- fluorouracil, capecitabine, or gemcitabine at radiosensitizing doses. Isolated che-
motherapy consists of gemcitabine alone or in combination or FOLFIRINOX. While 
a majority of the literature on neoadjuvant therapy are observational studies in 
patients with locally advanced disease [54–58], phase III trials comparing neoadju-
vant chemotherapy and chemoradiation to upfront resection for resectable PDAC 
are underway.

Due to encouraging results from phase III trials showing significant improve-
ment in overall survival in patients with metastatic disease utilizing FOLFIRINOX 
or gemcitabine/abraxane [59–61], patients with borderline resectable and locally 
advanced disease have also been treated with these regimens in the neoadjuvant set-
ting. At Massachusetts General Hospital, two recent phase 2 trials were conducted 
yielding promising results. The first was a single-arm trial which included 48 
patients with newly diagnosed borderline resectable PDAC who received neoadju-
vant FOLFIRINOX followed by individualized chemoradiotherapy. Among the 32 
patients who underwent resection, the R0 resection rate was 97% and their median 
progression-free survival was 48.6  months [62]. The second phase 2 trial was a 
single-arm trial which included 49 patients with newly diagnosed locally advanced 
PDAC who received neoadjuvant FOLFIRINOX and losartan followed by chemo-
radiotherapy. Among the 42 patients who underwent resection, the R0 resection rate 
was 69%, their median progression-free survival was 17.5 months, and their median 
overall survival was 33 months [63].

73.5  Five-Year Survivors After Resection

Multiple large series have been published in the past 20  years demonstrating 
improvement in 5-year survival. A retrospective study of 116 patients who under-
went surgical resection of PDAC found a median survival of 16 months and a 5-year 
survival rate of 19%. Adjuvant therapy was the only feature found to be strongly 
associated with survival in multivariable analysis [64]. In a retrospective review of 
123 patients who underwent surgical resection of PDAC for curative intent, Cleary 
et al. found a median survival of 14 months and 14% and 4% 5- and 10-year survival 
rates, respectively. AJCC stage and grade were independently associated with sur-
vival in multivariate analysis [65]. At Johns Hopkins, Winter et al. examined 1175 
patients who underwent pancreaticoduodenectomy for PDAC and found a median 
survival of 18 months and 18% and 11% 5- and 10-year survival rates, respectively. 
In this large cohort, pathological factors having a significant impact on survival 
included tumor diameter, resection margin status, lymph node status, and histologic 
grade [3]. Han et al. analyzed 242 patients who underwent surgical resection with 
curative intent and found a median survival and 5-year survival rate of 14.8 months 
and 12.1%. AJCC stage and margin status were significant prognostic factors [4]. At 
Memorial Sloan-Kettering, 618 patients underwent resection for PDAC between 
1983–2001, and among them, median survival was 20 months and 5- and 10-year 
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survival were 12% and 5%. Negative margins and AJCC stage were associated with 
5-year survival [6]. At Massachusetts General Hospital, Ferrone et al. conducted a 
retrospective study of 499 patients who underwent resection for PDAC and found 
their median survival to be 19 months with 19% and 10% 5- and 10-year survival. 
In this cohort, margin status (as R0) and pN-stage (as pN0) predicted improved 5- 
and 10-year survival [19].

73.6  Surveillance

The National Comprehensive Cancer Network recommends surveillance history 
and physical examination along with CA 19-9 level and abdominal CT scan with 
contrast every 3–6  months for the first 2  years after an operation, then every 
6–12 months thereafter. No specific guidelines exist to address recurrence in long- 
term survivors, but treatment considerations differ depending on the nature and 
location of recurrence. A recent retrospective study found median survival of 
patients with isolated recurrence was longer in patients who underwent surgical 
resection than among those treated non-surgically (23.5 versus 12.0 months; 
p = 0.014) and multivariable analysis showed that chemotherapy and resection for 
recurrence were associated with better prognosis [66].

73.7  Patient-Reported Postoperative Outcomes

With the expansion of pancreatoduodenectomies to include benign and premalig-
nant lesions, there is growing interest in patient-reported outcomes of post- 
pancreatectomy patients. While most of these studies are limited by short follow-up 
durations and suboptimal response rates [67–70] (Table 73.1), one study by Fong 
and colleagues successfully surveyed 305 patients who were alive five years after 
undergoing pancreatoduodenectomy using the EORTC QLQ-C30 questionnaire, a 
validated quality-of-life instrument. Patients who underwent pancreatoduodenec-
tomy demonstrated better global quality of life and physical- and role-functioning 
scores at 5 years when compared with age and sex-matched controls [71].

In Ontario, Canada, routine prospective collection of patient-reported Edmonton 
Symptom Assessment System (ESAS) scores during all outpatient cancer clinic vis-
its was initiated in 2007. Tung and colleagues utilized this data to examine symptom 
trajectories over time and determine factors associated with moderate to severe 
symptom burden in the first year following pancreatoduodenectomy for PDAC. Six- 
hundred and fifteen patients were included. As one would expect, the proportion of 
patients with moderate to severe symptoms was highest immediately after the oper-
ation and decreased over time. Female sex, higher comorbidity, and lower income 
were associated with a higher risk of reporting moderate to severe symptoms, and 
receipt of adjuvant chemotherapy was not associated with the risk of moderate to 
severe symptoms [72].
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73.8  Conclusions

As the understanding of the biology of pancreatic adenocarcinoma improves, long- 
term survivors after pancreatic resection will increase. Future clinicians and scien-
tists should be aware of the patient-reported outcomes following surgical resection 
of pancreatic cancer in order to improve the quality of life of this unique patient 
population.
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• More than 75% of recurrences occur at distant sites, demonstrating that 
most patients with pancreatic cancer should be presumed to have systemic 
disease at the time of resection.

• Specific recurrence locations have different predictive factors and demon-
strate distinct recurrence-free survival rates, supporting the hypothesis that 
unique biological heterogeneity exists among pancreatic cancer leading to 
distinct recurrence patterns.

• Timing of recurrence impacts subsequent prognosis, with a recurrence-free 
interval of 12 months as the optimal threshold for differentiating between 
early and late recurrence.

Pearls and Pitfalls
• Hepatic recurrence, peritoneal carcinomatosis and multiple-site recurrence 

occur early and are associated with relatively limited overall survival.
• Isolated local or pulmonary recurrence seem to be associated with rela-

tively favorable outcomes, possibly warranting more aggressive and/or 
localized additional treatment.

• The length of recurrence-free survival could be a clinically useful surro-
gate for appreciating pancreatic cancer behaviour.

• Data on the pattern and timing of pancreatic cancer recurrence vary signifi-
cantly and are often contradictory, probably due to the retrospective nature 
of the performed studies and differences in follow-up strategies.

• The vast majority of studies on recurrence only provide information on the 
first site of recurrence, whilst further disease progression is not 
accounted for.

• Relatively little is known about recurrence patterns and biological behav-
iour following the new paradigm of neoadjuvant therapy followed by 
resection of pancreatic cancer.

Future Perspectives
• Genetic analyses of both primary tumours and metastases are needed to 

understand the underlying biological mechanisms that might lead to differ-
ent organ-specific recurrences and their associated survival.

• Prospective studies are needed that focus on the development of patient-
tailored multimodality treatment approaches that take into account the 
diverse biological behaviours of pancreatic cancer recurrence.

• Improved understanding of the prognostic impact of recurrence character-
istics at the time of recurrence would help select patients who could benefit 
from additional treatment.

V. P. Groot et al.
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74.1  Introduction

Radical resection of localized pancreatic cancer, combined with (neo)adjuvant sys-
temic therapy, provides patients with the best chance of long-term survival. However, 
even after completion of curative-intent resection and systemic therapy, disease 
recurrence is common and the foremost cause of disease-specific mortality [1]. As 
a result, less than 4% of resected pancreatic cancer patients continue to live 10 years 
or more [2]. In 2018, the PRODIGE-24 trial published exciting novel results of 
adjuvant treatment with modified FOLFIRINOX, achieving an unprecedented 
median survival of 54 months [3]. Yet, despite the encouraging survival, more than 
50% of patients in the modified FOLFIRINOX study group, and more than 70% in 
the gemcitabine group developed disease recurrence. As the data of this trial remain 
immature, with 61% of all patients being alive at the time of analysis, this number 
of patients with recurrence will undoubtedly continue to rise.

Patients undergoing curative-intent resection of pancreatic cancer are theoreti-
cally rendered free of clinical disease at a defined time point. Thus, the natural pat-
tern and rate of recurrence can be assessed based on this consistent frame of reference, 
helping understand the heterogeneity in behaviour of pancreatic cancer. This hetero-
geneity is evident, as diverse patterns and timing of recurrence exist. For example, 
while the majority of patients present with systemic disease or progress to develop 
systemic disease, a significant proportion of patients will develop isolated local 
recurrence [4]. Furthermore, even among the patients who develop systemic disease, 
metastatic spread will in some cases be limited to the liver, lung, or peritoneum.

As the PRODIGE-24 trial demonstrates, disease recurrence remains the major 
barrier to curing patients with resected pancreatic cancer. An accurate understand-
ing of treatment failure after seemingly successful surgery is essential in the pursuit 
of novel therapies that can improve outcomes for pancreatic cancer patients. 
Furthermore, detailed awareness of the timing of disease recurrence and the factors 
predicting specific recurrence patterns can potentially help guide a more personal-
ized approach to postoperative surveillance and treatment. For instance, knowledge 
on the prognostic impact of recurrence can assist both patients and physicians when 
discussing the balance between quality of life and further treatment options. 
Therefore, the current chapter aims to provide an extensive comprehension of mul-
tiple aspects of recurrence after pancreatectomy for pancreatic cancer.

74.2  Patterns of Pancreatic Cancer Recurrence

74.2.1  Pathways of Metastatic Spread

Patients who present with primary metastatic pancreatic cancer can provide insight 
in the different pathways of disease dissemination, which is important to understand 
the patterns of recurrence after surgery for localized disease. Cancer of the pancreas 
is situated deep in the retroperitoneum and typically infiltrates a network of crucial 
arteries, veins, and nerves that supply or drain the liver, spleen, stomach, and large 

74 Patterns of Recurrence After Surgery for Pancreatic Cancer
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and small bowel [5]. Multiple autopsy series demonstrate that hepatic and (retro)
peritoneal metastases generally constitute the two primary modes of metastatic 
spread in pancreatic cancer, with hepatic metastases occurring more frequently [6–
9]. Since essentially all veins draining the pancreas flow into the portal system, it is 
unsurprising that hematogenous spread primarily occurs to the liver (Fig. 74.1a) [10]. 
On the other hand, most local retroperitoneal and peritoneal dissemination is believed 
to be caused by invasion of neural and lymphatic pathways, and through loose con-
nective tissue infiltration around the superior mesenteric artery (Fig. 74.1b, c) [7, 11].

Metastases outside the abdominal cavity occur less frequently but are not 
uncommon. Extra-abdominal spread predominantly occurs to the lungs and is 
believed to be caused by hematogenous seeding via routes that circumvent the 
liver, for instance through collateral vessels caused by portal vein or splenic vein 
obstruction, thus bypassing the portal systemic circulation (Fig.  74.1d) [10]. 
Additionally, several potential lymphatic routes have been described for pulmo-
nary metastases from pancreatic cancer; (1) through pleural lymphatics along 
connective tissue septa and into the alveolar spaces and bronchial walls, (2) 
through retrograde lymphatic invasion of the lung from the tracheobronchial or 
mediastinal glands, and (3) through involvement of metastatic lymph nodes of the 
venous angle [12, 13].

a b

c d

Fig. 74.1 Transversal CT imaging of different patients showing various pancreatic cancer recur-
rence locations. (a) hepatic recurrence, (b) peritoneal carcinomatosis, (c) local recurrence, and (d) 
pulmonary recurrence

V. P. Groot et al.
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74.2.2  Patterns of Recurrence

Historical literature on patterns and timing of disease recurrence after curative- 
intent surgery for pancreatic cancer varies significantly, possibly due to smaller 
sample sizes and differences in follow-up strategies. A recent and relatively large 
study that focused on the patterns and timing of recurrence includes 692 patients 
who underwent upfront pancreatectomy at the Johns Hopkins Hospital [4]. In this 
study, 77% of resected patients experienced disease recurrence after a median 
recurrence- free interval of 12 months. Mirroring the described metastatic pathways 
in primary metastatic pancreatic cancer, the most common manifestations of pan-
creatic cancer recurrence was multiple-site (33%; including peritoneal carcinoma-
tosis) and liver-only (25%), followed by local-only (24%), and lung-only (15%) 
recurrence (Fig. 74.2) [4]. Of patients with recurrence, 58% first recurred at isolated 
distant sites while an additional 19% had both a local and distant site as first recur-
rence location. In these patients with local and distant recurrence, liver and lung 
lesions were found most often in combination with local recurrence. Intra-abdominal 
recurrence occurred solitarily in 77% patients and together with extra-abdominal 

Other
3%

Liver-only
25%

Lung-only
15%

Local-only
24%

Multiple-site
33%

Fig. 74.2 Distribution of recurrence patterns after resection of pancreatic cancer. (Based on data 
from Ref. (4))
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recurrence in 6% of patients. Solitary extra-abdominal recurrence was less common 
(18%) and occurred predominantly in the lung (15%). Other extra-abdominal recur-
rences were rare (3%) and were located in osseous structures, the brain, supracla-
vicular lymph nodes, the groin, thigh muscle, and the skin.

A systematic review with a meta-analysis of recurrence patterns that included 89 
studies with 17.313 patient undergoing pancreatic cancer resection found weighted 
median recurrence rates of 27% for liver recurrence, 21% for locoregional recur-
rence, 14% for peritoneal dissemination, and 11% for lung recurrence [14]. The 
recurrence location rates of the Johns Hopkins series and pooled rates of this meta- 
analysis are remarkably similar, suggesting these recurrence patterns are an accu-
rate representation of the true pattern of recurrence after resection for 
pancreatic cancer.

For isolated local recurrence, the described rates in clinical studies are remark-
ably higher (>20%) than those found in autopsy studies (<10%) of patients with 
recurrent disease after resection [7, 8, 15, 16]. These findings are presumably indic-
ative of the advanced disease stage at which the autopsies were performed. It 
remains unclear if distant spread originated from the local recurrence, had migrated 
to distant sites before resection, or migrated intraoperatively as a result of surgical 
manipulation. It could be argued that patients who experience a long interval 
between local recurrence and secondary distant metastases are likely to have metas-
tases originating from their local recurrence. However, given the fact that more than 
75% of initial recurrences seem to occur at a distant site, it is unlikely that local 
recurrence give rise to subsequent distant metastases in the majority of patients. 
Consequently, most patients with pancreatic cancer should be presumed to have 
systemic disease at the time of resection.

Most available evidence on recurrence patterns is based on patients undergoing 
upfront pancreatectomy without neoadjuvant treatment. Neoadjuvant therapy fol-
lowed by pancreatectomy for both borderline resectable and locally advanced pan-
creatic cancer is a fast-growing paradigm in pancreatic cancer care [17, 18]. Few 
studies have assessed disease recurrence after neoadjuvant therapy followed by 
resection of pancreatic cancer as a primary outcome of interest. Furthermore, recur-
rence rates reported in these few studies differ considerably. For instance, seven 
large contemporary studies that included data on recurrence after post-neoadjuvant 
resection of borderline resectable and/or locally advanced disease reported rela-
tively low overall recurrence rates ranging from 38% to 65% [19, 20]. However, one 
of the first prospective randomized trials found a recurrence rate of up to 88% in 17 
borderline resectable patients undergoing post-neoadjuvant resection [21]. Similarly, 
a large retrospective series of borderline resectable and/or locally advanced reported 
a recurrence rate of 82% [20]. In this study, more than 70% of recurrences occurred 
at distant sites, suggesting that despite a radiographic progression-free period lead-
ing to resection, viable micrometastatic disease can persist after systemic neoadju-
vant treatment. Even in patients with a pathologic complete response after 
neoadjuvant therapy, more than 50% develop locoregional or distant recurrence [22, 
23, 24]. Yet, neoadjuvant therapy has been encouragingly associated with a 
decreased rate of hepatic metastases, a finding also reported in a recent 
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meta-analysis on recurrence patterns after neoadjuvant therapy and resection [19, 
20]. Unfortunately, the PREOPANC trial published in 2020 on neoadjuvant treat-
ment and resection of (borderline) resectable pancreatic cancer did not report spe-
cific recurrence data [18]. Hopefully, future prospective clinical trials on neoadjuvant 
therapy for localized disease, such as the ALLIANCE trial, will provide more accu-
rate recurrence data [25].

74.3  Predictors of Pancreatic Cancer Recurrence

Prognostic factors for survival outcomes after surgical resection of pancreatic can-
cer have been studied extensively [26, 27]. Well-known predictors of survival 
include both clinical characteristics (patient comorbidities, operative complications, 
peri-operative CA 19-9 levels, adjuvant status) and pathologic features (tumour size 
and nodal status (TNM staging [28]), tumour differentiation, margin status, micro-
scopic perineural and lymphovascular invasion) [1, 28–30]. As pancreatic cancer 
recurrence is the major reason for disease-specific mortality, many of the reported 
risk factors for decreased survival are also predictive of an increased likelihood of 
recurrence [31–33].

Evidence is starting to emerge that distinctive clinicopathologic features correlate 
with specific patterns of recurrence (Table 74.1) [4, 14, 34–36]. For instance, adju-
vant therapy following resection reduces the likelihood of both local and distant 
recurrence [4, 14, 33, 36]. High positive lymph node ratio status and/or N2 status are 
consistently reported as strong predictors for distant recurrence [4, 36]. Additionally, 
R1- and R2-resection (defined as distance of tumour cells to the closest resection 
≤1 mm (R1) and gross disease at the margins (R2)) is predictably associated with 
locoregional recurrence [4, 14, 37]. Microscopic lymphovascular invasion and a 
positive lymph node ratio >0.2 have been identified as independent predictors for 
pulmonary recurrence [4]. Lastly, poor tumour differentiation has been established as 
a specific predictor for hepatic recurrence [38, 39]. Although poor tumour differen-
tiation has been recognized previously as an indicator of poor prognosis, the exact 
relation remains unclear [40, 41]. An intriguing proposed hypothesis argues that sev-
eral molecules that are expressed at high levels in undifferentiated tumours, includ-
ing epidermal growth factor receptor, E-cadherin, and laminin γ-chain, may enhance 
the ability of pancreatic cancer to metastasize to the liver [4, 34].

Carbohydrate antigen (CA) 19-9 is the most studied and well-known biomarker 
for pancreatic cancer [42]. Multiple reports have established the association between 
elevated pre- and postoperative CA 19-9 levels and decreased post-pancreatectomy 
survival [43]. However, far fewer studies have focused on the correlation between 
CA 19–9 and recurrence. Furthermore, there is currently no consensus regarding the 
CA 19-9 threshold for prediction of recurrence, with varying pre-operative levels 
between 50 and 500 U/mL being advocated [44–46]. Also, CA 19-9 can be falsely 
elevated in extra-pancreatic malignancies and benign conditions [43]. In research 
settings, liquid biopsies show promise as a novel biomarker for improving the 
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Table 74.1 Overview of independent predictive factors for specific recurrence patterns of 
pancreatic cancer

Study

Recurrence 
pattern

Shibata et al. 
(2005)
Cohort study

Groot et al. 
(2018)
Cohort 
study

Tanaka et al. (2019)
Meta-analysis

Jones et al. (2019)
ESPAC-4 RCT

Liver-only Poor Tdiff (OR 
7.43)

Tsize in cm 
(HR 1.13)
Poor Tdiff 
(HR 2.48)
LNR >0.2 
(HR 1.49)

Moderate/poor Tdiff 
(OR 4.15)

N.A.

Multiple-site N.A. Poor Tdiff 
(HR 1.72)
LNR >0.2 
(HR 2.65)

N.A. N.A.

Distant-only N.A. N.A. N.A. Moderate/Well Tdiff 
(HR 0.60)
Postoperative CA 
19-9 (HR 1.32)
N2 (HR 2.16)

Local-only None R1 margin 
(HR 2.46)
CHRT (HR 
0.64)

NAT (OR 0.32)
CHT (OR 0.65)
R2 margin (OR 3.18)

CHT (HR 0.77)
N1 (HR 1.76)
N2 (HR 2.81)

Lung-only N.A. PVI (HR 
1.67)
LNR >0.2 
(HR 3.30)

None N.A.

Local + distant N.A. PVI (HR 
1.73)
LNR >0.2 
(HR 2.10)
CHT (HR 
0.33)
CHRT (HR 
0.26)

N.A. N.A.

Peritoneal 
carcinomatosis

Portal vein 
invasion (OR 
3.97)

N.A. R2 margin (OR 2.21)
PNI (OR 5.19)
Pos. peritoneal 
lavage cytology (OR 
5.29)

N.A.

Other N.A. R1 margin 
(HR 4.01)
LNR >0.2 
(HR 3.15)

N.A. N.A.

CA carbohydrate antigen, CHT adjuvant chemotherapy, CHRT adjuvant chemoradiotherapy, HR 
hazard ratio, LNR positive lymph node ratio, N.A. not applicable, N1 1–3 positive lymph nodes, N2 
>3 positive lymph nodes, NAT neoadjuvant treatment, OR odds ratio, PNI microscopic perineural 
invasion, Pos. positive, PVI microscopic perivascular invasion, R1 margin ≤1 mm, R2 gross dis-
ease at margins, RCT randomized controlled trial, Tdiff tumor differentiation, Tsize tumor size
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perioperative prediction of pancreatic cancer recurrence. For instance, multiple pro-
spective studies demonstrate that pre- and post-operative detection of circulating 
tumour cells and DNA are independent predictors for the development of recurrence 
[47–50]. Currently however, there is insufficient evidence of clinical validity and 
utility for the majority of liquid biopsy test to be used outside of clinical studies [51].

74.4  Timing and Implications of Pancreatic 
Cancer Recurrence

74.4.1  Timing of Recurrence

Pancreatic cancer is a highly heterogeneous disease. This is not only expressed in 
the various described recurrence patterns, but also in the differences in timing of 
disease recurrence and the resulting implications on overall survival (Fig. 74.3). For 
instance, hepatic recurrence is responsible for about half of recurrences in the first 
6 months, while local and lung-only recurrence combine for more than half of all 
recurrences occurring after 2 years post-pancreatectomy [4]. Additionally, 97% of 

Lung-onlyMultiple -site

Recurrence Pattern

OtherLiver-only Local-onlyl l

SF
R 7 mo 11 mo 14 mo 18 mo 16 mo

7 mo 5 mo
10 mo

15 mo
8 mo

R
AS

O
S 15 mo 18 mo 26 mo 40 mo 29 mo

Fig. 74.3 Different recurrence patterns of pancreatic cancer with associated survival. Distinct 
median recurrence-free survival (RFS), survival after recurrence (SAR) and overall survival (OS) 
in months (mo), based on data from Ref. (56)
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all observed recurrences in the Johns Hopkins series had occurred by 5 years after 
resection, highlighting the difficulty of curing pancreatic cancer [4]. Furthermore, 
of the patients who were free of recurrence after 5 years, up to 20% went on to 
develop either local (60%) or distant (40%) recurrence, indicating that prolonged 
recurrence-free survival unfortunately does not equal cure.

Several studies have described significant differences in the timing of recurrence 
based on specific recurrence locations [4, 31, 52–56]. In general, these studies con-
clude that isolated local recurrence and lung recurrence occur relatively late, after a 
median recurrence-free interval exceeding 12 months. On the other hand, peritoneal 
dissemination, liver-only and multiple-site recurrence tend to occur early, with 
described median recurrence-free intervals of just 6 months. More specifically, in 
their meta-analysis, Tanaka et  al. reported median-free survival intervals of 
13  months for local-only, 12  months for lung-only and 7  months for liver-only 
recurrence [14]. Lastly, patient with peritoneal carcinomatosis had a median 
recurrence- free interval of 9 months.

74.4.2  Implications of Recurrence on Survival

Both timing and patterns of recurrence have been shown to have implications on 
survival after recurrence and thus overall survival after pancreatectomy. Two studies 
that investigated the prognostic impact of timing of recurrence imply that the opti-
mal cut-off value to differentiate between “early” and “late” recurrence, based on 
subsequent prognosis, is a recurrence-free interval of 12 months [57, 58]. Specifically, 
one study showed that patients who recurred within 12 months had a post-recurrence 
survival of 6 months compared with a post-recurrence survival of 11 months for 
patients with late recurrence (P < 0.001) [58]. This resulted in a significantly longer 
median overall survival of 35 months for patients with “late” recurrence when com-
pared to just 13 months for patients with “early” recurrence (P < 0.001). The fact 
that patients with a prolonged recurrence-free interval after surgery also tend to live 
longer after they recurred, may suggest favourable tumour biology. Conversely, 
more aggressive tumour biology may lead to shorter recurrence- free survival fol-
lowed by a more rapid progression to death. In this way, timing of recurrence could 
be a clinically useful surrogate for appreciating pancreatic cancer behaviour.

Relatively few studies have focused on the impact of recurrence patterns on sur-
vival after recurrence and overall survival. Most studies showed significant correla-
tions between patterns of recurrence and survival outcomes, supporting the 
hypothesis that unique biological behaviours exist among pancreatic cancer [31, 52, 
53, 56, 59–63]. The impact of recurrence location on survival after recurrence more 
or less mirrors the unique recurrence-free survival intervals of the specific recur-
rence sites (Fig. 74.3) [56]. For instance, liver-only recurrence is associated with 
both relatively short recurrence-free survival (median 7 months) and short survival 
after recurrence (median 7 months), resulting in a median overall survival of just 
15  months after pancreatectomy. On the other hand, local-only and lung-only 
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recurrence, which generally occur later, were associated with significantly longer 
post- recurrence survival of 10 and 15 months, respectively. A pooled meta-analysis 
by Tanaka et  al. reported median post-recurrence and overall survival of 8 and 
12 months for locoregional recurrence, 6 and 15 months for liver recurrence, 12 and 
30  months for lung recurrence, and 4 and 14  months for peritoneal dissemina-
tion [14].

A complete understanding of why local and pulmonary recurrence are associated 
with relatively favorable survival outcomes remains elusive. The favorable progno-
sis for patients with isolated local recurrence might be a consequence of the fact that 
local recurrence can originate from microscopic residual disease in the remnant 
pancreas that has not gone through the process of hematogenous dissemination 
[64]. For pulmonary recurrence, one plausible theory assumes that the large capac-
ity of the lungs allows patients to endure a greater metastatic tumour burden leading 
to extended survival [61].

74.5  Future Research

Disease recurrence unfortunately remains common, and often marks a critical and 
emotional time point in the care of patients with resected pancreatic cancer [65]. 
The different recurrence patterns with associated distinct timing, predictors and sur-
vival implications presented in this chapter support the hypothesis that unique bio-
logical differences exist among primary tumours. To date, the underlying biological 
mechanisms causing different pancreatic cancer recurrence patterns and associated 
survival outcomes remain unexplained. It is plausible that both the first recurrence 
site and tumour aggressiveness are determined by common underlying biologic 
pathways [66]. Future genetic analyses of both primary tumours and metastases 
might elucidate if distinct genetic signatures lead to different organ-specific recur-
rences. This possibility seems likely, as molecular profiling has been shown to pre-
dict cancer recurrence in prostate, stomach, and liver cancer [67–69].

Currently, SMAD4 status is one example of how underlying genetic status can 
correlate with biological behaviour in pancreatic cancer: cancers not expressing 
SMAD4 are associated with a high metastatic burden, while tumours with intact 
SMAD4 tend to remain localized [16]. Evidently, the promise of combining clinical 
factors with genetic signatures to predict recurrence patterns would have important 
implications for improving post-operative follow-up strategies and the quest toward 
personalized medicine for patients with pancreatic cancer [4]. Future studies might 
reveal genetic signatures associated with recurrence patterns, possibly contributing 
to prognosis stratification, targets of treatment, and a more patient-tailored approach 
for patients with pancreatic cancer.

Apart from translational research efforts, future research should focus on the 
management of patients with recurrence. Treatment of recurrent pancreatic cancer 
is less well established as it is for other stages of pancreatic cancer [70, 71]. The 
different prognostic implications of the patterns and timing of recurrence can 
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provide future studies with a basis to develop patient-tailored multimodality treat-
ment approaches that take into account the diverse behaviours of recurrent disease. 
Particularly isolated local or pulmonary recurrence seem to be associated with rela-
tively favorable outcomes. The apparent less aggressive tumour biology and slower 
growing tendency might warrant more aggressive and/or localized additional treat-
ment. Initial small studies on metastasectomy for pulmonary metastases, and stereo-
tactic body radiation therapy and/or even re-resection for isolated local recurrence, 
have shown promising results [13, 72–74]. However, future well-designed prospec-
tive studies on the treatment of recurrence are needed to prove that extended sur-
vival of patients undergoing additional treatment for recurrence is not based on 
selection bias alone.

Importantly, future research on pancreatic cancer recurrence should account for 
the prognostic impact of other patient and tumour characteristics at the time of 
recurrence diagnosis. Little is currently known about these other potential predic-
tive factors, such as patient fitness and age, symptoms, tumour burden and CA 19-9 
levels. Furthermore, almost all studies on recurrence only provide information on 
the first site of recurrence, whilst further disease progression is not accounted for. 
Additional data on secondary disease spread might potentially reveal associations 
not currently appreciated and help better define the arc of the disease. Improved 
prognostication has the potential to greatly aid clinicians in the counselling of 
patients with disease recurrence whom are often facing challenging clinical choices 
between quality of life and further treatment options.

74.6  Conclusion

Disease recurrence occurs in up to 80–90% of patients after resection of pancreatic 
cancer and is the main cause of disease-specific mortality. The main recurrence pat-
terns include hepatic metastases, peritoneal carcinomatosis, locoregional recurrence 
and pulmonary metastases. As 75% of recurrences occur at distant sites, most 
patients with pancreatic cancer should be presumed to have systemic disease at the 
time of resection. The different recurrence patterns exhibit different behaviours that 
result in distinct predictive factors, timing of recurrence and survival implications. 
Future studies that take into account the diverse biological behaviours of pancreatic 
cancer recurrence could contribute to improved prognosis stratification, new targets 
of treatment, and a more patient-tailored approach for patients with pancreatic cancer.
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Take Home Messages
• Patient-reported outcomes are the gold standard to assess patients’ quality 

of life using validated questionnaires.
• Before choosing a quality of life questionnaire, the purpose, timing and 

required content must be considered.
• Modern assessment software is able to collect, process, calculate and present 

quality of life electronically in real time. Especially the increased data qual-
ity and the possibility of easy and cost-effective remote assessments (outside 
of the hospital setting) are major strengths of this assessment method.

• Linking quality of life data to cut-off scores and thresholds enables indicat-
ing scores with clinically relevant impairments or changes and guiding 
which issues require further discussion and clinical action.

Pearls and Pitfalls
• Patients are the experts for reporting their quality of life. They provide 

valuable information, which can inform their health care and disease 
management.

• Validated instruments allow for the standardized assessment of quality of 
life of pancreatic cancer patients, considering their specific symptom bur-
den (e.g. measuring pancreatic pain, gastrointestinal symptoms, weight 
loss, and taste changes).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53786-9_75&domain=pdf
https://doi.org/10.1007/978-3-030-53786-9_75#DOI
mailto:bernhard.holzner@tirol-kliniken.at
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75.1  Introduction

Pancreatic cancer is a lethal disease with an almost one-to-one ratio of new cases (ranked 
13th) and cancer deaths (ranked 7th) worldwide in 2018 [1]. As it is commonly diag-
nosed at an advanced stage, the rate for 5-year-survival is only about 9% across all tumour 
stages with a more favourable outcome for resectable localized disease [2]. As 80–85% 
of patients are not eligible for surgery at the time of diagnosis [3], their prognosis is 
mostly poor and they have to deal with debilitating symptoms caused by the disease itself 
and/or the aggressive multimodal treatment. Hence, the patient’s quality of life (QOL) is 
paramount to both determining treatment goals and evaluating treatment success.

75.2  Patient-Reported Outcomes and Quality of Life

Discussing the patients’ subjective view of their health status has always been an 
important part in modern clinical care, as a variety of symptoms and issues are only 
accessible for clinicians through patients’ self-reports. Only the respective person 

• Electronic assessment of patient’s quality of life data bears many advan-
tages, (as immediate data processing, more complete data, automatically 
generated reports) and eye-catching cross-sectional or longitudinal quality 
of life data profiles ease its incorporation into the medical consultation.

• There is still a need to catch up with promoting the use of quality of life 
data for shared-decision making and daily clinical routine.

• Successful implementation of patient-reported outcome assessments into 
clinical routine remains a challenge, as it requires the alignment of multi-
ple interacting stakeholders on different levels of the clinical system.

Future Perspectives
• To encourage stakeholders to engage in routine quality of life assessments, 

recommendations for strategic and standardized implementation proce-
dures should be developed and disseminated.

• Evidence-based and scientifically sound learning material needs to be 
developed to inform and educate health care professionals. A profound 
understanding of quality of life data and how it can be used in routine care 
will promote its actual use.

• The development of standardized assessment procedures and care pathways 
would support the uptake of routine quality of life assessments in daily clini-
cal care, e.g. which measures are encouraged being used at different stages 
of pancreatic cancer including respective treatment recommendations.

• Real-world data is needed to identify the impact of quality of life assess-
ments and quality of life data use on the allocation of resources and the use 
of health care services.

L. M. Wintner et al.
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him- or herself can tell if and in which intensity certain symptoms occur (e.g. pain, 
depression, fatigue), if he or she feels impaired in his or her social life or if e.g. 
sleeping disturbances have been a problem. Such information can be summarised 
under the umbrella term Patient-Reported Outcomes (PROs) and includes all state-
ments made by patients about their own health status and the possible effects of 
treatment they receive. More importantly, PROs are assessed without any interpreta-
tion, evaluation or modification by third parties [4]. Those self-reports of patients 
can encompass a variety of aspects like, amongst others, functioning (e.g. physi-
cally, socially, emotionally), symptoms (e.g. anxiety, nausea, vomiting, hair loss), 
satisfaction with care, perceived value of care or adherence to treatment regimen. 
QOL is a multidimensional construct that includes aspects of a patient’s perspective 
of his/ her health status and can be best captured by the PRO methodology 
(Fig.  75.1). Most QOL questionnaires capture physical, psychological (anxiety, 
depression) and social aspects, query symptoms (e.g. pain, sleep disorders, impair-
ment due to weight gain/loss) and ideally also topics that are of particular relevance 
to the respective patient group (e.g. for pancreatic cancer patients: altered peristalsis 
and taste changes after pancreatic surgery, abdominal pain, anorexia or weight loss).

75.3  Standardized Assessment of Quality of Life

It is already common practice to discuss the patient’s symptoms and subjective 
health status during the medical encounter, but the duration, depth and focus of this 
discussion largely depends on the clinician and his/her knowledge and personal 
interest in QOL. The documentation is unspecific and inevitably contains both a 
selection and an interpretation by the health care professional. It may even happen 
that a detailed conversation about symptoms and impairments has taken place, but 
that it is not noted or traceable in the medical records. Furthermore, other factors 
can impact whether and in what way QOL is part of the medical encounter (e.g. 
stressful days with many patients, many difficult cases, few staff due to absences, 
etc. hinder to dedicate time to QOL issues) (Box 75.1).

Usually, questionnaires are used to assess the patient’s QOL. Patients are required 
to complete these measures as independently as possible to obtain their unaltered per-
spective. It is also possible to conduct the questionnaires as interviews or to have them 
assessed by relatives, although these methods require special caution (specially trained 
staff, specific instruction of relatives). As such proxy ratings are likely to involve to 
some extent an interpretation process similar to that of clinicians’ ratings, preference 
should be given to independent completion of questionnaires by the patients themselves.

Choosing a QOL assessment instrument requires the careful evaluation of its 
methodological and content-related quality, which is why the purpose of the assess-
ment should be clear in advance. Questionnaires differ in their suitability for e.g. a 
general QOL screening, the evaluation of QOL during or after a certain treatment or 
for QOL follow-up. Attention must also be paid to the timing of data collection and 
the recall period of the used PRO measure, as before a medical intervention other 
areas might be relevant than shortly after or in long-term follow-up [5] and symp-
toms might occur with a delay, e.g. after administration of chemotherapy [6].

75 Patient-Reported Outcomes and Quality of Life in Pancreatic Cancer
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QUALITY OF LIFE

Fig. 75.1 schematically depicts the characteristics of PROs and QOL and their theoretical asso-
ciation. However, not all patient statements can be assigned to the concept of PROs. If patients 
share their impressions on how they experienced the delivery of health care (e.g. waiting times, 
access to services, involvement in decision-making or timing of assistance), this is referred to as 
“patient-reported experiences” (PREs). Those are commonly used as an indicator for quality of 
care and patient-centeredness of services. Regardless of their conceptual differences, the gold stan-
dard for the assessment of PROs and PREs is the use of validated questionnaires

Box 75.1 PRO Measures—Not Just the Reinvention of the Wheel
• PRO measures provide a reliable method of complementing established 

outcome parameters with a standardized assessment of the patient’s per-
spective in order to gain a comprehensive and integrated picture of the 
patient’s health status.

• By implementing PROs and the resulting standardized assessment of 
patients’ QOL, the so far common practice of informally discussing QOL 

L. M. Wintner et al.
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75.4  Quality of Life Measures for Pancreatic Cancer Patients

There is broad range of QOL assessment instruments available. Besides generic mea-
sures, which can be used irrespective of a person’s health status or a patient’s diagnostic 
group, there are also questionnaires available, which take special account of the needs 
of a certain disease group (e.g. oncological patients). A recent review, dedicated to the 
identification of PRO measures in pancreatic cancer patients, provides a broad over-
view of instruments used in this population group including those targeting QOL [7].

The choice of a generic or specific questionnaire should consider how the data 
collected will be used. For comparisons with a norm sample of the general popula-
tion, generic instruments are useful, although disease-relevant areas are often 
neglected and their sensitivity to changes is low [8, 9]. In order to document the 
individual QOL trajectory of patients and to evaluate treatment decisions regarding 
their effect on QOL, disease- and/or treatment-specific measures should preferably 
be used. If several QOL measures are combined to capture a broader picture of the 
patient’s perspective, it is important to strike a careful balance between the quantity 
of items and their content. Merely focusing on the length of QOL measures could 
lead to neglecting QOL issues that are actually important for patients. Therefore, 
questionnaires should be chosen in such a way that they complement each other 
meaningfully with as few repetitions as possible [10]. Table 75.1 provides an over-
view of the most common generic and oncology specific QOL questionnaires or 
questionnaire systems including their instruments targeting pancreatic cancer.

The European Organisation for Research and Treatment of Cancer Quality of 
Life Questionnaires (EORTC-QLQ), the Functional Assessment of Chronical 
Illness Therapy (FACIT) and the Patient-Reported Outcomes Measurement 
Information System (PROMIS) are measurement systems for QOL in cancer 

during medical appointments is raised to a higher level of 
professionalization.

• Integrating QOL data documentation into the electronic medical record 
ensures its accessibility to clinicians and other health care professionals, 
increases its transparency and allows to follow the development of symp-
toms across a longitudinal trajectory.

• As time is more and more becoming one of the most precious resources in a 
busy clinical workflow, QOL data can add to a more effective allocation 
of resources, especially if it is used in conjunction with thresholds and cut-
off scores indicating clinically relevant changes in QOL. Highlighted scores 
can guide the medical encounter and help the clinician to focus on those 
aspects that require further immediate attention due to clinical relevance.

• QOL data is not only of interest for clinical routine, but also contributes 
to scientific knowledge (gained from real world data as well as from clini-
cal study data), can complement clinical registries and can be used for qual-
ity assurance, benchmarking and health technology assessment analyses.

75 Patient-Reported Outcomes and Quality of Life in Pancreatic Cancer
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patients with a modular structure. This means that a core questionnaire can be sup-
plemented with diagnosis-specific modules or symptom indices. Furthermore, sin-
gle items can be used to complement those “static” questionnaires, if important 
symptoms or issues are missing. As an example, the EORTC Item Library includes 
all items, scales and questionnaires that have been developed by the EORTC Quality 
of Life Group (QLG, https://qol.eortc.org) and a search function enables to quickly 
navigate through available measures. Since the EORTC QLQ-C30 and its disease 
specific module for malignancies of the pancreas QLQ-PAN26 and the FACT-Hep 
are the two most commonly used PRO measures to assess QOL in pancreatic cancer 
patients [7], those measures are described in more detail below.

75.4.1  Disease Specific Measures for Pancreatic Cancer

The EORTC QLQ-PAN26 targets QOL in pancreatic cancer patients and its 26 
items cover the domains Pancreatic Pain, Digestive, Altered bowel habit, Hepatic, 
Body image, Health care satisfaction, and Sexuality. It is used as a disease-specific 
module for the EORTC QLQ-C30, a generic questionnaire originally developed for 

Table 75.1 Generic and disease-specific QOL instruments

Generic QOL-instruments QOL-instruments in oncology

WHOQOL World Health Organization 
Quality Of Life Assessment 
Instrument [11]

EORTC-QLQ 
system

European Organisation of Research 
and Treatment of Cancer [12]
QLQ-C30 Core questionnaire (30 
items), diagnostic specific modules
EORTC QLQ-PAN26 (26 items) 
[13]

EQ-5D Euro Quality of Life—5 
Dimensions) [14]

FACIT 
system

Functional Assessment of Chronic 
Illness Therapy [15]
FACT-G Core questionnaire (27 
items), diagnostic specific modules
FACT-Hep: FACT-G and the 
Hepatobiliary Subscale (HS, 18 
items) [16]

SF-36 Short-Form Health Survey 36 
[17]

PROMIS- 
CANCER

Patient-Reported Outcomes 
Measurement Information System 
[18]
Eight gastrointestinal domains are 
available but none specific for 
pancreatic cancer

SIP Sickness Impact Profile [19] MDASI-GI M.D. Anderson Symptom 
Inventory [20]
MDASI: 19 item symptom severity 
and interference with function 
inventory
MDASI-GI: includes five additional 
GI-specific symptom items

L. M. Wintner et al.
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the assessment of cancer patients’ QOL in clinical trials. Except for the Physical 
Functioning scale of the QLQ-C30, the questionnaires use a recall period of 1 week 
and all items are rated on a 4-point Likert-scale (“not at all”, “a little”, “quite a bit”, 
“very much”, see Fig. 75.2). The validation of the QLQ-PAN26 in a mixed sample 
of pancreatic cancer patients is still pending, but there is a report on the psychomet-
ric characteristics of the questionnaire in pancreas-resected patients [21]. A recent 
study investigated the content validity of the QLQ-PAN26, stating that it is concep-
tually relevant, though it might further benefit from adding items regarding neuro-
pathic symptoms [22]. Though the QLQ-C30 is available in more than 100 
languages, translations of the QLQ-PAN26 so far only cover the ten European lan-
guages, which have been used for questionnaire development [13]. Regarding the 
interpretation of QOL scores assessed with EORTC measures, reference values 
[23], minimal important differences [24–26], clinically relevant thresholds for the 
QLQ-C30 and the QLQ CAT measures [27, 28] and general population normative 
data [29] are available.

The FACT-Hep comprises 45 items and is a combination of the fourth version of 
the FACT-G and a Hepatobiliary Subscale. The FACT-G has initially been devel-
oped and validated in cancer patients with mixed diagnoses and different disease 
stages and consists of 27-items covering four QOL domains: physical well-being, 
social/family well-being, emotional well-being, and functional well-being. The 
disease-specific hepatobiliary cancer subscale combines questions being relevant 
for patients with hepatobiliary cancers (liver, bile duct and pancreatic cancer) 
including back and stomach pain, anorexia, gastrointestinal symptoms, weight loss 
and jaundice. All items use a recall period of 1 week and a 5-point Likert-scale (“not 
at all”, “a little bit”, “somewhat”, “quite a bit”, and “very much”, see Fig. 75.3). The 
FACT-Hep is available in 43 languages. There are recommendations for the inter-
pretation of raw score changes, but only for the FACT-G [30].

EORTC QLQ-PAN26

Patients sometimes report that they have the following symptoms or problems. Please
indicate the extent to which you have experienced these symptoms or problems during
the past week. Please answer by circling the number that best applies to you.

During the past week: Not at
All 

A
Little 

Quite
a Bit

Very
Much

31. Have you had abdominal discomfort?
32.  Did you have a bloated feeling in your abdomen?
33.  Have you had back pain?
34. Did you have pain during the night?
35. Did you find it uncomfortable in certain positions
 (e.g. lying down)?

1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4

© QLQ-C30-PAN26 Copyright 1999 EORTC Study Group on Quality of life. All rights reserved (phase III module).

template/specimen 

Fig. 75.2 Specimen of the first five questions of the EORTC QLQ-PAN26 (© EORTC)

75 Patient-Reported Outcomes and Quality of Life in Pancreatic Cancer
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75.5  Challenges of Routine QOL Assessments

There is a fundamental discrepancy between acknowledging the importance of 
patient’s QOL and its integration into daily clinical care: While figures on mortality, 
morbidity, laboratory values and complication rates are established methods for 
evaluating treatments and disease progression, routine QOL assessments have not 
yet been fully implemented in clinical routine and do not represent a standard out-
come measure. Many clinicians lack familiarity with the concept of QOL as well as 
specific knowledge on how to handle systematically collected QOL data. A com-
mon concern is that routine QOL assessments will additionally burden existing 
resources without offering clinical benefit [31]. There is still a widespread opinion 
that a patient’s QOL can be sufficiently rated by a clinician, though it is well 
researched that the concordance between clinician’s ratings and patient’s self- 
reports is often poor and even decreases over time [32–37]. Though the importance 
of PROs is broadly acknowledged, there are attempts to reduce the concept of QOL 
to the assessment of disease symptoms, physical functioning and adverse events 
[38]. Other criticisms are problems regarding the comparability of different PRO 
measures and doubts about the methodology of QOL assessment, as patients are 
supposed to not being able to make “true” statements about their condition and 
recall biases might influence the scores [39]. In the context of the current develop-
ment towards a more participatory approach in medical care, it is important to 
acknowledge that QOL data represents a structured record of the patients’ subjec-
tive experience of specific areas of their health. These parameters are important in 
order to determine whether the patient’s QOL has been positively influenced by 
medical interventions and recommendations regarding routine QOL assessments 
are increasingly being incorporated into evidence-based guidelines for oncological 
treatment [40–42].

FACT-Hep (Version 4)

days.

ADDITIONAL CONCERNS Not
at All

A
Little

Some-
what

Quite
a Bit

Very
Much 

C1 I have swelling or cramps in my stomach area ....................... 0 1 2 3 4

C2 I am losing weight .................................................................. 0 1 2 3 4

C3 I have control of my bowels .................................................. 0 1 2 3 4

C4 I can digest my food well ....................................................... 0 1 2 3 4

C5 I have diarrhea (diarrhoea) ………………............................. 0 1 2 3 4

© The Functional Assessment of Chronic Illness Therapy (FACIT) Measurement System, including the Functional
Assessment of Cancer Therapy (FACT), are owned and copyrighted by, and the intellectual property of, David Cella, Ph.D.

Please circle or mark the number per line to indicate your response as it applies to the past 7

template/specimen 

Fig. 75.3 Specimen of the first five questions of the Additional Concerns of the FACT-Hep 
(© FACIT)

L. M. Wintner et al.
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75.6  Benefits of Routine QOL Assessments

Routine assessment of patient’s QOL helps to improve communication with their 
health care professionals (e.g. increased discussion of symptoms [43, 44]). Patients 
themselves benefit from the use of PRO instruments, if clinicians explicitly use their 
collected QOL data [44]. Incorporating QOL data in their medical encounter helps 
clinicians to develop a better understanding of the patient’s functional level and 
subjective health status [45], to bring up intimate and otherwise often overlooked 
issues [45, 46], and to discuss chronic non-specific symptoms (e.g., sleep disorders, 
fatigue, loss of appetite) [44] without increasing the consultation time. In addition, 
the routine collection of QOL enables the identification of areas requiring treatment 
and the prompt referral of patients [47], which promotes patient-centred and indi-
vidually tailored treatment [48, 49] and improves symptom management. Patients 
whose practitioners had access to QOL information reported better continuity of 
care than patients who did not complete QOL instruments at all. They also felt that 
treatment choices have been made with more consideration for their daily activities, 
emotional well-being and QOL [50]. Participatory decision-making can result in 
patients having greater confidence in their treatment decision, being more satisfied 
with the therapy, having a higher feeling of self-efficacy and greater trust in their 
caregivers [51]. QOL data even has predictive value for traditional clinical out-
comes such as survival (Box 75.2) [24, 52, 53].

In addition to complex constructs such as QOL, PROs can also provide informa-
tion about the patient’s view of the occurrence and intensity of treatment toxicities. 
The Common Toxicity Criteria of Adverse Events (CTCAE) of the National Cancer 
Institute have been further developed into a PRO instrument (PRO-CTCAE) [54] for 

Box 75.2 Positive Effects of Using PRO Data in Clinical Care
• improved communication
• better understanding of the patients’ functional level and subjective 

health status
• facilitated discussion of intimate or overlooked issues
• more frequent discussion of chronic non-specific symptoms
• no prolonging effect on consultation time
• identification of need for clinical intervention and referral
• facilitation of patient-centred care and individually tailored treatment
• improved symptom management
• better continuity of care
• participatory decision-making empowers patients and increases their trust 

in their care
• QOL has predictive value for survival

75 Patient-Reported Outcomes and Quality of Life in Pancreatic Cancer
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those domains, which can be assessed by patients themselves. Using this new mea-
sure, ratings of adverse events, which underestimate in particular the occurrence of 
mild toxicities [55], can be meaningfully supplemented by the patient perspective 
[56]. However, neither PRO-CTCAE nor other symptom indices are an adequate 
substitute for established QOL instruments that are superior in terms of content 
validity [56]. A content analysis of the PRO-CTCAE and the EORTC QLQ instru-
ments reports similar results since the EORTC QLQ system covers considerably 
more areas relevant to oncological surgery and radiotherapy than PRO- CTCAE [57].

75.7  Use of Electronic Data Collection Methods 
in Clinical Routine

Assessing QOL electronically solves many hurdles imposed by conventional paper- 
pencil questionnaire data collection. Because patients enter their data directly, there 
are no transmission errors or data loss due to lost sheets of paper. Preparing a ques-
tionnaire is less laborious, might even be carried out automatically and the application 
of multilingual instruments increases inclusiveness. Furthermore, collecting data 
electronically benefits from immediate storage, data processing and automated score 
calculation, making the data immediately available to health care personnel right after 
the questionnaire has been completed. Normative data, thresholds and cut-off scores 
allow identifying and highlighting clinically relevant impairments. In this way, QOL 
data can be used for structuring and guiding the medical encounter by focusing on 
areas of special interest and in need of further in-depth discussion. In particular, the 
use of interfaces (e.g. using common Health Level 7 standards) simplifies the 
exchange of data between hospital information systems and electronic PRO systems 
and supports the automation of administrative processes. Next to a smooth integration 
of QOL data assessment into the existing clinical workflow, easy access to PRO data 
is an important aspect to promote their use by medical staff [58]. Electronic data 
assessment is necessary for the use of computer-adaptive testing (CAT), which 
achieves greater measurement precision with a smaller number of questions and thus 
reduces the burden on patients. In addition, the patients are given items relevant to 
them, as the questions to be asked are selected based on the previously given answers.

There is a broad range of assessment software available, most of which offer a 
variety of functionalities like data collection, processing and storage, score calculation 
and generation of cross-sectional or longitudinal reports, study monitoring and remote 
data collection including patient portals [59]. The Computer-based Health Evaluation 
System [60] (www.ches.pro, Fig. 75.4) is an example of a software solution which, 
due to its modular approach, can be used for QOL assessments in clinical routine, for 
conducting clinical studies and for clinical registries alike. Most software systems are 
internet-based, which means that access to the system is location independent. This is 
especially important for the use of patient portals with individual login data for 
patients. They facilitate to collect QOL data cost- effectively before, during, in between 

L. M. Wintner et al.
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and after hospital stays as follow up. In addition to data assessment, such portals can 
also have other functionalities, such as providing trustworthy information on the dis-
ease and treatment, a presentation of one’s own QOL data with tailored self-manage-
ment recommendations, and information on available health care services and their 
contact details. In a cohort of pancreatic and periampullary cancer undergoing pancre-
aticoduodenectomy, an App regularly collecting QOL data, providing tailored self-
care advice and triggering alerts to a dedicated nurse who took immediate clinical 
action showed to be beneficial in terms of symptom control. Although the QOL scores 
of the patient group using the App and the control group were similar after 6 months, 
those of the App group indicated more stable QOL over time and especially better 
scores 6 weeks after surgery. They reported higher emotional functioning, fewer diges-
tive symptoms and less pancreatic pain, less worry about low weight, less nausea/
vomiting, less appetite loss, less pain, and less constipation than the control group [61].

75.8  Conclusion

Patients are the experts for their subjective health status and validated QOL ques-
tionnaires can make their experience accessible to health care professionals in a 
structured way. Integrating PRO data in clinical care enhances the patient-clinician 

.Administration

.PatientPortal

Fig. 75.4 Functionalities and structure of the Computer-based Health Evaluation System (CHES 
[60]) as an example for an electronic system assessing QOL

75 Patient-Reported Outcomes and Quality of Life in Pancreatic Cancer



1180

communication and promotes participatory decision-making, individual treatment 
management and the evaluation of medical interventions. Electronic QOL assess-
ment contributes to effective data collection and processing, facilitates the collec-
tion of PROs outside the hospital setting (e.g. QOL data entry at home before 
hospital visits or long-term follow-up via a patient portal), provides additional 
information to patients and facilitates the use of QOL data for the medical encounter 
(e.g. immediate availability, application of thresholds, identification of clinically 
relevant symptoms and impairments). Hence, the collection of longitudinal data 
provides a detailed insight into the course of the disease and its treatment.
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In 1942, George O. Whipple, who pioneered the only curative procedure for 
pancreatic ductal carcinoma, wrote in a review of his eponymous operation: 
“the considerable risk (i.e., operative mortality) of 30–35% is justified if they 
(the patients) can be made comfortable for a year or two” [1]. Decades later, 
the worthiness of efficacious palliation for patients with this diagnosis sug-
gested in his statement remains unchanged. Unfortunately, the grim survival 
statistics for patients with pancreatic ductal carcinoma have also not signifi-
cantly changed. Despite this, much progress has been made in making cancer 
patients and their families “comfortable for a year or two” with the increasing 
familiarity and availability of evidence-based palliative care.
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76.1  Introduction

The present chapter on palliative care for patients with pancreatic cancer intends to 
provide the basic knowledge for surgeons to recognize patients who need palliative 
care, to assess the symptom burden of their disease, and to secure the benefit of pos-
sible interventions for symptom control by careful considerations guided by the indi-
vidual preferences for the remaining life time. As life-threatening disease involves all 
aspects of life, the palliative team approach has been established to meet the needs of 
the patient and their families, and the surgeon should be part of the team [2, 3].

As a highly lethal malignancy, pancreatic ductal adenocarcinoma (PDAC) is 
among the fourth and sixth leading causes of cancer-related death in the USA and 
Europe [4, 5], and in contrast to a number of other malignant tumors (e.g. kidney, 
bladder, endometrium, breast, ovary, colorectum, melanoma) the index-cancer 
deaths of pancreas cancer has remained stable over years [6]. The incidence has 
increased slightly, both in females and males, with an overall mortality almost simi-
lar to the incidence. However, during the last decade the survival has improved, with 
a 5-year relative survival between 9–9.7% [4]. However, as reported by Cooperman 
and coworkers [5], the estimated 5-year survival rates mostly between 1–3% are 
observed in population-based studies from Australia, China, USA, and the 
Scandinavian countries.

Take Home Messages
• Palliative care aims to improve and secure optimal quality of life for 

patients with incurable disease
• Palliative care is guided by individual treatment goals and the patient’s 

expectations for the remaining lifetime
• Careful symptom assessment, preferable by validated tools, is the key for 

effective palliative care
• End-of-life care intends to preserve the dignity of the patient and the fam-

ily during the last weeks of life in cooperation with the palliative team
• Surgeons are important part of the palliative team

Future Perspectives
• Future studies on palliative surgical care should focus on patient-reported 

outcomes in terms of validated tools for symptom assessment and quality 
of life rather than survival

• Studies addressing palliative surgical care should have a prospective design 
and include a randomized design whenever possible

• The distinction between palliative treatment (patient-centered approach) 
and non-curative treatment (disease-centered approach) is crucial to 
improve the knowledge base of palliative surgical care

H. Kørner et al.
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Most patients (80–85%) present with either local advanced disease or distant 
metastases [7] (Fig. 76.1). In addition, some patients are not regarded as surgical 
candidates, due to serious comorbidity, higher age, general frailty or based on the 
patient’s individual decision. Accordingly, only a small proportion (≈15–20%) of 
the pancreatic cancer patients are eligible for surgical therapy with curative intent. 
Even after pancreaticoduodenectomy, the prognosis is in general poor, with early 
relapse of disease in many patients and a 5-year survival of ≈25–30%, and even 
worse (10%) in node-positive patients [4, 7, 8].

Obviously, in a large proportion of patients diagnosed with PDAC the need for 
and timing of palliative care should be contemplated.

76.2  The Concept of Palliative Cancer Care

The concept of palliative care is not an innovation but a rediscovery of what had 
once been the core moral principle of care for the sick: comfort always. Historically, 
the practice of medicine was mainly based on empiric knowledge with limited 

Patients with ductal adenocarcinoma (100 %)

Incurable disease (80 %)

• Locally advanced
• Metastatic

Resectable with 
curative intent (<20 %)

Candicates for palliative care during 
course of disease

• multidiciplinary consultation • 

Tumor directed: 

• Systemic treatment
• Interventions
• Radiology

Symptom directed: 

• Systemic treatment
• Interventions
• Radiology

Relapse of disease

• Local relapse
• Distant metastasis

Long-term survivors (<3 %)

Fig. 76.1 Distribution of patients in an unselected cohort with pancreatic ductal adenocarcinoma 
with regard to stage of disease at diagnosis and treatment options
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prospects of cure. During the nineteenth century, the scientific and industrial para-
digm shift changed medicine profoundly and was paralleled by increased focus on 
cure of diseases, in part because of the success in eradicating diseases. Numerous 
surgical procedures for current standard cancer treatment evolved during the late 
nineteenth and earlier twentieth century, such as gastric resection and the Miles’ 
operation for rectal cancer. The success of these interventions contributed to the 
acceptance of the disease-centered approach that is the current paradigm of indus-
trial medicine. The repercussions of this were insidious and profound as patients 
whose conditions did not yield to cure realized they were of less interest to the 
professionals caring for them than the luckier patients. Worse than unfortunate, they 
saw themselves as “failures”.

The English nurse, social worker, and physician Dr. Cicely Saunders, driven by 
the sufferings of patients and friends who died of cancer, laid the foundation for 
current palliative care with her work pioneering modern hospice care during the 
1960s. She is considered the most prominent protagonist of palliative care as a natu-
ral part of modern medicine [9]. Her concept of “total pain” which she described in 
the early 1960s has become the basis for palliative needs assessment [10]. Total pain 
is the summation of physical, psychological, socioeconomic, and spiritual or exis-
tential pain. The World Health Organization defines palliative care as “… an 
approach that improves the quality of life of patients and their families facing the 
problem associated with life-threatening illness, through the prevention and relief of 
suffering by means of early identification and impeccable assessment and treatment 
of pain and other problems, physical, psychosocial and spiritual.” [11] (Table 76.1).

Presently, palliative care is considered an integral part of modern medicine and 
treatment of incurable diseases. In many countries, palliative medicine is estab-
lished as a specialty or subspecialty.

Table 76.1 WHO definition of palliative care

Palliative care is an approach that improves the quality of life of patients and their families 
facing the problem associated with life-threatening illness, through the prevention and relief of 
suffering by means of early identification and impeccable assessment and treatment of pain and 
other problems, physical, psychosocial and spiritual. Palliative care:
• provides relief from pain and other distressing symptoms
• affirms life and regards dying as a normal process
• intends neither to hasten or postpone death
• integrates the psychological and spiritual aspects of patient care
• offers a support system to help patients live as actively as possible until death
•  offers a support system to help the family cope during the patients illness and in their own 

bereavement
•  uses a team approach to address the needs of patients and their families, including bereavement 

counselling, if indicated
• will enhance quality of life, and may also positively influence the course of illness
•  is applicable early in the course of illness, in conjunction with other therapies that are 

intended to prolong life, such as chemotherapy or radiation therapy, and includes those 
investigations needed to better understand and manage distressing clinical complications

H. Kørner et al.
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The Task Force on Surgical Palliative Care of the American College of Surgeons 
and The ACoS Committee on Ethics issued The Statement of Principles of Palliative 
Care in 2005. This is considered the principal guideline for surgeons caring for 
patients with serious life-limiting, critical, and terminal illness [12] (Table 76.2). 
The statement is guidance for surgeons to look beyond our operative skills and 
focus on treatment goals as defined by the individual patient, based on an expanded 
view of the disease and its implications for the patient and those identified by the 
patient as family [2, 13]. Since 2012 The American College of Surgeons Commission 
on Cancer has required access to palliative care services in order to qualify for can-
cer program certification.

76.3  The Palliative Patient with Unresectable or Metastatic 
Pancreatic Cancer

Curative treatment will be beyond the scope of a realistic treatment goal for most 
patients with pancreatic cancer, including those with relapse after intended cura-
tive primary treatments. Depending on the subjective burden of disease, includ-
ing clinical challenges like pain, obstructive jaundice, gastric outlet symptom, 
ascites and others, a number of therapeutic approaches should be considered to 
alleviate discomfort and ease troublesome symptoms (Fig. 76.2). Surgical, endo-
scopic and radiologic interventions are available to relieve obstructions. The 
technical aspects of these procedures are covered elsewhere in this textbook (see 
Chap. 76.8).

Table 76.2 Statement of principles of palliative surgical care

1. Respect the dignity and autonomy of patients, patients’ surrogates, and caregivers
2.  Honor the right of the competent patient or surrogate to choose among treatments, including 

those that may or may not prolong life
3. Communicate effectively and empathically with patients, their families, and caregivers
4.  Identify the primary goals of care from the patient’s perspective and address how the 

surgeon’s care can achieve the patient’s objectives
5. Strive to alleviate pain and other burdensome physical and nonphysical symptoms
6.  Recognize, assess, discuss, and offer access to services for psychological, social, and spiritual 

issues
7.  Provide access to therapeutic support, encompassing the spectrum from life-prolonging 

treatments through hospice care, when they can realistically be expected to improve the 
quality of life as perceived by the patient

8.  Recognize the physician’s responsibility to discourage treatments that are unlikely to achieve 
the patient’s goals, and encourage patients and families to consider hospice care when the 
prognosis for survival is likely to be less than a half-year

9.  Arrange for continuity of care by the patient’s primary and/or specialist physician, alleviating 
the sense of abandonment patients may feel when “curative” therapies are no longer useful

10. Maintain a collegial and supportive attitude toward others entrusted with care of the patient

76 Palliative Care in Pancreatic Cancer
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Effective palliative care, including palliative interventions, to relieve symptoms 
is based on thorough assessment of the extent of the disease together with the 
patient’s needs beyond the physical domain. In addition to local symptoms caused 
by the tumor, unintended weight loss and signs of reduced physiological reserves 
such as protein loss/cachexia and declined ability to exercise are telling clues. 
Beyond this, attention should be directed to daily life concerns, such as housing, 
family relations, emotional, and spiritual needs [14–16].

Advanced 
Pancreatic cancer

Jaundice

Pain

Cancer cachexia

Gastric outlet
obstruction

NauseaMalignant 
ascites

Fig. 76.2 The six most common symptoms in patients with incurable pancreatic cancer
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76.4  Approach to the Palliative Patient

Empathetic communication is the bridge to the palliative patient [17, 18]. The 
disclosure of the bad news of incurable disease associated with a dismal progno-
sis and significant morbidity is a trial for even the most positive physician-patient 
relationship. However, it also provides a unique opportunity to strengthen mutual 
confidence and trust. A trusting relationship between the doctor or other health 
care providers and the patient and the family forms the necessary platform for 
the ups and downs that will occur during the illness’s trajectory. Trust is most 
reliably achieved by open and honest information about the details of investiga-
tions in context with genuine interest in the patient’s perspectives on life. The 
conventional message driven by the disease-centered approach that “there is 
nothing more to be done” should be turned into the honest commitment to do 
everything that is meaningful to preserve quality of life and relieve symptoms. 
Good knowledge about the treatment options of modern palliative medicine and 
the assurance of non- abandonment are prerequisites to re-frame despair into 
realistic hope. For less experienced surgeons it is advised to include a more sea-
soned surgical colleague or experienced member of a palliative care team in 
these discussions.

The “Host-directed approach” or “patient-centered approach” identifies the 
disease- specific factors underlying physical complaints in the context of the patient’s 
life (e.g. age, social status, family-related issues or existential concerns). This 
approach preserves patient autonomy, which means no decisions are made without 
the full participation of the individual patient and others the patient specifies. In 
modern medical practice, paternalization of patients by health care providers is no 
longer acceptable [19–21], and avoidance of non-beneficial treatment is a duty for 
those caring for patients with advanced pancreatic cancer [22, 23].

76.5  End-of-Life Care

End-of-life care aims to provide terminally ill patients and their families the neces-
sary health care to alleviate physical and psychological symptoms and to solve 
social and spiritual problems. The amount and type of help is characterized by the 
unique situation of the individual patient. As a consequence, the definition of end- 
of- life care depends on medical, but also non-medical factors such as culture or 
religion [24]. The provision of satisfactory care during the final path of life towards 
death is highly complex and demands specialized palliative care provided by the 
palliative team and is beyond the scope of this chapter. However, it is a strong obli-
gation for the clinician to identify the palliative patient with short remaining life-
time due to advanced disease and to provide access to specialist palliative care. 
Usually, the question “would you be surprised if this patient would be alive in x 
months” (“surprise question”) is considered as a useful tool for clinicians to 
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estimate the expected remaining lifetime and the need for end-of-life care. Usually, 
expected lifetime of 6 months or less warrants to consider the need of end-of-life 
care. However, these considerations are difficult, and estimates differ strongly 
between clinicians and various health professions [25].

76.6  Assessment of the Palliative Patient

Appropriate symptom control requires a thorough assessment of the patient’s symp-
tom burden. This includes not only clinical impressions of function and abilities but 
also the use of symptom and functional scores.

76.7  Assessment of Function

The Karnofsky performance status [26] and the ECOG functional score [27] are the 
most commonly used functional scores. They have additionally been correlated 
with prognosis for lower scores in specific patient populations. While the Karnofsky 
score ranks function from 0 to 100, the ECOG score lists five subgroups from 0 
(unlimited function) to 5 (death) (Table 76.3). The latter score is considered as the 
most practical scoring system in daily practice. More aggressive treatment, i.e. sur-
gery and/or oncological treatment can be considered for ECOG status of 0–2, while 
ECOG status 3 or higher is regarded as a strong indicator to restrain treatment to 
symptom-directed conservative treatment options. Reduced physical function is 
related to cancer cachexia syndrome. The ability to induce a catabolic state with 
increased waste of protein and fat tissue refractory to nutritional measures is par-
ticularly characteristic of pancreatic cancer [28].

Table 76.3 Eastern Cooperative Oncology Group (ECOG) performance statusa

Grade ECOG

0 Fully active, able to carry on all pre-disease performance without restriction
1 Restricted in physically strenuous activity but ambulatory and able to carry out work of 

a light or sedentary nature, e.g., light house-work, office-work
2 Ambulatory and capable of all selfcare but unable to carry out any work activities. Up 

and about more than 50% of waking hours
3 Capable of only limited selfcare, confined to bed or chair more than 50% of waking 

hours
4 Completely disabled. Cannot carry on any selfcare. Totally confined to bed or chair
5 Dead

aCan also be calculated by use of the internet resources at: https://www.mdcalc.com/eastern-coop-
erative-oncology-group-ecog-performance-status
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76.8  Assessment of Symptoms

Assessment of the patient’s specific symptoms should include a broader and sys-
tematic screening of the most common symptoms (Fig.  76.2) experienced by 
patients with advanced pancreatic cancer or other malignancies, i.e. the revised 
Edmonton Symptom Assessment System (ESAS-r) [29] (Table 76.4). This score 
addresses the ten most frequent complaints reported by palliative patients, such as 
pain, pain evoked by movement, dyspnea, loss of appetite, insomnia, anxiety and 
depression, each of them assessed by a visual analog scale (VAS) between 0 (symp-
tom not present) and 10 (unbearable). Usually, a score between 4 and 6 requires 
adjustment of treatment, a score of 7 or higher requires immediate action to secure 
acceptable symptom control. Serial measurement of the ESAS-r score over time 
will help to monitor the effect of treatment adjustment on symptoms experienced by 
the patient. The ESAS-r score is considered as the most essential tool for assessment 
of palliative patients and is considered basic knowledge for palliative care by physi-
cians. The ESAS-r score should be part of referral to the palliative team and be 
available on outpatient clinics and wards with responsibility for patients with 
advanced cancer.

A number of perioperative factors have been evaluated with regard to estimate 
survival expectancy in patients with advanced pancreatic cancer [30, 31]. For 
patients with unresectable pancreatic cancer, Jamal et al. [32] reported four symp-
toms that independently predicted poor survival. These include weight loss >10%, 
pain, jaundice and smoking. Each symptom was weighted by the authors, from 

Table 76.4 Edmonton Symptom Assessment System (revised version) (ESAS-r)

Please circle the number that best describes how you feel NOW:
No pain 0 1 2 3 4 5 6 7 8 9 10 Worst possible pain
No tiredness 0 1 2 3 4 5 6 7 8 9 10 Worst possible tiredness
(Tiredness = lack of energy)
No drowsiness 0 1 2 3 4 5 6 7 8 9 10 Worst possible drowsiness
(Drowsiness = feeling sleepy)
No nausea 0 1 2 3 4 5 6 7 8 9 10 Worst possible nausea
No lack of appetite 0 1 2 3 4 5 6 7 8 9 10 Worst possible lack of appetite
No shortness of breath 0 1 2 3 4 5 6 7 8 9 10 Worst possible shortness of breath
No depression 0 1 2 3 4 5 6 7 8 9 10 Worst possible depression
(Depression = feeling sad)
No anxiety 0 1 2 3 4 5 6 7 8 9 10 Worst possible anxiety
(Anxiety = feeling nervous)
Best well-being 0 1 2 3 4 5 6 7 8 9 10 Worst possible well-being
(Well-being = how you feel overall)
No__________ 0 1 2 3 4 5 6 7 8 9 10 Worst possible _______
Other problem (for example, constipation)

Patient name: __________
Date: ________________
Time: _______________

76 Palliative Care in Pancreatic Cancer
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which they developed the McGill-Brisbane Symptom Score (MBSS) (Table 76.5) 
which in their study showed a better predictive value than the presence or absence 
of distant metastasis [32]. While such a score, or any combination of various clinical 
factors, may represent a practical and ready-to-use tool, a validation of the score in 
different populations is of great importance before the true prognostic value of any 
score can be confirmed.

76.9  Assessment of Trajectory of Disease

In addition to functional status and symptom assessment, knowledge of where the 
patient stands in the disease trajectory (Fig. 76.3) is necessary to plan treatment. The 
trajectory typically includes tumor-directed treatment (a) until a decision to post-
pone treatment due to lack of effect has been made, at which point the patient often 
is observed (b) until the disease accelerates (c). During this time, palliative treat-
ment options may be considered, and become more important when progressing 
disease is accompanied by increased suffering. Rapid deterioration indicates the 
need for end-of-life care (d), and any interventions are contraindicated.

The traditional view that palliative care starts when curative options are no lon-
ger available has recently been challenged by the concept of “early integration of 
palliative care into oncological treatment” [33–37]. This approach describes cancer 
care as a continuum from treatment aimed at cure to palliative care, rather than two 
tandem processes that exclude each other. However, more knowledge is needed to 
substantiate these findings, and currently there is no evidence with specific regard to 
pancreatic cancer.

76.10  Goals and Achievements for the Palliative Patient

The final goal of assessment of the palliative patient is to define the individual treat-
ment goal [14, 38, 39]. This treatment goal is defined by what the patient may expe-
rience as the most severe complaints, but also the most important expectations and 
wishes for the remaining lifetime. The individual treatment goal will strongly vary 
between patients with comparable features of their cancer disease, depending on 

Table 76.5 McGill-Brisbane 
Symptom Score (MBSS) for 
pancreatic cancer

Symptom Points

Weight loss >10% 8
Pain 5
Jaundice 4
Smoking 4
Total possible 21

Low MBSS = 0–9 → median overall survival 14.6 months
High MBSS = 12–21 → median overall survival 6.3 months

H. Kørner et al.
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age, function and their general view on life. Thus, any treatment option needs to be 
considered to which degree it is likely to help the patient to achieve his/her indi-
vidual goal with a minimum of harm. The prognostic information obtained from the 
assessment of where the patient is in the disease trajectory is necessary to guide the 
patient and the family’s decision about the level of invasiveness of treatment, i.e. 
choice between major surgical procedures and non-operative intervention, less risky 
intervention [14]. Failure to couple the patient’s perspective with symptom assess-
ment and patient understanding of prognosis risks reduced quality of life, major 
morbidity, even premature death.

76.11  Palliative Surgical Interventions

The primary aim of palliative surgical intervention (palliative surgery) is the relief 
of burdensome symptoms, though life prolongation could be considered a second-
ary goal [38].

No intervention whether major operative intervention or minor percutaneous 
procedures are excluded from consideration as long as the intervention results in 

High

Level of 
function

Low

Time

A – Incurable disease
Active tumor-directed treatment

Few months

B – Tumor progresson
Observation, no active treatment

Weeks

D – Terminal disease
End-of-life care

Days

C – Accelerating disease
Few weeks/days

B
C

D

A

Fig. 76.3 Trajectory of incurable pancreatic cancer disease with regard to functional ability of the 
patient over time. Active tumor-directed treatment (a) followed by observation during progressive 
disease (b), accelerating disease (c) and rapid deterioration and need of end-of-life care (d)
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relief of burdensome symptoms identified by the patient and morbidity and mortal-
ity are acceptable. In contrast to most medical treatment, palliative surgery is irre-
versible and has the risk of surgical morbidity and mortality. Peri-operative risk is a 
major topic of shared decision-making when the indication for palliative surgical 
intervention is discussed. Because the aim of a palliative surgical procedure is 
symptom relief and improved quality of life, any adverse event would only amplify 
existing distress of the patient and the family without the benefit of improved sur-
vival. Because of this, palliative surgical interventions are strongly discouraged in 
asymptomatic patients or as a prophylactic measure [14, 36, 40].

No discussion of palliative surgery is complete without a joint understanding of 
the continued plan of care in the event of an adverse outcome, especially if it would 
require initiation of invasive life support and or other ICU care. Advance directives, 
which include code status, are meant to provide guidance for these contingencies. 
To protect patient autonomy and prevent future family anguish, it is highly recom-
mended to review existing advance directives for clarification and amendment or 
drafting them prior to initiation of invasive treatment. The key to achieve patient 
satisfaction is the principle of patient-centered care [41]: to do what will serve the 
patient to reach the individual treatment goal does not necessarily mean “to do 
whatever is possible” [19].

76.12  Where Does the Surgeon Fit in?

76.12.1  Treatment Decisions

Treatment recommendations based on appropriate diagnostics and good knowledge 
of tumor biology are discussed at the MDT meeting and presented by the surgeon to 
the patient. This encounter offers the opportunity to review the recommendation in 
the light of the patient’s physical needs, comorbidities and expectations. The sur-
geon is the key person to give advice to assure a beneficial outcome for the patient. 
Good knowledge of the range of curative and palliative treatment options and empa-
thetic communication is the basis of optimal counselling. This is particularly true for 
patients suffering from a disease with a dismal prognosis such as pancreatic cancer.

76.12.2  Research on Surgical Palliative Care—Challenges 
and Opportunities

Research on surgical palliative care is scarce and hampered by unclear definitions 
of the term “palliative”, which is mostly used as a synonym for “non-curative” with-
out addressing the effect of treatments on symptom relief [19]. Moreover, most 
studies are retrospective cohort studies of heterogenous populations. Very few ran-
domized controlled trials have been published [42, 43], and consequently, the evi-
dence of palliative surgical interventions is of low quality and often limited to 
survival as outcome.

H. Kørner et al.
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Scientific evaluation of palliative surgical care should focus on the effect of treat-
ments on the patient’s symptom burden. This can be done by adequate quality of life 
measurement tools, e.g. the EORTC QLQ PAN26 (https://www.eortc.org/app/
uploads/sites/2/2018/08/Specimen-PAN26-English.pdf) combined with the general 
measurement tool EORTC QLQ C30 (https://www.eortc.org/app/uploads/
sites/2/2018/08/Specimen-QLQ-C30-English.pdf) for cancer diseases.

To measure and compare the effect on the individual treatment goal of palliative 
interventions raises methodological challenges. For this purpose, the Palliative 
Surgical Outcome Score (PSOS) was proposed in 2003 [44]. This score measures 
the time outside the hospital as compared to time in hospital related to palliative 
interventions, and a ratio of ≥70% of the time at home is considered as a proxy for 
satisfactory symptom control achieved by the procedure. The PSOS, which has 
recently been evaluated in patients undergoing palliative treatment of large bowel 
obstruction using self-expanding metal stents [45], is not specific for any cancer 
disease, and is suggested as a useful tool for evaluation of interventions to relieve 
symptoms caused by advanced pancreatic cancer.

76.12.3  Education in Palliative Treatment for Surgeons—
Building a Culture

Surgeons have an obligation to identify the patient with palliative needs and refer to 
the palliative team when appropriate and available. They should regard themselves 
as an essential part of the extended palliative team. Over a continuum of surgical 
care, many surgeons have established a surgeon–patient relationship based on mutual 
trust and respect over time [46]. In light of this covenantal relationship for surgeons 
and patients in rural and urban locations, many complaints and symptoms should be 
solved by the knowledgeable and interested general surgeon [40, 47, 48]. This would 
increase the clinically relevant availability to palliative cancer care. Although the 
field of cancer surgery likely has recently benefited by innovative thinking and evi-
dence-based knowledge, a recent survey demonstrated surgical oncology programs 
in the US provide insufficient education and assessment of palliative care [3].

76.13  Future Directions

Despite some progress, pancreatic cancer still challenges both sides of the patient/
family–surgeon relationship. As Whipple pointed out long ago, the opportunity to 
relieve distress and promote function through palliation is the worthiest antidote for 
the distressing reality of uncommon cure [1]. Surgeons should not let the grail of 
cure distract them from the humanity of contributing uniquely and substantially to 
symptom relief. With the increased attention to quality of life outcomes by the pub-
lic and health care professionals, it is axiomatic that an increased focus on palliative 
care in surgical education and research will be necessary for surgeons caring for 
patients through the entire spectrum of pancreatic cancer [3, 40, 47, 48].

76 Palliative Care in Pancreatic Cancer
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76.14  Conclusion

Although the field of palliative care has been mostly developed by non-surgeons, 
surgeons have increasingly shown interest in it because of its appeal to the core moral 
principle of surgery—non-abandonment. Palliative care challenges some of our most 
basic assumptions about the meaning of illness prompting us to ask new questions 
and discover new problems. As surgeons, we have a long tradition of service in the 
relief of suffering that precedes our recent accomplishments in curative treatment. 
We can restore that tradition without compromising cure as we endorse an approach 
to care that equally values the relief of suffering and the elimination of disease. 
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Take Home Messages
• Pancreatic cancer pain sensation is of neuropathic origin. It is a complex 

process that is linked to neuro-cancer and neuro-immune interactions.
• The interlinked phenomena of neuroplasticity, neural remodeling, neural 

invasion and pancreatic neuritis are key factors of this phenomenon.
• The treatment of pancreatic cancer pain should consider its neuropathic and 

complex nature and should be carried out in a multidisciplinary fashion.

Pearls and Pitfalls
• Pharmacotherapy in pain management must follow a stepwise escalation 

of medications with increasing analgesic effect and including 
neuro-pharmaceuticals.

• In refractory cases interventional therapies may be applied. EUS guided 
neurolysis is considered effective and safe and may be advisable early in 
the course of refractory cases.

• Surgery for palliative pain management should only be used if all other 
options fail.
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77.1  Introduction

Pain among pancreatic cancer is often described as a deep-delving abdominal pain 
penetrating to the back [1]. In the early stage of pancreatic cancer, only 30% of 
patients experience abdominal or back pain, while in limited disease this rate is 60% 
and in advanced pancreatic cancer 80% [1]. Since the disease is often diagnosed at 
advanced stage, up to 73% of patients complain of abdominal pain at diagnosis [1]. 
Aside from interfering with the quality of life [2], and being a disabling symptom, 
pain is a major predictor of survival in pancreatic cancer [3, 4]. Patients with resect-
able pancreatic cancer with no pain are reported to have a median survival time 
between 22–29 months, whereas this time is 15–19 months in patients with mild 
pain, and between 9–10 months in patients with moderate to severe pain [4, 5]. For 
this reason, pain is reported as a potential indicator of local recurrence and survival 
after pancreaticoduodenectomy [6]. The novel mechanisms suggested for the gen-
esis of pancreatic pain, not only have translational relevance to treatment of pain, 
but also impact the course of pancreatic cancer.

Until recently, the mechanism of abdominal pain in pancreatic cancer was mainly 
attributed simply to mechanical pressure and/or the invasion of adjacent organs and 
the neural plexus by cancer cells [1, 7]. However, in the last two decades, thanks to 
advances in neuro-gastroenterology, we have a much more sophisticated under-
standing of the formation of pain in pancreatic cancer which includes alterations in 
the peripheral and central nervous system in reaction to the complex interaction 
between cancer cells, inflammatory cells, neurons and glial cells via neuro-humoral 
mediators, chemokines and their receptors [8, 9]. These neuropathic changes that 
influence and induce pain in pancreatic cancer comprise neural inflammation, neu-
ral invasion, neural plasticity and neural remodeling which are interlinked processes 
and correlate to the severity of neuropathic pain in pancreatic cancer [4, 9]. This 
chapter will be a summary of the present data regarding this complex mechanism 
and the suggested treatment for pancreatic cancer pain.

77.2  Mechanism of Pain

In the last decade, neuroplasticity has been the target of research in an effort to 
explain the mechanism in pancreatic cancer. Plasticity is a term that indicates the 
capability to reshape and react in a system in response to physical stimuli [9]. Neural 

Future Perspectives
• Research focusing on the treatment of neuropathic changes in pancreatic 

cancer may provide both a solution for the neuropathic pain sensations and 
improvement of the course of the disease via by controlling neural invasion.

• A novel treatment regime with anti-neurotrophic agents together with stan-
dard chemotherapeutics should be tested whether this regime can better 
control local recurrence and with this the prognosis of the patients.

B. Bozkirli et al.
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plasticity refers to the adaptive-reactive modifications of the peripheral and central 
nervous systems in reaction to stimuli which can also be associated with chronic 
diseases [9]. This phenomenon is increasingly recognized as a common feature of 
gastrointestinal (GI) nervous system during pathological states that has the potential 
to suppress, augment or even induce pathogenic events during GI disorders [9, 10].

77.3  Pancreatic Neuroplasticity and Neuropathic Pain

Neural plasticity in pancreatic cancer and chronic pancreatitis involves neuronal 
activation at the peripheral, spinal and supraspinal level [9]. At the periphery, in 
both of these inflammatory disorders of the exocrine pancreas, intrapancreatic 
nerves are remarkably enlarged and increased in number [4, 9]. This neural hyper-
trophy and increased neural density were reported to be even more apparent in pan-
creatic cancer when compared to chronic pancreatitis [4]. Increased neural density 
as well as neural hypertrophy are strongly associated with the degree of neural inva-
sion in pancreatic cancer patients [4]. These findings are notable in regard to pain 
formation, since it was shown that in pancreatic cancer patients with severe abdomi-
nal pain, neural hypertrophy was much more evident. In addition, the patients whose 
nerves display endoneural invasion have higher frequency and intensity of pain 
when compared to the patients whose nerves only exhibit perineural invasion which 
is a milder form of neural invasion [4]. It is now accepted that neural invasion in 
pancreatic cancer and pancreatic neuroplasticity are closely associated [4]. The pre-
dominant alteration regarding nerves is intra and extra-pancreatic neural invasion by 
cancer cells [4, 11, 12]. In nearly all cases of pancreatic cancer, neural invasion can 
be demonstrated. Histopathological evaluation of pancreatic cancer shows distinctly 
increased number and size of intrapancreatic nerves. The examination of these 
hypertrophic nerves demonstrates a high frequency of neural invasion [8]. In a 
study, increased number and size of nerves were observed both in pancreatic tumor 
tissues and normal pancreatic tissues near pancreatic cancer, although neural hyper-
trophy was more apparent in cancer areas [13]. These neuroplastic changes were 
found to be associated with increased expression of neural plasticity marker, growth 
associated protein-43 (GAP-43) which was higher in normal pancreatic tissues near 
to tumor when compared to normal pancreatic tissues, and highest in pancreatic 
cancer tissues [13]. The presence of GAP-43 - whose expression is normally upreg-
ulated in neurons as a response to neuronal injury - in non-tumoral areas in patients 
with pancreatic cancer suggested that pancreatic cancer stimulated neuropathic 
changes around itself in a paracrine fashion. Also, it was demonstrated that Artemin 
and nerve growth factor (NGF) were overexpressed in pancreatic cancer tissues and 
tissues near pancreatic cancer [13]. Under physiologic conditions these two media-
tors stimulate neural proliferation and differentiation and favor neural outgrowth 
and sprouting [14–17]. However, expressed both by pancreatic cancer cells and 
intrapancreatic nerves [13, 18, 19], they also are known to act as chemo-attractants 
that enhance pancreatic cancer cell proliferation and invasion [13, 18, 19]. Thus, a 
vicious cycle is suggested in which neurotrophic factors such as NGF and Artemin 
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stimulate the pancreatic nerves to undergo neuroplastic changes and to transform 
into a richer source of NGF and Artemin attracting more pancreatic cancer cells. 
This should result in further NI in previously normal pancreatic tissue and extra-
pancreatic neural plexus [13]. These processes are closely related to pain, because 
in addition to its aforementioned effects, NGF is recognized as a mediator of pain. 
Its exogenous administration leads to hyperalgesia in animals, and significantly 
increases sensitivity to painful stimuli in humans [20]. NGF and its high-affinity 
receptor TrkA are markedly elevated in pancreatic cancer and have been associated 
with pain. On the contrary, artemin was not correlated with pain in pancreatic can-
cer, although it was correlated with the intensity and frequency of pain in chronic 
pancreatitis [20].

Capsaicin receptor, or transient receptor potential vanilloid type I (TRPVI) is 
another receptor that interacts with NGF and is overexpressed in pancreatic cancer 
[20]. TRPVI immunoreactivity was found in pancreatic cancer cells and nerves, 
especially the nerves infiltrated by pancreatic cancer cells and the ones in the 
inflamed tissue around the cancer [21]. It is expressed in neurons that are assumed 
to be nociceptors in which it is usually co-expressed with substance P and (calcito-
nin gene-related peptide) CGRP.  It also colocalizes with TrkA.  When TRPVI is 
activated, the release of substance P and CGRP from nerve terminals is stimulated, 
and the expression of TRPVI was found to be correlated with the severity of pain 
[20]. It also has a potential to be a therapeutic target since its agonist resiniferatoxin 
was demonstrated to induce apoptosis and inhibited pancreatic cancer cell growth 
[21]. Another mediator that seems closely linked to the pathophysiology of and the 
pain in pancreatic cancer is Fractalkine. The expression of its selective receptor 
CX3CR1 was detected in pancreatic cancer cells, though not in normal pancreatic 
ducts [22]. In the study by Marchesi et al. [23], it was demonstrated that CX3CR1(+) 
pancreatic cancer cell lines migrated in response to human recombinant fractalkine 
and they also specifically adhered to cells of neural origin expressing fractalkine 
[23]. These findings presented evidence that fractalkine and its receptor played an 
important role in NI in pancreatic cancer. Except mediating neural invasion, fractal-
kine also was previously shown in experimental neuropathic pain models to be 
released from dorsal root ganglia and was accompanied by upregulation of 
CX3CR1 in the spinal microglia with subsequent neuropathic pain behavior [22].

Similarly neurturin (NRTN) and its receptor glial-cell-derived neurotrophic fac-
tor receptor alpha-2 (GFRalpha-2) were studied for their role in pancreatic cancer 
pathophysiology and neuropathic pain [24]. It was demonstrated that a member of 
the glial-derived neurotrophic factor (GDNF) family, NRTN and its receptor 
GFRalpha-2 had an upregulation in nerves, pancreatic cancer cells and extracellular 
matrix in pancreatic cancer. The cancer tissues and Pancreatic cancer cells con-
tained increased amounts of NRTN. This neurotrophic factor, for which pancreatic 
cancer cells seemed like a major source, lead to sustained proliferation and increased 
invasiveness. Moreover, it contributed to neuroplastic alterations, and interestingly, 
its suppression by hypoxia lead to enhanced targeted invasion of nerves. Considering 
that GFRalpha-2 was associated with severe abdominal pain sensation in pancreatic 
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cancer patients [24] NRTN/ GFRalpha-2 axis may be counted as one of many com-
plex interactions in the mechanism of pain generation in pancreatic cancer.

77.4  Pancreatic Neuritis

Although not a hallmark of pancreatic cancer as neural invasion, perineural inflam-
mation is a substantial contributor of visceral neuropathy and pain in pancreatic 
cancer [4, 25]. Indeed, in the study by Ceyhan et al. [4], the presence of pancreatic 
neural inflammation (neuritis) was found to be even more prominent in pancreatic 
cancer when compared to chronic pancreatitis patients. The investigators found that 
pancreatic cancer patients with severe pancreatic neuritis demonstrated a distinct 
increase in neural density, exhibiting the close link between neuroplasticity and 
pancreatic neuritis. In addition, the presence of pancreatic neuritis correlated with 
the severity of abdominal pain sensation [4]. This inflammatory process in pancre-
atic neuritis is suggested to be the pancreatic counterpart of the visceral neural 
inflammation present at other GI disorders such as inflammatory bowel disease, 
irritable bowel syndrome, and appendicitis, in which neuro-inflammation is associ-
ated with generation of pain and organ dysfunction [25, 26]. Neural inflammatory 
infiltration was further characterized in another study, which demonstrated that the 
dominant cell populations in pancreatic neuritis were cytotoxic T lymphocytes, 
macrophages and mast cells [25]. However, neuropathic pain in pancreatic cancer 
was only associated with increased mast cell infiltration around intrapancreatic 
nerves [25]. These cells are known to exhibit close association with peptidergic 
nerve fibers that contain substance P, calcitonin-gene-related-peptide or NGF that 
activate mast cells and induce their degranulation [25]. In return, this degranulation 
releases histamine, serotonin, NGF, and mast cell tryptase that also activate and 
sensitize neurons via their receptors resulting in pain and neuronal dysfunction [27].

77.5  Neural Remodeling

In addition to aforementioned neuropathic changes, neural remodeling which is a 
qualitative alteration in neural structure seems to contribute to neuropathic pain in 
pancreatic cancer. Namely, the nerves in pancreatic cancer patients contain much 
fewer sympathetic fibers when compared to normal pancreatic tissues. Moreover, 
increasing neural size and severity of neural invasion correlate with decreased 
amount of sympathetic nerve fibers [28]. These phenomena obtain relevance con-
sidering that sympathetic nervous system and especially noradrenaline has a com-
plicated role in modulation of pain [29] and emphasizing the data that the suppression 
of sympathetic nerve fibers was found to be more obvious among patients who 
reported increased pain severity in pancreatic cancer [28].
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As a summary, depending on the existing data, it can be speculated that neural 
damage initiated either by neural invasion or neural inflammation in pancreatic can-
cer stimulates neuropathic alterations via a number of neurotrophic and chemotactic 
factors, many of which themselves have nociceptive properties, further switching 
the neurochemical code toward preferential expression of neuropeptides such as 
substance P and CGRP that are frequently present in nociceptive neurons. The pain 
may even be further exaggerated by the invasion of adjacent celiac plexus by cancer 
cells [1].

77.6  Pain Management

Due to its complex mechanism and multiple causes, pain in pancreatic cancer is 
difficult to treat and requires multimodal management that includes noninvasive and 
invasive interventions by various disciplines. When planning this multidisciplinary 
management, severity, quality, distress and functional consequences of pain should 
be taken into account as well as the reasons of pain [3].

In the management of pain, first of all, secondary reasons should be excluded. If 
there are any, secondary reasons of pain often need specific treatments which are 
often effective [3]. Anastomotic and peptic ulcers are quite common and should be 
diagnosed with gastroscopy and be treated with proton pump inhibitors with or 
without the addition of H. pylori eradication therapy. Side effects of chemotherapy 
and irradiation such as neuropathy and enteritis may also result in pain and should 
be managed with local treatment and drugs against neuropathy [3]. Opioid use in 
this patient group also has its side effects including constipation, abdominal pain, 
and opioid induced hyperalgesia. In this case medication must be tapered and con-
stipation should be attempted to be treated with laxatives if present [3]. In the cases 
with constipation refractory to conventional laxative therapy, methylnaltrexone is 
reported to be a safe and effective treatment, although its rarely reported side-effect, 
perforation, should be kept in mind in patients with peritoneal carcinomatosis [30]. 
After pancreatic resection, exocrine function insufficiency, bile acid malabsorption 
or bacterial overgrowth may be observed [3]. Pancreatic enzyme replacement ther-
apy was shown to significantly improve abdominal pain, malabsorption, bloating, 
steatorrhea, diarrhea and quality of life [31]. A deficiency in bile acid absorption 
may be overcome with the administration of cholestyramine and bacterial over-
growth may be treated by antibiotics [3]. Complications of surgical or endoscopic 
procedures such as anastomotic leaks, strictures, intraabdominal adhesions or pan-
creatitis should be diagnosed by clinical evaluation and imaging and be addressed 
by conservative, endoscopic or surgical treatment [3]. Obstructive jaundice devel-
ops in 80% of patients with unresectable pancreatic head malignancies and gastric 
outlet or duodenal obstruction develops in approximately 10–25% of pancreatic 
cancer patients in the natural course of the disease [32]. Therefore, double by-pass 
procedure including the biliary-digestive and gastro-jejunal anastomosis was his-
torically the standard treatment in unresectable pancreatic cancer [32]. However, 
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development of endoscopic stenting has changed this trend [32]. Basically, endo-
scopic stenting of gastric outlet obstruction is associated with shorter length of stay, 
and quicker resumption of oral intake, while surgery is associated with lower rein-
tervention rates [32]. A recent Cochrane review recommended palliative surgery for 
patients with prolonged survival [33]. Currently, in patients with unresectable pan-
creatic cancer endoscopic biliary stenting is accepted as the gold standard for the 
treatment of obstructive jaundice. If this is unsuccessful or technically not feasible 
palliative biliary drainage can be performed percutaneously either via an internal 
metal stent or external drainage. Palliative surgery, nevertheless, still has a place if 
these two therapies are contraindicated or not feasible or in the case of recurrent 
obstruction of the stent in patients with good functional status and long life expec-
tancy [32]. Also in patients with obstructed biliary duct and unresectable disease 
found at the time of surgery, biliary digestive anastomosis is still considered the best 
option in the case of good functional status and good expected prognosis [32]. 
Finally, pancreatic cancer may directly invade adjacent organs or form metastases to 
distant locations including bone, liver and lung which need multidisciplinary treat-
ment according to the location [3].

For analgesic treatment, currently pharmacotherapy for pain in pancreatic cancer 
is still guided by the WHO analgesic ladder [3, 34, 35]. This concept represents a 
stepwise escalation of medications with increasing analgesic effect until pain relief 
is provided [35]. The administration of analgesics should preferably be orally and at 
regular intervals, and severe attacks of pain may be treated with fast-acting on 
demand opioids [3].

First step analgesic therapy must start with non-opioid painkillers such as acet-
aminophen and if need be, non-steroidal anti-inflammatory drugs (NSAID) with the 
combination of proton pump inhibitors [3, 34]. Metamizole is reported to be safer 
than NSAIDs for upper intestinal tract and kidneys and can also be used in the first- 
line treatment [3]. In the case of more severe pain, combination therapies, including 
opioids and adjuvant analgesics may be used to increase the effectiveness of the 
therapy and to decrease the side effects of the individual drugs [3, 36]. Adjuvant 
analgesics are a heterogenous group of drugs, including antidepressants (tricyclic 
antidepressants, selective serotonin reuptake inhibitors, serotonin-noradrenalin 
reuptake inhibitors), anticonvulsants and anxiolytics [3]. Among these pregabalin, 
an anticonvulsant, has been effectively used to treat various pain disorders, includ-
ing diabetic neuropathy [37], neuropathic pain of central origin [38] and most 
importantly pain in chronic pancreatitis [39] which shares neuropathic pathways 
with pain in pancreatic cancer. Its therapeutic gain in pancreatic cancer is limited 
due to side effects such as drowsiness and dizziness but these side effects often van-
ish during treatment [3].

In severe cancer pain, opioid analgesics are indicated. Even though addiction is 
rarely a problem in patients with pancreatic ductal adenocancer, due to their severe 
adverse effects, they should be used as a component of a multidisciplinary strategy 
that includes every necessary adjuvant analgesic, psychological and social support 
[3]. The physician should also follow guideline recommendations for opioid use [3, 
40–42]. Escalating abdominal pain in spite of increasing doses of opioids may be a 
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problem in some patients which may be led by opioid induced ileus or constipation 
or opioid induced hyperalgesia (narcotic bowel syndrome) [3]. These should be 
treated in the way aforementioned in the secondary reasons of pain section.

It should not be forgotten that there is substantial variance between individuals 
in both efficacy and side effects of opioids, and that not all patients experience pain 
relief with narcotics [3]. In such cases an alternative opioid drug may be tried [3]. 
Methadone may be useful and can be added in small doses to existing opioid ther-
apy [3]. Other treatments that may be tried in stubborn cases also include ketamine, 
anti-psycotics, clonidine, steroids and cannabinoids [3]. Cannabinoids also have the 
advantage of being useful appetite stimulants [31] in this pathology which often 
causes anorexia and cachexia.

In patients with refractory pain, intrathecal drug delivery systems [43] or epi-
dural analgesic administration [44] are effective options. Neurolytic therapies are 
another alternative for severe, refractory pain, with less adverse effects compared to 
opioid analgesics [45]. The rationale of neurolytic treatment is to destroy the affer-
ent pathways from pancreas to the brain to reduce pain sensation [3]. In the classic 
technique, a neurolytic agent is injected around the nerves via a bilateral, percutane-
ous posterior approach, either guided by fluoroscopy or computed tomography [3]. 
However, due to the proximity of celiac plexus to the gastric wall, EUS-guided 
approach provides a safer access to the celiac plexus over percutaneous route. In a 
retrospective cohort study of 200 participants with pancreatic ductal adenocarci-
noma who underwent EUS and percutaneous celiac plexus neurolysis, it has been 
shown that, both procedures are effective at pain relief, but EUS-guided celiac 
plexus neurolysis provides more durable pain relief and improved quality of life 
[46]. Multiple randomized controlled studies have showed that EUS-guided celiac 
plexus neurolysis provides effective pain relief compared to nonopioid and opioid 
analgesics [47, 48]. Two meta-analyses showed that celiac plexus neurolysis (either 
EUS or percutaneous approach) was associated with a significant reduction in nar-
cotic use [45, 47]. Severe complications from EUS-guided celiac plexus interven-
tions are rarely reported and these procedures are considered generally safe. 
Self-limited diarrhea, abdominal pain and hypotension can be seen. Serious adverse 
events including paralysis from anterior spinal cord infection, necrotic gastric per-
foration, and celiac artery thrombosis causing infarction are rare. Due to its efficacy 
and safety, we recommend early application of EUS-guided celiac plexus neurolysis.

77.7  Conclusions

Pancreatic cancer pain is neuropathic in origin and is a result of highly complicated 
neuro-cancer and neuro-immune interactions, neuroplastic changes and neural 
remodeling. These neuropathic alterations correlate with the severity of pain sensa-
tion. Understanding this complex mechanism is of translational importance since 
both pain and neural invasion are independent prognostic factors in this patient 
group. Many neurotrophic agents, chemokines and various cell types that have a 
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role in this process are potential targets for ongoing and future research not only to 
alleviate pain sensation in pancreatic cancer, but also to improve the disease course 
itself by targeting neural invasion. Until this objective is reached, the conventional 
means of pain treatment will keep on being the mainstay of analgesia in pancreatic 
pain. After excluding the secondary reasons of pain, pharmacotherapy for pain in 
pancreatic cancer should be guided by the WHO analgesic ladder. In refractory 
pain, intrathecal drug delivery systems, epidural analgesic administration and neu-
rolytic therapies are effective alternatives.
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Take Home Messages
• Hyperbilirubinaemia is a frequent event in pancreatic cancer, as diagnosis 

as during disease evolution.
• When hyperbilirubinaemia is detected, it is necessary to distinguish 

between prehepatic, posthepatic and hepatotoxic causes.
• In obstructive hyperbilirubinaemia, defined as increased direct bilirubin, 

drainage by endoscopic retrograde cholangiopancreatography (ERCP) and 
placement of a stent is recommended.

• There is no clear consensus on the use of chemotherapy in PDAC patients 
with hyperbilirubinaemia level. Bilirubin >1.5 times UNL is an exclusion 
criterion in clinical trials, which is the cause of the lack of available data.

• Treatment recommendations should be individualised for each patient.

Future Perspectives
• Randomized studies with chemotherapy (monotherapy or combination) in 

a situation of hyperbilirubinaemia for robust evidence in this context.
• Stents with longer duration or less risk of superinfection. In some cases, 

life expectancy of the patient with pancreatic cancer is longer than the 
useful life of the stent.
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78.1  Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the 12th most common cause of can-
cer and the fourth most common cause of death with an estimation of 432.242 
cancer deaths (4.5% of all deaths) worldwide in 2018 [1]. The incidence and mortal-
ity rates have not changed in the last decade, it is expected that PDAC will surpass 
other frequent solid tumours in terms of cancer related death rate by 2030 [2]. The 
only potential curative treatment is tumor resection, but only 10–20% of patients 
present at diagnosis with localized disease. The vast majority of patients are diag-
nosed at advanced stages because the cancer progresses in the asymptomatic phase. 
PDAC has a dismal prognosis, even patients after curative resection only have an 
estimated 5-year survival around 20% [3].

Jaundice occurs frequently in PDAC patients, especially in tumours localized in 
the head leading to subsequent obstruction of the bile duct or by hepatic 
dissemination.

This chapter focuses on the effects and the clinical management of jaundice in 
patients that are not amenable for curative intent resection.

78.2  Hyperbilirubinaemia

78.2.1  Pathophysiology and Definition

Bilirubin is a tetrapyrrole produced by the normal degradation of Haemoglobin. 
When the cell membrane of the erythrocyte breaks macrophages digest the 
Haemoglobin. This process occurs mainly in the spleen and liver. The macro-
phages separate the haem and the globin proteins. Secondly, the Haemooxigenase 
enzyme opens the haem group, resulting in the formation of Biliverdin. It has the 
green bile characteristic colour. Subsequently, the Biliverdin reductase enzyme 
processes Biliverdin. The unconjugated Bilirubin reaches the blood and binds to 
Albumin to be transported to the liver. In the liver, it combines with glucoronic 
acid to form conjugated Bilirubin. Finally, conjugated Bilirubin is excreted into 
the bile ducts [4].

There are two forms of Bilirubin: The indirect or unconjungated Bilirubin (IB) is 
the fraction of bilirubin that has not been metabolised in the liver and is usually 
found in blood attached to Albumin or freely circulating. The direct or conjugated 
Bilirubin (DB) has been metabolised in the liver and subsequently secreted into the 
bile. It is accumulated in the gallbladder for subsequent disposal with digestion.

Hyperbilirubinaemia is defined as as any increase above the normal range, which 
is 0.3–1.2 mg/dl. When it is detected, a proper differential diagnosis should be per-
formed. There are three main reasons for an elevated serum Bilirubin: prehepatic 
dysfunction, intrahepatic dysfunction and posthepatic biliary obstruction [5, 6]. 
Table 78.1 summarises the clinical syndromes and differential diagnosis.

L. Ceniceros et al.
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The most frequent causes of hyperbilirubinaemia in patients with PDAC are 
obstructive extrahepatic cholestasis, intrahepatic cholestasis and hepatotoxicity sec-
ondary to chemotherapy.

Obstructive cholestasis is the most frequent situation. It is caused by obstruc-
tion of the common bile duct due to a tumor in the pancreatic head. The most com-
mon laboratory findings are the elevation of conjugated bilirubin, 
gamma-glutamyltransferase (GGT) and alkaline phosphatase (ALP). Frequently, 
Alanine aminotransferase (ALT) is elevated as well. This is due to an increased 
synthesis of plasma ALT in case of any obstruction. The elevated conjugated 
Bilirubin originates from reflux of Bilirubin glucuronides into plasma due to intra- 
or posthepatic obstruction.

Intrahepatic cholestasis is usually caused by infiltration of liver parenchyma 
from metastases. In this situation, ALT and AST are elevated induced by direct 
parenchymal damage. ALT is more specific for hepatic damage.

Chemotherapy reduces metabolic capacity of the liver and may change hepatic 
clearance. There is no routine laboratory test to determine the cause of that damage. 
However, an alteration in the Cytochrome P-450 (CYP-450) reduces drugs clear-
ance [7]. Hepatotropic virus serology should be ruled out in first instance.

Table 78.1 Reasons for hyperbilirubinaemia

Bilirubin
Unconjugated Conjugated

↑ Production ↓ Uptake Conjugation Extrahepatic Intrahepatic

Hemolysis
Extravasation
Dyserythropoesis

Hepatic blood 
flow
–  Congestive 

heart failure
–  Portosystemic 

shunts

Acquired
–  Liver disease 

(advanced 
cirrhosis, 
chronic 
hepatitis, 
Morbus 
Wilson)

– 
Hyperthyroidism

Instrinsic obstruction
– Choledocholithiasis
–  Cholangiocarcinoma
Stricture
– Primary sclerosing 
cholangitis

Infection
– Viral hepatitis

Drugs
– Rifampin
– Probenecid

Congenital
–  Morubs 

Crigler-Najjar
– Morbus Gilbert

Extrinsic obstruction
–  Acquired 

Immunedeficiency 
Syndrome 
cholangiopathy

– Parasites

Enviromental
– Alcoholic 
hepatitis
–  Non alcoholic 

steatohepatitis
– Drugs
– Pregnancy

Ischemia
– Shock
Autoimmune
–  Primary 

biliary 
cirrhosis

–  Amyloidosis, 
sarcoidosis
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High levels of Bilirubin are associated with shorter survival in PDAC [8]. 
Recent investigations suggest that jaundice impairs anti-tumour immunity and pro-
motes metastasis. In fact, when hyperbilirubinaemia is detected, selecting the 
proper management is crucial to discriminate whether cholestasis is caused by the 
tumor or not.

78.2.2  Analytical Confirmation

Jaundice occurs when the Bilirubin level is >2  mg/dl. Complete haematological 
tests with liver enzymes (ALT, AST, GGT and ALP) lactate dehydrogenase (LDH) 
and coagulation should be performed. The results can define the type of damage 
(Table 78.2).

To assess the cause of hyperbilirubinaemia the main imaging techniques are 
endoscopic ultrasound (EUS), magnetic resonance imaging (MRI) and computed 
tomography (CT) scans [9]. They allow establishing whether there is extrahepatic 
dilatation of the biliary tract or liver infiltration. Radiological imaging and endo-
scopic treatment strategies are extensively discussed elsewhere in this book.

78.3  Management of Hyperbilirubinaemia

78.3.1  Extrahepatic Obstruction

Currently, the treatment of choice for managing obstructive jaundice consists of 
implanting a biliary stent at the site of obstruction to dilate and permeate the bili-
ary duct.

The type of procedure depends on the expertise of the centres, nevertheless mul-
tiple studies comparing surgical versus endoscopic treatment, clearly put endoscopy 
in front [10].

Endoscopic Retrograde Cholangio Pancreatography (ERCP) is the technique of 
choice. According to a Cochrane Review [11], endoscopic stenting is successful in 
90% of cases with 5% morbidity rate including pancreatitis, bleeding and perfora-
tion. If ERCP is not available, contraindicated or technically unsuccessful, a percu-
taneous drainage should be attempted. In some cases, when the obstruction is at the 
level of the hilum, percutaneous drainage should be the first option.

Table 78.2 Patterns of damage

Cholestasis Cytolytic damage

Elevation of GGT and ALP Elevated ALT and/orAST and LDH
Cause: Intrahepatic or obstructive 
cholestasis.

Cause: Hepatocellular infiltration

L. Ceniceros et al.
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A number of different endoscopically delivered stents are available for the pur-
pose of relieving malignant obstruction of the bile duct: Plastic stent, covered self- 
expandable metal stent (CSEMS) or uncovered self-expandable metal stents (SEMS).

There are no significant differences between the type of stents when successful 
drainage is achieved but it is very important to be aware of their characteristics in 
order to establish the correct indication. However, it is well established [12] that 
metal stents are safe and cost effective in patients in whom chemotherapy is indi-
cated with lower rates of re-intervention and stent dysfunction as well as survival 
improvement.

We suggest multidisciplinary team meetings to discuss each case based on indi-
vidual medical history, and prognosis in order to choose the best access and device.

If adequate drainage is not achieved, the situation is similar to intrahepatic cho-
lestasis and the treatment decision must be based on the same principles.

78.3.2  Intrahepatic Cholestasis/Tumor Infiltration

This complex situation excludes the patient from any interventional placement of a 
stent. The treatment decision should be individualised and discussed in a multidis-
ciplinary team. Different aspects should be taken into account: patient comorbidi-
ties; the Bilirubin level, (a level more than five times the upper normal 
limit—UNL—determines a worse outcome); life expectation and patient symp-
toms. According to the overall situation a decision has to be made to either initiate 
oncology treatment or best supportive care.

78.3.3  Treatment in Patients with Hyperbilirubinaemia

The dismal prognosis of metastatic pancreatic tumours was the reason to develop a 
new therapeutic armamentarium in the last years. Since 1997, Gemcitabine in 
monotherapy is the standard of care in the metastatic setting [13]. Different combi-
nations have been studied with disappointing results. A small benefit in 12-day 
median survival with gemcitabine and Erlotinib (Epidermal Growth Factor 
Receptor - tyrosine kinase inhibitor), gained a regulatory approval [14].

The results from the ACCORD11 study showed a benefit in terms of efficacy 
with the triplet regimen FOLFIRINOX despite an increase in toxicity. Median over-
all survival was 11.1 months in the experimental group versus 6.8 months in gem-
citabine group (hazard ratio for death, 0.57). Incidences of grade 3 or 4 neutropenia, 
febrile neutropenia, thrombocytopenia, diarrhoea and sensory neuropathy were sig-
nificantly higher in the FOLFIRINOX group [15]. The doublet with gemcitabine 
and Nab-paclitaxel showed a benefit in overall survival compared with gemcitabine 
in monotherapy, 8.7 months versus 6.7 months, respectively. The toxicity profile 
was more tolerable. Currently, FOLFIRINOX is recommended for the treatment of 
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metastatic PDAC in patients younger than 75 years-old having a good performance 
status (ECOG 0) [16].

Nowadays, there is no agreement on the use of chemotherapy in PDAC with 
hyperbilirubinaemia [17]. Patients with abnormal (more than 1.5 or 2 UNL) serum 
liver biochemical test are excluded in trials. This is the reason for the lack of avail-
able data in this population with the exception of single case reports. The experience 
with chemotherapy combinations is even lower. Hence, it is important to emphasize 
that any recommendation for treatment with chemotherapy (in monotherapy or 
combination) must be based on an individualized case-by-case risk/benefit analysis.

78.3.4  Gemcitabine

Gemcitabine is a broad-spectrum antimetabolite and deoxycytidine analogue with 
antineoplastic activity. The drug is inactivated in the liver and can increase trans-
aminases and Bilirubin level. It is mandatory to assess hepatic function prior to 
initiation of Gemcitabine and periodically during treatment. A phase II trial evalu-
ated 43 patients, 20 with hepatocellular carcinoma and 23 pts. with cholangiocel-
lular carcinoma. Eighteen patients with hepatocellular carcinoma had underlying 
liver cirrhosis. The most frequent side effects were thrombocytopenia in the latter 
group (30% grade 3/4) whereas nausea and neutropenia in cholangiocellular carci-
nomas cohort was most commonly reported [18]. A prospective analysis for dose 
escalated of Gemcitabine assigned 40 patients in three cohorts: group I. with 
AST ≤ ×2 UNL and Bilirubin <1.6 mg/dl; group II with Bilirubin 1.6–7.0 mg/dl and 
group III. with creatinine level 1.6–5.0 mg/dl and normal liver function. The conclu-
sion of that small study was that use Gemcitabine with elevations in AST level was 
safe making no dose reduction necessary. Nevertheless, patients with elevated bili-
rubin levels have an increased risk of hepatic toxicity, therefore a dose reduction 
was recommended [19].

On the other hand, a study from Japan concluded that the initial dose reduction 
of Gemcitabine as monotherapy for the treatment of biliary tract or pancreatic can-
cer in patients with liver dysfunction is unnecessary. Even in patients who have 
severe liver dysfunction (bilirubin level 3.0- to 10.0-fold higher than ULN with any 
AST/ALT levels) the dose 1000 mg/m2 is safe, provided that obstructive jaundice is 
well managed [20].

78.3.5  Nab-Paclitaxel

Nab-Paclitaxel is an albumin-bound Paclitaxel that eliminates the need for cremo-
phor EL (polyoxyethylated castor oil). This drug is metabolised in the liver and 
eliminated via biliary secretion (70%). Some studies investigated the pharmakoci-
netics and toxicity of Paclitaxel in patients with liver dysfunction and hyperbilirubi-
naemia. A prospective analysis in patients with severe hepatic dysfunction 
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(transaminase serum level higher than ×10 UNL and Bilirubin serum levels high 
than ×5 UNL) the administration of Paclitaxel 70 mg/m2 was well tolerated and 
safe [21].

Another pilot study assigned the dose of 130, 200 or 260 mg/m2 of nab-Paclitaxel 
every 3 weeks in 30 patients with elevated Bilirubin and ALT. Treatment-related 
grade 3 hyperbilirubinaemia and elevated ALT was observed in patients receiving 
130 and 260 mg/m2. There was an inverse correlation between drug clearance and 
level of Bilirubin. Nevertheless, nab-Paclitaxel has an adequate tolerability profile 
in patients with liver dysfunction [22]. A recent meta-analysis recommended a 
reduction of 20% of the dose of nab-Paclitaxel in patients with high level of Bilirubin 
(total Bilirubin >1.5 to <5 ULN). The reduction is necessary to avoid an increase in 
drug exposure in this population [23].

An ongoing study is analysing safety and pharmaco-kinetics profile of nab- 
Paclitaxel and Gemcitabine in patients with PDAC and cholestastic hyperbilirubi-
naemia. A comparison of different doses of nab-Paclitaxel (100  mg/m2 versus 
75 mg/m2) and Gemcitabine (800 mg/m2 versus 600 mg/m2) is being tested. Final 
results are awaited at time of writing [24].

78.3.6  5-Fluorouracil (5-FU)

5-FU is an antimetabolite, which interferes with the synthesis of DNA and RNA. A 
phase I study evaluated 64 patients (16 in a cohort with Bilirubin >1.5 but <5 mg/dl 
with normal creatinine and 27 pts. in the cohort with Bilirubin ≥5 mg/dl with nor-
mal creatinine. 11 patients in total were diagnosed with pancreatic cancer. They 
found no evidence that patients with high creatinine or bilirubin levels suffered 
higher toxicity with 5-FU [25]. There is not much clinical evidence for this scenario 
in PDAC.

Another recent study observed that the treatment with the combination of 
Oxaliplatin, 5-FU ± a monoclonal antibody was feasible and may derive clinical 
benefits in patients with liver dysfunction caused by gastrointestinal cancer metas-
tasis [26].

78.3.7  Oxaliplatin

Oxaliplatin is a platinum compound. This compound exerts its cytotoxic effect via 
covalent adducts with cellular DNA. It is not cell-cycle specific, has a renal elimina-
tion and a non-enzymatic liver metabolism [27]. A randomised trial has shown a 
significant benefit in overall survival in 2.6  months with 5-FU, folinic acid and 
Oxaliplatin compared with 5-FU in monotherapy as second line treatment (Hazard 
ratio of death 0.66) [28]. These results have not been confirmed in recent data. A 
meta-analysis compared monotherapy based on 5-FU with the combination of 5-FU 
plus Oxaliplatin in progressive patients after treatment with Gemcitabine and 
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Nab–Paclitaxel chemotherapy. Although the result showed a modest benefit in 
progression- free survival, this benefit did not translate into survival advantage [29]. 
Similar results have been published with a modest efficacy in second line with 5-FU 
and Oxaliplatin compared with 5-FU monotherapy [30]. In this context, the combi-
nation with Oxaliplatin is not the best option based on the guidelines, but it can be 
regarded a safe option in patients with hyperbilirubinaemia who cannot receive 
another treatment [26, 31].

78.3.8  Nanoliposomal Irinotecan (Nal-IRI)

Irinotecan is a semi-synthetic derivative of CPT, a Topoisomerase-I inhibitor. It is 
metabolised in the liver by carboxylesterases to SN-38. SN-38 is excreted in the bile 
and undergoes extensive enterohepatic re-circulation which is the cause of the main 
side effects [27]. The detoxification pathway of SN-38 is driven by the hepatic uri-
dine diphosphate glucuronosyltransferase (UGT) [32]. In patients with hepatic dys-
function a significant pharmacokinetic variability occurs [33]. A study in patients 
with colorectal cancer observed that the Bilirubin plasma levels were much higher 
in patients with UGT homozygosity causing more risk of neutropenia [34]. A phase 
I study showed that treatment of patients with high level of Bilirubin (×3 UNL) 
should only be done with a dose reduction [35].

Recently, the NAPOLI-1 trial demonstrated a significant survival benefit of nal- 
IRI + 5-FU/LV compared with 5-FU alone in second line [36].

Nanoliposomal Irinotecan (nal-IRI) is a novel formulation of Irinotecan. It has a 
favourable pharmacokinetic profile and biodistribution due to encapsulating the 
drug molecule within long-circulating liposome-based nanoparticles [37].

To sum up, in patients with hyperbilirubinaemia and in Gilbert’s syndrome the 
dose of Irinotecan should be reduced [27]. There is no clinical data that included 
patients with hyperbilirubinaemia and nal-IRI. Irinotecan and nal-IRI should there-
fore be administrated carefully in this population.

In an attempt to guide therapeutic recommendations for chemotherapy treatment 
in PDAC patients with jaundice, a Spanish multidisciplinary working group [17] 
published recommendations based on the level of Bilirubin in patients with biliary 
stents (Table 78.3).

In patients with jaundice due to liver parenchymal damage or with an inefficient 
stent, all drugs must be used with caution and combinations with Irinotecan are not 
recommended if Bilirubin levels are above 2 UNL.

78.4  Conclusion

Despite the efforts for new therapeutic strategies, the clinical outcome of patients 
with pancreatic cancer is unsatisfactory. The detection of hyperbilirubinaemia 
requires a meticulous differential diagnosis. Actually, PDAC can debut with high 
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level of Bilirubin or can be detected during the disease evolution. When appearing, 
it is important to differentiate the cause and try to determine the best therapeutic 
option. Obstructive hyperbilirubinaemia has a better prognosis if drainage by ERCP 
and placement with a stent is possible. However, there is no consensus about che-
motherapy recommendations. The selection of the patient is crucial to determine the 
best therapeutic option. The lack of phase III trials in this population is the reason 
for an individualized therapeutic management. The previous recommendations are 
based on monotherapy drugs. Furthermore, the NCCN and ESMO guidelines in 
pancreatic cancer recommended a combination therapy due to the aggressiveness of 
this disease. The clinical data justifies the administration of two or three drug of 
chemotherapy in order to obtain the best response rate. Patients with pancreatic 
cancer and hyperbilirubinaemia should be evaluated carefully. Each drug may be 
monitored individually according to Bilirubin level and its evolution, whether using 
bile drainage or not.

Therefore, guidelines of chemotherapy to treat this population need to be 
developed.
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Take Home Messages
• Plan timing and sequence so that the least amount of sessions ensures the 

maximal benefit
• Evaluate benefits, risks, alternatives and rescue techniques before starting
• Do not use uncovered metal stents before definitive diagnosis
• Avoid follow up interventions due to the use of plastic stents in palliative cases

Pearls and Pitfalls
• Plan for definitive solutions—avoid implanting plastic stents in palliative 

cases to spare the patient possible complications and follow up procedures
• In hilar strictures, aim at draining minimum 50% of liver volume to achieve 

a significant drop in serum bilirubin
• Adapt to patient’s needs—there are different goals in palliative cancer treatment

Future Perspectives
• Ideal timing and manner of secondary interventions over EUS-guided fistula
• Optimization of long term patency of EUS-BD fistulas with and without 

indwelling stent
• EUS guided therapeutic oncologic interventions, especially in combination 

with ERCP
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79.1  Introduction

Endoscopic palliation in pancreatic cancer patients is an evolving topic due to the 
rising incidence and longer survival rates of patients diagnosed in a metastasized 
stadium [1]. In the early days of endoscopic interventions in pancreatic cancer the 
so called “double duct sign” was a diagnostic finding highly suggestive for a neo-
plastic process in the pancreatic head in endoscopic retrograde cholangiopancrea-
tography (ERCP), that we see less frequent today. An X-ray picture of a double duct 
sign is displayed in Fig.  79.1. This has to do with devolvement of less invasive 
imaging procedures that can give diagnostic information on soft tissue and ductal 
anatomy, so that the diagnostic value of ERCP imaging has been decreasing quickly, 
while interventional possibilities and procedures are evolving quickly [2]. The 
expansive growth of malignant tumors of the pancreas causes typical and less typi-
cal problems that often can be addressed via endoscopic procedures (Fig. 79.2).

79.2  Biliary Obstruction

Patients with biliary obstruction due to malignant disease, in contrast to benign 
causes, often present with rather asymptomatic weight loss, moderate pain and/or 
yellow color of skin or eyes that, due to the slow development often is noted by rela-
tives or friends rather than the patient self. Due to this character, malignant jaundice 
is usually noted in later states with extensive widening of the biliary ducts and very 
high liver tests. The jaundice usually arises due to compression or infiltration of the 
biliary system by the tumor or metastases that cause obstruction of biliary flow. This 
can be divided in extrahepatic and intrahepatic or combined biliary obstruction. In 
the palliative setting, biliary drainage is indicated to relief symptoms such as itching 

Fig. 79.1 X-ray picture from an ERCP showing a typical double duct sign
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or dyspepsia, but also to prevent liver failure and secondary problems such as altered 
blood coagulation and accelerated weight loss due to impaired enterohepatic circu-
lation. Furthermore, biliary drainage is often performed to allow palliative cyto-
static therapy in patients with high serum bilirubin levels.

79.3  ERCP (Endoscopic Retrograde 
Cholangio-Pancreatography)

Palliative endoscopic biliary drainage via ERCP is the first line approach and should 
be preferred over percutaneous or surgical decompression procedures because of 
clear evidence in favor of ERCP [3]. Still, also ERCP has a considerable risk profile 
and can lead to severe complications and even death especially in elderly, frail, 
comorbid patients with malignancy [4, 5].

a b

c d

e f

Fig. 79.2 Illustration of endoscopic palliation in pancreatic cancer. (a) Classic biliary SEMS. (b) 
EUS-BD via hepatogastrostomy. (c) Intraductal radiofrequency ablation. (d) EUS guided celiac 
plexus intervention. (e) Duodenal stent. (f) EUS guided gastro-enterostomy with indwelling LAMS

79 Palliative Endoscopic Therapy in Pancreatic Cancer



1230

Extrahepatic biliary obstruction is usually caused by obstruction of the distal por-
tion of the common hepatic duct that runs through the pancreatic head. Mostly, this 
situation can be addressed with a single stent that covers this area, while in the case 
of hilar or intrahepatic obstruction, the situation becomes more complex and difficult 
to resolve. Modern guidelines recommend the implantation of self expanding metal 
stents (SEMS) for all palliative cases [3, 6] to assure permanent intervention free 
drainage, while earlier guidelines referred to estimating the patient’s life expectancy 
to decide if the use of a SEMS would be cost effective compared against plastic 
stents [7, 8]. Both a plastic stent and a fully covered SEMS are displayed in Fig. 79.3.

Life expectancy has become more difficult to estimate under modern cytostatic 
treatment regimens, to which a subgroup of patients responds relatively well [9]. 
Additionally, time to stent occlusion of plastic stents in the biliary tract is usually 
estimated to be between 3 to 6 months [10]. Furthermore, there are hints that plastic 
stents occlude even earlier in pancreatic cancer, for which reason they should be 
avoided [11].

Due to their woven expanding metal construction, SEMS are small enough to be 
implanted in most strictures, even if they are tight and in a difficult position. By 
applying long term moderate expansion force to the stricture and opening to a much 
larger inner diameter, they allow patency drainage with relatively rare complica-
tions. SEMS can be covered and uncovered and both show similar long term patency 
rates that exceed the life expectancy of the majority of palliative patients with pan-
creatic cancer [12, 13]. However, nowadays, some patients live long enough to 
experience stent dysfunctions due to the increasing survival times.

In uncovered SEMS, dysfunction relates mainly to stent occlusion by tumor 
ingrowth, while in covered SEMS, higher rates of tumor overgrowth and stent 
migrations are reported [12–15]. Partially covered SEMS design has the aim to 
unite advantages of both covered and uncovered SEMS, but general statements on 
this heterogeneous group of stents are difficult. Uncovered SEMS have the advan-
tages of virtually never dislocating and not obstructing branching ducts, which are 
important in patients with hilar obstruction or anatomical variations.

The risk for cholecystitis caused by covered SEMS due to occlusion of the cystic 
duct orifice has been discussed extensively, but it seems of little or no relevance [16, 
17]. It cannot be emphasized enough, that uncovered SEMS are usually not remov-
able and should therefore not be implanted in patients with unclear dignity of 
disease.

Histologically confirmed malignancy in the state of palliation should be con-
firmed before implanting non removable stent models, since numbers as high as 
5–10% of cases of misjudged benign disease have been describe in the follow up 
[18]. Virtually every larger center has a story to tell about implantation of uncovered 
SEMS in misinterpreted rare or unexpected curable diseases that often include 
chronic pancreatitis, autoimmune pancreatitis and/or cholangitis and lymphoma. In 
these situations, the most common endoscopic approach is to implant a covered 
SEMS in the uncovered one for later removal of both stents [19], but this rescue 
method does not always succeed. Alternatives include rare rescue procedures 
involving forceps, snares, balloons, Soehendra lithotrypters and thermoablation 
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Fig. 79.3 Photograph of a 
biliary plastic stent (above) 
and fully covered biliary 
SEMS (below). (Material 
provided courtesy of 
Boston Scientific. 
Copyright 2019 © Boston 
Scientific Corporation or its 
affiliates. All rights 
reserved)
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techniques that should be performed in expert hands after careful evaluation and 
consideration of possible complications [20].

When evaluating cases with malignant hilar or intrahepatic stenoses for drainage 
ERCP, at least 50% of the liver volume should seem reasonably accomplishable. 
Further, only ducts that will be drained during the intervention should be opacified 
to avoid complications [21, 22]. This can easily develop into a ‘Catch-22’ situation, 
since contrast injection is unselective, before a certain area has been accessed and a 
duct cannot be seen in normal ERCP before opacification. Still, good knowledge of 
available pre-interventional radiology and very careful contrast injection can help 
avoiding complications in these often complex procedures.

When a SEMS passes over side branches, it is crucial to not occlude them to 
avoid complications such as incomplete or insufficient drainage, cholangitis and 
abscess formation [3] For this reason, covered SEMS can almost never be used in 
these cases and plastic stents should be avoided if possible because of their shorter 
patency. Thus, uncovered SEMS are the metal stent of choice in the setting of hilar 
obstructions or atypical anatomical variations. To achieve bilateral drainage, stents 
can be placed in side-by-side or SEMS through SEMS techniques. Advancements 
in design lately even allow have two SEMS in the endoscope at the same time, 
allowing easy and precise deployment in side-by-side technique.

79.3.1  Risks and Benefits

In clinical practice, interventionalists might sometimes feel obliged to go for a trial 
for sufficient drainage for the patient to receive chemotherapy, even if the chances 
for clinical success are not very high. Clinical success in these cases would mean 
that the bilirubin levels lower sufficiently for the patient to receive palliative chemo-
therapy. Chances for clinical success are most difficult in cases with hilar strictures, 
in which more than one ductal structure is obstructed and complete drainage of all 
opacified segments might not be achieved and patients are at higher risk for compli-
cation and more often need additional or rescue percutaneous drainage [23, 24]. 
Additional confounding factors when estimating the chances for success might be 
the degree of parenchymal infiltration by the tumor, ongoing or recent infections as 
well as preexisting liver damage, but study data on how to transduce such factors 
into reliable conclusions are lacking. In cases with no preexisting liver disease, 
drainage of 50% of the liver volume was necessary to achieve a significant drop in 
bilirubin [21, 22]. Most patients opt for a drainage try even after hearing about pos-
sible risks or concerns, because it is the only chance for receiving a life prolonging 
therapy in an otherwise hopeless situation. With only weeks of lifetime at stake 
without therapy, the risk of severe or even fatal complications seems less repelling. 
As an endoscopist in this situation, it is important to be aware of the risks and 
clearly communicate possible complications and limitations.

A. Waldthaler et al.
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On the other hand, going for a risky try is not always wrong if all persons involved 
have been informed and support the concept. In cases that do not seem resolvable 
endoscopically, percutaneous drainage techniques may be applied as an alternative 
first line approach, either alone, in combination with ERCP or as a rescue method to 
avoid cholangitis in case opacified ducts cannot be drained [3].

79.3.2  Type of Stents Used in ERCP Drainage

The use of plastic stents might be tempting because of easy and quick implantation, 
corrigible stent position, but presumably also because of high costs of SEMS put 
pressure on the budget of endoscopy units. Stent costs vary according to manufac-
turer, distributor and country of sale, but in general SEMS cost approximately 
15–40 times as much as plastic stents [25]. Therefore, even in highly developed 
countries like Germany or the Netherlands, an ERCP with single SEMS implanta-
tion has almost double the cost of an ERCP using a single plastic stent [26, 27]. 
When implanting several SEMS during ERCP, the procedure can even develop into 
a financial loss, in contrast to ERCP with plastic stents and a follow up ERCP after 
3 month [11]. Stent costs obviously do affect the direct procedural cost of an ERCP 
[26, 27], but are not a relevant factor in the total costs of palliative patient care [8]. 
An overview of stent characteristics and rough price estimates are given in 
Table 79.1.

The use of plastic stents, in case of stent occlusion, can result in a wide range of 
undesired effects besides an additional ERCP, such as additional diagnostic imag-
ing, radiation, antibiotic treatment and longer hospital stay with all adjacent costs 
and patients stress [8]. Especially under aggressive chemotherapy, stent occlusion 
and cholangitis may initially be masked because of poor immune response, but can 
in the further course lead to severe cholangitis, delayed or discontinued chemo-
therapy and even death [28].

In case of occlusion of plastic stents, the occluded stent is usually extracted and 
a new stent is implanted and the same applies for extractable SEMS.  In case an 

Table 79.1 Properties of different stent types used in endoscopic palliation of pancreatic cancer

Stent type Diameter (Charrière) Approximate costs (euro)a Indwelling time

Plastic stent 7–11.5 50–100 3 months
Covered biliary SEMS 18–30b 700–1000 6–12 monthsc

Uncovered biliary SEMS 700–1000 Unlimited
LAMS 18–60b 1000–3500 <8 weeksc

Duodenal SEMS 60–90b 700–1300 Unlimited
aDepend on manufacturer, retailer, country and number of purchase
bFully expanded
cManufacturer recommendation for save removal
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unextractable SEMS occludes, ESGE mentions both plastic and metal stents for 
stent-in-stent placement in the indwelling SEMS [3]. This treatment can be com-
bined with intraductal radiofrequency ablation to reestablish a wider stent lumen, 
but usually is still combined with a stent-in-stent placement at the end of the RFA 
procedure to avoid secondary complications such as bleeding or duct occlusion by 
tumor debris [29].

79.3.3  EUS Guided Biliary Drainage (EUS-BD)

In cases in which the papilla Vateri cannot be reached or cannulated, endosono-
graphic procedures have evolved as an alternative endoscopic approach to the trans-
papillary ductal access. When EUS-BD is used as a salvage strategy after 
transpapillary approach has failed, higher complication rates compared to ERCP 
have been found in a meta-analysis [30]. With increasing experience of both single 
endoscopists and centers in EUS-BD, as well as technical evolutions in stent design, 
complication rates have been shown to decrease [31, 32]. When ERCP and EUS-BD 
performed by expert hands are compared in a randomized prospective way, widely 
equivalent results in malignant biliary obstruction have been found [33]. Possible 
advantages of EUS-BD over ERCP are the much smaller risk of causing pancreatic 
irritations and thereby pancreatitis. No clear advantage of one access route over the 
other has been identified and the choice in mainly influenced by the patient’s anat-
omy and local expertise and preference [34, 35].

While first EUS-BD procedures have been performed using biliary SEMS or 
even plastic stents, more recently the use of lumen opposing metal stents (LAMS) 
for extrahepatic drainage procedures has been adopted from the original indication 
of management of fluid collections. LAMS are a special form of SEMS that are 
characterized by a short cylindrical stent body and large collars, as seen in Fig. 79.4, 
for opposing the lumen of two cavities and sealing the newly created anastomosis 

Fig. 79.4 Photograph of 
an expanded LAMS on 
electrocautery delivery 
system. (Material provided 
courtesy of Boston 
Scientific. Copyright 2019 
© Boston Scientific 
Corporation or its 
affiliates. All rights 
reserved)
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tight which helps to prevent bleeding, stent obstruction and dislocation [36, 37]. 
Second generation LAMS offer the possibility of single step electrocautery stent 
insertion without time consuming and possibly dangerous device exchanges over 
wire [30, 36, 38]. For intrahepatic EUS-BD via hepatogastrostomy, a covered 
expandable stent portion is desired for bridging and sealing the peritoneal gap. As 
in hilar stenting, the intrahepatic portion should not occlude branch ducts. Finally, 
the stent should not dislocate from both the intrahepatic and intragastric position. 
Therefore, mostly specially designed SEMS with an uncovered intrahepatic portion, 
a covered extrahepatic part and a flared end in the stomach are used to prevent leak-
ages and dislodgements [39, 40].

In EUS-BD, once the stent is placed, a stable fistula forms over time [30]. First 
studies show that a late stent dislocation from such a fistula does not necessarily 
lead to complications [41]. Bypassing the tumor obstruction with a fistula may be a 
concept that takes away the need for permanently indwelling foreign bodies with 
maximal patency. However, further evaluation is needed in the future to validate this 
concept and establish time intervals for save stent removal.

79.4  Pancreatic Drainage

Limited evidence exists on the positive effects of ductal decompression on pain and 
quality of life in pancreatic cancer patients [42–45]. Although the pathophysiologi-
cal concept is convincing and the equipment to perform this procedure is easily 
available, pain in pancreatic cancer is usually multifactorial and is rather driven by 
events such as infiltration of the peripancreatic neuronal structures than by high 
parenchymal pressure due to ductal obstruction [46, 47]. Indication for pancreatic 
ductal access in pancreatic cancer is limited to indefinite diagnosis and rare cases of 
recurrent pancreatitis due to obstruction of the pancreatic duct [48]. EUS guided 
ductal access, analog to EUS-BD, has been described for pancreatic duct drainage 
[48, 49].

79.5  Gastroduodenal Obstruction

79.5.1  EUS Guided Enteral Anastomoses

Advanced pancreatic cancer is the most common cause of gastric outlet or duodenal 
obstruction in the western world [50]. Placement of a duodenal SEMS is an estab-
lished alternative to surgical gastro-enterostomy. Retrospective studies show equal 
effectiveness with shorter hospitalization and earlier oral food intake and chemo-
therapy start for the endoscopic approach [35, 51, 52]. Possible downsides of duo-
denal stenting are stent migrations, dietary limitations, tumor ingrowth, bleedings 

79 Palliative Endoscopic Therapy in Pancreatic Cancer



1236

or perforations. If a duodenal stent is placed over the ampullary region, transpapil-
lary and transduodenal interventions might be impeded and secondary problems, 
such as obstruction of indwelling biliary stents by compression or food impaction 
can occur [53, 54]. Usually uncovered SEMS are used because of the high risk of 
dislocation. A developing endoscopic alternative to duodenal stenting is EUS guided 
gastro-enterostomy that is addressed below.

79.6  EUS-Guided Palliative Interventions 
in Pancreatic Cancer

79.6.1  EUS Guided Enteral Anastomoses

There are several technical variations to establish EUS guided gastro-enterostomy 
that range from direct punction of the purely endosonographically identified target 
bowel segment, over balloon assisted punction with either single balloon or spe-
cially developed double balloon catheters to ultra slim scope assisted technique [55, 
56] In all cases, large diameter LAMS are used [56]. Recent multicenter studies on 
this topic revealed lower complication rates when compared to surgical gastro- 
enterostomy with similar clinical success rates [57, 58], making EUS gastro- 
enterostomy a promising alternative to both gastroduodenal stenting and surgical 
gastro-enterostomy. Similarly, anastomoses between luminal structures other than 
the duodenum in close relation are possible, that are useful especially in patients 
with altered anatomy, to perform different interventions in the otherwise hard to 
reach excluded stomach and duodenum [59, 60]. These cases might seem exotic, but 
with the steady rise of obesity and bariatric interventions, will gain importance in 
the future as an alternative to laparoscopically assisted ERCP in patients with gas-
tric bypass surgery [61, 62]. Before secondary interventions, such as ERCP, are 
performed over these fistulas, a stable channel should have formed to minimize the 
risk of complications. Expert opinion on the minimal interval for a stable fistula to 
form is 2–4 weeks, study data on this topic are missing. If an urgent intervention 
over a newly established fistula is necessary, endoscopic clipping and stitching 
methods to fix the LAMS in place have been described to reduce the risk of stent 
dislodgement [63], but nevertheless expertise and equipment for endoscopic com-
plication handling in case of stent dislodgement are crucial.

79.6.2  EUS Guided Celiac Plexus Intervention for Pain

Celiac plexus interventions have been performed for a long time. EUS-guided celiac 
plexus neurolysis is safer than the previously used techniques and may give relieve 
to 70–80% of patients suffering from pain caused by pancreatic cancer [64]. The 
procedure carries a risk of mostly mild acute adverse events in about 40% of the 
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patients, such as transient worsening of pain, diarrhea and hypotension [65]. In rare 
cases, severe adverse events such as bleeding ischemic and infectious complications 
can occur [64]. The use of local anesthetics is only effective for a limited period of 
time. Thus, neurodestructive agents like alcohols or phenols are the preferred 
approach in pancreatic cancer patients, with ethanol being the preferred agent [64]. 
Bilateral injections are probably more effective than unilateral approaches [64]. The 
relatively new technique of EUS guided radiofrequency ablation of the celiac axis 
shows promising results, but further experience has to be gained [66].

79.6.3  EUS Guided Placement of Therapeutic Agents

This is a field that is developing in many directions. The injection of chemothera-
peutics, tumorlytic agents as well as EUS guided radiofrequency tumor ablation and 
delivery of radioactive seeds for brachytherapy as well as photodynamic therapy 
have been reported [67]. As for today, none of these methods been widely estab-
lished in clinical practice outside of clinical trials and further research is needed.

79.7  Timing of Intervention

With newly emerging possibilities, an increasing number of endoscopic interven-
tions beyond the classic biliary drainage can be performed that should be combined 
in an optimal manner. It is important for the endoscopist to know the individual situ-
ation of the patient to offer the most efficient minimal invasive relief in an optimal 
sequence and with the fewest number of sessions possible. Guiding principles are 
stated in Table 79.2.

Table 79.2 Timing of endoscopic interventions

– EUS before ERCP EUS procedures are usually performed before ductal drainage to 
avoid problems of visibility or dislocation from previously implanted 
stents. Information from EUS might also contribute to the choice of 
stent for ductal decompression

– ERCP before duodenal 
stenting
– Consider EUS-BD 
after duodenal stenting 
of if papilla not 
accessible

Definitive biliary drainage via ERCP should be ensured before 
duodenal stenting if the papilla is accessible. Transpapillary 
interventions are more complex and risky to perform with a duodenal 
SEMS placed and in these cases EUS-BD provides an effective 
alternative [53, 54]

– EUS celiac plexus 
block in same session 
with drainage procedure

Evaluate pain status before endoscopic interventions and possibly 
combine the drainage procedure with analgesic procedure

– Wait before 
manipulating on a EUS 
guided fistula

If possible, wait for 2–4 weeks before manipulation or consider stent 
fixation
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79.8  Conclusion

Patients under palliation of pancreatic cancer today have the chance to live longer 
than ever possibly causing them to see secondary complications and creating a need 
for longer term palliation strategies. Endoscopic palliation in pancreatic cancer 
patients has developed from pure biliary drainage via ERCP with a plastic stent into 
a field of different interventions to choose from, especially due to the recent devel-
opment of EUS guided interventions. Over time we hope to see more established 
concepts being challenged by less invasive endoscopic alternatives, such as in the 
case of PTCD or surgical gastro-enterostomy. With increasing options, the right 
choice, and sequence of the interventions gains importance in individually tailored 
concepts and rescue strategies.
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Take Home Messages
• Biopsies should be secured for histopathological verification of the cancer 

in the case of metastatic or irresectable disease found at laparotomy.
• Self-expandable metallic stent is first-line treatment for biliary obstruction, 

a surgical bypass may be considered only in highly selected patients.
• A gastrojejunostomy (open or laparoscopically) is a viable option for gas-

troduodenal outlet obstruction in the palliative setting.
• A “wait-and-see” strategy with biliary- and/or enteric stent on demand 

should be the ruling attitude for patients that may be considered for reeval-
uation and eventually a second future surgical attempt.

Pearls and Pitfalls
• Patients with an estimated short lifespan (<4 months) are poor candidates 

for surgical palliation and less invasive alternatives should be preferred.
• Most palliative interventions for biliary obstruction, gastroduodenal 

obstruction or intractable pain can be managed by non-operative means as 
first choice.

• Complications from surgical palliation may delay or even prevent patients 
from going to palliative chemotherapy.
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80.1  Introduction

Although the annual incidence of pancreatic cancer is relatively low, the cancer 
related mortality is high. At diagnosis, more than 80% of the patients are beyond the 
stage of the possibility of treatment with curative intent. With novel and more effec-
tive chemotherapy regimens (e.g. FOLFIRINOX), a proportion of patients with 
locally advanced disease are currently considered for neoadjuvant induction or con-
version therapy [1]. However, in consideration of an intended R2 resection or deb-
ulking procedure as part of palliative care, the available data suggests it is to be 
avoided, due to the associated morbidity and mortality [2–4].

Patients with pancreatic- and periampullary cancer are scheduled for surgery with 
curative intent after a multidisciplinary evaluation based on imaging, performance- 
status, comorbidity, and with patient’s informed consent. The clinical preoperative 
assessment includes symptom evaluation regarding jaundice due to biliary obstruc-
tion, malnutrition due to gastric or duodenal outlet obstruction and pain. At time of 
surgery, approximately 10% of the patients present with metastatic spread (liver or 
peritoneum) or locally advanced, irresectable disease [5]. At this point, the surgeon 
needs to take into account the abovementioned symptoms as well as relating the cur-
rent findings coupled to the future life-expectancy for the patient on the table, first and 
foremost in aspect of quality of life. The surgeon may select from surgical palliative 
by-pass procedure or, chose a minimally invasive endoscopic approach. A third option 
would be to close the abdomen without any further intervention (“wait and see”).

Notably, several options have been developed in endoscopic and ultrasound- guided 
techniques over the recent years, which offers minimal-invasive and effective treat-
ments to most patients [6–9]. Thus, endoscopic options remain the first choice in most 
patients. Endoscopic and minimal-invasive alternatives are discussed in other chapters 
of the book. Hence, this chapter will focus on surgical options and, where available, 
comparative data between the surgical and alternative options on patient outcomes.

80.2  Decision Making

The unexpected discovery of metastatic spread or locally advanced pancreatic- or 
periampulary cancer at surgery with curative intent puts the surgeon into a chal-
lenging situation in deciding what to do next. Alternative plans should be 

Future Perspectives
• Most studies done in the palliative setting are out dated and better data 

including patient-preferences and quality of life are needed.
• With the increasing population of elderly, frail and inoperable patients with 

pancreatic cancer, specific studies to look at palliative strategies are needed.
• Increasing use of neoadjuvant therapy in locally advanced (and oligometa-

static) disease may warrant investigation into optimal strategies for obstruc-
tive relief, considering potential for conversion to resection after treatment.
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discussed with the patient in the preoperative setting of consent. Although the 
preoperative assessment and the perioperative findings are considered and the sur-
geon can find a certain level of evidence-based recommendations in the available 
literature, eventually an individualised palliative strategy is needed for each 
patient. For patients diagnosed with unexpected metastatic/locally advanced dis-
ease in theatre, one should take into account that these patients are selected from 
the start, that is, regarded as physically fit to undergo a planned resection. From 
that perspective, these patients may be in a relatively good performance status and 
with limited comorbidity. Therefore, the subsequent plans for palliative oncologi-
cal treatment must be kept in mind and biopsies for histopathological verification 
of the cancer must be secured.

80.3  The Unaffected Patient

Patients with cancer in the tail of the pancreas often present with sparse or no 
cancer- related symptoms. Metastatic spread at surgery may often be left without 
any further intervention. Bulky tumours, with their proximity to the stomach, may 
eventually affect the patient’s nutritional status by development of nausea or 
mechanical compression, but there is no support for prophylactic palliative surgical 
resection in these patients. The remaining life-expectancy is short for patients with 
metastatic spread of caudal pancreatic cancer [10, 11].

In the case of metastatic spread detected at surgery for cancer in the body of the 
pancreas, the proximity to the nerve plexus at the coeliac trunk may indicate the 
need for prophylactic neurolytic celiac plexus block in an attempt to avoid future 
pain [12].

Patients with the tumour located in the head of the pancreas (or periampullary) 
may either be unaffected due to prior stenting of the biliary tract or, suffer from a 
tumour not affecting the biliary tract or enteric lumen. When metastatic spread or 
irresectable disease is discovered at surgery, the surgeon needs to evaluate the future 
risk of obstructive symptoms.

Two randomized controlled trials performed two decades ago, found that pro-
phylactic single or double bypass was superior to endoscopic stenting regarding 
long-term patency for biliary and gastric outlet obstruction in the palliative set-
ting [13, 14]. The short-term benefits of stenting were early oral intake and 
shorter hospital stay compared to bypass surgery. However, in the long run, the 
surgical bypass group had fewer readmissions due to obstruction. There were no 
differences in survival between the groups. These are the only two trials referred 
to in a later Cochrane systematic review performed 2013 [15]. The SUSTENT 
study published in 2010 compared bypass surgery and stent for malignant gastric 
outlet obstruction, finding long-term benefit for the surgery group regarding rein-
terventions [16].

Taken together, these research groups recommend bypass surgery for patients 
with a long life-expectancy (at least >4–6 months) and, leaving palliative stenting 
for patients with an expected lifespan of less than 2 months. In a subsequent meta- 
analysis of both randomized and non-randomized trials, the survival outcomes 
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where similar for stent and surgical bypass. However, the short-term outcomes 
favoured stents, with shorter time to oral intake, fewer complications and shorter 
hospital stay [17]. Of note, none of the data report on overall medical effects, costs 
and patients reported quality of life.

In the last decade, patient selection for surgery with curative intent is based on 
improved preoperative assessment by more accurate and improved imaging. The 
oncological treatment options have developed with improved impact on survival, 
even in the palliative setting [18, 19]. Hence, the selected group of patients found to 
have metastatic spread or irresectable disease at time of surgery are currently more 
likely to present with a fairly good performance-status with a suspected survival of 
more than 4 months.

Based on the recommendations in the abovementioned Cochrane review, almost 
all of these patients would benefit from a by-pass procedure. However, more recent 
trials including quality of life and health economics speak in favour of the less inva-
sive stent strategy [5, 20]. The fast return to oral intake and early home-admission is 
weighted higher than the risk of readmission to hospital [21]. The previous practice 
of prophylactic biliodigestive shunt in the palliative setting has now been replaced 
by the “wait and see” strategy with endoscopic stent “on demand” [5, 22, 23].

If the patient preoperatively has no jaundice (no obstruction or stented) and with-
out signs of ongoing enteric obstruction, the surgeon should close the abdomen 
without further intervention when metastatic spread or irresectable disease is found 
at exploration. Patients that prior to surgery were treated with a biliary plastic stent 
might benefit from changing the stent to a semi-covered metallic stent for superior 
patency and cost effectiveness [24].

80.3.1  Biliary Tract Obstruction

If no severe symptoms due to longstanding jaundice, the unaffected patients may 
proceed to surgery with curative intent without prior biliary drainage [25, 26]. On 
the other hand, the symptomatic jaundiced patients most often are provided with a 
biliary plastic or metal stent during preoperative assessment in order to improve 
nutritional- and performance-status (WHO/ECOG) prior to surgery [27]. In jaun-
diced patients with borderline or locally advanced disease referred for neoadjuvant 
chemotherapy, the biliary stenting is mandatory prior to commencement of chemo-
therapy in order to decrease serum-bilirubin levels.

If unexpected metastatic spread or irresectable disease is found at surgery the 
surgeon needs to consider which intervention that is best suited for the patient. As 
mentioned earlier, the well-drained (with metal stent) patient may be left without 
further intervention. On the other hand, the undrained patient would need a biliary 
diversion. The laparotomy is already performed, and in this situation it is a well- 
established practice to then proceed with the choledoco- or hepatico-jejunostomy 
with favourable long-term patency [15]. However, in several centres a hybrid inter-
vention with perioperative endoscopic biliary stenting is performed, either during 
laparotomy or immediately after wound closure. Speaking in favour of this strategy 
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is the less invasive impact and lower risk of complications from the surgery, earlier 
start of oral intake and shorter hospital stay, better quality of life, and possibly even 
shorter time to pass before start of palliative oncological treatment [28].

80.3.2  Surgical Biliary Diversion

The surgical biliary diversion is preferably constructed as a choledocho- or hepatico- 
jejunostomy. If metastatic spread of the disease is detected at laparotomy, a strategy 
of less-is-more may be at hand. Leaving the gallbladder in place, a limited dissec-
tion to identify the anterior part of the choledochal duct is performed. After a longi-
tudinal incision in the duct, a side-to-side choledocho-jejunostomy is constructed, 
the proximal jejunum mobilised antecolically. On the other hand, if the dissection 
during laparotomy has proceeded through cholecystectomy, and the exploration of 
the hepato-duodenal ligament is performed before cessation due to irresectable dis-
ease, an end-to-side hepatico-jejunostomy is constructed (Fig. 80.1). Because of the 
proximity to the primary tumor, and the risk of future tumor overgrowth of the 
cystic duct, a cholecysto-enterostomy should be considered only in highly selected 
patients with short life-expectancy. Due to the future risk of duodenal outlet obstruc-
tion, a choledocho-duodenostomy is not preferred as a first-line solution for pallia-
tive biliary diversion.

In the end, there is no high-level evidence on which biliary diversion to perform. 
The individual surgical judgement in each case is to be performed, based on patient- 
related aspects on life-expectancy and quality of remaining life [29]. Although 
based on old trials, the highest level of evidence recommendations are surgical bili-
ary diversion in patients with good performance status and long life expectancy [15].

In a meta-analysis, the durability of surgical bypass for biliary obstruction was 
found to be longer [30] with fewer subsequent hospitalizations compared to stent. 
However, no statistically significant differences in success rates between the two 
treatments (risk ratio [RR] 0.99; 95% CI 0.93–1.05; P = 0.67) was found, nor any 
difference in major complications and mortality from surgical bypass (RR 1.54; 
95% CI 0.87–2.71; P = 0.14) [30]. Recurrent biliary obstruction was significantly 
less frequent after surgical bypass than after stent placement (RR 0.14; 95% CI 
0.03–0.63; P  <  0.01). Despite similar overall survival rates, longer survival was 
associated with more hospital days before death in stent patients than in surgical 
patients [30].

80.3.3  Palliation for Gastric or Duodenal Outlet Obstruction

Pancreatic- and periampullary cancer may cause gastric- or duodenal outlet obstruc-
tion. Nausea, vomiting, malnutrition and cachexia are disabling symptoms with an 
enormous impact on quality of life, and in the end an impact on life expectancy. 
Intervention is paramount, and the patient assessed to primary cancer resection is 
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prioritized for surgery among fellow patients. In selected cases, i.e. if neoadjuvant 
chemotherapy has been indicated, patients may have received an enteric stent prior 
to surgery.

The unexpected metastatic spread or irresectable disease at surgery may indicate 
the inevitable need of a gastric diversion. To perform a gastrojejunostomy is well 
established practice with good long-term patency, and in the setting with simultane-
ous undrained biliary obstruction, a “double bypass” with concomitant hepaticoje-
junostomy may be performed [15, 16, 31].

If the biliary tract is without obstruction at laparotomy, or preoperatively well 
drained (metal stent), a single bypass is sufficient, excluding the risk of 
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An end-to-side 
anastomosis by interrupted 
or continuous layer 
sutures. The bile duct is 
usually wide due to the 
ongoing biliary obstruction
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complications from a prophylactically performed hepaticojejunostomy. If an endo-
scopically depleted enteric stent is already in place, the first line treatment for gastric 
or duodenal outlet obstruction would be to close the abdomen without further inter-
vention, referring to limited complication risk, early oral intake, and shorter hospital 
stay, and inevitably receive palliative or attempt at conversion chemotherapy [22].

80.3.4  Surgical Enteric Diversion

The surgical enteric diversion to relive the patient from gastric- or duodenal outlet 
obstruction is constructed by performing a side-to-side gastrojejunostomy. The 
anastomosis is preferably placed at the posterior side of the antrum or corpus of the 
stomach by using a stapling device. The proximal jejunum is mobilised and placed 
in an antecolic fashion to the posterior side of the major curvature of the stomach, if 
possible. In case of a bulky tumor, the surgeon may choose to place the anastomosis 
at the anterior side of the stomach (Fig. 80.2).

80.3.5  Double By-Pass

In the case of biliary- and enteric obstruction, a double by-pass is constructed by 
mobilising the proximal jejunum antecolically towards the posterior side of the 
antrum or corpus of the stomach. A stapled side-to-side anastomosis is performed. 
The jejunum is then divided by a stapler about 30–40 cm downstream of the gastro-
jejunostomy. A “Roux-en-Y” loop is then constructed, performing a hand-sewn 
end-to-side hepaticojejunostomy. Finally, 30–40  cm downstream, the stapled 
enteroentero-anastomosis is performed (Fig. 80.3).

80.3.6  Neurolytic Celiac Plexus Block

In patients with a history of pain preoperatively, often treated with high doses of oral 
opioids, a perioperative neurolytic celiac plexus block may be performed. This may 
even be indicated prophylactically if perioperative findings of an irresectable tumor 
includes infestation of the coeliac trunc. At laparotomy, an injection of 50% alcohol, 
20 cc on either side of the aorta at the level of the celiac trunc is performed [32] 
(Fig.  80.4). In a randomized placebo-controlled trial, Wong et  al. could present 
improved long lasting analgesia in the group receiving neurolytic plexus block ver-
sus the opioid-only-group. There were no difference in quality of life or survival 
[12]. Further, a Cochrane database systematic review concluded that neurolytic 
celiac plexus block significantly reduses the opioid consumption among patients in 
the palliative setting [33]. The European Palliative Care Reasearch Collaborative 
concludes the superior analgetic efficacy of neurolytic celiac plexus block in 
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pancreatic cancer patients, in their review regarded as high level of evidence [34]. 
This intervention can now be entertained via several routes of access, including 
percutaneously, endoscopic (EUS-guided) or operatively either as a laparoscopic or 
open procedure [12, 35–42]. However, surgical intervention under general anaesthe-
sia should only be reserved for otherwise fit patients with an expected long-term 
survival when less invasive methods have failed to achieve proper pain control. Also, 
laparoscopic celiac plexus block may be entertained as part of laparoscopic explora-
tion, when irresectable disease (e.g. peritoneal carcinomatosis) have been found.

80.4  Surgery at the End of Life

For patientd with extensive disease, high metastatic disease load or extensive peri-
toneal metastasis for when the expected reminaing life-time is short, surgical inter-
vention is to be avoided. In such patients, one should carefully discuss the patients 
symptom burden and wishes together with the multidisciplinary (preferably 

Pancreatic cancer
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Fig. 80.2  
Gastrojejunostomy. A 
side-to-side anastomosis 
using a stapler to facilitate 
gastroenteric continuity. 
The jejunal loop is brought 
up antecolic and o 
preferably placed on the 
posterior side of the 
stomach, but in case of 
tumor masses or peritoneal 
carcinomatosis it may also 
be placed on the anterior 
side. The procedure may 
also be entertained by 
laparoscopic access
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palliative) team and family members, with consideration of the least invasive 
approach to alleviate symptoms. One needs to consider the risk of increased mor-
bidity and also mortality even with endoscopic procedures in this setting, as elderly 
patients with comorbidty and malignacy is the group at highest risk of death after 
ERCP [43]. Although less optimal, one may consider percutaneos drainage proce-
dures for biliary obstruction.

Fig. 80.3 Double bypass. 
A hepato-jejunostomy and 
a gastro-jejunostomy in a 
Roux-en-Y construction

Fig. 80.4 Celiac plexus block. 
Chemical splancnicectomy by 
injecting 20 cc of 50% alcohol on 
each side of the aorta at the level 
of the coeliac trunk
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If endoscopic stenting is not feasible, a percutaneous endoscopic gastrostomy 
(PEG) may be sufficient to aleviate gastroduodenal outlet obstruction. Surgical 
intervention in the most frail patients at the end of the disease course is often associ-
ated with deterimental outcome and even mortality.

Pain is a very common symptom in pancreatic cancer, and can sometimes be 
disabling and diffiult to manage. Population based studies suggest there currently 
exist an undertreatment in patients with pain caused by unresected pancreatic can-
cer [44]. While opioids and step up medical management can be suficcient for many 
patient with pain, one should consider interventional options as additions to opti-
mize pain management. Data suggest that use of celiac plexus blockage is associ-
ated with improvement in pain control, lower doses of opioids and hence reduced 
side-effects from opioids [33, 38].

80.5  Future Perspective

For now, current practice is to treat pancreatic ductal adenocarcinoma with meta-
static spread as an incurable disease, and a treatment with curative intent is con-
verted into a palliative strategy.

However, the last decade the oncologic combination-therapies are improving, 
and a number of highly selected patients with oligometastatic disease may in the 
future be candidates for oncologic conversion therapy and re-evaluated for future 
surgery, again with curative intent. Hopefully, even future immunotherapy may 
change our attitude to metastatic disease.

Moreover, during the last decade the definition of irresectable disease has been 
challenged. Surgeons now consider vascular resection (portal- and superior mesen-
teric vein) as feasible in selected patients. Further, in highly specialised centres, 
borderline resectable and locally advanced pancreatic cancers are now considered 
for surgical attempt (including arterial resection) aiming at radical resection (R0) 
after oncologic induction or conversion therapy.

Taken together, oligometastatic and locally advanced pancreatic cancer discov-
ered at laparotomy may in the near future be considered for treatment with curative 
intent. Therefore, a “wait-and-see” strategy, with biliary and enteric stent on demand 
should be an appealing attitude when the surgeon has found the unexpected meta-
static or irresectable disease at laparotomy, deciding what to do next [45].

References

 1. Hank T, Strobel O.  Conversion surgery for advanced pancreatic cancer. J Clin Med. 
2019;8:1945.

 2. Gillen S, Schuster T, Friess H, Kleeff J. Palliative resections versus palliative bypass proce-
dures in pancreatic cancer—a systematic review. Am J Surg. 2012;203:496–502.

 3. Gurusamy KS, Kumar S, Davidson BR, Fusai G. Resection versus other treatments for locally 
advanced pancreatic cancer. Cochrane Database Syst Rev. 2014;(2):Cd010244.

S. O. Bratlie and K. Søreide



1253

 4. Tol JA, Eshuis WJ, Besselink MG, van Gulik TM, Busch OR, Gouma DJ. Non-radical resec-
tion versus bypass procedure for pancreatic cancer  – a consecutive series and systematic 
review. Eur J Surg Oncol. 2015;41:220–7.

 5. Stark A, Hines OJ. Endoscopic and operative palliation strategies for pancreatic ductal adeno-
carcinoma. Semin Oncol. 2015;42:163–76.

 6. Nabi Z, Reddy DN.  Endoscopic palliation for biliary and pancreatic malignancies: recent 
advances. Clin Endosc. 2019;52:226–34.

 7. Miller CS, Barkun AN, Martel M, Chen YI. Endoscopic ultrasound-guided biliary drainage 
for distal malignant obstruction: a systematic review and meta-analysis of randomized trials. 
Endosc Int Open. 2019;7:E1563–e73.

 8. Hathorn KE, Bazarbashi AN, Sack JS, et  al. EUS-guided biliary drainage is equivalent to 
ERCP for primary treatment of malignant distal biliary obstruction: a systematic review and 
meta-analysis. Endosc Int Open. 2019;7:E1432–e41.

 9. Han SY, Kim SO, So H, Shin E, Kim DU, Park DH. EUS-guided biliary drainage versus ERCP 
for first-line palliation of malignant distal biliary obstruction: a systematic review and meta- 
analysis. Sci Rep. 2019;9:16551.

 10. Tomasello G, Ghidini M, Costanzo A, et  al. Outcome of head compared to body and tail 
pancreatic cancer: a systematic review and meta-analysis of 93 studies. J Gastrointest Oncol. 
2019;10:259–69.

 11. van Erning FN, Mackay TM, van der Geest LGM, et al. Association of the location of pan-
creatic ductal adenocarcinoma (head, body, tail) with tumor stage, treatment, and survival: a 
population-based analysis. Acta Oncol. 2018;57:1655–62.

 12. Wong GY, Schroeder DR, Carns PE, et al. Effect of neurolytic celiac plexus block on pain 
relief, quality of life, and survival in patients with unresectable pancreatic cancer: a random-
ized controlled trial. JAMA. 2004;291:1092–9.

 13. Lillemoe KD, Cameron JL, Hardacre JM, et  al. Is prophylactic gastrojejunostomy indi-
cated for unresectable periampullary cancer? A prospective randomized trial. Ann Surg. 
1999;230:322–8; discussion 8–30.

 14. Van Heek NT, De Castro SM, van Eijck CH, et al. The need for a prophylactic gastrojejunos-
tomy for unresectable periampullary cancer: a prospective randomized multicenter trial with 
special focus on assessment of quality of life. Ann Surg. 2003;238:894–902; discussion −5.

 15. Gurusamy KS, Kumar S, Davidson BR. Prophylactic gastrojejunostomy for unresectable peri-
ampullary carcinoma. Cochrane Database Syst Rev. 2013;(10):CD008533.

 16. Jeurnink SM, Steyerberg EW, van Hooft JE, et al. Surgical gastrojejunostomy or endoscopic 
stent placement for the palliation of malignant gastric outlet obstruction (SUSTENT study): a 
multicenter randomized trial. Gastrointest Endosc. 2010;71:490–9.

 17. Nagaraja V, Eslick GD, Cox MR. Endoscopic stenting versus operative gastrojejunostomy for 
malignant gastric outlet obstruction-a systematic review and meta-analysis of randomized and 
non-randomized trials. J Gastrointest Oncol. 2014;5:92–8.

 18. Gourgou-Bourgade S, Bascoul-Mollevi C, Desseigne F, et al. Impact of FOLFIRINOX com-
pared with gemcitabine on quality of life in patients with metastatic pancreatic cancer: results 
from the PRODIGE 4/ACCORD 11 randomized trial. J Clin Oncol. 2013;31:23–9.

 19. Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX versus gemcitabine for metastatic pan-
creatic cancer. N Engl J Med. 2011;364:1817–25.

 20. Jeurnink SM, Polinder S, Steyerberg EW, Kuipers EJ, Siersema PD. Cost comparison of gas-
trojejunostomy versus duodenal stent placement for malignant gastric outlet obstruction. J 
Gastroenterol. 2010;45:537–43.

 21. Chandrasegaram MD, Eslick GD, Mansfield CO, et al. Endoscopic stenting versus operative 
gastrojejunostomy for malignant gastric outlet obstruction. Surg Endosc. 2012;26:323–9.

 22. Williamsson C, Wennerblom J, Tingstedt B, Jonsson C. A wait-and-see strategy with subse-
quent self-expanding metal stent on demand is superior to prophylactic bypass surgery for 
unresectable periampullary cancer. HPB (Oxford). 2016;18:107–12.

 23. Kneuertz PJ, Cunningham SC, Cameron JL, et al. Palliative surgical management of patients 
with unresectable pancreatic adenocarcinoma: trends and lessons learned from a large, single 
institution experience. J Gastrointest Surg. 2011;15:1917–27.

80 Surgical Palliation for Inoperable Pancreatic Cancer



1254

 24. Walter D, van Boeckel PG, Groenen MJ, et  al. Cost efficacy of metal stents for palliation 
of extrahepatic bile duct obstruction in a randomized controlled trial. Gastroenterology. 
2015;149:130–8.

 25. van der Gaag NA, Rauws EA, van Eijck CH, et al. Preoperative biliary drainage for cancer of 
the head of the pancreas. N Engl J Med. 2010;362:129–37.

 26. Lee PJ, Podugu A, Wu D, Lee AC, Stevens T, Windsor JA. Preoperative biliary drainage in 
resectable pancreatic cancer: a systematic review and network meta-analysis. HPB (Oxford). 
2018;20:477–86.

 27. Song TJ, Lee JH, Lee SS, et al. Metal versus plastic stents for drainage of malignant biliary 
obstruction before primary surgical resection. Gastrointest Endosc. 2016;84:814–21.

 28. Angelico R, Khan S, Dasari B, et  al. Is routine hepaticojejunostomy at the time of 
unplanned surgical bypass required in the era of self-expanding metal stents? HPB (Oxford). 
2017;19:365–70.

 29. Perinel J, Adham M.  Palliative therapy in pancreatic cancer-palliative surgery. Transl 
Gastroenterol Hepatol. 2019;4:28.

 30. Glazer ES, Hornbrook MC, Krouse RS. A meta-analysis of randomized trials: immediate stent 
placement vs. surgical bypass in the palliative management of malignant biliary obstruction. J 
Pain Symptom Manag. 2014;47:307–14.

 31. Mintziras I, Miligkos M, Wachter S, Manoharan J, Bartsch DK. Palliative surgical bypass is 
superior to palliative endoscopic stenting in patients with malignant gastric outlet obstruction: 
systematic review and meta-analysis. Surg Endosc. 2019;33:3153–64.

 32. Lillemoe KD, Cameron JL, Kaufman HS, Yeo CJ, Pitt HA, Sauter PK. Chemical splanchni-
cectomy in patients with unresectable pancreatic cancer. A prospective randomized trial. Ann 
Surg. 1993;217:447–55; discussion 56–7.

 33. Arcidiacono PG, Calori G, Carrara S, McNicol ED, Testoni PA. Celiac plexus block for pan-
creatic cancer pain in adults. Cochrane Database Syst Rev. 2011;(3):CD007519.

 34. Mercadante S, Klepstad P, Kurita GP, Sjogren P, Giarratano A, European Palliative Care 
Research C. Sympathetic blocks for visceral cancer pain management: a systematic review 
and EAPC recommendations. Crit Rev Oncol Hematol. 2015;96:577–83.

 35. Strong VE, Dalal KM, Malhotra VT, et al. Initial report of laparoscopic celiac plexus block for 
pain relief in patients with unresectable pancreatic cancer. J Am Coll Surg. 2006;203:129–31.

 36. Yan BM, Myers RP. Neurolytic celiac plexus block for pain control in unresectable pancreatic 
cancer. Am J Gastroenterol. 2007;102:430–8.

 37. Puli SR, Reddy JB, Bechtold ML, Antillon MR, Brugge WR. EUS-guided celiac plexus neu-
rolysis for pain due to chronic pancreatitis or pancreatic cancer pain: a meta-analysis and 
systematic review. Dig Dis Sci. 2009;54:2330–7.

 38. Nagels W, Pease N, Bekkering G, Cools F, Dobbels P. Celiac plexus neurolysis for abdominal 
cancer pain: a systematic review. Pain Med. 2013;14:1140–63.

 39. Vayne-Bossert P, Afsharimani B, Good P, Gray P, Hardy J.  Interventional options for 
the management of refractory cancer pain—what is the evidence? Support Care Cancer. 
2016;24:1429–38.

 40. Lu F, Dong J, Tang Y, et al. Bilateral vs. unilateral endoscopic ultrasound-guided celiac plexus 
neurolysis for abdominal pain management in patients with pancreatic malignancy: a system-
atic review and meta-analysis. Support Care Cancer. 2018;26:353–9.

 41. Tepelenis K, Tsimogiannis KE, Zikos N, et al. Laparoscopic versus open approach to neuro-
lytic celiac plexus block in inoperable pancreatic cancer. ANZ J Surg. 2018;88:E767–e71.

 42. Lou S.  Endoscopic ultrasound-guided celiac plexus neurolysis to alleviate intractable pain 
caused by advanced pancreatic cancer. Surg Laparosc Endosc Percutan Tech. 2019;29:472–5.

 43. Glomsaker T, Hoff G, Kvaloy JT, Soreide K, Aabakken L, Soreide JA. Patterns and predictive 
factors of complications after endoscopic retrograde cholangiopancreatography. Br J Surg. 
2013;100:373–80.

 44. Tung S, Coburn NG, Davis LE, et al. Population-based study of the prevalence and manage-
ment of self-reported high pain scores in patients with non-resected pancreatic adenocarci-
noma. Br J Surg. 2019;106:1666–75.

 45. Brunner M, Wu Z, Krautz C, Pilarsky C, Grutzmann R, Weber GF. Current clinical strategies 
of pancreatic cancer treatment and open molecular questions. Int J Mol Sci. 2019;20:4543.

S. O. Bratlie and K. Søreide



1255© Springer Nature Switzerland AG 2021
K. Søreide, S. Stättner (eds.), Textbook of Pancreatic Cancer, 
https://doi.org/10.1007/978-3-030-53786-9_81

Chapter 81
Definitive or Palliative Radiotherapy 
for Unresectable Pancreatic Cancer

Mohammad A. S. A. Hasan, Sylvia S. W. Ng, Laura A. Dawson, 
Albert C. Koong, and Natalie G. Coburn

Mohammad A. S. A.  Hasan 
University of Florida Health Proton Therapy Institute, Jacksonville, FL, USA
e-mail: mhasan@floridaproton.org 

S. S. W. Ng · A. C. Koong 
Department of Radiation Oncology, University of Texas MD Anderson Cancer Center, 
Houston, TX, USA
e-mail: SSNg@mdanderson.org; akoong@mdanderson.org 

L. A. Dawson 
Department of Radiation Oncology, Princess Margaret Cancer Center, University of Toronto, 
Toronto, ON, Canada
e-mail: Laura.Dawson@rmp.uhn.ca 

N. G. Coburn (*) 
Department of Surgery, Odette Cancer Center, Sunnybrook Health Sciences Center, 
University of Toronto, Toronto, ON, Canada
e-mail: Natalie.Coburn@sunnybrook.ca

Take Home Messages
• Multidisciplinary approach should be utilized
• Palliative care should be involved at the outset for symptom control
• Radiotherapy can be utilized for both simple palliation with standard exter-

nal beam or with sophisticated technology that delivers high dose stereo-
tactic treatment

Pearls and Pitfalls
• Assessing the patient’s treatment journey in a compartmentalized rather 

than a holistic fashion
• Radiotherapy should be delivered in a fashion to improve the patient’s 

quality of life
• Re-irradiation is safe and possible in patients who’ve had previous radiotherapy
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81.1  Introduction

At the initial presentation, 15–30% of pancreatic cancer patients have unresectable 
disease [1] and 50% of patients present with metastasis [2]. With multiple, severe 
symptoms, unresectable pancreatic cancer is a challenging entity to treat. 
Radiotherapy can play a role in management depending on local extent of disease, 
presence/absence of metastasis, treatment goals, patient’s performance status and 
patient preference (Box 81.1).

As the pancreas lies in close proximity to the duodenum, stomach, small bowel, 
and liver, it is important to be cognizant of these organs at risk when delivering 
radiotherapy so as to minimize acute and late toxicities (Box 81.2), respecting the 
concept of therapeutic ratio in radiotherapy [6]. There is a wide spectrum of 
approaches when it comes to treating a patient with unresectable pancreatic cancer 
with radiotherapy, ranging from supportive care to stereotactic body radiotherapy 
(Fig. 81.1). Supportive care is traditionally rendered if the patient is judged to have 

Box 81.1 Definitions
Definitive radiotherapy provides durable local control for unresectable, non- 
metastatic pancreatic cancer [3].

Palliative radiotherapy can be used to alleviate symptoms that are caused 
by the primary tumor or metastatic deposits, with shrinkage of the tumor [4], 
interruption of nerve connections, and disruption of inflammatory mediators 
secreted by the tumor thought to play a role [5].

Supportive care External Beam Radiotherapy External Beam radiotherapy concurrent with chemotherapy stereotactic body radiotherapy

Fig. 81.1 Spectrum of care offered to patients with unresectable/borderline resectable pancreatic 
cancer depending on performance status, prognosis and disease burden

Future Perspectives
• Targeted therapy and immunotherapy may change the outcomes of locally 

advanced/metastatic pancreatic cancer
• Targeting oligometastatic disease with radiation may change outcomes
• MR-Linac is an evolving modality and will provide enhanced image guid-

ance to target pancreatic tumors with radiotherapy
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a short prognosis and/or poor performance status that intervention would be futile. 
External beam radiotherapy with/without chemotherapy can be delivered in patients 
with performance status that allows them to endure the treatment. Stereotactic treat-
ment can be delivered in patients with adequate performance status provided that 
the technology is available to do so.

The purpose of this chapter is to discuss the role of definitive radiotherapy in the 
setting of locally advanced/unresectable pancreatic cancer and to describe the 
symptom alleviating effects of palliative radiotherapy for patients with pancreatic 
cancer who have no avenues for curative therapy.

81.2  Definitive Radiotherapy for Locally Advanced/
Unresectable Pancreatic Cancer

Concurrent chemoradiation using conventional fractionation (50.4–54  Gy in 
1.8–2 Gy per fraction) in the definitive treatment of locally advanced unresectable 
PDAC remains controversial due to conflicting results from early randomized stud-
ies [7–9].

In the ECOG prospective trial, Loehrer et al. [9] randomized 74 patients with 
localized unresectable PDAC to two treatment arms: gemcitabine alone (1000 mg/
m2 weekly) or concurrent chemoradiation (50.4 Gy in 28 fractions + gemcitabine 
600 mg/m2 weekly) followed by gemcitabine (1000 mg/m2 weekly), and demon-
strated a survival benefit with the addition of concurrent chemoradiation compared 
to gemcitabine alone (11.1 vs. 9.2 months, P = 0.017), with acceptable toxicity.

However, the more recent LAP07 phase III randomized trial (n = 442) demon-
strated that consolidative concurrent chemoradiation using conventional fraction-
ation (54 Gy in 30 fractions + capecitabine 800 mg/m2 bid on days of radiation) 
after induction gemcitabine  ±  erlotinib significantly decreased local progression 
(32% vs. 46%, P = 0.03) in patients with unresectable pancreatic cancer, but did not 
improve overall survival (15.2 vs. 16.5 months, P = 0.83) compared to systemic 
therapy in locally advanced PDAC patients; there was no increase in grade 3/4 tox-
icity, except for nausea [10]. A single institution retrospective study (n = 323) from 
the MD Anderson Cancer Center (MDACC) showed that induction chemotherapy 
followed by concurrent chemoradiation confers better overall survival and 

Box 81.2 Definitions of Toxicity
Acute toxicities:

Nausea, vomiting, diarrhea, dermatitis, anorexia, weight loss and fatigue.
Late toxicities:
Small bowel obstruction, Small bowel perforation, Biliary stenosis and 

radiation induced malignancies.
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progression-free survival vs. concurrent chemoradiation alone (8.5 vs. 4.2 months, 
P < 0.001 and 11.9 vs. 6.4 months, P < 0.001 respectively) in  locally advanced/
unresectable PDAC patients [11]. There was no significant difference in local and 
distant recurrence or toxicity between the two groups [11]. Induction chemotherapy 
consisted of gemcitabine/cisplatin or gemcitabine alone; 5-FU (300 mg/m2/day con-
tinuous infusion), capecitabine (800–900 mg/m2 bid on days of radiation) or gem-
citabine (350–400 mg/m2 weekly) was used concurrently with radiotherapy. With 
respect to radiotherapy, 85% of the patients received 30 Gy in 10 fractions, whereas 
11% of the patients received the conventional fractionation of 50.4 Gy in 28 frac-
tions using a four-field technique. The treatment volume included the primary tumor 
and regional lymph nodes in 69% of the patients and only the primary tumor in 31% 
of the patients [11]. It is interesting to note that the improvement in overall survival 
and progression-free survival was achieved with 30 Gy being used in most patients. 
As the authors suggested, induction chemotherapy likely selected for patients with 
more favorable tumor biology as they did not progress during induction chemo-
therapy and were therefore more likely to benefit from consolidative concurrent 
chemoradiation.

It should be emphasized that the above clinical studies used older chemotherapy 
regimens. As such, the results cannot be extrapolated to the modern day setting 
when FOLFIRINOX or gemcitabine/nab-paclitaxel is often given to patients with 
locally advanced PDAC first before concurrent chemoradiation or SBRT alone is 
considered for consolidation. Prospective randomized trials that incorporate these 
modern chemotherapy regimens should be pursued in order to determine the true 
benefit of definitive/consolidative concurrent chemoradiation or SBRT in  locally 
advanced, non-metastatic PDAC.

It is important to note that conventional fractionation radiotherapy (50.4 Gy in 28 
fractions) commonly used in the majority of modern chemoradiation trials only 
delivers a biologically effective dose (BED) (Box 81.3) of 59.47 Gy. Krishnan et al. 
[12] showed that following induction FOLFIRINOX (5-FU/irinotecan/oxaliplatin) 
or gemcitabine-based chemotherapy, the radiotherapy regimen (concurrent with 
gemcitabine or capecitabine) that delivered a BED of >70 Gy vs. ≤70 Gy signifi-
cantly improved overall survival (17.8 vs. 15.0 months, P = 0.03) and locoregional 
recurrence free survival (10.2 vs. 6.2 months, P = 0.05) in patients with unresectable 
pancreatic cancer. The hypofractionation regimens used by the investigators for 
locally advanced/unresectable PDAC consisted of 63–70 Gy in 28 fractions if the 
tumor was ≤1 cm from luminal gastrointestinal (GI) structures, or 67.5 Gy in 15 
fractions if the tumor was >1 cm from luminal GI structures, and incorporated a 
simultaneous integrated boost to deliver a BED of 77.2–97.9  Gy with intensity 
modulated radiotherapy (IMRT) or volumetric modulated arc therapy (VMAT) 
(Box 81.4) [12, 13]. To deliver these high BEDs, motion management and daily 
image guidance for radiotherapy delivery are critical. For instance, feedback guided 
inspiratory breath hold gating can be used during simulation and treatment for 
motion management, and CT-on-rail can be utilized for daily treatment verification 
to ensure that luminal GI tissues do not fall into the high dose regions and that the 
target is covered adequately as planned [13]. With more efficacious chemotherapy 
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such as FOLFIRINOX and gemcitabine/nab-paclitaxel treating microscopic dis-
ease, consolidative concurrent chemoradiation may be considered in  locally 
advanced/unresectable PDAC patients who do not have distant metastasis following 
induction chemotherapy.

Stereotactic body radiotherapy (SBRT) using a single-fraction regimen (25 Gy in 
1 fraction) in early studies demonstrated excellent local control rates of 94–100% at 
1 year in locally advanced PDAC, but high rates of GI toxicity were observed espe-
cially when gemcitabine was used before and after SBRT [14–18]. Subsequently, 
multi-fraction SBRT (33 Gy in 5 fractions or 24–36 Gy in 3 fractions) with or with-
out gemcitabine was investigated and shown to provide excellent local control with 
acceptable toxicity in patients with locally advanced and locally recurrent PDAC 
[18–24]. As such, SBRT is included as a treatment option in the 2019 National 
Comprehensive Cancer Network guidelines for these PDAC patient populations. 
However, long-term survival benefit was not demonstrated with the multi-fraction 
SBRT regimen of 33 Gy in 5 fractions [20, 21], which delivers a BED of 54.78 Gy. 
It should be pointed out that while the prescription dose of most SBRT regimens is 
30–45 Gy in 3–5 fractions, up to 30% of dose heterogeneity may be acceptable in 
the SBRT plans, resulting in a large percentage of the planning target volume 

Box 81.3 Definition of Biologically Effective Dose (BED)
A measure that aims to indicate quantitatively the biological effect of any 
radiotherapy treatment, taking account of changes in dose-per-fraction or 
dose rate, total dose and overall time.

Box 81.4 Definition of Radiation Techniques and Modalities
• Intensity Modulated Radiotherapy (IMRT):

A form of radiotherapy where the dose is modulated precisely using small 
beamlets to shape the radiation dose.
• Volumetric Modulated Arc Radiotherapy (VMAT):

A form of radiotherapy where the dose is modulated precisely using small 
beamlets to shape the radiation dose while the treatment head machine is 
rotating resulting in faster delivery.
• Stereotactic body radiotherapy (SBRT):

A form of radiotherapy in which a high dose per fraction is delivered rang-
ing from 1 to 5 fractions for the overall treatment course with daily image 
guidance to ensure accurate delivery.
• MR-Linac:

A linear accelerator device equipped with an MRI scanner that provides real 
time imaging while radiotherapy is being delivered.
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receiving a BED of 80–100 Gy [18]. As systemic therapy becomes more efficacious 
in controlling distant metastasis, it is conceivable that radiotherapy may play an 
increasingly important role in providing durable locoregional tumor control, which 
is achievable with radiation dose escalation and modern treatment techniques such 
as VMAT, SBRT, and MR-LINAC (Box 81.4). Importantly, apart from local control, 
SBRT has also been shown to reduce pancreatic pain significantly (P < 0.001) on the 
EORTC QLQ-PAN26 questionnaire at 4  months post treatment in patients with 
borderline resectable and locally advanced pancreatic cancer [18, 21]. Quality of 
life as determined by QLQ-C30 global QoL scores was reported to be stable from 
baseline to 4 months after SBRT [21].

The American Society for Radiation Oncology (ASTRO) published the 2019 
clinical practice guidelines for radiation therapy in pancreatic cancer [25], which 
conditionally recommended a definitive treatment regimen consisting of systemic 
chemotherapy followed by concurrent chemoradiation using conventional fraction-
ation or dose-escalated radiotherapy, or multifraction SBRT alone in patients with 
locally advanced disease not appropriate for downstaging to eventual surgery. With 
respect to dose fractionation, the 2019 ASTRO clinical practice guidelines [25] con-
ditionally recommended 50.4–56 Gy in 1.75–2.2 Gy fractions for conventional frac-
tionation and dose-escalation radiotherapy, and strongly recommended 33–40 Gy in 
6.6–8 Gy fractions for SBRT. In terms of target volumes, the 2019 ASTRO clinical 
practice guidelines [25] conditionally recommended elective nodal coverage for 
concurrent chemoradiation using conventional fractionation radiotherapy, and 
strongly recommended including the gross tumor volume with a small margin in the 
treatment volume and not routinely treating elective lymph nodes for SBRT.

81.3  Palliative Radiotherapy for Symptom Management 
in Pancreatic Cancer

Before discussing radiotherapy, it is important to acknowledge the role of other 
specialties in providing palliation for patients with pancreatic cancer. Table 81.1 
shows a summary of the involved medical specialties and the interventions they can 
provide, which will be addressed in other chapters of this book. In a 

Table 81.1 Medical specialties and pertinent interventions for pancreatic cancer

Specialty Intervention

Radiation oncology – Radiation therapy for pain, bleeding or biliary obstruction
Medical oncology – Chemotherapy
Hepato-pancreatico-biliary surgery – Surgical bypass
Gastroenterology – Biliary stent
Interventional radiology – Percutaneous biliary drain

– Celiac plexus neurolysis
Palliative care – Pharmacotherapy for pain
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population- based study by Tung et al. [26], it was noted that out of 2623 patients 
with unresectable pancreatic cancer, 61.8% of these patients reported a high 
Edmonton Symptom Assessment System (ESAS) pain score of 4 or more. Yet, 
Kulaylat et al. [27] showed that in 68,075 palliative patients, only 8% of patients 
received palliative radiotherapy, while 37% received chemotherapy.

The challenges of providing prospective empirical data regarding palliative end- 
points include difficulty with recruiting patients into these studies and short end-
points due to the poor prognosis of this patient cohort [28]. Another challenge is 
measuring the end-point itself. Assessing overall survival in the palliative setting 
can be done, but is not the primary goal. Measuring symptom relief is often subjec-
tive and dependent on the patient, although there are standardized questionnaires 
that can be used such as EORTC QLQ-C30, EORTC QLQ-PAN26 and FACT-G 
[29, 30]. Another element to take into consideration is the heterogeneity of the radi-
ation dose being delivered. The total dose of radiation is split into fractions. An 
abbreviated course of radiation therapy often, but not always, has a lower total dose 
than a protracted regimen.

A retrospective study conducted by Wolny-Rokicka et al. [31] evaluated pallia-
tive radiotherapy in 31 pancreatic cancer patients, measuring overall survival, toxic-
ity, and pain relief. Pain relief was measured on a 0–3 WHO pain scale. Palliative 
radiotherapy was effective in 94% of patients at 4 weeks, resulting in either ade-
quate pain control without pharmacotherapy or a reduction in the use of analgesics. 
All patients received upfront palliative chemotherapy prior to getting palliative 
radiation. There was significant heterogeneity in the radiotherapy regimens, with 
the shortest being 6 Gy in 1 fraction, and the longest being 30 Gy in 10 fractions. 
There was no statistical analysis conducted to derive any relationship between dose 
and pain relief. Overall survival at 1 year was 16%. Pain relief data was not captured 
at another interval, nor was there mention of the need for re-treatment.

Another study by Tian et al. [32] examined the use of SBRT in the palliation of 
pain and abdominal discomfort in 31 patients. The dose of radiation was 40–42 Gy 
in 7–8 fractions. The brief pain inventory was used to measure the pain response and 
EORTC QLQ-C30 for quality of life. Patients answered the questionnaires 1 week 
before radiotherapy, then at 1 month and 3 months after radiotherapy. Twenty-eight 
patients completed the questionnaires, with 57% of patients noting an improvement 
in abdominal pain at 1 month. In terms of quality of life, 42.8% of patients reported 
an improvement. Furthermore, Su et al. [33] retrospectively examined the use of 
SBRT in the palliation of abdominal pain in patients with locally advanced/unre-
sectable and/or metastatic pancreatic cancer. Twenty-five patients were included, of 
whom 16 had metastatic disease and 9 had locally advanced/unresectable disease. 
The dose ranged from 30–48 Gy in 3–4 fractions. Eighty percent of patients achieved 
pain relief following 2 weeks after completion of radiotherapy. Wang et  al. [34] 
assessed the use of IMRT in patients with locally advanced/unresectable and/or 
metastatic pancreatic cancer. The dose ranged from 26.8–54 Gy in 10–30 fractions 
ranging between 1.8–3 Gy per fraction. Sixty-three patients were included and 44 
patients had relief from abdominal/back pain. Twelve of those patients had severe 
pain on the visual analogue scale.
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Considering the cause of pain, a study by Hammer et al. [35] included 21 patients 
with celiac plexus neuropathy, 86% of whom had pancreatic head adenocarcinoma. 
Nineteen patients received an ablative dose of 25 Gy in 1 fraction and two received 
9 Gy x 5 fractions to the celiac axis with a 1 cm planning tumor volume expansion. 
Median pain (on a 10-point scale) was 6/10 before treatment, decreased to 2.3/10 at 
3 weeks and 1.8/10 at 6 weeks. Seventy-six percent of patients experienced some 
form of pain relief and 33% experienced complete amelioration of pain. The previ-
ous results were from a single institution study, an international phase II study is 
underway. The intervention is 25 Gy in 1 fraction and the primary outcome is pain 
response within 3 weeks following the intervention.

For pancreatic cancer patients who develop local recurrence/progression after a 
course of definitive radiotherapy, re-irradiation may be considered in those with a 
long disease recurrence/progression-free interval in the absence of distant metastasis.

The safety and efficacy data for re-irradiation is sparse, however, a retrospective 
study conducted by the MD ACC [36] evaluated 24 patients who were re-irradiated 
having had previous radiotherapy to their upper gastrointestinal malignancies. The 
primary outcome was development of adverse events; 11 of the 24 patients had 
pancreatic adenocarcinoma. The initial radiotherapy course ranged from 45–50.4 Gy. 
The re-irradiation dose comprised of 39 Gy in 26 fractions, with 2 fractions deliv-
ered daily separated by a 6 hours interval. Thirteen out of the 24 patients had acute 
side effects, the majority of which were mild and did not require supportive therapy. 
One patient had an upper GI bleed and there were no deaths that directly resulted 
from re-irradiation. Pain relief was not the primary outcome in this study, however, 
re-irradiation was generally well tolerated and may be a treatment option in appro-
priately selected patients. Patients should always be counselled on the potential of 
increased risk of acute and late toxicities associated with re-irradiation.

81.4  Obstructive Jaundice in Pancreatic Cancer

The mainstay treatment of obstructive jaundice in pancreatic cancer is a stenting 
procedure or surgical bypass [37, 38]. However, stents can be displaced by tumor 
growth, resulting in complications and/or failure of the stent.

A pilot study by Yang et  al. [39] tested using Iodine 125 brachytherapy seed 
strands (Figs. 81.2 and 81.3 [40]) to palliate obstructive jaundice, via a trans-hepatic 
approach to stenting, with the strand inserted through the stent. Eighteen patients 
had the procedure done, with a mean dose of 167.2  Gy. The mean and median 
obstruction-free survival times were approximately 10 and 7 months, respectively. 
Only one patient suffered from stent obstruction at the 17 months mark most likely 
reflecting the poor overall survival of this disease entity. This pilot study demon-
strated the safety of this modality, but further trials are warranted to compare this 
with standard therapies. There is a paucity of data regarding external beam radiation 
therapy and its use in relieving obstructive jaundice. This is most likely due to the 
fact that the effect of radiation is protracted; for immediate palliation, a mechanical 
solution is the first line of therapy [41].
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Fig. 81.2 Iodine 125 strand 
illustration. 4.5 mm × 0.8 mm capsule 
with 0.5 mm seeds

Fig. 81.3 Picture of the 
Iodine 125 seeds

81.5  Conclusion

Definitive radiotherapy can be utilized to provide local control in patients with 
locally advanced/ unresectable, non-metastatic pancreatic cancer and the role of 
radiotherapy in this patient cohort is evolving. Palliative radiotherapy can also be 
used to safely alleviate pain from pancreatic cancer. Multiple treatment regimens 
and radiotherapy techniques have proven effective and there is emerging data that 
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irradiating the celiac axis can be used to alleviate pancreatic neuropathy. Careful 
history taking, assessment of functional status, interdigitating radiation with sys-
temic therapy, and multidisciplinary discussion all play a role in choosing the radio-
therapy target and dose fractionation scheme to alleviate pain. Further studies are 
required to help elucidate which regimens should be offered as standard of care.
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Take Home Messages
• Ablation technologies have emerged as a therapeutic option for locally 

advanced pancreatic cancer with tumours not suitable for surgery after sys-
temic treatment.

• Several ablation strategies are available and are generally divided into ther-
mal and non-thermal approaches.

• Post-procedure complications are common and can be serious and even 
life- threatening. Ablation procedures are best performed only at high-vol-
ume centres of pancreatic surgery.

• Current research shows encouraging results; however, randomized control 
trials and sufficiently powered multicentre studies are required to confirm 
their efficacy.

Pearls and Pitfalls
• Ablation technologies may represent a valid therapeutic option for the vast 

majority of patients with locally advanced pancreatic cancer who will not 
receive surgical exploration.

• Ablation is performed using different types of energy delivered through 
single or multiple probes and some in a minimally invasive fashion.
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82.1  Introduction

Pancreatic cancer is the fourth leading cause of cancer-related deaths worldwide, 
with a 5-year survival rate of approximately 5–8% [1]. Surgery remains the only 
potentially curative treatment option; however, only 20% of patients are candidates 
for radical surgical resection at the time of diagnosis. Locally advanced pancreatic 
cancer (LAPC) is one of the most diagnosed stages, comprising 30–40% of cases 
[2] (stage III of the eighth American Joint Committee on Cancer Classification [3]).

The best therapeutic approach for the treatment of LAPC is systemic therapy. 
FOLFIRINOX, a combination chemotherapy comprising fluorouracil, leucovorin, 
irinotecan, and oxaliplatin, or gemcitabine and nanoparticle albumin-bound pacli-
taxel (nab-paclitaxel) are favoured to increase the rates of conversion to surgery and 
overall survival (OS) [4, 5]. According to the National Comprehensive Cancer 
Network (NCCN) guidelines, radiotherapy may be considered and can sterilise ves-
sel margins to improve R0 resection, or as second-line therapy for patients with 
local progression but without distant metastasis [6].

Unfortunately, only a small percentage of patients achieve downstaging and 
become suitable candidates for surgery after therapy. The literature reports of hetero-
geneous proportions, with the majority within 10–35% [7–9]. In our recent observa-
tional study, the resection rate of LAPC patients was only 9%, with a resection/
exploration rate of 48% [10]. This finding is not surprising when one considers the 
natural history of LAPC. In most cases, the disease has progressed to metastasis at the 
time of restaging after chemotherapy or remained stable or downsized, maintaining 
local involvement of vascular structures. In this scenario, there is a lower chance of R0 
resection and may come with the cost of increased surgical risks. A meta-analysis 
performed in the pre-FOLFIRINOX era showed an increased risk of perioperative 
mortality and no 1- and 3-year survival benefit for patients with arterial resection, 
which was also confirmed when compared to patients undergoing venous resection 
[11]. In high-volume centres, consistent rates of postoperative morbidity and 

Future Perspectives
• Further effort should be made to investigate predictive factors associated 

with the local response after ablation.
• Role of novel technologies, including electrochemical therapy and laser, 

needs further investigation.
• Studies into patient selection for optimal treatment response is warranted.

• Radiofrequency ablation (RFA) and Irreversible Electroporation (IRE) are 
the two most adopted ablation techniques.

• Well-selected patients with locally advanced pancreatic cancer may benefit 
from ablation technologies, at the price of reasonable rates of morbidity 
(25–30%) and mortality (about 2%).
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mortality have been recently reported; however, not all studies demonstrated encour-
aging rates of margin-free surgery [12, 13]. In addition, the prescribed neoadjuvant 
chemotherapy is not tolerated and completed by all patients, mainly because of toxic-
ity [9, 14, 15], thus impeding any attempt of tumour downsizing or downstaging.

Altogether, ablation technologies have emerged as an interesting therapeutic 
option for LAPC in patients unsuitable for surgical resection after systemic 
treatment.

82.2  Rationale for the Use of Ablation Technologies

Local ablation techniques have been introduced as a weapon for the treatment of 
LAPC that is not amenable to surgical resection, primarily because of their potential 
role in inducing citoreduction [16], maintaining local disease control, and poten-
tially stimulating an immune response against the tumour [17–20]. They have also 
been demonstrated to play an important role in palliative care to reduce cancer pain 
[21]. A further and yet unexplored interesting field of application of ablation strate-
gies is the potential for their application in patients that are not suitable for surgery 
or multidrug chemotherapy regimens because of comorbidities.

82.3  General Features of Local Ablative Therapies 
and Indications for Treatment

According to the type of energy used and the effects on tissues, ablation strategies 
can be classified as thermal and non-thermal. This chapter presents the most fre-
quently adopted ablative techniques for which robust data is present, comprising 
radiofrequency ablation (RFA), high-intensity focus ultrasound (HIFU), and irre-
versible electroporation (IRE). Novel ablative techniques currently being investi-
gated are also presented. Table 82.1 presents a summary of the main features of the 
different ablation strategies. Radiotherapy is not included, as it does not represent 
an appropriate ablative technique.

For the majority of techniques, the approach adopted (laparotomic, laparoscopic, 
percutaneous, or endoscopic) is at the discretion of the user (surgeon, interventional 
radiologist, or gastroenterologist), and should be selected based on the training and 
expertise of the professional, as well as on facilities available. Indeed, post- 
procedure complications are common and can be comparatively serious to those 
occurring after pancreatic surgery [22]. Therefore, only high-volume centres should 
adopt these techniques.

Anatomically, the location of the pancreas, which is surrounded by vital struc-
tures or precious organs, discourages per sé any oncological intervention or proce-
dure. In LAPC, this is somewhat heightened by tumour infiltration of these 
structures, which partially prevents complete treatment from avoiding collat-
eral damage.
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82.4  Radiofrequency Ablation (RFA)

RFA is a thermal technique based on high-frequency alternating currents con-
ducted by needle electrodes inserted in the core of the tumour, producing necro-
sis through tissue coagulation and protein denaturation. Temperatures can reach 
up to 105 °C with the procedure ranging from 5–15 min [23, 24]. To reduce the 
risk of damage to the surrounding structures, a safety distance of 10–15  mm 
from the duodenum and the mesentericoportal axis is required [25]. The proce-
dure can be performed via a laparotomic, laparoscopic, percutaneous, and endo-
scopic approach [26]. A mass- forming pancreatic cancer represents the best 
LAPC to treat with RFA, potentially using a minimally invasive approach. A 
percutaneous approach is preferred if the tumour is located in the tail of the 
pancreas, whereas endoscopic ablation is generally performed for pancreatic 
head cancer [16, 27]. These approaches minimise the stress associated with 
laparotomy.

Through ultrasound monitoring, a real-time evaluation can be performed, as gas 
bubbles can be detected during ablation (Fig.  82.1a). Furthermore, ultrasound 
enables the detection of damage within the tumor and, if required, ablation can be 
repeated by reinserting the needle in another part of the lesion. For unplanned pro-
cedures, the simplicity of the technique allows its adoption as a salvage procedure 
in cases that are not radically resectable intraoperatively [28].

Table 82.1 Summary of the main features of the various ablative techniques

Ablative 
technique

Type of 
energy Damage induced Approach Contraindications

RFA High- 
frequency 
alternating 
current

Coagulative necrosis, 
tissue coagulation, 
and protein 
denaturation

Laparotomy, 
laparoscopy, 
endoscopy, 
percutaneous

Involvement of 
duodenum or major 
vessels, metallic stents

IRE Local 
electric fields

Apoptosis, 
irreversible 
permeabilisation of 
cell membranes

Laparotomy, 
percutaneous

Arrhythmias, 
pacemaker/implantable 
cardioverter defibrillator, 
potentially metallic 
stents

HIFU Ultrasound 
energy

High-temperature 
damage

Extracorporeal

ECT Local 
electric fields

Permeabilization of 
cellular membrane to 
drug

Laparotomy, 
percutaneous

Arrhythmias, 
pacemaker/implantable 
cardioverter defibrillator, 
epilepsy

Laser Laser energy Necrosis Laparotomy, 
endoscopy

RFA radiofrequency ablation, IRE irreversible electroporation, HIFU high-intensity focused ultra-
sound, ECT electrochemotherapy
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82.4.1  Oncological Outcomes

Due to the lack of large multicentre studies and randomised controlled trials, onco-
logical results reported so far are debatable. A recent review reported an OS ranging 
between 19 and 25.6 months [22]. These promising results are from studies with 
well-selected patient cohorts, and the selection bias may represent a major factor 
influencing the results.

82.4.2  Post-Procedure Course

Major complications after RFA are possible and mainly related to the thermal 
energy employed during the procedure. These include pancreatic fistula, acute pan-
creatitis, portal vein thrombosis, duodenal and biliary thermal injury, gastric ulcer 
or fistula, and post-operative haemorrhage [22]. Technical tricks may help in reduc-
ing the incidence of post-procedure complications, such as duodenal cooling, safe 
ablation margins, and the selection of cases; however, the outcomes cannot exclude 
the users’ experience. In a recent series performed in our institute on percutaneous 
RFA for LAPC, no complications were reported in the 23 patients examined [16].

82.5  Irreversible Electroporation (IRE)

IRE emerged as the counterbalance of RFA, as it is more likely applied to LAPC 
than RFA due to its non-thermal mechanism of action. Consequently, numerous 
studies have been performed over recent years [29]. IRE induces cell death via 
apoptosis through the application of local electric fields that irreversibly 

a b

Fig. 82.1 (a) Gas bubbles formation during an endoscopic ablation of LAPC within the center of 
the tumor. (Courtesy of Dr. Stefano Francesco Crinò, MD.) (b) One-month triple-phase contrast- 
enhanced CT-scan showing post-ablation necrotic area. (Courtesy of Prof. Mirko D’Onofrio)
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permeabilise cell membranes. It is a multiprobe technique requiring several needle 
electrodes [30]. The most widely adopted approach is the laparotomy; however, the 
percutaneous approach is gaining interest [30]. Tumours should have a maximum 
diameter of 4 cm, an optimal probe exposure of 1.5 cm, and a distance of 1–2 cm 
(minimum to maximum) between the probes [31].

For its physical basis, the IRE has several advantages compared to RFA. Changes 
in the transmembrane potential leading to lipid bilayer disruption appear to occur 
almost exclusively in tumour cells, preserving surrounding vital structures such as 
blood vessels [32]. While the ideal tumour to treat with RFA is the mass-forming 
type, tumours running as a cast along the major peripancreatic vessels may also be 
treated using IRE [33], with a potential two to three pullbacks of the needle elec-
trodes and multiple IRE sessions. Other advantages include lack of the heat sink 
effect, which may affect the efficacy of the thermal ablation procedure, and the spar-
ing of tissue architecture [32].

For the above-mentioned features, IRE has been adopted with a double aim: as 
an in situ treatment offering local control of the disease in LAPC patients not con-
sidered to be suitable for radical surgery, and in conjunction with surgical resection 
(IRE with margin accentuation). The first aim has been mainly explored, demon-
strating that IRE may offer consolidative disease control with symptom relief and 
pain control [34].

IRE is more difficult to apply than RFA. The procedure requires in-depth skills of 
interventional radiology and precise preoperative planning, preventing it from being 
considered as a salvage procedure in scenarios of intraoperative unresectability [28].

Because of the use of electric fields, arrhythmias and pacemaker/implantable 
cardioverter defibrillators are absolute contraindications. Less severe cardiac 
comorbidities represent potential relative contraindications, while the presence of a 
metallic stent should not be considered a contraindication by default. However, if 
the ablation zone does not include the stent, IRE can be performed safely.

82.5.1  Oncological Outcomes

A recent prospective, multi-institutional study from the AHPBA Pancreatic Registry 
evaluated 152 patients who underwent open IRE. The median OS from diagnosis 
was 30.7  months, and the median progression-free survival (PFS) time was 22 
months [35]. In a recent review analysing 43 studies comprising a total of 498 
patients undergoing open, percutaneous, or laparoscopic IRE, the median OS after 
IRE varied from 7 to 27 months, whereas the median PFS ranged from 5 to 15 
months [29, 36]. When compared with patients that underwent chemotherapy and/
or radiation therapy only, patients that underwent IRE showed an improved OS 
from 11 to 20.2 months, improved PFS, and distant PFS [37]. Interestingly, cases of 
post-IRE downstaging to resection were reported [38–40]. Notably, IRE does not 
appear to provide any survival benefit when applied upfront [41].
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82.5.2  Post-Procedural Course

The AHPBA Pancreatic Registry reported morbidity and mortality rates of approxi-
mately 27% and 2%, respectively [35]. Interestingly, the systematic review of Moris 
et al. reports cumulative overall morbidity and mortality rates of 30% and 2.2%, 
respectively [29]. In a systematic review, pooled prevalence rates of pancreatic fis-
tula, pancreatitis, and post-IRE haemorrhage were reported to be 10.6%, 7.2%, and 
4.2%, respectively [42]. These numbers highlight potential serious post-IRE com-
plications and indirectly mark the importance of user expertise and the facilities of 
the adopting centre.

82.6  High-Intensity Focus Ultrasound (HIFU)

HIFU destroys tumour cells by increasing local tissue temperatures to up to 65 °C 
using focused ultrasound energy from an extracorporeal source [43]. It can be per-
formed in two different patterns according to the ultrasound type selected. 
Continuous HIFU induces coagulative necrosis of targeted tissues, using high- 
intensity ultrasound in a single session. However, because of the pain and the dis-
comfort associated with this approach, patients require sedation or general 
anaesthesia, and need to be hospitalised for several days. In contrast, pulsed HIFU 
uses low-intensity ultrasound and requires several sessions, with patients not requir-
ing sedation or hospitalization [44]. HIFU therapy has several advantages over other 
ablation techniques. It does not require incisions or percutaneous needle electrode 
placement. Furthermore, recovery times are short. In addition, a reduction in mor-
tality, morbidity, and hospital stays, as well as an improvement in quality of life 
have been demonstrated [45].

Acceptable rates of post-HIFU morbidity (0–23%) were reported recently. 
The most common and relevant complications were skin burns, subcutaneous fat 
sclerosis, gastrointestinal ulcer or bleeding, abdominal pain, and pancreatic fis-
tula or pseudocyst [22]. The OS ranged from 6 to 14 months. Major benefits have 
been reported when combining HIFU and chemotherapy compared to HIFU 
alone [46].

82.7  Novel Ablative Therapies

A number of novel ablative therapies are currently under investigation. These strate-
gies have either unique peculiarities, such as laser ablation, or share a feature with 
more commonly adopted techniques, such as electrochemotherapy. These strategies 
are presented briefly, as only very few reports are available.
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82.7.1  Electrochemotherapy (ECT)

ECT shares identical physical principles with IRE. Through the application of local 
electric fields using needle electrodes and a generator, cell membrane permeabiliza-
tion is induced. In contrast to IRE, this phenomenon is reversible in electrochemo-
therapy. The pores produced facilitate intracellular entry of intravenously 
administered drugs administered almost concomitantly, e.g., bleomycin for pancre-
atic cancer. Consequently, pore closure ensures local concentration-dependent cyto-
toxic effects of the drug [47]. ECT is a multiprobe technique and requires in-depth 
preoperative planning to create optimal geometric configuration of the needle elec-
trodes. There are only few clinical studies on LAPC; however, preliminary results 
demonstrate the safety and feasibility of the procedure [48], which deserves further 
investigation.

82.7.2  Laser Treatment

This new technique has a few clinical applications in LAPC [49, 50]. Currently, 
there is an ongoing phase I study at our institute (NCT02702986) using the immu-
nostimulating interstitial laser thermotherapy (imILT®) and another one is running 
in Marseille, France (#NCT02973217). Several preclinical models demonstrated 
that the low temperature and power laser could elicit a systemic antitumor immune 
response [51]. The technique can be classified as a thermal technique. Briefly, the 
system comprises a laser generator that is connected to an optical fibre, which is 
introduced into the tumour using a needle guide, and at least one temperature feed-
back probe. This system generates heat by the absorption of light in the tissue, 
producing an ovoid-shaped ablation [28]. The laser technique is relatively easy to 
use; therefore, RFA can be considered a salvage procedure if unresectability is con-
firmed intraoperatively.

82.8  Complications of Ablation of LAPC

All techniques may cause collateral damage. This concept becomes essentially 
“normal” when considering that, by definition, LAPC involves vital structures. 
Therefore, any attempt of tumour ablation may expose patients to a higher risk of 
unintentional injuries.

Complications may be severe and life-threatening [22], as any visceral or vascu-
lar injury is the result of thermal damage to the tissue, which has an unpredictable 
fate in terms of scar evolution. The mortality rate can reach up to 5% [52, 53].

In addition, the pancreatic parenchyma is particularly sensitive to thermal injury 
and may respond with an inflammation response that could lead to severe 
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pancreatitis and damage to surrounding structures. Of note, heat may activate the 
endothelium contributing to procoagulative effects, leading to primarily venous but 
also arterial thrombosis [54]. This phenomenon has been reported for thermal tech-
niques such as RFA and IRE with unclear pathophysiology.

The management of post-procedure complications may be quite complex and 
involve interventional radiologists, gastroenterologists, experienced pancreatic sur-
geons, and intensivists. This highlights the importance of high quality and well- 
coordinated facilities.

An overview of the major complications of the main techniques discussed in this 
chapter is shown in Table 82.2. Reports are from recently performed studies.

82.9  Post-Procedure Follow-Up

The correct interpretation of radiologic examinations is fundamental for assessing a 
positive response to treatment and detecting disease recurrence. The vast majority 
of data available stems from experience with RFA and IRE.

To evaluate the resulting ablated area in RFA, dynamic examination after con-
trast agent injection is usually performed 1 month after the procedure, as it is pos-
sible to detect the effects of thermally-induced necrosis [24]. Early examination 

Table 82.2 Major complications after RFA, IRE, and HIFU

Complications RFA IRE HIFU
Y/N % Y/N % Y/N %

Pancreatitis Yes 0–3.3 [16, 
55–57]

Yes 4–14 [58–60] Yes 2–15 [61–63]

Pancreatic fistula Yes 0–3 [16, 
55–57]

Yes 2.4–12 [60, 
64]

Yes 4 [63]

Pseudocyst No No Yes 6 [62]
Duodenal ulcer/
perforation

Yes 0–4.4 [16, 
55–57]

Yes 4 [58] No

Gastric ulcer/perforation No Yes 2 [40] Yes 2–12.5 [63, 
65]

Portomesenteric 
thrombosis

Yes 0–4 [16, 
55–57]

Yes 4–10 [58–60, 
66]

No

Arterial thrombosis No Yes 2 [67] No
Abdominal abscess Yes 0–5 [16, 55] Yes 1.9–9.5 [64, 

68]
No

Pseudoaneurysm No Yes No
Biliary obstruction No Yes 5.3–6% [53, 

69]
No

Arterio-enteric fistula No Yes 
[70]

No

RFA radiofrequency ablation, IRE irreversible electroporation, HIFU high-intensity focus 
ultrasound
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using a contrast-enhanced CT scan is performed 1 day after the procedure, primarily 
to rule out potential complications rather than to evaluate the ablation effect. Arterial 
and venous phases play an important role in detecting vascular complications such 
as pseudoaneurysms and venous thrombosis, with the late phase the best for mea-
suring the ablated area [24] (Fig. 82.1b). Vessel thrombosis, occlusion, or distortion 
have been reported in post-RFA CT scans; however, no clinical sequelae have been 
associated with these events [71].

Post-IRE imaging usually demonstrates an area larger than the ablated tumour 
as a result of acute procedural-related inflammation. However, the ablated area 
could be rather difficult to measure because of the consistency of the surrounding 
tissue [72]. In the months following IRE, the ablated area generally decreases, 
with the consolidation of the inflammatory processes until a stable size is 
achieved [72].

For both techniques, an increase in the tumour size or the ablation area after a 
period of stability, in conjunction with increased carbohydrate antigen 19.9 (CA 
19.9) with or without clinical progression, must be suspected in disease progres-
sion. Of note, increased CA 19.9 levels may be observed in the postoperative period 
[16], without early disease progression. Therefore, variations of CA 19.9 levels 
should be interpreted cautiously and integrated with other instrumental or clinical 
elements.

82.10  Future Considerations

Despite progress in medical and surgical oncology, pancreatic cancer remains a 
tumour with a dismal prognosis, and surgery followed by adjuvant chemotherapy is 
the only curative strategy. However, due to late diagnosis, only a small number of 
patients can receive radical surgery at the time of diagnosis. For these patients, the 
only valid therapeutic path is chemotherapy with or without radiotherapy, poten-
tially followed by surgery. However, the conversion rate in surgery remains low. In 
this scenario, local ablation strategies offer patients an alternative therapy that may 
help in inducing cytoreduction and in obtaining local control of the disease. These 
strategies should be considered as an adjunctive weapon for LAPC treatment within 
multimodal therapeutic management.

The oncological outcomes reported so far are heterogeneous and not entirely 
encouraging, which comes as no surprise, as such outcomes are also observed for 
surgery or conventional and consolidated chemotherapy. This is associated with the 
biology of pancreatic cancer that may tend towards early systemic diffusion or indo-
lent local growth. In this regard, analysing the growth pattern of a LAPC with a 
tendency to a local growth than a systemic spread, potentially in association with 
biological tools such as SMAD4 gene status assessment [73], may help to identify 
tumours that may benefit from local ablation. Unquestionably, these approaches 
should not be applied upfront but in properly designed trials.
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82.11  Conclusions

Further effort should be made to investigate predictive factors associated with the 
local response after ablation. Patients with LAPC patients that are not reconsidered 
for surgical resection require feedback, and ablative cytoreduction is often the only 
means of obtaining local control of the disease as well as potentially ameliorating 
the patients’ quality of life.

Ablation strategies should no longer be considered as the last resort for LAPC 
patients, rather a dedicated therapy for selected ones. The urge for thoroughly inves-
tigating the presumable immunostimulating effect that can be obtained using abla-
tive techniques arises [19], as it potentially represents the keystone treatment for 
such patients. Proper clinical trials are required in this particular setting.

The still dismal prognosis of LAPC imposes further research on ablation tech-
niques. Until the availability of randomized controlled trials, ablative technologies 
will continue to be adopted in selected cohorts of patients with LAPC.
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Take Home Messages
• Sonoporation is the use of ultrasound and microbubbles to enhance thera-

peutic effect of existing medical agents
• Sonoporation is a bio-mechanical effect where microbubbles interact 

with cells
• Sonoporation can inhibit tumour growth
• Phase I clinical trial has shown sonoporation can be safe and potentially 

double survival in patients with pancreatic cancer (PDAC)

Pearls and Pitfalls
Pearls

• Simple and low-cost implementation using existing technology and clini-
cal methods

• Can enhance therapeutic efficacy in preclinical and early clinical models

Pitfalls

• Can only be used if possible to visualise the lesion using ultrasound imaging
• Not optimal for treatment of multiple tumours or if there is significant 

metastatic spread
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83.1  Background

83.1.1  Treatment of Pancreatic Cancer

When it comes to treating PDAC, it notoriously shows a very low response to che-
motherapy due to a dense desmoplastic stroma and poor blood supply [1, 2], 
though perfusion is sufficient to observe significant CEUS signal [3, 4]. Despite the 
“curative” intent of treatment for those patients who present with surgically ame-
nable PDAC and undergo resection followed by adjuvant systemic therapy (with or 
without radiation), their median overall survival is still only 15 months [5, 6].

Currently there are two major chemotherapeutic regimens for the treatment of 
non-resectable PDAC, a combination of Leucovorin, Fluorouracil, Irinotecan and 
Oxaliplatin (FOLFIRINOX), considered the first line treatment, or a combination of 
gemcitabine with a nanoparticle formulation of Paclitaxel (Nab-Paclitaxel), the sec-
ond line treatment. These regiments only results in a median overall survival of 
approximately 12  months [7, 8]. For this reason, innovative strategies need to 
develop for effective diagnosis, drug delivery and treatment monitoring, resulting in 
improved outcomes for PDAC patients.

83.1.2  Sonoporation

Sonoporation uses ultrasound and ultrasound contrast agents (UCAs) to enhance the 
therapeutic efficacy of a given drug in a specific tissue. This is achieved by ultra-
sonically exciting UCAs (microbubbles) which pulsate near biological barriers (cell 
membrane or vascular wall). The ultrasound forces the microbubbles to rapidly 
expand and contract (Fig. 83.1a). This increases the permeability (Fig. 83.1b) or 
induces stress signalling in the cells, thereby enhance the extravasation or increas-
ing sensitivity to external substances such as drugs and chemotherapeutics.

Taking into account that a major drawback to traditional chemotherapy is the 
systemic toxic side effects, especially when used in high therapeutic concentrations, 
sonoporation may provide an effective solution. This scenario results in greater 
treatment efficacy, improving quality of life and, theoretically, survival. As the 

Future Perspectives
• Sonoporation is at an early development stage with multiple ways of 

implementation
• Better understanding of what the optimal ultrasound conditions, microbub-

ble variables, and durations are may significantly enhance the potential of 
sonoporation

• Very little is truly known about how the in vivo mechanisms work and why 
it is so beneficial
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primary tumour is treated more effectively than with chemotherapy alone, there is 
an increased likelihood of downgrading the tumour, potentially allowing for surgi-
cal resection. As the chemotherapy remains systemic, it will still abate metastatic 
development.

Sonoporation, as a concept, is not new. Over the last 20 years, the field of sono-
poration [9–14] has been moving towards clinical application to enhance delivery of 
drugs [9, 15, 16] or genetic material [10, 17–19] in cardiovascular [20, 21], hepatic 
[9], musculoskeletal [17, 22, 23], and neural [24] disorders.

The term sonoporation was first published in 1997 [25] and extensive research 
has been performed since then. A current dispute in the field is the definition and use 
of the term “sonoporation” as this makes the assumption that the primary mecha-
nism behind the enhanced efficacy ultrasound and microbubble enhance therapy is 

a

b

Fig. 83.1 Mechanisms of 
sonoporation. Ultrasound 
is applied to the treatment 
area and when the 
microbubbles pass through 
the ultrasound field the 
react the positive and 
negative acoustic pressures 
by contracting and 
expanding respectively, 
i.e., oscillating (Panel a). 
These oscillating 
microbubbles interact with 
nearby cells and can form 
small holes in the cell 
membrane (Panel b). This 
interaction can initiate 
numerous other 
mechanisms that allow 
enhanced drug delivery 
and sensitivity
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only transient pore formation in the cells [26]. Nevertheless, whilst the term has 
stuck, it is widely accepted that the biophysical and biochemical phenomena behind 
this enhanced therapeutic effect is far more complex than simple pore formation and 
enhanced drug delivery.

In general, the sonoporation field is split in two camps; high-intensity vs. low- 
intensity sonoporation. A majority of academic research currently focuses on the 
use of high-intensity ultrasound that surpasses the safe diagnostic threshold set by 
the FDA and IEC/EMA [27–29].

The high-intensities result in a phenomenon known as inertial cavitation (violent 
explosions within tissue and blood, akin to boiling) which are currently difficult to 
control in vivo [30]. This inertial cavitation can also induce significant damage to 
healthy tissue. During high intensity sonoporation the injected microbubbles are 
forces to explode/implode, damaging surrounding tissue and allowing more drugs 
to be delivered and forcing other biological mechanism to react to this damage. 
These violent mechanisms could be painted as tiny hand-grenades exploding every-
where the ultrasound and bubbles are present.

In the other camp, low intensity sonoporation focuses on using ultrasound condi-
tions that fit under current diagnostic ultrasound imaging guidelines, allowing fast 
translation from lab to clinic. In this case, the aim is to preserve the bubbles and 
force them to interact/rub against the cells, similar to washing a dish with sponge; 
the soap bubbles are the microbubbles, and the ultrasound acts as the sponge.

Currently there is no evidence to suggest one method is better than the other, but 
efficacy and patient’s safety will be determined as the field progresses into more and 
larger clinical trials.

83.2  Pre-Clinical Studies

Pre-clinical studies are usually the fundament needed to establish basic safety and 
determine if there is any potential for such a therapy. Whilst there is an abundance 
of pre-clinical research investigating the mechanisms of sonoporation, or the effect 
of sonoporation with novel drugs and various cancer types, there are still limited 
pre-clinical studies in relevant models with clinically relevant drugs for PDAC.

One study has shown that using SonoVue® (Bracco S.p.A., Milan, Italy) to treat 
PDAC in an orthotopic and metastatic model was able to significantly inhibit tumour 
growth when performing sonoporation in combination with Gemcitabine [16]. 
Specifically, after 8 weeks of treatment the tumour volume of the sonoporation group 
was four times smaller than that of the group treated with the drug alone (Fig. 83.2). 
Furthermore, the metastatic spread was also inhibited, and survival was increased.

To achieve this result, the researchers treated every 7 days using 125  mg/kg 
Gemcitabine injected intraperitoneally followed by 50  μL bolus injection of 
SonoVue® and then treated for 10 min using ultrasound. The ultrasound settings cho-
sen were specifically to comply with existing FDA, IEC/EMA guidelines for diag-
nostic imaging, i.e., a mechanical index of 0.2 (diagnostic upper limit is 1.9) and a 
spatial-peak, temporal-average intensity of 688 mW/cm2 (upper limit of 720 mW/cm2).
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Further work has also shown that using next generation microbubbles, such as 
Acoustic Cluster Therapy [31] specifically designed for therapy it may be possible 
to even reduce the tumour volume and affect the tumour vasculature [15].

83.3  Real World Application

To date, there has only been a single complete and published Phase I clinical trial 
evaluating low acoustic intensity sonoporation in PDAC [4]. In this study, ten con-
secutive voluntary patients with inoperable pancreatic ductal adenocarcinoma were 
recruited. Based on CT scans before the start of treatment 30% of the patients were 
metastatic whereas the remainder were classified as locally advanced. A study 

Fig. 83.2 Sonoporation in an orthotopic pancreatic cancer mouse model. Effect of sonoporation 
in an orthotopic pancreatic cancer mouse model after eight treatment cycles. The cancer “spread” 
is detected via full body bioluminescence. The primary tumour was measured using 3D ultrasound 
imaging. The group treated with ultrasound  +  microbubbles  +  Gemcitabine showed the least 
tumour spread and the smallest primary tumour
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exploring the use sonoporation at acoustic intensities known to destroy the micro-
bubbles also evaluated a single patient with pancreatic carcinoma [32]. This single 
patient showed progressive disease.

83.3.1  Treatment Protocol

All patients received the current standard of care, which at the time was gemcitabine 
as a monotherapy with dose scaling depending on the chemotherapy induced myelo-
suppression. Immediately after the end of the 30-min gemcitabine infusion, where 
the blood plasma level of gemcitabine was measured to be at its peak, the sonopora-
tion procedure was initiated.

In general, the application of ultrasound is a simple procedure; the tumour is 
located using traditional imaging methods, and the ultrasound probe is locked into 
place without applying too much pressure to allow a relaxed breathing motion. The 
probe was positioned to minimise any ultrasound application to any other organs, 
e.g., stomach or intestines. In all cases the ultrasound probe was fixed and targeted 
at the primary tumour. An example of how a patient would be treated, and a repre-
sentative US image is shown in Fig. 83.3.

SonoVue® was injected i.v. as a 0.5 mL bolus every 3.5 min followed by a 5-mL 
saline flush. This was repeated until the vial of SonoVue® was used up, i.e., a total 
of 31.5 min of ultrasound application and nine injections.

In total the duration of the treatment, including chemotherapy infusion, was just 
over an hour (at 61.5 min).

83.3.1.1  Choice of Microbubble Conditions

Comparing and translating drug doses from mice studies to humans is rarely an easy 
task. A 50-μL bolus in a mouse is approximately 2% of the total blood volume (as 
used in the preclinical study described earlier). This would be equivalent of inject-
ing 100 mL of microbubbles in a human if linearly transposed from mouse to human 
based on blood volume. Nevertheless, blood distribution, and organ size between 
both species is vastly different, and the simple difference in size between the two 
makes it difficult to obtain a true and accurate conversion ratio.

In this study, the microbubble dose was chosen to mimic typical safe and 
already used clinical imaging procedures. Therefore, the tumour could be visual-
ised accurately and continuously during therapy. This monitoring was essential 
since it means if the targets moves for any reason such as patient movement, or 
probe slipping, it can easily and rapidly be positioned to visualise and treat the 
tumour again.

A secondary aspect was the microbubble induced attenuation. The more bubbles 
in the blood, the less the ultrasound can penetrate. This means, that if the micro-
bubble dose is too high only the portion closest to the tumour will receive enough 
ultrasound hence only a small portion of the tumour will be treated.
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A bolus was chosen as this followed the standard imaging procedures and it 
allowed transient periods of high concentrations and low concentrations of micro-
bubbles, meaning even if the ultrasound was “blocked” from reaching deeper parts 
of the tumour this is only for a short period of time, hence potentially getting the 
benefit of transient high concentrations and low concentrations of microbubbles.

83.3.1.2  Choice of Ultrasound Conditions

The choice of ultrasound conditions was defined by the flexibility of the ultrasound 
system used. In this case a GE Logiq 9 (GE Healthcare, Chicago, IL, USA) com-
bined with a 4C ultrasound probe (Fig. 83.3a).

A nonlinear contrast mode was chosen to allow visualisation of the injected 
microbubbles, allowing detection of a failed injection or a bad batch of microbub-
bles. To prevent a destruction of the microbubbles a low Mechanical Index (0.2) 
with a low number of cycles (4) was chosen. Increasing either would increase the 
destruction or dissolution speed of the microbubbles, and here the aim was to keep 
the microbubbles present in the circulation as long as possible. It was also attempted 
to maximise the number of ultrasound bursts per frame, and to increase the frame 
rate to maximise ultrasound exposure time.

83.4  Results

The study showed that patients treated with sonoporation in combination with gem-
citabine showed no increased adverse effects, indicating that at the given conditions, 
sonoporation is safe and non-toxic compared to gemcitabine alone.

a b

Fig. 83.3 Example of how the sonoporation treatment procedure is performed (Panel a) and a typi-
cal US image of a PDAC tumour (Panel b). (Figure modified from Dimcevski et al. [4].) Patients 
treated with sonoporation will typically lay down on a bed with their abdomen exposed (Panel a). 
The ultrasound probe is placed directly above the tumour and the ultrasound image is used to guide 
the treatment (Panel b). The entire tumour should be visible during the treatment period
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The treatment efficacy was compared to an inclusion criterion matched historical 
control cohort treated at the same hospital and department. In general, the patients 
treated with sonoporation were able to undergo an increased amount of treatment 
cycles; from 9 to 14  cycles (mean) (Fig.  83.4a), specifically, on average, a 66% 
increase in the amount of cycles each patient was able to undergo. This indicated 
that the sonoporation treated patients had an extended period of well-being. When 
comparing survival curves, the sonoporation treated patients had a median overall 
survival of 18 months vs. 9 months for the control group (Fig. 83.4b). Last but not 
least, Fig. 83.4c shows the tumour volume response from a patient that underwent 
sonoporation therapy. The tumours were segmented from the CT scan used to deter-
mine patient response as part of the current standard of care. A dramatic decrease in 
tumour volume could be observed in this patient. This patient was able to undergo 
optimal debulking surgery. A total of 50% of patient showed a tumour size decrease.

83.5  Current Limitations and Future Research

The field of sonoporation is still at its infancy and is far from reaching its true poten-
tial. At the current stage, research is still being performed to both fully understand 
the mechanisms of action and to determine which treatment parameters are optimal. 
Table 83.1 lists a few aspects that are yet to be solved.

Whilst in vitro and in vivo research suggests that more bubbles may be more 
effective as there is more interaction between the cell/blood vessels. Nevertheless, 
translating these microbubble conditions, and corresponding ultrasound conditions 
from a 1 cm deep mouse tumour to a 10 cm deep human tumour becomes a major 
challenge and determining a patient specific microbubble dose may be the optimal 
middle ground.

Another challenge is the current technology used to treat the tumours. The issue 
once again stems back to the initial research on mice, vs. transition to larger humans. 
The small sub 1-cm diameter tumour on mice fit within the sound field of typical 
single element research transducer, but human pancreatic cancer tumours are typi-
cally in the range of 2–6 cm in diameter, i.e., much larger than the slice-thickness of 
the diagnostic ultrasound field. Whilst the sound field maybe be less than a centime-
tre thick in clinical diagnostic ultrasound probes the patients breathing and internal 
organ movements typically allow the tumour to move throughout out the sound 
field. This partially mitigates the issue and allows a larger portion of the tumour to 
be treated but comes at the expense of accurate ultrasound dosimetry, which may 
have a significant impact on treatment efficacy. Hence, novel 3D/4D ultrasound 
probes may be a significant step forward for accurate full tumour treatment.

The clinical trial mentioned only focused on treating the primary tumour in the 
patients, yet a large portion of patients present with metastasis. In this first study, it 
took 31.5 min to treat the single tumour and then due to the pharmacokinetics, the 
sonoporation window was assumed to have passed. Thus, indicating that it may not 
be possible to treat multiple tumours using sonoporation. Nevertheless, this 
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extensive duration was chosen due to the limited ultrasound that could be delivered. 
By improving the ultrasound dose, the treatment window could be further decreased. 
In addition, some research has indicated that the sonoporation effect happens within 
a few seconds of applying the ultrasound at the correct dose. What’s more as the 

a

b

c

Fig. 83.4 Results of 
sonoporation in 
combination with 
gemcitabine to treat 
patients with pancreatic 
ductal adenocarcinoma. 
The patients were able to 
undergo an increased 
amount of treatment cycles 
(Panel a) indicating a 
longer period of well- 
being. The patients showed 
an increase in overall 
survival (Panel b). Panel c 
shows an example of the 
tumour volume before and 
after sonoporation 
treatment based on 
CT images
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fields understanding of sonoporation has improved, it may be possible to perform 
ultrasound treatment before chemotherapeutic administration and result in the same 
or even improved therapeutic outcome. In summary, it may be feasible to treat 
tumours in a few min as long as the ultrasonic and microbubble dosimetry is correct.

A strong benefit of sonoporation is that it is predominantly a biomechanical phe-
nomenon that enhances the therapeutic efficacy of a chosen agent. This means it 
should be possible to enhance the therapeutic efficacy of various therapeutic agents, 
both old and new. However, the mechanism of action for these therapeutic agents 
needs to be understood and evaluated prior to assuming sonoporation may improve 
its efficacy.

Last, but not least, the safety of this method needs to be thoroughly evaluated 
prior to assuming it is safe. With the onset of next-generation microbubbles and 
higher and higher power ultrasound, any combination could induce enough cellular 
stress or physical tissue damage.

83.6  Conclusions

Sonoporation has shown great potential in the in vitro and pre-clinical stage of 
development and is now starting to reach clinical translation. An initial clinical 
study has shown great promise, indicating it potential but the field is still in its 
infancy with many parameters still needing to be optimised to maximise its efficacy.

Table 83.1 Items that still need to be explored to advance the field of ultrasound and microbubble 
enhanced therapy

Items that still need to be explored
What is the required minimum duration of treatment?
  Reducing the treatment time would mean more lesions could be treated, allowing the 

inclusion of metastatic diseases
What ultrasound pressures and energies are required to maximise treatment efficacy?
  Different microbubbles respond differently to the same ultrasound, meaning the ultrasound 

settings need to be adapted to the chosen bubble
Which therapeutic agents does this method work best with?
  In cases where the therapy is not limited by the uptake of the drug, but drug potency, 

sonoporation may not be of added benefit
What type of microbubbles are best?
  Is it worth exploring drug loaded concepts, or minor modification to existing bubbles good 

enough and a faster route to clinical implementation?
What type of cancers are most suitable?
  In vitro research shows different cells have different sensitivity to sonoporation, hence 

specific cancers may be more appropriate for sonoporation
Which model?
  There are no in vitro or animal models that mimic any cancer perfectly with a human 

immune system, tumour size and cellular structure. Hence more work needs to focus on the 
clinical evaluation and implementation of sonoporation
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Take Home Messages
• Supportive care, by reducing symptoms, improving quality of life (QoL), 

allowing best treatment and decreasing side effects, holds a major place in 
pancreatic ductal adenocarcinoma (PDAC) management at the diagnosis 
and throughout the course of the disease.

• Management of common symptoms including pain, anxiety/depression, 
and malnutrition is crucial and requires frequent reevaluation.

• Pain management relies on analgesics with the classical WHO step-up 
approach, combined with neuropathic drugs and treatment of other causes 
abdominal discomfort (e.g. exocrine pancreatic insufficiency, 
constipation).

• PDAC-related malnutrition is multifactorial, involving the tumour itself, 
treatments and complications (e.g. infections).

• Global energetic needs are estimated at 30–35 kcal/kg/day with 1.2–1.5 g/
kg/day of protein intake.

• Malnutrition, sarcopenia and cachexia have a negative impact on patient 
survival and QoL and are associated with increased risk of treatment com-
plications, hospital admissions and costs.

• Nutritional support and adapted physical activity are the two main pillars 
of the management of sarcopenia and cachexia.
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84.1  Introduction

Pancreatic ductal adenocarcinoma (PDAC) incidence is increasing worldwide [1]. It 
is expected to become the second leading cause of cancer-related death by 2030 in 
Europe and in the United States [2, 3]. It is the digestive tumour with the poorest 
prognosis, with five-year overall survival (OS) rates not exceeding 7–8% [4, 5]. 
Most PDAC patients have advanced disease at diagnosis (locally advanced, 30% or 
metastatic, 50%). Late diagnosis, due to unspecific symptoms and lack of biomark-
ers and screening methods for detection at early stage, together with high metastatic 
potential and resistance to medical therapies, are the main causes for PDAC poor 
prognosis [4, 6].

Beside conventional anti-tumour therapies (i.e. surgery, chemotherapy, and 
radiotherapy), palliative and supportive care holds a major place in PDAC manage-
ment [7]. Supportive care aims at reducing symptoms due to tumour and treatment 
adverse effects, preventing hospital admissions, and improving health- related qual-
ity of life (HRQoL), which is a surrogate prognostic indicator for OS in PDAC [8, 
9]. Supportive care should be systematically implemented in all PDAC patients, 
whatever the tumour stage, at the time of diagnosis and during every step of the 
course of the disease, in order to improve patients’ general condition (performance 
status, PS) so that they can receive optimal treatment [10]. Optimal management 
implies avoiding both undertreatment and inappropriate end-of-life aggressiveness 
[11]. Best supportive care encompasses a broad spectrum of interventions from the 
treatment of pain, anxiety and depression, chemo(radio)therapy- related toxicities 
and surgery sequelae, thromboembolic disease, fatigue, malnutrition, sarcopenia 

Pearls and Pitfalls
• Supportive care is centered on the patient but should also include the fam-

ily and carers.
• Malnutrition prevalence is higher in older patients and at advanced cancer 

stage, and frequently underestimated in obese patients.
• Malnutrition should be diagnosed and treated as early as possible, because 

sarcopenia and cachexia are not reversible at late stages.
• Artificial nutrition interventions are not recommended if life expectancy is 

shorter than 3 months.
• A sudden upsurge of pain, previously well controlled, may be a sign of 

disease progression, or side effects of pain killers (e.g. constipation) or 
pancreatic cancer (e.g. exocrine pancreatic insufficiency).

Future Perspectives
• Randomized controlled studies are needed to adequately evaluate the effi-

cacy and determine the optimal modalities of supportive care programs 
(e.g. nutrition and adapted physical activity).
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and cachexia, to psychological assistance to carers [8, 12]. These symptoms are 
complex and multifactorial in their origins thus their management requires a multi-
disciplinary therapeutic approach involving oncologists, surgeons, gastroenterolo-
gists, nutritionists and dieticians, radiologists, pain and palliative care specialists, 
nurses and physical activity professionals [13]. Of note, nutrition and physical 
activity interventions require adaptation to the specificities of PDAC setting and 
stage of the disease.

This chapter provides an overview of palliative and supportive care interventions 
in advanced PDAC, with a highlight on nutritional and physical activity management.

84.2  Non-specific Management of Common Symptoms

84.2.1  Pain

Abdominal pain is the most frequent symptom in PDAC, reported by 75% of 
patients at diagnosis [13]. Almost all patients with advanced PDAC suffer from pain 
[14]. Clinically, pancreatic pain is characterized by severe intensity, often requiring 
morphinic analgesics, and epigastric location with posterior irradiation. Pain in 
PDAC shares common pathogenesis with chronic pancreatitis pain, combining vis-
ceral (tissue destruction and inflammation, pancreatic duct obstruction) and neuro-
pathic (perineural invasion by cancer cells, involving the celiac plexus) mechanisms 
[13]. Therefore, the addition of neuropathic agents (e.g. gabapentine, pregabaline, 
nortriptyline, duloxetine) should be systematically considered in association to clas-
sical step-up approach based on World Health Organization (WHO) pain ladder 
scale [15, 16]. Drug combination aims at increasing the effectiveness of the analge-
sic treatment by acting on different targets of nociception, while reducing overall 
side effects (in particular, opioid-induced pruritus, nausea, and constipation) [13]. 
Abdominal discomfort can also be to the consequence of pancreatic exocrine insuf-
ficiency, bile acid malabsorption, constipation, or bacterial overgrowth (Fig. 84.1). 
In case of uncontrolled pain despite well-conducted medical treatment, interven-
tional techniques (i.e. endoscopic ultrasound-guided or image-guided percutaneous 
neurolytic celiac plexus block, or palliative radiotherapy) may be considered in 
selected patients [13, 15, 17].

84.2.2  Anxiety and Depression

Only few, small observational studies assessed depression or anxiety in patients 
with PDAC and suggested that these disorders were more prevalent in PDAC 
patients than in other cancer populations with similar prognosis [12, 18]. 
Interestingly, anxiety, but not depression, is even more common in carers than in 
patients (39% vs. 15%, and 58% vs. 70%, respectively) [12]. Depression has a sig-
nificant impact on HRQoL and survival [19]. Questionnaires (e.g. Hospital Anxiety 
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and Depression Scale [HADS] and Beck Depression Inventory [BDI]) may be use-
ful tools for screening and evaluation of these symptoms. Anxiety-depressive disor-
ders and psychological distress should be managed on an individual basis and relies 
on non-pharmacological interventions (psychotherapy, cognitivo-behavioural ther-
apy, support groups), other symptom control (e.g. pain), and, if required, antidepres-
sant medication [18].

84.2.3  Thromboembolic Events

Venous thromboembolic events (VTE) are the second leading cause of death in 
patients with cancer [20]. 20–35% of patients with PDAC (up to 60% in autopsy 
series) are affected by VTE during the course of the disease, making it one of the 
most thrombogenic tumours [13, 21]. Increased coagulability is induced by sys-
temic inflammation and cancer cell secretion of factors that trigger the clotting cas-
cade [22]. Blood cell count analysis (elevated leukocyte count >11,000/mm3 and 
platelet count ≥350,000/mm3 and decreased haemoglobin <10 g/dL or treatment 
with erythropoietin derivative), along with body mass index (BMI) ≥35 kg/m2, have 
turned out to be useful in risk prediction and these four parameters have been 
included in the Khorana score to assess VTE risk in cancer patients [23, 24] (cf. 
Table 84.1). In patients with PDAC, the presence of one of these risk factors is suf-
ficient to reach the high-risk threshold score of 3, at which primary thromboprophy-
laxis may be considered [24]. The high efficacy and feasibility of primary 
pharmacologic prevention of symptomatic VTE in ambulatory patients with 
advanced PDAC using low molecular weight heparin (LMWH) has been demon-
strated in the CONKO-004 phase III study (cumulative incidence rates of 

Pain evaluation at diagnosis and frequently during the course of the disease

WHO
Pain

Ladder

1

2

3

Step 1

Step 2

Step 3

Step 4

Strong
opioids

(morphin) +
Non opioids

Mild opioids (codein) + Non opioids

Non opiodis analgesics (Aspirin or/and Paracetamol)

Objective:
Freedom
for pain

Neuropathic
component

Abdominal
discomfort

Adjuvant treatments: Fear and anxiety (benzodiazepins)

Gabapentine or pregabaline or nortriptyline or duloxetine

Pancreatic enzymes, laxatives, biliary obstruction or digestive obstruction
treatment by endoscopic stenting, diarrhea treatment

Mild pain intensity

Moderate pain intensity

Severe pain intensity

Discuss 
interventional
techniques:
-

-

endoscopic
ultrasound-
guide or
image-guided
percutaneous
neurolytic
celiac plexus
block

palliative
radiotherapy

Fig. 84.1 The three pillars of the management of digestive cancer pain: WHO pain ladder, neuro-
pathic component, abdominal discomfort
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symptomatic VTE: 15.1% in the observation group and 6.4% with enoxaparin; 
p  =  0.01) [25]. Recent guidelines recommend thromboembolic prophylaxis with 
LMWH or with direct oral anticoagulant in all hospitalized and ambulatory patients 
with locally advanced or metastatic PDAC treated with systemic anticancer therapy 
and who have a low risk of bleeding, thereby widening the indication spectrum of 
the Khorana score [26].

When the diagnosis of VTE is made in a patient with advanced PDAC, LMWH, 
once per day, when creatinin clearance is >30 ml/min, is recommended for the first 
5–10 days of anticoagulant treatment and is preferred over vitamin K antagonists in 
early maintenance [26]. Direct oral anticoagulants (after 5 days of parenteral anti-
coagulation minimum) may be used in patients who are not at high risk of gastroin-
testinal bleeding [26]; they should be avoided or used with caution in PDAC patients 
with portal hypertension. Noticeably, the majority of trials comparing direct oral 
anticoagulants and LMWH have excluded patients who had upper gastrointestinal 
malignancy. After the occurrence of a VTE in a patient with advanced PDAC, the 
anticoagulation therapy should be prolonged indefinitely [26]. In the event of VTE 
recurrence in patients under anticoagulation with LMWH, two options may be pro-
posed: (1) increase LMWH by 20–25%, or (2) switch to direct oral anticoagulants 
[26]. For the treatment of catheter-related thrombosis, anticoagulant is recom-
mended for a minimum of 3 months and as long as the catheter is in place if it is 
functional, not infected, and well positioned [26]. Finally, there is no consensus 
regarding the management of visceral thrombosis (i.e. involving portal, mesenteric 
or splenic veins) in PDAC [27].

84.3  Nutrition and Physical Status

84.3.1  Definitions and Pathophysiology

There is an overlap between cachexia, sarcopenia, and malnutrition [28]. 
Malnutrition is defined by the association of (1) a phenotypic criteria, i.e. weight 
loss (≥5% in 1 month or ≥10% in 6 months, or ≥10% compared to body weight 
before diagnosis), low BMI (≤18.5 kg/m2) or reduction of muscle mass (assessed 

Table 84.1 Prediction score to evaluate venous thromboembolism risk: the Khorana score

Patients’ characteristics Risk score

Site of cancer
   – Very high risk (stomach, pancreas) 2
   – High risk (lung, lymphoma, gynaecological, bladder, or 
testicular)

1

Prechemotherapy platelet count ≥350 * 109/L 1
Prechemotherapy haemoglobin level <100 g/L or use of red cell 
growth factors

1

Prechemotherapy leukocyte count >11 * 109/L 1
Body mass index ≥35 kg/m2 1

84 Best Supportive Care in Advanced Pancreatic Cancer



1298

by biphotonic absorptiometry, bioimpedance analysis, or, muscle surface area eval-
uated at the level of the third lumbar vertebra [L3] on abdominopelvic computed 
tomography) or function (e.g. 6-min walking test, handgrip test) and (2) an etio-
logic factor (decreased food intake, aggressive situation as cancer or decreased 
absorption) [29]. Cancer-related malnutrition is classified into two grades of sever-
ity, whose clinico-biological definitions (based on BMI, weight loss, and serum 
albumin level) take into account the age of the patient (Table 84.2). Those criteria 
have been recently updated in new French guidelines [30].

Overall, malnutrition is present in 40% of patients with cancer, whatever the 
primary tumour location and stage [31]. It is more frequent in older patients and 
at advanced cancer stages, and it is frequently underestimated, especially in obese 
patients [32]. Among cancers of the digestive tract, malnutrition prevalence is 
particularly high in patients with PDAC, reaching 70% [31, 33]. Pancreatic cancer 
related malnutrition is multifactorial, involving the tumour itself (anorexia, diges-
tive stenosis, cholestasis and pancreatic exocrine insufficiency, diabetes mellitus, 
systemic inflammation, and hypercatabolism), treatments (chemotherapy and 
radiotherapy adverse effects and surgery sequelae) and complications (e.g. infec-
tions) (Fig.  84.2). These three combined drivers yield increased energetic and 
protein expenditures together with decreased oral intake and physical activity [31, 
34, 35].

Sarcopenia is defined by the reduction of muscle mass, assessed using body- 
composition tools as described above. It has been initially described in older patients 
and secondary extended to muscle loss related to cancer [28]. Muscle proteolysis is 
an early event in PDAC carcinogenesis; it induces an important efflux of muscle 
amino acids, which boosts tumour progression and is detectable in blood samples 
collected 2–5 years before PDAC diagnosis [31, 36]. In addition, skeletal muscle 
insulin resistance is a hallmark of PDAC [28]. Overall, metabolic changes and 
secreted “atrophying” inflammatory cytokines (e.g. transforming growth factor β 
[TGF-β]) alter cell signalling and mitochondrial functioning in muscle fibers and 
result in imbalance between muscle protein synthesis and degradation, leading to 
sarcopenia [37, 38].

Cachexia is defined by loss of muscle function or mass associated or not with 
loss of fat mass and driven by inflammatory syndrome [34, 35, 39]. PDAC is proto-
typical of cancer-induced inflammation and hypercatabolism. Three phases of 
cachexia are classically described: (1) pre-cachexia, (2) cachexia, and (3) refractory 
cachexia [39]. High levels of inflammatory cytokines (e.g. interleukin-6 [IL-6] and 
its surrogate CRP) and imbalanced peripheral blood mononuclear cells (i.e. high 
neutrophil-to-lymphocyte ratio) are observed in PDAC patients and correlate with 
reduced survival [40].

Malnutrition, sarcopenia and cachexia have a significant negative impact on 
HRQoL and OS, and are associated with increased rates of post-operative complica-
tions, chemotherapy and radiotherapy toxicities, and infections, resulting in more 
frequent and longer hospital stays and higher costs [28, 41–43]. Moreover, they are 
associated with undertreatment, delay in therapy initiation, and toxicity-related 
dose reductions, leading to suboptimal treatment dose-intensity and thereby repre-
senting a lack of opportunity for patients [44].

A.-L. Védie and C. Neuzillet
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At refractory stage, these syndromes cannot be reversed by conventional nutri-
tional support, highlighting the importance of early diagnosis and multidisciplinary 
therapeutic intervention, combining nutrition and adapted physical activity, as well 
as relief of biliary and digestive obstructions, insulin and enzyme replacement ther-
apy, and prevention and symptomatic treatment of surgical complications and che-
motherapy/radiotherapy toxicities [29, 34, 35, 39].

Table 84.2 Definitions of malnutrition, severe malnutrition, and cachexia

Definition of 
malnutrition: 
ONE etiologic 
criteria AND 
ONE phenotypic 
criteria Etiologic criteria Phenotypic criteria

•  Weight loss ≥5% of 
BW in 1 month

•  Weight loss ≥10% of 
BW in 6 months

•  Or ≥10% compared to 
weight before disease

•  BMI <18,5 kg/m2

•  Reduction in muscle 
mass or function

•  Decreased oral intake 
≥50% for more than 
1 week or any reduction of 
food intake for more than 
2 weeks compared to usual 
food intakes or proteino- 
energetics needs

•  Decreased absorption
•  Protein hypercatabolism 

with or without 
inflammatory syndrome) 
(e.g. cancer, infection)

Age Malnutrition Severe malnutrition Cachexia
<70 • 17 < BMI < 18,5 kg/m2

•  Weight loss ≥5% of 
BW in 1 month

•  Weight loss ≥10% of 
BW in 6 months

• 30 < Albumin < 35 g/L

• BMI ≤ 17 kg/m2

•  Weight loss ≥10% of BW 
in 1 month

•  Weight loss ≥15% of BW 
in 6 months

• Albumin ≤30 g/L

•  Weight loss >5% 
over the past 
6 months (in 
absence of 
simple 
starvation)

•  BMI < 20 kg/m2 
and any degree 
of weight loss 
>2%

•  Muscle atrophy 
(i.e., reduced 
muscle mass) 
and any degree 
of weight loss 
>2%

≥ 70 • BMI < 21 kg/m2

•  Weight loss ≥5% of 
BW in 1 month

•  Weight loss ≥10% of 
BW in 6 months

• Albumin <35 g/L
• MNA < 17

• BMI < 18 kg/m2

•  Weight loss ≥10% of BW 
in 1 month

•  Weight loss ≥15% of BW 
in 6 months

• Albumin <30 g/L

Note: 1 criteria is sufficient
BMI body mass index, BW body weight, MNA Mini-Nutritional Assessment

84 Best Supportive Care in Advanced Pancreatic Cancer
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84.3.2  Nutrition Care in Patients with Advanced PDAC

Nutritional status should be assessed from diagnosis using clinical and biological 
parameters (BMI, weight loss, food intakes, and serum albumin level) and re- 
evaluated regularly during the course of the disease [29, 30]. Questionnaires (e.g. 
Malnutrition Universal Screening Tool, Mini Nutritional Assessment, Glasgow 
Prognostic Score) are less widely used in routine clinical practice but are applied in 
clinical trials. Dietician or nutritionist expertise to estimate calories and energy 
intakes and needs is highly valuable [29, 30].

Global proteino-energetic needs are estimated at almost 20–25 kcal/kg/jour 
in bedridden patients and 30–35  kcal/kg/day in ambulatory patients with 
1.2–1.5 g/kg/day of proteins [29]. In comparison, global protein-energetic needs 
in an healthy adult is lower but is very different according to sex, age and activ-
ity and can be estimate with Harris and Benedict equation. Vitamin (A, D, E, 
B1, B6) and oligoelements deficiencies are not screened routinely but have to be 
screened and treated in case of severe malnutrition or short bowel syndrome. 
There is no need to systematic supplementation in vitamins and oligoelements 
except in case of parenteral nutrition where poly-vitamins and poly-oligoele-
ments have to be added to hydration.

Nutrition counselling should be provided to all patients. It includes encouraging 
good oral hygiene practices to prevent mucositis or fungal mouth infection during 
chemotherapy, adequate fluid intake (by example: 1.5 L of water a day), fractioned 
alimentation with multiple small meals to stimulate appetite, and preferring cold 
food to avoid nausea caused by cooking smells [29].

Treatments Reduced energy intakes

Anorexia, Maldigestion, Intestinal obstruction, PainAnorexia, Maldigestion, Intestinal obstruction, Pain

Sarcopenia Cachexia

Increased energy
expenditures

Hypercatabolism/inflammati
on, diabetes mellitus

Inactivity/bed rest

Reduced physical
activity

Tumour

Infections

Malnutrition

Fig. 84.2 Summary of main drivers of malnutrition, sarcopenia and cachexia in pancreatic ductal 
adenocarcinoma (PDAC)
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Oral nutritional supplements, rich in proteins and calories, are routinely pro-
posed when oral intakes are insufficient to cover needs (visual analog scale ≤7) and 
in case of significant weight loss even if BMI and/or albumin are normal [29]. 
Different forms of oral nutritional supplements exist and have to be proposed to the 
patients (as soup, protein cake, powdered oral nutritional supplements, ready-made 
milk-based ‘sip feeds’, semi-solid or pudding-type oral nutritional supplements and 
juice-style ‘sip feeds’). The oral nutritional supplements, kept in the fridge, and 
preferentially ate chilled, have to be taken between or after the meal to avoid them 
to replace the normal food.

Artificial nutrition is indicated when nutrient intakes remains inadequate and less 
than 50% of total energy needs. Enteral route should be preferred to parenteral 
nutrition whenever the digestive tract is functional [29]. Nasogastric tubes can be 
used for up to 4–6 weeks and should be preferred to percutaneous gastrostomy in 
metastatic disease [29].

Home parenteral nutrition has to be considered only if enteral nutrition is not an 
option due to bowel obstruction, radiation enteritis, severe mucositis, or intestinal 
failure, in the absence of symptomatic cardiac insufficiency or decompensated dia-
betes mellitus [29].

Artificial nutrition interventions should be considered when the vital prognosis 
is threatened by nutritional status rather than by neoplastic disease and are not rec-
ommended if life expectancy is shorter than 3 months [29]. Therefore, enteral or 
parenteral nutrition should not be prescribed in near end-of-life setting.

84.3.3  Other Measures for Nutritional Optimization

Endoscopic biliary and/or duodenal stenting should be preferred over surgery in 
symptomatic patients. Metal stents are preferred but plastic stents can be considered 
when patient life expectancy is very short (<3 months) [45].

Ascites is a frequent complication of PDAC and may be secondary to perito-
neal carcinomatosis and/or severe malnutrition [46, 47]. Regular paracentesis of 
compressing ascites may be required to facilitate oral food and fluid intakes, 
alleviate pain, and improve respiratory function. Enteral nutrition is often chal-
lenging in case of ascites. In the absence of bowel obstruction, enteral nutrition 
should be started carefully to evaluate tolerance, and in case of failure, paren-
teral nutrition may be proposed but should also be initiated progressively not to 
increase ascites.

Pancreatic exocrine insufficiency is estimated to affect more than 50% of 
patients with advanced PDAC [13]. Exocrine insufficiency may present with symp-
toms (fatty diarrhea, flatulence, and dyspeptic symptoms) or be subclinical. Some 
guidelines (NICE) recommend offering pancreatic enzymes to all patients with 
unresectable PDAC [48]. Otherwise, replacement therapy using at least 50,000 IU 
of enteric-coated pancreatin with each meal should be started promptly once exo-
crine insufficiency is diagnosed or suspected [49].

84 Best Supportive Care in Advanced Pancreatic Cancer
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Endocrine insufficiency (type IIIc diabetes [50], i.e. paraneoplastic or sec-
ondary to ductal obstruction with upstream pancreatic atrophy) may also develop 
and be decompensated by nutritional support (particularly parenteral nutrition) 
or steroids, requiring anti-diabetic agents. In advanced PDAC, glycaemic objec-
tives should be less constraining, and priority has to be given to increase oral 
intakes whatever the glucid percentage. Metformin might be preferred as first-
line therapy for mild hyperglycaemia, and insulin considered as second-line 
treatment [50].

Anorexia is frequently multifactorial in cancer (involving pain, gastroparesia, 
early satiety, gastrointestinal obstruction, constipation, dysgueusia, mucositis, nau-
sea, depression, and hypothyroidism) and is an important component of cachexia 
[34, 35]. Several drugs (e.g. ghrelin mimetics, neuroleptic drugs, progresterone ana-
logues, corticosteroids, canabinoids and anabolic hormones) have been tested to 
increase appetite and food intakes, but none of them has been properly clinically 
validated and they cannot be recommended in PDAC patients [51, 52].

84.3.4  Physical Activity in Advanced PDAC Cancer

Physical status has to be evaluated at the time of PDAC diagnosis and should be 
regularly reassessed during the course of the disease, using body composition tools 
and strength and aerobic functional tests.

There is accumulating evidence that physical activity, by reducing disease- or 
treatment-related symptoms (fatigue, anxiety/depression, pain) and improving 
physical fitness and muscle function, is beneficial for cancer patients during and 
after treatment [53–55].

Cancer-related fatigue is multifactorial (due to the disease itself, bed rest, treat-
ments) and has a major impact on patient HRQoL [55]. Deconditioning, i.e. loss of 
physical (cardiorespiratory function and muscle strength) and psychological fitness 
caused by reduced physical activity, is one of the main causes of cancer-related 
fatigue [9]. Bed rest is deleterious to cancer patients, by accelerating the loss of 
muscle mass and function and aerobic capacity, while physical exercise is the best 
way to reduce deconditioning and fatigue. Several studies have reported a 
30%-decrease in cancer-related fatigue and potential benefit on HRQoL with physi-
cal activity practice, even in advanced-stage cancer [54, 55]. In contrast, no specific 
drug has shown efficacy for the treatment of fatigue in palliative care patients 
[56, 57].

In addition, physical exercise may also induce anti-tumour effects, through sev-
eral mechanisms including reduction of insulin resistance and inflammatory factor 
secretion, and modulation of tumour signaling pathways [58].

Implementation of adapted physical activity (APA) in cancer patients implies a 
multidisciplinary collaboration between the cancer-care medical team and an APA 
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professional [59, 60]. The APA program should be individualized for each patient 
according to the person characteristics (physical fitness, exercise type preferences, 
psychological functions, and expectations), the cancer type and stage and the social 
environment. A combined aerobic exercise and resistance-training program is 
hypothesized to be the most efficient way to improve physical fitness and decrease 
fatigue and therefore should be favored [59, 60]. Patient adherence to the APA pro-
gram is crucial for its efficacy. Performing exercise in groups of patients having 
similar physical capabilities and under the supervision of an APA professional 
trainer whenever possible is hypothesized to be the best way to ensure patient moti-
vation. Little is known about the optimal duration of exercise interventions and no 
specific recommendation from evidence-based guidelines exists [53]. The APA pro-
gram also requires nutrition specialist involvement to balance energy intake with 
energy expenditure. Of note, cancer patients have often significantly increased basal 
resting energy expenditure with spontaneously reduced physical activity level com-
pared with healthy individuals [61].

Exercise interventions in cancer patients have been demonstrated to be safe and 
feasible both in the advanced setting and in the adjuvant setting following surgery 
[53, 55, 62–64]. However, randomized controlled studies are warranted to ade-
quately evaluate the efficacy and determine the optimal modalities of APA programs 
(e.g. mode, intensity, frequency, duration, timing) in each cancer type. Prospective 
data about APA interventions specifically in PDAC patients are limited [42, 62, 63]. 
Patients with advanced PDAC are strongly affected by fatigue, and are thus likely to 
benefit from an exercise intervention [65]. However, an exercise intervention may 
appear challenging due to multiple PDAC-related symptoms such as fatigue, depres-
sion, pain, and malnutrition. A multicenter randomized study is ongoing in France 
to prospectively evaluate the efficacy of APA on HRQoL in patients with advanced 
PDAC (APACaP phase III trial, NCT02184663) [66]. Overall, APA combined with 
nutritional intervention appears as a promising non-pharmacological strategy to 
improve HRQoL in PDAC patients.

84.4  Conclusion

Supportive care is inseparable from anti-tumour treatments in patients with PDAC, 
to improve their tolerance and ensure the best conditions for their efficacy. PDAC 
patients experience numerous symptoms (pain, anxiety/depression, fatigue, malnu-
trition) of multifactorial origin, severely impacting their daily life. These symptoms 
require a global approach, involving joint action and complementary expertise from 
multidisciplinary cancer care team (Fig. 84.3). Nutritional support and adhesion to 
active behaviour are the two pillars of best supportive care. Future improvements in 
PDAC management and survival and HRQoL benefits may come from progress in 
supportive care as much as anti-tumour therapies.

84 Best Supportive Care in Advanced Pancreatic Cancer
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homeostasis, 221–224
progression, 224

Cancer-derived biomarkers in biofluids, 470
Cancer-related fatigue, 1302
Cancer-specific survival, 1136
CANCON, 136
Cannabinoids, 1210
Capecitabine, 718, 750, 754
Capsaicin receptor, 1206
Carbohydrate and lipid metabolism, 655
Carbohydrate Antigen 19–9 (CA19–9), 380, 381, 

456, 457, 474, 732, 755, 1124–1125, 
1128, 1138–1139, 1159, 1276

benign disease, 457–458
negative Lewis system, 458
with nucleosome biomarkers 

combination, 475
in pancreatic adenocarcinoma

intraductal papillary mucinous 
neoplasm of the pancreas, 459–460

screening, 459
prognostic assessment

after neoadjuvant treatment, 461
after surgical resection, 461
in metastatic pancreatic cancer, 462
resectability assessment, 460–461

prognostic information, 476
in serum, 456

Carcinoembryonic antigen (CEA), 380, 1124
Carcinogenesis, epigenetic 

mechanisms in, 326
Cardiopulmonary exercise testing (CPET), 239
CAR-T-cells, 298
Case-fatality, 18
Castleman’s disease, 503
Catastrophic model, 192
Catheter-based drainage, in post-operative 

pancreatic fistula, 1058
Catheter-related thrombosis, 1297
Cattell-Braasch maneuver, 855, 866, 

879–880, 883
Caudal anastomosis, 900
CD40, 293
CDKN2A mutations, 33, 54–55, 194, 206
Cell block technique, 804
Cell death, 1271
Cell-free DNA, 332
Cell-free nucleosomes, 475
Centralization, 120–122

Certificate of Completion of Training 
(CCT), 68

Charité Onkologie (CONKO)-001 trial, 750
Charlson Age Comorbidity Index, 1138
Chemo-radiation, adverse effects of, 652
Chemotherapy, 1129, 1217, 1220, 1282

advanced pancreatic cancer
first line palliative systemic anti-cancer 

regimens, 686–690
fluoropyrimidines, 682–683
gemcitabine, 683–684
irinotecan, 685
liposomal irinotecan, 685
paclitaxel, 684
platinum chemotherapies, 684
second-line palliative systemic 

anti-cancer regimens, 690–691
immuno-oncology, 291–292
types, 733–734

Cholangitis, 641, 643–644
Cholecystectomy, 833, 895, 1247
Choledoco-or hepatico-jejunostomy, 1246
Chromatin immunoprecipitation sequencing 

(ChIP seq), 324
Chromosomal rearrangements, 468
Chromothripsis, 192
Chronic pancreatitis (CP), 497, 499, 808, 

945–946, 1205
Chyle leak after pancreatic surgery, 1020

definition of, 1021
frequency of, 1020
intraoperative detection and tests, 1023
major surgical series, 1021, 1022
management of, 1024

interventional, 1026
non-interventional, 1024–1026

morbidity and mortality in, 1027
risk factors for, 1021, 1023

Circulating cell-free nucleosomes, 475
Circulating tumor cells (CTCs), 198, 478
Circulating tumor DNA (ctDNA), 381, 

475, 1139
Classic Whipple procedure, 1072–1073
Clavien-Dindo score, 1109, 1111
Clinical Evaluations (CEXs), 71
Clinically relevant postoperative pancreatic 

fistula (CR-POPF), 654, 1044, 1055
Clinical target volume (CTV), 716
13C mixed triglyceride breath test 

(13CMTGT), 669
Coeliac trunk injuries, 1086–1088
Collip, James B., 147
Colloid carcinoma, 524–525
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Colony-stimulating factor-1 receptor 
(CSF1R), 294

Colorectal cancer (CRC), 273
Colour-coded inking, of 

pancreatoduodenectomy 
specimens, 521

Common bile duct (CBD), 410, 897
Common hepatic artery (CHA), 930
Common Toxicity Criteria of Adverse Events 

(CTCAE), 1177
CompCyst test, 790
Complications, after pancreatic  

surgery, 1084
arterial injuries, 1085

bleeding, clinical presentation of, 
1088–1090

coeliac trunk injuries, 1086–1088
hepatic artery (HA), 1086–1088
portal vein thrombosis (PVT), 

1090–1091
post-operative pancreatic haemorrhage 

(PPH), 1088
SMA injury, 1085–1086

case reports of, 1084
long-term complications, 1096

anastomotic strictures, 1097–1098
post-pancreatectomy diabetes, 

1096–1097
non-vascular complications

abdominal wall failure, in setting of 
high enteric fistulae, 1095–1096

bile duct stricture, 1094
bile leaks, 1093–1094
bilioenteric anastomosis, 1093
management of, 1095
post-pancreatectomy pancreatitis 

(PPP), 1092–1093
stent-related complications, of 

pancreatico-jejunal 
anastomosis, 1092

vascular complications, 1084
Comprehensive complication index (CCI), 

1110–1111, 1115
Comprehensive geriatric assessment (CGA), 

601–604, 615, 622
Computed tomography (CT), 388, 490, 

491, 821–822
distant spread, evaluation of, 401–402
indications for, 389
pancreatic tumor, diagnosing

diagnostic performance, 393
direct signs, 391–392
indirect signs, 392–393

staging workup
arterial spread, 396–399
lymph node involvement, 400–401
perineural and periduodenal 

spread, 399–400
retroportal pancreatic lamina, 399
vascular spread, 394
venous spread, 394–396

standardized CT-pancreas 
protocol, 389–391

TNM staging and assessment of 
resectability, 388–389

Computer-adaptive testing (CAT), 1178
Computer-based Health Evaluation System 

(CHES), 1178, 1179
Concomitant chemotherapy, 1141
Concurrent chemoradiation regimen, 718
Conditional survival, 1136, 1139
Cone beam CT (CBCT), 724
Conjungated bilirubin, 1216
Consensus molecular subtypes (CMS), 381
Contrast-enhanced CT imaging, 1125–1126
Contrast-enhanced endoscopic ultrasound 

(CE-EUS), 768, 769
Contrast-enhanced harmonic (CEH) EUS, 

422, 806–808
Conventional concurrent chemoradiation, 620
Conventional external beam radiation 

therapy, 811
Conventional fractionation radiotherapy, 721, 

1258, 1260
Conventional resection, DP-CAR, 988–990
Corticosteroids, 1054–1055
Covered self-expandable metal stent 

(CSEMS), 1219
C-reactive protein (CRP), 240
CT Texture Analysis (CTTA), 444, 445
C-X-C Motif Chemokine Receptor 2 

(CXCR2), 295
CXCR4, 296
Cyclooxygenase-inhibitors (COX-2 

inhibitors), 1054
Cyst characteristics, 782
Cyst fluid analysis, 424–425, 789, 790
Cystic neoplasms, 550

of pancreas, 559
Cystic neuroendocrine tumors (cNET), 787
Cystic pancreatic neuroendocrine 

tumours, 791
Cytochrome P-450 (CYP-450), 1217
Cytology, 789
Cytotoxic T-lymphocyte–associated protein 4 

(CTLA-4), 290
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D
Da Vinci robotic system, 906, 907
Da Vinci Si system, 907, 908, 910, 923, 

924, 928
Da Vinci Xi system, 907, 908, 910, 923, 928
Deep venous thrombosis (DVT), 587
Definitive radiotherapy

definition of, 1256
for locally advanced/unresectable 

pancreatic cancer, 1257–1260
Delayed gastric emptying (DGE)

characterization of, 1070
definitions of, 1070–1071
management strategies for, 1077

prokinetic drugs, 1077
related complications, 1078
somatostatin, 1077

post-operative factors in, 1076–1077
preoperative factors and, 1071
risk factors associated with, 1071
and surgical factors

antecolic vs. retrocolic reconstruction, 
following 
pancreaticoduodenectomy, 
1074–1075

Billroth I, Billroth II and Roux-en-Y 
construction, 1073–1074

Braun’s entero-enterostomy, 
1075–1076

nutrition, 1077–1078
pancreaticojejunostomy vs. 

pancreaticogastrostomy, 1076
PPPD vs. classic Whipple procedure, 

1072–1073
Delayed hemorrhage, 1033, 1039
“De novo” mutation, 40
Depletion of skeletal muscle, 651
Depression, 1295–1296
Desmoplastic stroma, 289
Dexamethasone, 1055
Diabetes mellitus, 9, 10, 361–362, 948
Diagnostic biomarker for pancreatic 

cancer, 471–476
Diagnostic laparoscopy (DLS), 732
Dietary patterns, 10
Diffuse autoimmune pancreatitis, 493, 494
Diffusion-weighted MR imaging (DWI)

application, 446–447
region of interest, 447–448
tumour heterogeneity, 447–448

Digestive Cancers Europe, 139
Direct Bilirubin (DB), 1216
Directed thrombolytic therapy, 1092

Disease-centered approach, 1190
Disease-free survival, 1136
Dissection technique, 522, 523
Distal pancreatectomy, 1052
Distal pancreatectomy with celiac artery 

resection (DP-CAR), 882–884
anatomy related to, 987
international outcomes for, 992–994
patient selection, 987–989
postoperative management for, 992
preoperative work-up, 987–989
technical aspects of, 988–992

conventional resection, 988–990
robot assisted approach, 990–992

Distal pancreatectomy with splenectomy, 1001
Distal stump closure techniques, 962
Diversity, 279, 280
DNA damage response (DDR), 34
DNA methyltransferase (DNMT), 329–331
DNA mutations, 468
Doppler probe, 990
Double aging, 596
Double-blind trial design, 102
Double bypass, 1248, 1249, 1251
Double duct sign, 410, 1228
Double-split pancreas, 152
Drains, for post-operative pancreatic fistula, 

1058–1059
Ductal adenocarcinoma not otherwise 

specified (NOS), 524
Duct-to-mucosa anastomosis, 840, 927
Duct-to-mucosa pancreato-jejunal 

anastomosis, 838–839
Duke pancreatic monoclonal antigen type 2 

(DU-PAN 2), 1125
Dunking procedure pancreato-jejunal 

anastomosis, 840–841
Duodenojejunostomy, 901, 902
Duodenum

mobilization of, 832–833
and pancreas, dissection of, 835–836

Duodenum dissection, in laparoscopic 
pancreatoduodenectomy, 895–896

Dutch Pancreatic Cancer Audit, 1113
Dysbiosis, 273
Dysontogenetic cysts, of pancreas, 545
Dysphagia, 241

E
Early hemorrhage, 1033

re-laparotomy for, 1039
Early strictures, 1094
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Eastern Cooperative Oncology Group 
(ECOG), 615, 1194

E-cadherin, 1159
Ectopic (aberrant) pancreatic tissue, 152
Edentulism, 10–11
Edmonton Symptom Assessment System 

(ESAS), 1142, 1291
Elderly patients, 596, 597

adjuvant systemic treatment, 619
adjuvant treatment, 600
CGA, 601–604, 615
chemotherapy, 620
chemotherapy treatment, guidelines, 601
chronological age, 597
and contemporary chemotherapy 

regimens, 599–600
counselling and decision-making, 622
decision-making, 605
disease-based assessment, 622
evidence-based guidelines, 597
and gemcitabine-based chemotherapy, 599
management framework, 621–623
with metastatic pancreatic cancer, 598–600
neoadjuvant therapy, 620
oncologic treatment tolerance and 

benefit, 623
with pancreatic cancer, 597–598
peri-operative systemic treatment, 619–620
physiologic changes, 596
prehabilitation, 617
radiotherapy, 620–621

adjuvant concurrent 
chemoradiation, 620

SBRT, 621
for symptom control, 621

screening tools, 615–617, 622
second line treatment, 600
shared decision-making, 605
surgery/interventions, 614

oncologic outcomes after 
pancreatectomy, 617, 618

patient-centered and geriatric-relevant 
outcomes, 618

prognostic factors for surgical 
outcomes, 618–619

short-term outcomes, 617
value-congruent care and 

outcomes, 619
Electrochemotherapy (ECT), 1270, 1273, 1274
Elevated C-Reactive Protein (CRP), 1054
EMT-inducing transcription factors 

(EMT-TF), 198
Endocrine failure, 1096

Endocrine insufficiency, 1302
End-of-life care, 1193–1194
Endoscopic ablation of LAPC, 1271
Endoscopic biliary and/or duodenal 

stenting, 1301
Endoscopic biliary drainage, 636
Endoscopic cystogastrostomy, 782
Endoscopic palliation in pancreatic cancer., 

See Palliative endoscopic therapy
Endoscopic retrograde cholangiography 

(ERC), 490
Endoscopic retrograde 

cholangiopancreaticoscopy (ERCP), 
279, 633, 731, 1218, 1228–1232

with brush cytology sampling, 490–491
EUS Guided Biliary Drainage, 1234–1235
risks and benefits, 1232–1233
self expanding metal stents, 1230–1232
stents types in, 1233–1234

Endoscopic stenting, 1218
of gastric outlet obstruction, 1209

Endoscopic ultrasound (EUS), 400, 552–553, 
788, 800

EUS-guided therapy, 811
EUS-assisted radiotherapy, 811–812
EUS-fine needle injection of anti-tumor 

agents, 810–811
EUS-guided ablative techniques, 812

examination, 800–801
image enhancement techniques

contrast-enhanced harmonic 
EUS, 806–808

real-time elastography, 805–806
pancreatic cystic lesions, 420
for solid pancreatic lesions, 802

complications of, 805
EUS-FNA, 802–803
EUS-FNB, 803–804
EUS-guided ablative techniques, 812
sample processing and 

evaluation, 804–805
tip of radial echoendoscope, 800
for vascular invasion, 808

Endoscopic ultrasound-assisted 
radiotherapy, 811–812

Endoscopic ultrasound-fine needle injection 
(EUS-FNI), 789, 790, 810–811

Endoscopic ultrasound-FNB, 803–804
Endoscopic ultrasound-guided ablative 

techniques, 812
Endoscopic ultrasound-guided approach, 1210
Endoscopic ultrasound guided biliary drainage 

(EUS-BD), 636, 639, 1234–1235
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Endoscopic ultrasound-guided biopsy, 499
Endoscopic ultrasound-guided 

brachytherapy, 811
Endoscopic ultrasound-guided celiac plexus 

intervention, 1236–1237
Endoscopic ultrasound-guided celiac plexus 

neurolysis, 1236
Endoscopic ultrasound-guided cyst ablation 

therapy, pancreatic cystic 
lesions, 430

Endoscopic ultrasound guided enteral 
anastomoses, 1235–1236

Endoscopic ultrasound-guided fine needle 
aspiration (EUS-FNA), 423–424, 
800, 802–803, 1126

Endoscopic ultrasound-guided palliative 
interventions

EUS-guided celiac plexus intervention for 
pain, 1236–1237

EUS-guided enteral anastomoses, 1236
EUS-guided placement of therapeutic 

agents, 1237
Endoscopic ultrasound-guided placement of 

therapeutic agents, 1237
Endovascular approach, 1039
End-to-end anastomosis, 853, 880, 881, 

1085, 1086
End-to-side bilio-enteric anastomosis, 901
End-to-side duct-to-mucosa anastomosis, 

909, 1052
End-to-side dunking anastomosis, 900–901
End-to-side duodenojejunostomy, 901
End-to-side hepatico-jejunostomy, 1247
Enhanced recovery after surgery (ERAS), 568, 

582–584, 902, 963
antithrombotic prophylaxis, 587
application in pancreatic surgery, 654
minimal invasive surgery, 588–589
perioperative oral 

immunonutrition, 586–587
postoperative artificial nutrition, 588
preoperative biliary drainage, 585
preoperative nutrition, 586

Enteral feeding tube placement 
techniques, 656

Enteral nutrition, 655–656, 1301
Enzyme-linked immunosorbent assay 

(ELISA), 471
EORTC QLQ-C30, 1142, 1174, 1199
EORTC QLQ-PAN26, 1174, 1175, 1199
EORTC 40891 trial, 753
Epidemiology, 18

incidence, trends in

data from Austria, 21
data from Canada, 21–22
data from Puerto Rico, 22
data from the Netherlands, 20–21
data from USA, 22

sex distribution globally, 19
worldwide incidence, 18–19
worldwide mortality, 22–24

data from Austria, 24–25
data from Canada, 26
data from Puerto Rico, 26
data from the Netherlands, 24
data from the USA, 26

Epigenetic, 322
aspects of, 322

carcinogenesis, epigenetic 
mechanisms in, 326

epigenetic mapping, technical 
platforms for, 323, 324

epigenetic regulators, 323
and hallmarks of cancer, 324–325
life-time exposure to nutrients, toxins 

and behavioral traits, 324
in pancreatic ductal adenocarcinoma

and biomarkers, 332
and development, 326
mechanisms shaping tumor 

microenvironment, 329
and metastatic process, 327
multimodal characterization, 333
and novel therapies, 329–331

Epigenetic alterations, 322, 323
Epigenetic changes, 475
Epigenetic mapping, technical platforms for, 

323, 324
Epigenetic regulation, 322
Epigenome, 324
Epithelial non-neoplastic lesions, 783
Eptithelial to mesenchymal transition (EMT), 

196, 198
Equivocal cross-sectional imaging, 553–554
ERCP with brush cytology sampling, 490–491
Erlotinib, 480, 685, 1219
Erythromycin, 1077
ESPAC 1 trial, 722, 744, 752, 753
ESPAC-3 trial, 585
ESPAC-3v2 trial, 750, 752
ESPAC-4 trial, 750, 752, 755, 849
Ethanol ablation, 792
European Board of Surgery Qualification 

(EBSQ), 68
European Cancer Leagues (ECL), 135
European Cancer Organisation (ECCO), 135
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European Organisation for Research and 
Treatment of Cancer Quality of Life 
Questionnaires (EORTC-QLQ), 
1173, 1174, 1178

European Partnership Against Cancer 
(EPAAC), 136

European Society for Medical and Digestive 
Oncology (ESMO-ESDO), 601

European Society for Medical Oncology 
(ESMO), 135, 1128

European Society for Radiotherapy and 
Oncology (ESTRO), 135

European Study Group for Pancreatic Cancer 
(ESPAC), 1003

European Training Programmes, 68
Evolution, pancreatic cancer surgery, 1000

landmarks in, 1002
modern era of, 1004–1006
pioneers, era of, 1001–1003
standard clinical implementation, era of, 

1003–1004
Exercise interventions, 1303
Exocrine insufficiency, 241, 363
Exocrine-like subtypes, 479
Exocrine pancreatic function (EPI), 656–657
Exosomes, 476
Exploratory phase, in 

pancreatoduodenectomy, 832
hepatoduodenal ligament, dissection 

of, 833–835
mobilization of duodenum, 832–833
SMV identification, 833

Extended lymphadenectomy, 181
Extended post-operative 

thromboprophylaxis, 857
Extensive extracellular matrix (ECM), 196
External beam radiotherapy, 1257
External stents, in post-operative pancreatic 

fistula, 1053
Extra-abdominal recurrences, 1157, 1158
Extrahepatic biliary obstruction, 1230
Extrahepatic obstruction, for 

hyperbilirubinaemia,  
1218–1219

Extraluminal hemorrhage, 1033, 1039

F
FACT-G, 1175
FACT-Hep, 1175–1176
Faecal elastase-1 (FE-1), 363
Faecal fat quantification, 669
Familial adenomatous polyposis (FAB), 38

Familial atypical multiple mole melanoma 
(FAMMM), 33, 54–55

Familial pancreatic cancer, 52–53, 945
pancreatic cancer susceptibility genes, 56

ATM, 53–54
BRCA1, BRCA2, PALB2, 54
CDKN2A, 54–55
hereditary pancreatitis genes, 55
with pancreatic cancer precursor 

lesions, 56–57
screening with pathogenic germline 

variants, 57–58
Fat-free diet, 1024
Fatty replacement, 504
FDG PET CT

limitations, 559
in monitoring response to chemo and 

radiation therapy, 556, 557
Federal Drugs Administration, 752
Fellowship Council, 67
Fibres, 157
Fibroblast growth factor 2 (FGF2), 152
Fine needle aspirates and biopsies, 528
Fistula risk score, 655, 1046
Fluoropyrimidines, 682–683
5-Fluorouracil (5-FU), 682–683, 691, 

744, 1136
for hyperbilirubinaemia, 1221, 1222

Focal adhesion kinase-1 (FAK1), 193, 289
Focal chronic pancreatitis, 411–412
Focal fatty infiltration, 504
Foley catheters, 1095
FOLFIRINOX (FOLic acid, Fluorouracil, 

IRINotecan, OXaliplatin), 480, 599, 
689–690, 718–721, 733, 734, 736, 
750–751, 937, 938, 987, 988, 1129, 
1137, 1138, 1141, 1155, 1219, 
1244, 1258, 1259, 1268, 1282

Folinic acid, 1136
Fong prognostic score, 241
Four-field technique, 1258
Fractalkine, 1206
FRAGRANCE-trial, 599–600
Frozen sections, 988
Functional Assessment of Chronical Illness 

Therapy (FACIT), 1173

G
Gamma-glutamyltransferase (GGT), 1217
Gammaproteobacteria, 276
Gastric/duodenal outlet obstruction, palliation 

for, 1247–1249
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Gastric emptying, 653
Gastric feeding, 656

enteral access, 656
Gastro-colic ligament, 924
Gastrocolic trunk of Henle, ligation of, 

896, 897
Gastro-duodenal artery (GDA), 165, 834, 908, 

1089–1090
Gastroduodenal obstruction, 1235–1236
Gastro/duodeno-jejunostomy, 909
Gastroenterostomy, 1075
Gastrointestinal continuity, reconstruction 

of, 841–842
Gastrointestinal reconstruction technique, 653
Gastrointestinal stromal tumors (GISTs), 539
Gastro-Intestinal Study Group (GITSG) trial, 

9173, 753
Gastro-jejunal anastomosis, 1208
Gastrojejunostomy, 901, 902, 927–928, 1250

types of, 1074
Gastroparesis., See Delayed gastric 

emptying (DGE)
Gemcitabine, 195, 276, 480, 683–684, 

686–687, 715, 716, 719, 722, 723, 
733, 750, 754, 1136, 1219, 1221, 
1286, 1287

and capecitabine, 688
and cisplatin, 689
for hyperbilirubinaemia, 1220
and Nab-Paclitaxel, 688–689

Gemcitabine-based chemotherapy, 292, 
719, 1258

Gemcitabine-erlotinib combination, 689
Gemcitabin/nab-paclitaxel, 937, 938
Gender, risk factors, 5
Gene amplifications, 468
Gene dosage, 193
Gene models, 471
Genetic characteristics of pancreatic 

cancer, 744
Genome instability, 195–196
Genome sequencing studies, 468
Genome wide association studies (GWAS), 

8, 11–12
Genome-wide epigenetic mapping, 324
Genomic, 469, 470, 472

subtypes of pancreatic cancer, 479
Genomic and transcriptomic subtypes of 

pancreatic cancer, 479
Geriatric-specific assessments and cancer care 

pathways, 615
Germ free mice, 271
Gerota’s fascia, 959, 960

GFRalpha-2, 1206
Glial-derived neurotrophic factor (GDNF) 

family, 1206
Global Leadership Initiative on Malnutrition 

(GLIM) thresholds, 652
Glucose, 226
Glucose homeostasis, 221–224
Glucose transporter protein 1 (GLUT1), 225
Glutamine ammonia ligase (GLUL), 225
GNAS, 209
Grade of differentiation of ductal 

adenocarcinoma, 526
Granulocyte-monocyte colony-stimulating 

factor (GM-CSF), 193
Groove pancreatitis, 412–413, 496–498
Gross examination of pancreatic resection 

specimens, 520
Gross tumor volume (GTV), 716
Growth associated protein-43 (GAP-43), 1205
Gut bacteriome, 268
GVAX, 298

H
Hallmarks of pancreatic cancer, 190, 324–325

avoiding immune destruction, 193
energy metabolism and stroma, 

reprogramming of, 196
evading growth suppressors, 194

CDKN2A, 194
SMAD4, 194–195

genome instability and mutation, 195–196
metastasis of, 198–199
precursor lesions and pancreatic cancer 

progression model, 190–192
sustaining proliferative signaling 

in, 192–193
Hand-sewn gastrojejunostomy, 901
Harmonic™ shears, 836
Harvested lymph nodes, 913
Hazards ratio (HR), 363
Healthcare systems, pancreatic surgery, 128
Health-related quality of life (HRQoL), 

1294, 1302
Heat sink effect, 1272
Heidelberg unit, 1071
Helicobacter pylori, 272

eradication therapy, 1208
Hemangiomas, 503, 538
Hemodynamic stability, 1034
Hepatic artery, 884, 885, 897, 990

and celiac trunk resection without 
reconstruction, 882–884
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and celiac trunk resection with 
reconstruction

end-to-end anastomosis, 880, 881
graft interposition, 882, 883
rotation of splenic artery, 880, 882

Hepatic artery (HA), 820, 824, 1086–1088
Hepatic ischaemia, 1087, 1088
Hepatic metastases, 935

ablation techniques, 937
liver surgery for, 935–936
metachronous liver metastasis, 936–937

Hepaticojejunostomy, 901, 909, 
927–928, 1248

Hepatobiliary subscale, 1175
Hepatoduodenal ligament dissection,  

833–835
in laparoscopic 

pancreatoduodenectomy, 896–898
Hepatogastrostomy, 1235
Hepatoid carcinoma, 500
Hepato-pancreato-biliary (HPB) 

surgeons, 1032
Hepatorenal syndrome, 635
Herald bleed, 1089
Hereditary breast and ovarian cancer 

syndrome, 34–35
Hereditary pancreatitis, 7, 37–38, 55
Hereditary syndromes

hereditary pancreatitis, 37–38
surveillance/screening 

recommendations, 41–43
testing and tools, 39–41
tumour predisposition syndromes

familial adenomatous polyposis, 38
germline mutations, 39
Li Fraumeni syndrome, 38

Hereditary tumour predisposition 
syndromes, 30–32

ATM gene mutations, 36–37
familial atypical multiple mole melanoma 

and pancreatic cancer syndrome, 33
hereditary breast and ovarian cancer 

syndrome, 34–35
Lynch syndrome, 37
PALB2 gene mutations, 36
Peutz-Jeghers syndrome, 32–33

Herophilos of Chalcedon, 147
High-grade PanINs, 191
High-intensity focus ultrasound (HIFU), 1269, 

1273, 1275
High-intensity sonoporation, 1284
High-throughput protein biomarker 

discovery, 471

HISORt (Histology, Imaging, Serology, Other 
organ, Response to therapy) 
criteria, 493

Histone deacetylase (HDAC) inhibitors, 329
Histopathologic response patterns on 

imaging, 438–439
Home parenteral nutrition, 1301
Homologous recombination (HR), 36
Hook cautery, 929
Hospital status, 124
Host-directed approach, 1193
Hot AXIOS™, 782
Human Development Index (HDI), 18–19
Human host, bacterial commensalism in, 269
Hyaluronic acid (HA), 481
Hydrocortisone, 1054, 1055
Hyperbilirubinaemia, 1216

analytical confirmation, 1218
clinical syndromes and differential 

diagnosis, 1217
management of, 1218–1222

extrahepatic obstruction, 1218–1219
5-fluorouracil, 1221, 1222
gemcitabine, 1220
intrahepatic cholestasis/tumor 

infiltration, 1219
Nab-paclitaxel, 1220–1221
Nanoliposomal Irinotecan  

(Nal- IRI), 1222
oxaliplatin, 1221–1222
treatment recommendations and dose 

adjustement, 1223
pathophysiology and definition, 

1216–1218
treatment in patients with, 1219–1220

Hyperglycemia, 10
Hypoechoic filling defect, 807
Hypofractionation radiotherapy, 719
Hypoxia, 227

I
Idiopathic duct-centric pancreatitis, 493
Imaging assessment of resectability, 440

diffusion-weighted MRI for monitoring 
response, 446–449

heterogeneous microvasculature, tumour, 
448, 449

median/median tumor dimensions after 
neoadjuvant therapy, 442

neoadjuvant therapy, 441
patient selection based on 

imaging, 440–441
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R0 resection, 441
size and resectability, 442–443
study characteristics of predictor 

assessment, 443–444
tested predictors, 442
texture analysis, 444–445
tumour enhancement, 443
vessel contact regression, 442

Imaging modalities, 1125–1126
Imaging response assessment, with 

RECIST1.1 guideline,  
439–440

Immune checkpoint inhibitors, 290, 481
Immune suppression, 226–227
Immunodepression, 1026
Immunogenic subtype, 479
Immunonutrition, 586
Immuno-oncology

CAR-T-cells, 298
combining immune checkpoint inhibitors 

with untargeted therapies
chemotherapy, 291–292
radiotherapy, 293

immunotherapy, 288–289
B-cells, 291
immune checkpoints, 290
stroma, 289
T-cells, 289–290
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and metastatic process, 327
multimodal characterization, 333
and novel therapies, 329–331

head tumors, 175
independent predictors, 1136

CA 19–9 levels, 1138–1139
circulating tumor DNA (ctDNA), 1139
nodal status, 1137
patient factors, 1138
surgical margins, 1136–1137
tumor pathology, 1138

jaundice, 361, 1216
maldigestion and steatorrhea, 362–363
and mimickers, differential diagnoses, 492
new-onset versus long-standing diabetes 

mellitus, 361–362
nutritional care in patients with, 

1300–1301
pain in, 1295, 1296
paraneoplastic syndromes and associated 

conditions, 364–365
physical activity in, 1302–1303
and subtypes, 524–525
treatment challenges in, 230
tumor microenvironment in

immune suppression, 226–227
metabolic crosstalk, 227–229
physical changes, 225–226

venous thromboembolism, 364
Pancreatic duct (PD) dilation, 393, 423
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Pancreatic enzyme replacement therapy 
(PERT), 241, 658, 659, 1208

Pancreatic exocrine insufficiency (PEI), 1301
in adults, consequences, 670–671
breath tests, 669–670
diagnosis, 668–670
evaluation, 666
faecal fat quantification, 669
incidence, 666
nutritional evaluation, 671, 672
pathophysiology, 666–667
post pancreatic resection, 670
quality of life, 671
secretin-pancreozymin test, 668–669
steatorrhoea, 670
symptoms and signs, 670
treatment of, 674–676
unresolved symptoms, 674–676

Pancreatic exocrine replacement therapy 
(PERT), 673–674

after pancreatic head surgery, 675–676
treatment of PEI, 674–676
unresolved symptoms of PEI, 674–676

Pancreatic gland
and anastomotic healing, 1047
macroscopy and topography, 154–155
pancreas

cellular development of, 152–153
congenital anomalies of, 152
description of, 146–149
innervation of, 157
vascular supply and lymphatic drainage 

of, 155–157
perfusion, 1048–1049
texture, 1048

Pancreatic head, tumors of, 180–182
Pancreatic intraepithelial neoplasia (PanIN), 

56, 204–206, 224, 945
Pancreatic lipoma, 503
Pancreatic lymphoma, 500, 501
Pancreatic metastases, 500, 558–559
Pancreatic neuritis, 1207
Pancreatic neuroendocrine tumours  

(PNETs), 412, 558
Pancreatic neuroplasticity, 1205–1207
Pancreaticoduodenectomy, 495, 1097, 1189

antecolic vs. retrocolic reconstruction 
following, 1074–1075

with portal vein resection, 848
classification, 852
clinical and oncological  

outcomes, 858
historical background, 848–849

left renal vein as interposition 
graft, 855–857

oncological considerations, 849–851
postoperative treatment and specific 

complications, 857–858
preoperative work-up and imaging, 

850, 852
vein reconstruction with interposition 

graft (type 4), 854–855
venous reconstruction, types of, 853

Pancreatico-enteral anastomosis, 1089
Pancreatico-gastrostomy (PG), 653, 

1053, 1076
Pancreatico-jejunal anastomosis, stent-related 

complications of, 1092
Pancreaticojejunal stricture, 1097
Pancreatico-jejunostomy (PJ), 653, 909, 

926–928, 1049, 1053, 1076
Pancreatic parenchyma, 500, 1048
Pancreatic progenitor subtype, 479
Pancreatic pseudocysts, 782
Pancreatic stent placement, 1092
Pancreatic surgery, 885–886

arterial and venous resection, 884–885
hepatic artery, 884, 885
splenic rotation, 884
superior mesenteric artery, 884, 885
superior mesenteric vein, 884, 885

Cattel-Braasch maneuver, 879–880
clinical experience and skills 

acquisition, 72
human factors, 73–74
minimal invasive HPB surgery, 73
volume and training, 72–73

fellowship satisfaction, 74–75
hepatic arteries and celiac trunk resection 

with reconstruction
end-to-end anastomosis, 880, 881
graft interposition, 882, 883
rotation of splenic artery, 880, 882

hepatic artery and celiac trunk resection 
without reconstruction, 882–884

historical notes and background, 878–879
learning curve and training, 887–888
management, after vascular resection, 886

after surgery, 886
before surgery, 886
during surgery, 886

online learning platforms and social 
media, 75–76

regionalization, outcomes in
anatomically related procedures 

and, 124–125
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Pancreatic surgery (cont.)
centralization, 121–122
healthcare systems, 128
hospital status, 124
hospital/surgeon, 129
improved outcomes over time, 125
nordic countries, 126
patient, 128
political/government, 129
quality of care, 122–123
readmissions, 125
registry-based studies, 124
rest of Europe, 126–127
in United States, 127
volume-outcome debate, 120–121

research, 74
standards of training, 70

curriculum, 71–72
period of training, 70–71

superior mesenteric artery resection, 883
technical aspects, 879
training pathways, structure of, 67

Australasian Programmes, 68
European Training Programmes, 68
North-American Training 

Programmes, 67
training programmes, effect of, 69
workforce prediction, 69

Pancreatic transection, in laparoscopic 
pancreatoduodenectomy, 898–899

Pancreatic tuberculosis, 503
Pancreatitis/isolated pancreatic duct stenosis, 

288, 363–364, 644, 1050
Pancreatoblastoma, 500, 535, 536
Pancreatoduodenectomy, 864, 1108, 1113

patches to prevent leaks in, 1052
for resectable pancreatic cancer

exploratory phase, 832–835
history of, 831
post-operative items, 842
pre-operative items, 831
procedure for, 832
reconstruction phase, 838–842
resection phase, 835–838

standard anatomy, 165
variant anatomy, 167–168
venous drainage impact, 166–167

Pancreatoduodenectomy procedure, 653
Pancreatoduodenectomy specimens

residual disease, 526, 527
transection margins, 526

Pancreato-enteric anastomosis, 838
Pancreatogastrostomy (PG), 1036
Pancreatojejunostomy, 1001, 1036

Para-aortic lymph node metastases, 934–935
Parallel Reaction Monitoring (PRM), 471
Parasitic cysts of the pancreas, tumor-like 

lesions, 545
Parasympathetic fibres, 157
Parenchymal atrophy, 393
Parenteral nutrition, 655–656
PARP inhibitors, 480–481
Partial hepatectomy, 1087
Partial pancreatoduodenectomy, 1001
Pasireotide, 1055, 1058
Patient-centered approach, 1193
Patient derived xenografts (PDX), 328
Patient-reported outcomes (PROs), 1170–1171

characteristics of, 1172
electronic data collection methods in 

clinical routine, 1178–1179
measures, 1172–1173
positive effects, in clinical care, 1177

Patient-reported Outcome Measures 
(PROM), 89

Patient-Reported Outcomes Measurement 
Information System 
(PROMIS), 1173

Pattern recognition receptors (PRRs), 271
Payen, Anselme, 147
Pegfilgrastim, 751
PEGylated recombinant hyaluronidase, 261
Pembrolizumab, 469, 481
Percutaneous drainage, 782, 1078
Percutaneous endoscopic gastrostomy 

(PEG), 1252
Percutaneous transhepatic biliary drainage 

(PTBD), 633
See also Preoperative biliary drainage

Performance status (PS), 1294
Periduodenal spread, computed 

tomography, 399–400
Perineural spread, computed 

tomography, 399–400
Periodontal disease, 10–11
Periodontitis, 279
Perioperative oral immunonutrition, 586–587
Perioperative rehabilitation, 572–573
Perivascular epithelioid cell neoplasms 

(PEComas), 538–539
Peutz-Jeghers syndrome, 32–33, 945
Phannenstiel incision, 973
Pharmacotherapy, 1209
Photodynamic therapy (PDT), 812
Photon therapy, 1140
Physical activity, in advanced PDAC cancer, 

1302–1303
Plan-Do-Study-Act cycle, 84
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Planning target volume (PTV), 716
Plastic stents, 1233
Platform trials, 469
Platinum chemotherapies, 684
Pneumoperitoneum, 823, 907
4-point Likert-scale, 1175
Polydioxanone, 901, 927, 1049
Polytopic metastasis, 938
Porta-hepatis dissection, in robotic 

pancreaticoduodenectomy, 925
Portal system of the pancreas, 155
Portal vein resection, pancreatododenectomy 

with, 848
classification, 852
clinical and oncological outcomes, 858
historical background, 848–849
left renal vein as interposition 

graft, 855–857
oncological considerations, 849–851
postoperative treatment and specific 

complications, 857–858
preoperative work-up and imaging, 

850, 852
vein reconstruction with interposition graft 

(type 4), 854–855
venous reconstruction, types of, 853

Portal vein thrombosis (PVT), 1071–1072, 
1090–1091

Portal venous confluence dissection, in 
laparoscopic 
pancreatoduodenectomy, 896, 897

Positron emission tomography 
(PET), 550–552

limitations, 559
structural imaging, 550
vs. CT/MRI, 553

Positron emission tomography CT (PET-CT), 
401, 1126

Post-biliary drainage, optimal  
timing of, 642

Posterior approach, 865–866
Postoperative artificial nutrition, 588
Post-operative artificial nutritional therapy, 

optimal route for, 655–656
Post-operative pancreatic fistula (POPF), 651, 

842, 961, 962, 1092
definition of, 1045
multifactorial pathogenesis and sequence 

of events, 1049, 1050
inflammation and post-operative 

pancreatitis, 1050
microbiome in, 1050–1051
proteases from pancreatic juice, 1049

pancreatic duct size, 1048

preventive measures/mitigation of 
risk, 1051

anastomotic reconstruction, types of, 
1052–1053

antibiotics, 1058
corticosteroids, perioperative use of, 

1054–1055
internal or external stents, 1053
interventions to reduce, 1051–1052
intraperitoneal drains placement, 

1053–1054
pancreatoduodenectomy, patches to 

prevent leaks in, 1052
perioperative care, 1054
perioperative drugs, 1054
somatostatin-analogues, 1055–1058

putative course of events of, 1047
risk factors of, 1045–1049

known, 1049
modifiable, 1049
non-modifiable, 1049
pancreatic gland and anastomotic 

healing, 1047
pancreatic gland perfusion, 1048–1049
pancreatic gland texture, 1048
unknown, 1049

risk scores for, 1046
treatment of, 1058

completion (total) pancreatectomy, 
1059–1060

drains, 1058–1059
nutritional support, 1059
octreotide, 1059

Post-operative pancreatic haemorrhage (PPH), 
1032, 1088

classification, 1033
endovascular therapy of, 1039
etiology of, 1034
incidence and diagnostics,  

1034–1036
International Study Group of Pancreatic 

Surgery (ISGPS) definition, 1032
interventional radiology for, 1040
management of, 1036–1039
sentinel bleeding, 1033–1034

Post-pancreatectomy diabetes, 1096–1097
Post-pancreatectomy maldigestion, 

mechanisms of, 657
Post-pancreatectomy pancreatitis (PPP), 

1092–1093
Potentially resectable pancreatic cancer

baseline characteristics in trials, 110–111
prognostic factors in trials, 111–115

Precision oncology trial designs, 469
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Precursors, pathobiology of
acinar-ductal metaplasia, 207
intraductal oncocytic papillary neoplasm, 

212, 211
intraductal papillary mucinous 

neoplasm, 207–208
histology of, 208–210
invasive carcinomas in, 210

intraductal tubulopapillary 
neoplasm, 212–213

mucinous cystic neoplasm, 213–214
pancreas, cystic lesion cytology, 210–211
pancreatic intraepithelial 

neoplasia, 204–206
Predictive biomarkers, 479–481
Predictive factor, 109
Pregabalin, 1209
Prehabilitation, elderly patients, 617
Prehabilitation programmes

aerobic exercises, 569
benefits of, 570–571
forced expiratory volume, 570
functional capacity, 568
heterogeneity, 576
independence post discharge, 568
maximal inspiratory pressure, 570
nutrition and pancreatic surgery, 573
objective physiological measures, 576
physical conditioning, 569
physiological improvement, 570
post-operative length of stay, 570
post-operative morbidity rates, 572
post-operative pulmonary morbidity, 570
practical methods of, 569
pre-operative aerobic conditioning, 568
preoperative exercise and pancreatic 

surgery, 574–575
pre-operative intervention, 569
principles of, 568
randomized controlled trial, 574
sarcopenia on perioperative outcomes, 574
strength training, 568
timing of, 575–576
trials in pancreas surgery, 571–572

Preoperative artery embolization (PAE), 988
Preoperative biliary drainage, 585, 636–640

bactibilia, effect on, 643
bleeding (arterial or venous), 644
cholangitis, 643–644
complications of, 642–644

to ERCP, 643–644
to PTBD, 644
to stenting, 643–644

covered self-expanding metallic  
stent/SEMS, 636, 638

delayed surgery, 641
indications for, 640–642
overall survival, effect on, 643
pancreatitis, 644
perioperative morbidity and 

mortality, 642–643
plastic biliary stent, 636, 638
stent-related problems, 643
techniques of, 636, 637
treatment algorithm, pancreatic cancer, 640
uncovered self-expanding metallic  

stent/SEMS, 636, 639
Preoperative exercise and pancreatic 

surgery, 574–575
Preoperative muscle wasting, 651
Preoperative nutrition, 586
Preoperative nutritional support

indications to, 652–653
malnutrition risk and 

anthropometry, 651–652
Preoperative staging of pancreatic 

cancer, 554–557
Prevalence, 18
Primary pancreatic lymphoma (PPL), 413
Procedure-specific complications, 1106–1107
PRODIGE-4 trial, 598, 599
PRODIGE-24 trial, 601
Prognostic biomarkers, 476–479
Prognostic factor, 109
Programmed cell death ligand-1  

(PD-L1), 478
Programmed cell death protein-1 (PD-1), 290
Progression-free survival (PFS), 1272
Prokinetic drugs, for delayed gastric 

emptying, 1077
Prophylactic pancreatic stenting, 1052
Proteases from pancreatic juice, 1049
Protein biomarkers, 475
Protein catabolism, 655
Protein kinase A (PKA), 211
Proteogenomic blood test, 475
Proteogenomics strategy, 471
Proteomics, 470, 472
PRSS1 gene, 7, 55
Pseudoaneurysm, 1034
Pseudolymphoma, tumor-like 

lesions, 545–546
Pulmonary embolism (PE), 364, 587
Pulmonary metastases, 937–938
Pylorus-preserving pancreaticoduodenectomy 

(PPPD), 653, 1072–1073
Pylorus-preserving partial 

pancreatoduodenectomy, 1001
Pylorus-resecting pancreaticoduodenectomy, 

1072, 1073
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Q
Quality metrics, 1106

comprehensive complication index, 
1110–1111

future directions, 1116
grading of complications, 1110

accordion severity grading system, 
1110, 1111

Clavien-Dindo score, 1109, 1111
measuring quality of care, 1111

benchmarking in surgery, 1114–1116
failure to rescue, 1111–1112
textbook outcomes, 1112–1114

traditional reporting of complications, 
1106, 1107

in-hospital mortality, 1109
length of hospital stay, 1107–1108
procedure-specific complications, 

1106–1107
readmissions, 1108–1109

Quality of care
definition of, 80–81
examining variation, 90–91
feedback and reporting, 90
monitoring, 83

clinical indicators, 83–84
clinical quality indicators, development 

and implementation of, 84–87
value-based health care, 87–90

pancreatic surgery, outcomes in, 122–123
variations in, 82–83

Quality of life (QOL), 1170–1171, 1199
assessments

benefits of, 1177–1178
challenges of, 1176

characteristics of, 1172
electronic data collection methods in 

clinical routine, 1178–1179
generic and disease-specific instruments, 1174
measures for pancreatic cancer patients, 

1173–1174
disease specific measures, 1174–1176

standardized assessment of, 1171–1173
Quasi-mesenchymal (QM-PDA), 308, 479, 481

R
Race, risk factors, 5
Radiation-induced lymphopenia, 725
Radiation therapy, 733, 1137, 1164
Radical antegrade modular 

pancreatosplenectomy (RAMPS) 
technique, 954–956, 959

posterior anatomical planes guiding 
resection for, 956

potential benefits and harms of, 956
Radical lymphadenectomy, 1034
Radical prostatectomy (PT), 906
Radiofrequency ablation (RFA), 737–738, 

812, 937, 1269, 1270
complications of, 1275
oncological outcomes, 1271
post-procedure course, 1271

Radiomics, 350, 470
Radiotherapy, 717, 1129

delivery, technological advances, 724–725
immuno-oncology, 293
targeted therapy and immunotherapy 

with, 725
terminology, definition of, 716

Radiotherapy ionizing radiation, 256
Randomized controlled trial (RCT), 111, 114
Rapid on-site evaluation (ROSE), 803
Rare disorders of pancreas

definition, 532, 533
epithelial neoplasms, 533–537
non-epithelial neoplasms, 538–540
tumor-like lesions, 540–546

Rare epithelial neoplasms of 
pancreas, 533–537

Rare non-epithelial neoplasms of 
pancreas, 538–540

Rare tumor-like lesions of the 
pancreas, 540–546

Real-time elastography (RE), 805–806
Recalcitrant Cancer Research Act 

(RCRA), 140
RECIST1.1 response rates on 

imaging, 439–440
Reconstruction phase, in 

pancreatoduodenectomy, 838
bilioenteric anastomosis, 841
duct-to-mucosa pancreato-jejunal 

anastomosis, 838–839
dunking procedure pancreato-jejunal 

anastomosis, 840–841
gastrointestinal continuity, reconstruction 

of, 841–842
pancreato-enteric anastomosis, 838

Recurrence-free survival, 1136
Recurrence patterns, 1154–1155, 1157–1158

distribution of, 1157
future research on, 1163–1164
implications of recurrence on survival, 

1162–1163
for isolated local recurrence, 1158
metastatic spread, pathways of, 1155–1156
predictors of, 1159–1161
SMAD4 status, 1163
timing of, 1161–1162
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Redox oxygen species (ROS) generation, 32
Regionalization, pancreatic surgery

anatomically related procedures 
and, 124–125

centralization, 121–122
healthcare systems, 128
hospital status, 124
hospital/surgeon, 129
improved outcomes over time, 125
nordic countries, 126
patient, 128
political/government, 129
quality of care, 122–123
readmissions, 125
registry-based studies, 124
rest of Europe, 126–127
in United States, 127
volume-outcome debate, 120–121

Regional pancreatectomy, 878
Regression grading, 528
Regular radical antegrade modular  

pancreato- splenectomy 
(RAMPS), 990

Re-irradiation, 1262
Relaparotomy, 1024
Re-laparotomy, for early hemorrhage, 1039
Relative survival, 1136
REMARK guidelines, 476, 477
Renal cell carcinoma metastasis, 500, 502
Reoperation after pancreatic resection, 655
Resectability assessment, MDTs, 513, 514
Resectable pancreatic cancer

adjuvant radiotherapy in, 721–723
adjuvant treatment, 600
neoadjuvant radiotherapy in, 715–721
pancreatoduodenectomy for

exploratory phase, 832–835
history of, 831
post-operative items, 842
pre-operative items, 831
procedure for, 832
reconstruction phase, 838–842
resection phase, 835–838

Resectable tumor, 397, 398
Resection for pancreatic cancer, 490
Resection margin status, 378–379
Resection phase, in 

pancreatoduodenectomy, 835
duodenum and pancreas, dissection 

of, 835–836
mesopancreas, division of, 836–837
standard lymphadenectomy, 837–838

Response evaluation criteria in solid tumors 
(RECIST), 734, 735, 988

Retention pseudocyst, 393
Retrocolic anastomosis, 1075
Retrocolic reconstruction, 1074–1075
Retrograde cholecystectomy, 909
Retropancreatic tunnel, 898
Retroperitoneal dissection, 898–899
Retroperitoneal lymphadenectomy, 1137
Retroportal pancreatic lamina, 399
Reverse Phase Protein Arrays (RPPA), 471
Revised Edmonton Symptom Assessment 

System (ESAS-r), 1195
Right gastric and gastroepiploic arteries, 990
Risk factors, 4

ABO blood group, 11
age, gender and race, 5
alcohol consumption, 7–8
Body Mass Index and obesity, 8, 9
diabetes mellitus, 9, 10
dietary patterns, 10
environmental exposures, 11
pancreatitis, 6

acute, 6
chronic, 6
hereditary, 7

poor oral hygiene, 10–11
risk associations with gut microbiome, 11
study design and ongoing epidemiological 

projects, 11–12
tobacco smoking, 7

RNA expression analysis, 115
RNA-seq, 311, 316, 470
Robot-assisted distal pancreatectomy,  

990–992
Robotic-assisted pancreatic surgery

distal pancreatectomy, 928–930
miscellaneous, 931
pancreaticoduodenectomy, 923–924

gastrojejunostomy, 927–928
hepaticojejunostomy, 927–928
kocherization, 924–925
ligament of Treitz, division of, 924–925
pancreaticojejunostomy, 926–928
porta-hepatis, dissection of, 925
retropancreatic tunnel creation, 

925, 926
right colon mobilization, 924–925
transection of pancreas, 926
trocar placement, 924
uncinate, dissection of, 926

patient selection for, 923
robotic distal pancreatectomy with en bloc 

resection of the celiac trunk, 930
Robotic distal pancreatectomy (RDP), 

922, 928–930
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with en bloc resection of the celiac 
trunk, 930

operative details for, 914
outcomes for, 913–915
patient positioning for, 909
port insertion in, 909–910
procedural steps in, 910

Robotic laparoscopic distal 
pancreatectomy, 974

Robotic pancreaticoduodenectomy 
(RPD), 922–924

gastrojejunostomy, 927–928
hepaticojejunostomy, 927–928
kocherization, 924–925
ligament of Treitz, division of,  

924–925
operative details for, 911
outcomes for, 911–913
pancreaticojejunostomy, 926–928
patient positioning for, 907–908
porta-hepatis, dissection of, 925
port insertion in, 907–908
procedural steps in, 908–909
retropancreatic tunnel creation,  

925, 926
right colon mobilization, 924–925
transection of pancreas, 926
trocar placement, 924
uncinate, dissection of, 926

Robotic pancreatic surgery, 907
distal pancreatectomy

operative details for, 914
outcomes for, 913–915
patient positioning for, 909
port insertion in, 909–910
procedural steps in, 910

future of, 916
pancreaticoduodenectomy

operative details for, 911
outcomes for, 911–913
patient positioning for, 907–908
port insertion in, 907–908
procedural steps in, 908–909

techniques in, 907–910
Robotic surgery

advantages of, 906
disadvantages of, 907

Round ligament patch closure  
technique, 960

Roux-en-Y reconstruction, 1073–1074, 1249
Royal College of Surgeons of Edinburgh 

(RCSEd), 73
RTOG 0848 trial, 753
RTOG 9704 trial, 753

S
Salvage procedure, 1270, 1272
Santorini, Giovanni Domenico, 147
Sarcoidosis, 503
Sarcoma, 500

of pancreas, 540, 541
Sarcopenia, 1298, 1300

on perioperative outcomes, 574
Satinsky vascular clamp, 855
SAT L3-index, 238
Secreted protein acidic and rich in cysteine 

(SPARC), 478
Secretin-enhanced MRCP, 789
Secretin-pancreozymin test, 668–669
Selected/Multiple Reaction Monitoring  

(SRM/MRM), 471
Selective reporting, 102
Self-expanding metal stent (SEMS), 636, 640, 

1230–1232, 1235–1236
Sentinel bleeding, 1033–1034
Sentinel lymph node, lymphatic  

system, 180
Serosal injuries, 1085
Serous cystic neoplasms, 785–786
Serum carbohydrate antigen (CA) 19–9, 468
Serum IgG4, 493
Sex distribution, 21
Side-to-side choledocho-jejunostomy, 1247
Side-to-side gastrojejunostomy, 1249
Single nucleotide polymorphism (SNPs), 

8, 11–12
Sinistral portal hypertension, 858
Sinn, l, 147
SMAD4 gene, 194–195, 477, 1276
Social media (SoMe), pancreatic 

surgery, 75–76
Solid pancreatic lesions (SPLs), 800

detection of, 801–802
EUS in, 802

complications of, 805
EUS-FNA, 802–803
EUS-FNB, 803–804
EUS-guided ablative techniques, 812
sample processing and 

evaluation, 804–805
Solid pseudopapillary neoplasm (SPN), 

533–534, 786–787
Solitary fibrous tumor (SFT), 540
Somatostatin, 1055

for delayed gastric emptying, 1077
Somatostatin-analogues, 1026, 

1055–1058, 1077
octreotide, 1059
pasireotide, 1055
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Somatostatin receptors (SSRs), 558
Sonoporation

high-intensity, 1284
limitations and future research, 1288–1290
low-intensity, 1284
mechanisms of, 1282, 1283
in orthotopic pancreatic cancer mouse 

model, 1285
pre-clinical studies, 1284–1285
real world application, 1285–1287
results of, 1287–1289
treatment protocol, 1286

microbubble conditions, choice of, 
1286–1287

ultrasound conditions, choice of, 1287
SonoVue®, 1284, 1286
s-pancreas antigen-1 (SPan-1), 1125
SPARC proteins, 197
Specimen dissection technique, 522, 523
SPECT-CT with technetium 99m-labelled 

heat-damaged red blood  
cells, 505

Spleen preservation, 973–974
Kimura procedure for, 973
Warshaw technique for, 973

Spleen-preserving procedures, 971
Splenectomy, with distal 

pancreatectomy, 973–974
Splenic artery, 958
Sporadic pancreatic cancer, 56

conventional imaging, 344
high-risk individuals, screening 

of, 344–345
visible precursor lesions, 345–346

developments and novel technology
biosensors, 350
imaging tools and radiomics, 350
liquid biopsies and circulating 

biomarkers, 351
pancreatic juice and cyst fluids, 349
saliva and salivary markers, 349
urine-test and urinary 

markers, 349–350
metabolic changes and metabolomic 

use, 345–346
pancreatic cancer screening test, 344
PDAC, biomarkers, 348

available panels and criteria, 348–349
development, 348

population at risk, 342–344
S100 proteins, 478
Squamous subtype, 479
Staging laparoscopy, 988, 991
Staging of pancreatic cancer, 808–809, 818–820

nodal, 809
stage 4 disease, 809–810

Standard lymphadenectomy, 837–838
Staub, A., 147
Steatorrhea, 657

pancreatic ductal 
adenocarcinoma, 362–363

Stent-related complications, of pancreatico- 
jejunal anastomosis, 1092

Stereotactic body radiation therapy (SBRT), 
621, 715, 719, 720, 723, 725, 737, 
738, 988, 1258–1261

STK11, 32
Stomach transection, in laparoscopic 

pancreatoduodenectomy, 898
Stone formation, 1097
Stroma, 252

definition of, 252–255
immunotherapy, 289
as source of biomarkers, 257–258
as specific treatment target, 258–261
treatment effect, 256
on treatment, effect of, 255–256

Stromal collapse, 197
Stromal markers, 474–475
Stroma-targeted therapies, 481
Subcutaneous low molecular weight heparin 

prophylaxis, 886
Subtotal stomach-preserving 

pancreaticoduodenectomy 
(SSPPD), 1072

Subumbilical Hassan technique, 907
Suction technique, 802
Superior approach, 870–871
Superior mesenteric artery (SMA), 166, 832, 

864, 865, 867–872, 884, 885, 
897, 991

injury, 1085–1086
reconstruction, 882
resection, 883

Superior mesenteric vein (SMV), 164, 
884, 885

Superorganism, 268
Supportive care

non-specific management of common 
symptoms

anxiety and depression, 1295–1296
pain, 1295
thromboembolic events, 1296–1297

nutrition
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