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v

 It is our distinct pleasure to present this book on pancreatic mass lesions and 
an honor to have the opportunity to work with world-renowned experts in this 
fi eld. To begin, let us explain the two main reasons for putting this book 
together. As you know, pancreatic cancer is one of the deadliest of cancers 
and the fourth leading cause of cancer-related deaths. At the same time, imag-
ing studies are identifying pancreatic masses more frequently, not all of 
which are neoplastic. Furthermore, these neoplasms are often associated with 
varying levels of malignant potential. Recently, there have been great 
advances in our understanding of pancreatic diseases, diagnostic capabilities, 
and treatment options. In this ever-changing world of sophisticated techno-
logical innovations and scientifi c progress, we thought it would be best to get 
a 360° view on pancreatic mass lesions and present a concise, yet thorough 
text for clinicians taking care of patients with these diseases. 

 This book is divided into four sections that cover the different types of 
pancreatic mass lesions, their diagnosis, treatment, and recent advances. Each 
chapter in these sections includes an abstract highlighting the salient features 
described in that segment of the book. We have incorporated illustrations and 
photographs to provide the reader with a visual understanding of key con-
cepts, and diagnostic and therapeutic modalities, including radiographic 
images and endoscopic and surgical photos. We have presented relevant data 
and summarized their fi ndings to help the clinician manage patients with 
these lesions. Finally, we have included recent advances in cytopathology, 
endoscopic ultrasonography (EUS), endoscopic retrograde cholangiopancre-
atography (ERCP), and other novel and innovative therapeutic strategies. 

 We are grateful to our panel of distinguished contributors, true interna-
tional experts in this fi eld, from America, Europe, and Asia, spanning various 
disciplines, including gastroenterology, interventional endoscopy, radiology, 
oncology, radiation oncology, and surgery. We extend a special thanks to our 
publishers (Springer), who helped bring our ideas to a tangible reality.  

  Gainesville, FL, USA     Mihir     S.     Wagh, MD, FACG, FASGE      
     Peter     V.     Draganov, MD, FASGE, AGAF, FACG     
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            Introduction 

 The new revised WHO classifi cation of tumors of 
the pancreas includes both exocrine and endo-
crine neoplasms in one classifi cation (Table  1.1 ) 
[ 1 ]. This chapter will briefl y review the major 
exocrine tumors, which are covered in more 
detail in subsequent chapters. A more detailed 
discussion of the classifi cation of precursor pan-
creatic ductal lesions and pancreatic neuroendo-
crine tumors of the pancreas will also be provided 
in this chapter.

       Classifi cation of Solid Exocrine 
Tumors of the Pancreas 

    Ductal Adenocarcinoma 

 Ductal adenocarcinoma and its variants make up 
more than 90 % of all malignant exocrine 
 pancreatic tumors. About two thirds of ductal 
adenocarcinomas occur in the head of the gland; 
the rest occur in the body or tail, or diffusely 
throughout the pancreas. They are characterized 

by an intense desmoplastic reaction in which 
duct-like structures of varying degrees of differ-
entiation are seen. It comprises extracellular 
matrix together with a number of different 
host cell types, including fi broblasts, small 
endothelial- lined vessels, residual normal epithe-
lia, and a variety of infl ammatory cells which are 
both locally derived and recruited from the circu-
lation [ 2 ]. The interplay between all these cells 
types and the pancreatic cancer cells infl uences 
new blood vessel formation, invasion, metasta-
ses, and evasion of the host immune system [ 3 ]. 
Because of their proximity to the intrapancreatic 
portion of the common bile duct, tumors in the 
head usually produce jaundice since they com-
press and obstruct the bile duct as they grow. 
They often obstruct the pancreatic duct as well, 
and although steatorrhea may result, there may 
not be any obvious symptoms. Tumors of the 
head of the pancreas are usually at least 2 cm in 
diameter when they are fi rst diagnosed. Most 
tumors that are resected have a median diameter 
of 2.5–3.5 cm. Tumors of the body and tail com-
monly are larger (5–7 cm) and more advanced 
when they are discovered because they do not 
produce symptoms as early as head tumors do. 
The symptoms from tumors in the body and tail 
are usually caused by malignant infi ltration of the 
retroperitoneal structures and nerves, which pro-
duces pain. By the time the diagnosis is made, 
almost all are unresectable. Nevertheless, there is 
evidence that resectable body tumors have a sim-
ilar prognosis to resectable tumors in the head of 

mailto:james.j.farrell@yale.edu
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   Table 1.1    WHO histologic classifi cation of tumors of the exocrine and endocrine pancreas   

 1. Exocrine 

 (a) Epithelial tumors 

 • Benign 

 – Serous cystadenoma 

 – Mucinous cystadenoma 

 – Intraductal papillary-mucinous adenoma 

 – Mature teratoma 

 • Borderline (uncertain malignant potential) 

 – Mucinous cystic neoplasm with moderate dysplasia 

 – Intraductal papillary-mucinous neoplasm with moderate dysplasia 

 – Solid-pseudopapillary neoplasm 

 • Malignant 

 – Ductal adenocarcinoma 

 Mucinous noncystic carcinoma 

 Signet ring cell carcinoma 

 Adenosquamous carcinoma 

 Undifferentiated (anaplastic) carcinoma 

 Undifferentiated carcinoma with osteoclast- like giant cells 

 Mixed ductal–endocrine carcinoma 

 – Serous cystadenocarcinoma 

 – Mucinous cystadenocarcinoma 

 Noninvasive 

 Invasive 

 – Intraductal papillary mucinous carcinoma 

 Noninvasive 

 Invasive 

 – Acinar cell carcinoma 

 Acinar cell cystadenocarcinoma 

 Mixed acinar–endocrine carcinoma 

 – Pancreatoblastoma 

 – Solid-pseudopapillary carcinoma 

 – Others 

 (b) Nonepithelial tumors 

 • Mesenchymal tumors 

 – Lymphangioma 

 – Lipoma 

 – Solitary fi brous tumor 

 – Ewing sarcoma 

 – Desmoplastic small round cell tumor 

 – Perivascular epithelioid cell neoplasm 

 • Lymphomas 

 – Diffuse large B-cell lymphoma (DLBCL) 

 (c) Secondary tumors 

 2. Endocrine 

 (a) Pancreatic neuroendocrine microadenoma 

 (b) Neuroendocrine tumor G1 (NET G1)/Carcinoid 

 (c) Neuroendocrine tumor G2 (NET G2) 

(continued)

J.J. Farrell
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the gland. Approximately 70–80 % of adenocar-
cinomas of the head of the pancreas have metas-
tasized to regional lymph nodes by the time they 
are discovered, which worsens the prognosis but 
does not preclude cure. These tumors also com-
monly invade lymphatic channels and perineural 
spaces. The prognosis is also infl uenced by the 
degree of tumor differentiation and by the pres-
ence of invasion of the retroperitoneal tissues 
adjacent to the cancer. The best outcome is seen 
in patients who have well-differentiated neo-
plasms, without retroperitoneal invasion or 
lymph node metastases. Distant metastases (e.g., 
lung) may occur, but pancreatic cancer typically 
infi ltrates locally into the adjacent structures 
(e.g., stomach, duodenum, colon, transverse 
mesocolon, portal and superior mesenteric veins, 
superior mesenteric artery). The liver is the most 
common site of intraabdominal metastasis, and 
peritoneal seeding of the tumor is also seen. In 
patients without distant spread, vascular invasion 
by tumor is the most common reason for 
unresectability. 

 The most widely accepted staging system for 
pancreatic cancer is the American Joint 
Committee on Cancer (in cooperation with the 
TNM committee of the International Union 
Against Cancer), which is shown in Table  1.2  [ 4 ]. 
Although this system is prognostic for overall 
survival, it is not particularly useful in guiding 
treatment, because some patients with advanced- 
stage disease (i.e., stage IVA) may be candidates 
for surgical resection, whereas others may not. 
For this reason, pancreatic cancer patients are 

generally classifi ed by physicians as having 
resectable, locally advanced, or metastatic dis-
ease. Other histologic variants of pancreatic duc-
tal adenocarcinoma have been described, 
including mucinous noncystic carcinoma, signet 
ring cell carcinoma, adenosquamous carcinoma, 
undifferentiated (anaplastic) carcinoma, undif-
ferentiated carcinoma with osteoclast-like giant 
cells, and mixed ductal–endocrine carcinoma.

       Acinar Cell Carcinoma 

 Acinar cell carcinomas are uncommon and char-
acterized by acinar arrangement of cells sup-
ported by minimal fi brous stoma [ 5 ]. They 
represent 1–2 % of all exocrine pancreatic neo-
plasms in adults and are considered separate from 
pancreatic ductal adenocarcinoma. Zymogen 
granules are present, which may be identifi ed by 
electron microscopy. Patients may have elevated 
serum lipase levels and associated nonsuppura-
tive panniculitis of the extremities and bone mar-
row and manifest subcutaneous nodules and 
polyarthritis. These tumors usually occur in 
adults in their sixth to eighth decades of life, and 
are rare under the age of 40. They have a male 
predominance, with an M:F ratio of 2:1 [ 6 ]. 
Acinar cell carcinomas are generally well cir-
cumscribed and may be multinodular. Areas of 
necrosis and cystic degeneration may be present 
and extension into adjacent structure may occur. 
Metastases most commonly affect the regional 
lymph nodes and the liver.  

Table 1.1 (continued)

 (d) Neuroendocrine carcinoma 

 • Large cell neuroendocrine carcinoma 

 • Small cell neuroendocrine carcinoma 

 (e) Functional PNET 

 • Gastrinoma, malignant 

 •  Glucagonoma, malignant 

 • Insulin-producing carcinoma (insulinoma) 

 • Somatostatinoma, malignant 

 •  Vipoma, malignant 

1 Classifi cation of Pancreatic Lesions
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    Other Uncommon Solid 
Pancreatic Tumors 

 Other solid exocrine tumors of the pancreas 
include epithelial types such as pancreatoblas-
toma, a rare malignant epithelial tumor generally 
affecting young children, composed of well- 
defi ned solid nests of cells with acinar formations 
and squamoid corpuscles, separated by stromal 
bands. This accounts for 30–50 % of all pancreatic 
neoplasms in young children [ 7 ]. Metastases to the 
pancreas account for 3–16 % of all pancreatic 
malignancies, either by direct invasion (stomach, 
liver, and adrenal gland) or by lymphatic or hema-
togenous spread, including breast cancer, lung 
cancer, and renal carcinoma. Renal carcinoma is 
unique as it may give rise to pancreatic metastases 
without overt metastases elsewhere. Nonepithelial 
tumors of the pancreas are rare, including mesen-
chymal tumors, leimyosarcoma, malignant gastro-
intestinal stromal tumors, and solitary fi brous 

tumors. Primary lymphoma of the pancreas is 
defi ned as an extranodal lymphoma arising from 
the pancreas and is usually of B phenotype [includ-
ing low-grade lymphoma of diffuse small cell 
type, follicle center cell lymphoma, low-grade 
MALT lymphoma, and large B-cell lymphoma, 
seen in immunodefi ciency setting (e.g., HIV infec-
tion and posttransplant lymphoproliferative disor-
ders following solid organ transplantation)] [ 8 ].   

    Classifi cation of Cystic Exocrine 
Tumors of the Pancreas 

 Cystic neoplasms of the pancreas (CNP) were 
once considered extremely rare (many textbooks 
perpetuated the notion that most cystic lesions of 
the pancreas were pseudocysts), and fewer than 
10 % were neoplasms [ 9 ]. Studies using CT and 
MRI have shown that the prevalence of pancreatic 
cysts (in individuals without history of symptoms 

   Table 1.2    TNM classifi cation of tumors of exocrine and endocrine pancreas   

  Primary tumor  ( T ) 

 T0  No evidence of primary tumor 

 Tis  in situ tumor 

 Tl  Tumor limited to the pancreas, <2 cm in greatest dimension 

 T2  Tumor limited to the pancreas, >2 cm in greatest dimension 

 T3  Tumor extends directly into duodenum, bile duct, or peripancreatic tissues 

 T4  Tumor extends directly into stomach, spleen, colon, or celiac axis vessels 

  Regional lymph nodes  ( N ) 

 N0  Regional lymph nodes not involved 

 N1  Regional lymph nodes involved 

 N1a  Metastasis in a single regional lymph node 

 N1b  Metastases in multiple regional lymph nodes 

  Distant metastases  

 MX  Distant metastases cannot be assessed 

 M0  No distant metastases 

 M1  Distant metastases present 

  Stage grouping  

 Stage 0  Tis  N0  M0 

 Stage IA  T1  N0  M0 

 Stage IB  T2  N0  M0 

 Stage II  T3  N0  M0 

 Stage III  T1  N1  M0 

 T2  N1  M0 

 T3  N1  M0 

 Stage IVA  T4  Any N  M0 

 Stage IVB  Any T  Any N  M1 

J.J. Farrell
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of pancreatic disease) is about 2.5 % [ 10 ,  11 ], and 
that this increases with age to the point that 10 % 
of persons 70 years or older have a pancreatic cyst 
[ 10 ]. Although the WHO classifi es pancreatic 
cysts based on well-defi ned neoplastic patholo-
gies, there is a clinical classifi cation which 
includes both neoplastic and nonneoplastic pan-
creatic cysts including pseudocysts (Table  1.3 ) [ 9 ].

      Serous Cystadenoma 

 Serous cystadenoma of the pancreas (SCA) is a 
benign, slow-growing tumor that affects predom-
inantly women (~75 %); the mean age of resected 
patients has been 62 years [ 12 – 15 ]. This is dis-
cussed in further detail elsewhere in this book.  

    Intraductal Papillary Mucinous 
Neoplasm 

 The term “mucinous ductal ectasia” was used for 
many years to describe an entity characterized by 
gross dilation of the pancreatic duct due to over-
production of mucus from a proliferative epithe-
lium with papillary growth. This disease is now 
recognized to be an advanced form of main-duct 
intraductal papillary mucinous neoplasm 
(MD-IPMN), and we now recognize that this 
neoplastic proliferation can involve the side 
branches of the pancreatic ductal system, either 
alone (branch-duct IPMN or BD-IPMN) or in 
combination (mixed or combined IPMN) [ 16 ]. 
This is discussed in further detail elsewhere in 
this book.  

   Table 1.3    Classifi cation of cystic neoplasms of the pancreas, including lesions that 
resemble them (clinically common and important diseases highlighted in bold text)   

  Epithelial neoplasms  

  Serous cystadenoma  

  Mucinous cystic neoplasm and MCN-associated carcinoma  

  Intraductal papillary mucinous neoplasm and IPMN-associated carcinoma  

  Solid pseudopapillary neoplasm  

  Pancreatic ductal adenocarcinoma with cystic degeneration  

  Cystic pancreatic endocrine neoplasm (CPEN)  
 Acinar cystadenoma and cystadenocarcinoma 

 Dermoid cyst (cystic teratoma) 

 Intraductal papillary variant of acinar cell carcinoma 

 Intraductal tubulopapillary neoplasm 

  Nonepithelial  

 Lymphangioma 

 Epidermoid cyst in intrapancreatic spleen 

 Cystic pancreatic hamartoma 

 Mesothelial cyst 

  Lesions resembling pancreatic cystic neoplasms  

  Pseudocyst  
 Lymphoepithelial cyst (epidermoid cyst) 

 Mucinous nonneoplastic cyst 

 Enteric duplication cysts 

 Endometrial cyst 

 Hydatid cyst 

 Retention cyst 

 Accessory splenic cyst 

 Cystic pheochromocytoma 

 Cystic gastrointestinal stromal tumor 

 Retention cyst 

 Squamoid cyst 

1 Classifi cation of Pancreatic Lesions
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    Mucinous Cystic Neoplasm 

 The mucinous cystic neoplasm of the pancreas 
(MCN) is a relatively uncommon tumor that 
comprises about a quarter of all resected cystic 
neoplasms of the pancreas in large surgical series 
[ 17 ]. This tumor is predominantly seen in women 
(>95 %) and in the distal pancreas (>95 %), and, 
unlike branch-duct IPMNs, is always a single 
lesion [ 18 – 20 ]. This is discussed in further detail 
elsewhere in this book.  

    Solid Pseudopapillary Neoplasm 

 The solid pseudopapillary neoplasm of the pan-
creas (SPN) is a very uncommon lesion that com-
prises less than 4 % of resected pancreatic cystic 
tumors. Prior to its inclusion in the World Health 
Organization (WHO) classifi cation, it had previ-
ously been known by a variety of different names, 
including papillary epithelial neoplasm of the 
pancreas, solid and cystic tumor of the pancreas, 
adenocarcinoma of the pancreas of childhood, 
papillary-cystic tumor, and solid and papillary 
epithelial neoplasm [ 21 ]. It predominantly affects 
women (>80 %), and the median age has been 
between 30 and 38 years, with about 20–25 % 
of cases being seen in the pediatric population 
[ 22 – 24 ]. This is discussed in further detail else-
where in this book.   

    Classifi cation of Pancreatic Ductal 
Precursor Lesions 

 The presumed precursor lesions of pancreatic 
ductal adenocarcinoma are not discussed in 
detail in the ICD-10. Pancreatic cancer precursor 
lesions, also known as pancreatic intraepithelial 
eoplasia (PanIN), are seen more commonly in 
patients with pancreatic cancer compared with 
not (Fig.  1.1 ) [ 25 ,  26 ]. Pancreatic Intraepithelial 
Neoplasia (PanIN) precursor lesions can be 
graded from PanIN-1A (fl at mucinous epithe-
lium) to PanIN-2 (columnar epithelium with 
nuclear atypia) to PanIN-3 (in situ carcinoma) 
[ 26 ]. Normal ductal and ductular epithelium is a 
cuboidal to low-columnar epithelium with 
amphophilic cytoplasm, without the features of 
evolving PanIN such as mucinous cytoplasm, 
nuclear crowding, and atypia. A transitional 
squamous metaplasia has also been described, 
known as squamous metaplasia, in which the 
normal cuboidal ductal epithelium is replaced by 
mature squamous or transitional epithelium with-
out atypia (Table  1.4 ).

    In pancreatic intraepithelial neoplasia 1-A 
(PanIN 1-A), fl at epithelial lesions composed of 
tall columnar cells with basally located nuclei and 
abundant supranuclear mucin are seen. The nuclei 
are small and round to oval in shape. When oval, 
the nuclei are oriented perpendicular to the 
 basement membrane. In pancreatic intraepithelial 

  Fig. 1.1    Pancreatic 
cancer carcinogenesis. 
Progression of 
pancreatic intraepithelial 
lesions (PanIN) from 
normal to invasive 
cancer       
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 neoplasia 1-B (PanIN 1-B), these epithelial 
lesions have a papillary, micropapillary, or basally 
pseudostratifi ed architecture but are otherwise 
identical to PanIN-1A. For pancreatic intraepithe-
lial neoplasia 2 (PanIN-2), these mucinous epithe-
lial lesions may be fl at or papillary, but with 
defi ned nuclear abnormalities, including some 
loss of polarity, nuclear crowding, enlarged nuclei, 
pseudostratifi cation, and hyperchromatism. These 
nuclear abnormalities fall short of those seen in 
PanIN-3. Mitoses are rare, but when present are 
nonluminal (not apical) and not atypical. 
Pancreatic intraepithelial neoplasia 3 (PanIN- 3) 
typically shows papillary or micropapillary archi-
tecture, with true cribriforming, budding off small 
clusters of epithelial cells into the lumen and 
luminal necroses. Cytologically, these lesions are 
characterized by a loss of nuclear polarity, dystro-
phic goblet cells (goblet cells with nuclei oriented 
toward the lumen and mucinous cytoplasm ori-
ented toward the basement membrane), mitoses 
which may occasionally be abnormal, nuclear 
irregularities, and prominent (macro) nucleoli. 

 This histologic- and cytologic-based model of 
pancreatic precursor is supported by molecular 
analyses (mutational analysis, immunohisto-
chemical analysis, and loss of heterozygosity 
studies) which have demonstrated most of the 
molecular changes seen in invasive ductal adeno-
carcinoma identifi ed in PanIN lesions, with the 
prevalence of these genetic alterations increasing 
with increasing degrees of cytologic and archi-
tectural atypia in the duct lesions in PanIN.  

    Classifi cation of Pancreatic 
Neuroendocrine Tumors 

 Pancreatic neuroendocrine tumors (pancreatic 
NETs) which arise from the endocrine tissues of 
the pancreas represent up to 3 % of primary pan-
creatic tumors. They can secrete a variety of pep-
tide hormones, including insulin, gastrin, 
glucagon, and vasoactive intestinal peptide 
(VIP), associated with a clinical syndrome, so- 
called functioning pancreatic NET. However, 
between 50 and 75 % of pancreatic NETs are 
nonfunctioning (i.e., unassociated with a hor-
monal syndrome) [ 27 ]. This is discussed in fur-
ther detail elsewhere in this book.     
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            Introduction 

  Pancreatic adenocarcinoma   remains a highly 
lethal disease, with a 5-year survival rate of 6 %. 
Surgical resection is the only curative option. 
Unfortunately, localized, potentially resectable 
disease often presents without overt signs or 
symptoms. Too often, patients are diagnosed late 
in their disease course with already metastasized 
cancers. As such, early detection of high-risk 
lesions remains the focus of considerable 
research. In this chapter, we will provide a com-
prehensive review of pancreatic adenocarcinoma, 
with a focus on recent progress in the fi eld.  

     Epidemiology   

 Pancreatic cancer is the fourth leading cause of 
cancer-related deaths in the United States. In 
2013, an estimated 45,220 cases were diagnosed, 
with 38,460 deaths [ 1 ]. Although pancreatic can-
cer rarely presents before age 45, the overall inci-
dence rises sharply thereafter. From 2006 to 
2010, the SEER age-adjusted incidence rate of 
pancreatic adenocarcinoma was 12.2/100,000. 

However, for individuals over age 65 the inci-
dence rate is 69.4/100,000, and for individuals 
80–84, the incidence rate is as high as 
93.1/100,000 [ 2 ]. Hence, age is an important risk 
factor for the development of pancreatic cancer. 
Pancreatic cancer is slightly more prevalent 
among males than females (13.9 vs. 10.9 per 
100,000) and blacks than whites (15.8 vs. 12.1 
per 100,000) [ 2 ]. Despite several available treat-
ment modalities (surgery, chemotherapy, radia-
tion), the 5-year survival rate from pancreatic 
cancer remains dismal. The current rate of 6.5 % 
is only slightly improved from the 2.4 % docu-
mented between 1975 and 1977 [ 2 ]   .  

    Biology 

 The molecular biology of  pancreatic adenocarci-
noma   is exceedingly complex, with an average of 
63 genetically relevant mutations per tumor [ 3 ]. 
However, central to our understanding of carci-
nogenesis is the simplifi ed concept that pancre-
atic adenocarcinoma is the fi nal product of the 
progression of precursor lesions. These lesions 
are referred to as  pancreatic intraepithelial neo-
plasia (PanIN)   and progress through a series of 
sequential genetic alterations in the ductal epithe-
lium (Fig.  2.1 ). The most well-studied effector of 
these alterations is the oncogenic KRAS gene, 
which was fi rst associated with pancreatic cancer 
over two decades ago [ 4 ,  5 ]. Along with inactiva-
tion of the tumor suppressor genes CDKN2A, 
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TP53, and SMAD4 (SMAD family member 4 
gene, also known as deleted in pancreatic cancer 
4, DPC4), the ductal epithelium is able to trans-
form from minimally dysplastic PanIN grades 
1A and 1B lesions to the more severely dysplastic 
grades 2 and 3 lesions. A recently published 
computational model based on data generated 
from the genome project estimates the time inter-
val from initial mutation in the ductal epithelium 
(PanIN1) to the development of infi ltrating carci-
noma to be 11.7 years. Approximately 6.7 years 
is then required for a metastatic subclone to 
develop within the primary carcinoma, and a fur-
ther 2.7 years to progress from metastatic dis-
semination to the patient’s death [ 6 ]. 
Unfortunately, the majority of pancreatic adeno-
carcinoma patients are diagnosed toward the end 
of this sequence.

   The oncogenic KRAS mutation is present in 
nearly all pancreatic adenocarcinoma [ 4 ,  7 ]. 
Through transcription of an abnormal RAS pro-
tein that is constituently active, a number of 
downstream signaling pathways lead to aberrant 
cell proliferation. Similarly, inactivation of the 
tumor suppressor gene CDK2NA is present in 
more than 90 % of pancreatic cancers [ 8 ]. These 
mutations lead to loss of the p16 protein, which 
plays an essential role in cell cycle regulation. 
TP53 mutations occur in approximately 75 % of 

pancreatic cancer and lead to dysregulation of the 
cellular stress response [ 7 ,  9 ]. SMAD4/DPC4 
mutations occur in approximately 55 % of cases 
and lead to disruption of cell signaling in the 
transforming growth factor B (TGF-B) pathway 
[ 8 ,  10 ]. SMAD4/DPC4 mutations are associated 
with a poor prognosis in pancreatic adenocarci-
noma [ 11 ]. Whereas KRAS is generally an ear-
lier mutation, the loss of tumor suppressor genes 
occurs later in the sequence of dysplasia [ 12 ,  13 ]   .  

    Risk Factors 

 Both inherited  and   environmental risk factors 
have been implicated in the pathogenesis of  pan-
creatic adenocarcinoma  . Hereditary susceptibil-
ity may account for up to 10 % of pancreatic 
cancer cases and includes both genetic cancer 
syndromes [Lynch syndrome, familial atypical 
multiple mole melanoma syndrome (FAMMM), 
Peutz–Jeghers syndrome (PJS), hereditary breast- 
ovarian cancer syndrome (HBOC), familial ade-
nomatous polyposis (FAP)] as well as familial 
pancreatic cancer [ 14 ]. Environmental risk fac-
tors such as smoking and alcohol as well as the 
co-morbid conditions of diabetes, obesity, and 
chronic pancreatitis have all been associated with 
an increased risk of pancreatic adenocarcinoma. 

  Fig. 2.1     PanIN   progression model, showing genetic 
alterations.  PanIN,  pancreatic intraepithelial neoplasia 
(Pending permission from American Association for 

Cancer Research—RH Hruban, M Goggins, J Parsons, SE 
Kern. Progression model for pancreatic cancer. Clin 
Cancer Res, 6 (2000), pp. 2969–2972)       
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    Inherited Risk Factors 

 Several hereditary cancer syndromes have been 
associated with pancreatic adenocarcinoma 
(Table  2.1 ). Hereditary pancreatic cancer is char-
acterized by a known genetic defect that increases 
the risk of pancreatic cancer.  Familial pancreatic 
cancer (FPC)  , conversely, describes a family with 
at least two fi rst-degree relatives with pancreatic 
cancer without an identifi able gene mutation or 
cancer syndrome [ 15 ].

    Lynch syndrome     , formerly known as HNPCC, 
arises from mutations in one of the DNA mis-
match repair (MMR) genes MLH1, MSH2, 
MSH6, or PMS2. In addition to early-onset 
colorectal cancer, individuals with Lynch syn-
drome are predisposed to cancers of the pancreas, 
ovary, stomach, urinary tract, endometrium, and 
small bowel. Specifi cally, the risk of pancreatic 
cancer among individuals with Lynch syndrome 
is 1.31 % up to age 50 and 3.7 % up to age 70, 
which represents an 8.6-fold increase over the 
general U.S. population [ 16 ,  17 ]. 

 Peutz–Jeghers syndrome (PJS)       is an autosomal 
dominant hamartomatous polyposis syndrome 
caused by inherited mutations in the STK11/LKB1 
gene on chromosome 19p13.3. Individuals with 
PJS have distinctive mucocutaneous pigmentation 

and are at increased risk for a number of GI malig-
nancies, including colorectal cancer, gastric cancer, 
small bowel adenocarcinoma, and pancreatic can-
cer. The lifetime incidence of pancreatic cancer 
among patients with PJS has been estimated to be 
as high as 36 % [ 18 ]. 

 Familial atypical multiple mole melanoma 
(FAMMM)  syndrome      is an autosomal dominant 
condition associated with germline mutations in 
the p16/CDKN2A gene. Nevertheless, there is 
wide variability in the prevalence of the CDKN2A 
mutations among patients with 
FAMMM. Individuals with FAMMM have mul-
tiple dysplastic nevi that predispose them to 
malignant melanoma. In addition, these patients 
are at increased risk for pancreatic adenocarci-
noma, lung and breast cancer, and sarcomas [ 16 , 
 19 ]. Specifi cally, individuals with a germline p16 
mutation have an approximately 17 % lifetime 
risk of developing pancreatic cancer [ 20 ]. 

 Hereditary breast–ovarian cancer (HBOC) 
 syndrome      is an autosomal dominant condition 
associated with germline mutations in the 
BCRCA1 and BRCA2 genes. Patients with 
BRCA1 or 2 mutations present with early-onset 
breast and ovarian cancer. Studies have also 
linked both of these mutations with an increased 
risk of pancreatic adenocarcinoma. Of the two 
mutations, the association with pancreas cancer 
is most robust for BRCA2, which carries an 
approximately 3.5 times increased risk over the 
general population [ 21 ]. In addition, 5.5 % of 
Ashkenazi Jewish patients with resected PDAC 
have been shown to have founder mutations of 
BRCA1/2, compared to 1.1 % of cancer-free con-
trols [ 22 ]. As such, screening such high-risk 
groups for germline mutations in the absence of a 
family history of breast or ovarian cancer has 
been proposed. 

 Familial adenomatous polyposis (FAP)  syn-
drome      is an autosomal dominant condition asso-
ciated with inherited mutations of the APC tumor 
suppressor gene. Individuals with FAP develop 
colon cancer at a very early age but are also at 
increased risk for duodenal, thyroid, hepatic, and 
pancreatic cancer. The relative risk of pancreatic 
adenocarcinoma among FAP patients and at-risk 
relatives has been estimated at 4.5 times that of 

   Table 2.1    Genetic syndromes associated with  pancreatic 
adenocarcinoma     

 Syndrome 
 Relative risk of 
pancreatic cancer 

 Genes 
implicated 

 Familial 
adenomatous 
polyposis 

 4–6×  APC 

 Lynch (formerly 
HNPCC) 

 8–9×  MLH 1, MSH2, 
MSH6, PMS2 

 Hereditary 
breast–ovarian 
cancer 

 3.5–10×  BRCA1, 
BRCA2, PALB2 

 Familial atypical 
multiple mole 
melanoma 

 13–22×  P16/CDKN2A 

 Hereditary 
pancreatitis 

 25–60×  PRSS1, SPINK1 

 Peutz–Jeghers 
syndrome 

 132×  STK11/LKB1 

   Source : Adapted from Hidalgo M., Pancreatic cancer. 
N. Engl. J. Med. 2010;362(17):1605–1617  
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the general population (RR, 4.45; 95 % CI, 1.2–
11.4), with an absolute risk of 26.8/100,000 per-
son years [ 23 ]. 

  Hereditary pancreatitis (HP)      is characterized 
by recurrent attacks of acute pancreatitis in child-
hood and adolescence with the eventual develop-
ment of chronic pancreatitis over time. The 
autosomal dominant form of this disorder is asso-
ciated with germline mutations of the PRSS1 
gene, which encodes for cationic trypsinogen 
[ 24 ]. The risk of pancreatic cancer among patients 
with hereditary pancreatitis is signifi cant, esti-
mated at 19 % at age 60 and 53 % at age 75 [ 25 ]. 
This elevated risk may be secondary to infl am-
mation, which has been shown to enhance cancer 
progression and amplify pathologic RAS activity 
[ 26 ,  27 ]. Among patients with hereditary pancre-
atitis, smoking and diabetes are preexisting risk 
factors that increase the risk of pancreatic cancer 
signifi cantly [ 15 ,  28 ,  29 ].  

    Environmental Risk Factors 

 Several environmental factors predispose to pan-
creatic adenocarcinoma. Of these,    cigarette 
 smoking   is the most well studied and perhaps the 
most signifi cant, causing approximately 20–25 % 
of all pancreatic cancers [ 30 ]. A pooled analysis 
of 12 case-control studies from the International 
Pancreatic Cancer Case-Control Consortium 
(PanC4) showed a twofold increased risk of pan-
creatic cancer among current smokers compared 
to never smokers (OR, 2.2; 95 % CI, 1.7–2.8) 
[ 31 ]. While former smokers are also at increased 
risk (OR, 1.2; 95 % CI, 1.0–1.3), this risk is atten-
uated to the level of normal smokers 20 years 
after quitting [ 31 ]. 

 Another signifi cant risk factor for  pancreatic 
adenocarcinoma is   diabetes  mellitus  . A recent 
meta-analysis of 36 cohort studies concluded that 
diabetes mellitus is associated with a 1.96-fold 
increase in pancreatic cancer (RR, 1.96; 95 % CI, 
1.66–2.27), controlling for several co-founders 
including alcohol consumption, BMI, and smok-
ing status [ 32 ]. Furthermore, several studies have 
shown that the risk of pancreatic cancer is nega-
tively correlated with the duration of diabetes. 

Individuals with the shortest history of diabetes 
(<4 years) appear to have a 1.5-fold greater risk 
(OR, 1.5; 95 % CI, 1.3–1.8) of developing pan-
creatic cancer than individuals with diabetes for 5 
and 10 years, and a 2.1-fold greater risk than indi-
viduals with diabetes for more than 10 years 
(OR, 2.1; 95 % CI, 1.9–2.3) [ 32 ,  33 ]. 

 Elevated BMI has also been linked to an 
increased risk of pancreatic cancer, independent 
of the increased risk associated  with   diabetes 
[ 34 – 36 ]. Compared to individuals with a BMI 
between 18.5 and 24.9, those with a BMI >35 
have a 1.55-fold increased risk of pancreatic can-
cer (OR, 1.55; 95% CI, 1.16–2.07) [ 36 ]. 
Centralized fat distribution, particularly in 
women, as well as early adulthood obesity have 
both been linked to an increased risk of pancre-
atic cancer, with the latter predisposing to earlier 
onset of disease [ 36 ,  37 ]. 

  Alcohol      increases one’s risk of pancreatic 
cancer, but only when consumed in large quanti-
ties. Mild to moderate alcohol consumption may 
even be protective. A meta-analysis of 21 case- 
control and 11 cohort studies reported a pooled 
relative risk of 1.22 (95 % CI, 1.12–1.34) for 
those who consumed equal to or greater than 
three drinks per day, but only 0.92 (0.86–0.97) 
for those who consumed less than this amount 
[ 38 ]. This association appears to be independent 
of confounding chronic pancreatitis or smoking 
history. 

  Chronic pancreatitis      is a well-known risk fac-
tor for pancreatic cancer. Although the risk is 
highest for patients with autosomal dominant 
hereditary pancreatitis (discussed above), patients 
with acquired chronic pancreatitis are also at risk. 
A pooled analysis of 10 case-control studies 
reported a nearly threefold increased risk of 
 pancreatic cancer (OR, 2.71; 95 % CI, 1.96–3.74) 
among patients diagnosed with pancreatitis more 
than 2 years before their cancer diagnosis [ 39 ]. 
However, the population attributable fraction was 
estimated at only 1.34 %, suggesting that only a 
small portion of pancreatic cancer is secondary to 
chronic pancreatitis. Of note, via reverse causa-
tion, new-onset pancreatitis may also be a conse-
quence of tumor-related duct obstruction, and 
thus a possible presentation of pancreatic cancer. 

S. Amin and C.J. DiMaio
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 Finally, an association has also been reported 
between colonization of CagA-negative 
 Helicobacter pylori  infection and pancreatic can-
cer [ 40 ]. This association appears to be strongest 
among individuals with non-O blood types.   

     Clinical Presentation   

 Patients with pancreatic adenocarcinoma present 
with nonspecifi c complaints. Often, patients may 
describe vague abdominal discomfort and nausea 
in the setting of weight loss. When the location of 
the tumor is within the head of the pancreas 
(approximately 75 % of cases), patients may 
present with jaundice from obstruction of the 
intra-pancreatic portion of the common bile duct 
[ 41 ]. A prospective study of 185 patients with 
newly diagnosed exocrine pancreatic cancer 
identifi ed the most frequent presenting symptoms 
as asthenia (86 %), anorexia (85 %), weight loss 
(85 %), abdominal pain (79 %), and choluria 
(59 %) [ 42 ]. Less frequently, pancreatic cancer 
may present as gastrointestinal bleeding from 
gastric varices secondary to splenic vein throm-
bosis [ 43 ]. Up to 80 % of patients are either hyer-
perglycemic or frankly diabetic at the time of 
diagnosis, which has important implications for 
early detection and screening efforts [ 44 ]. 

 As the natural history of pancreatic cancer 
progresses, patients are at risk for several more 
complications. In addition to cholestasis from 
biliary obstruction, patients may also develop 
acute pancreatitis from obstruction of the pancre-
atic duct. In one series, 18 % of patients who 
underwent EUS-FNA following an episode of 
nonalcohol-, nongallstone-related acute pancre-
atitis were found to have pancreatic carcinoma 
[ 45 ]. Up to 10 % of patients may develop gastric 
outlet obstruction or duodenal obstruction from 
tumor expansion [ 46 ]. There is a bidirectional 
interaction between pancreatic cancer and diabe-
tes. If not present at diagnosis, diabetes may 
emerge either as a complication of tumor-induced 
insulin resistance and islet cell dysfunction or as 
chronic obstruction of the pancreatic duct with 
upstream glandular atrophy and loss of islet cells 
[ 47 ,  48 ]. Similarly, patients with pancreatic ade-

nocarcinoma, pre- or postresection, may com-
plain of steatorrhea from exocrine insuffi ciency 
and are also at increased risk for superfi cial or 
deep venous thrombosis. 

 On physical exam, patients may have jaun-
dice, lymphadenopathy, temporal wasting, hepa-
tomegaly, or even ascites. Laboratory studies are 
similarly nonspecifi c and may show anemia, 
hyperglycemia, or mild elevations in liver tests. 
Biomarkers such as CA 19- 9   may also be ele-
vated and are discussed  below  .  

    Serum Tumor Markers 

 The routine use of  serum biomarkers   is limited in 
the management of pancreatic adenocarcinoma. 
At present, carbohydrate antigen 19-9 (CA 19-9)    
is the only clinicially useful biomarker for this 
purpose. CA 19-9 is a sialylated Lewis (a) anti-
gen normally absorbed onto the surface of eryth-
rocytes [ 49 ]. Since CA 19-9 is also present on 
various mucins secreted by pancreatic adenocar-
cinoma cells, it has been used as a marker of 
prognosis and disease burden for pancreatic ade-
nocarcinoma since the 1980s [ 49 ,  50 ]. An ele-
vated CA 19-9 value of greater than 70 U/mL has 
a sensitivity and specifi city of 70 % and 87 %, 
respectively, for the diagnosis of pancreatic can-
cer [ 51 ]. With its low sensitivity and the fact that 
it can be elevated in benign pancreaticobiliary 
disease, CA 19-9 is not an effective screening 
test; however, it is useful as a marker of disease 
progression or recurrence following resection. 
Postresection CA 19-9 level also predicts overall 
survival among patients treated with adjuvant 
radiation. A large prospective study of 385 
patients demonstrated a 72 % reduction in the 
risk of death for patients with a CA 19-9 lower 
than 180 compared to those with a postoperative 
CA 19-9 level greater than 180 (HR, 2.53; 
 p  < 0.0001) [ 52 ]. Even patients with preoperative 
CA 19-9 levels as high as 900 can live as long as 
patients with normal values provided their post-
operative CA 19-9 19-9 level falls within the nor-
mal range [ 53 ]. Other commonly used antigens 
such as CEA and CA 125, with sensitivities 
 ranging from 30 to 60 % and specifi cities of 
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approximately 80 %, are less useful in the man-
agement of pancreatic adenocarcinoma, and not 
routinely used in clinical practice [ 54 ,  55 ]. In the 
future, newer technologies such as posttranscrip-
tional gene regulation and next-generation gene 
sequencing will likely produce more promising, 
clinically relevant biomarkers to aid in early 
detection of pancreatic cancer and personalized 
treatment regimens [ 49 ]   .  

     Pathology   

 Pancreatic ductal adenocarcinomas are highly 
infi ltrative tumors. Grossly, these tumors are 
solid and fi rm; however, microscopically, their 
edges are poorly defi ned (Figs.  2.2  and  2.3 ). 
Often tongues of carcinoma extend beyond the 
main tumor [ 56 ,  57 ]. Invasion often occurs before 
the time of diagnosis along lymphatic and peri-
neural spaces, as well as small veins.

    The histological hallmark of pancreatic ducal 
adenocarcinoma is the associated intense desmo-
plastic reaction within the tumor (Fig.  2.4 ) [ 56 ]. 
This reaction is composed of fi broblasts, infl am-
matory cells, endothelial cells, and complex extra-
cellular matrix, which combined produce an 
elevated interstitial fl uid pressure within the tumor 
[ 58 ]. Consequently, this elevated interstitial 

 pressure induces vascular collapse and is thought 
to reduce perfusion to the tumor [ 58 ]. Reduced 
perfusion, in turn, has been implicated as a poten-
tial barrier to the adequate delivery of chemothera-
peutic agents. On immunohistochemistry, 
pancreatic cancers may express CEA, cytokeratin, 
CA 19-9, B72.3 (TAG-72), CA 125, DUPAN2, as 
well as a number of mucins [ 56 ,  57 ].

  Fig. 2.2    Gross image of resected pancreatic ductal ade-
nocarcinoma. Tumor has practically replaced the entire 
head of pancreas and blocked the main pancreatic duct, 
while the common bile remained open (Photo courtesy of 
Hongfa Zhu, MD, Icahn School of Medicine at Mount 
Sinai)       

  Fig. 2.3    Low-power image of infi ltrating pancreatic duc-
tal carcinoma in the background of parenchymal atrophy 
and prominent fi brosis (original magnifi cation: ×40) 
(Photo courtesy of Hongfa Zhu, M.D., Icahn School of 
Medicine at Mount Sinai)       

  Fig. 2.4    Pancreatic cancer typically consists of infi ltrat-
ing angulated glands surrounded by desmoplastic stroma, 
which makes the tumor less accessible to chemotherapy. 
Pancreatic cancer is also prone to perineural invasion ( left 
low corner ) (original magnifi cation: ×200) (Photo cour-
tesy of Hongfa Zhu, M.D., Icahn School of Medicine at 
Mount Sinai)       
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       Staging 

 Pancreatic  cancer   is staged according to the 
 American Joint Committee on Cancer (AJCC)   
tumor-node-metastasis classifi cation (TNM) 
(Table  2.2 ) [ 59 ,  60 ]. The objective of the AJCC 
system is to generate a reproducible classifi cation 
scheme based on which accurate predictions of 
prognosis and subsequent treatment recommen-
dations can be generated. At present, this system 

is based on an assessment of resectability by heli-
cal CT scan. Whereas T1, T2, and T3 lesions are 
potentially resectable, T4 tumors, which involve 
the celiac axis or superior mesenteric artery, are 
not. Lesions that involve the superior mesenteric 
vein, splenic vein, and portal vein, provided they 
are patent, may be resectable depending on the 
expertise of the center and comfort of the surgeon 
with performing complex vascular reconstruc-
tion. A large-scale validation of the current sys-
tem using the National Cancer Database (NCDB) 
found good 5-year survival discrimination by 
stage ( p  < 0.001). Stage 1A patients survived a 
median of 10 months, whereas stage IV patients 
had a median survival of 2.5 months [ 61 ].

   A critique of the current system is the highly 
variable survival among resected patients of the 
same AJCC stage. To this end, a nomogram 
which incorporated additional factors such as 
tumor grade or degree of differentiation was pro-
posed and was found to predict postresection sur-
vival more accurately than the AJCC system 
[ 62 ]. This nomogram was based on a prospective 
cohort of 555 consecutive patients and validated 
with a retrospective cohort of 424 patients [ 62 ]. 
More recent studies using the SEER database 
have proposed a TNMG classifi cation after show-
ing that for each AJCC stage, survival is signifi -
cantly worse for high-grade vs. low-grade tumors 
[ 63 ,  64 ]   .  

    Management 

 A multidisciplinary approach to care is essential 
in the management of pancreatic adenocarci-
noma. Gastroenterologists, surgeons, oncolo-
gists, radiation oncologists, pathologists, 
primary care providers, and pain specialists 
must all play a coordinated role in prognostica-
tion, treatment, and palliation if necessary. 
Several studies have shown that such a coordi-
nated effort often results in reinterpretation of 
data, changes in therapeutic recommendations, 
and improved survival [ 65 ,  66 ]. Management is 
discussed in detail in various chapters in the 
treatment section of this book.  

   Table 2.2    TNM  staging system   for exocrine and endo-
crine tumors of the pancreas   

 Primary tumor (T) 

 TX  Primary tumor cannot be assessed 

 T0  No evidence of primary tumor 

 Tis  Carcinoma in situ a  

 T1  Tumor limited to the pancreas, ≤2 cm in 
greatest dimension 

 T2  Tumor limited to the pancreas, >2 cm in 
greatest dimension 

 T3  Tumor extends beyond the pancreas but 
without involvement of the celiac axis or 
the superior mesenteric artery 

 T4  Tumor involves the celiac axis or the 
superior mesenteric artery (unresectable 
primary tumor) 

 Regional lymph nodes (N) 

 NX  Regional lymph nodes cannot be 
assessed 

 N0  No regional lymph node metastasis 

 N1  Regional lymph node metastasis 

 Distant metastasis (M) 

 M0  No distant metastasis 

 M1  Distant metastasis 

 Anatomic stage/prognostic groups 

 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  T4  Any N  M0 

 Stage IV  Any T  Any N  M1 

   Source : Used with permission from Compton CC et al., 
Exocrine and endocrine pancreas. AJCC Cancer Staging 
Atlas. Springer; 2012 
  a This includes lesions classifi ed as PanInIII classifi cation  
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    Screening/Prevention 

 Routine  screening   of pancreatic cancer in 
average- risk individuals is not recommended. 
The low incidence of pancreatic cancer combined 
with the lack of a low-cost screening modality 
makes such a strategy prohibitive. In contrast, 
screening to detect T1N0M0 disease and nonin-
vasive precursor lesions such as PanIN and IPMN 
may be benefi cial for those with an increased risk 
of pancreatic cancer. To date, several studies have 
looked at the utility of screening for pancreatic 
cancer in asymptomatic patients who have a sig-
nifi cant family history and/or genetic predisposi-
tion for pancreatic cancer. A prospective study 
from the American Cancer of the Pancreas 
Consortium (CAPS) of 225 asymptomatic high- 
risk individuals identifi ed 92 patients (42 %) with 
at least one pancreatic mass or dilated pancreatic 
duct by computed tomography (CT), magnetic 
resonance imaging (MRI), or endoscopic ultra-
sound (EUS). Of the 85 proven or suspected neo-
plasms, the vast majority were IPMNs (96 %), 
with the remaining lesions reported as pancreatic 
endocrine tumors [ 67 ]. Not all screening pro-
grams have resulted in such a high yield, how-
ever. A similar 5-year prospective study of 76 
high-risk individuals from families with familial 
pancreatic cancer from the National German 
Familial Pancreatic Cancer Registry (FaPaCa) 
found only three PanIN lesions and one IPMN 
using a similar EUS/MR/MRCP-based screening 
program [ 68 ] (Fig. 2.5). 

 Regardless, the most recent International 
CAPS Consortium guidelines recommend that 
appropriate candidates for screening are (1) fi rst- 
degree relatives (FDRs) of patients with PC from 
a familial PC kindred with at least two affected 
FDRs, (2) patients with PJS syndrome, or (3) 
p16, BRCA2, or HNPCC mutation carriers with 
at least one affected FDR [ 69 ]. Although EUS 
and/or MRI or magnetic resonance cholangio-
pancreatography (MRCP) were agreed upon as 
fi rst-line screening modalities, no consensus was 
reached regarding appropriate age to start screen-
ing or stop surveillance, the appropriate interval 
for screening, or which screening abnormalities 
were concerning enough to warrant surgery [ 69 ]   .  

    Conclusion 

 Pancreatic adenocarcinoma remains a devastating 
and diffi cult-to-treat disease associated with a high 
mortality. Unfortunately, the majority of patients 
do not have resectable disease at the time of diag-
nosis. Although advances in surgical technology 
and chemotherapeutic regimens have resulted in 
incremental gains in survival, the current 5-year 
rate remains dismal at 6 %. In the future, an 
improved understanding of the biology and genet-
ics of this disease will hopefully provide a founda-
tion for improvements in targeted and more 
effective chemotherapeutic regimens. Furthermore, 
it is hoped that the identifi cation and study of high-
risk individuals will result in appropriate screening 
efforts and earlier detection of resectable lesions.     
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            Introduction 

 Pancreatic adenocarcinoma arising from the duc-
tal cells in the pancreas remains the most common 
pancreatic malignancy and accounts for 85–90 % 
of all pancreatic neoplasms. While pancreatic 
adenocarcinoma has a poor prognosis, nonductal 
solid pancreatic tumors may be associated with a 
considerably better prognosis and can be differen-
tiated from the more common adenocarcinoma 
based on imaging and pathological characteris-
tics. This chapter reviews these less common solid 
tumors, including pancreatic neuroendocrine 
tumors (PNETs), acinar cell carcinomas (ACCs), 
solid pseudopapillary tumors (SPTs), primary 
pancreatic lymphomas (PPLs), and isolated pan-
creatic metastases.  

    Pancreatic Neuroendocrine Tumors 

 Neuroendocrine neoplasms of the  pancreas   were 
traditionally referred to as pancreatic carcinoids or 
islet cell tumors, assumed to arise from the islet 
cells, and were thought to have an indolent course. 
As the heterogeneous nature of this lesion was 

recognized, the term “neuroendocrine tumor” was 
proposed in place of “carcinoid” as it conveys the 
potential malignant nature and histopathology of 
the tumor more accurately [ 1 ]. These tumors are 
now classifi ed as pancreatic neuroendocrine 
tumors ( PanNETs  )    and are believed to be a group 
of epithelial neoplasms that are derived from mul-
tipotential stem cells of endodermal origin with 
predominant neuroendocrine differentiation [ 2 ]. 
PanNETs account for approximately 3 % of all 
pancreatic neoplasms [ 3 ]. There is vast heteroge-
neity among these tumors; despite sharing a com-
mon histological appearance, they differ in 
biologic behavior, histologic differentiation, and 
functionality. PanNETs can be further categorized 
into functional and nonfunctional tumors based on 
the secretion of biologically active peptides and 
hormones, resulting in specifi c clinical syndromes 
[ 4 ,  5 ]. The WHO 2010 PanNET classifi cation was 
revised to include mixed adenoneuroendocrine 
carcinomas, previously referred to as mixed-form 
carcinoid adenocarcinoma or mixed exocrine–
endocrine carcinoma. This type of neoplasm is 
comprised of both adenocarcinoma and neuroen-
docrine carcinoma, with at least 30 % of each 
component [ 6 ]. 

    Epidemiology 

  PanNETs are rare tumors  with   a reported inci-
dence of 1–2 cases/10 6  population/year though a 
much higher rate ranging from 0.07 to 10 % has 
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been reported in surgical and autopsy series [ 7 , 
 8 ]. This variation underscores the limitation in 
determining the exact incidence and prevalence 
of PanNETs as the majority of these tumors are 
small and indolent and may remain asymptom-
atic. Registry data from Europe, the United 
States, and Japan showed a  rising   incidence of 
these tumors, which probably correlates with the 
increased use of cross-sectional imaging and 
more frequent detection of incidental and asymp-
tomatic tumors [ 9 ]. Older European studies 
report an incidence rate (per 100,000) of approxi-
mately 0.1 while more recent studies report an 
incidence rate of 0.3. A similar increase is 
refl ected in the SEER database, with a rise in 
incidence from 0.17 (1970s) to 0.43 (2003–2007) 
[ 9 ]. A stratifi ed sample survey in Japan reported 
a much higher incidence rate of 1.01/100,000, 
with a prevalence rate of 2.23/100,000 [ 10 ]. 24 % 
of patients in this survey had an incidental diag-
nosis of their tumors. 

 The median age at diagnosis for PanNETs is 
60 years, with a peak incidence rate occurring 
between the sixth and eighth decades. These 
tumors are slightly more common among men 
(53 %) than women (47 %) [ 11 ,  12 ]. Most 
PanNETs are nonfunctional and sporadic though 
they may be associated with hereditary endocri-
nopathies such as multiple endocrine neoplasia 
(MEN; Type 1), von Hippel–Lindau (VHL) dis-
ease, neurofi bromatosis type 1 (NF1), and tuber-
ous sclerosis [ 13 ]. Patients with these 
endocrinopathies have an increased risk of devel-
oping neuroendocrine tumors ranging from 35 to 
75 % of MEN 1, 20 % for VHL disease, 10 % for 
NF1, and 1 % for tuberous sclerosis [ 5 ,  14 ]. In 
these patients, PanNETs tend to occur at a 
younger age, are multiple, and are likely to be 
diagnosed earlier because of surveillance in car-
riers of the mutations. 

 The incidence of  functional PanNETs   varies by 
tumor type with insulinoma being the most com-
mon (1–4 cases/10 6  population/year), followed by 
gastrinoma (0.5–2 cases/10 6  population/year), 
VIPoma (0.05–0.2 cases/10 6  population/year), and 
glucagonoma (0.01–0.1 cases/10 6  population/
year), respectively [ 12 ]. The true incidence of rarer 

types of PanNETs such as somatostatinoma, 
GRHoma, ACTHoma, and PTHrPoma is diffi cult 
to estimate given their rarity. 

 Since the majority of PanNETs are nonfunc-
tional, most patients present at an advanced stage 
with mass effect or metastatic disease, and the 
5-year survival has been reported between 27 
and 62 % [ 9 ]. The 5-year survival after surgical 
resection of noninsulinoma PanNETs has been 
reported as 65 %, with a 10-year survival of 
45 % [ 15 ].    

    Classifi cation 

    Functional PanNETs 

 Functionality of PanNETs depends on the clini-
cal symptoms rather than the level or type of hor-
mones secreted. Each type of  functional PanNETs   
produces a distinct clinical hormonal hypersecre-
tion syndrome, which will be described in detail 
later in this chapter.  

    Nonfunctional PanNETs 

 In contrast to functional PanNETs, nonfunctional 
PanNETs may not cause clinical syndromes; 
however, they may secrete hormones and other 
peptides such as chromogranins, neuron-specifi c 
endolase, pancreatic polypeptide (such as insulin, 
gastrin, glucagon, vasoactive intestinal polypep-
tide), or ghrelin. Usually these do not have clini-
cal signifi cance. However, the tumor itself or its 
metastatic lesions may manifest compressive 
symptoms from locoregional mass effect, result-
ing in abdominal pain, jaundice, pruritus, 
anorexia, nausea, weight loss, watery diarrhea, or 
peptic ulcer disease. 

 Patients with  nonfunctional PanNETs   are usu-
ally asymptomatic at presentation. In symptom-
atic patients, obstructive symptoms from mass 
effect are usually the main presentation [ 16 ,  17 ]. 
As nonfunctional PanNETs do not cause hyper-
secretory syndromes, they tend to be diagnosed 
incidentally late in the course of the disease. 
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The most common presenting symptom is 
abdominal pain (up to 78 %), which is usually 
caused by mass effect from the tumor itself. 
However, when the pain is more localized in the 
right upper quadrant, it should raise suspicion for 
a metastatic lesion to  the   liver causing capsule 
distension. Other common presenting symptoms 
include anorexia, nausea, and vomiting, which 
can be due to a compressive effect from the mass 
on the duodenum (45 %) [ 18 ,  19 ]. Rarely, 
PanNETs can present with upper gastrointestinal 
bleeding from ruptured gastric varices, caused by 
splenic vein thrombosis. Jaundice from bile duct 
compression is more commonly seen in PanNETs 
arising from the pancreatic head.  

    Functional PanNETs 

     1.     Insulinoma  
 Insulinomas are  functional PanNETs   that 
secrete proinsulin, causing a  hypoglycemic 
hormonal syndrome  , also known as  Whipple’s 
triad  . Whipple et al. fi rst described these fea-
tures in 1938 of  low   plasma glucose together 
with hypoglycemic symptoms, reversible with 
normalization of the serum glucose level. The 
triad served as a clue to the diagnosis of insu-
linoma. The hypoglycemic symptoms include 
blurred vision, lightheadedness, dizziness, 
confusion, amnesia, abnormal behavior, loss 
of consciousness, seizure, and sympatoadre-
nal symptoms from catecholamine release in 
response to hypoglycemia such as palpitation, 
anxiety, diaphoresis, and tremor. 

 Despite its rarity, with an incidence of 
1–4 cases/10 6  population/year [ 12 ,  20 ], pan-
creatic insulinoma is still the most common 
functioning PanNET [ 21 ]. The tumor is more 
prevalent in women (57 %), with a median age 
of 50 years old. The majority are sporadic; 
however, up to 6 % may be associated with 
MEN-1 syndrome [ 22 ]. Insulinomas are usu-
ally indolent neoplasms. However, metastatic 
lesions can be found in up to 6 % upon initial 
diagnosis, and a more aggressive course may 
be seen in male patients [ 20 ,  22 ].   

   2.     Gastrinoma  
 The overall incidence  of   gastrinoma is 
0.5–2 cases/10 6  population/year with a slight 
male predominance and a mean age of diag-
nosis at 41 years old [ 23 ,  24 ]. Approximately 
20 %  are   associated with MEN-1 syndrome 
[ 25 ]. It is typically indolent; however, up to 
33 % have been reported to have metastatic 
disease upon initial diagnosis. The most com-
mon site of metastasis is the liver, followed by 
the axial bones [ 26 ]. It usually arises in the 
pancreatic head and uncinate process [ 27 ]. 

 As its name implies, gastrinomas predomi-
nantly secrete gastrin, causing hypersecretion 
of gastric acid via stimulation of histamine- 
releasing enterochromaffi n-like cells, in turn 
acting on the acid-secreting parietal cells. The 
syndromic features of gastrin hypersecretion 
are also known as the  Zollinger–Ellison syn-
drome   [ 28 ]. Presenting symptoms of gastrino-
mas include refractory peptic ulcer disease and 
associated complications (bleeding, stricture, 
perforation), steatorrhea (the overt acidic envi-
ronment causing inactivation of pancreatic 
enzymes), chronic secretory diarrhea (disrup-
tion of sodium and water reabsorption in the 
small intestine secondary to high gastrin lev-
els), gastroesophageal refl ux, severe heartburn, 
abdominal pain, anorexia, and weight loss 
[ 24 ]. Approximately 0.1–1 % of patients with 
peptic ulcer disease have gastrinoma [ 20 ].   

   3.     VIPoma  
 Pancreatic  VIPoma   is a  functional   PanNET 
that predominantly secretes vasoactive intesti-
nal peptide (VIP), which is a 28-amino-acid 
polypeptide which activates cellular adenylate 
cyclase and cAMP production in intestinal 
epithelial cells, leading to a net hypersecretion 
of free water, sodium, and chloride. It stimu-
lates secretion and inhibits absorption in the 
bowel, inhibits gastric acid secretion, induces 
vasodilation, stimulates bone resorption, and 
promotes hepatic glycogenolysis [ 29 ,  30 ]. 
This malabsorption and secretory dysfunction 
lead to the  VIPoma syndrome  , which is also 
known as  Verner–Morrison syndrome  ,  watery 
d i a r rhea–hypoka lemia–ach lo rhydr i a 
 syndrome (WDHA)  , and  pancreatic cholera 
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syndrome   [ 31 ]. Patients typically present with 
large-volume secretory diarrhea that is not 
improved with fasting, leading to electrolyte 
imbalance (hypokalemia, hypochlorhydria, 
and hypercalcemia) and symptoms such as 
fl ushing, lethargy, nausea, vomiting, muscle 
weakness, and muscle cramps. 

 Compared to other PanNETS, VIPomas 
are much more aggressive, with 60–80 % of 
patients having metastatic lesions at the initial 
diagnosis. The primary tumor is usually large 
(>3 cm) and is commonly found in the pancre-
atic tail (75 %) [ 32 ,  33 ]. Fortunately, it is very 
rare, with an incidence of 0.05–
0.2 cases/10 6  population/year [ 34 ]. Five per-
cent of patients with VIPoma also have the 
MEN-1 syndrome [ 35 ].   

   4.     Glucagonoma  
 Glucagonoma is a neoplasm arising from the 
alpha cells of the pancreas that secrete gluca-
gon, an anabolic 29-amino-acid polypeptide 
that stimulates glycogenolysis, gluconeogen-
esis, ketogenesis, lipolysis, amino acid oxida-
tion, and catecholamine secretion.    Thus, 
hypersecretion of glucagon causes hypergly-
cemia and hypoaminoacidemia. One of the 
unique manifestations, which can be seen in 
up to 70 %    of patients with glucagonoma, is 
 necrolytic migratory erythema (NME)  , a pain-
ful migratory erythematous plaque (or pap-
ules) involving the face, perineum, and 
extremities. The typical lesions coalesce with 
central clearing within 1–2 weeks, leaving 
indurated bronze-colored scars with crusted 
or blistering borders. Mucosal involvement 
such as angular cheilitis, glossitis, stomatitis, 
blepharitis, hair thinning, and dystrophic nails 
can be seen with NME. Skin biopsy is rarely 
needed and has a low yield; however, if done 
properly at the edge of the lesion, it may 
reveal the classic superfi cial necrolysis with 
lymphocytic and histiocytic perivascular infi l-
tration and separation of the outer epidermal 
layers [ 36 ]. NME is believed to be a result of 
hypoaminoacidemia and a hypometabolic 
state caused by excessive glucagon. 

 Other manifestations of the glucagonoma 
syndrome include normocytic normochromic 
anemia from decreased erythropoietin, weight 

loss, venous thromboembolism, abdominal 
pain, anorexia, constipation, proximal muscle 
weakness, and neuropsychiatric symptoms 
such as ataxia, dementia, and optic atrophy 
[ 37 ,  38 ]. 

 Similar to VIPoma, glucagonoma is a very 
rare tumor with an aggressive behavior. The 
common sites of metastasis are liver, bones, 
and lymph nodes [ 39 ]. The mean age of diag-
nosis is 50 years old, with a slight female pre-
ponderance [ 37 ,  38 ]. It almost exclusively 
arises from the pancreas, typically from the 
pancreatic tail.   

   5.     Somatostatinoma  
  Somatostatinoma   is a rare PanNET  that   arises 
from the D-cells of the pancreas, commonly 
in the pancreatic head. An extrapancreatic 
somatostatinoma is not uncommon (45 % of 
all tumors) and is usually found in the duode-
num and periampullary areas. It secretes 
somatostatin, a 14-amino-acid polypeptide 
with widespread inhibitory effects on other 
hormones via paracrine signaling, especially 
acing on insulin, glucagon, gastrin, growth 
hormone, cholecystokinin-stimulated pancre-
atic enzymes, pancreatic bicarbonate, gall-
bladder contraction, intestinal contractility, 
intestinal amino acid absorption, and gastric 
acid secretion [ 40 ]. However, these inhibitory 
properties may not cause clinical symptoms. 
Only 10 % of somatostatinomas are associ-
ated with somatostatinoma syndrome [ 41 , 
 42 ], which include diabetes mellitus, choleli-
thiasis, steatorrhea, and gastric hypochlorhy-
dria, abdominal pain, anorexia, and obstructive 
jaundice [ 40 ].   

   6.     Corticotropinoma  ( ACTHoma ) 
  Corticotropinoma is a rare   neuroendocrine 
tumor that is usually found in the adrenal 
gland or pituitary gland. Only 1–16 % of cor-
ticotropinomas are localized to the pancreas 
[ 43 ]. As its name implies, it  secretes   adreno-
corticotropic hormone (corticotrophin),    a 
polypeptide that stimulates production of glu-
cocorticoids from the adrenal cortex, leading 
to a fl orid Cushing syndrome. The clinical 
presentation includes obesity, hypertension, 
glucose intolerance, osteoporosis, muscular 
atrophy, and hyperpigmentation [ 44 ].   
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   7.     PTHrP-producing NET  ( PTHrPoma ) 
   PTHrPoma is a very rare PanNET,     with   less 

than 50 cases reported worldwide [ 45 ]. It is 
usually found as a single large tumor in the 
pancreatic body (32 %) or pancreatic tail 
(53 %) [ 45 ]. It secretes parathyroid hormone–
related peptide (PTHrP)   , which is a single 
monomeric peptide with multiple isoforms. 
Some of these isoforms have identical 
N-terminal domains as parathyroid hormone 
(PTH) and thus can stimulate PTH receptors 
[ 46 ]. Patients with PTHrPoma may present 
with hyperparathyroidism. These manifesta-
tions include malignant hypercalcemia, 
altered mental status, confusion, constipation, 
abdominal pain, nausea, vomiting, ureteric 
stones, osteolytic lesions, and renal failure.       

    Diagnostic Approach 

 The wide spectrum of clinical presentations  and 
  variability of the types can make the diagnosis and 
classifi cation of PanNETs challenging. With wide-
spread use of cross-sectional imaging techniques, 
the incidence of PanNETs has increased due to 
incidental detection. However, in order to accu-
rately diagnose and classify the type of the tumor, 
a multimodality diagnostic approach is essential. 
Such an approach includes the use of serum bio-
markers and radiologic studies and, in rare cases, 
arterial stimulation venous sampling (ASVS).  

    Role of Biomarkers 

  When a pancreatic neoplasm is detected and  a 
  clinical syndrome is present, the serum marker of 
the specifi c peptide can help confi rm the diagno-
sis. These markers and their associated clinical 
presentations are summarized in Table  3.1 . 
Caution should be exercised when interpreting 
the level of these peptides as they are all physio-
logic hormones and therefore can vary according 
to patients’ physiologic changes.

   For example, even though an insulin-to- 
glucose ratio of more than 32.2 (pmol/L)/
(mmol/L) and C-peptide-to-glucose ratio of more 

than 0.24 (nmol/L)/(mmol/L) are highly sugges-
tive of insulinoma [with new cutoff values of 53.6 
(pmol/L)/(mmol/L) and 0.61 (nmol/L)/(mmol/L), 
respectively, being proposed to increase the speci-
fi city and positive predictive value], a sulfonyl-
urea level should always be measured to exclude 
medication-induced hyperinsulinemia (insulin 
and C-peptide levels should be high while sulfo-
nylurea should be undetectable in true hypoglyce-
mia from insulinoma) [ 37 ,  47 ]. 

 For gastrinoma, a serum gastrin level of 
greater than 1000 pg/mL (475 pmol/L) when gas-
tric pH is less than 2 is virtually diagnostic. 
However, a falsely elevated serum gastrin level 
can be seen in patients with atrophic gastritis, 
pernicious anemia,  H. pylori  infection, proton- 
pump inhibitor (PPI) use, and status-post small 
bowel resection. Therefore, it is recommended to 
measure serum gastrin level while fasting and 
after stopping PPI for at least 7 days. A secretin 
or calcium stimulation test can be used to confi rm 
the diagnosis in equivocal cases [ 23 ]. 

 A glucagon level greater than 1000 pg/mL in 
patients with suggestive clinical symptoms 
(NME and/or hyperglycemia) is virtually diag-
nostic of glucagonoma. However, as glucagon 
secretion is a normal physiologic response for 
stress, it can be misleadingly elevated (usually 
less than 500 pg/mL) in patients with sepsis, 
burns, trauma, surgery, and fasting [ 48 ]. In the 
setting of diabetes, steatorrhea, and cholelithia-
sis, a somatostatin level higher than 160 pg/mL is 
highly suggestive of somatostatinoma [ 41 ]. 

 It is more challenging when the PanNET is not 
functional or when the clinical presentation is 
vague and nonspecifi c. Among several biomarkers 
studied in the past, chromogranin A (CgA), neu-
ron-specifi c enolase (NSE), and pancreatic poly-
peptide (PP) are the most promising [ 49 – 51 ]. 

 CgA  is   elevated in both functional and non-
functional PanNETs. Moreover, its level also cor-
relates well with tumor burden and metastatic 
disease. Therefore, it is used to monitor response 
to therapy and progression-free survival [ 49 ,  52 , 
 53 ]. However, CgA has some limitations and 
should not be used alone for diagnosis. False- 
negative results can be seen in insulinomas, 
MEN-1–associated PanNETs, and poorly 
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   Table 3.1    Summary of characteristics of  functional PanNETs     

 Functional PanNETs  Clinical syndrome  Laboratory diagnostics 

 Insulinoma  • Whipple’s triad  • Elevated insulin and C-peptide 
during hypoglycemic episodes 

 • Neuroglycopenic symptoms  • Insulin-to-glucose ratio < 0.3 

 • Sympatoadrenal symptoms  • Undetectable sulfonylurea 

 Gastrinoma  • Zollinger–Ellison syndrome  • Serum gastrin >1000 pg/mL 
(475 pmol/L) 

 • Diarrhea  • Gastric pH < 2 

 • Hypergastrinemia  • Serum gastrin increases >200 pg/
mL after secretin stimulation test 

 • Gastric acid hypersecretion  • Serum gastrin increases >395 pg/
mL after calcium stimulation test  • Peptic ulcer diathesis 

 VIPoma  • Verner–Morrison syndrome/WDHA syndrome  • Stool osmolal gap < 50 mOsm/kg 

 • Watery diarrhea  • VIP > 75 ph/mL 

 • Hypokalemia 

 • Achlorhydria 

 Glucagonoma  • Glucagonoma syndrome (4D syndrome)  • Glucagon level >1000 pg/mL 

 • Dermatitis (necrolytic migratory erythema) and 
mucositis 

 • Diabetes mellitus 

 • Deep vein thrombosis 

 • Depression (neuropsychiatric symptoms) 

 Somatostatinoma  • Somatostatinoma syndrome  • Somatostatin level > 160 pg/mL 

 • Diabetes mellitus 

 • Gastric hypochlorhydria 

 • Cholelithiasis 

 • Steatorrhea 

 Corticotropinoma  • Cushing syndrome  • Plasma ACTH > 20 pg/mL 

 • Diabetes mellitus  • Negative high-dose 
dexamethasone suppression test 

 • Obesity  • Negative CRH stimulation test 

 • Hypertension 

 • Hyperpigmentation 

 PTHrPoma  • Hyperparathyroidism, hypercalcemic crisis  • Hypercalcemia 

 • Altered mental status, confusion  • Hypophosphatemia 

 • Abdominal pain  • Elevated PTHrP 

 • Nausea, vomiting 

 • Ureteric stones 

 • Osteolytic lesion 

 differentiated neoplasms, while a falsely elevated 
level may be seen in patients with renal failure, 
proton- pump inhibitor use, atrophic gastritis, and 
pernicious anemia [ 49 ]. 

  NSE   is a cytoplasmic dimer of the glycolytic 
enzyme enolase. It is used as a marker of secre-
tory activity of the tumor. Even though it is not 

specifi c enough to be a diagnostic marker, it can 
be used for follow-up after treatment.  Pancreatic 
polypeptide   is less specifi c than CgA and NSE, 
but when its level is higher than three times the 
age-matched normal fasting basal level, its speci-
fi city increases and should raise suspicion for a 
PanNET [ 49 – 51 ].   
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    Radiologic Studies 

 Helical multiphasic contrast-enhanced computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) are the fi rst-line diagnostic modalities 
for PanNETs. Most  PanNETs   are isodense with 
pancreatic parenchyma on precontrast images but 
demonstrate avid arterial enhancement; there-
fore, dual or multiphase contrast-enhanced CT 
has higher sensitivity than conventional CT scan 
[ 54 ]. Nonfunctional PanNETs are easier to detect 
on these cross-sectional studies because of their 
larger size (median diameter of 8.4 cm compared 
to 1.3 cm with functional PanNETs) and more 
frequent distinctive features (i.e., necrosis, cystic 
changes, and calcifi cations) [ 55 ]. Therefore, 
   endoscopic ultrasound (EUS) plays an important 
role in these small CT-negative tumors. It detects 
91 % of CT-negative lesions, which typically 
appear as round, homogeneous, and hypoechoic 
mass lesions. A sequential approach of CT fol-
lowed by EUS is recommended, which has been 
shown to have 100 % sensitivity in diagnosing 
these tumors [ 54 ,  56 ] 

 On MRI, PanNETs have  a   low signal intensity 
on T 1 -weighted images and a high signal inten-
sity on T 2 -weighted images. The tumors are most 
conspicuous on the fat-suppressed T 1 -weighted 
sequence, where they appear of low intensity 
against the bright pancreas [ 55 ]. Compared to CT 
scan, MRI is superior for metastatic disease [ 57 , 
 58 ]. The performance characteristics of various 
imaging modalities for assessing local spread, 
resectability, and metastasis are similar to those 
reported earlier for pancreatic adenocarcinomas. 

 Nuclear imaging studies using  radiolabeled 
octreotide scanning,   referred to as  somatostatin- 
receptor scintigraphy (SRS)   or  Octreoscan  , is 
another diagnostic modality to detect PanNETs 
with somatostatin-receptor-rich tissue. This study 
is particularly helpful in determining which 
patients would benefi t from somatostatin-based 
therapies such as  90 Y-edotreotide or Tyr 3 - octrotate. 
Even though its sensitivity and specifi city are 
lower than CT and MRI, a new application with 
single-photon emission computed tomography 
(SPECT) or positron emission tomography (PET) 
called SRS-SPECT has promising data with 

higher accuracy [ 59 ]. False negatives can occur in 
tumors with low expression of somatostatin 
receptors such as insulinoma and poorly differen-
tiated PanNETs. Other nuclear imaging modali-
ties such as glucagon-like peptide- 1 (GLP-1) 
receptor scintigraphy and  18 F-fl uorodeoxyglucose 
scintigraphy are under investigation to help detect 
such neoplasms [ 60 ]. Another useful modality is 
EUS,    which has become a modality of choice in 
the evaluation and surveillance of PanNETs. It 
can detect lesions as small as 2 mm with a sensi-
tivity of 82 % and a specifi city of 92 %. The sen-
sitivity of EUS is highest when the lesion is in the 
pancreatic head area. The biggest advantage is its 
ability to obtain a tissue diagnosis using fi ne-nee-
dle aspiration (FNA). EUS can also be used to tat-
too the lesion preoperatively. However, the test 
may not be readily available in every center and 
its quality is operator-dependent [ 61 ].  

    Arterial Stimulation Venous 
Sampling (ASVS) 

  ASVS    is   an invasive test for tumor localization, 
   which is rarely needed in the diagnosis of 
PanNET given the recent advancement of other 
modalities. The test is performed by directly 
stimulating the tumor via a selective arterial 
injection of a stimulant such as secretin for gas-
trinoma and calcium gluconate for insulinoma 
and subsequently measuring the hormonal 
response of the tumor by venous sampling of the 
hepatic venous effl uent [ 62 ]. Other adjunct inva-
sive modalities include intraoperative pancreatic 
ultrasound, which is sometimes required when 
other modalities fail [ 55 ].  

    Grading and Staging System 

 Classifi cation of PNETs has evolved considerably 
over the past decade. Grading and staging systems 
proposed by the World Health Organization 
(WHO), European Neuroendocrine Tumour 
Society (ENETS), and American Joint Committee 
on Cancer (AJCC) share common schemes with 
 minor   differences (Table  3.2 ) [ 6 ,  63 ,  64 ].
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    Histologic features   based on the proliferative 
rate determine the grading of PanNET, which 
refl ects the biologic aggressiveness. The tumor 
staging systems refl ect more on the extent of the 
disease based on vascular invasion, tumor size, 
and distant metastasis. Both systems are used 
independently to assess prognosis. 

 PanNETs are categorized into well- 
differentiated neuroendocrine tumors and poorly 
differentiated neuroendocrine carcinoma. 
 Histologic features   of well-differentiated neuro-
endocrine tumors include organized tumor cells 
in a trabecular or gyriform pattern with uniformly 
round or oval nuclei, coarsely stippled chromatin 
(salt-and-pepper chromatin), and fi nely granular 
cytoplasm with abundant neurosecretory gran-
ules [ 65 ]. They tend to have an indolent course 
with a much better prognosis, with an overall 
5-year survival rate reaching up to 67 % [ 66 ]. 
However, it is not unusual for well-differentiated 
PNETs to present with metastatic disease [ 66 ]. 

 Poorly differentiated neuroendocrine carcino-
mas have sheet-like or diffuse tumor cell arrange-
ments with irregularly nonuniform nuclei, and 
less cytoplasmic granularity. These tumors have a 
more aggressive behavior with a rapid clinical 
course that resembles small or large cell neuroen-
docrine carcinoma of the lung [ 65 ]. 

 Histologically, it is not possible to differenti-
ate between benign and malignant tumors as 
morphology alone cannot predict the tumor 
behavior.  Well-differentiated PNETs   can have an 
aggressive clinical course while metastatic 
tumors may show little or no cellular pleomor-
phism, hyperchromasia, or increased mitotic 
activity [ 67 ]. Therefore, the terms “benign” and 
“malignant” are discouraged in histological 

 grading of PNETs. WHO has updated its grading 
system to further subcategorize well-differenti-
ated neuroendocrine tumors into low-grade (G1) 
and intermediate-grade (G2) subgroups based on 
their proliferative rate (mitotic count and Ki-67 
index) [ 6 ]. This grading scheme, together with 
the staging system, is used for prognosis. The 
parameters used in this grading system as 
described in Table  3.2  are also endorsed by the 
AJCC and ENETS. 

 Based on this new grading system, poorly dif-
ferentiated carcinomas are all high-grade neo-
plasms (G3) and are no longer defi ned by local 
vascular invasion or metastasis. The term “neuro-
endocrine tumor grade 3” is therefore a misno-
mer because, by defi nition, neuroendocrine 
tumors are well differentiated [ 6 ]. The Ki-67 pro-
tein is a large nuclear protein that is closely 
involved in cell cycle regulation and organization 
of the nucleolus. Ki-67 is expressed in G1, S, G2, 
and M phases, with a peak level during mitosis, 
hence its use as a surrogate marker of cellular 
proliferation [ 6 ,  63 ]. According to WHO and 
ENETS guidelines, 2000 cells in the area of high-
est proliferative rate (hot spots) should be counted 
to determine the Ki-67 labeling index [ 6 ,  63 ]. 

  Mitotic count   is the most direct marker of the 
proliferative activity of the tumor. It is recom-
mended to perform an average count over 
40–50 HPF, assuming that 10 HPF equals 2 mm 2 . 
However, in contrast to Ki-67–labeled cells, the 
mitotic count is usually not as abundant and may 
not be able to be measured in a limited specimen 
such as with fi ne-needle aspiration [ 68 ]. 

 If the  mitotic count   and  Ki-67 labeling index   
yield different grades, the neoplasm should be 
regarded as the higher one. Other prognostic 
parameters such as tumor necrosis and lympho-
vascular and perineural invasion are not included 
in the grading criteria [ 6 ,  63 ].  

    Staging Systems 

 There are currently two widely accepted TNM 
staging systems by AJCC and ENETS, with only 
minor differences in primary tumor (T) staging 

    Table 3.2    Histologic grading of pancreatic neuroendo-
crine  tumors     

 Grade 
 Mitotic count 
(per 2 mm 2 ) 

 Ki-67 labeling 
index (%) 

 Low grade (G1)  <2  <3 

 Intermediate grade 
(G2) 

 2–20  3–20 

 High grade (G3)  >20  >20 

   Source:  From [ 6 ,  63 ,  64 ]  
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between the two, as shown in Table  3.3 . The 
prognostic values of both systems have been 
extensively validated [ 69 ,  70 ]. Five-year overall 
survival rates for stages I, II, III, and IV disease 
of PNETs are 92 %, 84 %, 81 %, and 57 %, 
respectively,  using   AJCC staging and 100 %, 
88 %, 85 %, and 57 %, respectively, using ENETS 
staging [ 70 ]. It is unclear which staging system 
has a better prognostic accuracy; therefore, 
applying the system that is widely used in a par-
ticular region is generally accepted.

   The  ENETS   stages poorly differentiated neuro-
endocrine carcinoma in the same way as well- 
differentiated neuroendocrine tumors, while the 
AJCC stages poorly differentiated neuroendocrine 
carcinomas as adenocarcinomas. The functionality 
of the tumor plays no role in staging and grading 
systems.  

    Solid Pseudopapillary Tumor 

  Solid pseudopapillary tumors (SPTs)   are rare pan-
creatic tumors characterized by unique clinico-
pathological features which were fi rst reported by 
Franz in 1959. Historically, they have been classi-
fi ed by different names such as papillary cystic 
carcinoma, papillary-cystic epithelial neoplasm, 
and solid and papillary neoplasm. Most of these 
terms were descriptive and pertain to the cystic 
and papillary components of the tumors. In 1996, 
the WHO classifi cation for exocrine pancreatic 
tumors classifi ed them as “solid pseudopapillary 
tumors” of the pancreas and further defi ned malig-
nant features associated with these tumors. This 
has led to a recent increase in the diagnosis of 
these tumors with a better characterization of their 
pathology. 

   Table 3.3    Comparison between TNM staging systems of  the   AJCC and  ENETS     

 AJCC  ENETS 

 Primary 
tumor (T) 

 T  x    Primary tumor cannot be assessed.  Primary tumor cannot be assessed. 

 T 0   No evidence of primary tumor.  No evidence of primary tumor. 

 T 1   Tumor limited to pancreas, ≤2 cm.  Tumor limited to pancreas, ≤2 cm. 

 T 2   Tumor limited to pancreas, >2 cm.  Tumor limited to pancreas, 2–4 cm. 

 T 3   Tumor extends beyond the pancreas but 
without involvement of the celiac axis 
or the superior mesenteric artery. 

 Tumor limited to the pancreas and is 
larger than 4 cm or invading duodenum 
or bile duct. 

 T 4   Tumor involves the celiac axis or the 
superior mesenteric artery. 

 Tumor invading adjacent organs 
(stomach, spleen, colon, adrenal gland) 
or the wall of large vessels (celiac axis 
or superior mesenteric artery). 

 Regional lymph 
node (N) 

 N  x    Regional lymph node cannot be 
assessed. 

 Regional lymph node cannot be 
assessed. 

 N 0   No regional lymph node metastasis.  No regional lymph node metastasis. 

 N 1   Regional lymph node metastasis.  Regional lymph node metastasis. 

 Distant 
metastasis (M) 

 M  x    No M  x   categorized.  Distant metastasis cannot be assessed. 

 M 0   No distant metastasis.  No distant metastasis. 

 M 1   Distant metastasis.  Distant metastasis. 

  Staging systems for pancreatic neuroendocrine tumor  [ 63 ,  64 ] 

 AJCC  ENETS 

 Stage  T  N  M  Stage  T  N  M 

 IA  T 1   N 0   M 0   I  T 1   N 0   M 0  

 IB  T 2   N 0   M 0   IIA  T 2   N 0   M 0  

 IIA  T 3   N 0   M 0   IIB  T 3   N 0   M 0  

 IIB  T 1 , T 2,  T 3   N 1   M 0   IIIA  T 4   N 0   M 0  

 III  T 4   N ANY   M 0   IIIB  T ANY   N 1   M 0  

 IV  T ANY   N ANY   M 1   IV  T ANY   N ANY   M 1  

   Source:  From [ 63 ,  64 ]  

3 Less Common Solid Tumors of Pancreas



30

    Epidemiology 

 SPTs are rare tumors,  accounting   for only 0.13–
2.7 % of pancreatic tumors. Though they have 
been reported across all age groups (range, 2–85 
years), they characteristically affect young 
females (90 % females, mean age 22–27 years) 
[ 71 ,  72 ]. In one of the largest series, only 6 % of 
patients were more than 51 years of age, while 
22 % of the patients were less than 19 years of 
age [ 71 ]. They are indolent, slow-growing tumors 
with a tumor-doubling time of 765 days; how-
ever, they have a malignant potential with metas-
tases reported in 20 % of the patients [ 73 ]. The 
liver is the most common site of metastasis, fol-
lowed by the portal vein and spleen. Local inva-
sion into other organs such as the duodenum, 
omentum, colon, lung, peritoneum, and vascula-
ture has been reported less frequently [ 71 ]. The 
prognosis, even with metastasis, local invasion, 
or recurrence, is good, with an overall 5-year sur-
vival greater than 95 % [ 71 ]. Long-term survival 
has also been reported in most patients with met-
astatic or locally advanced disease [ 74 ].  

    Molecular Genetics 

 The  pathogenesis   of SPTs has not been com-
pletely elucidated. The female preponderance led 
to the investigation of gender hormonal recep-
tors; however, estrogen receptor (ER) expression 
in these tumors is variable and no gender-based 
differences in immunohistochemical staining for 
sex hormone receptor proteins have been demon-
strated [ 75 ]. Furthermore, they exhibit a genetic 
profi le distinct from pancreatic ductal adenocar-
cinoma in that they are not associated with muta-
tions in K-ras, p-53, or DPC4 genes but, like 
colorectal and gastric cancer, demonstrate genetic 
abnormalities in the APC/B-catenin pathway 
[ 76 ]. Other hypotheses proposed for the patho-
genesis of these tumors include chromosome 
abnormalities in the form of karyotype unbalance 
translocation and early incorporation of ovarian 
cells into the pancreatic tissue during the period 
of embryogenesis [ 77 ,  78 ].  

    Pathology 

 Typical SPTs are large,    well-demarcated, soft tan 
to red masses with variable solid and cystic com-
ponents demonstrating hemorrhagic changes sur-
rounded by a fi brous capsule. Smaller tumors 
which are now commonly detected incidentally 
tend to be more solid and often lack the fi brous 
pseudocapsule which demarcates the larger 
tumors [ 71 ]. Microscopically, they are character-
ized by a solid growth pattern of discohesive 
polygonal cells arranged around fi brovascular 
septa which can undergo cystic degeneration and 
result in pseudopapillae formation [ 79 ]. 
Infi ltration into surrounding tissues is common 
despite the well-circumscribed gross appearance 
and adjacent acini often appear separated from 
neoplastic cells by only a basement membrane 
[ 79 ]. Metastasizing tumors have a higher nuclear 
grade with more prominent necrobiotic nests 
characterized by cell aggregates with pyknotic 
nuclei and eosinophilic cytoplasm exhibiting 
high mitotic rates and true tumor necrosis [ 80 ]. 
Most SPTs stain for vimentin, CD10, neuron- 
specifi c enolase (NSE), CD56, progesterone 
receptors, and alpha-1 antitrypsin and can be dif-
ferentiated from other pancreatic tumors by non-
expression or only focal staining with keratin, 
chromogranin, synaptophysin, or endocrine and 
pancreatic enzymes [ 81 ].  

    Clinical Presentation and Diagnosis 

 Most patients present with nonspecifi c abdomi-
nal complaints likely caused by the bulky tumor 
compressing upon surrounding organs. The most 
common  clinical   presentation is abdominal pain 
(38–47 %), palpable mass (35–36 %), or abdomi-
nal discomfort (16–33 %) [ 71 ,  72 ]. Up to a third 
of patients are asymptomatic, and the tumor is 
diagnosed incidentally on abdominal imaging for 
another cause [ 72 ]. Other rare presentations 
include fever, jaundice secondary to bile duct 
obstruction, pancreatitis with pseudocyst forma-
tion, and hemoperitoneum due to tumor rupture 
[ 81 ]. The tumors are unifocal and are most 
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 commonly found in the tail or the head of the 
pancreas though they can occur in all regions of 
the gland. Multifocal tumors may be present in 
15 % of patients. The mean diameter of the tumor 
at the time of diagnosis is 6–8 cm (range, 0.5–
34.5 cm) [ 71 ,  72 ]. Laboratory studies are not 
helpful in diagnosis as these tumors are not asso-
ciated with elevation of known tumor-specifi c 
serum markers or pancreatic enzymes. 

 SPTs have characteristic imaging features 
though occasionally percutaneous or EUS-guided 
FNA may be required to differentiate them from 
necrotic neuroendocrine tumors.  On   US, they 
appear as a heterogeneous, encapsulated mass 
with solid echogenic and cystic hypoechoic com-
ponents with peripheral calcifi cations [ 81 ]. The 
 typical   CT and  MRI   features of SPT are a large, 
well-encapsulated mass with varying solid and 
cystic components and early peripheral heteroge-
neous enhancement with progressive fi ll-in after 
contrast administration on dynamic examination 
[ 82 ]. Smaller SPTs have less typical imaging 
fi ndings as they are predominantly solid, not well 
encapsulated, and less likely to demonstrate cys-
tic degeneration. These may require preoperative 
tissue diagnosis using FNA. Local or extended 
resection, depending on the size of the tumor and 
involvement of adjacent organs or lymph nodes, 
is the mainstay of therapy and standard chemo-
therapeutic regimens are not established [ 71 ,  74 ].   

    Acinar Cell Carcinoma 

 Acinar cells secreting pancreatic enzymes 
account for 82 % of the pancreatic parenchyma 
and make up the bulk of the pancreas [ 83 ]. 
Malignant transformation of these cells is, how-
ever, exceedingly uncommon when compared to 
pancreatic ductal adenocarcinoma.  ACCs   are rare 
but biologically aggressive malignant tumors 
arising from the acinar cells in the pancreas. 

    Epidemiology 

  ACCs   occur  infrequently   and account for 1–2 % 
of all adult malignant pancreatic neoplasms [ 84 , 
 85 ]. They tend to present earlier than pancreatic 

adenocarcinoma, with a mean age of presentation 
of 58 years (range, 28–85 years) although they 
have also been reported in children [ 81 ,  83 ,  85 ]. 
In most series, there is a strong male predilection, 
and patients in the United States are more likely 
to be white (84.7 % white vs. 15.3 % others) [ 83 ]. 
ACCs are aggressive neoplasms; older, small, 
single- institution studies reported that approxi-
mately half of patients present with metastasis, 
most commonly to the liver, and most of the 
remaining patients develop metastasis on follow-
up [ 84 ,  86 ]. A 2008 U.S. cancer database review 
of 333 patients reports nodal metastasis in 40 % 
and distant metastasis in 13 % of patients at pre-
sentation [ 87 ]. Based on a 2008 SEER database 
review of 672 patients, these tumors have a sig-
nifi cantly better prognosis than ductal adenocar-
cinoma, with a median survival of 47 months 
(5-year survival, 42.8 %), which decreases to 25 
months for unresectable tumors (5-year survival, 
22 %) [ 83 ,  84 ]. The 5-year survival for resectable 
disease has also been encouragingly reported as 
71.6–76.9 % (median, 123 months) [ 83 ,  85 ].  

    Molecular Genetics 

 Unlike pancreatic ductal adenocarcinomas,    ACCs 
rarely contain mutations of K-ras, p-53, or p-16 or 
abnormalities of DPC4 protein expression [ 79 ]. 
Similar to pancreatoblastomas, loss of 11 p has 
been reported in 50 % of patients, and abnormali-
ties in the APC/beta catenin pathway have been 
found in 24 % of patients [ 88 ,  89 ]. Other studies 
have demonstrated a loss of heterozygosity (LOH) 
at various chromosomes. In particular, chromo-
some 4q LOH was present in 75 % of ACCs com-
pared to no patients with PanNETs and 17 % with 
pancreatic adenocarcinoma [ 90 ].  

    Pathology 

 Grossly, these tumors are  well   circumscribed, 
soft, and fl eshy with scattered areas of hemor-
rhage and necrosis. On low-power microscopy, 
they have a high cellularity with a relative paucity 
of desmoplastic stroma. Histologically, several 
different architectural patterns may be present, 
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though the solid and acinar patterns are most 
common. Since these tumors arise from acinar 
cells, the cytoplasm contains abundant zymogen 
granules which appear intensely eosinophilic and 
granular [ 79 ].  Zymogen granules   may be stained 
with periodic acid–Schiff (PAS) to confi rm the 
diagnosis of ACC. In tumors with less abundant 
zymogen granules, the diagnosis may be con-
fi rmed with IHC staining for enzymes, especially 
trypsin and chymotrypsin, which is 95 % sensitive 
to detect acinar differentiation [ 91 ]. Some tumors 
may have more than one line of differentiation, 
which may cause diagnostic confusion when 
detected on IHC staining. If these elements exceed 
more than 25 % of the tumor, these tumors are 
classifi ed as mixed carcinomas, of which acinar–
endocrine carcinomas are best characterized, 
though mixed acinar–ductal or acinar–ductal–
endocrine carcinomas have also been reported 
[ 79 ]. All these tumors are clinically aggressive 
and behave similarly to ACCs [ 79 ].  

    Clinical Presentation and Diagnosis 

 The  clinical presentation is   often nonspecifi c; 
most commonly patients may present with 
abdominal pain or bloating and a palpable 
abdominal mass on examination. Other reported 
symptoms include weight loss, nausea and vom-
iting, and, less commonly, a change in stool con-
sistency or jaundice [ 84 ,  92 ]. Because this tumor 
arises from acinar cells, it is associated with the 
systemic release of pancreatic enzymes, includ-
ing trypsin, chymotrypsin, amylase, and lipase, 
although the serum levels of these enzymes may 
not be elevated [ 81 ]. In 10 % of patients, this 
tumor can be functionally active and secrete 
lipase, resulting in signs related to excess lipase 
secretion which manifest with high serum lipase 
levels, diffuse subcutaneous nodules, and polyar-
thropathies and is referred to as the  lipase hyper-
secretion syndrome   [ 84 ]. Tumors tend to be 
focal, occur predominantly in the head or the tail, 
and tend to be larger than a pancreatic adenocar-
cinoma at presentation with a mean size of 4 cm 
(0.7–23.5 cm), but may be more than 10 cm at 
presentation in a third of the patients [ 84 ,  92 ]. 

Serum tumor markers such as CA 19-9, AFP, and 
CEA are variably expressed and are not specifi c 
to establish a diagnosis though they may be use-
ful for evaluating recurrence if elevated [ 93 ]. On 
nonenhanced imaging, these tumors are well 
marginated, are exophytic, and appear homoge-
neous when small. When larger, they may be 
solid or heterogeneous with cystic components 
with occasional focal calcifi cation due to necro-
sis and hemorrhage. With contrast, they enhance 
homogeneously though less than the pancreatic 
parenchyma, and hypervascular variants which 
may be confused with NETs have been reported 
[ 94 ]. Imaging studies are not always diagnostic 
for ACCs, and FNA or surgical pathology may be 
required to establish the diagnosis [ 94 ]. 
Aggressive surgical management with a goal of 
an R0 resection remains the mainstay of therapy. 
Anecdotally, neoadjuvant and adjuvant chemora-
diotherapy regimens suggest some benefi t; how-
ever, due to the low incidence of the tumor, large 
series to evaluate benefi t are lacking [ 87 ,  92 ].   

    Primary Pancreatic Lymphoma 

 Around half of the patients with extranodal non- 
Hodgkin’s lymphoma will have gastrointestinal 
involvement and secondary involvement of the 
pancreas is not infrequent [ 95 ]. Primary pancre-
atic lymphomas ( PPLs  )   , on the other hand, are a 
rare extranodal presentation of non-Hodgkin’s 
lymphoma which may mimic pancreatic adeno-
carcinoma on presentation and pose a diagnostic 
dilemma. 

    Epidemiology 

 PPLs  are   extremely rare and compromise less 
than 0.5 % of all pancreatic tumors and less than 
1 % of extranodal non-Hodgkin’s lymphoma 
(NHL) [ 96 ,  97 ]. Most studies suggest a male pre-
dominance, with patients typically presenting in 
the sixth decade (range, 40–84 years) [ 98 – 100 ]. 
Survival in patients with PPLs is dependent on 
the stage of disease at the time of diagnosis and 
varies with treatment modalities used, with an 
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overall 3-year survival rate of 46 % using chemo-
radiation though newer chemotherapeutic agents 
were not included in these studies [ 101 ]. Some 
groups have reported dramatic response rates of 
100 % with long-term survival rates of 94 % after 
surgery with early-stage, resectable pancreatic 
lymphomas [ 101 ].  

    Pathology 

 Histologically,    most PPLs are intermediate or 
high-grade NHL with diffuse large cell lym-
phoma being the most common histotype (60 %). 
Rarer histotypes like anaplastic large cell (ALK) 
have also been reported [ 102 ].  Cytopathology   is 
often employed to establish diagnosis and smears 
show a variable degree of cellularity. In most 
cases, the malignant lymphocytes appear as dis-
cohesive cells with large nuclei (greater than 3–4 
times the size of a mature lymphocytic nucleus) 
with single to multiple prominent nucleoli in a 
background of abundant necrosis and karyor-
rhexis. Occasionally, a monotonous population 
of small mature lymphocytes may be seen and 
fl ow cytometry (FC) and immunophenotyping 
are often used to confi rm diagnosis.  By   fl ow 
cytometry, most cases have Ig light chain restric-
tion and CD20 expression, though expression of 
other cell surface markers has also been noted 
[ 99 ]. Immunophenotypically,    most cases reported 
in the West have been B-cell lymphomas, while 
21 % of cases reported in Japan are T-cell lym-
phomas and carry a worse prognosis [ 98 ].  

    Clinical Presentation and Diagnosis 

 The  clinical presentation of   PPL, like other 
uncommon solid pancreatic tumors, is nonspe-
cifi c. Abdominal pain is the most common pre-
senting symptom (83 %) followed by abdominal 
mass (58 %), weight loss (50 %), and jaundice 
(37 %). Less commonly, patients may present 
with pancreatitis, small bowel obstruction, and 
diarrhea. The classic B-type symptoms of nodal 
NHL such as fever, chills, and night sweats are 
uncommon [ 102 ]. They commonly present as 
large solitary masses varying in size from 2–15 cm 

with mean reported diameters across most series 
of greater than 8 cm [ 101 ]. The tumors frequently 
are confi ned to the head, though body or tail 
tumors and rarely diffuse involvement of the 
entire gland have also been reported [ 101 ]. On 
CT,    the mass is hypodense and homogeneous and 
can extend into and infi ltrate the peripancreatic 
vasculature and surrounding structures. Two pat-
terns of CT appearance have been described: (1) a 
well-defi ned mass and (2) a large infi ltrating 
lesion with poorly defi ned contours. On MRI, 
   they appear as a low-signal- intensity homoge-
neous mass on T 1 -weighted images with subtle 
postcontrast enhancement, and on T 2 -weighted 
images, they show a more heterogeneous charac-
ter with low- to intermediate- signal amplitude 
[ 103 ]. Due to their location, nonspecifi c clinical 
presentation, and imaging fi ndings of a solitary 
pancreatic head mass, they may be mistaken for 
the more common pancreatic ductal adenocarci-
noma. Imaging fi ndings which may help differen-
tiate a PPL from a pancreatic adenocarcinoma 
include a bulky localized tumor in the pancreatic 
head without signifi cant dilatation of main pan-
creatic duct; enlargement of the lymph nodes 
below the level of the renal veins; invasive tumor 
growth not respecting anatomic boundaries and 
infi ltrating the retroperitoneum or surrounding 
organs [ 103 ]. They can be differentiated from sec-
ondary involvement of the pancreas by lym-
phoma, which is much more frequent and can 
occur in up to a third of cases with non-Hodgkin’s 
lymphoma by the following criteria: the absence 
of superfi cial or mediastinal lymphadenopathy; a 
normal peripheral leukocyte count; the main mass 
in the pancreas with lymph node involvement 
confi ned to the peripancreatic region; and no 
hepatic or splenic involvement [ 104 ]. A clinical 
suspicion of PPL should prompt percutaneous or 
EUS- guided FNA or core biopsy of the lesion 
with fl ow cytometry, which has been shown to 
reliably diagnose PPL and differentiate it from 
other pancreatic tumors. Once diagnosed, PPL is 
staged as other NHLs using the  Ann Arbor stag-
ing system.   Unlikely the pancreatic adenocarci-
noma which it mimics, PPL is usually treated with 
a combination of chemotherapy and radiation 
therapy or stem cell transplantation and carries a 
much better prognosis [ 102 ].   
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    Pancreatoblastoma 

   Pancreatoblastomas   are rare pancreatic malignant 
neoplasms of presumed stem cell origin fi rst 
reported in 1957 as “infantile pancreatic carci-
noma.” Due to the histological resemblance of this 
tumor to fetal pancreatic tissue, the name of “pan-
creatoblastoma” was fi rst proposed in 1977 [ 105 ]. 

    Epidemiology 

 Pancreatoblastoma is the most common pancre-
atic neoplasm of childhood, accounting for 25 % 
of all pancreatic tumors, with most patients being 
less than 10 years of age (mean age, 4 years) 
[ 106 ]. An association with Beckwith–Wiedemann 
syndrome has been reported [ 79 ]. These tumors 
have rarely been reported in adolescents and 
adults, and account for 0.5 % of all pancreatic 
exocrine neoplasms. In a recent review of pub-
lished literature, the median age of adults was 37 
years (range, 18–78 years) and no gender predi-
lection was reported [ 105 ]. 

 Pancreatoblastomas are aggressive tumors with 
more than half of patients presenting with locally 
advanced disease or metastases at initial diagnosis. 
The liver is the most common site for metastases 
followed by regional lymph nodes, lung, and peri-
toneum [ 105 ,  106 ]. The prognosis with a pancre-
atoblastoma is much better in children than in 
adults. In children, the 5-year event- free survival 
and overall survival were 58.8 % and 79.4 %, 
respectively, in a European registry, and the sur-
vival was not found to correlate with tumor site 
and size but was strongly infl uenced by the feasi-
bility of complete resection [ 106 ]. The prognosis 
in adults is uniformly poor, with a median survival 
of 15 months (range, 1–108 months) [ 105 ].  

    Pathology 

 On gross examination, pancreatoblastomas are 
large, well circumscribed, lobulated, and soft and 
fl eshy on cut section. Histologically, they are very 
cellular and are separated by broad fi brous bands 
into lobules, which have a geographic pattern of 
light and dark staining cells, refl ecting the differ-

ent cell types of pancreatoblastomas. A character-
istic histological feature is the “squamoid nests” 
or “squamoid corpuscules” which are composed 
of spindle-shaped cells in whorled nests, giving a 
squamous appearance [ 79 ]. On IHC staining, pan-
creatoblastomas can have multiple lines of differ-
entiation, including ductal, mesenchymal, acinar, 
and neuroendocrine. The molecular alterations in 
pancreatoblastomas are similar to ACC with LOH 
of the short arm of chromosome 11 p. Also, 
50–80 % of tumors will manifest alteration in the 
beta catenin/APC pathway [ 79 ].  

    Clinical Presentation and Diagnosis 

 Abdominal pain (45 %), weight loss (29 %), 
jaundice (19 %), and a palpable abdominal mass 
(19 %) are the most frequent presenting symp-
toms and are typically related to mass effect from 
the tumor. Pancreatoblastomas are slow-growing 
tumors usually diagnosed when they are large, 
with a median size of 8 cm (range, 1.8–20 cm) 
[ 105 ]. They have most frequently been reported 
in the head (45 %) and tail of the pancreas (29 %). 
Elevation of alpha fetoprotein has been reported 
in up to 70 % of pediatric patients, but no tumor 
markers have been consistently shown to be ele-
vated in adults [ 105 ,  106 ]. On imaging most of 
these tumors are well defi ned and at least par-
tially circumscribed, seen as multilobulated 
masses with a mixed echotexture on US and 
enhancing septa on CT. On MR, the tumors 
appear heterogeneous with low to intermediate 
signal intensity on T 1 -weighted sequences and 
high signal intensity on T 2 -weighted images 
[ 107 ]. Complete tumor excision is associated 
with the best outcomes though chemoradiation 
may be benefi cial to downstage tumors or in 
unresectable disease [ 106 ].    

    Isolated Pancreatic Metastasis 

  Pancreatic  metastases   occur most commonly 
from primary tumors in lung, kidney, or breast or 
with melanoma, though virtually any primary 
neoplasm can metastasize to the pancreas. The 
diagnosis is usually evident in the presence of the 
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primary tumor; however, occasionally isolated 
metastasis to the pancreas may occur years after 
resection of the primary tumor and may be mis-
taken for primary pancreatic neoplasm. 

    Epidemiology 

 Isolated pancreatic metastases can account for 
approximately 2 % of all pancreatic neoplasms in 
living patients [ 108 ].  Renal cell carcinoma (RCC)   
is the most common malignancy with isolated 
pancreatic metastasis (62.6 % of all tumors) fol-
lowed by sarcoma (7.2 %), colorectal carcinoma 
(6.2 %), ovarian carcinoma (4.7 %), and mela-
noma (4 %) [ 109 ]. In a recent systematic review, 
the mean age of patients was 61.7 %, and these 
lesions were slightly more common in men (58 % 
men vs. 42 % women) [ 109 ]. The mean disease- 
free interval (DFI) for all tumors in this review 
was 66 months. This mean was probably skewed 
by a large proportion of RCC patients (62.6 %), 
which is characterized by a long disease-free 
interval (7–10 years) after nephrectomy for pri-
mary disease [ 81 ]. Resection of isolated pancre-
atic metastasis from RCC is associated with a 
good prognosis, with a 5-year survival of 
68–75 %, whereas resection of pancreatic metas-
tasis from other tumor sites carries a much worse 
prognosis, with a median survival of 2 years [ 81 ].  

    Pathology 

 Histologically, the metastatic tumor may resem-
ble the primary tumor though it can mimic a pan-
creatic adenocarcinoma and IHC may be required 
for confi rmation of the tissue of origin. RCC pres-
ents as sheets of tumor cells separated into solid 
acini, or variously into cystic, papillary, pseudo-
papillary, tubular, or sarcomatoid growth patterns, 
with polygonal or cuboidal tumor cells [ 81 ].  

    Clinical Presentation and Diagnosis 

 Lesions may be diagnosed during routine surveil-
lance or by the presence of nonspecifi c symptoms 
and imaging fi ndings may be similar to the 

 primary tumor. On CT scan, metastatic RCC 
appears as a large hypervascular spherical mass 
with well-defi ned margins and central low atten-
uation that can mimic other hypervascular lesions 
of the pancreas such as PanNETs [ 110 ]. In 
patients with a history of  resected   RCC, this pre-
sentation is usually diagnostic and tissue biopsy 
is not required though percutaneous or EUS 
biopsy may be obtained for suspected metastasis 
from non-RCC malignancies or if diagnostic 
confusion exists. Once the diagnosis of pancre-
atic metastasis has been established, pancreatic 
resection may be considered after a careful search 
has excluded concurrent extrapancreatic meta-
static lesions [ 109 ].       
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      Cystic Lesions of the Pancreas       

     Wiriyaporn     Ridtitid      and     Mohammad     Al-Haddad     

 4

            Introduction 

 In recent years, the diagnosis of cystic lesions of 
the pancreas (CLPs)    has increased dramatically 
due to the widespread use of cross-sectional 
radiologic imaging technologies [ 1 ]. In the radi-
ology literature, the prevalence of  CLPs   on com-
puted tomography (CT) and magnetic resonance 
imaging (MRI) is estimated to range between 2.4 
and 14 % [ 2 – 4 ]. Furthermore, small CLPs have 
been reported iwith a high frequency (up to 39 %) 
during screening of asymptomatic individuals 
with a high risk of pancreatic malignancy [ 5 ]. A 
recent population-based study demonstrated that 
the overall frequency of detecting malignancy in 
CLPs at 2.9 % in patients surveyed for known 
pancreatic cysts, with an annual incidence of 

0.4 % per year [ 6 ]. Based on the presence of epi-
thelial tissue, the World Health Organization 
(WHO) classifi es)    CLPs into epithelial and non- 
epithelial lesions [ 7 ]. Infl ammatory pancreatic 
fl uid collections (pancreatitis-associated pseudo-
cysts) are not considered true cysts due to the 
absence of an epithelial component. 

 A combination of clinical and imaging fi nd-
ings in addition to cyst fl uid markers can help 
appropriately classify CLPs. In this chapter we 
will expand on each one of the main types of epi-
thelial CLPs, including the commonly encoun-
tered types in clinical practice from the mucinous 
and nonmucinous subtypes.  

    Mucinous Cystic Lesions 
of the Pancreas 

  Mucinous CLPs   are mucin-producing neoplasms, 
which are composed of two distinct groups: intra-
ductal papillary-mucinous neoplasms (IPMNs) 
 and   mucinous cystic neoplasms (MCNs). Despite 
the fact that mucinous CLPs are considered pre-
malignant, many of them remain indolent and do 
not exhibit an aggressive biological behavior. 
Because of this malignant potential, however, 
mucinous CLPs require a baseline investigation 
to assess the risk of malignant transformation and 
the interval for follow-up. Furthermore, these 
tumors sometimes need surgical resection if 
already malignant at the time of diagnosis or 
strongly suspected to be so based on preoperative 
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testing. Therefore, it is necessary to distinguish 
between mucinous and nonmucinous CLPs prior 
to making fi nal management recommendations.  

    Intraductal Papillary-Mucinous 
Neoplasms 

    Histopathologic Features 

  IPMNs    are   defi ned as intraductal papillary 
mucin-producing neoplasms, arising in the main 
pancreatic duct or its major branches [ 7 ]. Based 
on the WHO classifi cation, IPMNs are histologi-
cally categorized as benign, borderline, or malig-
nant; the malignant ones encompass noninvasive 
and invasive lesions [ 7 ]. According to the con-
sensus on the pathologic classifi cation [ 8 ], 
IPMNs are  categorized   based on the presence or 
absence of invasive adenocarcinoma in the 
resected specimen due to its impacts on local 
recurrence and patient survival. In addition, the 
consensus suggested classifying noninvasive 
IPMN into low-grade dysplasia (adenomas in the 
previous classifi cation), moderate dysplasia (bor-
derline tumors in the previous classifi cation), or 
high-grade dysplasia (carcinoma in situ), based 
on the maximal degree of dysplasia in the lining 
epithelium. From a pathological and morphologi-
cal perspective, IPMNs can  be   classifi ed as main- 
duct (MD-IPMN),    branched-duct (BD-IPMN), 
or  mixed IPMN   [ 9 ]. Macroscopically, IPMNs 
exhibit various degrees of main- or side-branch 
ductal dilation with mucin-fi lled cystic cavities 
[ 7 ]. The lining of the lesion may be smooth or 
exhibit classic papillary growth. The histopatho-
logic hallmark of IPMN is the intraductal prolif-
eration of columnar mucin- producing cells [ 7 ]. 
The premalignant papillary projections within 
IPMN lesions can be categorized into four histo-
pathological  subtypes  : the gastric, intestinal, pan-
creatobiliary, and oncocytic subtypes [ 10 ,  11 ]. 
The gastric subtype is the most common variant 
seen in BD-IPMN, which often demonstrates 
benign behavior, whereas the intestinal subtype 
is the most common type in MD-IPMN and has a 
higher malignant potential compared to the gas-
tric type. The pancreatobiliary subtype is less 

commonly seen but could be considered a highly 
dysplastic variant of the gastric type, which typi-
cally exhibits aggressive biological behavior 
once it becomes invasive. The oncocytic subtype, 
on the other hand, typically displays noninvasive 
behavior. Most invasive carcinoma arising from 
IPMN presents as either the tubular or colloid 
type. The histological and biological behavior of 
the tubular type is similar to the common ductal 
adenocarcinoma. The colloid type contains pools 
of mucin intervening between scant carcinoma 
cells, which usually predicts a better prognosis.  

    Clinical Characteristics 

 MD- IPMN   and mixed-type IPMN  are   slightly 
more prevalent in men [ 9 ,  12 ], with a peak age of 
incidence in the sixth to seventh decade 
(Table  4.1 ) [ 12 ,  13 ]. IPMNs are slightly more fre-
quently seen in the pancreatic head. The majority 
of patients with IPMNs are asymptomatic and 
most BD- IPMNs   are incidentally diagnosed on 
imaging studies [ 12 ,  14 ]. However, IPMNs can 
present with symptoms such as abdominal pain, 
jaundice, weight loss, diabetes, steatorrhea, and 
pancreatitis [ 14 ]. Recently, a multicenter case- 
control study identifi ed possible risk factors rel-
evant for the development of IPMN, including a 
previous history of diabetes, especially with insu-
lin use, chronic pancreatitis, and family history of 
pancreatic ductal adenocarcinoma [ 15 ]. The 
overall malignancy risk in MD-IPMN has been 
reported as up to 92 % in surgical patients, with 
most studies placing this between 40 and 50 % 
[ 16 – 20 ]. In BD-IPMN, this risk varied in surgical 
literature but is believed to be 20 % or less [ 16 , 
 18 ,  20 ,  21 ]. Nevertheless, many experts believe 
that these reported risks are infl ated, citing selec-
tion bias in these mostly surgical series.

   It is believed that IPMN lesions grow slowly 
and follow an adenoma-to-carcinoma sequence 
[ 22 ]. Based on the 2006 international consensus 
guidelines [ 23 ], clinical factors associated with 
invasive cancer in patients with IPMNs include 
jaundice and weight loss, intramural nodules, 
progressive dilation of the main duct, and posi-
tive cytology on fi ne-needle aspiration (FNA). 

W. Ridtitid and M. Al-Haddad
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Although BD-IPMN is associated with a lower 
risk of malignancy, PDAC has been reported con-
comitantly in patients with BD-IPMN [ 24 – 26 ]. 
Those cancers were detected in a location distant 
from the IPMN lesion. During follow-up, the 3- 
and 5-year rates of IPMN-concomitant PDAC 
occurrence were 4.0 % and 8.8 %, respectively 
[ 24 ]. However; the natural history of IPMN 
remains unclear due to the rather short span of 
follow-up, which is less than 6 years in most pub-
lished studies [ 27 – 30 ].  

    Radiological Findings 

  On CT imaging, MD- IPMN   demonstrates diffuse 
or focal dilation of the main pancreatic duct with 
possible intraductal heterogeneous densities, rep-
resenting mucin or intraductal tumor growth 
(Table  4.2 ) [ 31 ]. BD-IPMN can be either unifocal 
or multifocal [ 14 ,  32 ]. MRI technology is better 
suited to outline the morphology of the main duct 
and its side branches, as well as determine the 
presence of septations, mural nodules, or mass 
[ 31 ,  33 ]. IPMN lesions usually appear as well- 
circumscribed uni- or multiloculated hyperinten-
sities on T2-weighted (W) images (Fig.  4.1a ). On 
magnetic resonance cholangiopancreatograhy 
(MRCP), a communication between the cystic 
lesion and the main pancreatic duct (Fig.  4.1b ) or 
its side branches can be often demonstrated in 
BD-IPMN. MCNs and BD-IPMNs may be diffi -
cult to differentiate on imaging alone since both 
can appear as simple unilocular cystic lesions, 
with variable cystic wall thickness [ 34 ]. 
Communication with a side branch of the main 
pancreatic duct is the hallmark of BD-IPMNs but 
is not always seen. Mucinous cystic neoplasms, 
on the other hand, rarely exhibit any communica-
tion with the pancreatic ductal system. Intramural 
fi lling defects seen on imaging of BD-IPMNs can 
be either mucin or mural nodules. Based on ear-
lier studies [ 33 ,  35 – 40 ], CT or MRI features asso-
ciated with malignancy in IPMNs include lesion 
size more than 3 cm, main duct dilation more than 
6 mm, irregularly thickened wall, mural nodule 
larger than 5 mm, ductal wall enhancement, com-
mon bile duct dilation, and bulging papilla. A 
recent meta-analysis evaluated imaging features 

for differentiating malignant from benign 
BD-IPMNs [ 41 ] and found that the presence of 
mural nodules was the most suggestive fi nding for 
malignancy [odds ratio (OR), 6.0], followed by 
main pancreatic duct dilatation (OR, 3.4), thick 
septum or cyst wall (OR, 2.3), and cyst size 
greater than 3 cm (OR, 2.3). According to the 
2012 international consensus guidelines for the 
management of IPMNs and MCNs [ 42 ], “high-
risk stigmata” included enhanced solid compo-
nent and the size of main pancreatic duct ≥10 mm, 
or “worrisome features,” including cyst o≥3 cm, 
thickened enhanced cyst walls, nonenhanced 
mural nodules, the main pancreatic duct size of 
5–9 mm, abrupt change in the main pancreatic 
duct caliber with distal pancreatic duct atrophy, 
and lymphadenopathy. 

        EUS Morphology 

 The classic endoscopic fi nding of fi sh-mouth 
appearance of the papilla, which is characterized 
by the presence of mucin exuding from a patulous 
major or minor papilla (Fig.  4.2 ) with or without 
papillary tissue protrusion (fi sh-egg appearance), 
is diagnostic of MD-IPMN.  EUS   characteristics 
include a macrocystic morphology of the cyst, 
with or without septations, which could commu-
nicate with a dilated pancreatic duct (MD or BD) 
(Fig.  4.3 , Table  4.3 ) [ 43 ]. A mucin nodule may be 
seen (Fig.  4.4 ). The differential diagnosis of a uni-
locular pancreatic cyst on EUS includes com-
monly macrocystic serous cystic neoplasm, 
mucinous cystic neoplasm, and infl ammatory cyst 
[ 44 ]. Other less common differential diagnoses 
include cystic solid tumor (neuroendocrine or 
solid pseudopapillary) and lymphoepithelial cyst. 
Previous retrospective studies reported a strong 
association between the presence of a mural nod-
ule (height >10 mm, lateral spread >15 mm) and 
malignancy in BD-IPMN [ 45 ,  46 ].

      Due to the diffi culty in differentiating such 
tumors based on morphology alone, FNA is gen-
erally recommended in this case to accrue fl uid 
for cytology and tumor markers. The integration 
of cyst fl uid cytology and tumor markers for the 
appropriate classifi cation of CLPs is discussed 
elsewhere in this book.   

W. Ridtitid and M. Al-Haddad
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    Mucinous Cystic Neoplasms 

    Histopathologic Features 

  MCNs   are defi ned as cystic epithelial neoplasms 
with no communication with the pancreatic 

 ductal system and are composed of columnar, 
mucin-producing epithelium, supported by ovar-
ian-type stroma [ 7 ]. These tumors are usually 
associated with extracellular mucin production 
with variable degrees of cyst wall epithelial 
atypia. The histopathologic hallmark of MCN is 
the presence of ovarian stroma underlying the 
mucinous columnar cyst epithelium and is 
required to differentiate this tumor from IPMN 
[ 47 ]. Similar to IPMNs, MCNs are classifi ed as 
noninvasive (low-grade dysplasia, moderate dys-
plasia, and high-grade dysplasia) and invasive 
lesions. Gross morphology demonstrates a round 
mass with a smooth surface and a fi brous pseudo-
capsule with variable thickness and frequent cal-
cifi cations [ 7 ].    Histologically, MCNs exhibit 
columnar epithelium with basally located nuclei 
and absent or minimal mitosis, whereas muci-
nous cystadenocarcinomas show changes of 
high-grade intraepithelial neoplasia (nuclear 
stratifi cation, severe nuclear atypia, and frequent 
mitoses), which are usually focal [ 7 ].  

    Clinical Characteristics 

 Females are more frequently affected with MCNs, 
particularly in their fi fth to seventh decades 

  Fig. 4.1    Radiological characteristics of  side-branch 
IPMNs  . ( a ) MRI of a 35-year-old asymptomatic female 
patient shows a 9-mm cystic lesion ( white arrow ), in close 

proximity to the main pancreatic duct. ( b ) Communication 
between the pancreatic cyst and the main pancreatic duct 
seen on MRCP ( white arrow )       

  Fig. 4.2    Endoscopic fi nding of fi sh-mouth appearance of 
the major papilla, characterized by the presence of mucin 
exuding from a patulous papilla in a patient with main- 
duct IPMN       
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 [ 48 – 50 ]. The tumors occur most frequently in the 
pancreatic body and tail [ 13 ]. MCNs can be inci-
dentally found [ 47 ]; however, they can present 
with abdominal pain, palpable mass, and weight 
loss, particularly in association with large lesions 
[ 9 ,  13 ].    Pancreatitis is infrequent with MCNs but 

can be seen in up to 10–20 % of cases [ 48 ,  51 ,  52 ]. 
A recent study demonstrated factors predictive of 
high-grade dysplasia and/or invasive carcinoma in 
MCNs, which included the presence of symptoms, 
obstructive jaundice, and elevated serum CEA and 
CA 19-9 [ 53 ]. Although MCNs have malignant 

  Fig. 4.3     EUS 
morphology of 
  SB-IPMNs. A 14-mm × 
12-mm cystic lesion was 
identifi ed in the 
pancreatic tail in a 
66-year-old male 
presenting with 
abdominal pain. The 
cyst was found to 
communicate with the 
main pancreatic duct 
through a small side 
branch, suggestive of 
branched duct IPMN       

   Table 4.3    EUS morphology in the different types of cystic pancreatic neoplasm   

 IPMNs  MCNs  SCNs  cPNETs  SPTPs 

 Typical features  Fish-mouth 
appearance on 
endoscopy. 
Macrocystic, 
septated cyst with 
dilated PD (main 
or side branch) 

 Macrocystic 
cyst with a 
visible wall 

 A well- 
demarcated 
lesion with 
multiple small 
fl uid-fi lled 
cavities, ± central 
calcifi ed scar 

 Uni- or 
multilocular 
lesion with 
a visible 
wall 

 Well-defi ned, 
mixed 
echogenicity 
lesion, ± internal 
or peripheral 
calcifi cations 

 Echogenicity  Anechoic  Anechoic  Usually anechoic  Anechoic, 
hypoechoic, 
or mixed 

 Anechoic, 
hypoechoic, or 
mixed 

 Hypoechoic if 
solid variant 

 Wall thickness  Thin  Mostly thick  Thin  Mostly thick  Mostly thick 

 Septation  Yes  Yes  Yes  Yes  No 

 Nodule  Mucin 
aggregation; ± true 
soft tissue mural 
nodule 

 ± Mural 
nodule 

 Rare  ± Mural 
nodule 

 ± Mural nodule 

 Communication with 
the pancreatic duct 

 Usually seen  Rarely seen  Not seen  Not seen  Not seen 

   MD-IPMN  main duct intraductal papillary mucinous neoplasm,  SB-IPMN  side branch intraductal papillary mucinous 
neoplasm,  cPNETs  cystic neuroendocrine tumors of the pancreas,  SPTPs  solid pseudopapillary tumors of the pancreas, 
 PAS  periodic acid Schiff  
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potential, they carry a lower overall risk of malig-
nancy in comparison with MD-IPMNs [ 47 ]. In a 
study of 163 patients undergoing surgery, the prev-
alence of malignancy in such tumors was found to 
be 17.5 % (5.5 % with carcinoma in situ and 12 % 
with invasive cancer) [ 51 ].  

    Radiological Findings 

 CT typically shows a  unilocular   cystic lesion in 
the pancreatic body or tail, with or without septa-
tions and a thick enhancing wall (Fig.  4.5 ). 
Peripheral calcifi cations can be present in 
15–23 % and occasionally can be linear, taking 
the shape of an eggshell [ 48 ,  52 ]. Mural nodules 
within MCN on CT scan strongly suggest malig-
nancy [ 52 ]. MCN appears round, homogeneous, 
with high signal intensity on T2W MRI (Fig.  4.6 ), 
with regular rim enhancement on delayed T1W 
images [ 54 ]. MRCP usually demonstrates no 
communication between the cyst and the pancre-
atic ductal system [ 31 ,  54 ].

        EUS Morphology 

 MCNs presents  as   a macrocystic lesion with a 
visible wall and septations of variable thickness 
on EUS (Fig.  4.7a ) [ 13 ,  43 ]. A solid component 
(Fig.  4.7b ) or mural nodule (Fig.  4.7a ) may be 
seen. Peripheral calcifi cations can be present 
focally or as a rim but are only seen in up to 15 % 
of lesions [ 48 ]. Mucinous cystadenocarcinomas 
are more likely to appear as a hypoechoic cystic/
solid mass or complex cyst and are frequently 

  Fig. 4.4     EUS 
morphology of   IPMNs. 
A 12-mm × 8-mm cystic 
lesion with mucin 
aggregate ( black arrow ; 
this was suspicious for 
soft tissue mural nodule 
on MRI) within the 
fl uid-fi lled cavity of the 
cyst, consistent with 
SB-IPMN. Mucin 
“balls” typically have a 
hyperechoic rim and 
hypoechoic core       

  Fig. 4.5     Radiological characteristics of   MCNs. CT dem-
onstrated a large 11-cm septated cystic lesion in the pan-
creatic tail in a middle-aged female patient presenting 
with left upper quadrant discomfort       
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associated with a dilated main pancreatic duct 
upstream from the lesion [ 55 ]. Furthermore, 
regional lymphadenopathy can be seen during 
EUS examination in malignant lesions [ 56 ].

        Nonmucinous Cystic Lesions 
of the Pancreas 

  Nonmucinous CLPs   vary greatly in their clinical, 
radiologic, and EUS characteristics due to vari-
able underlying pathologies. Serous cystadeno-
mas (SCAs) are the most commonly encountered 
nonmucinous true cystic tumors of the pancreas. 
Other nonmucinous pure cystic or mixed solid–
cystic tumors such as pancreatic neuroendocrine 
tumors (PNETs) and solid pseudopapillary 
tumors of the pancreas (SPTPs) will be discussed 
in this chapter as well.  

  Fig. 4.6     Radiological characteristics   of MCNs. 
T2-weighted MRI showed a round, homogeneous cyst 
with high signal intensity in the pancreatic tail. EUS-FNA 
of this lesion confi rmed the mucinous nature due to an 
elevated cyst fl uid CEA and the presence of a low- 
clonality K-ras mutation       

  Fig. 4.7     EUS 
morphology of   MCN. 
( a ) A mixed cystic–solid 
septated 70-mm 
×70-mm lesion was seen 
in the pancreatic tail 
with thickened wall and 
mural nodules ( white 
arrow ) within the cavity, 
not communicating with 
the pancreatic duct. 
( b ) A tangential view 
through the cyst 
demonstrates the 
thickened wall and 
septum       
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    Serous Cystadenomas 

    Histopathologic Features 

    SCAs   are defi ned  as   cystic epithelial neoplasms 
composed of glycogen-rich, ductular-type epithe-
lial cells that produce a watery fl uid similar to 
serum [ 7 ]. Gross pathology often demonstrates a 
few or numerous small cysts fi lled with serous 
fl uid around a central fi brous core with fi ne septa-
tions (central scars) [ 7 ]. By histology, the cysts are 
lined with a single layer of cuboidal or fl attened 
epithelial cells with a clear cytoplasm. The peri-
odic acid–Schiff stain is positive due to their intra-
cytoplasmic glycogen [ 7 ]. Morphologically, 
 microcystic SCAs   (typically with individual cysts 
measuring less than 5 mm in size) are more com-
mon, whereas the macroscopic variant (over 2 cm 
in size) is relatively infrequent. Microcystic tumors 
are usually well delineated with multiple small 
fl uid-fi lled cavities, which are separated by thin 
septa and lined with cuboidal epithelial cells [ 14 ]. 
 Macrocystic SCAs   may not be indistinguishable 
from MCNs or BD-IPMNs based on morphology 
alone. The presence of any intramural nodules, 
cyst wall thickening, fl oating debris, mucin, or 
associated pancreatic duct dilation or communica-
tion can indicate a mucinous lesion [ 55 ,  57 ].  

    Clinical Characteristics 

 SCAs frequently occur in females around the 
sixth to seventh decade of life [ 9 ,  13 ,  58 ] and are 
believed to be predominantly located in the pan-
creatic body and tail [ 9 ,  12 ]. However, a 2012 
multicenter study from Japan reported a similar 
distribution in the pancreas head (39 %), body 
(35 %), and tail (22 %) [ 58 ]. Patients are usually 
asymptomatic, with SCAs being an incidental 
fi nding on imaging studies [ 13 ,  58 ]. Among 
symptomatic patients, abdominal pain is the most 
common presentation (12 %) [ 58 ], but other 
symptoms include back pain, jaundice, pancreati-
tis, or palpable mass [ 9 ,  12 ,  58 ]. Malignant SCAs 
of the pancreas are very rare, and these tumors 
are therefore considered to have a negligible 
malignant potential [ 59 – 61 ]. A recent study 

showed a steady rate of growth of pancreatic 
SCAs over time, with an estimated time of dou-
bling in size of 12 years [ 62 ].  

    Radiological Findings 

 SCAs can appear as polycystic (70 %), honey-
comb (20 %), or oligocystic (<10 %) on imaging 
[ 63 ]. On CT, the polycystic lesion is characterized 
by multiple cysts measuring 2 cm or smaller with 
septations (Fig.  4.8 ) [ 63 ]. A central scar may be 
seen on delayed-phase imaging [ 64 ]. The honey-
comb appearance is described as numerous sub-
centimeter cysts, separated by fi brous septa [ 31 , 
 63 ]; however, this may appear as a well- delineated 
mass with mixed attenuation and a sharp interface 
with vascular structures on CT scan [ 63 ]. The oli-
gocystic pattern is recognized by fewer large cysts 
measuring >2 cm, which may appear like MCNs 
or BD-IPMNs [ 63 ]. T2W MRI can demonstrate a 
microcystic (cysts <2 cm) morphology with a 
honeycomb appearance and central scar or a mac-
rocystic (cysts >2 cm)  oligocystic pattern (uni-
locular or bilocular; Fig.  4.5 ) [ 54 ]. Enhancement 

  Fig. 4.8    Radiological characteristics  of   SCA. CT imag-
ing in a patient with incidental lesion on the pancreas, 
which showed a heterogeneous, multiseptated, low- 
density cystic lesion in the junction of the pancreatic body 
and tail of the pancreas, measuring 3.7 cm in diameter, 
with central stellate scarring appearance       
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of the thin septations that radiate from a central 
scar may be seen on gadolinium T1W images. 
MRCP usually shows no communication with the 
pancreatic duct.

       EUS Morphology 

 The typical SCA is a well-demarcated lesion on 
EUS with multiple small fl uid-fi lled cavities, 
which are separated by thin septations (Fig.  4.9 ) 

[ 13 ,  44 ]. The honeycomb pattern is noted in most 
of the microcystic lesions by EUS [ 58 ]. A central 
calcifi ed scar may exhibit a “sunburst” appearance 
(Fig.  4.9 ) [ 13 ,  44 ]. A macrocystic morphology is 
less commonly seen (Fig.  4.10 ). The solid variant 
of SCAs has been rarely reported but can lead to 
misdiagnosis as a solid tumor [ 44 ,  58 ,  63 ,  65 – 67 ]. 
Nevertheless, the presence of a mural nodule, wall 
thickening, ductal dilation, or mucin-fi lled cavity 
is atypical manifestations for SCAs and should 
raise the suspicion of a mucinous lesion [ 44 ,  63 ].  

  Fig. 4.9     EUS 
morphology of SCA  . A 
29-mm ×27-mm 
multiloculated cystic 
lesion was identifi ed in 
the pancreatic head with 
central calcifi cation, 
consistent with 
microcystic serous 
cystadenoma       

  Fig. 4.10     EUS 
morphology of SCA  . A 
27-mm ×25-mm 
macrocystic lesion was 
demonstrated in the 
pancreatic head on EUS 
in this 62-year-old 
female patient. Cyst 
fl uid CEA was 2.6 ng/
mL, which is consistent 
with a serous lesion       
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         Cystic Pancreatic Neuroendocrine 
Tumors 

    Histopathologic Features 

   Grossly,  cystic pancreatic neuroendocrine tumors 
(cPNETs)   are typically )   comprised of a single 
locule, surrounded by a rim of neoplastic paren-
chyma, which are fi lled with clear to straw- 
colored fl uid. The histopathology of solid PNETs 
typically shows small or medium-sized monoto-
nous cells with granular chromatin (salt and pep-
per) and a plasmacystoid morphology [ 68 ]. Tumor 
cells may be diffi cult to detect in the cystic fl uid 
[ 69 ]. However, the diagnosis can be confi rmed by 
synaptophysin and chromogranin A staining, 
which is practically diagnostic of this condition 
[ 31 ,  69 ,  70 ]. In comparison with ductal adenocar-
cinomas, tumor necrosis, perineural invasion, vas-
cular invasion, and regional lymph node metastasis 
are less likely to be seen in cPNETs [ 71 ,  72 ].  

    Clinical Characteristics 

 PNETs make up to 1–2 % of all pancreatic neo-
plasms, which may have a cystic component in 
less than 10 % of cases [ 1 ,  7 ,  69 ,  73 ,  74 ]. In a 
previous study of a 33-year experience at 
Massachusetts General Hospital, cPNETs 
accounted for 3 % of cystic neoplasms in the 
1970s and 1980s but comprised more than 8 % of 
cystic tumors of the pancreas between 2005 and 
2011 [ 1 ]. The majority of cases are incidentally 
detected on imaging studies [ 9 ]. Compared to 
solid neuroendocrine tumors, cPNETs tend to be 
larger, are more likely to be nonfunctional, and 
are more frequently associated with multiple 
endocrine neoplasia type 1 [ 75 ]. Furthermore, 
cPNETs have been reported in 4–15 % of patients 
with von Hippel–Lindau disease (VHL) [ 76 ,  77 ]. 
Similar to solid tumors, they occur nearly equally 
among males and females, with 50–60 years of 
age at diagnosis [ 9 ,  70 ,  71 ]. Patients may present 
with abdominal pain, pancreatitis, or symptoms 
related to the functioning cPNETs [ 69 ,  70 ,  74 ]. 
The pancreatic body and tail are the most com-
mon locations among patients with cPNETs.  

    Radiological Findings 

 CT usually demonstrates a cystic lesion with 
peripheral arterial enhancement (Fig.  4.11 ) [ 31 , 
 78 ]. Septations or solid components are occa-
sionally identifi ed [ 79 ]. Compared with solid 
pancreatic neoplasms, cPNETs are less likely to 
be associated with lymph node or liver metasta-
ses [ 78 ]. MRI shows a homogeneous unilocular, 
thick wall lesion on T2W [ 54 ]. On gadolinium 
T1W, wall enhancement is seen on the arterial 
phase. No communication with the pancreatic 
ductal system is typically detected on MRCP.

       EUS Morphology 

 By EUS, cPNETs can appear as a uni- or multi-
locular, anechoic, mixed solid–cystic, or 
hypoechoic lesion (Fig.  4.12 ) [ 69 ,  70 ,  74 ,  80 ]. 
Wall thickening and a nodule may be present in 
60 % of cases [ 70 ]. Most of them (80 %) are 
thinly septated. The surrounding pancreatic 
parenchyma as well as the pancreatic ductal sys-
tem are usually unremarkable.  

  Fig. 4.11    Radiological characteristics of  cystic pancre-
atic neuroendocrine tumor (CPNET)  . CT showed a low- 
density lesion measuring 1.0 cm with a thick wall at the 
junction of the pancreatic body and tail ( black arrow )       
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        Solid Pseudopapillary Tumors 
of the Pancreas 

    Histopathologic Features 

    SPTPs    are   uncommon neoplasms, composed of 
monomorphic cells forming solid and pseudopapil-
lary structures, frequently undergoing hemorrhagic-
cystic changes [ 7 ]. Macroscopically, larger tumors 
are more likely to contain cystic areas of hemor-
rhage and necrosis but usually have a well-defi ned 
fi brous pseudocapsule [ 81 ]. Microscopically, 
SPTPs are composed of solid nests of uniform neu-
roendocrine-looking epithelial cells around delicate 
fi brovascular stalks [ 81 ]. Larger counterparts show 
pesudopapillary structures composed of tumor cells 
surrounding small central vessels.  

    Clinical Characteristics 

 SPTPs predominantly affect young women in 
their third decade of life [ 9 ,  12 ]. Patients may be 
asymptomatic, with such a lesion presenting inci-
dentally on imaging studies. Abdominal pain is 
the most common presenting symptom, followed 
by abdominal mass, pancreatitis, and weight loss 
[ 81 – 83 ]. The tumors can occur throughout the 
pancreas. SPTPs are usually of low-grade pathol-
ogy, but high-grade carcinomas have been rarely 
reported [ 82 ,  84 – 87 ].  

    Radiological Findings 

 SPTPs are typically of mixed-density on imag-
ing, with a solid part in the periphery and a cystic 
component in the center on CT scan (Fig.  4.13 ) 
[ 81 ]. Large tumors are well demarcated by the 
capsule from the surrounding normal paren-
chyma. These tumors often demonstrate periph-
eral or central calcifi cations [ 82 ]. MRI usually 
shows areas of high and low signal intensity, cor-
responding to cystic and solid components, 
respectively, with a thick fi brous capsule [ 54 , 
 81 ]. Heterogeneous peripheral capsule enhance-
ment is seen on T1W postgadolinium. MRCP 
does not show communication with the pancre-
atic duct, and pancreatic duct dilation, vessel 
encasement, and metastasis may be used to dif-
ferentiate solid pseudopapillary carcinomas 
from benign SPTPs [ 87 ].

       EUS Morphology 

 SPTPs are endosonographically well-defi ned, 
echo-poor lesions [ 83 ] and can be solid, mixed 
solid–cystic, or cystic in nature (Fig.  4.14 ). 
Internal or peripheral calcifi cations may be seen 
with postacoustic shadowing. EUS-ENA is use-
ful for defi nitive preoperative diagnosis of SPTPs 
[ 88 ]. The largest series of EUS-FNA for the diag-
nosis of SPTPs demonstrated a preoperative 
diagnostic accuracy of 75 % [ 83 ].  

  Fig. 4.12     EUS 
morphology of 
  CPNET. A 12-mm 
×8-mm mixed cystic–
solid lesion was seen in 
the pancreatic neck with 
a thick wall ( black 
arrow ). Cyst fl uid 
cytology confi rmed this 
diagnosis after 
immunocytochemical 
stains       
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  Fig. 4.13    Radiological 
characteristics of  solid 
pseudopapillary tumor 
(PSPT)   in a 28-year-old 
female patient. CT 
demonstrated an 
oval- shaped area of 
mixed- density 
measuring 3.5 cm in the 
pancreatic body, which 
was well demarcated by 
the capsule from the 
surrounding normal 
parenchyma       

  Fig. 4.14    EUS 
morphology of PSPT. 
   A 3-cm lesion in the 
pancreatic body, with 
more than 90 % solid 
component with a small 
cystic space. Final 
cytopathology from 
fi ne-needle aspiration 
and core biopsy 
confi rmed solid 
pseudopapillary 
neoplasm       

        Less Frequently Encountered Cystic 
Lesions of the Pancreas 

 Lymphoepithelial cysts (LECs) of the  pancreas   are 
rare benign lesions. They are composed mainly of 
keratinous material and can occur throughout the 

pancreas. Histologically, the cysts are lined by 
stratifi ed squamous epithelium and surrounded by 
dense epithelial lymphoid tissue containing lym-
phoid follicles [ 89 ]. Since the fi rst case was 
reported in 1985 [ 90 ], 109 patients with LECs 
have been described in the literature [ 91 ]. Such 
lesions are predominantly seen in middle- aged 
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men [ 92 ]. Although the most common presenta-
tion is abdominal pain, nausea, vomiting, anorexia, 
and back pain may occur [ 89 ]. LECs exhibit a 
benign behavior and are not considered a risk fac-
tor for the development of pancreatic cancer [ 91 ]. 
On CT scan, LECs can appear as either a cystic or 
solid lesion of low attenuation, which may be uni- 
or multiloculated [ 91 ,  93 ]. The imaging character-
istics of LECs on CT can be similar to that of a 
pseudocyst or a MCN [ 91 ]. EUS typically shows a 
hypoechoic, uniloculated, or multiloculated lesion 
with fi ne or coarse hyperechoic debris within the 
cyst (Fig.  4.15 ) [ 89 ,  94 ]. Thick milky, creamy fl uid 
may be seen during EUS-FNA [ 93 ].

    von Hippel–Lindau (VHL)   is a rare autosomal 
dominant hereditary disorder resulting from a 
germline mutation in the VHL gene [ 95 ]. 
Pancreatic cysts can occur in approximately 70 % 
of VHL patients [ 96 ,  97 ] and include simple cysts 
(47 %) and SCAs (11 %), which are benign 
lesions [ 77 ]. In addition, cPNETs have been 
reported in 4–15 % of patients with VHL, which 
have malignant potential [ 76 ,  77 ]. Therefore, sur-
gical treatment may be required in some cases. 
Nevertheless, unlike sporadic nonfunctioning 
PNETs without VHL, PNETs in VHL patients 
are believed to be of lower metastatic risk [ 98 ]. 
Most pancreatic lesions in VHL are asymptom-
atic; however, abdominal pain and jaundice 
may be present [ 95 ]. Pancreatic involvement in 

previous  series of VHL detected by CT and MRI 
has varied from 20 to 80 % [ 99 – 101 ]. Simple 
cysts appear as unilocular, homogeneous, fl uid- 
attenuation or fl uid signal lesions with a thin wall 
and no calcifi cation or enhancement [ 100 ]. SCAs 
and PNETs in this context have a similar mor-
phology to those identifi ed without VHL and as 
previously described in this chapter. EUS can be 
helpful to better characterize the cystic lesions 
and may infl uence clinical management [ 102 ]. 
Nevertheless, these pancreatic cysts often do not 
infl uence the outcome of the majority of VHL 
patients [ 101 ].  

    Conclusion 

 CLPs are increasingly detected by imaging stud-
ies among asymptomatic and symptomatic 
patients. Depending on the pathological type of 
the cyst, the clinical features, radiological charac-
teristics, and EUS morphology vary signifi cantly. 
In combination with minimally invasive investi-
gations like EUS-FNA, clinical and  imaging fi nd-
ings are essential to provide an accurate diagnosis 
of CLPs and improve early detection of cancer in 
the potentially malignant ones. Therefore, patients 
with CLPs should be evaluated thoroughly to 
determine the appropriate management, ideally in 
a multidisciplinary approach.     

  Fig. 4.15    EUS 
morphology of 
 lymphoepithelial cyst  . 
A 3.6-cm hypoechoic 
lesion with fi ne 
hyperechoic debris 
within the cyst in the 
body of the pancreas. 
Final cytology 
confi rmed 
lymphoepithelial cyst       
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            Introduction 

  Autoimmune pancreatitis (AIP)   represents a rare 
form of  chronic pancreatitis   having distinct and 
characteristic clinical, radiologic, chemical, and 
histological features. The pancreas has no organ-
residing immune system like the hollow gut sys-
tem (MALT). However, in acute and even more 
so in chronic pancreatitis as well as in pancreatic 
cancer, a dense infl ammatory infi ltrate can be 
observed [ 1 ]. While the autoimmune diseases of 
the liver have been known for decades and their 
particular immunopathology is rather well under-
stood [ 2 ], AIP seems to have appeared at the end 

of the last century as a novel disease. However, 
50 years ago Henry Sarles had already discov-
ered autoantibodies in some of his patients with 
chronic pancreatitis [ 3 ,  4 ], and sometime later 
associations of pancreatitis with primary biliary 
cirrhosis (PBC) [ 5 ] and Sjögren’s syndrome [ 6 , 
 7 ] were described. Furthermore, pancreatitis is 
part of some syndromes of polyglandular autoim-
mune diseases (PGAD) [ 8 ]. In the 1990s, a “lym-
phoplasmacellular sclerosing pancreatitis” in 
conjunction with cholangitis was described [ 9 ] 
and in 1995 the term “autoimmune pancreatitis” 
was introduced [ 10 ]. AIP can be considered an 
enigmatic disease, widening the possible spec-
trum of infl ammatory diseases of the pancreas. 
This might explain the unforeseen interest in the 
disease, where the number of publications 
exceeds the number of patients [ 11 ]. 

 After the formation of national guidelines, 
which were sometimes confl icting [ 12 – 17 ], the 
three major societies [i.e., JPS (Japan), APA 
(USA), and EPC (Europe)] came together for an 
“International Consortium for Diagnostic 
Criteria” (ICDC) of autoimmune pancreatitis 
[ 18 ]. As a major result, two  subtypes of    AIP   were 
acknowledged that are defi ned both by histology 
and by clinical picture [ 19 ] (Table  5.1 ). Type 1 is 
IgG/IgG4-positive (both serum and tissue) [ 20 ] 
with more “other organ involvement” (OOI) as it 
represents a systemic “immunogammopathy” 
[ 21 ].  AIP   type 2 is eosinophilic infi ltration in the 
pancreas (see below).
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       Etiology and Pathogenesis 

  The pathogenesis of  AIP   is unclear in contrast to 
other forms of pancreatitis [ 22 ]. Similar to 
Sjögren’s syndrome and primary sclerosing chol-
angitis (PSC), CD4+ Th1 cells dominate. Patients 
with AIP, especially in Japan, demonstrate HLA 
loci [ 23 ], with two of them carrying an increased 
risk of developing AIP: HLA class II haplotype 
DRB1 * 0405-DBQB1 * 0401, and the ABCF1 
gene, localized on the proximal part of the telo-
mere region C3-2-11 in HLA-E class I [ 23 ,  24 ]. 

 As is the nature of any autoimmune disease, 
several common autoantibodies have been 
detected, such as  antinuclear autoantibodies 
(ANA)  . Disease-specifi c autoantibodies in AIP 
are against ductal antigens such as  lactoferrin   
(ALF) and  carbonic anhydrase type 2 (ACA-II)   
[ 25 ] as well as against acinar antigens such as 
SPINK1 [ 26 ,  27 ], ubiquitin-protein ligase E3 
component n-recognin 2 (UBR2) [ 28 ], and tryp-
sinogens [ 27 ]. Most of these autoantibodies will 
be of IgG as this Ig class is elevated, especially 
IgG4 [ 20 ]. Lactoferrin and carbonic anhydrase 
type 2 are characteristic for so-called specialized 
secretory epithelium that, besides the pancreas, 
also is found in the salivary glands, the lung, the 
renal tubule, and the bile ducts—tissues that can 
all become sites of systemic autoimmune disease 
[ 29 ] as “other organ involvement” in type 1 AIP 
with a lymphoplasma cellular IgG4-positive 
infl ammatory infi ltrate [ 30 ]. As in other immune- 
triggered systemic diseases such as mixed con-
nective tissue disease (MCTD) or soft-tissue 
rheumatism, the spectrum of organ manifesta-
tions is wide. There is a limitation: Not all 

patients with an IgG4+ infi ltrate in the pancreas 
(or elsewhere) present with increased blood lev-
els of IgG4 [ 20 ,  31 – 33 ]. 

 The autoimmune character of the disease is not 
fully understood: Thymectomy in neonatal mice 
and immunization with lactoferrin and carbonic 
anhydrase type II led to AIP [ 34 ].  Lymphotoxin   
can induce AIP [ 35 ]. While T-cell- negative I-A-
chain − / − (Ab0) mice develop AIP spontaneously, 
HLA-DRB1*0405 is the predisposing factor [ 36 ]. 
In the MRL/Mp model, suppressing regulatory T 
cells increases the severity of AIP [ 37 ]. However, 
the triggering factors are unclear. The histology 
seems suggestive of exogenous factors. 
Consequently, viral and other xenobiotic factors 
have been studied. With a murine retrovirus, an 
“exocrinopathy” could be developed, including 
pancreatitis and Sjögren- like changes [ 27 ,  38 ], 
resembling AIP. Immunization of mice with 
apathogenic  E. coli  caused autoantibodies against 
carbonic anhydrase type II [ 39 ]. 

 One of the most fascinating theories is propos-
ing   Helicobacter pylori    as being the causative 
agent [ 40 ], the rationale being a “molecular mim-
icry” [ 41 ] between the  H. pylori  enzyme CA and 
the human carbonic anhydrase type II (CA-II), 
the lead enzyme of pancreatic duct cells [ 42 ] and 
one of the described autoantibodies in 
AIP. Interestingly, this sequence incorporates a 
binding motif of HLA DRB1*0405 that is associ-
ated with some patients with AIP [ 23 ,  24 ]. 
However,  H. pylori  DNA or RNA could not be 
detected in the pancreas of patients with AIP 
[ 43 ]. Another host protein, UBR2 (ubiquitin- 
protein ligase E3 component n-recognin 2), 
shows a high homology with the cagA protein of 
 H. pylori  [ 28 ]. Even if  H. pylori  itself could not 

     Table 5.1    ICDC diagnostic criteria of defi nite and  probable   AIP type 1   

 Diagnosis 
 Primary basis for 
diagnosis  Imaging evidence  Collateral evidence 

 Defi nitive type 1 AIP  Histology  Typical/indeterminate  Histologically confi rmed LPSP (level 1 H) 

 Imaging  Typical  Any non-D level 1/level 2 

 Indeterminate  Two or more from level 1 (+level 2 D a ) 

 Response to steroid  Indeterminate  Level 1 S/OOI + Rt or level 1 D + level 2 S/
OOI/H + Rt 

 Probable type 1 AIP  Indeterminate  Level 2 S/OOI/H + Rt 

   Source : From [ 18 ] 
  a Level 2 D is counted as level 1 in this setting  
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be found in pancreatic tissue in AIP, the concept 
of “molecular mimicry” is suggestive for the 
pathogenesis of AIP. Another attempt to hit an 
exogenous, disease-causing agent failed as well 
in that varicella zoster virus (VZV) could not be 
detected in the tissue of patients with AIP  [ 44 ].  

    Pathology 

    Macropathology 

 Upon gross pathology,  AIP   may resemble pan-
creatic ductal adenocarcinoma (PDAC). In 
50–80 % of AIP, a tumorous mass is described in 
the pancreatic head. Together with obstructive 
jaundice [ 30 ] and enlarged lymph nodes, the 
diagnosis of PDAC is highly suggestive. It must 
be noted that the typical dilation of the main pan-
creatic duct (MPD) is missing in AIP and the pan-
creas typically lacks pseudocysts and 
calcifi cations, which are described rarely.  

    Histopathology 

 A histological grading system has been proposed 
[ 30 ] and reevaluated [ 45 ] (Table  5.2 ). The histo-
pathological  features   of AIP are lymphoplasma-
cellular infi ltrates, destroying ductal and later 
even acinar tissue. The exocrine pancreas is 
replaced by fi brotic tissue (Fig.  5.1 ).  Granulocytic 
epithelial lesions (GEL)   mark a specifi c histo-
pathological fi nding. Focal destructions of the 
epithelial lining are caused by neutrophilic gran-
ulocytes. GEL also incorporate eosinophils.

    As a major result of the ICDC [ 18 ], AIP was 
classifi ed in two distinct subtypes [ 46 ]: a lym-
phoplasmacytic sclerosing pancreatitis (LPSP, 
type 1) with IgG4-positive  cells   (Fig.  5.2 ) and an 
 idiopathic ductocentric chronic pancreatitis   
(IDCP, type 2) with GEL and eosinophils.

        Epidemiology 

 There are no  reliable   data on the incidence and 
prevalence of AIP; however, AIP can be consid-
ered a rare disease. Depending on the reference 

group of patients (acute or chronic pancreatitis), 
the prevalence was described between 4.7 and 
10 % [ 14 ,  31 ,  32 ,  47 ]. 

 AIP is more common among males, even more 
pronounced in the Asia-Pacifi c population. The 
peak seems to be above the age of 50 [ 48 ], but 
with a wide range spanning essentially all ages.  

    Clinical Picture 

  As a spinoff of ICDC,    the data of close to 1000 
patients were gathered. The clinical picture and 
initial presentation can vary widely. Abdominal 
pain seems to be the major symptom [ 19 ]. 
Another feature, albeit sometimes misleading the 
diagnosis, is painless jaundice, found in 48–86 % 
of cases [ 47 ,  49 ]. Cholangitis can be the leading 
symptom, preceding the diagnosis of IAP by 
months. AIP can present as acute pancreatitis as 
well [ 50 ], maybe more often in younger patients 
[ 51 ]. Nausea and weight loss are also typical, the 
latter in about a third of cases. The infl ammatory 
pancreatic head tumor can be the cause of a gas-
tric outlet syndrome (obstruction). The disease is 
sometimes diagnosed best by analyzing the asso-
ciated diseases (OOI), at least in type 1 AIP, as 
these may be the dominant symptoms.   

    Association with Other 
Autoimmune Diseases/Organ 
Involvement 

 Other organ involvement is a typical feature of 
type 1  AIP   [ 19 ], found in 37–50 % of all patients 
(Fig.  5.3 ).

   Crohn’s disease (CD) and ulcerative colitis 
(UC)  are   associated with AIP [ 52 ]; it looks as if 
UC is more associated with type 1 and CD with 
type 2 AIP [ 19 ]. Infl ammatory bowel disease 
(IBD) is  the   next most frequent OOI following 
cholangitis. The association between AIP and CD 
is more frequently observed in younger patients 
[ 52 ,  53 ]. Pancreatic exocrine insuffi ciency is 
present in most AIP patients and in about 40 % of 
IBD patients [ 54 ]. 

  Diabetes mellitus (DM) is   an autoimmune dis-
ease on its own but is also observed frequently in 
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     Table 5.2    ICDC Levels 1 and 2 diagnostic  criteria   for AIP type 1 according to ICDC   

 Criterion  Level 1  Level 2 

 P  Parenchymal 
imaging 

 Typical:  Indeterminate (including atypical a ): 

 Diffuse enlargement with delayed 
enhancement (sometimes associated with 
rim-like enhancement) 

 Segmental/focal enlargement with 
delayed enhancement 

 D  Ductal 
imaging (ERP) 

 Long (>1/3 length of the main pancreatic duct) 
or multiple strictures without marked upstream 
dilatation 

 Segmental/focal narrowing without 
marked upstream dilatation (duct size, 
<5 mm) 

 S  Serology  IgG4, >2× upper limit of normal value  IgG4, 1–2× upper limit of normal value 

 (a) or (b)  (a) or (b) 

 OOI  Other organ 
involvement 

 (a) Histology of extrapancreatic organs  (a)  Histology of extrapancreatic organs 
including endoscopic biopsies of bile 
duct b : 

   Any three of the following:    Both of the following: 

   (1)  Marked lymphoplasmacytic infi ltration 
with fi brosis and without granulocytic 
infi ltration 

   (1)  Marked lymphoplasmacytic 
infi ltration without granulocytic 
infi ltration 

   (2) Storiform fi brosis    (2)  Abundant (>10 cells/HPF) 
IgG4-positive cells    (3) Obliterative phlebitis 

   (4)  Abundant (>10 cells/HPF) IgG4-positive 
cells 

 (b) Typical radiological evidence  (b) Physical or radiological evidence 

   At least one of the following:    At least one of the following: 

   (1)  Segmental/multiple proximal (hilar/
intrahepatic) or proximal and distal bile 
duct stricture 

   (1)  Symmetrically enlarged salivary/
lachrymal glands 

   (2) Retroperitoneal fi brosis    (2)  Radiological evidence of renal 
involvement described in 
association with AIP 

 H  Histology of 
the pancreas 

 LPSP (core biopsy/resection)  LPSP (core biopsy/resection) 

 At least three of the following:  Any two of the following: 

 (1)  Periductal lymphoplasmacytic infi ltrate 
without granulocytic infi ltration 

 (1)  Periductal lymphoplasmacytic 
infi ltrate without granulocytic 
infi ltration 

 (2) Obliterative phlebitis  (2) Obliterative phlebitis 

 (3) Storiform fi brosis  (3)  Storiform fi brosis 

 (4)  Abundant (>10 cells/HPF) IgG4-positive 
cells 

 (4)  Abundant (>10 cells/HPF) IgG4-
positive cells 

 Response to steroid 
(Rt) c  

 Diagnostic steroid trial 

 Rapid (≤2 weeks) radiologically demonstrable resolution or marked improvement in 
pancreatic/extrapancreatic manifestations 

   Source : From [ 18 ] 
  a Atypical: Some AIP cases may show low-density mass, pancreatic ductal dilation, or distal atrophy. Such atypical 
imaging fi ndings in patients with obstructive jaundice and/or pancreatic mass are highly suggestive of pancreatic cancer. 
Such patients should be managed as pancreatic cancer unless there is strong collateral evidence for AIP and a thorough 
workup for cancer is negative (see algorithm) 
  b Endoscopic biopsy of duodenal papilla is a useful adjunctive method because ampulla often is involved pathologically 
in AIP 
  c Diagnostic steroid trial should be conducted carefully by pancreatologists with caveats (see text) only after negative 
workup for cancer including EUS-guided FNA  
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  Fig. 5.1    Overview of autoimmune  pancreatitis   (H&E 
staining) with the typical lymphocellular infi ltrates around 
a pancreatic duct and storiform fi brosis       

  Fig. 5.2    Immunohistochemistry for IgG in AIP type 1       

  Fig. 5.3    Possible affection of other organs (other organ involvement, OOI) in autoimmune pancreatitis       
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AIP. Most of these patients exhibit the typical cri-
teria of DM type 1 with autoantibodies against 
islet cells (ICA), glutamic acid decarboxylase 
(GAD), and the tyrosine phosphatase-like protein 
[ 19 ]. It has been reported that diabetes mellitus in 
AIP ameliorates under steroid therapy [ 55 ]. 

 Associations between AIP and autoimmune 
hepatitis or primary biliary cirrhosis are rare [ 19 ]. 

 Affection of the biliary tract by  IgG4- 
associated cholangitis   (IAC) is the most  frequent 
  overall OOI in AIP, naturally occurring in type 
1AIP, hence warranting special attention [ 19 ]. 
IAC occurs both in the intra- and extrahepatic 
bile ducts as well as in the gallbladder wall [ 56 ]. 
The fi ndings in the bile ducts in AIP may mimic 
PSC [ 57 ]. Due to the fact that IAC/AIP responds 
well to steroids, in contrast to PSC, the differen-
tial diagnosis is pivotal. 

  Extraintestinal manifestations   of the AIP 
include lung and kidney lesions (Fig.  5.3 ). The 
pulmonary lesions are made up of diffuse small 
nodules, infi ltrates, and/or hilar adenopathy that 
can clinically impress as interstitial pneumonia. 
Lesions in the kidney appear as tubulointerstitial 
nephritis leading to mild renal insuffi ciency. 
Renal lesions have a distinct morphology on mul-
tidetector CT (MDCT) [ 58 ]. 

 Further OOI as manifestations of IgG immu-
nopathy in AIP type 1 are idiopathic retroperito-
neal fi brosis, scleroderma, lymphadenopathy, as 
well as infl ammatory pseudotumors of the hypoph-
ysis, lungs, and liver [ 59 ]. Rare autoimmune condi-
tions accompanying AIP are systemic lupus 
erythematosus (SLE), autoimmune hepatitis 
(AIH), idiopathic thrombocytopenic purpura (ITP), 
rheumatoid arthritis (RA), and thyroiditis [ 60 ].  

    Diagnosis 

    Laboratory Diagnostics 

  Serum amylase and lipase in   AIP are normal or 
slightly elevated. Patients may have signs of obstruc-
tive jaundice (transaminases, bilirubin, alkaline 
phosphatase, GGT) [ 19 ,  47 ]. Eosinophilia and 
increased serum IgE can be found [ 50 ]. A pathologi-
cal glucose tolerance (OGTT) or type II diabetes can 

be diagnosed in conjunction with AIP (54–76 %) 
[ 19 ,  47 ]. Pancreatic exocrine insuffi ciency can 
develop [ 19 ] and may be transient [ 61 ,  62 ].  

    Serology 

 The most predominant fi ndings in AIP  are   ele-
vated serum IgG and IgG4 [ 20 ], also found in 
other autoimmune diseases [ 63 ]. The specifi city 
of IgG4 to discriminate AIP from PDAC is said 
to be 98 %, with a sensitivity of 90.4 %. The sen-
sitivity of total gamma globulin (IgG) in serum 
was estimated between 59.1 and 73.3 % [ 33 ]. 
Further generic autoantibodies are antinuclear 
antibodies (ANA) (76 %;  n  = 13/17), rheumatoid 
factor (RF) (29 %;  n  = 5/17), and antibodies 
against smooth muscle (ASMA) (18 %;  n  = 3/17). 

 As mentioned above, there are several specifi c 
autoantibodies described. Those are directed 
against antigens in the pancreatic ducts such as 
 lactoferrin   and  carbonic anhydrase type II 
(ACA-II)   [ 25 ]. Further autoantibodies have been 
described against acinar antigens, such as 
SPINK1 [ 26 ,  27 ], ubiquitin-protein ligase E3 
component n-recognin 2 (UBR2) [ 28 ], and tryp-
sinogens [ 27 ]. The frequency described in the 
few studies varies: lactoferrin (ALF) in 76 % 
( n  = 13/17) and carbonic anhydrase type II in 
59 % ( n  = 10/17) [ 64 ]. It seems as if patients in 
Europe do not express these autoantibodies as 
often as patients from the Asia-Pacifi c region 
[ 65 ]. The acinar antigens or respective autoanti-
gens cannot be tested with commercial kits. 
Therefore, as confi rmatory studies are currently 
lacking (but are under way), these autoantibod-
ies, which could greatly simplify the diagnosis of 
AIP, have no clinical impact at present.  

    Imaging 

  AIP   presents in about 60 % of patients with a 
pancreatic head tumor; therefore, PDAC is the 
most important differential diagnosis in cross- 
sectional imaging [ 58 ,  66 ,  67 ]. Nevertheless, 
there is a distinct, not to say pathognomonic pic-
ture of AIP: In both MRI and MDCT, a capsular 
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enhancement can be detected [ 68 ] (Fig.  5.4 ). 
Sometimes a peripheral hypoattenuation (“halo”) 
can be seen. Another typical picture is a diffuse 
swelling of the entire pancreas (“German brat-
wurst”) or parts thereof that can be accompanied 
by obliteration or affection of the MPD and/or 
distal bile duct (Fig.  5.4 ). In both magnetic reso-
nance cholangiopancreatography (MRCP) or 
endoscopic retrograde cholangiopancreatogra-
phy (ERCP), a small MPD with strictures can be 
seen. A typical fi nding is a distinct contrast 
enhancement of the distal bile duct as a sign of 
the AIP-associated cholangitis (IAC) [ 69 ].

   Any possible fi nding in the pancreas may occur: 
from acute pancreatitis to atrophy of the gland. 
Pancreatic pseudocysts and MPD dilatations, how-
ever, are atypical, as are calcifi cations. Ordinary 
transabdominal ultrasound seems not to be helpful; 
however, both contrast-enhanced ultrasound as well 
as elastography are claimed to allow for a more 
robust diagnosis and distinction from PDAC [ 70 ]. 

  Endoscopic ultrasound (EUS)   will show a 
hypoechogenic,  sausage - like enlarged pan-
creas  [ 71 ,  72 ]. The parenchymal pattern is said to 
be typical of contrast-enhanced ultrasound as 
well as elastography. EUS offers the option of 
taking a biopsy [ 45 ,  73 ]. A histological diagnosis 
is an important part of establishing the diagnosis 
according to ICDC (Figs.  5.1  and  5.2 ). The yield 
of EUS-guided FNA or Trucut biopsy in estab-

lishing the diagnosis of AIP or IAC is around 
50 % [ 74 ,  75 ]. 

 In Japan,  ERCP   is still used as a diagnostic 
tool. It would show the same fi ndings as in MRCP: 
segmental, irregular narrowing of the MPD and 
stenosis of the CBD. ERCP, however, has little or 
no value in the differential diagnosis of autoim-
mune cholangitis (IAC) versus PSC [ 76 ].   

    Classifi cation and Diagnostic 
Criteria 

 There have been several proposals to classify and 
diagnose chronic pancreatitis. All had their impact 
in their respective time. For AIP, a panel of experts 
reached a consensus (ICDC), addressing both the 
diagnosis and the classifi cation of AIP [ 18 ]. In 
addition, we developed a scoring system for 
 chronic pancreatitis   allowing for the grading of 
disease activity [ 77 ]. This tool can be used to mon-
itor disease activity according to therapy. 

 The  classifi cation of   AIP requires clear crite-
ria for diagnosis according to ICDC. According 
to the clinical reality, two categories are formed: 
“defi nite” versus “probable” with morphological 
criteria (histology, imaging) (Tables  5.1  and  5.3 ). 
These criteria have been further detailed 
(Tables  5.2  and  5.4 ). The criteria are described 
separately for AIP type 1 (Tables  5.1  and  5.3 ) and 

  Fig. 5.4    Imaging in autoimmune pancreatitis. ( a ) MDCT 
with contrast and a hypodense swelling of the pancreatic 
tail. ( b ) T2-weighted MRI, demonstrating the segmental 
vanishing of the MPD and a reduction of signal. ( c ) 

T1-weighted MRI with contrast, demonstrating reduced 
uptake in the pancreatic tail similar to MDCT (all images 
are from the same patient)       
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AIP type 2 (Tables  5.2  and  5.4 ). Based on these 
criteria, diagnostic algorithms are proposed, sep-
arately for AIP type 1 (Figs.  5.5  and  5.6 ) and AIP 
type 2 (Fig.  5.7 ). Application of these ICDC in 
the years to come will prove whether they are 
adequate to diagnose and classify AIP [ 78 ].

           Therapy 

 Treatment with steroids should  be   considered in 
patients who fulfi ll the ICDC criteria and who are 
symptomatic (pain, jaundice). It should be noted 

that even if there is a signifi cant bile duct stric-
ture leading  to   obstructive jaundice but the diag-
nosis of AIP is secured, patients can be treated 
with steroids fi rst without the need for immediate 
stenting. The changes in the MPD as well as focal 
lesions in the lungs and kidney will respond 
quickly to steroid treatment. A pancreatic head 
tumor will also respond; however, if there is any 
doubt about the diagnosis of AIP according to the 
ICDC, cross-sectional imaging must be per-
formed after 2 weeks to ensure appropriate 
shrinking of the infl ammatory pancreatic head 
tumor—and not missing a pancreatic cancer. 

    Table 5.3     ICDC diagnostic criteria for   AIP type 2 (defi nitive and probable)   

 Diagnosis  Imaging evidence  Collateral evidence 

 Defi nitive type 2 AIP  Typical/indeterminate  Histologically confi rmed IDCP (level 1 H) or clinical 
infl ammatory bowel disease + level 2 H + Rt 

 Probable type 2 AIP  Typical/indeterminate  Level 2 H/clinical infl ammatory bowel disease + Rt 

   Source : From [ 18 ]  

    Table 5.4    ICDC levels 1 and 2 diagnostic criteria  for   AIP type 2   

 Criterion  Level 1  Level 2 

 P  Parenchymal imaging  Typical:  Indeterminate (including 
atypical a ): 

 Diffuse enlargement with delayed 
enhancement (sometimes associated 
with rim-like enhancement) 

 Segmental/focal enlargement with 
delayed enhancement 

 D  Ductal imaging (ERP)  Long (>1/3 length of the main pancreatic 
duct) or multiple strictures without 
marked upstream dilatation 

 Segmental/focal narrowing 
without marked upstream 
dilatation (duct size, <5 mm) 

 OOI  Other organ involvement  Clinically diagnosed infl ammatory 
bowel disease 

 H  Histology of the pancreas 
(core biopsy/resection) 

 IDCP:  Both of the following: 

 Both of the following:  (1) Granulocytic and 
lymphoplasmacytic acinar 
infi ltrate 

 (1) Granulocytic infi ltration of 
duct wall (GEL) with or without 
granulocytic acinar infl ammation 

 (2) Absent or scant 
(0–10 cells/HPF) IgG4-positive 
cells 

 (2) Absent or scant (0–10 cells/
HPF) IgG4-positive cells 

 Response to steroid (Rt) b   Diagnostic steroid trial: Rapid (≤2 weeks) radiologically demonstrable 
resolution or marked improvement in manifestations 

   Source : From [ 18 ] 
  a Atypical: Some AIP cases may show low-density mass, pancreatic ductal dilation, or distal atrophy. Such atypical 
imaging fi ndings in patients with obstructive jaundice and/or pancreatic mass are highly suggestive of pancreatic cancer. 
Such patients should be managed as pancreatic cancer unless there is strong collateral evidence for AIP and a thorough 
workup for cancer is negative (see algorithm) 
  b Diagnostic steroid trial should be conducted carefully by pancreatologists with caveats (see text) only after negative 
workup for cancer including EUS-guided FNA  
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  Prednisone   is the corticosteroid of choice. The 
recommended initial dose is 40 mg once daily 
(≈0.5 mg/kg BW) for 4 weeks, with tapering 
thereafter in 10-mg steps [ 79 – 81 ]. The scheme is 
following the recommendations for Crohn’s dis-
ease (Table  5.5 ).

   A signifi cant proportion of patients will 
experience a relapse of AIP during the steroid 
taper. The recurrence rate is around 30 %, 
higher in type 1 AIP, especially in those where 
the initially elevated IgG/IgG4 is not normal-
ized [ 62 ]. Those patients may be in need of 

  Fig. 5.5    ICDC 
algorithm to diagnose 
AIP type 1 in patients 
with jaundice and 
typical fi ndings (level 1) 
[ 18 ]       

  Fig. 5.6    ICDC 
algorithm to diagnose 
AIP type 1 in patients 
with jaundice and 
atypical imaging (level 
2) [ 18 ]       
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maintenance therapy with low-dose steroids 
(5–10 mg prednisone daily) [ 47 ]. The OOI will 
also respond well to steroid therapy [ 49 ]. As an 
alternative, other immune suppressants can be 
used [ 81 ,  82 ]. Azathioprine would be the fi rst 
choice, even if this drug itself rarely could cause 
pancreatitis. 

 In AIP with cholangitis (IAC) [ 83 ] steroids 
may not suffi ce.    Relapse rates seem to  be   higher, 
especially after (unintentional) operation [ 84 ]. 
Jaundice as a presenting symptom is a determining 
factor for relapse after successful steroid medica-
tion [ 49 ], making the use of other immunosuppres-
sive drugs necessary, such as azathioprine or 

mycophenolate mofetil [ 81 ,  82 ]. The addition of 
ursodesoxycholic acid (UDA) is  recommended in 
analogy to other forms of cholangitis [ 45 ].  

    Natural Course and Prognosis 

 In contrast to pancreatic cancer,  AIP   is a benign 
diagnosis. However, the diagnosis must be safely 
established. There are no long-term studies on 
AIP at present. It is generally accepted that AIP 
has a good prognosis. There are case reports on 
pancreatic cancer in AIP. Most of the cancers 
occurred within a 1–2-year period of the diagno-
sis of AIP. In principle, it is feasible to assume 
that AIP could develop into PDAC, in analogy to 
colorectal cancer in UC; however, we are far 
from calling AIP a premalignant lesion [ 19 ]. 
Nevertheless, this differential diagnosis must be 
taken seriously in order to leave all patients with 
the option of surgical removal of a malignant 
tumor. PDAC as a differential diagnosis must be 
considered in IgG/IgG4-negative disease, i.e., 
type 2 AIP. If in doubt, surgery must be the choice 
of treatment, especially if EUS-guided biopsy is 
inconclusive [ 85 ].     

  Fig. 5.7    ICDC 
algorithm to diagnose 
AIP type 2 in patients 
with jaundice and 
both typical and 
atypical imaging 
(levels 1 and 2) [ 18 ]       

   Table 5.5    General treatment scheme for  steroid therapy 
in   AIP   

 Europe  Asian Pacifi c 

 General  IBD guidelines  IBD guidelines 

 Dose (mg/kg)  0.6–0.75  ≤0.5 

 Starting dose (mg)  50–60  35–40 

 Duration (weeks)  4  4 

 Reduction  10 mg/week  5 mg/week 

 Maintenance  Not generally 
recommended 

 2.5–5 mg/6–24 
months 

   Source : From [ 18 ]  
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      Pancreatitis-Related Pancreatic 
Masses: Chronic Pancreatitis       

     Chris     E.     Forsmark     

         The evaluation of a pancreatic mass is centered 
on promptly and accurately identifying the pres-
ence of malignancy. While the majority of pan-
creatic mass lesions are malignant, patients with 
chronic pancreatitis may also present with an 
apparent mass on cross-sectional imaging. These 
infl ammatory masses need to be differentiated 
from pancreatic ductal adenocarcinoma and 
other, rarer pancreatic malignancies. This situa-
tion most commonly presents in one of three 
clinical scenarios: (1) a patient with pancreatic 
ductal adenocarcinoma who has developed atro-
phy of the pancreas and a dilated pancreatic duct 
(i.e., “chronic pancreatitis”) upstream from the 
cancer, and who is misdiagnosed as having 
chronic pancreatitis; (2) a patient with chronic 
pancreatitis who develops a large infl ammatory 
mass which mimics the imaging features of ade-
nocarcinoma; or (3) a patient with established 
chronic pancreatitis who develops a secondary 
superimposed pancreatic malignancy. These 
three clinical scenarios are not easily distinguish-
able based on symptoms or clinical features—in 
each situation patients may present with abdomi-
nal pain, weight loss, steatorrhea, diabetes, and 
even jaundice. These three scenarios may also 

not be easily distinguishable by cross-sectional 
imaging (e.g., CT or MRI) (Fig.  6.1 ). In each sce-
nario, the clinical challenge is in differentiating 
the patient with malignant disease from the one 
with only chronic pancreatitis, and doing this 
effi ciently so that time is not wasted without ini-
tiating appropriate treatment.

   Patients with chronic pancreatitis are at 
increased risk of pancreatic adenocarcinoma, 
with an overall lifetime risk of approximately 
4 % [ 1 – 3 ] and an overall hazard ratio of around 
10 [ 1 ,  4 ]. This risk is especially magnifi ed in 
patients who also smoke [ 1 ], and in some genetic 
syndromes. As an example, in patients with a 
PRSS1 mutation (hereditary pancreatitis) with a 
paternal pattern of inheritance, and who also 
smoke, the lifetime risk may approach 70 % [ 1 ,  5 , 
 6 ]. The risk of pancreatic cancer presumably 
accumulates over time, although many cancers 
are diagnosed within a few years of the diagnosis 
of chronic pancreatitis. Some of these cancers, 
particularly those diagnosed within 1 year of the 
diagnosis of chronic pancreatitis, likely refl ect 
cancer being mistakenly diagnosed as chronic 
pancreatitis as in the fi rst scenario noted above. 
It can be diffi cult in natural history studies to dif-
ferentiate these prevalent cancers misdiagnosed 
as chronic pancreatitis from incident cancers 
occurring in patients with preexisting chronic 
pancreatitis. The increased risk of pancreatic can-
cer is greatest 2–4 years after the diagnosis of 
chronic pancreatitis but remains elevated even 
after 15 years of disease [ 4 ]. Smoking lowers the 
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mean age of presentation of pancreatic cancer in 
patients with chronic pancreatitis, compared to 
nonsmokers, by one to two decades [ 1 ,  7 ]. 
Smoking is also a strong independent risk factor 
for chronic pancreatitis [ 1 ,  8 ,  9 ], and more than 
half of adult patients with chronic pancreatitis are 
active smokers [ 1 ]. This shared risk factor par-
tially explains the strong association of chronic 
pancreatitis and pancreatic cancer. Thus it is not 
uncommon to fi nd pancreatic malignancy occur-
ring in patients with chronic pancreatitis, 
although this still accounts for only a small 
 fraction (<5 %) of all pancreatic cancers [ 1 ]. 
In population- based studies, the mortality from 
chronic pancreatitis is three- to fi vefold higher 
than age-matched controls, and cancer is a 
 frequent cause of death [ 1 ,  4 ]. In particular, pan-
creatic cancer has the highest excess risk in 
these patients and is the most frequent cause of 
cancer- related death in patients with chronic pan-
creatitis [ 4 ]. While this risk is substantial, death 
in these patients is also commonly caused by 
complications of coexistent cirrhosis, cardiovas-
cular disease, pulmonary disease, other cancers 
(particularly lung), and various postoperative 
complications [ 1 ,  4 ]. Routine surveillance for 
pancreatic cancer has not been recommended 
in most patients with chronic pancreatitis, with 
the exception of certain genetic syndromes. 

The challenges for effective surveillance in these 
patients are numerous; the diffi culty in visualiz-
ing a malignant pancreatic mass in the back-
ground of an already diseased pancreas, the cost 
of surveillance, the relative rarity of pancreatic 
cancer, and the lack of any evidence that surveil-
lance and early detection reduces cancer mortal-
ity are major ones. The challenge in differentiating 
a benign from a malignant mass lesion in patients 
with preexisting chronic pancreatitis is the 
 subject of this chapter. 

 Mass-forming chronic pancreatitis refers to 
the second scenario listed above. It implies a 
large infl ammatory mass in the pancreas, which 
is distinguishable on cross-sectional imaging 
from the surrounding pancreas. The infl amma-
tory mass may occur anywhere within the pan-
creas but is most common in the head of the 
gland. Some patients with chronic pancreatitis 
may have more than one mass-like lesion in the 
pancreas. The infl ammatory mass may be associ-
ated with bile duct obstruction or duodenal 
obstruction, main pancreatic duct obstruction, or 
compression of the portal vein or superior mesen-
teric vein, thus mimicking most of the imaging 
features of pancreatic malignancy. The preva-
lence of mass-forming chronic pancreatitis is not 
known. It has been estimated that 5–10 % of 
patients with chronic pancreatitis will develop 
biliary or duodenal obstruction, and these patients 
usually have relative enlargement of the head 
of the pancreas. A second group of patients 
with so- called groove pancreatitis (infl ammation 
and fl uid in the groove between the duodenum 
and the pancreatic head) may also develop biliary 
and duodenal obstruction and may also be mis-
taken for malignancy [ 10 ]. The majority of 
reports of mass-forming chronic pancreatitis 
come from a few tertiary European referral cen-
ters. In a series of patients referred to one surgical 
center in Germany performing duodenum-pre-
serving pancreatic head resections, more than 
30 % of patients had an infl ammatory mass in the 
head of the pancreas [ 11 ,  12 ]. There are other sur-
gical case series of patients who have undergone 
pancreatic resection for presumed malignancy, 
with the pathologic specimen demonstrating 
chronic pancreatitis rather than malignancy. 

  Fig. 6.1    A CT scan demonstrates a hypodense mass in 
the pancreatic head ( arrow ). This lesion is due to chronic 
pancreatitis and resolved on subsequent imaging tests       
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Many of these case series are old, prior to the 
availability of endoscopic ultrasonography 
(EUS) or of high- resolution computed tomogra-
phy (CT) and magnetic resonance imaging 
(MRI), and prior to the widespread recognition of 
autoimmune pancreatitis. These case series are 
also small. In one illustrative more recent report 
of 15 patients who underwent resection for pre-
sumed pancreatic malignancy but in whom no 
malignancy was found, half were found to have 
Type 1 autoimmune pancreatitis, and half mass-
forming chronic pancreatitis without features 
of Type 1 autoimmune pancreatitis [ 13 ]. These 
patients represented 9.4 % of all patients at that 
institution who underwent pancreatic resection 
for presumed cancer during that same timeframe. 
In older case series, approximately 11–34 % of 
patients undergoing pancreatic resection for pre-
sumed malignancy were found to have benign 
disease [ 14 – 18 ]. In these earlier reports, autoim-
mune pancreatitis is not mentioned, but in the 
more recent reports, around half (or more) of 
these patients had a histologic pattern consistent 
with Type 1 autoimmune pancreatitis. Whether 
the rest also represent Type 1 autoimmune pan-
creatitis with nondiagnostic pathology, or Type 2 
autoimmune pancreatitis, or other forms of 
chronic pancreatitis is not known. These limited 
data would suggest that around 1 in 10 patients 
with a mass large enough to lead to consideration 
of pancreatic resection for presumed malignancy 
suffers from chronic pancreatitis, and that at least 
half of these have autoimmune pancreatitis. The 
subject of masses due to autoimmune pancreatitis 
and their differentiation from malignancy is the 
subject of another chapter of this book. 

 The prevalence of mass-forming chronic pan-
creatitis may vary by geographic regions. The 
majority of the reports of this entity come from 
Europe. Some experts have suggested that this 
may refl ect more than just referral bias and may 
refl ect some differences between populations. 
Although unproven, it has been the experience of 
many pancreatologists that these patients with 
mass-forming chronic pancreatitis are more 
likely to have disease due to the combined effects 
of alcohol and smoking and are more likely to 
be male. Differences in the prevalence of this 

mass- forming variant of chronic pancreatitis may 
therefore refl ect differences in these risk factors 
(or in genetic background) across these different 
populations. 

 A number of diagnostic tools are available to 
assist clinicians in distinguishing mass-forming 
chronic pancreatitis from malignancy. This diag-
nostic distinction is often challenging as all of our 
diagnostic techniques suffer from false- negative 
and false-positive results. Even more important 
in this setting is the negative predictive value 
(NPV) of the diagnostic test. The NPV combines 
both sensitivity and disease prevalence. Masses 
due to cancer are much more common than mass-
forming pancreatitis. A high NPV means that a 
patient with a negative test is very unlikely to 
harbor malignancy. Unfortunately, we do not 
have a diagnostic test or strategy with a high 
NPV, which is an unavoidable consequence of 
the relative prevalence of these conditions. This 
leaves the clinician in a diffi cult dilemma, as it 
may not be possible to be absolutely sure (or even 
reasonably sure) that malignancy is not present. 

 The diagnostic tools include cross-sectional 
imaging [CT, positron emission tomography 
(PET), PET-CT, and MRI], pancreatography 
[endoscopic retrograde cholangiopancreatogra-
phy (ERCP) or magnetic resonance cholangio-
pancreatography (MRCP)], EUS with fi ne-needle 
aspiration (FNA), and various biomarkers in tis-
sue, serum, or pancreatic juice. One would 
assume that as these tests became more techni-
cally advanced and more widely available that 
the number of patients with mass-forming 
chronic pancreatitis undergoing pancreatic resec-
tion to rule out malignancy would decrease. This 
may not be the case. In one case series covering 
the years 1998–2011, there was no change in the 
percentage of patients with benign disease under-
going resection (averaging around 11 %) [ 19 ]. In 
this report, the use of EUS with FNA and ERCP 
with cytology increased substantially over time, 
but this was not associated with a decrease in 
pancreatic resection for presumed malignancy in 
patients who were ultimately found to have 
benign disease. A similar analysis [ 20 ] noted that 
the introduction of EUS with FNA improved the 
overall specifi city of the evaluation but did not 
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lead to a reduction in rates of surgery for pre-
sumed malignancy that ultimately turned out to 
be benign disease. Finally, another recent report 
noted that the routine use of EUS and FNA in the 
diagnostic evaluation did not reduce the number 
of patients undergoing resection for presumed 
malignancy who were found to have mass- 
forming pancreatitis [ 21 ]. The EUS fi ndings in 
the patients in this report included a visible mass 
in 70 %, enlarged lymph nodes in 27 %, and 
 features suggesting vascular invasion in 13 %. 
EUS- FNA was indeterminate or suspicious for 
malignancy in 63 % of these patients who were 
ultimately found to have benign disease. This 
may refl ect a major diagnostic weakness of EUS 
with FNA—the relatively frequent cytologic 
interpretation of an FNA specimen as “suspi-
cious” or “indeterminate.” 

 In reviewing these reports and others [ 13 – 19 ], 
we see that a number of themes are evident; these 
patients with mass-forming pancreatitis who ulti-
mately go to pancreatic resection are most often 
men, between the ages of 40 and 60, who present 
with abdominal pain or painless obstructive jaun-
dice, and often with weight loss. The most com-
mon location is a mass in the head of the pancreas. 
Of particular note, only about half have a history 
of preexisting pancreatitis, and cross-sectional 
imaging evidence of chronic pancreatitis is often 
not present in the rest of the pancreas. This is par-
ticularly true for those with underlying autoim-
mune pancreatitis, but less so for those with other 
etiologies of chronic pancreatitis (e.g., due to 
alcohol, smoking, or genetics). The majority of 
these patients have a history of alcohol or smok-
ing. On imaging, the mass may be solid or may 
have cystic components, and may demonstrate 
abnormal enhancement with intravenous con-
trast. Enlarged lymph nodes and vascular com-
pression occur in 10–20 %, and a dilated 
pancreatic duct in the upstream gland is not 
uncommon. Several clinical studies have 
attempted to develop predictive rules to identify 
these patients preoperatively, based on clinical 
features or radiographic imaging studies, with 
very little success. This is not surprising, as pan-
creatic cancer is much more common than mass- 
forming pancreatitis. Any predictive scheme 

(short of an FNA—which defi nitively demon-
strates clear-cut malignancy) will be plagued by a 
high number of false-negative results and inade-
quate negative predictive value. Even the cyto-
logic examination of an EUS-FNA often reaches 
a diagnosis of “suspicious” or “indeterminate,” as 
noted in the study mentioned previously [ 21 ], 
and this leaves the clinician with little option but 
to recommend resection. This lack of a suffi -
ciently high NPV explains why resective cancer 
surgery is still performed in patients who turn out 
to have benign disease. Indeed, recent surgical 
consensus statements focus on the need for accu-
rate identifi cation of autoimmune pancreatitis but 
conclude that biopsy proof is not needed prior to 
proceeding to a pancreaticoduodenectomy in 
patients with a mass lesion that is suspicious for 
malignancy [ 22 ]. 

 In most patients, the diagnostic approach starts 
with a CT scan. Pancreatic cancer is a hypovascu-
lar tumor with a robust surrounding fi brous 
stroma. This stroma is similar to that seen in 
chronic pancreatitis, which explains part of the 
diffi culty in differentiating these two conditions 
on imaging studies. The use of multidetector CT 
with a “pancreas protocol” is likely to reduce the 
chance of diagnostic error; however, it has not 
been specifi cally assessed in this situation or 
compared to older CT techniques. Pancreatic car-
cinoma typically is hypovascular, which is usu-
ally most evident 45 s after contrast injection 
(“pancreatic phase”) [ 23 ]. Most tumors are 
hypoattenuating, although smaller cancers are 
often iso-intense, making it diffi cult to identify 
them [ 23 ]. Findings which are suggestive of 
malignancy include (1) a focal low-density mass, 
(2) pancreatic duct dilation upstream from the 
mass, (3) atrophy of the pancreas upstream from 
the mass, (4) the lack of features of chronic pan-
creatitis (especially calcifi cation), (5) vascular 
compression or obstruction with the loss of the fat 
plane between blood vessels and the mass, and (6) 
metastatic disease (Fig.  6.1 ). Of these features, 
only the presence of obvious metastatic disease is 
specifi c for malignancy. The sensitivity of CT for 
the diagnosis of pancreatic cancer is around 80 % 
[ 23 ], yielding a substantial  false- negative rate. 
One would assume that the addition of FDG-PET 
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to CT, or PEt alone, would improve the ability to 
differentiate benign from malignant pancreatic 
masses. In several studies, this appeared to be the 
case. In one study from India in 87 patients with a 
pancreatic mass, it was noted that focal (rather 
than diffuse) uptake of FDG by the lesion (cutoff 
SUVmax of 2.8) resulted in a sensitivity of 87.5 % 
and a specifi city of 45 % to differentiate pancre-
atic cancer from mass-forming pancreatitis [ 24 ]. 
Other studies described even better accuracy [ 25 ]. 
In distinction to these fi ndings, a recent analysis 
of 47 patients from Japan noted an inability to dis-
tinguish cancer from mass-forming pancreatitis 
[ 26 ], due to substantial overlap in SUVmax val-
ues. Analysis of PEt alone, without CT, has shown 
poor accuracy [ 27 ]. A recent meta- analysis of 
these data noted a pooled NPV for PEt alone at 
76 %, and for combined PET/CT of 78 % [ 28 ], 
concluding that these techniques offer no benefi t 
over current primary diagnostic tools such as CT, 
MR, and EUS. These data do not provide con-
vincing evidence that PET-CT is suffi ciently 
accurate to distinguish cancer from mass- forming 
pancreatitis. 

 MRI and MRCP allow a more detailed imag-
ing of the pancreatic duct than CT; however, pan-
creatic calcifi cations are not visible on an 
MRI. The features of malignancy on MRI are 
typically an iso- or hypointense mass on T1 
weighting and iso- or hyperintense on T2 weight-
ing [ 23 ]. The other features are essentially the 

same as CT as noted above, with pancreatic duct 
dilation and atrophy upstream from the mass. 
The overall accuracy is around 80 %, with sensi-
tivities and specifi cities very similar to multide-
tector CT (MDCT) [ 23 ,  29 ]. Both CT and MRI 
have greatly diminished accuracy for lesions 
under 2 cm [ 29 ]. The accuracy of MRI in differ-
entiating pancreatic cancer from mass-forming 
pancreatitis may be able to be improved by a 
number of techniques, including intravenous 
contrast [ 30 ], quantitative analysis of time–inten-
sity curves during contrast injection [ 31 ,  32 ], or 
by the related technique of diffusion-weighted 
imaging and use of diffusion coeffi cients [ 33 –
 36 ]. At least some of these studies noted that it 
was possible to identify pancreatic cancer that 
had developed in some patients with preexisting 
chronic pancreatitis. Diffusion-weighted imaging 
and other MRI techniques have not yet gained 
widespread application in this group of patients. 
At the current time, MR imaging and MDCT 
imaging are equivalent in their ability to differen-
tiate mass-forming pancreatitis from pancreatic 
cancer, with an NPV of approximately 70–80 %. 

 EUS has added signifi cantly to the ability to dif-
ferentiate mass-forming pancreatitis from pancre-
atic malignancies. Imaging characteristics alone 
are often insuffi cient to differentiate benign from 
malignant lesions (Fig.  6.2 ). The overall accuracy 
for EUS imaging characteristics alone to make 
this distinction is at best around 75 % [ 37 ,  38 ]. 

  Fig. 6.2    An EUS image 
of a hypoechoic pancreatic 
head mass in a patient with 
mass-forming pancreatitis. 
FNA samples were 
negative, and the lesion 
resolved on subsequent 
imaging       
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The advantage of EUS is the ability to sample 
lesions and use cytological examination to iden-
tify malignancy. A systematic review and a meta-
analysis [ 39 ,  40 ] of the accuracy of EUS with 
FNA have reported a pooled sensitivity of 
approximately 85 % and specifi city of approxi-
mately 98 %, but with signifi cant variability 
across studies. In some studies, the sensitivity 
was as low as 54 %, and specifi city as low as 
71 %. A systematic review of 53 studies noted 
that the negative predictive value of EUS-FNA in 
the diagnosis of pancreatic carcinoma is only 
around 60–70 % [ 39 ]. In particular, the overall 
accuracy of EUS and FNA is substantially 
reduced in patients with chronic pancreatitis [ 37 , 
 41 – 45 ]. This has been documented in several 
studies. In one study [ 41 ] the sensitivity of EUS 
with FNA was 89 % in those without chronic 
pancreatitis, and 54 % in those with chronic pan-
creatitis. The ability to diagnose mass-forming 
pancreatitis requires a very high NPV, and as 
pancreatic cancer is more common than mass- 
forming pancreatitis, the NPV will remain stub-
bornly low. A number of variations of EUS and 
FNA have been studied as methods to improve 
the overall accuracy of this technique. EUS elas-
tography is a technique to measure tissue elastic-
ity or hardness and can be used to differentiate 
mass-forming pancreatitis from pancreatic ade-
nocarcinoma. Cancers are generally “harder” 
than normal tissue, and potentially more than 
benign masses. It is worth pointing out that 
patients with mass-forming chronic pancreatitis 
often have substantial associated pancreatic 
fi brosis, and this may mimic the “hardness” of 
the tumor-associated fi brotic stroma. EUS elas-
tography can be performed with a qualitative 
endpoint (based on color patterns) or quantita-
tively (based on numerical analysis). The initial 
studies of EUS elastography, utilizing a qualita-
tive endpoint, suggested a very high sensitivity 
and specifi city with NPVs of 90 % [ 37 ,  46 – 48 ]; 
however, not all studies demonstrated similar 
impressive results [ 49 ]. Several recent meta- 
analyses have also assessed the overall accuracy 
of EUS elastography [ 50 – 52 ]. The pooled sensi-
tivity from these studies is approximately 95 % 

and specifi city 67 %. There is heterogeneity 
among the primary studies analyzed in these 
meta-analyses, related to different qualitative 
standards used for diagnosis. It is also notewor-
thy that there are multiple potential opportunities 
for artifact in the performance of elastography, 
related to tissue compression, motion artifact, 
and adjacent organs with very high or very low 
elastographic characteristics. Quantitative EUS 
elastography utilizes analysis of a strain ratio, 
which requires the examiner to select areas of 
interest for comparison and analysis. This allows 
the introduction of potential bias even with the 
more quantitative analysis. Nonetheless, the 
accuracy of quantitative EUS elastography 
appears to be slightly better than a qualitative 
analysis in limited studies. Another technique to 
improve EUS images includes the use of contrast 
agents. This technique, contrast harmonic echo 
(CHE-EUS), may improve the visualization of 
small lesions, but the NPV to identify mass- 
forming pancreatitis does not appear much better 
than traditional EUS [ 53 ,  54 ]. A fi nal way to 
improve the ability of EUS to identify mass- 
forming pancreatitis is by improving the tissue 
sampling. One method is to use larger needles for 
FNA, or to utilize core biopsy needles to obtain 
histopathology [ 55 – 57 ]. Unfortunately, these 
core biopsy needles are diffi cult to utilize in the 
head of the pancreas and whether this technique 
will allow more accurate diagnosis of mass- 
forming pancreatitis is not known.

   Another method is to analyze the FNA speci-
men in a more detailed method, searching for 
biomarkers (DNA, specifi c mutations, miRNA, 
proteins, etc.) that identify a lesion as malignant, 
and the absence of these biomarkers could iden-
tify the lesion as benign [ 58 ]. This approach has 
been most well studied in relation to EUS-FNA 
in cystic neoplasms [ 59 ], but a wealth of data 
exists on pancreatic cancer [ 60 ]. Measurement of 
these genetic, protein, or metabolic markers 
could provide improved diagnostic accuracy, 
although perhaps their most signifi cant use will 
be in personalizing cancer treatment based on 
individual cancer cell susceptibility to specifi c 
therapies. Biomarkers can be measured in many 
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tissues and fl uids, including aspirated tissue, pan-
creatic juice, and serum. CA 19-9 is obviously a 
well-studied and widely used biomarker, but is 
not suffi ciently accurate to differentiate mass- 
forming pancreatitis from pancreatic cancer. 
Nonetheless, it is often used as part of a screening 
procedure in individuals at high risk of pancreatic 
cancer. Differentiating mass-forming pancreatitis 
from pancreatic cancer utilizing CA 19-9 has not 
been well studied, but many of these patients may 
have coexistent biliary obstruction, which 
increases CA 19-9 even in those with benign dis-
ease. There are numerous reports of elevations in 
CA 19-9 to a level of >1000 ng/mL in benign dis-
ease, making it an inaccurate biomarker for the 
purpose of identifying patients with mass- 
forming pancreatitis. Activation of K-ras is very 
common in pancreatic cancer, and analysis of the 
presence of K-ras mutations in FNA specimens 
has been assessed [ 61 ] in a meta-analysis. K-ras 
analysis appears to be particularly helpful when 
the EUS-FNA fi ndings are inconclusive, reduc-
ing the false-negative rate from 56 to 11 %. It 
should be pointed out that K-ras mutations may 
also be found in benign lesions. In the meta- 
analysis, the pooled specifi city of K-ras was 
93 %, so that on average 7 % of patients with 
benign disease have a positive K-ras analysis. In 
most recent series of patients going to surgery, 
around 10 % are ultimately found to have benign 
disease, which approximates the false-negative 
rate of EUS-FNA with or without K-ras measure-
ment. These data point out the current limitations 
on diagnostic accuracy. Additional mutations can 
be assessed in FNA specimens as well, and one 
commercially available panel includes muta-
tional profi ling on K-ras and 16 microsatellite 
markers (known commercially as PathFinderTG, 
RedPath Integrated Pathology, Inc., Pittsburgh, 
PA). This approach has been used primarily for 
cystic lesions rather than solid mass lesions, but 
this type of analysis can be performed on solid 
tissue and even when the specimen is paucicel-
lular, by assessing the supernatant [ 62 ]. Next- 
generation sequencing is also possible with 
EUS-FNA specimens [ 63 ], which will reduce 
cost and speed results. There are now many 

known potential biomarkers for pancreatic can-
cer, including circulating tumor cells, microR-
NAs, protein or serological signatures, and many 
others that are being assessed as methods of 
 earlier detection of pancreatic cancer [ 64 ,  65 ]. 
Much of the work in this area has focused on both 
early detection as well as screening of high-risk 
individuals. Pancreatic cysts have been the sub-
ject of the most studies with these biomarkers, in 
an attempt to differentiate mucinous cysts from 
nonmucinous cysts and to differentiate malignant 
from nonmalignant or premalignant cysts. 
Analysis of DNA, miRNA, and proteomic and 
metabolomic profi ling have had limited success 
to this point in improving diagnostic accuracy in 
that setting, but work has been very limited in 
solid mass lesions. Much is known about the 
molecular mechanisms of pancreatic cancer, and 
it is likely the clinical value of biomarkers will 
improve in the future. 

 EUS-FNA, EUS elastography, contrast- 
enhanced EUS, and biomarkers are discussed in 
detail in separate chapters elsewhere in this book. 

 To reiterate, it remains diffi cult to distinguish 
mass-forming pancreatitis from pancreatic can-
cer. As mentioned, a recent international surgical 
consensus conference reached the conclusion 
that biopsy proof is not required prior to resection 
in patients with a solid mass suspicious for malig-
nancy [ 22 ]. This approach has traditionally led to 
10 % of resections being performed for benign 
disease. Imaging studies, in the absence of obvi-
ous metastases, are often inconclusive in making 
the distinction between malignancy and mass- 
forming pancreatitis. EUS-FNA has the potential 
to allow more accurate diagnosis, but recent anal-
yses continue to document that approximately 
10 % of patients going to pancreatic resection for 
presumed pancreatic cancer have benign disease, 
so EUS-FNA has not moved the needle much. 
The role of better EUS, utilizing elastography 
and molecular analysis of FNA specimens, has 
the potential to improve diagnostic accuracy, but 
the best methods and best markers remain to be 
identifi ed. In the future, the best approach is 
likely to include EUS with FNA and a robust 
panel of biomarkers.    
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            Introduction 

 For the radiological investigation of the various 
pancreatic masses, there is a wide variety of 
available imaging modalities, such as computed 
tomography (CT), magnetic resonance imaging 
(MRI), ultrasonography (US), and nuclear medi-
cine. In this chapter, a short overview of the avail-
able techniques with an emphasis on recent 
advances will be presented, followed by a practi-
cal diagnostic imaging algorithm. Finally, the 
imaging features of the most common solid and 
cystic pancreatic lesions will be illustrated.  

    Imaging Techniques 

 In order to obtain optimal results, it is necessary 
to apply dedicated imaging protocols depending 
on the relevant clinical scenario, where careful 

attention should be paid to technical parameters 
related to the scanner, the patient, and the intrave-
nous contrast material potentially to be used. 

    Computed Tomography 

  CT      is the “workhorse” in the imaging of pancre-
atic masses. In modern scanners, multiple, paral-
lel positioned detector rows (MDCT) combined 
with a fast rotating X-ray tube enable imaging of 
the thorax and abdomen within a single breath-
hold. Thus, breathing- related motion artifacts can 
be minimized and an optimal use of iodine-based 
contrast material achieved, according to well-
defi ned imaging protocols. 

 For the investigation of pancreatic masses, the 
upper abdomen (defi ned as the abdominal area 
between the diaphragm and the iliac crest) is 
scanned before (unenhanced) and after the intra-
venous injection of iodine-based contrast material 
in the late arterial (parenchymal or portal venous 
infl ow) phase and the whole abdomen in the 
venous (or portal venous) phase (dynamic con-
trast-enhanced CT, DCE-CT) [ 1 ]. In order to 
account for intraindividual variations of heart rate 
between patients, the use of individualized delay 
between contrast agent injection and image acqui-
sition is encouraged [ 2 ]. The image acquisition is 
performed in the axial plane and the resulting 
images (the so-called raw data) have a slice thick-
ness in the range of millimeters or even submilli-
meters. These are then reconstructed in thicker 
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slices, preferably ≤3 mm, two- dimensional (2D) 
images in the axial, coronal, and sagittal planes 
(multi-planar reformats, MPRs) [ 1 ]. Occasionally, 
curved planar reformats (CPR) along the ductal 
system and/or major vasculature may also be of 
value [ 3 ]. If needed, e.g., for the depiction of the 
vascular anatomy, 2D maximum intensity projec-
tion (MIP) and three-dimensional (3D) volume-
rendering technique (VRT) images can easily be 
reconstructed from the same data and provide 
additional information about vessel engagement 
[ 4 – 7 ]. Recent advances in the commercially avail-
able hard- and software have made possible the 
more precise quantifi cation of abdominal organ 
and tissue perfusion characteristics by applying 
CT perfusion technique. Parameters like blood 
fl ow, blood volume, mean transit time, and the 
permeability–surface area product can be calcu-
lated, providing potentially valuable information 
about the hemodynamic characteristics of organs, 
tissues, and tumors [ 8 ]      .  

    Magnetic Resonance Imaging 

  MRI      is particularly useful in the investigation of 
pancreatic masses. Due to its superior soft tissue 
contrast resolution [i.e., the ability to distinguish 
different structures from each other based on their 
signal intensity (SI) differences on the various 
imaging sequences] compared to CT and to the fact 
that it does not expose the examined area to poten-
tially harmful ionizing radiation, it has become a 
modality of great interest. Drawbacks related to its 
use are the limited availability and the timely image 
acquisition, compared to CT, as well as the consid-
erable variation in image quality between various 
MRI scanners. The magnetic fi eld strength in mod-
ern equipment is either 1.5 or 3 T and dynamic con-
trast imaging is feasible within reasonable 
timeframes (i.e., a single breath-hold). 

 Similarly to the DCE-CT, MR image 
sequences are obtained before and after the intra-
venous administration of gadolinium-based che-
lates in late arterial, portal venous, and, 
additionally, equilibrium phases (dynamic 
contrast- enhanced MRI, DCE-MRI) [ 9 ]. The 
sequences used for the dynamic contrast imaging 

are fat-saturated 3D T1-weighted and can be pri-
marily obtained in any plane, preferably the axial, 
with a slice thickness of 2–3 mm. The possibility 
to obtain MPRs from the originally acquired 
axial images exists, but the results may be of 
lower quality compared with CT examinations 
due to the lower spatial resolution, at least on 1.5 
T scanners. Apart from these, the protocol should 
include magnetic resonance cholangiopancrea-
tography (MRCP) and T2-weighted sequences, 
in order to depict the relation of the lesion(s) to 
the main pancreatic (MPD) and common bile 
(CBD) ducts and to demonstrate the internal 
architecture of the lesions without needing to use 
intravenous contrast material.  Diffusion- 
weighted imaging (DWI)   is a relatively new 
sequence implemented in abdominal applica-
tions. It is based on the random translational 
movement of free water molecules (or Brownian 
motion), which is restricted in cases where the 
extracellular space is diminished (such as when 
there is tumor-related hypercellularity and/or 
increased fi brosis) [ 10 ]. By calculating the appar-
ent diffusion coeffi cient (ADC), it is possible to 
obtain objective measurements of the diffusivity 
in a given tissue or organ. For this calculation, 
various models are available. Among them are 
the automated monoexponential model, which is 
easier and faster, and the biexponential (intra-
voxel incoherent motion, IVIM) model, which is 
more complex and accurate and allows for, 
besides ADC calculations, the extraction of the 
following parameters: the slow component of dif-
fusion ( D  slow ), incoherent microcirculation, or 
otherwise pseudodiffusion, ( D  fast ), and perfusion 
fraction ( f ) [ 11 ]. Similarly to CT, the MRI perfu-
sion technique has recently been made available 
in advanced scanners and the acquisition of quan-
titative information about perfusion 
 characteristics is now possible [ 12 ]. Parameters 
that can be extracted from MRI perfusion data 
are the following: the volume transfer coeffi cient 
( K  trans ), the volume of extracellular extravascular 
space (EES), the per-unit volume of tissue ( v  e ), 
and the fl ux rate constant between EES and 
plasma ( k  ep ) [ 13 ]. However, MRI perfusion is a 
technically more demanding method compared 
to  its      CT counterpart [ 14 ].  
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    Ultrasonography 

  US      can also be used in the investigation of pan-
creatic tumors. There are various approaches to 
perform pancreatic US, such as transabdominally 
(i.e., examination through the abdominal wall), 
endoscopically (by inserting the transducer via 
an endoscope, EUS), and intraoperatively (by 
direct contact with the organ surface during oper-
ation, IOUS). This modality is advantageous in 
that it does not expose the area under investiga-
tion to ionizing radiation and allows a dynamic 
examination of the organ of interest by injecting 
microbubble-containing contrast agents [ 15 ,  16 ]. 
Finally, US is useful in providing biopsy guid-
ance (for both fi ne-needle aspiration and core 
biopsy). The use of low- frequency transducers is 
suggested for examining deeper areas, where 
higher penetration is required, and of high-fre-
quency transducers for more superfi cial areas. 
Drawbacks include the high operator depen-
dency, the fact that secondary readings and opti-
mal communication of fi ndings to clinicians are 
somehow diffi cult to perform, the insuffi cient 
visualization in cases of obese patients or due to 
obscuring overlying intestinal gas (in case of the 
transabdominal approach), and, fi nally, the lim-
ited availability (in the case of EUS)      .  

    Nuclear Medicine 

  Nuclear medicine imaging   may be useful in the 
workup of pancreatic masses, particularly for the 
investigation of pancreatic neuroendocrine 
tumors (PNETs). In general, the technique is 
based on the use of radioactive tracers and can be, 
grossly, divided into two subcategories: (1) scin-
tigraphy and (2) positron emission tomography 
(PET). The combination of these with a cross-
sectional modality (i.e., CT and lately even MRI) 
results in the so-called hybrid imaging. 

    Scintigraphy 
 In  scintigraphy  , a gamma (γ) camera detects γ 
rays emitted from the radionuclides used. The 
resulting images are either 2D whole-body (pla-
nar imaging) or 3D SPECT (single photon 

 emission computed tomography) axial images of 
the abdominal area. In planar imaging, the acqui-
sition is at 4 and 24 h after injection of the radio-
isotope while in SPECT at 24 h. 

 For the workup of PNETs, the vast majority of 
radiotracers used are somatostatin analogs (SSA) 
based on the expression of somatostatin receptors 
(SSR) in the majority of PNETs [ 17 ]. Octreotide 
is the most commonly used analog for somatosta-
tin receptor scintigraphy (SRS) and is commer-
cially widely available as  111 In-pentetreotide 
( 111 In-DTPA-octreotide, Octreoscan™). Apart 
from the SSA, other analogs for imaging a sub-
class of PNETs based on their expression of the 
glucagon-like peptide 1 (GLP-1) receptor (i.e., 
benign insulinomas) have been developed. Their 
use is limited for research purposes and they are 
not yet clinically  available        .  

    Positron Emission Tomography 
 In  PET  , the radionuclides used emit positrons. 
When an emitted positron encounters an electron, 
they annihilate and emit two photons in opposite 
directions and are, consequently, detected by the 
PET camera at the same moment. Compared to 
scintigraphy, image acquisition can be completed 
within much shorter time intervals, resulting in 
images of higher spatial resolution and tissue 
contrast. Drawbacks include the short half-life of 
the radionuclides and the relatively complicated 
process of the labeling procedure. Two major 
types of radiotracers are used: those refl ecting 
tumor activity and those related to receptor 
expression [ 18 ]. 

 The fi rst category comprises amine precursors 
such as  11 C-5-hydroxytryptophan ( 11 C-5-HTP), 
 18 F-DOPA, and  11 C-L-DOPA as well as the glucose 
analog  18 F-fl uorodeoxyglucose (FDG). 18F-FDG is 
by far the most widely available and well-studied 
radiotracer in PET imaging, while amine precur-
sors are less widely available but can be valuable 
in cases where the suspected tumors are expected 
to have low SSR expression (in cases of PNET). 
For the production of all these radiotracers, a 
cyclotron is required. 

 The second category includes all available 
SSAs labeled with a positron emitter, mainly 
 68 Ga, and is therefore suited only for the imaging 
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evaluation of PNETs. In practice, the most often 
used preparations are  68 Ga-DOTATOC, 
 68 Ga-DOTANOC, and  68 Ga-DOTATATE (collec-
tively termed  68 Ga-DOTA-SSA). These three 
exhibit some differences in the affi nity to the 
SSR-subtypes 2, 3, and 5, which, however, are 
not signifi cant for clinical practice. The produc-
tion of  68 Ga does not need a cyclotron but can 
easily be generated in standard equipment avail-
able at nuclear medicine departments. Image 
acquisition can be done within an hour from 
injection of the radiotracer. Compared to the 
SSAs used in scintigraphy,  68 Ga-SSAs for PET 
imaging still have less  availability        .  

    Hybrid Imaging 
 In  modern     scanners, nuclear medicine modalities 
such as PET and SPECT are combined with a 
cross-sectional counterpart such as CT or, lately, 
even MRI [ 18 ,  19 ]. In that way, anatomical and 
functional images can be viewed simultaneously 
and fi ndings in one modality can be directly cor-
related to the other. Furthermore, “fusion” 
images, where one image set is overlaid to the 
other, are available for easier evaluation. The 
cross-sectional examination can be performed 
according to dedicated contrast-enhanced proto-
cols, as mentioned earlier in the corresponding 
section, for not compromising the diagnostic 
quality. Furthermore, data from CT are available 
for attenuation correction of the PET images, 
making the procedure more time-effi cient com-
pared to  PET  .    

    Diagnostic Imaging Algorithm 

 In case there is suspicion of a pancreatic  cancer   
or the presence of a dilated MPD or/and CBD (in 
the latter case, the so called “double-duct” sign), 
a dedicated pancreatic protocol CT or MRI is 
indicated, as these are considered equivalent in 
determining engagement of vessel and lymph 
nodes, according to the recommendations by 
NCCN [ 1 ]. On the one hand, if a mass is then 
detected on CT (at most institutions, CT is the 
fi rst-line modality) and there are no signs of met-

astatic disease, CT of the thorax and liver func-
tion tests should be performed and the patient 
discussed at a multidisciplinary tumor board as a 
potential surgical candidate. EUS should also be 
considered. On the other hand, if a mass is not 
detected, then besides CT of the thorax and liver 
function tests, EUS or ERCP or MRI/MRCP are 
indicated [ 1 ]. If the initial CT examination of the 
patient is high-quality, no further examination is 
considered necessary. For the detection of small 
liver and peritoneal metastases, it has been shown 
that MRI is superior to CT [ 20 ,  21 ]; thus, it may 
be considered a complement to CT in patients 
with a high risk for liver metastases when the ini-
tial examination failed to demonstrate them. The 
role of PET/CT is yet not clear; it was not shown 
benefi cial for detecting early cancer but may 
prove useful for identifying extrapancreatic dis-
tant disease in “high-risk” patients [ 1 ]. 

 In case there is suspicion of PNETs, the 
European Neuroendocrine Tumor Society’s 
(ENETS) suggested workup algorithm includes 
pancreatic protocol CT or MRI and an additional 
SRS (or  68 Ga-DOTA-SSA PET/CT, when avail-
able) for the selection of patients eligible for 
treatment with radiolabeled SSA (peptide recep-
tor radionuclide therapy; PRRT) [ 17 ]. When 
major surgery is an option and CT/MRI or SRS 
does not confi rm the presence of tumor, then the 
next steps are  68 Ga-DOTA-SSA PET/CT and/or 
 18 F-DOPA and  11 C-5-HTP (if available);  18 F-FDG 
PET/CT may also be considered. In all PNET 
cases where the proliferation index Ki-67 is 
greater than 10 %,  18 F-FDG PET/CT should be 
considered. 

 When a cystic lesion is detected and further 
characterization is required, dedicated pancreatic 
protocol CT and MRI are considered particularly 
valuable [ 22 ]. For incidentally detected cystic 
lesions, MRI is the method of choice proposed by 
the Incidental Findings Committee of the 
American College of Radiology due to its supe-
rior contrast resolution [ 23 ].  18 F-FDG PET/CT is 
potentially advantageous for detecting distant 
disease in cases of invasive carcinoma, but its 
role for the characterization of cystic masses is 
unclear, as data are not suffi cient [ 22 ]. For their 
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cross-sectional imaging follow-up, the currently 
most widely established management guidelines 
favor the use of contrast-enhanced MRI [ 24 ,  25 ]. 
However, some preliminary reports have shown 
that—for the purpose of follow-up—unenhanced 
MRI may be adequate [ 26 ,  27 ]   .  

    Imaging Features 

 The imaging features of the most common solid 
and cystic masses of the pancreas as well as their 
differential diagnosis will be presented in the fol-
lowing section. Further details of each of these 
lesions are discussed separately in other chapters 
in this book. 

    Solid Masses 

 Pancreatic ductal adenocarcinoma (PDAC) and 
neuroendocrine tumors (PNETs) comprise 
together about 90–95 % of all malignant pancre-
atic neoplasms [ 28 ,  29 ]. 

   Adenocarcinoma      :  PDAC  , being a predominantly 
hypovascular fi brotic tumor, is usually depicted 
as a mass of lower density (on CT) or lower SI 
(on MRI) compared to the adjacent, avidly 
enhancing parenchyma during the late arterial 
phase of the dynamic contrast imaging (Figs.  7.1 , 
 7.2a–d  and  7.3 ) [ 30 ,  31 ]. Additional imaging fea-
tures on MRI include hypointensity on unen-
hanced T1-weighted and variable appearance on 

  Fig. 7.1    Dedicated pancreatic protocol  CT   examination 
of a patient with a pancreatic ductal adenocarcinoma. In 
the dynamic contrast-enhanced (DCE) axial images 
[unenhanced ( a ), late arterial ( b ), and portal venous ( c ) 
phases], there are an ill-defi ned, hypovascular mass at the 
pancreatic body ( arrow ) with upstream parenchymal atro-
phy ( arrowhead ) and a hypovascular solid lesion in the 

left hepatic lobe ( asterisk ), compatible with a metastasis. 
In the sagittal MIP image ( d ) and coronal projection ( e ) 
(both at the late arterial phase), there are tumor encase-
ment and stricturing of all branches of the celiac trunk 
( open arrows ). In the axial MIP image of the portal venous 
phase ( f ), the stenosis of portomesenteric confl uence 
( open arrowhead ) is readily identifi ed       
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T2-weighted sequences. On visual assessment of 
DWI, the lesion usually exhibits high SI on 
images with high  b -values and low SI on ADC 
maps representing restricted diffusion (Fig.  7.2 ). 
The margins of the lesion are often not well 
defi ned and, in many cases, there are secondary 
signs indicating the presence of a tumor, such as 
main pancreatic or/and common bile duct dila-
tion and/or abrupt cutoff, upstream obstructive 
pancreatitis with parenchymal atrophy or focally 
abnormal parenchymal contour. In about 5 % of 
cases, the tumor may not be distinguished from 
the adjacent parenchyma on CT, even when dedi-
cated protocols are applied (Fig.  7.4 ) [ 32 ,  33 ]. In 
such cases, the presence of secondary tumor 
signs combined with a further evaluation with 

other methods (EUS/MRI/PET-CT) may prove 
helpful. For the evaluation of engagement of ves-
sels and lymph nodes, dedicated pancreatic CT 
and MRI are considered equivalent [ 1 ]. However, 
size as a criterion of lymph node engagement has 
been shown not to be specifi c [ 34 ].

      In the differential diagnosis,  PDAC   has to be 
distinguished from other solid hypovascular 
lesions (Table  7.1 ) [ 35 ]. A major diagnostic chal-
lenge is to correctly differentiate adenocarcinoma 
from an infl ammatory pseudotumor, such as in 
cases of mass-forming chronic pancreatitis (CP), 
focal autoimmune pancreatitis (AIP), and groove 
pancreatitis (Fig.  7.5 ). In cases of mass-forming 
CP, MRCP is of great value when it depicts the 
pancreatic duct passing through the suspicious 

  Fig. 7.2    Dedicated pancreatic  protocol   MRI examination 
of a patient with a pancreatic ductal adenocarcinoma. In 
the unenhanced image ( a ), the mass located at the proxi-
mal tail (arrows) has a lower signal intensity (SI) com-
pared to the downstream normal parenchyma. The mass is 
hypovascular compared to the avidly enhancing paren-
chyma in the late arterial phase ( b ) of the DCE series and 

shows progressive enhancement in the portal venous ( c ) 
and equilibrium ( d ) phases, where even a central necrotic 
area ( open arrow ) is observed. Compared to the normal 
parenchyma, the mass has a slightly higher SI on the 
T2-weighted image ( e ) and a much higher SI on DWI with 
a high  b -value ( f ), indicating restricted diffusion       
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area, the so-called duct-penetrating sign, favoring 
nonmalignancy [ 36 ]. In cases of AIP, there might 
be a long compression of the MPD without a 
prominent upstream dilatation, a sausage-like 
appearance of the gland, and an enhancing soft- 
tissue halo in the peripancreatic fat as well as 
signs of extrapancreatic manifestation of autoim-
mune disease, such as in the bile duct, gallblad-
der, retroperitoneum, and more [ 37 ]. After 
appropriate cortisone therapy, there should be a 
partial or complete response of the radiological 
fi ndings. Recently developed techniques such as 
CT perfusion, MRI perfusion, and DWI have 
shown promising results [ 38 – 41 ]. Particularly for 
DWI, the IVIM-derived parameter perfusion 
fraction ( f ) was shown to be signifi cantly lower in 

cases of PDAC compared to CP and thus helpful 
for their differentiation [ 42 ,  43 ]. Furthermore, 
 18 F-FDG PET/CT has been reported to be able to 
differentiate mass-forming pancreatitis from ade-
nocarcinoma by showing standardized uptake 
value (SUV) between 3 and 4 for chronic pancre-
atitis and >4 for PADC [ 44 ] and AIP from PDAC 
by demonstrating different patterns of radiotracer 
uptake (more commonly diffuse uptake in the 
pancreatic parenchyma and salivary glands 
observed in cases of AIP, while in cases of PDAC, 
there is focal accumulation in the tumor but not in 
the rest of the parenchyma) [ 45 ,  46 ].

      Neuroendocrine tumors      : Contrary to adenocarci-
nomas,  PNETs   are often highly vascularized 

  Fig. 7.3    Axial ( a – c ) and coronal ( d – f )    CT images of a 
patient presenting with mild pain in the upper abdomen, 
fatigue, and itching. The nondedicated contrast-enhanced 
CT protocol ( a ,  d ) performed at the emergency setting 
shows dilation of the common bile duct ( asterisk ) with 
abrupt cutoff at the level of the pancreatic head ( open 
arrow ) but fails to demonstrate any mass. Two days later, 

the patient undergoes a dedicated pancreatic protocol CT 
and the hypovascular mass ( arrow ) is readily identifi ed at 
the pancreatic head/uncinate process in the late arterial ( b , 
 e ) but not in the portal venous phase ( c ,  f ) of the DCE imag-
ing. The lesion was a ductal adenocarcinoma, verifi ed his-
topathologically after surgery (pancreatico-duodenectomy)       
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tumors, which lead to the classical appearance of a 
hyperdense (on CT) or hyperintense (on MRI) 
mass during the late arterial phase of the dynamic 
contrast imaging (Fig.  7.6a–c ) [ 47 ]. Nevertheless, 
there are exceptions with some PNETs—more 

often nonfunctioning—not showing hypervascu-
larity but a rather heterogeneous contrast enhance-
ment (Fig.  7.7 ) [ 47 ]. Calcifi cations are present in 
every sixth to eighth patient and are readily identi-
fi ed on unenhanced CT (Fig.  7.6a ) [ 48 ,  49 ]. 
Additional typical imaging features on MRI 
include low SI on T1-weighted and high SI on 
T2-weighted sequences and restricted diffusion on 
DWI (Fig.  7.7a,e,f ). Unlike adenocarcinomas, 
PNETs are usually well circumscribed and dilation 
of the MPD and/or CBD is less commonly present 
[ 50 ]; duct dilation, however, may be present, more 
often in cases of small serotonin- producing tumors 
[ 51 ]. Recently, it was reported that for the detection 
of highly differentiated PNETs, the visual assess-
ment of DWI had the same detection rate as the 

  Fig. 7.4    Axial ( a ,  b ) and coronal ( c ,  d ) images of a dedi-
cated pancreatic protocol CT of a patient presenting with 
fever, leukocytosis, elevated CRP, and liver function tests 
one month after endoscopic removal of CBD stent. The 
nondedicated CT protocol (not shown) performed two 
days earlier was not conclusive. No tumor can be visual-
ized in the late arterial ( a ,  c ) or portal venous ( b ,  d ) phase 

of the DCE imaging despite the application of the dedi-
cated protocol. However, secondary signs such as dilated 
main pancreatic duct in the upper part of the pancreatic 
head with abrupt cutoff in the upper part of the pancreatic 
head ( arrow ) may indicate the presence of a tumor. At 
histopathology after surgery, the presence of a small duc-
tal adenocarcinoma was verifi ed       

   Table 7.1    Differential diagnosis of pancreatic ductal 
 adenocarcinoma   (PDAC)   

 Infl ammatory pseudotumors 

 Mass-forming chronic pancreatitis 

 Focal autoimmune pancreatitis 

 Groove pancreatitis 

 Nonhypervascular neuroendocrine tumors 

 Hypovascular metastases (e.g., lung cancer) 

 Lymphoma 

   Source:  From [ 35 ]  
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contrast-enhanced MRI, in a lesion- and patient-
based analysis [ 52 ]. This may prove to be of great 
value in cases where the intravenous injection of 
MRI contrast agents is contraindicated (e.g., in 
patients with low GFR or previous allergic reac-
tions to gadolinium chelates).

    At Octreoscan and  68 Ga-DOTA-SSA PET/
PET-CT, PNETs exhibit, in general, high radio-
tracer uptake (Fig.  7.6d, e ).  68 Ga-DOTA-SSA 
imaging performs better than Octreoscan [ 17 ]; 
however, both have lower detections rates for 
insulinomas compared to other PNETs [ 53 ]. 
Interestingly, for benign insulinomas, scintigra-
phy with GLP-1 analogs has shown promising 
initial results [ 54 ]. 

 For the staging of PNETs, both the CT 
perfusion- extracted parameter blood fl ow and the 
monoexponential-based ADC calculations were 
shown to be signifi cantly higher for G1 compared 
to G2 and G3 tumors [ 55 – 57 ]. In the latter report, 
G1 tumors were also signifi cantly more often 
hypervascular, showing contrast enhancement 
after the intravenous injection of gadoxetic acid, 
compared to G2 and G3 tumors. Furthermore, the 
MRI perfusion-extracted parameter  K  trans  was 
reported to be signifi cantly higher in G1 and G2 
and could, thus, differentiate them from G3 
PNETs [ 39 ]. In the  differential diagnosis  , PNETs 
have to be distinguished from other hypervascu-
lar lesions (Table  7.2 ) [ 58 ].

  Fig. 7.5    Axial ( a – c ) and coronal ( d – f ) images of three 
different patients with solid hypovascular lesions ( arrows ) 
at the pancreatic head with secondary mild to moderate 
dilation of the main pancreatic duct and abrupt cutoff, 
simulating pancreatic ductal adenocarcinoma. The histo-
pathological analysis after surgery showed mass-forming 

chronic pancreatitis in the fi rst patient ( a ,  d ) and focal 
autoimmune pancreatitis in the second ( b ,  e ). In the third 
patient ( c ,  f ), changes of groove pancreatitis are identifi ed 
radiologically (at 3-year control CT examination, no signs 
of malignancy had developed in the area)       
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       Cystic Masses 

 Serous cystic adenomas (SCAs), mucinous cystic 
neoplasms (MCNs), and intraductal papillary 
mucinous neoplasms (IPMNs) comprise about 90 
% of all primary cystic lesions [ 59 ]. 

   Serous Cystic Adenoma   : The radiological appear-
ance of an SCA depends on the histopathological 
type; it is usually classifi ed in the microcystic 
(also known as polycystic) and the, much less 
frequent, macrocystic (also known as oligocys-
tic) variants [ 60 – 62 ]. 

  Microcystic SCAs   ,  due to the presence of 
multiple, fl uid-fi lled cysts <2 cm, separated from 

each other by thin septae, with the smaller cysts 
located centrally around fi brous tissue (central 
scar) and the larger ones in the periphery, have a 
multilobular shape with well-defi ned margins. 
The fi brous central scar can be partially calcifi ed 
in up to one third of patients [ 63 ]. In about 20 % 
of cases, the comprising cysts are very small and 
the lesion can resemble a solid tumor (honey-
comb pattern) [ 61 ]. More specifi cally on US, the 
cystic parts are hypoechoic while the septa and 
central scar are hyperechoic; in case of a honey-
comb pattern, the tumor may appear entirely 
solid, that is, homogeneously hypoechoic with no 
posterior acoustic enhancement. The 
 calcifi cations are depicted as centrally located 

  Fig. 7.6    Typical imaging fi ndings of a patient with a neu-
roendocrine  tumor   in the pancreatic body. In the axial 
unenhanced CT image ( a ), the lobulated, well-defi ned 
mass ( arrow ) has central calcifi cations ( arrowheads ) and 
in the DCE imaging [late arterial ( b ) and portal venous ( c ) 
phase] it exhibits rapid, relatively inhomogeneous con-

trast enhancement. There is no upstream dilation of the 
main pancreatic duct. In the axial 68Ga-DOTATOC PET 
( d ) and fusion 68Ga-DOTATOC PET/CT image ( e ), the 
lesion has very strong radiotracer uptake while at transab-
dominal ultrasound ( f ), it is relatively inhomogeneous and 
with low echogeneity       
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hyperechoic structures with acoustic shadowing. 
On unenhanced CT, the lesion has low density 
and the calcifi cations are readily identifi ed as 
central hyperdensities. On postcontrast CT, there 
is relatively rapid enhancement of the septa while 
the cystic portions remain hypodense due to the 
presence of nonenhancing fl uid (Fig.  7.8a–c ). In 
cases of lesions exhibiting a honeycomb pattern, 
the enhancement can be fairly homogeneous and, 
thus, closely resemble a solid tumor [ 64 ]. On 
T2-weighted images, the cystic portions of the 
lesions have a distinctly high SI while the septae 

  Fig. 7.7    MRI examination of a patient with  a   nonhyper-
vascular neuroendocrine tumor in the proximal body of 
the pancreas. On fat-saturated T1-weighted images before 
( a ) and post contrast ( b – d ), the tumor ( white arrow ) does 
not show hypervascularity, a fi nding more common in 
nonfunctioning PNETs. On the T2-weighted HASTE 

image ( e ), the tumor shows relatively high signal intensity 
and its relation to the common bile duct ( open white 
arrow ) and the main pancreatic duct ( open black arrows ) 
can easily be appreciated. On the ADC map ( f ), the lesion 
has markedly low signal intensity, indicating restricted 
diffusion       

 Developmental 

 Intrapancreatic splenule (accessory spleen) 

   Source : Modifi ed from Bhosale et al. [ 58 ]  

   Table 7.2    Differential diagnosis of  pancreatic neuroen-
docrine tumors (PNETs)     

 Exocrine tumors 

 Cystic: Serous cystic adenoma 

 Solid: Solid pseudopapillary neoplasia, acinar cell 
carcinoma 

 Hypervascular metastases 

 Renal cell carcinoma 

 Carcinoid 

 Medullary thyroid carcinoma 

 Multiple myeloma 

 Neurogenic 

 Schwannoma 

 Vascular 

 Aneurysm 

 Pseudoaneurysm 

 Arteriovenous malformation, AVM 

(continued)
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and fi brous scar have a low SI (Fig.  7.8d ). 
T2-weigthed images depict fl uid content, even in 
cases of a honeycomb pattern, due to the superb 
contrast resolution of T2-weighted MRI com-
pared to CT. On unenhanced T1-weighted MRI, 
both the cystic and the noncystic parts have a low 
SI, and in cases of intralesional hemorrhage, 
there might be hyperintense areas. On  postcontrast 
images, there is enhancement of the septa, in an 
analogous manner to postcontrast CT, and addi-
tionally, in the later phases of the dynamic imag-
ing, the central scar may retain contrast (Fig. 
 7.8e, f ). Compared to CT, calcifi cations are more 

diffi cult to detect on T1- and T2-weighted 
images; if present, they are depicted as areas of 
signal void. The lesion does not show restricted 
diffusion [ 65 ]. The differentiation of microcystic 
serous adenoma includes other solid enhancing 
lesions, such as PNETs and solid pseudopapil-
lary neoplasia (SPNs) [ 58 ].

   The  macrocystic SCA  , due to the presence of 
only a few number of cysts that are usually >1 cm 
or, sometimes, even up to several cm in size, is 
also multilobulated and well circumscribed [ 61 , 
 66 ]. They do not have a central scar, calcifi ca-
tions, or mural nodules. On US and CT, the 

  Fig. 7.8    Typical imaging fi ndings of a patient with 
microcystic serous cystic  adenoma  . In the axial unen-
hanced CT image ( a ), the lesion ( arrow ) has central calci-
fi cations ( open arrowhead ) and in the DCE imaging [late 
arterial ( b ) and portal venous ( c ) phases], it shows rela-
tively early, mild contrast enhancement. It is composed of 
multiple very small cysts in the central part and a few 

larger cysts in the periphery ( arrowheads ); the internal 
structure is much easier to appreciate in the axial 
T2-weighted MRI image ( d ). The central scar ( open 
arrow ) has a low signal intensity and in the fat-saturated 
T1-weighted images shows no enhancement in the later 
arterial phase ( e ); however, there is obvious, late enhance-
ment in the equilibrium phase ( f )       
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lesions have a fairly homogeneous cystic appear-
ance with low echogeneity  (respectively, density) 
 and high SI on T2- and low SI on unenhanced 
T1-weighted MRI (Fig.  7.9 ). The few septa may 
be recognizable on US or postcontrast CT but are 
more readily visible on T2- and postcontrast 
T1-weighted images, due to the superb contrast 
resolution (Fig.  7.9d–f ). In contrast to their 
microcystic counterparts, macrocystic SCAs may 
resemble MCNs or side-branch IPMNs, and their 
differentiation based on imaging features is not 
always possible, sometimes necessitating further 

workup (Fig.  7.10 ) [ 67 ,  68 ]. Furthermore, they 
need to be differentiated from pseudocysts and 
SPNs [ 61 ].

    None of the two types of SCAs show commu-
nication with the  MPD  . 

   Mucinous Cystic Neoplasm   :  MCNs   comprise a 
group of mucin-producing, cystic lesions with a 
varying grade of malignant potential, that is, 
from completely benign to invasive carcinoma 
[ 69 – 72 ]. The lesions are located in 75 % of cases 
in the body and tail of the pancreas [ 73 ]. They are 

  Fig. 7.9    Typical imaging fi ndings of a patient with  an   oli-
gocystic serous cystic adenoma. In the axial unenhanced 
CT image ( a ), the lesion in the pancreatic neck ( arrow ) 
has no calcifi cations. In the axial DCE imaging [late arte-
rial ( b ) and portal venous ( c ) phases], there are few, very 
thin internal septations ( arrowhead ), which are more eas-
ily appreciated on T2-weighted sequences [axial ( d ) and 

coronal ( e ) T2-weighted images]. The lesion is comprised 
of a few cysts, larger in size compared to microcystic 
SCAs (Fig.  7.8 ) and there is no upstream dilation of the 
main pancreatic duct. In the postcontrast fat-saturated 
T1-weighted image ( f ), there are no signs of cyst wall 
thickening, nodularity, or abnormal enhancement       
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encapsulated, well circumscribed, usually uni-
locular or, less commonly, multilocular (20 %) 
[ 60 ]. The presence of a thick capsule, internal 
septa, and solid components as well as peripheral 
or septal calcifi cations increases the risk of 
underlying malignancy [ 69 ,  74 ]. Relatively 
rarely, there might be intralesional hemorrhage. 
The lesion does not communicate with the MPD. 

 On US, the lesion has low echogeneity with 
posterior acoustic enhancement and can be 
homogeneous or heterogeneous, depending on 

the nature of its contents. A thickened capsule, 
the presence of septa, solid components, and, 
rarely, hemorrhagic products can be visualized as 
echogenic structures. Accordingly, calcifi cations 
can also be detected as  echogenic structures   with 
posterior acoustic shadow. On  unenhanced   CT, 
the lesion is usually hypodense and the internal 
architecture is not easy to delineate in detail. 
Calcifi cations in the periphery and/or in the cen-
tral parts are readily identifi ed (Fig.  7.11 ) [ 75 ]. 
On MRI, the internal architecture is easier to 

  Fig. 7.10    MRI images of a patient with a cystic lesion at 
the pancreatic head at two different occasions. The lesion 
( arrow ) shows no contrast enhancement ( a ), unrestricted 
diffusion on the ADC map ( d ), and one very thin internal 
septation ( open arrowhead ), easily identifi ed on 
T2-weighted sequences [axial ( b ) and coronal ( e ) 
T2-weighted images]. The normal main pancreatic duct 
( arrowhead ) is very close to the lesion, giving the impres-

sion of communicating with the cystic lesion. The lesion 
size increased from 1.2 ( c ,  f ) to 2.5 cm ( b ,  e ) during an 
interval of 18 months and, as there was suspicion of com-
munication with the main pancreatic duct, it was consid-
ered a rapidly growing side-brunch IPMN. At 
histopathology after surgery, the lesion was shown to be 
an oligocystic serous cystic adenoma       
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depict. On T2-weighted images, the lesion has 
markedly high SI, while the capsule, septations, 
mural nodule, and possible hemorrhagic 
 components have low SI (Fig.  7.12 ). On unen-
hanced T1-weighted images, the lesion is of vari-
able SI depending on the contents. On postcontrast 
CT and MRI images, there is enhancement of the 
capsule as well as of internal septations and/or 
solid components, when present, making the 
internal architecture of the lesion better delin-

eated (Figs.  7.11  and  7.12 ). In general, the lesions 
do not show restricted diffusion, except when 
there are thickened septations and/or mural nodu-
larity/solid components.

    The major  differential diagnosis of MCN   
includes side-branch IPMN, oligocystic SCA, 
and pseudocyst. Other much more uncommon 
lesions are cystic lymphangioma, lymphoepithe-
lial cysts, retention cysts, as well as cystic- 
degenerated PDACs or PNETs. 

  Fig. 7.11    Imaging features of a female patient with a 
large mucinous cystic  neoplasm   at the pancreatic body 
and tail on unenhanced ( a ) and contrast-enhanced ( b – d ) 
CT. The lesion ( arrows ) is multilocular, has peripheral 
and septal calcifi cations ( arrowheads ), and has relatively 
thick, contrast-enhancing internal septations ( open 

arrow ). Due to compression of the splenic vein, an 
extended network of varices ( asterisks ) has developed in 
the stomach and abdomen’s left upper quadrant. On histo-
pathology after surgery, there was up to high-grade dys-
plasia but no signs of invasive carcinoma       
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    Intraductal Papillary Mucinous 
Neoplasms 
 These  lesions   are classifi ed into the main-duct 
(MD)    type, which can be diffuse or segmental, 
side-branch duct (SB)  type  , or mixed-type 
IPMN [ 76 ]. There is a varying degree of dys-
plasia (from mild to moderate to high dyspla-
sia/carcinoma in situ) or even invasive 
carcinoma. Many authors have described vari-
ous fi ndings that increase the risk of malig-

nancy in cases of IPMNs. Among these are the 
degree of MPD widening (when the diameter is 
5–9 mm, it is reported to be a worrisome fea-
ture and when ≥10 mm is a high-risk fi nding), 
the existence of mural nodules/solid compo-
nents, wall thickening, enhancement of the duc-
tal wall, invasion of adjacent structures, and 
dilation of the CBD as well as—only in cases of 
SB type—progressively increasing size or size 
>3 cm [ 24 ,  25 ,  77 – 83 ]. All of the above-

  Fig. 7.12    Typical imaging fi ndings of a female patient 
with a  large   mucinous cystic neoplasm at the pancreatic 
tail on MRI ( a – c ) and CT ( d ). The lesion ( arrow ) is uni-
locular with homogeneous content and two mural nodules 

( arrowheads ), more easily appreciated on T2-weighted 
sequences [axial ( a ) and coronal ( c ) T2-weighted images]. 
No signs of malignancy were identifi ed on histopathology 
after surgery       
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described fi ndings have to be carefully evalu-
ated and taken into account, but it is advisable 
to avoid relying dogmatically on these predict-
ing factors on an individual basis, as there 
exists no universally applicable rule [ 67 ]. SB- 
and mixed-type IPMNs communicate with the 
MPD, a key feature for their differentiation 
from all other cystic neoplasms. 

 On US, there is dilation of the MPD or a well- 
defi ned hypoechoic lesion with posterior acoustic 
enhancement near the MPD, in cases of MD- or 
SB-IPMN, respectively. The communication of 
the SB-IPMN with the MPD is diffi cult to dem-
onstrate. On  both   CT and MRI, SB-IPMN is 
depicted as a well-defi ned lesion of low density 
(CT) or intensity (MRI) communicating or lying 

  Fig. 7.13    Typical imaging fi ndings of a patient with 
two side-branch  IPMN   lesions at the pancreatic head and 
uncinate process, respectively. Both lesions ( arrows ) are 
multilocular and lobulated, have thin internal septations, 
and communicate with the pancreatic ductal system 

( arrowhead ), which is easier to demonstrate on the 
T2-weighted sequences [axial ( a ) and coronal ( d ) images) 
and especially on MRCP [axial thin-slice ( b ) and coronal 
MIP ( e ) images] compared to postcontrast CT [axial ( c ) 
and coronal ( f ) images]       
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very near the MPD, sometimes with a typical 
appearance of a “cluster of grapes” (Figs.  7.13  
and  7.14 ). MRI, and especially MRCP, is more 
reliable in demonstrating the communication to 
MPD compared to CT (Fig.  7.14e ) [ 84 ]. 
Accordingly on both CT and MRI, MD-IPMN is 
depicted as a dilation of the duct, either diffusely 
or segmentally. Mixed-type has imaging fi ndings 
of both MD- and SB-IPMN (Fig.  7.15 ). For all 

types, signs suspicious of malignancy, as 
described earlier in the same section, can be 
shown on pre- and/or postcontrast image series. 
The  differential diagnosis   of SB-IPMN includes, 
mainly, MCN, oligocystic SCA, and pseudocyst, 
while for MD-IPMN chronic pancreatitis, which 
may also present with diffuse or segmental dila-
tion of the MPD [ 85 ]. For the differentiation of 
benign from malignant IPMNs, the DWI-based 

  Fig. 7.14    Typical imaging fi ndings of a patient with a 
side-branch  IPMN   at the pancreatic body on MRI ( a ,  b ,  d , 
 e ) and CT ( c ,  f ). The lesion ( arrow ) has a slightly lobular 
contour, has a couple of thin internal septations, and 

shows communication with the pancreatic ductal system 
( arrowhead ), nicely depicted on the thin-slice axial 
MRCP image ( e ). No pathological cyst wall enhancement 
or nodularity is seen on postcontrast images ( b ,  c ,  f )       
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IVIM model and  18 F-FDG PET/CT have been 
reported to have promising results [ 43 ,  86 ].
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            EUS Imaging Features of Solid 
Pancreatic Lesions 

    Pancreatic Adenocarcinoma 

  Pancreatic adenocarcinoma, an      aggressive form 
of cancer, usually presents at an advanced stage, 
resulting in a very disappointing prognosis for 
these patients. Typically, a 5-year survival rate is 
less than 5 % [ 1 ]. Surgical removal  i  s currently 
the only curative treatment. Only small pancre-
atic tumors without signifi cant invasion into sur-
rounding organs are suitable for a complete 
surgical resection [ 2 ]. Unfortunately, the major-
ity of pancreatic cancer presents at an advanced 
stage and cannot be treated curatively. 

 Given that operable pancreatic cancers are 
small in diameter and that they tend to be asymp-
tomatic, the current noninvasive techniques, 
including computed tomography (CT) and mag-
netic resonance imaging (MRI), cannot provide 

suffi cient resolution to reliably detect these small 
lesions [ 3 ]. Hence,    endoscopic ultrasound (EUS), 
which has a signifi cantly higher resolution, plays 
a signifi cant role in the identifi cation of these 
small pancreatic lesions [ 4 ]. Moreover, EUS also 
enables tumor staging together with a capacity 
for  fi ne-needle aspiration (FNA)  ; thus, it is com-
monly used for the evaluation of pancreatic ade-
nocarcinoma [ 5 ]. Therefore, to provide the best 
management for patients, the abilities to recog-
nize and to be familiar with EUS imaging fea-
tures of pancreatic adenocarcinoma are valuable 
although EUS-FNA is needed to make a defi nite 
diagnosis of pancreatic adenocarcinoma. 

 A normal pancreas typically  shows   endosono-
graphic features with a homogeneous “salt–and- 
pepper” appearance (Fig.  8.1 ). Pancreatic 
adenocarcinoma commonly displays as a hetero-
geneous hypoechoic mass with an irregular bor-
der during EUS examination, and it may be 
readily differentiated from the normal surround-
ing pancreatic parenchyma (Fig.  8.2 ). Solid pan-
creatic masses with these endosonographic 
features are suspected as pancreatic adenocarci-
noma. However, results from a prospective study 
that used EUS images to diagnose 115 pancreatic 
lesions showed sensitivity and specifi city rates 
for diagnosing malignant pancreatic masses that 
were 95 % and 53 %, respectively. Thus, EUS 
imaging alone is nonspecifi c for pancreatic can-
cer [ 6 ]. Upon retrospective analysis of results 
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from that study, features associated with pancre-
atic cancer were lesions larger than 2 cm in diam-
eter, vessel ingrowth, an absence of cystic spaces, 
and an absence of diffuse pancreatitis [ 6 ]   .

    As discussed above, the only curative treat-
ment for pancreatic cancer is complete surgical 
resection. If preoperative tumor staging suggests 
that the patient is a potential candidate for resect-
able pancreatic cancer, most surgeons would not 
hesitate to perform an exploratory laparotomy to 
remove the tumor completely. One of the critical 
points involved in making the decision is  vascular 

invasion. To demonstrate invasion, either CT or 
 MRI   is used in practice. Unfortunately, a recent 
meta-analysis of eight studies ( n  = 296) reported 
that the pooled sensitivity rates of CT vs. MRI for 
the staging of pancreatic cancer were 71 % vs. 
67 %, respectively, although their specifi city 
rates were higher than 90 % [ 7 ]. In comparison, 
EUS was reported highly sensitive for detecting 
portal vein and confl uence invasion [ 8 ,  9 ]. When 
three EUS parameters (visualization of tumor in 
the lumen, complete obstruction, or collateral 
vessels) were used, the overall sensitivity and 
specifi city of EUS for diagnosing venous inva-
sion were 43 % and 91 %, respectively; however, 
when another parameter of irregular tumor–ves-
sel relationships was added to the criteria listed 
above, the sensitivity rate increased to 62 %, but 
the specifi city rate dropped to 79 % [ 9 ]. EUS 
imaging features of portal vein invasion and 
celiac artery involvement are demonstrated in 
this chapter (Figs.  8.3 ,  8.4 ,  8.5  and  8.6 ). However, 
   currently, the accuracy rate of EUS vs. CT for the 
staging of pancreatic cancer cannot be directly 
compared due to heterogeneity of design, quality, 
and results in relevant studies [ 10 ]      .

  Fig. 8.1    A normal  pancreas   typically shows a homoge-
neous “salt-and-pepper” appearance       

  Fig. 8.2    A hypoechoic mass measuring 26 mm × 18 mm 
at its maximal diameter is demonstrated in the head of the 
pancreas       

  Fig. 8.3    A hypoechoic mass at the head of the pancreas 
with invasion into the main portal vein is demonstrated. A 
plastic biliary stent was endosonographically demon-
strated by the couple of linear echogenic lines in the left 
upper corner of the fi gure       
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          Pancreatic Neuroendocrine Tumors 

     Pancreatic neuroendocrine tumors (PNETs)   are 
rare pancreatic neoplasms that account for less 
than 10 % of all pancreatic cancers [ 11 ]. In gen-
eral, )   prognoses for PNETs are more favorable 
than for pancreatic adenocarcinoma, given that 
they show a more indolent course and thus a 
slower rate of growth. Nonetheless, these tumors 
have the potential to be aggressive; therefore, 
when identifi ed, they must be removed. )   Currently, 
surgical removal is the only curative treatment. 
Early detection, when the tumor is relatively 

small, is the only method of ensuring complete 
surgical removal. EUS plays a signifi cant role in 
both the diagnostic management and, more 
recently, the therapeutic management of PNETs. 

 The  management of )  PNETs requires a multi-
disciplinary approach including expertise from 
endosonographers, radiologists, and surgeons. 
This section will focus on the EUS imaging fea-
tures of PNETs. 

    Diagnostic Role of EUS 
 Functioning )   PNETs generally present with hor-
monal symptoms; hence, they mostly present with 
small-diameter masses. It is generally recognized 
that any pancreatic mass smaller than 20 mm in 
diameter is at risk of being overlooked when using 
noninvasive imaging, particularly CT, which is the 
most widely available imaging technique [ 12 ]. 
EUS has the ability of enabling the detection of 
functioning PNETs lesions that are not identifi able 
using CT [ 13 ]. In studies comparing the sensitivity 
of EUS vs. CT scans to identify insulinomas, 
result showed that the former had a sensitivity rate 
of 79–87 % for the detection of fPNETs whereas 
the latter shows only 14–30 % sensitivity [ 14 – 17 ]. 
A recent large retrospective study reported an 
accuracy rate of 90.1 % (73/81) for EUS-FNA for 
the diagnosis of PNETs [ 18 ]. Other large series 
reported a sensitivity rate of 87 % in 89 patients 
[ 19 ] and 90 % in 86 patients [ 20 ]. In general, the 
use of EUS-FNA to confi rm a diagnosis of PNETs 

  Fig. 8.4    The irregular relationship between the solid 
mass of pancreatic adenocarcinoma (M) and the portal 
vein is endosonographically demonstrated       

  Fig. 8.5    The abdominal aorta demonstrated as a long 
tubular anechoic structure with the celiac artery originat-
ing from the aorta       

  Fig. 8.6    A hypoechoic solid pancreatic  mass   (M) encases 
the celiac artery (CA). This mass was subsequently diag-
nosed as pancreatic adenocarcinoma       
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is strongly recommended due to its high accuracy 
rate. Specifi c immunohistochemical staining is 
required for the diagnosis. Because a small pan-
creatic lesion is a well-known risk factor for inad-
equate sampling when using EUS-FNA [ 21 ], if 
tissue from the EUS-FNA of a small pancreatic 
lesion is insuffi cient to make a diagnosis of PNET 
but other clinical and laboratory parameters, 
including obtaining typical endosonographic 
lesion  features, support the diagnosis, defi nite 
treatment may be considered. Typical endosono-
graphic features of a small PNET are a homoge-
neous, slightly hypoechoic mass with a 
well-defi ned border (Fig.  8.7 ). One of the reasons 
that CT misses diagnoses of fPNETs is that CT 
shows enhanced lesions only during the arterial 
phase, whereas the lesion shows an isodensity dur-
ing the venous phase (Figs.  8.8  and  8.9 ). Despite 
studies reporting this impressive capability of 
identifying fPNETs, in practice, EUS requires a 
high degree of technical expertise and experience 
because the echogenicity of fPNETs is generally 
slightly hypoechoic or even isoechoic compared 
with surrounding parenchyma. Not only the exper-
tise and experience of endosonographers deter-
mine the effi cacy of EUS but also other important 
factors, including the resolution of the ultrasono-
graphic images and, in particular, the period of 
prediagnostic time that has elapsed prior to the 
point of clinical presentation of the patient.

     Because approximately 90 % of PNETs pres-
ent as solid lesions, it is often falsely presumed 
that any cystic lesions are not PNETs. This fact 
underscores the need to perform FNA for any 
cases clinically suspected of PNETs where cystic 
lesions have been identifi ed by EUS. Based on 
the few existing studies reporting on cystic 
PNETs, these lesions do not display the typical 
characteristics of cystic tumors because they may 
present as simple cysts, mixed solid–cystic 
lesions, or cysts with septation; thus, endosono-
graphic images are not recommended as the sole 
means of diagnosis (Fig.  8.10 ). FNA should 

  Fig. 8.7    A well-defi ned border of a homogeneous 
hypoechoic mass was identifi ed in the tail of the pancreas. 
The fi nal diagnosis was insulinoma       

  Fig. 8.8    A 2.1-cm × 1.8-cm early and late arterial- 
enhancing lesion at the tail of pancreas is shown       

  Fig. 8.9    An isodense lesion at the tail of the pancreas was 
identifi ed. It was diffi cult to identify the lesion without 
information from a CT scan in arterial phase       
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always be performed for the defi nitive identifi ca-
tion of PNETs [ 22 – 26 ].

   In summary, for fPNETs displaying typical 
endosonographic features, a presumptive diagno-
sis of PNETs may be made based on the endo-
sonographic features alone. Nonetheless, to 
confi rm the diagnosis preoperatively, EUS-FNA 
should be performed whenever possible because, 
together with its relatively low complication rate, 
the effi cacy of FNA has been reported in several 
studies as being approximately 80 %. However, 
in atypical lesions, such as mixed solid–cystic 
lesions, preoperative diagnosis is required, and it 
is readily performed via EUS-FNA)         .   

    Accessory Spleen 

 The  accessory spleen         is a congenital anomaly 
caused by failure of the splenic anlage to fuse 
with the spleen during embryogenesis. It is found 
in 10–15 % of the general population and mostly 
shows no symptoms. Anatomically, it may either 
be a lesion connecting the main spleen or a sepa-
rate nodule. In general, lesions are typically 
smaller than 2 cm; however, they can be as large 
as the spleen itself [ 27 ]. Approximately 80 % of 
accessory spleens are located adjacent to the 
splenic hilum, with the majority of the remaining 
located at the tail of the pancreas. However, occa-
sionally, they may locate along the length of the 
splenic artery or anywhere in the abdominal cav-

ity. Lesions are solitary or multiple in 80 % and 
10 % of cases, respectively [ 28 ]. 

 Intrapancreatic accessory spleens are solid, 
well-defi ned, hypervascular lesions in CT and 
MRI images (Fig.  8.11 ). These lesions should be 
differentiated from well-differentiated adenocar-
cinoma, mucinous cystic neoplasm, solid pseu-
dopapillary neoplasm of the pancreas, 
neuroendocrine tumor, and metastases [ 29 ]. 
Endosonographically, the accessory spleens are 
generally round or oval-shaped lesions with a 
regular and sharp margin. They are usually 
homogeneous hypoechoic lesions with similar 
echogenic patterns to the major spleen (Fig.  8.12 ). 
It is diffi cult to differentiate from a splenic lob-
ule. In equivocal cases, EUS-FNA may provide a 
defi nite diagnosis [ 30 ]. Classic cytopathological 
features include a heterogeneous population of 
lymphocytes, traversing small vascular struc-
tures, and a background of mixed infl ammatory 
cells and blood [ 29 ]         .

        Mass-Forming Chronic Pancreatitis 

    Chronic  pancreatitis         is a well-known risk factor 
for pancreatic cancer. A large prospective study 
following 373 patients with chronic pancreatitis 

  Fig. 8.10    A well-defi ned  homogeneous hypoechoic solid 
pancreatic mass   with a small cystic area inside the mass is 
shown. The fi nal diagnosis was a cystic pancreatic neuro-
endocrine tumor         Fig. 8.11     Magnetic resonance imaging (MRI)   showed a 

solid, well-defi ned, hypervascular lesion in the tail of the 
pancreas. The lesion was located close to the spleen. It 
showed a similar enhancing pattern to the adjacent spleen. 
All these features are typical when diagnosing an intra-
pancreatic accessory spleen       
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for at least 2 years observed four cases of pancre-
atic adenocarcinoma (1.1 %). The authors con-
cluded that patients with chronic pancreatitis are 
at a markedly increased risk of pancreatic cancer 
compared with the general population [ 31 ]. Thus, 
when patients with baseline chronic pancreatitis 
develop a solid pancreatic mass, it is very chal-
lenging to differentiate between a mass-forming 
chronic pancreatitis or a de novo pancreatic can-
cer in addition to chronic pancreatitis. 

 Several technologies have been developed to 
assist the physician to diagnose solid pancreatic 
masses in the context of chronic pancreatitis. To 
date, the gold standard  is   EUS-FNA. Currently, 
EUS-FNA is recognized as the best test for diag-
nosing solid pancreatic masses, with reported 
sensitivity and specifi city rates of 91 % and 94 %, 
respectively [ 5 ]. However, in the context of a 
solid mass with baseline chronic pancreatitis, the 
sensitivity of EUS-FNA drops from 89–91 % to 
54–73 %, respectively [ 32 ,  33 ]. Thus, with this 
signifi cant limitation, it is valuable for clinicians 
to recognize and be familiar with the typical EUS 
imaging features of mass-forming chronic pan-
creatitis; perhaps these data may assist in manag-
ing patients with solid pancreatic masses. 

 Radiographically, compared with pancreatic 
cancer, mass-forming chronic pancreatitis shows 
less severe main pancreatic ductal dilation, a more 

irregular main pancreatic duct contour, and more 
dilated side branches [ 34 ]. Endosonographically, 
a diagnosis of  chronic pancreatitis   is convention-
ally based on fi ve parenchymal criteria (calcifi ca-
tion with shadowing, echogenic foci without 
shadowing, echogenic strands, lobulation, and 
cystic change) and four ductal criteria (main pan-
creatic ductal stone, dilation or irregular contour 
of the main pancreatic duct, increased echo-
genicity of the main pancreatic ductal wall, and 
side-branch dilation). An international consensus 
has weighted each EUS criterion of chronic pan-
creatitis as being major or minor for the diagnosis 
of more solid lesions and to help standardize ter-
minology. Major criteria include (1) echogenic 
foci with shadowing and main pancreatic duct 
calculi and (2) lobularity with honeycombing. 
Minor criteria include cystic changes, a dilated 
main pancreatic duct (≥3 mm), an irregular pan-
creatic duct contour, dilated side branches 
(≥1 mm), a hyperechoic ductal wall, strands, non-
shadowing hyperechoic foci, and lobularity with 
noncontiguous lobules. This consensus is known 
as the Rosemont classifi cation and is used for the 
diagnosis of chronic pancreatitis in several insti-
tutions [ 35 ]. Therefore, classically,  mass-forming 
chronic pancreatitis         shows imaging features 
including an inhomogeneous echogenic pattern, 
calcifi cation, peripancreatic echorich stranding, 
and cysts (Fig.  8.13 ) [ 36 ,  37 ].

  Fig. 8.12    A homogeneous hypoechoic solid mass (M) 
with an echogenic pattern similar to the major spleen 
(SPL) was identifi ed in the tail of the pancreas (TOP). 
Endosonographically, the accessory spleens are usually 
round or oval-shaped lesions with regular and sharp 
margins       

  Fig. 8.13    An ill-defi ned heterogeneous hypoechoic cal-
cifi ed solid pancreatic mass is identifi ed in the head of the 
pancreas. The fi nal diagnosis of the mass was a mass- 
forming chronic pancreatitis       
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       Autoimmune Pancreatitis 

  Autoimmune pancreatitis         may present as either 
diffuse enlargement of the pancreas or focal pan-
creatic mass or enlargement [ 38 ]. In practice, dif-
ferentiation between the focal mass of 
autoimmune pancreatitis and pancreatic adeno-
carcinoma is a challenging issue. Certainly, path-
ological diagnosis remains the gold-standard 
criterion; unfortunately, obtaining adequate tis-
sue for a diagnosis is not straightforward. 
Therefore, clinically, the combination of various 
clinical fi ndings is used to differentiate these two 
conditions. A recent review from Japan proposed 
that the following clinical parameters may sug-
gest autoimmune pancreatitis rather than pancre-
atic adenocarcinoma. These fi ndings include 
fl uctuating obstructive jaundice; elevated serum 
IgG4 levels; diffuse enlargement of the pancreas; 
delayed enhancement of the enlarged pancreas 
and the presence of a capsule-like rim on dynamic 
CT; low apparent diffusion coeffi cient values on 

diffusion-weighted MRI images; irregular nar-
rowing of the main pancreatic duct upon endo-
scopic retrograde cholangiopancreatography 
(ERCP); less upstream dilation of the main pan-
creatic duct upon magnetic resonance cholangio-
pancreatography (MRCP); the presence of other 
organ involvement, such as bilateral salivary 
gland swelling, retroperitoneal fi brosis, and hilar 
or intrahepatic sclerosing cholangitis; negative 
workup for malignancy, including EUS-guided 
FNA; and steroid responsiveness [ 39 ]. 

 As discussed above, the diagnosis of autoim-
mune pancreatitis cannot rely solely on EUS 
fi ndings; however, it is valuable to learn the typi-
cal endosonographic imaging features of autoim-
mune pancreatitis. Endosonographically, both 
diffuse and focal forms of autoimmune pancreati-
tis show echo-poor pancreatic parenchyma with 
echogenic interlobular septa (Fig.  8.14 ) [ 40 ]. In 
the diffuse form, a thickened gland border may 
be noted. These changes may vary based on the 
degree of pancreatitis as shown in a study that 

  Fig. 8.14    A hypoechoic pancreatic mass in a patient with 
a fi nal diagnosis of a focal form of autoimmune pancreati-
tis is shown. Endosonographic fi ndings of echo-poor 

 pancreatic parenchyma with echogenic interlobular septa 
are demonstrated       
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compared endosonographic fi ndings in nine 
patients with early-stage and ten patients with 
advanced-stage autoimmune pancreatitis who 
were classifi ed based on the Cambridge classifi -
cation. Endosonographic fi ndings of lobularity 
and a hyperechoic pancreatic duct margin were 
detected at a signifi cantly higher frequency in 
early-stage compared with advanced-stage  auto-
immune pancreatitis         [ 41 ].

       Pancreatic Lymphoma 

 Primary  pancreatic lymphoma         is rare. From a ret-
rospective review of 2397 patients with solid 
pancreatic masses over a 10-year period, only 12 
patients (0.5 %) with pancreatic lymphoma were 
fi nally identifi ed [ 42 ]. Based on results from this 
study, at the time of diagnosis, masses of primary 
pancreatic lymphoma were large and more than 
80 % were located in the head of the pancreas. 
Heterogeneous versus homogeneous hypoechoic 
masses were found in 75 % and 25 % of patients, 
respectively (Fig.  8.15 ). The margins of all 
masses were ill defi ned, with vascular invasions 
in 41.7 %. Peripancreatic lymphadenopathy was 
noted in 58.3 % of patients.  Neither   EUS imaging 
features of chronic pancreatitis nor main pancre-
atic ductal dilation was noted [ 42 ]. However, to 

the best of our knowledge, EUS imaging features 
of pancreatic lymphoma have only been reported 
on a few series; thus, it is diffi cult to conclude the 
characteristic endosonographic fi ndings [ 43 ,  44 ]      .

       Pancreatic Metastases 

  Pancreatic metastases      are relatively rare. Of these 
types of metastases, renal cell carcinoma is the 
most common primary cancer that metastasizes 
to the pancreas. It is diffi cult to differentiate pan-
creatic metastases from pancreatic adenocarci-
noma based on EUS imaging alone. Nevertheless, 
a few studies have reported on the EUS imaging 
features of  pancreatic metastases  . Most lesions 
are solid, are likely to have well-defi ned margins, 
and are mostly present in patients with a known 
history of primary malignancy (Fig.  8.16 ) [ 45 , 
 46 ]. Another retrospective study of 28 and 60 
patients with pancreatic metastases and primary 
pancreatic adenocarcinoma, respectively, 
reported that the presence of regular borders, the 
absence of retention cysts, and the presence of a 
nondilated main pancreatic duct detected by EUS 
indicated the former rather than the latter disease 
[ 47 ]. However, because pancreatic metastases 
may present with other features, including solid 
pancreatic masses with irregular margins or _cys-

  Fig. 8.15    A well-defi ned heterogeneous hypoechoic pan-
creatic mass was identifi ed in the pancreas with a fi nal 
diagnosis of primary pancreatic lymphoma       

  Fig. 8.16    A well-defi ned homogeneous hypoechoic pan-
creatic metastatic solid mass (M) from gastric adenocarci-
noma is located in the body of the pancreas (BOP)       
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tic lesions, it is recommended that accurate diag-
noses should be made based on pathology rather 
than EUS imaging features alone.

        EUS Imaging Features of Cystic 
Pancreatic Lesions 

  Cystic pancreatic lesions   are being increasingly 
identifi ed worldwide due to the increased use of 
radiological imaging, including CT scans and MRI. 

 In comparison with other cross-sectional imag-
ing including CT and MRI, EUS is considered a 
more invasive technique.  Advantages of EUS   
include higher magnifi cation of pancreatic cysts 
and the ability to perform EUS-guided diagnostic 
procedures. Those procedures include cystic fl uid 
analysis for tumor markers and pancreatic enzymes, 
cytology, and direct visualization of the cystic wall. 

    Pseudocyst 

 Diagnosis of a  pseudocyst         should be made only 
when the clinical course and imaging features are 
compatible. Clinical and radiological evidence of 
either acute or chronic pancreatitis supports a diag-
nosis of pseudocyst although they are not entirely 
specifi c. Imaging features alone are not suffi cient 
to confi rm a diagnosis of a pseudocyst because it 
can mimic cystic neoplasms of the pancreas 
(Fig.  8.17 ). In questionable cases of pseudocysts, 
cystic fl uid features and analysis help in differenti-
ating pseudocysts from cystic neoplasms of the 
pancreas [ 48 ]. Cystic fl uid may be obtained using 
transabdominal ultrasound or CT or EUS guid-
ance. EUS is the most preferable due to its proxim-
ity to the pancreas. Low- viscosity, low-cystic-fl uid 
CEA levels and signifi cantly higher cystic-fl uid 
amylase levels are suggestive of a pseudocyst [ 49 ].

       Serous Cystadenoma 

  Serous cystadenoma         may present with either a 
microcystic or honeycomb appearance or an oli-
gocystic appearance, the latter of which is less 
common. A microcystic serous cystadenoma 

comprises multiple small cysts (less than 2–3 mm 
each) that aggregate (typically more than six 
cysts) and that are separated by thin-wall septa 
(Fig.  8.18 ) [ 50 ]. EUS imaging features of a 
microcystic or honeycomb appearance are 
strongly suggestive of serous cystadenoma [ 51 ]. 
The microcystic feature is noted in more than 
80 % of serous cystadenoma and is very specifi c 
when making a diagnosis of this lesion [ 50 ]. It is 
better diagnosed by EUS than other imaging 

  Fig. 8.17    A large pancreatic cyst with a regular border 
and echogenic content at the bottom of the lesion was 
identifi ed in the tail of the pancreas. The lesion was fi nally 
diagnosed as a pseudocyst       

  Fig. 8.18    This fi gure demonstrates a multilocular pan-
creatic cyst with a characteristic microcystic and honey-
comb appearance. These features are characteristic of a 
serous cystadenoma. A 10-month follow-up period dem-
onstrated a stable pancreatic cyst       
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modalities. However, an oligocystic appearance, 
which comprises fewer and larger cysts, is diffi -
cult to differentiate from a mucinous cystade-
noma or an intraductal papillary mucinous 
neoplasm (IPMN)    [ 52 ]   .

       Mucinous Cystadenoma 

 Histologically, a diagnosis of  mucinous cystade-
noma         should be made when a specifi c fi nding of 
ovarian type of stroma has occurred; however, 
epithelial cells of the cyst may produce mucin, 
similar to IPMN [ 53 ,  54 ]. Endosonographically, a 
mucinous cystadenoma may either be unilocular 
or septated cysts with or without wall calcifi ca-
tion. If solid components are identifi ed, they may 
suggest malignancy (Fig.  8.19 ) [ 55 ]. Diagnosis 
of mucinous cystadenoma was made based on the 
criteria elevated cystic fl uid CEA and a typical 
wall thickening and irregularity [ 56 ]. Whipple’s 
operation was subsequently performed. A surgi-
cal biopsy confi rmed mucinous cystadenoma 
with in situ carcinoma foci.

   Pathologically, a malignant mucinous cystad-
enoma correlates with multilocularity and the 
presence of a papillary projection or mural nod-
ules, the loss of ovarian-like stroma, and p53 

immunoreactivity [ 54 ]. Endosonographically, 
endosonographic signs suggestive of malignancy 
include intracystic solid lesions, an adjacent solid 
mass, and an increasing diameter. A mucinous 
cystadenoma requires surgical resection in all 
surgically fi t patients due to its malignant poten-
tial [ 57 ]. Unlike IPMN, communication with the 
pancreatic duct is rarely observed. Therefore, if 
the communication is clearly demonstrated, 
IPMN is a more likely diagnosis.  

    Intraductal Papillary Mucinous 
Neoplasm 

  Precancerous       lesions   of invasive pancreatic duc-
tal  adenocarcinoma   include pancreatic intraepi-
thelial neoplasms (PanINs), mucinous 
cystadenomas, and IPMNs. IPMNs are histologi-
cally classifi ed as one of three types: main-duct 
type, branch-duct type, and mixed type [ 58 ]. 
Surgical resection is recommended for the major-
ity of IPMNs. Radiographically, IPMNs are clas-
sifi ed as branch-duct IPMN (BD-IPMN), 
main-duct IPMN (MD-IPMN), or mixed type. 
From the perspective of imaging, BD-IPMNs and 
MD-IPMNs are differential diagnoses of cystic 
pancreatic lesions and obstructive chronic pan-
creatitis, respectively. 

 Three classic EUS imaging features of 
BD-IPMNs have been described: multiloculated 
lesions or bunch-of-grapes; fi nger-like; and 
clubbed features (Fig.  8.20 ) [ 51 ]. The fi rst is the 
most common type and shows irregular contours 
and a “cyst-by-cyst” appearance rather that the 
“cyst-in-cyst” and multi-loculated appearance of 
a mucinous cystadenoma [ 53 ].

       Solid Pseudopapillary Neoplasms 

 Solid pseudopapillary neoplasms of the pancreas 
SPNs can    be either benign or low grade potential 
tumor of the pancreas [ 59 ,  60 ]. These tumors occur 
predominantly in women as shown by Buetow and 
colleagues in a study of 96 patients that recruited 
56 patients with SPNs of the pancreas [ 61 ]. The 
study reported that more than 90 % of patients 

  Fig. 8.19    This fi gure demonstrates a multilocular pan-
creatic cyst with papillary projection. A large multilocu-
lated pancreatic cyst measuring 55 mm × 42 mm in 
diameter is demonstrated at the head of the pancreas. A 
papillary projection was demonstrated from the cystic 
wall. EUS-FNA was performed. The aspirated fl uid was a 
thick mucin       
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were female. The mean age of the patients was 
approximately 30 years [ 59 ,  60 ]. In general, the 
tumors were larger than 30 mm in diameter at the 
time of presentation. Radiographically, the tumor 
was an encapsulated mass with heterogeneous 
enhancement that included some cystic space and 
a solid component (Figs.  8.21 ,  8.22 ,  8.23 ,  8.24  and 
 8.25 ). EUS- FNA is an effective method to make a 
preoperative diagnosis of the SPNs [ 62 ].

  Fig. 8.20    This fi gure demonstrates a dilated side branch of 
the pancreatic duct at the body of the pancreas. These 
dilated side branches communicated with the main pancre-
atic duct. The fi nal diagnosis was a side-branch intraductal 
papillary mucinous neoplasm of the pancreas (IPMN)       

  Fig. 8.21    An abdominal CT demonstrated a hypodense 
solid mass in the head of the pancreas. The mass mea-
sured approximately 3.1 cm × 3.9 cm × 4.1 cm. It was a 
heterogeneous enhancing mass. No vessel invasion was 
observed. No peri-lesional lymph node was observed       

  Fig. 8.22    An EUS examination demonstrated a well- 
defi ned, irregular border and a heterogeneous hypoechoic 
mass measuring 34 mm × 30 mm in diameter. A few tiny 
calcifi ed spots were observed inside the mass       

  Fig. 8.23    There was a hypoechoic area measuring 
approximately 20 mm × 17 mm inside the mass. 
Endosonographically, it showed a well-defi ned border, it 
was encapsulated, and hypoechoic solid lesions showed 
an irregular margin. A deep hypoechoic area was observed 
inside the mass, likely the beginning of cystic degenera-
tion of the mass. This area was not detected in a CT scan, 
refl ecting the superiority of EUS over CT. No vessel inva-
sion was observed. No lymph node was observed       

 

 

 

 

8 EUS Imaging in the Diagnosis of Pancreatic Masses



120

            EUS-Guided Needle-Based Confocal 
Laser Endomicroscopy 

  Confocal laser endomicroscopy (CLE)      is an 
endoscope-integrated or probe-based miniprobe 
that can provide real-time magnifi ed endoscopic 
images at the cellular level. It has been applied for 
making real-time diagnoses of gastrointestinal 
tract mucosal lesions. Results from a recent meta-
analysis were impressive [ 63 ]. Subsequently, the 
probe-based CLE has progressed into the submil-
limeter needle-based CLE (nCLE), which may be 

inserted into a 19-G EUS-FNA needle. Since this 
development, EUS-guided needle-based confocal 
laser endomicroscopy (EUS-nCLE) has been 
applied for the evaluation of both cystic and solid 
pancreatic lesions. 

 In the case of pancreatic lesions, EUS-nCLE 
has been evaluated in a feasibility trial that 
recruited patients with 16 cystic and 2 solid pan-
creatic lesions [ 64 ]. The trial reported a compli-
cation of acute pancreatitis in 2 of the 16 patients 
with pancreatic cysts. Subsequently, EUS-nCLE 
was used in 66 patients with pancreatic cysts in a 
multicenter study, known as the  In vivo nCLE 
Study in the Pancreas with Endosonography of 
Cystic Tumors (INSPECT)  . The sensitivity and 
specifi city rates of the fi nding of epithelial vil-
lous structure for the diagnosis of cystic pancre-
atic neoplasms using an nCLE miniprobe were 
59 % and 100 %, respectively [ 65 ]. Characteristic 
nCLE signs for serous cystadenoma and IPMN 
were a superfi cial vascular network and fi nger- 
like projections, respectively [ 65 ,  66 ]. 

 For solid pancreatic lesions, at the time of 
writing, to the best of our knowledge, there have 
only been two trials that have systematically 
reported on results of EUS-nCLE for solid pan-
creatic lesions. The fi rst was a multicenter trial, 

  Fig. 8.24    Gross surgical biopsy of the mass       

  Fig. 8.25    Surgical histopathological examination follow-
ing a Whipple procedure showed a circumscribed mass 
composed of solid sheets of uniform bland-looking cells 
admixed with delicate blood vessels that are surrounded 
by myxoid material. These fi ndings were consistent with 
a solid pseudopapillary neoplasm of the pancreas       

  Fig. 8.26    Dark clumps of cells were demonstrated by 
EUS-guided needle-based confocal laser endomicroscopy 
of a solid pancreatic lesion with a fi nal diagnosis of pan-
creatic adenocarcinoma       
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the Clinical Evaluation of Needle-Based 
Confocal LASER Endomicroscopy (nCLE) for 
the Diagnosis of Pancreatic Masses (Contact 
Study), which thus far has been reported only in 
abstract form. In this retrospective study, nCLE 
images were reviewed by experts who knew the 
clinical information and diagnosis of all lesions. 
The criteria for malignant lesions, dark-cell 
aggregates with pseudo-glandular aspects and 
straight hyperdense elements, were described. 
[ 66 ] The second study, the Endoscopic Ultrasound 
Guided Needle Confocal Laser Endomicroscopy 
to Distinguish Between Benign and Malignant 
Lesions in Solid Pancreatic Masses (ENES 
Study), is a prospective blind study from our 
group that evaluated the effi cacy of EUS-nCLE 
for solid pancreatic lesions. Preliminary results 
from the ENES study concluded that the sensitiv-
ity, specifi city, positive predictive value, negative 
predictive value, and accuracy rate were 100 %, 
66.7 %, 90.9%, 100 %, and 92.3 %, respectively. 
From this study, the criteria of EUS-nCLE for 
malignant lesions included dark clumping with 
or without dilated vessels (>20 μm) (Figs.  8.26  
and  8.27 ). For benign lesions, the criteria included 
a fi brous band, small black-cell movement, and 
normal acini (Fig.  8.28 ) [ 67 ]. Interestingly, of 33 

patients from the three available studies listed 
above, no procedure-related complications have 
thus far been reported.

     EUS-nCLE for both solid and cystic pancre-
atic lesions appears to be a promising technique 
for providing real-time histology. However, with 
data available from only a few studies, it is still 
too early to draw conclusions regarding its effi -
cacy in actual clinical practice. More studies are 
required to clarify several unclear questions, such 
as interobserver variations, standard criteria, and 
correlations with histopathology, among  others  .     
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            Introduction 

 Ductal carcinoma of the pancreas is one of the 
solid carcinomas which have the worst progno-
sis. Despite better diagnostic methods, it is still 
rare to detect pancreatic ductal carcinoma in an 
early stage. Although most solid pancreatic 
masses are ductal carcinomas, it is essential to 
distinguish them from noncarcinoma lesions, 
such as focal pancreatitis and neuroendocrine 
tumors, which have a different prognosis and 
require different therapeutic approaches. 
Endoscopic ultrasonography (EUS) is thought to 
be one of the most reliable and effi cient modali-
ties for diagnosing pancreatic tumors as it can 
detect pancreatic carcinomas with a sensitivity of 
>90 % [ 1 – 6 ]. Its spatial resolution is superior to 
that of other modalities such as CT and magnetic 
resonance imaging (MRI). Thus, EUS is more 
accurate than transabdominal US, CT, and MRI 
in terms of detecting and staging pancreatic dis-
eases [ 1 – 17 ]. However, the ability of EUS to 
characterize pancreatic masses is limited. 

 On EUS, pancreatic carcinomas typically 
appear as hypoechoic masses with irregular con-
tours or heterogeneous regions. However, it is 
diffi cult to diagnose some pancreatic lesions by 
EUS because, like most carcinomas, neuroendo-
crine tumors and infl ammatory pseudotumors 
also typically appear as hypoechoic masses. One 
way to characterize such hypoechoic masses, 
thus allowing them to be distinguished from car-
cinomas, is by using contrast enhancement. 
Contrast enhancement in CT and MRI during 
imaging of the pancreas has been shown to 
 provide important supplementary information. 
There have also been recent advances in con-
trast enhancement in the fi eld of EUS that have 
facilitated the characterization of conventional 
EUS- detected pancreatic lesions.  

    Technological Advances 
in Contrast- Enhanced EUS 

    Contrast-Enhanced EUS Using 
Fundamental B Mode 

 Contrast-enhanced EUS was introduced in the 
early 1990s. The fi rst method was to infuse car-
bon dioxide (CO 2 ) microbubbles into the hepatic 
artery through a catheter during angiography 
[ 18 ]. Fundamental B-mode EUS suffi ciently 
depicts the signals from the CO 2  microbubbles in 
a real-time manner and thus intraarterial CO 2  
infusion combined with ultrasonography yields 
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images with very high spatial and time  resolution. 
However, this method is hampered by the fact 
that the ultrasonographic scanning must be 
 performed during angiography.  

    Contrast-Enhanced Doppler EUS 

 In the 1990s, the fi rst-generation intravenous 
ultrasound contrast agent called Levovist 
appeared. Such contrast agents are more conve-
nient compared to CO 2  microbubbles for contrast- 
enhanced ultrasonography because only a bolus 
infusion of the agent from a peripheral vein is 
required. Contrast-enhanced Doppler sonography 
has been proposed to be a valuable technique for 
the diagnosis of pancreatic tumors because phase 
shift of the returned signals from the ultrasound 
contrast agent produces pseudo-Doppler signals 
that enhance the Doppler signals from the vessels 
[ 19 – 25 ]. Thus, infusing an ultrasound contrast 
agent increases the sensitivity with which color 
and power Doppler imaging depicts the Doppler 
signals from vessels, which in turn aids the char-
acterization of pancreatic lesions (Fig.  9.1 ). 
However, this technique is hampered by artifacts 
such as blooming, which limit vessel imaging. 
Moreover, using a Doppler technique can only 
lead to a contrast-enhancing effect in vessels. 
Recently, a novel type of directional power 
Doppler method called Directional eFLOW 
(Aloka Co., Ltd, Tokyo, Japan) was developed 
[ 26 ]. This method permits the blood fl ow in 

 minute vessels to be detected in more detail than 
can be achieved with conventional power or color 
Doppler. In directional eFLOW mode, fewer 
blooming artifacts are observed because broad-
band transmission is optimized and the real 
repeating frequency is increased (Fig.  9.2 ) [ 26 ].

        Contrast-Enhanced Harmonic EUS 

 Another sonographic technique is contrast- 
enhanced harmonic imaging. By employing a 
microbubble contrast agent, contrast-enhanced 
harmonic US depicts signals from microbubbles 
in very slow fl ow without Doppler-related arti-
facts, thereby enabling the slow fl ow in micro-
scopic vessels to be visualized [ 27 ,  28 ]. However, 
when only the fi rst-generation ultrasound con-
trast agent Levovist was available, the contrast 
harmonic imaging technique could not be used 
for EUS examination because the echoendoscope 
transducer has a limited frequency bandwidth 
and is too small to produce enough acoustic 
power. However, second-generation ultrasound 
contrast agents, such as SonoVue (Bracco 
Imaging, Milan, Italy), Sonazoid (Daiichi- 
Sankyo, Tokyo, Japan; GE Health Care, 
Milwaukee, WI, USA), and Defi nity (Lantheus 
Medical Imaging, North Billerica, MA, USA) 
produce harmonic signals at lower acoustic 
power and are therefore suitable for EUS imag-
ing with low acoustic power [ 29 – 31 ]. Contrast- 
enhanced harmonic EUS could thus be performed 

  Fig. 9.1    Typical image 
of the pancreatic 
neuroendocrine tumor 
on contrast-enhanced 
Doppler EUS. Contrast-
enhanced power Doppler 
imaging shows a tumor 
of 7 mm in diameter 
( arrowheads ), which 
includes abundant 
vessels ( arrow ). The 
vessels are depicted 
wider than themselves       
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with these second-generation ultrasound contrast 
agents and a wide-band transducer equipped with 
EUS (Fig.  9.3 ). This technique is likely to 

improve the differential diagnosis of pancreatic 
disease (Figs.  9.4  and  9.5 ). Two groups fi rst 
reported this new technology with different 

  Fig. 9.2    Typical image 
of the pancreatic ductal 
carcinoma on contrast- 
enhanced directional 
eFLOW EUS. Contrast- 
enhanced directional 
eFLOW imaging shows 
a tumor of 14 mm in 
diameter ( arrowheads ). 
The tumor does not have 
color signals, while the 
fi ne vessel structure can 
be depicted in the 
surrounding tissue 
( arrows )       

  Fig. 9.3    Time course of contrast-enhanced harmonic 
EUS images of the normal pancreas before and after infu-
sion of an ultrasound contrast agent (Sonazoid).  Left : con-
ventional EUS image (monitor mode).  Right : 
contrast-enhanced harmonic EUS image (extended pure 
harmonic detection mode). ( a ) Images before infusion. 
Contrast-enhanced harmonic EUS ( right ) shows no sig-
nals from the pancreas. ( b ) Images 10 s after infusion. 

Contrast-enhanced harmonic EUS ( right ) shows strong 
signal from common hepatic artery ( arrow ) and branching 
microvessels in the pancreas ( arrowheads ). ( c ) Images 
22 s after infusion. Contrast-enhanced harmonic EUS 
( right ) shows diffuse signals in the pancreatic parenchyma 
and strong signals in the portal vein ( arrowheads ). 
Pancreatic duct (PD) and bile duct (BD) are depicted as 
avascular ductal structures       
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  Fig. 9.4    Vascular patterns that can be depicted by contrast-enhanced harmonic EUS. Solid pancreatic lesions can be 
categorized into four patterns, namely, nonenhancement, hypoenhancement, isoenhancement, and hyperenhancement       

  Fig. 9.5    Typical images of pancreatic solid tumors on 
contrast-enhanced harmonic EUS.  Left : conventional 
EUS image (monitor mode).  Right : contrast-enhanced 
harmonic EUS image (extended pure harmonic detection 
mode). ( a ) Ductal carcinoma with hypoenhancement. 
Conventional EUS ( left ) shows a hypoechoic area ( arrow-
heads ) of 10 mm in diameter at the pancreas body. 
CH-EUS ( right ) indicates that the area has hypoenhance-
ment ( arrowheads ) compared with the surrounding tissue. 
( b ) Autoimmune pancreatitis with isoenhancement. 

Conventional EUS ( left ) shows a hypoechoic area ( arrow-
heads ) of 23 mm in diameter at the pancreas body. 
CH-EUS ( right ) indicates that the area has homogeneous 
enhancement similar to the surrounding tissue; a margin is 
not observed. ( c ) Neuroendocrine tumor with hyperen-
hancement. Conventional EUS ( left ) shows a hypoechoic 
area ( arrowheads ) of 19 mm in diameter at the pan-
creas body. CH-EUS ( right ) indicates that the area has 
 hyperenhancement ( arrowheads ) compared with the 
 surrounding tissue           
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 high- end EUS systems. In 2005, Dietrich et al. 
described contrast-enhanced, low-mechanical 
index, real-time EUS that employed adapted 
dynamic-contrast harmonic wide-band pulsed 
inversion software [ 29 ]. This method was used to 
identify the celiac trunk, the common hepatic 
artery, the splenic artery, and the portal vein and 
its branches and collaterals in patients with portal 
vein thrombosis [ 29 ]. In 2008, the authors of the 

present chapter described the development of 
another EUS system that was equipped with an 
echoendoscope with a broadband transducer and 
a specifi c mode for contrast harmonic imaging 
[ 30 ,  31 ]. This system allowed depiction of the 
microcirculation and parenchymal perfusion in 
patients with pancreatobiliary diseases, gastroin-
testinal stromal tumors, and lymph node metasta-
ses [ 30 ,  31 ]. Unlike contrast-enhanced Doppler 

Fig. 9.5 (continued) 

9 Contrast-Enhanced EUS



130

EUS, contrast-enhanced harmonic EUS depicts 
large vessels without blooming artifacts; fi ne 
vessels are also detected, which allows parenchy-
mal perfusion imaging [ 30 ]. A recent report also 
described the quantitative assessment of pancre-
atic lesions with contrast-enhanced harmonic 
EUS by using a time–intensity curve. This repro-
ducible and objective analysis may aid the diag-
nosis of pancreatic lesions [ 32 – 35 ].

          Principle and Ultrasound Contrast 
Agents of Contrast-Enhanced 
Harmonic EUS 

    Principle 

 Ultrasound contrast agents are microbubbles 
consisting of gas covered with a lipid or phos-
pholipid membrane. A certain range of acoustic 
power induces microbubble oscillation or break-
age. When microbubbles are oscillated or bro-
ken, harmonic components that are integer 
multiples of the fundamental frequency are pro-
duced [ 27 ,  28 ]. The harmonic content derived 
from microbubbles is higher than that from tis-
sues. Contrast harmonic imaging more inten-
sively depicts signals from the microbubbles than 
those from the tissue by selectively detecting the 
second harmonic components [ 27 ,  28 ]. Phase-
shift output, which more greatly occurs in ultra-
sound contrast agents than in the other part, also 
enhances the signals from the ultrasound contrast 
agent. Phase- shift signal outputs are synthesized 
with second harmonic signals to reinforce the 
harmonic signals [ 30 ,  31 ].  

    Ultrasound Contrast Agents 

 The fi rst ultrasound contrast agent, Levovist, 
consists of air-fi lled galactose microbubbles [ 36 ]. 
However, high acoustic power is needed to 
 oscillate or break these microbubbles. To over-
come this disadvantage, second-generation 
 ultrasound contrast agents, including SonoVue 
(Bracco Imaging, Milan, Italy), Sonazoid 

(Daiichi- Sankyo, Tokyo, Japan; GE Health Care, 
Milwaukee, WI, USA), and Defi nity (Lantheus 
Medical Imaging, North Billerica, MA, USA), 
were created. These agents are composed of 
microbubbles of gases, not room air, that are cov-
ered with a lipid or phospholipid membrane [ 36 ]. 
They can be oscillated by low acoustic power, 
which is suitable for EUS. Immediately before 
performing contrast enhancement, these ultra-
sound contrast agents are constituted by shaking 
powder with water and gas and then infused 
intravenously as a bolus.   

    Contrast-Enhanced Doppler EUS 
for Pancreatic Masses 

    Doppler Mode EUS Without 
Ultrasound Contrast Agents 

 While waiting for the second-generation ultra-
sound contrast agents to be developed, color and 
power Doppler with and without ultrasound con-
trast agents were used for vessel imaging. The 
development of electronic EUS led to color and 
power Doppler EUS, which are powerful and 
simple methods for detecting blood vessels 
and can be of great advantage in diffi cult cases. 
Most pancreatic carcinomas, neuroendocrine 
tumors, and infl ammatory pseudotumors are sim-
ply depicted as hypoechoic masses by Doppler 
mode EUS. When contrast agents are not used for 
vessel imaging, pancreatic cancer can be diag-
nosed on the basis of their lack of power Doppler 
signals with an accuracy of 34–88 % [ 21 ,  22 ,  25 ].  

    Doppler Mode EUS with Ultrasound 
Contrast Agents 

 The use of contrast improves the characterization 
of the vasculature inside the organ of interest and 
better delineates hypoechoic masses. Indeed, on 
the basis of contrast-enhanced Doppler EUS 
images, pancreatic tumors can be classifi ed 
according to their vessel density relative to that in 
the surrounding pancreatic tissue. Well-designed 
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prospective studies have shown that contrast- 
enhanced Doppler EUS diagnoses pancreatic car-
cinomas with a sensitivity ranging from 85 to 
94 % and a specifi city ranging from 71 to 100 % 
[ 20 – 26 ]. 

 When Dietrich et al. used contrast-enhanced 
(color Doppler) EUS to investigate patients with 
undetermined pancreatic tumors, they found that 
92 % of the adenocarcinomas of the pancreas 
exhibited hypovascularity (Fig.  9.3 ) [ 23 ]. By 
contrast, all other pancreatic lesions had an iso-
vascular or hypervascular pattern (Fig.  9.2 ). In 
their experience, hypovascularity in contrast- 
enhanced Doppler EUS indicated pancreatic 
malignancy with 92 % sensitivity and 100 % 
specifi city [ 23 ]. Regarding the usefulness of 
contrast- enhanced EUS in terms of differentiat-
ing infl ammation from pancreatic carcinoma, 
Hocke et al. reported that Sonovue increased the 
sensitivity of EUS from 73 to 91 % [ 21 ]. 
Moreover, when Sakamoto et al. compared the 
abilities of contrast-enhanced CT and contrast- 
enhanced Doppler EUS by power Doppler mode 
using Levovist to detect and differentially diag-
nose the pancreatic tumors in 156 consecutive 
patients with suspected pancreatic tumors, they 
found that EUS detected small (2 cm or less) pan-
creatic carcinomas with a signifi cantly higher 
sensitivity (94 %) than contrast-enhanced CT 
(50 %) [ 22 ]. Moreover, contrast-enhanced CT, 
Doppler mode EUS without contrast, and 
contrast- enhanced Doppler EUS could distin-
guish small (≤2 cm) ductal carcinomas from 
other small (≤2 cm) pancreatic tumors with sen-
sitivities of 50.0 %, 11.0 %, and 83.3 %, respec-
tively. Thus, contrast-enhanced Doppler EUS 
was signifi cantly more sensitive than Doppler 
mode EUS and contrast-enhanced CT [ 22 ]. 

 With respect to pancreatic neuroendocrine 
tumors, most heterogeneous hypoechoic areas and 
anechoic areas correspond to hemorrhage or necro-
sis on pathological examination, which was the 
most signifi cant factor suggestive of malignancy 
[ 24 ]. These areas are identifi ed as fi lling defects in 
contrast-enhanced Doppler EUS and thus are 
depicted more clearly by contrast- enhanced 
Doppler EUS than by conventional EUS [ 24 ].   

    Contrast-Enhanced Harmonic EUS 
for Pancreatic Masses 

    Enhancement Patterns 

 Compared to contrast-enhanced Doppler EUS, 
contrast-enhanced harmonic EUS more clearly 
depicts microvessels and parenchymal perfusion 
in the pancreas. Pancreatic solid lesions can be 
characterized on the basis of their contrast- 
enhanced harmonic EUS enhancement patterns, 
namely, nonenhancement, hypoenhancement, 
isoenhancement, or hyperenhancement (Figs.  9.4  
and  9.5 ) [ 32 – 35 ,  37 – 41 ]. Pancreatic ductal carci-
nomas are depicted as nodules with hypoen-
hancement that mostly have irregular network-like 
vessels (Fig.  9.5a ) [ 30 ]. When we use Sonazoid, 
which is the most sensitive of the ultrasound con-
trast agents, all ductal carcinomas exhibit signals 
from the ultrasound contrast agent. However, in 
most lesions, the signals are lower than those in 
their surrounding tissues (Fig.  9.5a ). By contrast, 
in most patients with autoimmune pancreatitis 
and infl ammatory tumors, the whole pancreatic 
organ shows homogeneous iso-enhancement on 
contrast-enhanced harmonic EUS (Fig.  9.5b ). 
Moreover, most neuroendocrine tumors exhibit 
hyperenhancement on contrast-enhanced har-
monic EUS (Fig.  9.5c ). This supports the 
 underlying theory that different kinds of masses 
in the pancreas have different microvasculatures. 
A recently published meta-analysis showed that 
when pancreatic adenocarcinomas were defi ned 
as lesions with hypoenhancement on contrast- 
enhanced harmonic EUS, these tumors were 
diagnosed with a pooled sensitivity and specifi c-
ity of 94 % and 89 %, respectively, although it 
should be noted that this meta-analysis included 
articles using both contrast-enhanced Doppler 
and contrast-enhanced harmonic imaging [ 42 ].  

    Quantitative Analysis 

 Recent articles on quantitative analyses using a 
time–intensity curve with contrast-enhanced 
 harmonic EUS revealed that several variables 
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measured by the time–intensity curve can be 
used to differentially diagnose conventional 
EUS- detected pancreatic masses. Most neuroen-
docrine tumors exhibit hyperenhancement on 
contrast-enhanced harmonic EUS (Fig.  9.6 ) 
[ 32 – 35 ]. Seicean et al. reported that the ratio 
between the uptake inside the mass and the 
uptake of the surrounding parenchyma was use-
ful for differentiating adenocarcinomas from 
mass-forming chronic pancreatitis [ 32 ]. 
Adenocarcinomas and pseudotumoral pancreati-
tis also differed signifi cantly in terms of median 
intensity, maximum intensity, time to peak, and 
area under the curve [ 34 ]. Contrast-enhanced 
EUS using such time–intensity curve analysis 
diagnosed pancreatic adenocarcinomas with a 
sensitivity and specifi city of 94 % and 89 %, 
respectively [ 34 ]. Imazu et al. also reported that 
adenocarcinomas and autoimmune pancreatitis 
differed signifi cantly in terms of peak intensity 

and maximum intensity gain [ 33 ]. Receiver oper-
ating characteristics analysis yielded an optimal 
maximum intensity gain cutoff value of 12.5 that 
was associated with a high sensitivity and speci-
fi city (both 100 %) [ 33 ]. Matsubara et al. reported 
that of all pancreatic lesions, adenocarcinomas 
had the greatest echo intensity reduction rate 
from the peak at 1 min ( P  < 0.05) [ 35 ]. In their 
report, adenocarcinomas were diagnosed more 
accurately by using the contrast imaging pattern 
(84.0 %) and time–intensity curve analysis 
(88.0 %) than by using fundamental B-mode 
imaging (82.6 %) or dynamic CT (81.3 %) [ 35 ]. 
So far, which quantitative analysis valuable is 
most sensitive remains unclear. This may refl ect 
the fact that all reports on quantitative analysis 
are based on a limited number of patients in a 
single institute. A multicenter study with a large 
number of patients would reveal which variable 
should be used for diagnosing pancreatic masses.

  Fig. 9.6    Time–intensity curve of echo intensity in a pan-
creatic carcinoma. Time-course of the echo intensity in 
the  yellow circle  is measured.  BI,  base intensity;  PI,  peak 

intensity;  IG,  intensity gain;  TTP,  time to peak;  I60,  inten-
sity at 60 s;  RR,  reduction rate of the echo intensity       
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       Comparison to Other Imaging 
Methods 

 When Fusaroli et al. compared contrast-enhanced 
harmonic EUS with conventional EUS, they 
found that the former detects hypoenhanced 
lesions with a higher sensitivity and specifi city 
(96 % and 64 %, respectively) than conventional 
EUS detects hypoechoic lesions (86 % and 18 %, 
respectively) [ 37 ]. They also reported that 
contrast- enhanced harmonic EUS improves the 
depiction of pancreatic tumors compared to con-
ventional EUS. Indeed, in some ductal carcino-
mas with uncertain conventional EUS fi ndings, 
an outline was detected by contrast-enhanced 
harmonic EUS [ 37 ]. 

 When the authors of the present review com-
pared contrast-enhanced harmonic EUS to 
contrast- enhanced CT, they found they were gen-
erally comparable in terms of differentiating duc-
tal carcinomas from other masses [ 39 ]. However, 
contrast-enhanced harmonic EUS (91 % sensitiv-
ity and 94 % specifi city) was superior to contrast- 
enhanced CT (71 % sensitivity and 92 % 
specifi city) for diagnosing small (≤2 cm) carci-
nomas. In particular, contrast-enhanced harmonic 
EUS was useful for characterizing 12 neoplasms 
that contrast-enhanced CT failed to detect [ 39 ]. 

 EUS elastography is another new image 
enhancement technology. Two reports have com-
pared contrast-enhanced EUS and EUS elastogra-
phy. When Sãftoiu et al. compared the diagnostic 
accuracy of contrast-enhanced Doppler EUS and/
or EUS elastography in pancreatic solid masses, 
they found that the two techniques had compara-
bly high sensitivities (91 % and 85 %, respec-
tively) [ 25 ]. Although their individual specifi cities 
were less than 70 %, combining the two methods 
improved the specifi city: When ductal carcinomas 
were defi ned as lesions with hypoenhancement on 
contrast-enhanced Doppler EUS and hard elastic-
ity on EUS elastography, the specifi city was 95 %. 
Thus, the combination method reduces the num-
ber of false-positive cases [ 25 ]. By contrast, 
Hocke et al. concluded that the combination of 
fundamental B mode, elastography, and contrast- 
enhanced Doppler EUS imaging (the sensitivity 
and specifi city were 90 % and 64 %, respectively) 
was not superior to contrast-enhanced Doppler 

EUS alone (90 % sensitivity and 92 % specifi city) 
[ 43 ]. The different conclusions of these two 
reports may depend on the diagnostic accuracy of 
EUS elastography and contrast-enhanced EUS. 
Further study is needed to establish the contrast-
enhanced harmonic EUS and EUS elastography 
criteria that can be used to diagnose pancreatic 
tumors.  

    Relationship to EUS-FNA 

 Conventional EUS fails to depict pancreatic 
tumors in cases with chronic pancreatitis, dif-
fusely infi ltrating carcinoma, or a recent episode 
of acute pancreatitis. In such cases, the target of 
EUS-FNA cannot be identifi ed. Since contrast- 
enhanced harmonic EUS clearly depicts subtle 
lesions that conventional EUS cannot identify, it 
can be used to identify the target of EUS-FNA 
[ 37 ,  39 ,  44 ]. It can also be used to identify a spe-
cifi c site within an otherwise clearly visible lesion 
that would be more suitable for EUS-FNA than 
other sites (Fig.  9.7 ) [ 45 ]. Identifi cation and 
avoidance of the avascular sites in a lesion may 
help avoid sampling necrotic areas (Fig.  9.7 ) [ 45 ].

   Three studies reported that contrast-enhanced 
harmonic EUS is as sensitive as EUS-FNA in 
detecting pancreatic adenocarcinomas [ 38 ,  39 , 
 41 ]. Thus, contrast-enhanced harmonic EUS may 
be complementary to EUS-FNA, particularly for 
identifying adenocarcinomas with false-negative 
EUS-FNA fi ndings [ 38 ,  39 ,  41 ]. The authors of 
the present review have reported that when 
contrast- enhanced harmonic EUS is combined 
with EUS-FNA, the sensitivity of EUS-FNA 
increases from 92 to 100 % [ 39 ]. Similarly, in a 
French multicenter study, fi ve EUS-FNA false- 
negative cases were correctly classifi ed by 
contrast- enhanced harmonic EUS [ 41 ]. 

 EUS-FNA is also sometimes diffi cult to per-
form because of intervening vessels or anticoag-
ulation treatment. In such cases, contrast-enhanced 
EUS may be a useful substitute [ 46 ]. Contrast- 
enhanced EUS may also be useful for assess-
ing lymph nodes that cannot be accessed by 
EUS- FNA because of an intervening tumor; it 
can also eliminate the time and risk associated 
with performing EUS-FNA at a second site [ 46 ].   

9 Contrast-Enhanced EUS



134

    Contrast-Enhanced EUS for Staging 

    T-Staging 

 When Imazu et al. compared conventional EUS 
and contrast-enhanced harmonic EUS in terms of 
preoperative T-staging of pancreatobiliary 
tumors, they found that contrast-enhanced har-
monic EUS correctly T-staged 24 of 26 pancrea-
tobiliary tumors, six of which were misstaged by 
conventional EUS [ 47 ]. In particular, contrast- 
enhanced harmonic EUS depicted the wall of the 
portal vein more clearly than conventional EUS, 
which means that it is superior in terms of diag-
nosing portal invasion by pancreatobiliary ade-
nocarcinomas [ 47 ].  

    N-Staging 

 With respect to lymph node metastases, Kanamori 
et al. evaluated the utility of contrast-enhanced 
Doppler EUS for differentiating malignant from 
benign lymph nodes [ 48 ]. Contrast-enhanced 

Doppler EUS using Levovist was signifi cantly 
more sensitive (100 %) and specifi c (86 %) than 
plain EUS (88 % and 77 %), respectively [ 48 ]. 
When Xia et al. used contrast-enhanced harmonic 
EUS to diagnose intraabdominal lesions of unde-
termined origin, 96.3 % of the malignant lesions 
exhibited heterogeneous enhancement on 
contrast- enhanced harmonic EUS (Fig.  9.8a ) 
[ 49 ]. By contrast, 75 % of the benign lesions 
exhibited homogeneous enhancement (Fig.  9.8b ). 
Thus, contrast-enhanced EUS can be used for 
N-staging of digestive tract tumors [ 49 ].

        Future Perspectives for Contrast- 
Enhanced EUS 

 To date, the contrast-enhanced EUS technique 
has largely been used to evaluate vascularity. 
However, recent studies revealed that this tech-
nique can also be used to evaluate response 
to treatment, for molecular imaging, and to pro-
vide local therapy [ 50 – 55 ]. Recently, there has 
been interest in the possibility of using EUS-
guided ablation to treat focal pancreatic lesions. 

  Fig. 9.7    EUS-guided fi ne-needle aspiration under simul-
taneous guidance of conventional EUS and contrast- 
enhanced harmonic EUS.  Left : conventional EUS image 
(monitor mode).  Right : contrast-enhanced harmonic EUS 
image (extended pure harmonic detection mode). 

Conventional EUS ( left ) shows a hypoechoic tumor of 
38 mm in diameter. Contrast-enhanced harmonic EUS 
shows nonenhancement, indicating necrotic tissue in most 
parts of the tumor, except a part with enhancement 
( arrowheads ) which is punctured with a needle ( arrows )       
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Experiments in pigs showed that contrast- 
enhanced EUS improved the visualization of 
altered pancreatic vascular perfusion after a 
local injection of ethanol, which indicates that 
contrast- enhanced EUS can be used to follow up 
the ablated lesion [ 53 ]. Moreover, an ultrasound 

contrast agent that was covalently coupled to a 
recombinant single-chain vascular endothelial 
growth factor (VEGF) succeeded in depicting the 
tumor in a murine model of colon adenocarci-
noma [ 50 – 52 ]. This suggests that ultrasonic depic-
tion of VEGF may facilitate the molecular 

  Fig. 9.8    Typical images of lymph nodes with contrast- 
enhanced harmonic EUS.  Left : conventional EUS image 
(monitor mode).  Right : contrast-enhanced harmonic EUS 
image (extended pure harmonic detection mode). ( a ) 
Malignant lymph node with heterogeneous enhancement. 
Conventional EUS ( left ) shows a lymph node of 14 mm in 
diameter ( arrowheads ). Contrast-enhanced harmonic 

EUS ( right ) indicates that the lymph node has heteroge-
neous enhancement ( arrowheads ). ( b ) Benign lymph 
node with homogeneous enhancement. Conventional 
EUS ( left ) shows a lymph node of 13 mm in diameter 
( arrowheads ). Contrast-enhanced harmonic EUS ( right ) 
indicates that the lymph node has homogeneous enhance-
ment ( arrowheads )         
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profi ling of angiogenesis in the tumor and the 
early assessment of antiangiogenic therapy effects. 

 The development of contrast-enhanced EUS 
will also be benefi cial for targeted drug delivery 
applications in pancreatic tumors. Drug sub-
stances, including plasmid DNA, can be deliv-
ered within the microbubbles. High-intensity 
ultrasound beams can potentially destroy these 
microbubbles so that the drug is only released in 
the pancreas [ 54 ]. This targeted drug delivery 
treatment is likely to enhance drug action and 
reduce undesirable adverse effects. A recently 
developed microbubble precursor called phase 
change nanodroplets (PCNDs) becomes micro-
bubbles and produces high energy that can 
destroy tissues when it receives high-intensity 
ultrasound beams [ 55 ]. In addition, the spatial 
distribution of locally injected PCNDs can be 
manipulated using ultrasound pulses [ 55 ], sug-
gesting that EUS-guided injection of this micro-
bubble precursor and high-intensity focused 
ultrasound may lead to cancer ablation. Thus, 
contrast-enhanced EUS technology will expand 
to these promising applications in the near future.  

    Conclusions 

 Contrast-enhanced harmonic EUS is a promising 
method that promotes the identifi cation and dif-
ferentiation of pancreatic masses, particularly 
small lesions that cannot be identifi ed by other 
imaging methods. Moreover, contrast-enhanced 
harmonic EUS-detected hypoenhancement in a 
lesion is a sensitive and accurate predictor of 
pancreatic adenocarcinoma. Contrast-enhanced 
harmonic EUS can also supplement EUS-FNA 
in terms of characterizing pancreatic lesions. 
Moreover, it can be used to identify the target of 
EUS-FNA.     
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      Endoscopic Ultrasonography: Role 
of EUS Sampling in Solid Pancreas 
Lesions       

     James     L.     Buxbaum      and     Mohamad     A.     Eloubeidi     

         In 1992 Peter Vilmann fi rst reported the technique 
of endoscopic ultrasound-guided biopsy of the 
pancreas [ 1 ]. Similar to transrectal prostate 
biopsy, this technique minimizes potential injury 
to intervening structures and has become the dom-
inant approach to the gland. In this chapter the 
powerful advantages, limitations, and techniques 
of EUS-FNA of pancreas masses will be explored. 

    Advantages 

 Prior to the introduction of EUS, the diagnostic 
evaluation of pancreas masses was done by bile 
duct brushings at the time of endoscopic retro-
grade cholangiopancreatography (ERCP) and per-
cutaneous biopsies. The former approach had a 
sensitivity of 22–71 % [ 2 ]. During the mid- to late 
1990s, prospective series demonstrated the feasi-
bility and favorable performance of EUS- FNA for 
the diagnosis of pancreas masses. Initial work 
reported a sensitivity of 64–94 % and specifi city of 
94–100 % [ 3 – 6 ]. Two large recent meta- analyses 
integrating the more recent literature have shown 
an impressive pooled sensitivity of 85–87 % and a 

specifi city of 96–98 % [ 7 ,  8 ]. Investigation has 
shown that the strengths of EUS-FNA for the eval-
uation of pancreas masses are its high yield in the 
face of nondiagnostic biopsy by other modalities, 
ability to detect small subtle lesions, low risk of 
seeding, and cost-effectiveness. 

    Performance Where Other Methods Fail 

 Gress et al. prospectively evaluated 102 patients 
with suspected pancreas cancer who had previ-
ously undergone nondiagnostic computed tomog-
raphy (CT)-guided biopsy or ERCP with 
cytologic brushings. Based on pathologic diagno-
sis or long-term follow-up, EUS-FNA had a sen-
sitivity of 93 % and a specifi city of 83 %. These 
fi ndings were corroborated by Harewood et al., 
who found that EUS could be used to determine 
the origin of >90 % of lesions which had a nondi-
agnostic prior CT-guided biopsy or brushings [ 9 ]. 
In 1997 Horwat et al. initiated a randomized trial 
of EUS versus percutaneous FNA for pancreas 
masses [ 10 ]. Preference for EUS by referring 
physicians limited enrollment such that the sam-
ple size requirement was not met at 5 years. 
Though statistical signifi cance was not reached 
likely secondary to anemic enrollment, the 
 sensitivity of EUS-FNA, 84 %, exceeded that of 
CT-guided FNA, 62 %. Additionally, FNA agree-
ment with fi nal pathology was signifi cantly better 
for the FNA-acquired specimen (kappa = 0.76) 
than percutaneous aspirates (kappa = 0.47).  
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    Small Lesions and Seeding 

 The theoretical advantage of EUS in the evalua-
tion of pancreas masses is that imaging can be 
performed in close (0.5–2.0 cm) proximity to the 
pancreas. This optimizes resolution and enables 
detection and targeting of very small lesions. 
Volmar et al. compared the performance of CT or 
transabdominal ultrasound (TUS)-guided FNA 
compared to EUS-FNA in 1050 patients with pan-
creas masses [ 11 ]. The accuracy of EUS (86 %) 
vs. CT (86 %) and US (85 %) was comparable for 
lesions >3 cm. However, the accuracy of lesions 
<3 cm was superior for EUS compared to TUS 
and CT. For example, the accuracy of EUS- FNA 
for lesions 2–3 cm in size was 86 % compared to 
62 % for TUS and CT-guided biopsy. EUS-FNA 
has a favorable sensitivity (87 %) and specifi city 
(98 %) for the confi rmation of pancreas masses, 
which cannot even be defi nitively detected (and 
thus targeted) by multidetector CT [ 12 ]. 

 A longstanding concern of percutaneous 
biopsy of pancreas lesions has been malignant 
seeding of the skin, fascia, peritoneal lining, and 
other intervening structures, which must be 
crossed. EUS offer the advantage of a shorter 
needle tract and the needle pathway is included in 
the resection specimen. Micamenes et al. com-
pared the risk of seeding for percutaneous versus 
endoscopic biopsy [ 13 ]. Patients underwent lapa-
roscopic staging to exclude metastatic disease at 
the outset as part of a neoadjuvant chemoradio-
therapy protocol. Peritoneal failure occurred 
more frequently, in 16.3 % of patients who had 
undergone percutaneous biopsy compared to 
2.2 % for EUS-FNA.  

    Cost-Effectiveness and Safety 

 The ability to more accurately detect and con-
fi rm pancreas lesions appears to result in less 
invasive and more cost-effective management. 
Chang et al. demonstrated in a prospective series 
that EUS-FNA of pancreas masses and associ-
ated lymph nodes avoided surgery and additional 
procedures in 57 % of patients and results in a 
saving of US$3300 per patient in the series [ 14 ]. 
Modeling indicates that EUS followed by 

 laparoscopy minimizes the rate of unnecessary 
staging surgical explorations to 5 % [ 15 ]. 

 Cost-minimization analysis suggests that 
EUS-FNA is the best initial method to evaluate 
suspected pancreas cancer [ 16 ]. EUS-FNA was 
of lower cost and greater effi cacy than ERCP or 
percutaneous biopsy. While surgical biopsy had a 
slightly higher yield, the cost for a successful 
diagnosis of pancreas cancer was US$1405 com-
pared to US$17,711 for surgery. Similarly, deci-
sion analysis models demonstrate that for staging 
purposes EUS-FNA is a less costly strategy than 
CT-guided FNA or surgery [ 17 ]. 

 EUS-FNA is also a relatively safe modality to 
evaluate pancreas masses. A pooled analysis of 
4909 EUS-FNA procedures from 19 centers sug-
gested a pancreatitis risk of 0.3 % for biopsy of the 
pancreas mass. However, a higher rate (0.6 %) in 
the limited number of centers which prospectively 
collected data suggested recall bias [ 18 ]. In the 
largest prospective series of complications of 
EUS-FNA for pancreas mass, the rate of pancreati-
tis was 0.9 % and the overall rate of complications 
was 2.5 % [ 19 ]. These results compare favorably 
with rates of pancreatitis of 4 % following percuta-
neous pancreatic biopsy [ 20 ]. ERCP enables sam-
pling via cytologic brushings but is associated with 
a much higher pancreatitis rate of 5–15 % [ 21 ,  22 ].   

    Challenges and Solutions 

 Despite its signifi cant advantages, a number of 
challenges have faced the community of endo-
sonographers. An early problem was lack of 
available practitioners and the need to establish 
training programs. An ongoing problem has been 
decreased sensitivity in the setting of pancreatic 
infl ammation and in the workup of pancreas 
masses of unusual origin. 

    Training and the EUS Workforce 

 Early barriers preventing widespread EUS-FNA 
for the assessment of pancreas mass lesions 
were that there were few endoscopists with EUS 
experience, it was not part of the standard gastro-
enterology fellowship curriculum, and there were 
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no training guidelines [ 23 ]. Mertz and Gautam 
reported a signifi cant learning curve in which the 
sensitivity of EUS-FNA for pancreas masses was 
<50 % initially but increased to >80 % after 30–50 
cases [ 24 ]. While many early endosonographers 
learned by observing cases and studying text-
books and video materials, hands-on performance 
in the presence of a mentor is critical for improved 
results [ 25 ]. Thus, guidelines for credentialing 
and granting privileges for endoscopic ultrasound 
were developed recommending that endoscopists 
have at least 150 supervised cases, 75 of which 
should be pancreaticobiliary cases [ 26 ]. 

 The development of third-tier fellowship of 
1–2 years’ length following the standard 3-year 
gastroenterology fellowship has helped to expand 
this technique. Prospective assessment of the 
yield of EUS-FNA immediately following a 
fourth year of training exceeded 90 % and was 
comparable to that in large centers, though the 
number of passes and minor complications did 
decrease over time [ 27 ]. Currently, there are more 
than 70 third-tier programs which train advanced 
fellows in endoscopic ultrasonography. 

 However, it is not unusual for endoscopists 
who have performed 200 or more supervised pro-
cedures to require additional training [ 28 ]. 
Ongoing efforts aim to defi ne quality measures 
and more rigorous ways to track trainee and prac-
titioner performance. As a quality indicator, the 
yield of malignancy in patients referred for EUS- 
FNA of pancreas masses was found to be 71 % 
on average [ 29 ]. Those with a yield of <52 % are 
encouraged to review their techniques.  

    Sampling Error and Rapid on-Site 
Cytology (ROSE) 

 While EUS has emerged as the dominant strategy 
to sample the pancreas, its performance is some-
what limited by sampling error. In part this is 
related to the desmoplasia and necrosis associ-
ated with this aggressive malignancy. The accu-
racy of EUS-FNA is improved if a pathologist is 
present in the procedure to assess the needle 
passes for adequacy and diagnosis [ 30 ]. In addi-
tion to improved accuracy, rapid on-site cytology 
(ROSE) results in fewer needle passes and its 

complications in the evaluation of pancreas 
masses [ 31 ]. This concept has been elaborated 
elsewhere (see Chap.   14     in this book).  

    Decreased Sensitivity in Pancreatitis 

 The evaluation of pancreas masses in the setting 
of chronic pancreatitis and the differentiation of 
focal pancreatitis (i.e., pseudotumor) from pan-
creas cancer are diffi cult. Pancreatic malignancy 
is unusual in that it results in intensive desmopla-
sia, which makes needle passage diffi cult and 
diminishes yield as malignant cells may be widely 
dispersed in a collagen network. Calcifi cations 
and hyperechoic foci also make visualization to 
target these passes diffi cult. Chronic pancreatitis 
similarly results in extensive fi brosis and may 
mimic pancreas cancer; however, given their 
increased risk of pancreas cancer, comprehensive 
assessment is required [ 38 – 40 ]. 

 Fritscher-Ravens et al. compared the perfor-
mance of EUS-FNA in the evaluation of focal 
pancreatic lesions in the setting of chronic pan-
creatitis versus normal parenchyma. While the 
sensitivity of EUS-FNA was 85 % overall and 
89 % in normal-appearing parenchyma, it was 
53 % in the setting of chronic pancreatitis [ 41 ]. 
Performance may be improved in this setting if 
additional passes are performed at the behest of 
an on-site cytopathologist whose interpretation 
may guide targeting [ 42 ]. However, while this 
approach improves the sensitivity of EUS-FNA 
in the setting of pancreatitis, it still remains lower, 
74 %, compared to biopsies of masses in an oth-
erwise normal pancreas, 91 % [ 42 ]. 

 In addition to the utilization of ROSE and per-
formance of additional passes, several new tech-
nologies may facilitate EUS-FNA of pancreas 
masses as discussed elsewhere in this book (see 
Chap.   14    ).  

    Neuroendocrine and Other Unusual 
Pancreas Masses 

 Another challenge in EUS evaluation of pancreas 
masses has been the assessment of unusual pan-
creas tumors. Nonepithelial tumors, including 
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neuroendocrine lesions, lymphomas, and metas-
tasis, account for 5–23 % of pancreas masses 
evaluated by EUS-FNA [ 53 ,  54 ]. Aspirates of 
neuroendocrine tumors reveal small, round uni-
form cells [ 55 ]. Special stains including synapto-
physin, chromogramin, and neuron-specifi c 
enolase must be considered and used to make the 
correct diagnosis [ 56 ,  57 ]. Pancreatic lymphoma 
typically requires confi rmatory fl ow cytometry of 
aspirates [ 58 ]. Voss et al. reported that the perfor-
mance of EUS-FNA in the evaluation of NET 
and other unusual tumors was inferior to its use 
in the evaluation of epithelial tumors. In this 
series of 99 patients with pancreas masses, EUS- 
FNA was 81 % sensitive for adenocarcinoma but 
47 % for neuroendocrine tumors. 

 However, several subsequent studies have 
demonstrated that EUS-FNA has a sensitivity of 
>80 % for neuroendocrine lesions [ 59 ,  60 ]. 
Recent series also indicate that the detection of 
metastasis to the pancreas, lymphomas, and other 
unusual lesions by EUS-FNA is also comparable 
to its performance in adenocarcinoma [ 57 ,  58 , 
 61 ,  62 ]. Potential differences in the latter reports 
are the utilization of rapid on-site cytologic 
assessment and special stains for critical cell sur-
face markers. In contrast, Voss et al. did not have 
these advantages and nearly half of the speci-
mens acquires were found to be bloody and inad-
equate for evaluation after the procedure was 
fi nished. Adequate material is critical to enable 
special stains [ 56 ]. 

 The evolving technique of contrast-enhanced 
harmonic endoscopic ultrasound (CH-EUS) 
holds particular promise in the evaluation of the 
vascular neuroendocrine lesions. In this tech-
nique intravenous contrast containing microbub-
bles are injected which oscillate upon exposure to 
the ultrasound pulse [ 63 ]. Enhanced detection of 
the microvascular pattern is enabled by the selec-
tive analysis of high-frequency multiples (har-
monics) of insonating frequency. Neuroendocrine 
tumors are hypervascular and demonstrate hyper-
enhancement on CH-EUS [ 64 ]. The technique 
demonstrates a sensitivity of 79% and 98% for 
these lesions [ 64 ]. CH-EUS also enables the 
accurate characterization of lesions, both neuro-
endocrine and adenocarcinoma, that are too small 

to be detected by multidetector CT and following 
false-negative EUS-FNA [ 64 ,  65 ]. CH-EUS 
likely has a role in the more accurate targeting of 
EUS-FNA both for unusual pancreas masses as 
well as for adenocarcinoma.   

    Evolving Techniques and Tools 

 The introduction of the linear array echoendo-
scope enables the aspiration needle to be passed 
under direct Doppler ultrasonic guidance into the 
pancreas. Signifi cant work has gone into perfec-
tion of the techniques and technology for this 
procedure. 

    Techniques 

 A number of endoscopic and needle-handling 
techniques may help improve yield of pancreatic 
EUS-FNA. Apposition of the echoendoscope is 
directly against the duodenal or gastric mucosa 
and continuous luminal suction is applied to min-
imize interference of air [ 14 ]. Continuous endo-
scopic suction helps prevent intervening air from 
impacting visualization. Targeting of FNA pas-
sage near transition points in the size of the pan-
creatic and bile ducts optimizes yield of FNA 
even when the lesion may be very diffi cult to dif-
ferentiate from adjacent tissue [ 12 ,  66 ]. As there 
can be sampling error, necrosis, and fi brosis, it is 
advantageous to change the angulation of the 
needle while passing through the lesion using the 
echoendoscope elevator. Experts recommend that 
fanning through at least four different areas is 
ideal to sample most pancreas masses [ 67 ,  68 ].  

    Stylet and Suction 

 EUS needles have a central stylet designed for 
removal upon entry of lesions to minimize the 
risk of contamination by the intervening lining of 
the gastrointestinal tract. Following aspiration 
of the lesion it may be used to expel the contents 
of the needle. A luer-lock suction tube is provided 
to apply negative pressure to the needle following 
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stylet removal. The use of stylet and suction has 
been the topic of considerable debate. 

 A prospective trial by Sahai demonstrated that 
there was no signifi cant difference in yield when 
equivalent numbers of passes with and without 
stylet were performed [ 69 ]. The results suggested 
that specimens obtained using the stylet were 
more likely to be bloody and inadequate on a 
pass-for-pass basis. Two subsequent prospective 
randomized trials have demonstrated that the 
yield of EUS-FNA with and without stylet did 
not differ [ 70 ,  71 ]. These studies did not demon-
strate any signifi cant differences in specimen 
quality or adequacy. 

 The use of suction has been similarly debated. 
An early randomized trial of suction for lymph 
nodes that suggested no difference in yield with 
suction was extrapolated to pancreas masses 
[ 72 ]. Suction did increase the cellularity of speci-
men but also increased bloodiness. However, 
when pancreatic masses were specifi cally studied 
in subsequent randomized trials, suction was 
demonstrated to increase sensitivity of EUS-FNA 
[ 73 ,  74 ]. Expression of the aspirate using air fl ush 
instead of stylet did not impact yield but decreased 
blood contamination [ 74 ]. Recently, investigators 
have proposed that slowly withdrawing the stylet 
is a good alternative to suction [ 75 ,  76 ]. In a large 
retrospective study, slow withdrawal of the stylet 
enabled adequate tissue to be obtained in 90 % of 
cases compared to 68 % for suction with the 
25-gauge needle [ 75 ]. No difference between the 
two approaches was seen for the 22-gauge nee-
dle. The authors propose that the slow withdrawal 
minimizes blood contamination and enables 
detection of useful tissue in the aspirate, particu-
larly small white cores which may be useful for 
cytology. This difference was enhanced for the 
25-gauge needle as there are fewer cells to work 
with overall.  

    Needle Size 

 Most of the fi rst generation of endosonographers 
used 22-gauge needles though 25- and 19-gauge 
are now widely utilized. It is proposed that larger 
needles—while increasing cellularity—may also 

increase blood contamination and possibly com-
plications. A retrospective analysis of 842 solid 
pancreas mass FNA suggested that the 25-gauge 
needle has a greater sensitivity, 92 %, than the 
22-gauge needle, 84 %, in the evaluation of pan-
creas masses [ 77 ]. It was proposed that more 
trauma and bleeding with the 22-gauge needle 
were associated with both fi ndings. Additionally, 
the 25-gauge needle was associated with a lower 
complication rate, 0 %, than the 22-gauge needle, 
2 %. Subsequently, needle size has been the topic 
of a number of randomized trials. In the fi rst ran-
domized clinical trial (RCT) of 131 patients with 
pancreas mass, Siddiqui et al. demonstrated the 
yield of the two needles as equivalent, 96 % for 
the 25-gauge needle versus 88 % for the 22-gauge 
needle. A meta-analysis of retrospective and ran-
domized trials suggested that while the two nee-
dles have comparable specifi city, the sensitivity 
of the 25-gauge needle was higher in the evalua-
tion of solid pancreatic lesions [ 78 ]. However, 
when the Yusuf trial, which accounted for two 
thirds of the patients in the analysis, was excluded, 
this trend remained but lost statistical signifi -
cance. Prospective work suggests that while the 
22-gauge needle is better visualized and enables 
more precise targeting, the 25-gauge needle may 
pass more easily through desmoplastic pancreas 
masses and induce less bleeding [ 78 ,  79 ].  

    Core Biopsy for Histology 

 While cytology enables assessment of cellular 
details such as nuclear size and shape, it does not 
provide information about tissue architecture 
which may be vital to differentiate well- 
differentiated malignancy from normal tissue and 
to assess for pancreatic lymphoma and autoim-
mune pancreatitis. Thus the development of 
tools to acquire histology has been of paramount 
interest. The fi rst device to acquire histologic 
specimen was the Trucut (Cook Medical; 
Winston-Salem, NC) needle. The needle is fi rst 
passed into the lesion of interest to guide an inner 
tissue tray of 2-cm length. At the appropriate 
time a spring-loaded mechanism fi res an outer 
cutting sheath over the tray to generate a core 
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specimen [ 80 ]. Initial work with transgastric 
biopsy showed that Trucut biopsy of pancreas 
masses was feasible and increased diagnostic 
accuracy to 88–100 % [ 81 ,  82 ]. However, subse-
quent work revealed that when transduodenal 
biopsy was attempted, torque in the scope pre-
vented fi ring of the device and tissue acquisition 
was not successful [ 83 ,  84 ]. This problem wors-
ened with more distal duodenal lesions, Sakamoto 
et al. reported 0 % success for uncinate pancreas 
lesions with this device [ 85 ]. 

 A new technology for pancreas biopsy is the 
Procore (Cook Medical; Winston-Salem, NC) 
needle. This needle has a reverse bevel which 
shears tissue into the needle upon withdrawl [ 78 ]. 
In a multicenter study a variety of lesions, among 
which pancreas masses were most common, were 
sampled using the 19-gauge reverse-bevel orien-
tation needle [ 76 ]. The problems with misfi ring 
due to echoendoscope torque were not encoun-
tered and histology could be obtained in 89 %, 
for an overall accuracy of 93 % [ 76 ]. Smaller-size 
reverse-bevel core needles have also been intro-
duced. A prospective study of 25-gauge core 
needles in pancreas masses revealed a cumulative 
sensitivity (four passes) and specifi city of 96 % 
[ 76 ]. Nonetheless, a histologic core was obtained 
in only 32 % of patients. The slow pull technique 
was found to be critical to the performance of the 
core needle in this study. 

 There is growing interest in whether histology 
may be obtained from a variety of needles if the 
appropriate technique, such as slow pull, is used 
and appropriate processing techniques are used. 
In assessing studies in which conventional nee-
dles are used for histology, it is important to 
assess the defi nitions of histologic specimens. In 
Japan aspirates are carefully evaluated to identify 
clear or whitish aspirates which are then trans-
ferred to fi lter paper, placed in formalin, and sub-
sequently sectioned as a true histologic specimen 
[ 86 ]. Other groups report “histologic” results 
when aspirates are combined and centrifuged to 
form a pellet which is then sectioned, i.e., the cell 
block approach. 

 The ability to obtain histology expands the 
role of FNA into the frontier where cytology has 
limitations. Oncologists have been very skeptical 

about the role of FNA in the diagnosis of lym-
phoma. Yasuda et al. used a conventional 
19-gauge FNA needle to obtain specimen in a 
cohort of 152 patients with lymphoma of the pan-
creas and other intraabdominal sites [ 87 ]. By 
using meticulous specimen preparation tech-
niques, they were able to obtain histology in 
89 % of cases, which enabled immunohistochem-
ical staining to characterize the lymphoma. In 
this cohort EUS-guided FNA had a sensitivity of 
93 % for the diagnosis of lymphoma compared to 
52 % for cytology alone. 

 However, the approach has limitations. 
Iwashita et al. used a 19-gauge needle to obtain 
histological specimen in patients with suspected 
autoimmune pancreatitis. Though adequate sam-
ple was obtained in 93 % of patients, lymphoplas-
macytic sclerosing pancreatitis and infi ltration 
with IgG4-positive plasma cells to confi rm the 
diagnosis was only possible in 43 % [ 86 ]. The 
19-gauge needles may have some limitations for 
pancreas histology for technical reasons. In their 
comparison of 19- and 22-gauge aspiration nee-
dles, Song et al. found that the 19-gauge needle 
could be used to obtain more cytologic material 
but the overall yields were comparable given that 
it was diffi cult to aim the needle around oblique 
angles in the duodenum, resulting in failure in 5 
(8 %) of cases [ 88 ]. Varadarajulu et al. recently 
reported the use of a more fl exible nitinol (as 
opposed to stainless steel) 19-gauge (Boston 
Scientifi c; Natick, MA) needle to obtain speci-
mens and perform interventions. The authors 
were able to biopsy head and uncinate pancreas 
masses which required a transuodenal approach 
and obtained histology in 95 % of cases [ 68 ]. 
Nonetheless, cell block was used for histologic 
analysis, not a true core specimen. 

 Thus, in regards to technical considerations, it 
appears that the use of the stylet does not impact 
the yield of EUS-FNA for pancreas masses 
though suction may be helpful. The slow with-
drawal of the stylet is under investigation. While 
25-gauge needles may acquire less pancreatic 
tissue than larger counterparts, their ability 
to pass around tighter angles, through more 
 desmoplastic regions, and cause less bleeding 
(and thus contamination) more than compensates. 
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They are at least as useful, if not more so, than 
the 22- and 19-gauge needles in the EUS-FNA of 
solid pancreas lesions. Finally, the acquisition 
of tissue for histology is a primary interest of 
endosonographers, though the defi nitions of 
 histologic specimen and the best needles to 
achieve this aim are under active development.   

    Conclusions 

 Endoscopic ultrasound–guided fi ne-needle aspi-
ration has emerged as the paramount approach to 
evaluate solid pancreas masses. It has a high 
yield even when other methods of tissue sam-
pling have failed. It is also less likely to result in 
seeding and procedural complications. However, 
EUS-guided FNA has limitations, including false 
negatives in the setting of infl ammation and pos-
sibly in the assessment of nonadenocarcinomas. 
Rapid on-site cytology (ROSE), special stains, 
and molecular methods to analyze aspirates are 
helping to address these challenges. Newer imag-
ing modalities to target biopsy, perfected tech-
niques, and improved needles will further 
improve the performance of this method.     
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            Introduction 

 Pancreatic cystic lesions (PCLs)       show a wide 
spectrum of demographical, morphological, and 
histological characteristics. The diagnosis and 
discrimination of these lesions are very important 
because of the risk for concurrent or later devel-
opment of malignancy. From the clinical stand-
point, the distinction is mostly needed between 
mucinous [intraductal papillary mucinous neo-
plasms (IPMNs) and mucinous cystic neoplasms 
(MCNs)] and nonmucinous [pseudocysts and 
serous cystic neoplasms (SCNs)] cysts. Cross- 
sectional imaging tests and endoscopic ultra-
sound (EUS) alone are sometimes ineffective for 
accurately distinguishing between benign/malig-
nant or mucinous/nonmucinous cystic lesions. 
In fact, none of the diagnostic modalities are 

uniformly effective in all cases. Nevertheless, 
EUS–fi ne-needle aspiration (FNA) is currently 
the most helpful procedure for distinguishing 
the type of cysts and, thus, managing the patient 
(Fig.  11.1 ).    International consensus guidelines 
from 2012 for the management of IPMNs  and 
  MCNs of the pancreas recommended cyst fl uid 
analysis for evaluation of small branch-duct 
(BD) IPMNs without “worrisome features” in 
centers with expertise in EUS-FNA and cytologi-
cal interpretation [ 1 ] (Table  11.1 ). The diagnostic 
success of EUS-FNA cyst aspiration depends on 
the preparation of patients and instruments, tech-
nical and procedural factors, and the expertise 
of a dedicated team as well as the location, size, 
and characteristics of the target lesion. Therefore, 
each step of the procedure should be carefully 
planned and executed with the entire team.

    EUS-FNA of PCLs requires extra care com-
pared to solid lesions. Before proceeding with 
EUS-FNA, a complete diagnostic EUS should be 
performed to evaluate the lesion and adjacent 
structures for selection of the optimal needle 
tract. The procedure itself is generally safe with a 
low complication rate, but the possible risks and 
benefi ts should always be evaluated carefully 
before the intervention. The expectations for the 
result of the FNA should be a change in  diagnostic 
algorithm, a decision for a specifi c treatment and 
follow-up, or to dispense from invasive treat-
ments. Including sedation, the patient is prepared 
for the procedure similarly to other endoscopic 
interventions. EUS- FNA   complications such as 
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infection, bleeding, and pancreatitis have been 
reported more frequently with cystic lesions 
compared to solid masses. Multiple passes into 
the cyst may also increase the risk of infection. 
The aspiration of all cyst contents may minimize 
the risk of infection and maximize the diagnostic 
yield. A  prophylactic antibiotic   is usually recom-
mended for patients undergoing FNA of pancre-
atic cysts.  Tumor seeding   has been reported in 
mucinous cystic lesions located in the body and 
tail of the pancreas after EUS-FNA [ 2 ]. However, 
a recent comparative study could not fi nd any dif-
ference in the frequency of peritoneal seeding in 
patients undergoing resection of IPMN after 
EUS-FNA [ 3 ]. If there is a solid component 
inside the cyst which increases the suspicion of 

malignancy, it should be aspirated for cytological 
analyses (Fig.  11.2 ). Usually a 22-gauge (G) nee-
dle is most appropriate for cyst aspiration;    how-
ever, a 25-G needle may also be used for small 
(<2 cm) nonmucinous cysts or for cases requiring 
a transduodenal approach. The minimum size of 
cyst to obtain an adequate sample for analysis is 
not certain and might be dependent on the loca-
tion, viscosity of fl uid, and size of each compo-
nent in multilobular cysts. The aspirated cyst 
fl uid volume correlates signifi cantly with cyst 
size and a minimum size of 1.5 cm is needed for 
successful analysis [ 4 ].

   After EUS-FNA, cyst fl uid is routinely evalu-
ated for gross appearance, amylase and carcino-
embryonic antigen (CEA) levels, and cytology 
[ 5 ].  KRAS  and  GNAS  genetic mutation analyses 
have been shown recently to help distinguish 
mucinous lesions and IPMNs in selected cases. 
Recently, some metabolomic-derived novel cyst 
fl uid biomarkers have also been identifi ed which 
have potential clinical utility for differentiating 
mucinous from nonmucinous pancreatic cysts. 
No single test diagnoses PCLs with 100 % accu-
racy, and different EUS-FNA–based tests are 
combined to obtain the best result. The combina-
tion of EUS-FNA test results with clinical fi nd-
ings and imaging features may determine the cyst 
type in a majority of the patients. This chapter 
will review the role of EUS sampling in PCLs 
based on the recent advances in diagnostic tests.  

  Fig. 11.1    A 25-mm-diameter, thin-walled, anechoic, uni-
locular, nonseptated, cystic lesion in the tail of the pan-
creas. The needle is inside the cyst for aspiration       

   Table 11.1    “High-risk stigmata” and “worrisome fea-
tures” of  IPMN   on cross-sectional imaging   

 High-risk stigmata  Worrisome features 

 Obstructive jaundice 
in a patient with cystic 
lesion of the head 
of the pancreas 

 Cyst > 3 cm 

 Thickened/enhancing cyst 
walls 

 Enhancing solid 
component within cyst 

 Nonenhancing mural nodule 

 Main pancreatic duct 
>10 mm in size 

 Main pancreatic duct size of 
5–9 mm 

 Abrupt change in caliber of 
pancreatic duct with distal 
pancreatic atrophy 

 Lymphadenopathy 

  Fig. 11.2    A 20-mm-diameter anechoic cystic lesion with 
an internal nodule in the pancreas body. The interpretation 
of this cyst is a side-branch IPMN. The aspiration of the 
nodule is suggested for cytological evaluation       
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    Gross Appearance of Fluid 

 The aspirated cyst  fl uid   can be visually inspected 
for its color and viscosity. A highly viscous, thick 
fl uid is the fi rst clue that the cyst is likely IPMN 
or MCN. The viscosity of cyst fl uid may be tested 
simply at the bedside by a string test. A drop of 
fl uid is stretched slowly between the thumb and 
index fi nger until its disruption. A string length of 
more than 3.5 mm is a strong fi nding for a muci-
nous cyst [ 6 ]. The fl uid is usually thin and clear 
in SCNs. Because of the vascular nature, aspi-
rants may sometimes be bloody in SCNs. 
However, this is not a specifi c fi nding since all 
aspirates might be bloody due to traumatic punc-
ture of the cyst wall. Pseudocyst fl uid is usually 
thin, opaque, sometimes hemorrhagic, and may 
contain infl ammatory debris.  

    Biochemical Analyses 
of Pancreatic Fluid  

    Carcinoembryonic Antigen 

  The      epithelium of the cyst wall may produce a 
variety of tumor markers and chemical sub-
stances which are often used in diagnostic test-
ing. Cyst fl uids have been evaluated to date for 
different tumor antigens including CA 19-9, CA 
72-4, CA 15-3, CA 125, and CEA [ 7 ]. These 
markers were found elevated in some cases of 
malignant or mucinous cystic lesions, but only 
CEA was determined as a useful marker to distin-
guish mucinous from nonmucinous PCLs. A high 
concentration of CEA refl ects the presence of a 
mucinous epithelium and is observed in both 
IPMNs and MCNs. Nonmucinous cysts includ-
ing pseudocysts and serous cystic neoplasms do 
not include a mucinous epithelium and should 
have relatively low levels of CEA. Particularly, 
low cyst fl uid CEA is seen in SCNs. A cutoff 
CEA level of 192 ng/mL has a sensitivity of 
73 %, specifi city of 84 %, and accuracy of 79 % 
for differentiating mucinous from nonmucinous 
pancreatic cystic lesions in a multicenter series 
consisting of patients who underwent surgical 
resection [ 8 ]. Among all the cyst fl uid diagnostic 

parameters, CEA concentration alone was the 
most accurate test for the diagnosis of cystic 
mucinous neoplasms in the same study. 
Depending on the assay method, 0.5–1 mL of 
fl uid is needed for the CEA analyses. American 
College of Gastroenterologists’ Guidelines rec-
ommended CEA as the fi rst test to do if minimal 
fl uid is acquired during aspiration [ 5 ]. 

 Despite considerable overlap, CEA is useful 
in order to distinguish mucinous from nonmuci-
nous cysts. A meta-analysis of 450 patients from 
12 studies reported that a CEA level > 800 ng/
mL was 98 % specifi c but only 48 % sensitive 
for the diagnosis of mucinous cyst [ 9 ]. A CEA 
level < 5 ng/mL was 98 % specifi c for a serous 
cystadenoma but the sensitivity was only 19 %. 
This study clearly showed that increasing the cut-
off value of CEA for support of a mucinous cyst 
or decreasing it to support a nonmucinous cyst 
will have a negative effect on sensitivity. Another 
meta-analysis of 12 published studies showed that 
the pooled sensitivity and specifi city of CEA for 
differentiate mucinous versus nonmucinous cys-
tic lesions was 63 % and 88 %, respectively [ 10 ]. 
Table  11.2  summarizes the diagnostic results of 
fl uid CEA analyses in various published studies 
[ 8 ,  11 – 24 ].

   The reported CEA cutoff levels are assay- 
specifi c and may change according to manufac-
turer. Besides, different cutoff values were used in 
clinical studies which affect the sensitivity, speci-
fi city, and diagnostic accuracy rate of CEA for 
differentiation of a mucinous cyst. Clinical stud-
ies are often carried out in groups of patients who 
underwent surgical resection since there is not a 
gold standard for diagnosis of mucinous cyst in a 
clinical setting. As a result, these  published series 
usually consist of patients with MCNs and 
BD-IPMNs with high-risk stigmata or worrisome 
features. Cyst fl uid CEA levels do not differenti-
ate IPMNs from MCNs or benign IPMNs from 
malignant; however, some studies demonstrate 
that higher CEA levels are more likely in high-
grade MCNs and IPMNs. Fluid CEA levels cor-
related with low-, moderate-, and high-grade 
IPMNs as well as degrees of dysplasia (1261 ng/
mL vs. 7171 ng/mL vs. 10,807 ng/mL, respec-
tively) [ 25 ]. However, CEA levels were signifi -
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cantly lower (462 ng/mL) in cysts with invasive 
carcinoma; the possible explanation was that 
fewer cells with intact tight- junctions and less 
CEA were available at the luminal surface for 
release into the cyst fl uid. In another study includ-
ing 66 patients, the median CEA level was signifi -
cantly higher in patients with MCNs than IPMNs 
(2844 ng/mL vs. 574 ng/mL) [ 17 ]. 

 In clinical practice, the most common cysts 
encountered are those that do not meet criteria for 
a surgical resection; these cysts are the greatest 
challenge for early diagnosis and follow-up. 
Therefore, the lower cutoff level of CEA (less 
than 192 ng/dL) may be more helpful to increase 
sensitivity and diagnostic accuracy of fl uid CEA 
level without a signifi cant decrease in specifi city. 
The sensitivity, specifi city, and diagnostic accu-
racy of fl uid CEA (>192 ng/mL) level for muci-
nous differentiation was 49 %, 97 %, and 65 %, 
respectively, in the evaluation of 243 cyst patients 
in our database (Table  11.2 ). A lower CEA cutoff 
level (>50 ng/mL) increased the sensitivity to 
77 % and the diagnostic accuracy to 80 %, but 
decreased the specifi city to only 87 %. The 
median CEA level of mucinous cysts was 400 ng/

mL in patients who underwent surgical resection 
but only 160 ng/mL for those who followed up 
without surgery. The lower CEA cutoff level 
improved the sensitivity and diagnostic accuracy 
of CEA, especially in IPMN patients who did not 
have a surgical indication. On the basis of these 
data, we think a lower fl uid CEA cutoff level than 
192 ng/mL might be more helpful for the diagno-
sis of IPMN in a clinical  setting     .  

    Amylase 

 Cyst fl uid  amylase      level is also a useful marker for 
the differential diagnosis of pancreatic cysts. Its 
presence in cyst fl uid is often used as an indicator 
of a communication between a cystic lesion and 
the ductal system. Amylase-rich fl uid is uniformly 
found in pancreatic pseudocysts and the concentra-
tion is not expected to be less than 250 U/mL. Due 
to connectivity to the pancreatic ductal system, 
amylase levels may also be elevated in IPMNs. It 
is always low in serous cysts and in the majority of 
MCNs. The sensitivity of fl uid amylase (>250 U/
mL) for differentiation of a pseudocyst is very 

    Table 11.2    The diagnostic value of fl uid CEA for differentiation  of   mucinous cysts in several studies   

 Author (year)  Patient ( n ) 
 Cyst 
diagnosis 

 Cutoff 
(ng/mL)  Sensitivity (%)  Specifi city (%) 

 Diagnostic 
accuracy (%) 

 Brugge (2004)  111  SP  192  75  83  79 

 Shami (2007)  43  SP  300  64  92  76 

 Sreenarasimhaiah (2009)  20  Cx and SP  192  66  78  75 

 Khalid (2009)  76  SP  192  64  83  68 

 Snozek (2009)  442  Cx and SP  30  79  73  77 

 Sawhney (2009)  84  Cx and SP  192  82  100  84 

 Morris-Stiff (2010)  47  SP  192  93  43  N/A 

 Nagula (2010)  97  SP  192  73  65  70 

 Cizginer (2011)  154  SP  109.9  81  98  85 

 Park (2011)  124  SP  200  60  93  72 

 Rogart (2011)  75  Cx  192  55  97  74 

 De Jong (2012)  18  SP  192  44  100  72 

 Chai (2013)  52  Cx and SP  192  62  89  76 

 Talar-Wojnarowska (2013)  52  Cx and SP  45  92  64  71 

 Al-Haddad (2014)  48  SP  192  63  62  62 

 Kadayifci and Brugge a  (2014)  243  Cx and SP  192  49  97  65 

 Kadayifci and Brugge a  (2014)  243  Cx and SP  50  77  87  80 

   SP  surgical pathology,  Cx  clinical diagnosis 
  a Unpublished data  
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high (96–100 %); however, the specifi city is not 
good since it is also elevated frequently in IPMNs. 
In a recent analysis of 139 patients with IPMN, 
we have detected that fl uid amylase was elevated 
(>250 U/mL) in 76 % of cases. Even MCNs, 
which have no connection with the pancreatic 
ductal system, have an elevated amylase level, and 
the utility of fl uid amylase to differentiate IPMNs 
from MCNs is not clear [ 26 ]   .   

    Cytology 

 Cytological examination  of   cyst fl uid alone is 
often nondiagnostic to characterize cyst type 
due to the low cellularity of the aspirated fl uid 
[ 27 ]. However, a multimodal approach combin-
ing the patient’s history, clinical fi ndings, imag-
ing features, cytology, special stains, and cyst 
fl uid analyses can improve the overall cytologi-
cal interpretation. The collaboration between the 
endoscopist and cytopathologist is one of the 
main factors that may determine the outcome of 
EUS-FNA. The aspirated fl uid during EUS-FNA 
is examined cytologically for degenerative debris, 
infl ammatory cells, epithelial cells, granolocytes, 
histiocytes, extra-cellular mucin, mucinous epi-
thelium with cytoplasmic mucin and atypical/
malignant cells. The aim of cytological analyses 
is to differentiate between serous and mucinous 
cysts, to distinguish pseudocysts from neoplastic 
cysts, and to detect malignancy in patients with 
mucinous cysts. 

 Cytological fi ndings of  a    pseudocyst   may be 
affected by infectious complications. An uncom-
plicated pseudocyst fl uid is generally thin, non-
mucoid, and discolored and may consist of only 
scattered histiocytes. However, an infected cyst 
may be purulent, mucoid-appearing fl uid and 
contain acute and chronic infl ammatory cells, 
histiocytes, and hemosiderin-laden or foamy 
macrophages [ 26 ]. The presence of granulocytes 
in the aspirated fl uid is suggestive of an acute 
infection. Pseudocysts do not have an epithelial 
lining and are surrounded by infl ammatory cells 
and histiocytes. If there is any cytological evi-
dence of epithelial cells within the cyst fl uid, this 
should raise the suspicion of a cystic neoplasm 
rather than a pseudocyst [ 26 ]. 

 The fl uid aspirated  from   SCNs is usually very 
scant in volume and includes few intact cells. 
   Many cases are interpreted as nondiagnostic 
because of insuffi cient cellularity. Intact cell 
clusters are composed of bland cuboidal cells 
with round central to slightly eccentric nuclei and 
scant fi nely vacuolated but nonmucinous cyto-
plasm [ 26 ]. The cells from SCNs can be stained 
with periodic acid–Schiff (PAS) without diastase 
for the presence of glycogen. Because there is no 
mucin in serous cysts, mucicarmine staining 
should be negative. The yield of cytology with 
EUS-FNA is poor for SCNs. 

  Mucinous lesions   may be diagnosed with the 
presence of mucin-producing epithelial cells on 
cytologic analysis. Mucin can be demonstrated 
by mucicarmine staining and PAS with diastase 
in nearly half of mucinous cysts. Direct smears of 
thick and viscous cyst fl uid may be refl ected on 
the slide as thick sheets of colloid-like mucin that 
covers much of the slide [ 26 ]. If mucin is present, 
it is important to assess if the mucin originates 
from the cyst lining or represents a contaminant 
(gastric/duodenal secretions). Degenerated 
infl ammatory cells and histiocytes within the 
mucin provide added support that the mucin is 
from the cyst. Cyst fl uid cytology is rarely suffi -
ciently diagnostic to distinguish IPMN from 
MCN, and it is usually reported as “mucinous 
cyst.” The accuracy of cytology alone in differen-
tiating mucinous from nonmucinous cysts was 
58 % in a multicenter cooperative pancreatic cyst 
study [ 8 ]. The cytological fi ndings detected in 
common pancreatic cysts are summarized with 
other EUS-FNA tests (Table  11.3 ).

   Cytology is the most accurate test for the 
detection of malignancy in patients with muci-
nous cysts, and a “positive” or “malignant” diag-
nosis is generally 100 % specifi c [ 26 ]. In addition, 
the presence of high-grade epithelial atypia in the 
cyst fl uid analysis has an accuracy of 80 % to pre-
dict malignancy and detects 30 % more cancers 
in small BD-IPMN than the presence of “wor-
risome features” [ 28 ]. Based on these results, 
new high-risk factors proposed for BD-IPMN 
include a rapidly increasing cyst size and high-
grade atypia rather than “positive” cytology [ 1 ]. 
The reported sensitivity and diagnostic accuracy 
of cyst fl uid cytology for malignant IPMNs is 
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approximately 75 % and 86 %, respectively [ 26 ]. 
EUS-guided FNA of mural nodules was superior 
to EUS alone (75 % vs. 61 %) for the diagno-
sis of malignancy in IPMNs [ 29 ].  The   reported 
diagnostic accuracy for a solid pseudopapillary 
neoplasm (SPN) based on cytology and immuno-
histochemistry is 65 % [ 30 ]. Aspirated cyst fl uid 
may display necrotic debris for SPNs.  

    DNA Analysis 

 Certain DNA mutations may serve as molecular 
markers for the diagnosis of mucinous cysts. 
DNA is extracted and amplifi ed from epithelial 
cells that have been exfoliated into the cyst cavity. 
A multicenter trial, which is referred to as the 
PANDA study, showed that pancreatic cyst fl uid 
 KRAS  mutation is highly specifi c (96 %) for 
mucinous cysts but the sensitivity is only 45 % 
[ 13 ].  KRAS  is an early oncogenic mutation in the 
adenoma–carcinoma sequence and can be 
detected in patients with low-grade pancreatic 
intraepithelial neoplasia and pancreatic ductal 
adenocarcinoma. The presence of a  KRAS  muta-
tion cannot distinguish a benign from malignant 
mucinous cyst. However, the PANDA study dem-

onstrated that high-amplitude  KRAS  mutation fol-
lowed by allelic loss was the most specifi c marker 
(96 %) for malignancy. DNA analysis diagnosed 
malignancy in all cases where cytology with FNA 
was negative [ 13 ].  KRAS  mutation had a specifi c-
ity of 100 % and a sensitivity of 54 % in a more 
recent study of the same group [ 31 ].  KRAS  muta-
tion was detected in 43 of 63 mucinous cysts 
(68.3 %), in which diameters were equal or less 
than 3 cm, in another series [ 32 ]. 

 The   KRAS  mutation added   value to cytology 
and CEA in the same series and a diagnosis was 
made by molecular analysis in 20 patients 
(31.7 %) when either cytology was unsatisfac-
tory, or CEA was not elevated. The sensitivity of 
 KRAS  mutation to detect mucinous cysts has 
been found between 8 and 50 % in some other 
studies and the value of  KRAS  mutation and CEA 
combination to differentiate a mucinous cyst was 
inconsistent among these studies [ 12 ,  15 ,  22 ,  24 ]. 
We have found the sensitivity, specifi city, and 
diagnostic accuracy of  KRAS  mutation to be 
58 %, 100 %, and 70 %, respectively, in the anal-
ysis of 281 patients with pancreatic cysts (unpub-
lished data). The  KRAS  mutation alone did not 
offer a more diagnostic test than cyst fl uid CEA; 
however, the combination of both tests improved 

   Table 11.3    Endosonography–fi ne needle  aspiration   fi ndings of common pancreatic cysts   

 Parameters  Pseudocyst  SCNs  MCNs  IPMNs (MD and BD) 

 Gross 
examination 

 Thin, clear or brown 
to green, 
nonmucinous, 
sometimes 
hemorrhagic 

 Clear and thin, may be 
hemorrhagic 

 Thick, viscous 
mucus 

 Thick, viscous mucus 

 Biochemistry  CEA concentration 
very low, amylase 
and lipase 
concentrations 
usually high 

 CEA and amylase 
concentrations very low 

 CEA concentration 
usually high 

 CEA concentration usually 
high, amylase concentration 
may be high 

 Cytology  Degenerative debris, 
infl ammatory cells, 
histiocytes, no 
epithelial cells 

 Usually acellular and 
nondiagnostic, small 
cluster of cells with 
bland cuboidal 
morphology, glycogen 
stain positive, mucin 
negative 

 Mucinous epithelial 
cells with varying 
degrees of atypia, 
colloid-like mucin, 
mucin stains 
positive 

 Colloid-like mucin, mucin 
stains positive mucinous 
epithelial cells with varying 
degrees of atypia, sparsely 
cellular 

 DNA 
analyses 

  KRAS  mutation (+) 
(14 %) 

  GNAS  mutation (+) (60 %) 

  KRAS  mutation (+) (60 %) 
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the diagnostic accuracy signifi cantly. The role of 
 KRAS  mutation for a malignant transformation in 
mucinous cysts, or to predict patients with a high 
risk of malignancy, is not clear and needs further 
prospective studies with long-term follow-up. 

 A recent study demonstrated that  the    GNAS  
mutation detected in cyst fl uid can separate IPMN 
from MCN but, similar to  KRAS  mutations, does 
not predict malignancy [ 33 ]. The absence of a 
 GNAS  mutation also does not correlate with a 
diagnosis of MCN because not all IPMNs will 
demonstrate a  GNAS  mutation. A  GNAS  muta-
tion was present in 66 % of IPMNs and either 
 KRAS  or  GNAS  mutations were identifi ed in 
96 % of IPMNs [ 33 ]. Furukawa et al. performed 
whole-exome sequencing for primary IPMN tis-
sue and analyzed 17 somatic mutations [ 34 ]. 
They found  GNAS  mutation in 48 of 118 patients 
(40.7 %) but none of the 32 patients with pancre-
atic ductal adenocarcinoma. We analyzed  GNAS  
mutation in 80 patients with PCLs, including 49 
IPMNs, and found the sensitivity, specifi city, and 
diagnostic accuracy as 61 %, 100 %, and 75 %, 
respectively (unpublished data). The combina-
tion of  GNAS  with CEA has also improved the 
diagnostic accuracy in this series. 

 The DNA analysis, overall, provides a new 
insight into the molecular pathogenesis, diag-
nosis, and management of mucinous cysts. 
However, most of the studies have been done 
with a limited number of patients and by a ret-
rospective analysis of cyst databases. Moreover, 
there are still many queries awaiting a response. 
The role of molecular analysis to identify high-
risk or malignant cysts, the association of IPMN 
histological subtype with mutational frequency, 
the importance of type of mutation, and the clon-
ality in the diagnosis and management are not 
clear yet. Cyst fl uid DNA analysis recently has 
been commercially available (Pathfi nder TG; 
RedPath Integrated Pathology, Inc, Pittsburgh, 
PA). However, the routine use of DNA analy-
ses does not have strong evidence yet and high 
cost may be a limitation for widespread usage. 
Nevertheless, it has the potential to improve the 
diagnosis in cases in which imaging modalities, 
the cyst fl uid CEA level, and cytology are inde-
terminate for type differentiation. Future studies 

will better defi ne the impact of DNA analysis on 
the diagnostic and prognostic stratifi cation of 
mucinous cysts and especially in IPMNs.  

    Novel Tests for Cyst-Type 
Differentiation 

 To identify the novel cyst fl uid  biomarkers  , a 
recent study used a metabolomics approach to 
identify uniquely expressed metabolites in differ-
ent pancreatic cyst types [ 35 ]. A total of 506 
metabolites were detected in the cyst fl uids and 
compared between nonmucinous and mucinous 
cysts. They identifi ed glucose and kynurenine to 
be differentially expressed between nonmuci-
nous and mucinous pancreatic cysts. Metabolomic 
abundances for both were signifi cantly lower in 
mucinous cysts compared with nonmucinous 
cysts and the ROC curves for glucose and kyn-
urenine was 0.92 and 0.94, respectively. Neither 
metabolite could differentiate premalignant from 
malignant cysts. The clinical utility of these bio-
markers will be addressed in future studies. 

 The cyst fl uid’s interleukin-1β concentration 
has been shown to be higher in malignant IPMN 
than in benign IPMN in a preliminary study 
including 40 patients with IPMN [ 36 ]. It has been 
proposed as a potential biomarker for differential 
diagnosis of benign and malignant cysts; however, 
confi rmation is needed in larger clinical studies. 

 Several microRNA expressions, protein-
based biomarkers, proteomic analyses, and gly-
coproteomics in cyst fl uid are under investigation 
to develop new biomarkers for differentiation 
of mucinous or malignant cysts in some pilot 
 studies [ 37 ]   .  

    Combination of Tests for Mucinous 
Differentiation 

 Cyst fl uid CEA level and  KRAS / GNAS   mutations 
  have a very good specifi city but low sensitivity in 
differentiating mucinous from nonmucinous  cystic 
lesions. The cytology alone is also highly specifi c 
in describing high-grade atypia and malignant 
cysts but insensitive for benign/malignant and cyst 
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type differentiation. Therefore, there is no single 
test accurate enough for characterization of cyst 
type in every case. A combination of tests to 
improve the sensitivity and diagnostic accuracy of 
mucinous differentiation has been investigated in 
different studies. The combination of cytology and 
fl uid CEA did not provide additional diagnostic 
accuracy in the cooperative cyst study, and CEA 
alone was more accurate than combining tests [ 8 ]. 
The combination of fl uid CEA and cyst mucin 
obtained the best sensitivity to determine muci-
nous lesions in a retrospective data analysis [ 38 ]. 

 The combination of the presence of atypical 
(not malignant) epithelial cells on cytological 
evaluation or with a CEA value of >2500 ng/
mL improved the sensitivity and accuracy for 
the detection of malignancy and invasion in 
patients with small BD-IPMNs [ 39 ]. This 
approach was even better than the recom-
mended management algorithm including eval-
uation of patient symptoms, positive cytology, 
dilated main pancreatic duct > 6 mm, or the 
presence of a mural nodule in the cyst wall as 
detected by radiological studies [ 40 ]. 

 The combination of DNA mutation analysis 
with CEA and cytology may potentially improve 
the sensitivity and diagnostic accuracy for muci-
nous differentiation. Sawhney et al. found a 
100 % sensitivity for diagnosing mucinous cysts 
with the combination of CEA and  KRAS  muta-
tion [ 15 ]. Their study was limited to 19 patients 
and the CEA level did not correlate well with the 
quantity of DNA. The combination of molecular 
analysis with cyst fl uid CEA and cytology 
resulted in higher mucinous cyst diagnostic per-
formance than either one of its individual compo-
nents in another recent study [ 24 ]. A volume-based 
protocol using different components of the speci-
men has been proposed to be able to optimize 
diagnostic yield in pancreatic cyst fl uids [ 22 ]. 
The protocol used minimal cyst fl uid volumes for 
the analysis of CEA,  KRAS  analyses, and cytol-
ogy, thus optimizing the use of the often scant 
cyst fl uid volumes obtained during aspiration. 
They demonstrated that the supernatant is com-
parable to the neat fl uid and cell block material 
for CEA and KRAS testing.  KRAS  mutation test-
ing increased the diagnostic yield when com-

bined with cytology and CEA analysis. As 
mentioned above, the combination of  GNAS  or 
 KRAS  with CEA has also improved the diagnos-
tic accuracy of CEA in our series. These studies 
shows that, in practice, a combined approach of 
molecular tests with CEA level has potential to 
improve the sensitivity and diagnostic accuracy 
of cyst fl uid  analysis  .  

    Limitations of EUS-FNA and New 
Methods to Improve 
the Diagnostic Yield  

 Even  though   EUS-FNA is technically an easier 
procedure for the experienced endoscopist, the 
puncture of the cyst wall may not be possible due 
to an unfavorable location or an unavoidable 
intervening blood vessel. In a prospective study 
of 143 patients who underwent EUS for a cyst 
aspiration, FNA could be performed in 128 
(90 %) of them [ 41 ]. Cyst fl uid sent for cytology 
provided adequate cellular material in 31 % of 
patients and suffi cient fl uid for biochemical anal-
ysis was obtained in 49 % of the cases in the 
same study. Complications occurred in three 
patients (2.4 %). Several studies have also 
reported the accuracy of EUS-FNA cytology 
between 20 and 50 % in PCLs [ 8 ,  42 ,  43 ]. These 
 results   showed that overall diagnostic value of 
EUS-FNA of PCLs is still limited and new meth-
ods are needed to improve the yield of FNA. 

 A through-the-needle (19-G) new cytologic 
brush system was compared with standard FNA 
cytology in ten consecutive patients with PCLs in 
a preliminary study [ 44 ]. In seven of ten patients, 
brush cytology was superior to conventional FNA 
cytology in terms of cellularity and detection of 
diagnostic cells. However, there were one major 
and one minor intracystic bleeding in this study. 
The same authors, recently, reported the result of 
EUS brush cytology to assess intracellular mucin 
on cytobrushing specimens in 37 patients and 
compared it with EUS-FNA for the diagnosis of 
suspected mucinous PCLs [ 45 ].  Cytobrushings   
were more likely to detect intracellular mucin 
than the EUS-FNA, but complications occurred in 
three patients. The same method was applied in 
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30 patients in another prospective study and failed 
technically in eight cases [ 46 ]. Brush cytology 
provided a cellular diagnosis in 20 of 22 cases 
(91 %). The EUS brushing was superior to the 
aspirated fl uid for detecting diagnostic cells (73 % 
vs. 36 %) and mucinous cells (50 % vs. 18 %), but 
again complications occurred in three patients. 
The EUS brushing showed promising results to 
improve the diagnostic yield of cytology in pre-
liminary studies; however, the usage of 19-G 
needle might be a problem in some cases and 
more studies are needed to demonstrate safety. 

 To improve the diagnostic yield of material 
obtained from FNA, cyst wall puncture with a 
22-G needle after fl uid aspiration was evaluated 
in 69 PCLs [ 47 ]. Cellular material from cyst wall 
puncture was adequate for cytological assess-
ment in 56 cysts (81 %), and 4 malignant cysts 
were diagnosed using this technique. Cytology 
showed a mucinous epithelium in one third of 
cysts whose CEA level was <192 ng/mL. Only 
one episode of mild and self-limited pancreatitis 
was detected as a complication. 

  Confocal laser endomicroscopy   (CLE)    is a 
novel imaging technology that uses low-power 
laser to obtain in vivo histology of the gastroin-
testinal mucosa. Recently, a CLE miniprobe has 
been developed for use during EUS-FNA to visu-
alize the cyst wall and epithelium directly through 
a 19-G FNA needle. The technical feasibility of 
this probe was shown and the preliminary studies 
of pancreatic cystic lesions revealed some impor-
tant cyst wall fi ndings to differentiate mucinous 
and nonmucinous cysts. The presence of epithe-
lial villous structures was associated with IPMNs, 
with 59 % sensitivity and 100 % specifi city, in a 
recent study [ 48 ]. The superfi cial vascular net-
work criterion, which corresponded to a dense 
and subepithelial capillary vascularization in 
pathological specimens, was associated with a 
serous cystadenoma with 100 % specifi city and 
63 % sensitivity. In spite of these promising fi nd-
ings, further studies are needed to ascertain the 
contribution of CLE for the differential diagnosis 
of IPMNs. In a preliminary study, we success-
fully visualized the cyst wall with miniprobe 
CLE during EUS-FNA in 17 cases and confi rmed 
IPMN in 9 and SCN in 2 patients (Fig.  11.3 ).

    Optical coherence tomography   (OCT)    is an 
interferometric technique that typically uses 
near-infrared light and allows noninvasive 
micron-scale cross-sectional imaging of biologi-
cal tissues by measuring their optical refl ections. 
Ex vivo OCT of freshly resected pancreatectomy 
specimens demonstrated that mucinous cysts 
could be differentiated from nonmucinous cysts 
with high sensitivity (>95 %), specifi city 
(>95 %), and almost perfect interobserver agree-
ment. A special OCT probe designed for place-
ment through a 19-G FNA needle has been 
developed for cyst wall imaging [ 49 ]. 

 Direct pancreatic cystoscopy and intracystic 
biopsy through a 19-G needle with a SpyGlass 
fi ber optic  catheter   was feasible in a pilot study 
including two patients [ 50 ]. Both cysts were con-
sidered to be mucinous cystoadenomas, because 
mucinous-like cylindric epithelium without 
cellular atypia was observed. Histological 
 examination of biopsies obtained from the cyst 
wall confi rmed the diagnosis. 

 The diagnostic value of these novel methods 
have not been confi rmed with adequately pow-
ered studies yet, but preliminary results show that 
they have a signifi cant potential to improve the 
diagnostic yield of EUS-FNA and may be predic-
tive for the malignant potential of PCLs.     

  Fig. 11.3    Confocal laser endomicroscopy of a patient 
 with   IPMN. Epithelial villous structures were detected on 
cyst wall consistent with IPMN       
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            Introduction 

 With the advent of  endoscopic ultrasound (EUS)  , 
there has been a steady decrease in diagnostic 
endoscopic retrograde cholangiopancreatogra-
phy ( ERCP)   for pancreatic malignancies. Though 
ERCP provides extremely accurate delineation 
of the pancreatobiliary system, EUS-guided fi ne- 
needle aspiration (FNA) has a diagnostic accu-
racy that can reach 90 % and has been shown to 
reduce overall costs given ERCP-related compli-
cations such as pancreatitis and cholangitis [ 1 ]. 
In contrast to EUS, which visualizes the pancre-
atic parenchyma, ERCP serves an important role 
in the detection of hepatobiliary and pancreatic 
ductal dilation. Given that pancreaticobiliary 
malignancies often present as biliary strictures, 
biliary brush cytology via ERCP is an estab-
lished diagnostic technique in further investi-
gating these strictures [ 2 ]. Pancreatic masses 
can cause obstructive jaundice; ERCP has both 
diagnostic and therapeutic roles in patients with 
obstructive jaundice [ 3 ]. Additionally, ERCP is 
indicated in obtaining tissue material for diag-

nosis in patients with atypical pancreatic head 
masses and to differentiate pancreatic cancer 
from chronic pancreatitis [ 4 ].  

    Indications for ERCP in Patients 
with Pancreatic Masses 

  A  defi nitive   diagnosis of pancreatic cancer requires 
examination of cellular material obtained from bile 
or pancreatic juice collection, brushing, FNA, or 
biopsy. Effective screening techniques are lacking, 
but ERCP, EUS, and EUS-FNA are considered the 
most sensitive procedures to detect small pancreatic 
cancers [ 5 ]. EUS had an average rate of pancreatic 
tumor detection of 97 % while that of ERCP was 
91 % [ 6 ]. The difference lies in EUS having the 
ability to diagnose abnormalities of the pancreatic 
parenchyma while ERCP catches the state of the 
pancreatic duct [ 6 ]. In one study, ERCP was benefi -
cial when computed tomography (CT) and/or ultra-
sound (US) detected a minor dilation of the main 
pancreatic duct or cystic lesion in the pancreas [ 5 ]. 

 Clinical indications for ERCP in patients 
include obtaining tissue material with atypical 
masses in the pancreatic head, particularly in 
the periampullary area, suspicion of intraductal 
neoplasm, and diffi culty differentiating between 
pancreatic cancer and chronic pancreatitis [ 4 ]. 
ERCP can also play a role in diagnosing pancre-
atic cancer in the setting of underlying chronic 
pancreatitis [ 7 ]. One study revealed ERCP’s 
 sensitivity and specifi city in  separating  malignant 
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from benign masses in the pancreatic head are 
81 % and 88 %, respectively [ 8 ].  

 ERCP capable of cytological sampling via 
brush cytology, forceps biopsy, and/or needle 
aspiration should be the preferred primary modal-
ity when suspected pancreatic cancer presents 
with obstructive jaundice or intractable pruritis 
[ 9 ]. The sensitivity of combining all three cyto-
logical sampling methods is 62 % with a negative 
predictive value of 39 % [ 10 ]. Given that pancre-
atic masses can cause obstructive jaundice, ERCP 
has both diagnostic and therapeutic roles in 
patients with obstructive jaundice [ 3 ]. 

 ERCP with brushings is a valuable diagnostic 
tool when  pancreatic cancer   is suspected despite 
unrevealing US or CT and may be used as an addi-
tional method to differentiate between chronic 
pancreatitis and cancer [ 11 ]. If the patient’s history 
and blood test abnormalities suggest pancreatic 
cancer but no mass is visualized on helical CT, a 
diagnostic ERCP is recommended [ 12 ]. Given that 
pancreaticobiliary malignancies often present as 
biliary strictures, biliary brush cytology via ERCP 
is an established diagnostic technique in further 
investigating these strictures [ 2 ]. 

 In a selected patient population with a higher 
likelihood of pancreatic cancer (jaundice or pan-
creatic mass on radiological imaging), up to 85 % 
of patients do indeed have pancreatic cancer [ 13 ]. 
This degree of risk would certainly warrant more 
aggressive workup via ERCP. ERCP’s defi ciency 
lies in missing uncinate process pancreatic malig-
nancy and malignancies too small to impinge on 
the pancreatic duct [ 14 ]. That being said, ERCP’s 
diagnostic accuracy in one study was 91 % and in 
another was 95 % and allows for the visualization 
of the main pancreatic duct and its side branches 
with their morphological alterations [ 6 ,  15 ], which 
are present in most cases of pancreatic cancer [ 15 ].   

    Description/Features 
of Cholangiograms 
and Pancreatograms in Pancreatic 
Masses 

   The most common fi nding  in    pancreatic   cancer is 
the stricture of the pancreatic duct, the bile duct, 
or both [ 15 ]. In one study,     the   common bile duct 

(CBD) was the site of brushing within the biliary 
tree most associated with malignant outcome 
(76 %) [ 16 ]. Ductal adenocarcinoma is usually 
associated with ductal stricture or amputation 
[ 17 ]. On occasion, it may appear as an intraductal 
fi lling defect either as a polypoid mass, similar to 
the intraductal papilloma, or as a large, irregular 
growth expanding the main pancreatic duct [ 17 ]. 

  Mucinous cystic neoplasms   and rarely  adeno-
carcinoma   can be seen with mucinous hyperse-
cretion [ 17 ]. The mucin can cause dilation of the 
main  pancreatic duct   with extension into the 
ampullary portion of the distal portion of the 
common bile duct [ 17 ]. Though a pancreatic 
mass may not be apparent during pancreatogra-
phy, a cystic mass may be apparent as a result of 
draping, narrowing, or total obstruction of the 
main pancreatic duct [ 17 ]. 

 In one study, all patients with pancreatic head 
cancer showed a pattern of smooth or irregular 
duct dilation on ultrasonographic pancreato-
grams that corresponded to the dilation patterns 
seen with endoscopic opacifi cation of the duct 
[ 18 ]. In the same study, 15 of 16 patients with 
cancer of the head of the pancreas had an obstruct-
ing lesion of the duct visualized [ 18 ]. Also, the 
arbitrarily assigned “normal” inner diameter ( 
<0.8 mm) of the pancreatic duct measured in the 
body was not seen in any of the patients with car-
cinoma of the pancreatic head but was seen in 
one patient with body and tail pancreatic cancer 
and in one patient with chronic pancreatitis [ 18 ]. 

 The upper range of normal  pancreatic duct   
width was 8.0 mm, 4 mm, and 2.4 mm in the 
head, body, and tail of the pancreas, respectively 
[ 19 ]. Abnormal ductograms were wider than the 
normal ranges in the head, body, and tail of the 
pancreas in 14 %, 49 %, and 59 % ( p  < 0.001) of 
the patients [ 19 ]. In another study, most ductal 
pancreatic cancers showed stenosis of the main 
pancreatic duct and/or obstruction of the main 
pancreatic duct and they were easy to detect in 
early stages [ 20 ]. 

 Regardless of presenting symptoms, a double- 
duct sign on ERCP is caused by pancreatic malig-
nancy in 58 % of patients [ 13 ]. The sensitivity 
and specifi city of the double-duct sign observed 
by ERCP for pancreatic cancer varies between 
50–76 % and 63–80 %, respectively [ 13 ]. 
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 In one study, the length of the pancreatic duct 
stricture as measured on ERCP correlated with 
the size and the stage of cancer [ 21 ]. Patients 
with pancreatic head strictures with either a pan-
creatitis history or side-branch changes (but not 
both) or an isolated body or tail stricture with nei-
ther feature have malignancy risks of 12 %, 41 %, 
or 26 %, respectively [ 7 ]. Surprisingly, patients 
with isolated pancreatic head or neck strictures 
and no history of pancreatitis or side-branch 
changes of chronic pancreatitis have a 94 % 
chance of their stricture being malignant [ 7 ].    

    Role of ERCP Brushings 
and Biopsies 

   Pancreaticobiliary   malignancies often present with 
biliary strictures; attaining biliary brush cytology is 
a common practice to investigate such strictures 
[ 2 ]. Biliary duct lesions are often not amenable to 
biopsy; thus, brushing with cytological evaluation 
offers a method to obtain tissue [ 16 ]. Despite the 
low sensitivity of biliary brush itself, when the 
fi ndings are combined with clinical factors such as 
increasing age, higher serum bilirubin levels, and 
the presence of a mass, there is an increased identi-
fi cation of malignancy [ 2 ,  16 ]. 

 Ductal brush cytology and K-ras mutation 
analysis can also be performed during ERCP 
[ 15 ]. Pugliese et al. performed ERCP with pan-
creatic brush cytology, salvage cytology, and col-
lection of pancreatic juice prospectively in 
patients with pancreatic cancer and chronic pan-
creatitis [ 22 ]. Brush cytology coupled with sal-
vage cytology had a sensitivity of 74 %, but the 
addition of cytological analysis of pancreatic 
juice did not substantially improve the sensitivity 
[ 22 ]. Combining cytology with  K-ras-2 mutation 
analysis   increased the sensitivity to 93 % but 
reduced the positive predictive value [ 22 ]. In 
another study, endoscopic retrograde brush cytol-
ogy had a 65 % sensitivity for detecting pancre-
atic cancer, an overall sensitivity of 63 %, and a 
specifi city of 96 % [ 23 ]. Similarly, endoscopic 
retrograde brush cytology had a 56.1 % sensitiv-
ity and a 90.5 % specifi city for detecting pancre-
atic cancer [ 24 ]. The sensitivity and specifi city 
for ERCP-guided cytology when using conven-

tional and spiral suction brushes were 46 % and 
100 %, respectively [ 25 ]. 

 Some have suggested that ERCP may dis-
tinguish malignant from nonmalignant  intra-
ductal papillary mucinous neoplasm (IPMN)   
and delineate the ductal involvement before 
pancreatectomy when performed with EUS or 
pancreatoscopy [ 26 ]. Others have proposed that 
histological or cytological preoperative diagnosis 
of IPMN can be obtained from ERCP with trans-
papillary brushings or pancreatic juice [ 26 ]. 

 In the study by Ross et al., biopsies of bile 
duct strictures were performed during an ERCP 
in 20 patients and results were positive in 3 cases, 
suspicious in 1, and negative in 16 [ 27 ]. Of the 16 
with negative results, 7 were found to have can-
cer by other means (surgery, endoscopic biopsy, 
and EUS-FNA) [ 27 ]. In the same study, 73 
patients with a fi nal cancer diagnosis had a 
biopsy, a brushing, and/or FNA during combined 
EUS and ERCP, and the sensitivity was 82.6 % 
[ 27 ]. In another study, the sensitivity and speci-
fi city for ERCP-guided biopsy were 36 % and 
100 %, respectively [ 25 ]. 

 In a prospective study of 26 patients, the sen-
sitivity, accuracy, and negative predictive values 
were 5.9 %, 38.5 %, and 36 % for standard cytol-
ogy brushings, 29.4 %, 53.8 %, and 42.8 % for 
standard forceps biopsies, and 76.5 %, 84.6 %, 
and 69.2 % for cholangioscopy-guided mini- 
forceps biopsies, respectively [ 28 ]. 

 Importantly, despite biliary brushings obtained 
during ERCP having a sensitivity no higher than 
70 % when combined with factors predictive of 
malignancy, there is an increased identifi cation of 
malignancy. These factors include, but are not 
limited to, suspicious or malignant endoscopic 
impression, older age, stricture location within 
the common bile duct, indications including 
jaundice and/or dilated bile ducts, and the pres-
ence of a pancreatic mass [ 16 ]. Of 71 % of 
patients with “atypical” brushings the endosco-
pist specifi cally recorded, 75 % were found to 
harbor a true malignancy [ 16 ]. In a similar study 
by Stewart et al., 70.7 % of patients with atypical 
results on biliary brushings via ERCP had pan-
creaticobiliary malignancies [ 29 ]. In Volmar 
et al., 10.4 % had atypical biliary brushings and 
43.6 % of those patients had malignancy [ 30 ].   
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    Cost-Effectiveness of ERCP 
in Diagnosis of PMasses 

 There is  a   paucity of cost-minimization studies 
comparing modalities for diagnosing pancreatic 
cancer. The preferred initial modality for the 
diagnosis of pancreatic cancer was EUS- FNA. 
The resultant expected costs and strategies in 
decreasing optimality include (1) EUS-FNA 
($1405), (2) ERCP with brushings ($1432), (3) 
CT-US-FNA ($3682), and (4) surgery ($17,711) 
[ 9 ]. In an older study, EUS was the preferred ini-
tial diagnostic test, yielding an average cost of 
$1111 per patient, while the cost of MRCP was 
$1145 and that of ERCP was $1346 [ 31 ].  

    Future of ERCP in Diagnosing 
Pancreatic Masses 

 High-defi nition  cholangioscopy   by providing 
excellent views of the pancreaticobiliary ductal 
system is a useful adjunct to ERCP in the diag-
nosis of pancreatobiliary disorders [ 32 ]. Fragility 
of the cholangioscope remains a problem, but 
changes in its design have made it more durable 
[ 32 ]. A novel, ultrathin (5 Fr)  scanning fi ber endo-
scope (SFE)   with two-axis tip-bending capability 
has been developed specifi cally for high-resolu-
tion imaging as a pancreatoscope during ERCP 
[ 33 ]. This 1.7-mm-diameter SFE that produces 
signifi cantly less average force during insertion 
has the potential to dramatically improve diag-
nostic capabilities during ERCP by providing 
direct video feedback and tool guidance to physi-
cians [ 33 ]. Further evaluation of SFE’s effective-
ness in humans should be pursued [ 33 ].     
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            Peroral Pancreatoscopy Equipment 
and Technique 

 Peroral  pancreatoscopy   was fi rst described in 
Japan in 1975 [ 1 ]. The usefulness of this tech-
nique was limited by poor optics and instrument 
fragility as well as the relatively large diameter of 
the instrument compared  to   the  main pancreatic 
duct (MPD)   diameter. 

    Types of Pancreatoscopes 

  In the United States,  pancreatoscopy   is currently 
performed with scopes and catheters designed for 
inspection of the bile duct. The limitation inher-
ent with pancreatic duct inspection is its rela-
tively narrower caliber compared to the bile duct. 
Initial iterations of devices specifi c to the pancre-
atic duct were primarily developed in East Asia. 

Prototypes included optical image fi ber bundles 
and ultrathin pancreatoscopes without a working 
channel or an ability to perform tip defl ection. 
Current prototype and commercially available 
pancreatoscopes have improved optical resolu-
tion and working channels, but limitations of 
diameter, fragility, and tip defl ection to negotiate 
tortuous ducts and strictures remain. Although 
slim endoscopes may be used for direct POP, this 
procedure is primarily performed in conjunc-
tion with a duodenoscope. The devices used for 
pancreatoscopy include prototype video pancre-
atoscopes with narrow-band imaging (NBI) or 
autofl uorescence imaging (AFI), and commer-
cially available choledochoscopes with two-way 
tip defl ection and a single 1.2-mm working chan-
nel for irrigation and biopsy forceps introduc-
tion (Olympus, Inc. and Pentax, Inc.). Also, the 
semidisposable catheter-based SpyGlass Direct 
visualization™ (Boston Scientifi c, Inc.) system 
is FDA-approved for pancreatic duct inspection 
and has a four-way tip defl ection, a dedicated 1.2-
mm working channel diameer, two 0.6-mm irri-
gation ports, and a lumen for the reusable optical 
probe [ 2 – 4 ]. A detailed review of the available 
cholangiopancreaotoscopes has been summa-
rized in a technical status evaluation report by 
the American Society of Gastrointestinal 
Endoscopy’s Technology committee and other 
technical reviews [ 5 ,  6 ]. It should be noted that to 
perform pancreatoscopy, signifi cant experience 
with pancreatic endotherapy is a suggested base-
line requirement.   
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    Patient Preparation and Pancreatic 
Duct Access 

   Prophylactic IV antibiotics are  administered    pre-
procedurally  . We utilize general anesthesia due 
to the need for saline irrigation during ductal 
inspection and potential for refl ux of fl uid into 
the stomach. These procedures also tend to be 
longer than conventional pancreatic endotherapy 
cases. The patient is placed in the semiprone 
position. Following ductal access with a 0.035-
in. coated guidewire advanced typically beyond 
the target lesion, endoscopic sphincterotomy is 
performed in preparation for pancreatoscopy. If 
the pancreatic duct orifi ce is patulous, as may 
be seen in patients with main-duct intraductal 
papillary mucinous neoplasia (IPMN), endo-
scopic sphincterotomy prior to pancreatoscope 
introduction may not be necessary. Jung et al. 
[ 7 ] performed endoscopic pancreatic sphincter-
otomy in 18 patients prior to pancreatoscopy. 
One complication (bleeding) was reported. Ueno 
et al. [ 8 ] performed endoscopic sphincter dila-
tion in patients with IPMN. This latter technique 
has the theoretical advantage of preserving the 
sphincter function of the papilla. The authors 
observed signifi cant hyperamylasemia after 
endoscopic sphincter dilation and recommended 
temporary pancreatic stenting. This, however, 
may not be necessary in patients with main-duct 
IPMN. Further, a large mucin burden may rap-
idly occlude small-diameter stents and result in 
postprocedural pancreatitis (personal observa-
tion). The prototype ultrathin pancreatoscopes 
have permitted device introduction in nondilated 
MPD. Kodama et al. [ 9 ] reported a series of 36 
chronic pancreatitis patients with a technical 
success of 90 %, but its clinical utility without 
the ability to perform directed tissue sampling 
remains to be seen. 

 Commercially available pancreatoscopes are 
of larger diameter (approximately 10 F). The 
angle to the pancreatic orifi ce from the duode-
noscope is more oblique than compared to the 
bile duct and initial transpapillary advancement 
is often simpler than traversing the biliary ori-
fi ce, which is often at a right angle. Diffi culty, 

 however, may be encountered when advancing a 
10 F device through tortuous segments such as 
the genu or narrowings that are not always sus-
pected on pancreatography. Dilation with a 4- or 
6-mm balloon prior to attempting device intro-
duction may be required.    

    Technique Description 

 Pancreatoscopy may be feasible through the 
major or minor papilla, with the latter  being   tech-
nically challenging because of more acute angu-
lation during device introduction, limited 
maneuverability, and endoscope stability [ 10 , 
 11 ]. The endoscope-based two-operator (e.g., 
“mother–daughter”) system requires an endosco-
pist and a trained assistant, who may be a nurse, 
technician, or second endoscopist to control suc-
tion and tip defl ection at the handle. Further, the 
assisting provider is also tasked with the impor-
tant aspect of minimizing angulations and torsion 
of the exposed shaft along its length from the 
handle of the pancreatoscope to its entry into the 
working channel cap of the duodenoscope. The 
pancreatoscope is advanced over an indwelling 
guidewire ideally beyond the target, followed by 
guidewire withdrawal for mucosal inspection and 
to improve irrigation with sterile saline to aid 
visualization. During intraductal inspection, due 
to an inherent acute angulation at the relatively 
fi xed genu, circumferential inspection of this area 
tends to be limited but may be enhanced by 
torqueing of the duodenoscope and tip defl ection 
of the pancreatoscope. For the single-operator 
catheter-based system, the control section knobs 
should be unlocked and the optical probe is pre-
loaded into the disposable access catheter and 
advanced to within a few millimeters of the tip of 
the catheter. Following advancement to the target 
and guidewire withdrawal, the optical probe is 
gently advanced beyond the catheter tip for intra-
ductal inspection. The endoscopist has control of 
the four-way steering dials and may periodically 
lock the dials for fi ne movements of the catheter 
to stabilize visualization of a target during tissue 
acquisition using miniature forceps biopsy.  
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    Techniques to Improve Visualization 

 Irrigation rates  should   be kept as low as possible 
to permit a suffi cient view and to potentially 
reduce the risk of pancreatitis. Periodic suctioning 
of duodenal contents in the setting of a sphincter-
otomy and aspiration using the pancreatoscope is 
encouraged. For the catheter-based system, a 
Y-adapter may be connected to the working chan-
nel of the control section to permit suctioning, and 
this preserves other working channel functional-
ity such as biopsy. The endoscope- based system 
has suction capability. Other techniques used to 
optimize visualization include the use of muco-
myst, which we have not found consistently use-
ful; a “closed circuit” technique of irrigation and 
suctioning in the catheter- based system to reduce 
debris obscuring visualization; and the adminis-
tration of intravenous secretin has been described 
to stimulate pancreatic juice fl ow [ 12 ].  

    Sampling Techniques 

 To  facilitate insertion of accessories  , such as 
biopsy forceps or electrohydraulic (EHL) probe, 
the elevator of the duodenoscope needs to be 
relaxed and the angulation of both the duodeno-
scope and the pancreatoscope need to be reduced. 
If passage of the biopsy forceps is possible through 
the accessory channel, POP-directed biopsies can 
be obtained. If the target lesion is closer to the pan-
creatic orifi ce (e.g., pancreatic head), then passage 
of the miniature forceps may not be feasible. In 
this scenario, or if additional sampling is desired 
using pediatric or biliary forceps, POP-assisted 
biopsies can be obtained. With this technique, ref-
erence to a fl uoroscopic spot fi lm obtained of the 
position of the pancreatoscope at the target lesion 
guides tissue sampling through the accessory 
channel of the duodenoscope [ 13 ].  

    Intraoperative Pancreatoscopy 

 The selective use of  intraoperative pancreatos-
copy   to evaluate the MPD appears to help to 
enable the surgeon to guide resection margins. 

We are unaware, however, of this being routinely 
utilized in the United States. Kaneko et al. [ 14 ] 
reported a sensitivity, specifi city, and overall 
accuracy of intraoperative pancreatoscopy of 
100 % for the diagnosis of IPMN and defi ning 
the extent of tumor involvement in the duct. Pucci 
et al. [ 15 ] reported the use of intraoperative pan-
creatoscopy in 23 pancreatic resections; 18 of 
these operations were performed for presumed 
main-duct IPMN, and in 5 (22 %), the surgical 
resection was extended as a result of the pancre-
atoscopy fi ndings.  

    Adverse Events 

 Adverse events from cholangiopancreatoscopy 
may be more than double those  of   endoscopic 
retrograde cholangiopancreatography (ERCP)    
alone (7 % vs. 2.9 %). Cholangiopancreatoscopy 
appears to be associated with similar rates of pan-
creatitis when compared to ERCP being per-
formed without cholangiopancreatoscopy [ 16 ]. It 
is likely, however, that higher rates of pancreatitis 
may be seen that is inherent to pancreatic endo-
therapy, in general, rather than the use of pancre-
atoscopy itself [ 10 ].   

    Pancreatic Carcinoma in situ 

 Often, pancreatic  cancers   are locally advanced 
or metastatic at the time of diagnosis. Efforts to 
improve pancreatic cancer survival rates include 
early-stage detection, such as  carcinoma in situ  , 
which are typically diffi cult to locate by conven-
tional diagnostic methods such as CT, EUS, and 
ERCP. Limited data exist on this indication, and in 
general, the literature for detecting   adenocarcinoma 
  of the pancreas utilizing pancreatoscopes includes 
electronic devices that are prototypes or that are 
not currently under development. 

 In a small series of 11 patients, POP and pan-
creatoscopic cytology were utilized to identify 
pancreatic carcinoma in situ in a select cohort of 
patients [ 17 ]. POP was utilized preoperatively 
with  identifi cation   of ten main duct and one side- 
branch neoplasm. POP mucosal fi ndings included 

13 Endoscopic Retrograde Cholangiopancreatography (ERCP)…



170

papillary projections, irregular margins, or a nod-
ular appearance. Using pancreatoscopy-guided 
aspiration and cytology, malignant cells were 
obtained from all lesions in the MPD, while con-
ventional pancreatic juice cytology was diagnos-
tic in 60 % of the cases.  

    Invasive Pancreatic Cancer 

 EUS has  been   suggested as  the   most useful 
modality for the diagnosis of pancreatic cancer 
[ 18 ]. However, in some patients a discrete mass 
cannot be delineated within a stenotic ductal seg-
ment because of concomitant pancreatitis, for 
example, and POP with an ultrathin fi berscope 
may be useful [ 19 ]. One issue is that most pan-
creatic cancers seem to originate within side 
branches and pancreatoscopy may only observe 
neoplastic changes when these progress to 
involve the main duct, limiting its usefulness in 
the detection of early cancers [ 20 ]. In an attempt 
to overcome this limitation, a prototype 2.2-mm- 
diameter fi berscope equipped with a shape- 
memory alloy has been developed. The tip of this 
fi berscope can be curved freely by heating the 
alloy with a controller [ 21 ]. Tajiri et al. [ 22 ] 
developed a special video converter connected to 
the head of the pancreatoscope to permit visual-

ization of sequential electronic endoscope images 
on a monitor. They performed examinations with 
this system in 52 cases (8 with pancreatic cancer, 
19 with chronic pancreatitis, and 25 normal 
cases); however, we are unaware if current itera-
tions of this technology are available even in the 
prototype stage. 

    Peroral Pancreatoscopy Findings 
in Patients with Pancreatic Cancer 

 Pancreatoscopy  fi ndings in pancreatic cancer   
include nonspecifi c descriptors such as coarse 
mucosa, erythema, and friability and more 
specifi c lesions such as protrusions or an infi l-
trative stricture (e.g., near-occlusion of the 
lumen) with irregular margins (see Fig.  13.1 ). 
Although coarse mucosa and friability are sub-
stantially more frequent in pancreatic cancer 
than in benign ductal stenosis, these are not 
specifi c for neoplasia and a lack of standard-
ization of terms has limited widespread appli-
cability when comparing the literature. In a 
large series of 115 cases of pancreatic diseases, 
fi ndings specifi c to pancreatic cancer included 
protrusion, friability, and tumor vessels, which 
were particularly associated with small (<2 cm) 
pancreatic cancers [ 19 ].

  Fig. 13.1    ( a ) Pancreatogram with pancreatic head stricture; ( b ) fi ber optic pancreatoscopy of an ulcerated intraductal 
mass positive for adenocarcinoma       
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        Intraductal Papillary Mucinous 
Neoplasia 

   IPMN of the   pancreas is an increasingly  detected 
  clinical entity characterized by papillary hyper-
plasia of the pancreatic ductal epithelium, exces-
sive mucin secretion, and cystic dilation of the 
pancreatic duct. The pathologic abnormalities 
may involve the entire MPD, a segment of the 
MPD, multiple segments of the MPD (multifocal 
IPMN), only the side branches (SB-IPMN), or 
both MPD and SB (mixed-IPMN) [ 23 ]. 

 Because IPMN constitutes a potentially 
malignant, premalignant, or malignant condition 
at the time of diagnosis, an accurate defi nition of 
disease extent and tissue sampling are paramount 
to the appropriate management of  IPMN   [ 24 ]. A 
variety  of   imaging techniques such as computed 
tomography (CT scan) of the abdomen, ERCP, 
endoscopic ultrasound (EUS), and magnetic res-
onance cholangiopancreatography (MRCP) are 
currently used. In a small series, when compared 
to ERCP and MR-virtual pancreatography (MR- 
VP), computed tomography virtual pancreatos-
copy (CT-VP) and three-dimensional (3D) CT 
pancreatographic images were fi ner in quality, 
and the procedures were less invasive, faster, and 
less expensive [ 25 ]. In an early selective series of 
47 patients with IPMN who had undergone surgi-
cal resection, the overall accuracy of CT, ERCP, 
and EUS in distinguishing between invasive and 
noninvasive tumors was 76 %, 79 %, and 76 %, 
respectively [ 26 ]. In an effort to improve the 
endoscopic detection of IPMN, various analyses 
 of   pancreatic juice cytology [ 27 ],  K-ras gene 
mutations   [ 28 ], and  telomerase   activity [ 29 ] have 
been proposed. Although diagnostic ERCP is 
often not required in order to secure the diagnosis 
of IPMN, pancreatic juice cytology may provide 
a simple method to evaluate  IPMN  , though it also 
remains with limited sensitivity. In a series of 103 
resection patients with IPMN (29 adenomas, 17 
borderline, 25 carcinoma in situ, and 32 invasive 
carcinoma), pancreatic juice was collected with a 
catheter in 71 patients and by POP in 32 patients 
[ 30 ]. The sensitivity for the detection of IPMN 
was 62.2 % when pancreatic juice was collected 
by POP and was 38.2 % when it was collected 

using a catheter—and this was despite a highly 
select group of neoplastic patients. Interestingly, 
for pancreatic carcinoma, the sensitivity of pan-
creatic juice cytology was only 25.4 %, which 
was signifi cantly lower than for POP-assisted 
collection of pancreatic juice in detecting IPMN 
(68.2 %). This may be related to the fact that duc-
tal adenocarcinoma strictures are more diffi cult 
to traverse and perhaps cytology from juice 
obtained downstream of the stricture may have 
limited tumor cells.  

    Pancreatoscopy Findings in Intraductal 
Papillary Mucinous Neoplasia 

  A key study was performed by Hara et al. [ 31 ], 
 who   performed a retrospective review of their 
experience in evaluating patients with IPMN by 
and  intraductal ultrasound (IDUS)   over a 13-year 
period. Sixty consecutive IPMN patients were 
included in this study (Fig.  13.2 ). The authors 
assessed tumor type (elevated vs. excavated), 
morphology per POP (type I: granular; type II: 
fi sh-egg-like without vascular images; type III: 
fi sh-egg-like with vascular images; type IV: vil-
lous type; and type V: vegetative type) (Figs.  13.3 , 
 13.4  and  13.5 ), maximum tumor height as deter-
mined by  IDUS  , and tumor extent (head vs. body 
vs. tail; MPD vs. SB). Results obtained with POP 
and IDUS were correlated and compared with 
surgical pathology serving as the gold standard. 
The ability of CT, EUS, and  K-ras point muta-
tions   in pancreatic juice to distinguish benign 
(hyperplasia or adenoma) from malignant (carci-
noma in situ or invasive carcinoma) IPMN was 
also studied. A high proportion (40/60, 67 %) had 
protruding lesions. Most malignant tumors had a 
POP morphology type III, IV, or V ( p  < 0.0001), 
with a reported sensitivity, specifi city, and accu-
racy of 68 %, 87 %, and 75 % for differentiat-
ing benign from malignant IPMN. Maximum 
tumor height of protruding lesions as measured 
by IDUS (2.27 ± 1.5 mm in the benign group, 
and 5.96 ± 4.03 in the malignant group) was 
also able to discriminate benign from malignant 
tumors ( p  < 0.001). CT and EUS had a sensitivity 
and accuracy ranging from 32 to 65 %. When a 
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positive K-ras point mutation was considered 
a malignant fi nding, the sensitivity, specifi city, 
and accuracy reached 87 %, 15 %, and 61 %, 
respectively. Only one of the 60 patients resected 
(1.6 %) had positive surgical margins. The 3-year 
relapse-free and overall survival were 93 % and 
95 %, respectively. Thus, POP and IDUS may 
help to distinguish benign from malignant IPMN, 
determine tumor extent, and guide therapy. The 
implication of these data is that these techniques 
may contribute to the improvement in postop-

erative results though the follow-up is relatively 
short. The authors fi nd pancreatoscopy to be of 
more clinical relevance as directed tissue sam-
pling may be performed at the same time.

      Miura et al. [ 32 ] reported their experience  of 
diagnosis of IPMN   in 21 patients by means of per-
oral pancreatoscopy using a small-diameter video-
scope (2.6-mm OD and 0.5-mm working channel) 
and NBI. Endoscopically, seven cases were classi-

  Fig. 13.2    ( a ) Pancreatogram with mucinous fi lling defects in the pancreatic head; ( b ) video pancreatoscopy image of 
Type IV villous IPMN       

  Fig. 13.3    Pancreatoscopy image of a Type 1 granular- 
type IPMN       

  Fig. 13.4    Pancreatoscopy image of Type 2 fi sh-egg 
IPMN       
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fi ed as villous (Type IV) and two cases as vegeta-
tive (Type V), and nine cases were diagnosed as 
adenocarcinoma. Ten cases with “sessile” type or 
“semi-pedunculated” type were diagnosed as ade-
noma or hyperplasia. The distinction between 
“sessile” and “vegetative” types was not entirely 
clear. Subjectively, vascular patterns and protru-
sions were detected more clearly in the NBI 
images than under white light observation. 

 In a series of 24 patients with suspected IPMN 
referred for surgery, intraoperative pancreatos-
copy using an ultrathin pancreatoscope detected 
ten cases of intraductal IPMN lesions that could 
not be detected by preoperative EUS or ERCP; 
IPMN is defi ned in the latter group to include a 
well-defi ned fi lling defect of polypoid tumor by 
pancreatography. Five of the ten cases were intra-
ductal multicentric lesions [ 14 ]. For the diagnosis 
of IPMN, the sensitivity, specifi city, and overall 
accuracy of intraoperative pancreatoscopy were 
all 100 %; respective values were 43.8 %, 100 %, 
and 60.9 % for ERCP without POP and 47 %, 
100 %, and 62.5 % for EUS. Intraoperative pan-
creatoscopy with NBI has been reported also to 
be a useful adjunct for IPMN management in 
guiding intraoperative decision making of the 
resection margins [ 33 ]. 

 An additional series of patients undergoing 
POP included 60 patients with surgically con-
fi rmed IPMN of whom 57 (95 %) underwent 
technically successful POP. POP fi ndings 

included papillary projections (58 %), mucin 
only (23 %), granular mucosa (16 %), and coarse 
mucosa (4 %). As in previous series, papillary 
projections were more prevalent in patients with 
advanced histology (23 % of adenoma, 58 % of 
borderline malignancy, 70 % of noninvasive 
IPMN, and 89 % of invasive IPMN) [ 19 ]. In a 
smaller series of 12 patients with IPMN (11 
MPD, 1 SB), the authors observed oval-shaped 
“fi sh-egg” lesions in ten patients and nodular or 
villous changes in two patients. The patients with 
invasive IPMN consisted of the oval-shaped 
tumors with erythema or villous tumors and 
dilated blood (“tumor”) vessels. In the one case 
of SB-IPMN, POP observed papillary projections 
spreading from the orifi ce of the affected side 
branch [ 12 ]. 

 Most recently, our group performed a retro-
spective review of  POP   in the evaluation of sus-
pected MPD neoplasia over a 13-year period 
[ 34 ]. Seventy-eight patients underwent 103 
POPs. Technical success was 98 %. Twenty-one 
patients were diagnosed with MD-IPMN (6 dys-
plastic, and 15 nondysplastic), and fi ve patients 
with SB-IPMN. POP was useful in localizing 
 MPD-IPMN   to guide resection, excluding lesions 
in the head for anticipated extended pancreatic 
tail resection, and evaluating for mixed IPMN in 
patients with established SB-IPMN. Among the 
6 dysplastic MPD-IPMN, POP fi ndings included 
a vegetative mass Type V ( N  = 1), and villous pro-
jections Type IV ( N  = 5). Among the 15 nondys-
plastic MD-IPMN, POP fi ndings included villous 
projections ( N  = 8), vegetative mass ( N  = 3), stric-
ture and mucin ( N  = 3), and mucin alone ( N  = 1). 
Overall, the POP visual impression had a sensi-
tivity, specifi city, and accuracy of 91 %, 96 %, 
and 94 %, respectively.    

    Summary 

 Commercially available pancreatoscopes are 
now widely available, though signifi cant baseline 
experience in not only ERCP but also pancreatic 
endotherapy is a necessity prior to incorporat-
ing this technology into practice. Techniques of 
tissue sampling include intraductal aspiration of 
pancreatic juice for cytology, pancreatoscopy- 

  Fig. 13.5    Fiber optic pancreatoscopy image of a Type V 
vegetative IPMN       
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directed biopsy, and pancreatoscopy-assisted 
biopsy. POP has a high success rate in appropriate 
patient populations with dilated pancreatic ducts 
and carries an acceptable risk profi le. It is a use-
ful adjunct to ERCP, EUS, and noninvasive imag-
ing to improve the detection of pancreatic duct 
neoplasia with specifi c attention to IPMN. It may 
also be utilized to discriminate malignant from 
benign IPMN. Though advancements in fragility 
have been made, refi ned optics and ease of acces-
sory device passage through the working channel 
are still awaiting commercial availability. With 
this anticipated progress in technology, POP may 
become more widely adapted, with an improved 
success and complication profi le.     
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            Introduction 

 The introduction of  endoscopic ultrasound- 
guided fi ne-needle aspiration (EUS-FNA)   has 
improved the diagnostic accuracy and reduced 
the frequency of nondiagnostic testing in patients 
with solid pancreatic masses. As EUS-FNA has 
replaced the historical histopathologic biopsy and 
is less expensive, it fulfi lls the Christensen crite-
rion of a disruptive innovation effect [ 1 ]. A recent 
meta-analysis evaluating  41   EUS-FNA studies 
(1996–2012;  n  = 4766) revealed a pooled sensi-
tivity and specifi city of 87 % (range, 44–98 %) 
and 96 % (range, 35–100 %) for determining the 
etiology of solid pancreatic masses (Figs.  14.1  
and  14.2 ) [ 2 ]. Several factors have been shown 
to negatively impact EUS-FNA sensitivity in this 
setting, including the presence of well-differen-
tiated tumors, coexisting acute or chronic pan-
creatitis, and cytologic smears containing blood, 
necrosis, and/or low cellularity. When compared 
to a surgical gold standard, the false-negative rate 
of EUS-FNA is reported to be 19 %, which has 
been attributed to inadequate sampling (90 %) 
or interpretive error (10 %) [ 3 ]. The reported 
EUS-FNA false-positive rate for solid pancreatic 

masses ranges from 1.1 to 3.8 % depending on 
whether “positive” alone or “positive and suspi-
cious” cytology interpretations are considered 
diagnostic of malignancy [ 4 ]. Although support-
ing data are limited and often contradictory, the 
diagnostic sensitivity may be impacted by varia-
tions in needle caliber, use of negative pressure, 
use of a stylet and a fanning technique, methods 
for expressing the aspirate, and use of predeter-
mined thresholds regarding the ideal number of 
needle passes [ 5 – 10 ].

        Rapid Onsite Evaluation 
and  Telecytology  

    Rapid onsite evaluation (ROSE) of EUS-FNA 
cytological samples is an important process for 
evaluating specimen adequacy and for determin-
ing the  need   for additional FNA passes or ancil-
lary testing to enhance diagnostic accuracy [ 11 , 
 12 ]. The  smear   method has been shown to be 
more sensitive  and   accurate than ThinPrep in 
detecting malignancy from cytology specimens 
[ 13 ]. ROSE signifi cantly reduces the number of 
repeat procedures, from 5.8 %, when an  onsite 
  cytopathologist is unavailable, to 2.9 % when 
available [ 14 ]. 

 A recent meta-analysis found that the practice 
of ROSE improved FNA sample adequacy rates 
among institutions having an initially low ade-
quacy rate (<90 %); however, it did not improve 
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  Fig. 14.1    The distribution of sensitivities  of   EUS-FNA in a forest plot (reproduced with permission, Wolters Kluwer 
Health [ 2 ])       

the diagnostic yield [ 15 ]. The study also found that 
the adequacy rates were superior for onsite cyto-
pathologists compared to cytotechnologists or 
residents. Studies also show that cytopathologist 
and cytotechnologist training and experience 
improve the diagnostic accuracy and decrease the 
number of FNA passes required to achieve a diag-

nosis [ 16 ]. Such training is key when evaluating 
specimens that are often paucicellular and  typically 
include contaminating material collected from the 
GI epithelium, intervening tissues, or nondiagnos-
tic regions of the target lesion [ 17 ]. 

 The clinical demands and limited reimburse-
ment prohibits the use of cytopathologists in 
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  Fig. 14.2    The specifi city  of   EUS-FNA of individual studies with respect to the pooled estimate (reproduced with 
 permission, Wolters Kluwer Health [ 2 ])       

most centers. Therefore, cytotechnologists and 
residents are more often relied upon to assess 
FNA specimens within the EUS suite, with real- 
time telecytology review available in few centers 
[ 12 ]. Incorporation of telecytology has increased 
cytopathologist effi ciency[ 18 ,  19 ]. Using a 

microscope and a camera with software, real- 
time dynamic images of air-dried stained smears 
can be transmitted to a remotely located cytopa-
thologist using a secure internet connection as a 
surrogate to conventional onsite evaluation. 
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   Table 14.1    Summary of  the   Advantages and Disadvantages of ROSE   

 Advantages  Disadvantages 

 Abbreviation: ROSE, rapid onsite evaluation 

 Reduces the need for additional sampling (core 
needle biopsies) with a lower risk of procedure 
complications 

 Need for an experienced onsite cytopathologist (experience 
and familiarity with results) 

 Cost-effective (fewer ancillary techniques)  Equivocal onsite diagnosis may prematurely end a procedure 

 Improves the adequacy rate  Need for extra time from the cytopathologist 

 Decreases the number of passes needed for an 
adequate sample 

 Financial undercompensation of pathologist’s time 

 Assists further diagnostic triage (assess whether 
extra material is needed, decide how to preserve 
material for further ancillary studies) 

 Need for optimal staining quality 

 Stores fresh cells when needed, optimization of 
storing material for molecular analysis 

 Extended time for procedure, as well as extended anesthesia 
time (higher doses of narcotics) 

 Improves overall diagnostic yield  Relies solely on morphology (thus a need for an experienced 
cytopathologist) 

 Improves diagnostic yield of cystic lesions  Need for optimal clinical- pathologist communication 

 Improves sensitivity 

   Source : da Cunha Santos G, Ko HM, Saieg MA, Geddie WR.   “The petals and thorns” of ROSE (rapid on-site  evaluation    ). 

Cancer Cytopathol. 2013;121(1):4–8 (reproduced with permission from Wiley [ 54 ])  

 Despite the utility of ROSE, the risk of inaccu-
rate in-room interpretation remains, sometimes 
necessitating repeat EUS. As a result, there has 
been a migration in the expectations and role of the 
onsite cytopathology review. Historically in our 
center, and still true in many others, the goal of 
onsite review was limited to establishing sample 
adequacy. We view this as no longer an acceptable 
endpoint, as EUS specimens often contain a large 
quantity of the representative organ or tissue and 
may be deemed adequate but fail to contain the 
material necessary to establish a diagnosis. We 
instead work to achieve a diagnosis rather than sim-
ply indicating the cellularity or presence of a repre-
sentative sample. A summary of the advantages and 
the disadvantages of ROSE are presented in 
Table  14.1 .   

       Pancreatobiliary  Cytologic  
Nomenclature  Update  

   While most pancreas lesions are  cytologically   clas-
sifi ed as benign or malignant, some may only be 
deemed “atypical” or “suspicious” for  malignancy. 
In 2014, the Papanicolaou Society of Cytopathology 
(PSC) developed guidelines for pancreatobiliary 

cytology  that   addressed the proper indications for 
EUS-FNA sampling, techniques of EUS-FNA, 
 terminology and nomenclature for pancreatobiliary 
cytology, ancillary testing,  and   postprocedure man-
agement [ 20 ]. 

  The new  guidelines   propose use of a six-tiered 
system for cytologic interpretations that includes 
(1) nondiagnostic, (2) negative, (3) atypical, (4) 
neoplastic (benign or other), (5) suspicious, or 
(6) positive for malignancy. Unique to this 
scheme is the “neoplastic” category separated 
into “benign” (serous cystadenoma) or “other” 
(premalignant mucinous cysts, neuroendocrine 
tumors, and solid-pseudopapillary neoplasms). 
The positive for malignancy category is reserved 
for high-grade, aggressive malignancies includ-
ing ductal adenocarcinoma, acinar cell carci-
noma, poorly differentiated neuroendocrine 
carcinomas, pancreatoblastoma, lymphoma, and 
metastases. Using this six-tiered system, two 
centers reviewed their pancreas mass EUS-FNA 
experience when compared to a surgical pathol-
ogy or long-term (at least 3 years) clinical fol-
low- up [ 21 ]. Malignancy was ultimately 
diagnosed for samples initially interpreted as 
nondiagnostic, benign, atypical, suspicious for 
malignancy, neoplastic, and malignant in 21 %, 

F.C. Gleeson and M.J. Levy

http://www.ncbi.nlm.nih.gov/pubmed/22760969


181

13 %, 74 %, 82 %, 14 %, and 97 % of patients, 
respectively. 

 Layfi eld and colleagues reviewed the EUS- 
FNA “atypical” or “suspicious” for malignancy 
cytology interpretations ( n  = 646) of solid pancre-
atic lesions from four tertiary referral centers [ 22 ]. 
Patients were selected for analysis when histo-
logic gold-standard biopsy or more than 18 
months’ clinical follow-up was available when a 
patient was ultimately diagnosed with malig-
nancy. A diagnosis of “suspicious” was associated 
with an absolute risk of malignancy of 96.3 % 
(95 % CI, 92.60–98.5). The risk of  malignancy 
associated with “suspicious” for malignancy was 
signifi cantly greater than the relative risk associ-
ated with “atypical” ( P  < 0.001). 

 In the appropriate clinical setting, specimens 
reported as negative or positive for malignancy 
are usually presumed to be true. Confusion often 
arises for other cytology interpretations. Some 
consider atypical interpretations as indicative of 
a negative or inadequate sample. Some also con-
sider suspicious interpretations as indicative of a 
positive result. The authors of the aforemen-
tioned study proposed reclassifi cation of samples 
interpreted as “suspicious for malignancy” as 
instead malignant in order to optimize diagnostic 
sensitivity and specifi city. However, we caution 
the adoption of this approach, given the resulting 
3.7 % false-positive rate that risks inappropriate 
therapy and worsened outcome. This issue high-
lights the importance of providing adequate 
 specimens for the cytopathologist to review to 
decrease the risk of nondiagnostic interpreta-
tions. In our practice, unless the clinical history is 
consistent with malignancy in a patient with an 
EUS-FNA resulting in suspicious cytology, we 
encourage rebiopsy of any lesion with an inade-
quate, atypical, or suspicious interpretation.     

    Ancillary Testing 

 Onsite cytological evaluation using Diff-Quick 
stain, Papanicolaou stain, and subsequent histol-
ogy with immunohistochemical staining for 
assessment of solid pancreatic mass EUS-FNA is 
reported to provide a diagnostic accuracy of 
71 %, 80 %, and 80 %, respectively [ 23 ]. The 

diagnostic accuracy using this combined method 
of sample processing and interpretation is signifi -
cantly greater than relying on Papanicolaou 
staining alone (95 % vs. 80 %;  p  = 0.007). 

 The use of  ancillary testing   is  still   largely in an 
experimental phase with only preliminary or 
methodologically limited studies available. As 
such, the true utility and role for most ancillary 
tests have not been clarifi ed. Nevertheless, we 
present some preliminary fi ndings that are very 
much in need of validation.

•    Immunohistochemical testing    

    As a loss of  CD10   is a consistent feature of 
 pancreatic adenocarcinoma  , it is felt  by   some 
to serve as a useful marker in conjunction with 
CEA to help  cytopathologists   identify neoplas-
tic cells contained with a background rich in GI 
contaminant cells [ 24 ]. In addition, the application 
of S100P and X-linked inhibitor of apoptosis pro-
tein (XIAP)  immunohistochemical   staining may 
also help distinguish well-differentiated adeno-
carcinoma from reactive ductal epithelium [ 25 ]. 
The  BCL10 immunostain expression   may help 
identify acinar cell differentiation and aid in the 
diagnosis of acinar cell and adenosquamous car-
cinomas [ 26 ]. Quantifi cation of S100A6 expres-
sion in EUS-FNA  specimens   also enhances the 
diagnostic adenocarcinoma sensitivity from 68 to 
88 % [ 27 ]. Furthermore, the loss of immunohis-
tochemical staining for the protein product of the 
SMAD4 gene and positive staining for mesothe-
lin also support a diagnosis of pancreatic adeno-
carcinoma [ 28 ]. Positive immunohistochemical 
staining of ubiquitin and thymosin-β4 has been 
identifi ed in IPMN with high-grade dysplasia [ 29 ]. 

 However, not all immunohistochemistry eval-
uations enhance sensitivity. Dim et al. studied 
fi ve proteins overexpressed in pancreatic adeno-
carcinoma: prostate stem cell antigen, fascin, 
14-3-3 sigma, mesothelin, and S100P utilizing 
immunohistochemistry on paraffi n sections from 
cellblocks obtained by EUS-FNA. The cytomor-
phology was superior to any of the immunohisto-
chemical markers used for the study [ 30 ]. 

  Pancreatic neuroendocrine tumors (pNETs)   
and  solid pseudopapillary neoplasia (SPNs)   of 
the pancreas may pose a diagnostic challenge. 
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SPNs express some markers also seen in pNETs 
and acinar cell neoplasms including alpha-1- 
antitrypsin, neuron-specifi c enolase, and CD56. 
Beta-catenin abnormalities are also characteris-
tic of SPNs and diffuse nuclear positivity for this 
marker usually suffi ces for the confi rmation of the 
diagnosis. In addition, SPNs lack the recognized 
somatic pathogenic alteration frequently seen in 
pancreatic adenocarcinoma and other cystic pan-
creatic neoplasms (GNAS, RNF43) which can be 
used in molecular assays when evaluating cystic 
lesions that may include SPN in the differential 
diagnosis. 

 Assessment of proliferation by the  Ki-67 label-
ing index   is an important parameter of pancre-
atic neuroendocrine tumor prognosis and should 
be included systematically in their prognostic 
workup [ 31 ,  32 ]. Burford and colleagues demon-
strated that the EUS-FNA immunohistochemical 
staining of E-cadherin ( P  = 0.0003), beta-catenin 
( P  = 0.00004), and CD10 ( P  = 0.00006) demon-
strated the greatest distinction between pancreas 
neuroendocrine tumors and SPNs [ 33 ].   

•    Fluorescence in situ hybridization—FISH    

    Fluorescence in situ hybridization (FISH)  is    an 
  ancillary  technique   that uses fl uorescently labeled 
DNA probes to detect chromosomal abnormalities 
in  cytology   specimens. The FISH probes can be 
designed to target different chromosomal altera-
tions including aneuploidy, deletions, amplifi ca-
tions, and translocations and therefore are able to 
detect chromosomal abnormalities within neoplas-
tic cell in a background of nonneoplastic diploid 
cells. The detection of aneuploidy by FISH has 
revolutionized the diagnosis of cholangiocarci-
noma, and preliminary data also suggest a poten-
tial role for evaluating pancreatic adenocarcinoma 
(Fig.  14.3 ). The  new   PSC guidelines for pancrea-
tobiliary cytology indicate that FISH appears to be 
the most clinically relevant ancillary technique for 
cytology of bile duct strictures and is proposed for 
solid pancreas masses [ 28 ] (Table  14.2 ). The addi-
tion of such analysis to routine cytologic evalua-
tion yields the greatest sensitivity without, or with 
minimal, loss of specifi city [ 34 ,  35 ]. A prospective 
evaluation of routine EUS-FNA cytology (lymph 

nodes, pancreas, gastrointestinal lumen wall, peri-
luminal masses, and liver) when compared with 
that of FISH to detect malignancy revealed that the 
combination of routine cytology with FISH estab-
lished malignancy with 11 % enhanced sensitivity 
versus routine cytology alone ( P  = 0.0002), but 
reduced the specifi city from 100% to 96 % [ 36 ]. 
Tables  14.3  and  14.4  represent the performance 
characteristics and sensitivity based on tumor type 
for pancreatic FNA.

      When FISH was used in the setting of incon-
clusive pancreas mass cytology, the sensitivity of 
cytology and FISH for malignancy was 62 % and 
81 %, respectively [ 37 ]. The sensitivity and of 
composite FISH and cytology testing was 
enhanced to 89 %, while maintaining a specifi city 
of 100 %. The most common FISH abnormality 

  Fig. 14.3    These representative examples of cells demon-
strate ( a ) polysomy and ( b ) disomic (normal) signal pat-
terns [CEP 3 ( red ), CEP 7 ( green ), CEP 17 ( blue ), and 
9p21 ( yellow ) indicate chromosome enumeration probe] 
(credit: Dr. Benjamin R. Kipp, Ph.D., Assistant Professor 
of Laboratory Medicine and Pathology, Mayo Clinic 
College of Medicine)       
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   Table 14.2     Proposed    ancillary tests  for solid pancreatic lesions     

 Marker  Purpose  Diagnostic fi nding  Utility 

  KRAS  mutations  Identifi cation of 
adenocarcinoma 

 Mutation present  Insuffi cient specifi city for 
malignancy to warrant usage 

  SMAD4   Identifi cation of 
adenocarcinoma 

 Mutation present [IHC shows loss of 
staining] 

 Supports the diagnosis of 
adenocarcinoma 

 FISH  Identifi cation of 
adenocarcinoma 

 Presence of copy number 
abnormalities in CEP3, CEP7, 
CEP17 and abnormalities of band 
9p21 favor malignancy 

 Most reliable test for 
confi rming adenocarcinoma in 
conjunction with routine 
cytology 

 Mesothelin  Identifi cation of 
malignancy 

 Overexpression of mesothelin by 
IHC 

 Supports the diagnosis of 
adenocarcinoma 

 Loss of heterozygosity  Identifi cation of 
adenocarcinoma 

 Losses of chromosome arms 3p, 
6Qp, and 10pq along with gains of 
5q, 12q, 18q, and 20q supports a 
diagnosis adenocarcinoma 

 Clinical importance to be 
determined 

 microRNAs  Identifi cation of 
adenocarcinoma 

 Presence of miRNA including 
miR-21 and mi-155 supports a 
diagnosis of adenocarcinoma 

 Clinical utility to be determined 

   Source : Layfi eld LJ, Ehya H, Filie AC, et al. Utilization of ancillary studies in the cytologic diagnosis of biliary and 
pancreatic lesions: the Papanicolaou Society of Cytopathology guidelines for pancreatobiliary cytology. Diagn 
Cytopathol. 2014;42(4):351–62 (reproduced with permission from Wiley, [ 28 ])  

was a 9p21 deletion (58 %) followed by poly-
somy in 7 (46 %) patients. This enhanced ability 
to detect pancreatobiliary tract cancers offers the 
potential for earlier cancer detection when 
patients are amenable to surgical intervention.

•    Non-FISH molecular markers to enhance 
diagnostic sensitivity    

    Telomerase activity is   absent from normal 
human somatic cells but upregulated in neoplastic 
cells, including pancreatic adenocarcinoma. 
Mishra and  colleagues   sought to determine if 
telomerase activity obtained by EUS-FNA  cytology 
 could   be detected in pancreatic adenocarcinoma, 
   infl ammatory masses in the setting of chronic pan-
creatitis, and malignant cystic neoplasia. The sensi-
tivity and specifi city of telomerase activity for 
detecting  pancreatic adenocarcinoma   in solid 
masses were 79 % (95 % CI, 64–89 %) and 100 % 
(95 % CI, 55–100 %), respectively. When used in 
combination with cytology, telomerase increased 
the diagnostic sensitivity from 85 to 98 % while 
maintaining specifi city at 100 % [ 38 ]. DNA micro-
satellite loss analysis of  neuroendocrine tumor 
EUS-FNA   specimens revealed that malignant 

tumors contain signifi cantly greater  multiple   mic-
rosatellite losses with greater fractional allelic loss 
than benign tumors and is associated with a signifi -
cant survival difference at 5 years [ 39 ]. 

 In a prospective study, Bournet et al. demon-
strated the clinical feasibility and utility of low- 
density array analysis as a diagnostic marker using 
EUS-FNA samples obtained from locally 
advanced and/or metastatic pancreatic adenocarci-
noma and chronic pancreatitis. Eight genes 
(S100P, PLAT, PLAU, MSLN, MMP-11, MMP- 7, 
KRT7, and KRT17) were signifi cantly overex-
pressed in pancreas cancer samples when com-
pared to pseudotumoral chronic pancreatitis [ 40 ]. 
Furthermore, the combination of S100P with 
KRT7 provided superior diagnostic performance 
(AUC: 0.81; sensitivity, 81 %; specifi city, 77 %). 

  Somatic  KRAS  mutations have also been stud-
ied as an adjunct marker to increase the diagnos-
tic yield of FNA [ 41 ]. The  KRAS  oncogene is 
activated by somatic point substitution and is 
considered to be an initial event in pancreatic car-
cinogenesis and can be found in 90 % of patients 
with this disease [ 42 ].  KRAS  mutational analysis 
(Sanger sequencing, allele-specifi c locked 
nucleic acid PCR, allelic discrimination and 
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next-generation sequencing) can be performed 
from DNA extracted from cytologic smears 
 following pathologic evaluation (Fig.  14.4 ) [ 43 , 
 44 ]. In a recent prospective series evaluating 394 
pancreatic masses, a combination of   KRAS  muta-
tion analysis   with cytology enhanced the diag-
nostic sensitivity and accuracy of EUS-FNA 

from 87 to 93 % ( P  < 0.001) and from 89 to 94 % 
( P  < 0.001), respectively [ 45 ].

   However, a recent meta-analysis (8 studies 
including 931 patients) determined that the 
pooled sensitivity and specifi city of EUS-FNA 
alone was 80 % and 97 %, respectively. When 
cytology and  KRAS  mutation analysis results 
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  Fig. 14.4    KRAS sequencing in  direct   EUS-FNA material (reproduced with permission, Elsevier [ 43 ])       
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were combined, the sensitivity was enhanced to 
89 % and specifi city reduced to 92 % [ 46 ]. From 
a practical perspective, when  KRAS  mutation 
results were applied to inconclusive cytology 
results, the false-negative rate was reduced by 
56 %, with an accompanying false-positive rate 
of 11 %. The combination of routine cytology 
with FISH and  KRAS  mutational analyses 
enhances the EUS-FNA diagnostic sensitivity 
and accuracy to 87.9 %, 93.8 %, and 89.8 %, 
respectively, but reduced the specifi city to 93.8 % 
[ 47 ]. While composite testing may be of value in 
increasing tumor detection, one must be cautious 
with this approach given the impact of test speci-
fi city that negatively impacts patient care. 

 In addition to  KRAS  mutations, a number of 
tumor suppressor genes were found to be affected 
by genetic alteration in pancreatic adenocarci-
noma, such as p53, p16, and DPC4. Among 
inconclusive pancreas mass cytology cases, they 
enhance diagnostic sensitivity to 90–100 % [ 48 ]. 
Mutational analysis of CTNNB1 by next- 
generation sequencing for SPN is feasible using 
samples obtained by EUS-FNA [ 49 ]. 

 In the research arena,  whole-exome sequencing   
has been used to analyze benign and malignant 
pancreatic tumors. The objective was to potentially 
enhance the morphology-based classifi cation of 
such tumors and to explore molecular discoveries 
for a potential role in preoperative diagnosis. In 

Reid and colleagues’ elegant review of recent 
advances in this domain, they report that mutations 
in  KRAS ,  P16 ,  TP53 , and  SMAD4  are commonly 
seen in ductal rather than nonductal cancers [ 50 ]. 
Adenocarcinomas with  SMAD4  loss are associated 
with widespread metastasis and poor prognosis. 
 GNAS  and  RNF43  mutations have been discovered 
in most intraductal pancreatic mucinous neoplasms 
[ 51 ]. Mutations in  DAXX  and  ATRX  have only been 
documented in pNET, making it a useful potential 
marker to distinguish these tumors from mimics. 
Loss of  DAXX  or  ATRX  expression by immunohis-
tochemistry and telomeric fl uorescence in situ 
hybridization is associated with chromosomal 
instability and shorter survival times for patients 
with pancreas neuroendocrine tumors [ 52 ].  

  A more recent development has been the 
introduction and validation of a microRNA- 
(miRNA)    based test [ 53 ]. In this international 
multicenter study, a 5-miRNA expression classi-
fi er, consisting of MIR24, MIR130B, MIR135B, 
MIR148A, and MIR196, was established to iden-
tify adenocarcinoma in well-characterized, 
formalin- fi xed, paraffi n-embedded specimens. 
The subsequent application of this methodology 
to EUS-FNA specimens enhanced sensitivity 
from 79 to 91 % when combined with miRNA 
analysis. The miRNA classifi er correctly identi-
fi ed 22 additional true ductal adenocarcinoma 
cases among 39 samples initially classifi ed as 

AdenoCA Benign Non diagnostic Indeterminate

60%

5 mlRNA classifier
Score < 0.5

Probability of PDAC 40%
Score ≥ 0.5

Probability of PDAC 96%

PDAC Inconclusive

Clinical evaluation for PDAC.
Surgery, chemotherapy,

radiation treatment*

Observation or repeat FNA.
Management based on clinical

suspicion for PDAC*

Cytological
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Molecular
testing

Molecular
diagnosis

Patient
management
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  Fig. 14.5    Proposed 
integration of the 
 5-miRNA   classifi er into 
the current clinical 
management of patients 
with pancreatic solid 
masses ([ 53 ])       
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benign, indeterminate, or nondiagnostic by 
 cytology (Fig.  14.5 ). Although promising, the 
associated cost, limited data, necessary cytopa-
thology expertise, and paucity of data do not sup-
port the routine clinical use of molecular genetics 
as an ancillary diagnostic test.      

       Summary 

 EUS-FNA is an indispensable tool for the diag-
nostic workup of solid pancreas masses. High 
sensitivity, specifi city, and diagnostic accuracy 
coupled with low rates of adverse events have 
made this procedure more suitable than com-
puted tomography–guided biopsies. When cyto-
morphologic observations are coupled with 
molecular studies, our understanding of the mor-
phomolecular signature associated with specifi c 
neoplasia will provide practicing clinicians with 
enhanced diagnostic accuracy. These discoveries 
offer the potential for individualized medicine 
approaches to patient care.     
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            Introduction 

  Pancreatic adenocarcinoma   is the fourth leading 
cause of cancer-related death in the United States 
and the eighth leading cause worldwide [ 1 ]. 
Surgical resection is the only potentially curative 
treatment for exocrine pancreatic cancer; how-
ever, because of the late presentation at diagno-
sis, only 15–20 % of patients are candidates for 
surgery. Even in patients with potentially resect-
able disease, mortality is high, with an estimated 
5-year survival of 25–30 % for node-negative 
and 10 % for node-positive tumors. 

 Population-based screening for  pancreatic 
cancer   is not feasible given the low incidence of 
pancreatic cancer and the lack of an available 
noninvasive diagnostic test with high sensitivity 
and specifi city. However, specifi c subgroups with 

a signifi cantly elevated lifetime risk of pancreatic 
cancer may benefi t from screening and regular 
surveillance to detect and treat early pancreatic 
neoplastic lesions.  

    Epidemiology and Genetics 

  Although most cases  of   pancreatic adenocarcino-
mas are sporadic, it is estimated that 5–10 % may 
have an underlying hereditary basis [ 2 ]. Inherited 
gene mutations as seen in patients with  inherited 
cancer syndromes   (e.g., hereditary breast and 
ovarian cancer syndrome, Peutz–Jeghers syn-
drome, Lynch syndrome, familial atypical multi-
ple mole melanoma) are associated with an 
increased risk of pancreatic cancer (Table  15.1 ). 
However, pancreatic cancers due to a known 
genetic defect only account for approximately 
10 % of the familial clustering of pancreatic can-
cer cases. The majority of  hereditary pancreatic 
cancer   cases are due to nonsyndromic aggrega-
tion of pancreatic cancer cases or familial pancre-
atic cancer (FPC). 

      Familial Pancreatic Cancer 

    Although the  term   FPC has not been uniformly 
defi ned, it is most often used to describe kindred 
with at least two fi rst-degree relatives (FDRs) 
with pancreatic cancer without a known genetic 
defect [ 3 ]. 
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 Individuals  from   FPC families are at an 
increased risk of pancreatic cancer. The risk  of 
  pancreatic cancer increases with the number of 
affected FDRs. In a prospective study of 838 FPC 
kindreds, individuals with one affected FDR had 
a 4.5-fold increased risk as compared with the 
general population [ 4 ]. Those with two affected 
FDRs had a 6.4-fold increased risk, and those 
with three or more affected FDRs with pancreatic 
cancer had a 32-fold increased risk of developing 
pancreatic cancer. Age at cancer diagnosis, fam-
ily size, and the relationship between family 
members are also important determinants of the 
risk of pancreatic cancer in FPC families. The 
complexity in pancreatic cancer risk assessment 
has led to the development of a risk prediction 
model (PancPRO) that takes into account an indi-
vidual’s current age, personal and family history 
of cancer, age of cancer onset, and family size 
and provides the probability of carrying a suscep-
tibility gene and the risk of developing pancreatic 
cancer by age [ 5 ]. 

     Pancreatic cancer in families  with   FPC is 
thought be due to  an   unidentifi ed, autosomal dom-
inant gene with reduced penetrance [ 6 ]. Although 
 initial   linkage studies suggested that the palladin 
gene ( PALD ) may be a predisposition gene for 
FPC [ 7 ], these fi ndings have not been validated 
[ 8 ]. Initial studies also suggested that germline 
 BRCA2  mutations may be found in 15–17 % of 
FPC kindreds with an incident pancreatic cancer 

[ 9 ,  10 ]. However, in  larger   cohort studies, deleteri-
ous  BRCA2  mutations were detected in only 6 % 
of moderate- and high-risk families [ 11 ,  12 ]. 
Mutations in the  PALB2  gene have also been asso-
ciated with FPC. The PALB2 protein colocalizes 
with the BRCA2 protein to localize and stabilize 
key nuclear structures needed for DNA repair [ 13 ]. 
However, whole genome sequencing in small 
cohorts of British and German FPC families has 
identifi ed  PALB2  mutations in only 3.1–3.7 % of 
families [ 14 ,  15 ]. The risk of pancreatic cancer in 
individuals with  PALB2  germline mutations has 
not been well characterized, but it is likely to be 
comparable to that of  BRCA2  given similarities in 
gene function [ 16 ]. More recently, heterozygous 
germline mutations of the ataxia telangiectasia 
mutated ( ATM ) gene have also been identifi ed in 
FPC kindreds [ 17 ].         

    Pancreatic Cancer Associated 
with Inherited Cancer Syndromes 

    Peutz–Jeghers Syndrome 
    Peutz–Jeghers syndrome (PJS) is an  autosomal 
  dominant hamartomatous polyposis syndrome 
with high  penetrance   caused by a mutation in the 
 STK11  gene (also known as  LKB1 ) encoding a 
serine  threonine   kinase mapped to chromosome 
19p13.3. PJS is characterized by multiple hamar-
tomatous polyps in the gastrointestinal tract, 

   Table 15.1    Risk  of    pancreatic   cancer by inherited syndromes   

 Syndrome  Gene  Gene function 
 Relative 
risk of PC 

 Lifetime risk 
of PC (%) 

 Peutz–Jeghers syndrome [ 18 ]   STK11   Tumor suppressor, 
serine-threonine kinase 

 132  11–36 

 Familial atypical multiple mole 
melanoma (FAMMM) [ 21 ,  22 ] 

  CDKN2A   Tumor suppressor  13–47  10–17 

 Hereditary breast ovarian cancer 
syndrome [ 11 ,  26 ,  27 ,  29 ,  30 ] 

  BRCA1   Tumor suppressor  2.2–4.1  3.6 

  BRCA2   Tumor suppressor  3.5–5.9  5 

  PALB2   Tumor suppressor  Not quantifi ed a   Not quantifi ed a  

 Lynch syndrome [ 34 ,  35 ]   MLH1 ,  MSH2 , 
 MSH6 ,  PMS2 , 
 EPCAM  

 Mismatch repair  8.6–10.7  3.7 

 Li–Fraumeni syndrome [ 41 ]   tp53   Tumor suppressor  7.3  Not quantifi ed 

 Hereditary pancreatitis [ 43 ]   PRSS1   Cationic trypsinogen  53–80  40 

   Source : Adapted from [ 69 ,  70 ] 
  PC.  pancreatic cancer 
  a Estimated to be similar to  BRCA2   
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mucocutaneous pigmentation, and an increased 
risk of gastrointestinal and nongastrointestinal 
cancer.  Hamartomatous polyps   occur most com-
monly in the small bowel and specifi cally the 
jejunum, but can develop throughout the gastroin-
testinal tract.  Gastrointestinal polyps   develop in 
the fi rst decade of life and most patients become 
symptomatic between the ages of 10 and 30 years. 
   Hamartomatous polyps may also occur outside 
the gastrointestinal tract, including the renal pel-
vis, urinary bladder, lungs, and nasopharynx. 
Mucocutaneous pigmented macules are present in 
more than 95 % of individuals with PJS. Pigmented 
macules most commonly occur on the lips, buccal 
mucosa, periorbital area, palms, and soles but 
may also been seen on the nose and in the 
perineum. Macules typically develop early in life 
and then fade after puberty, with the exception of 
lesions on the buccal mucosa. 

 A  clinical diagnosis of PJS   requires the pres-
ence of any one of the following: (1) two or 
more histologically confi rmed Peutz–Jeghers 
(PJ) polyps; (2) any number of PJ polyps in an 
individual who has a family history of PJS in a 
close relative; (3) characteristic mucocutaneous 
 pigmentation in an individual who has a family 
history of PJS in a close relative; (4) any number 
of PJ polyps in an individual who also has char-
acteristic mucocutaneous pigmentation. 

 Individuals with PJS have an estimated lifetime 
risk of pancreatic cancer of 11–36 %, with an aver-
age age of 52 years at pancreatic cancer diagnosis. 
PJS is associated with an increased risk for gas-
trointestinal cancers, including colorectal (lifetime 
risk, 39 %), stomach (29 %), and small bowel 
(13 %) cancers. Individuals with PJS are also at an 
increased risk for cancers of the breast (24–54 %), 
ovary (21 %), cervix (10–23 %), uterus (9 %), tes-
ticle (9 %), and lung (7–17 %) [ 18 ,  19 ].     

    Familial Atypical Multiple Mole 
Melanoma 
     Familial atypical multiple mole melanoma 
(FAMMM)   is an  autosomal   dominantly inherited 
syndrome. FAMMM is associated with muta-
tions in the  CDKN2A  gene with incomplete pen-
etrance and variable expressivity.    Clinically, it is 
characterized by multiple melanocytic nevi and 
atypical melanocytic nevi and a history of mela-

noma in one or more fi rst- or second-degree rela-
tives.    FAMMM is associated with an increased 
risk of malignant melanoma and pancreatic can-
cer [ 20 ]. It is estimated that individuals with a 
clinical diagnosis of FAMMM have a 13- to 
22-fold increased risk of pancreatic cancer as 
compared with the general population; in indi-
viduals with the Leiden founder mutation in the 
 CDKN2A  gene, the risk is increased 47-fold [ 21 ]. 
Individuals with FAMMM are also at an increased 
risk for cancer of the respiratory tract, eye/brain, 
oropharynx, and nonmelanoma skin cancer [ 22 ].     

    Hereditary Breast and Ovarian Cancer 
Syndrome 
      Hereditary breast and ovarian cancer syndrome   is 
characterized by early-onset breast and/or ovar-
ian cancer due to autosomal dominant, highly 
penetrant, germline mutations in  BRCA1  and 
 BRCA2 .    It is  estimated   that the carrier frequency 
of founder mutations in  BRCA1  and  BRCA2  in 
the Ashkenazi Jewish population is approxi-
mately 1 % compared to a carrier frequency of 
0.05–0.24 % in the general population [ 23 – 25 ]. 

 Individuals with  germline   mutations in 
 BRCA2  have a 3.5- to 5.9-fold increased risk of 
developing pancreatic cancer, with a mean age of 
63 years at diagnosis [ 11 ,  26 ,  27 ]. Germline 
 BRCA2  mutations account for the highest propor-
tion of known causes of inherited pancreatic can-
cer.  BRCA2  mutations have been found in 5–19 % 
of tested FPC kindreds with an incident pancre-
atic cancer [ 9 – 11 ]. Furthermore, in a retrospec-
tive cohort study of 145 Jewish patients who 
underwent resection for pancreatic adenocarci-
noma, 5.5 % had a  BRCA  founder mutation [ 28 ]. 

 In contrast to  BRCA2  carriers, individuals 
with germline mutations in  BRCA1  have a smaller 
increase in risk of pancreatic adenocarcinoma as 
compared to the general population and an esti-
mated lifetime risk of 3.6 % [ 26 ,  29 ]. In a cohort 
study of 11,847 individuals from 699 families 
segregating a  BRCA1  mutation, the risk of pan-
creatic cancer was increased twofold as com-
pared with the general population [ 30 ]. 

 It is important to note that patients in the 
studies discussed above were ascertained for 
young onset of breast and/or ovarian cancers. 
Penetrance estimates may ultimately be different 
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for  BRCA - associated  pancreatic cancer in FPC 
families ascertained via pancreatic cancer pro-
bands [ 31 ].      

    Lynch Syndrome 
      Lynch syndrome   or  hereditary nonpolyposis 
colorectal cancer (HNPCC)  , the most common 
inherited familial colorectal cancer syndrome, 
has also been associated with an increased risk of 
pancreatic cancer.    Lynch syndrome results from 
mutations in mismatch repair genes  MLH1 , 
 MSH2 ,  MSH6 ,  PMS2 , and  EPCAM  and follows 
an autosomal dominant inheritance pattern. 

  Lynch syndrome is   characterized by early- 
onset colorectal cancer with a lifetime risk of 
60–80 %. Individuals with Lynch syndrome are at 
increased risk for cancers of  the   endometrium, 
ovary, stomach, small bowel, urinary tract, and 
brain [ 32 ,  33 ]. The risk of pancreatic cancer in 
individuals with Lynch syndrome is increased 8.6- 
to 10.7-fold as compared with the general popula-
tion. Individuals with Lynch syndrome have a 
cumulative risk of pancreatic cancer of 3.7 % by 
age 70 [ 34 ,  35 ], with the average age at diagnosis 
of 52 years in men and 57 years in women [ 34 ]. 

 Pancreatic adenocarcinomas in patients with 
Lynch syndrome demonstrate microsatellite 
instability as well as loss of expression of mis-
match repair proteins [ 36 ,  37 ]. Medullary carci-
noma of the  pancreas  , a rare variant of poorly 
differentiated adenocarcinoma, has been identi-
fi ed in patients with Lynch syndrome, suggesting 
a potentially different pathogenesis of pancreatic 
cancer in Lynch syndrome patients [ 38 ,  39 ].      

    Li–Fraumeni Syndrome 
     Li–Fraumeni syndrome (LFS)   is an inherited 
autosomal dominant disorder due to a germline 
mutation in the  tp53  tumor suppressor gene. It is 
characterized by breast cancer, sarcomas,  adre-
nocortical   carcinoma, and brain tumors diag-
nosed at  an   early age.  The   lifetime risk of cancer 
in LFS approaches 100 % in females and 73 % in 
males [ 40 ]. Individuals with a  tp53  mutation may 
also have a 7.3-fold increased risk of pancreatic 
cancer [ 41 ].     

   Hereditary Pancreatitis 
    Hereditary pancreatitis is a rare condition charac-
terized by chronic pancreatitis due to recurrent 
attacks of acute pancreatitis in childhood. 
 Hereditary pancreatitis   is associated with muta-
tions in the  PRSS1  gene,  which   encodes cationic 
trypsinogen. Normally, cationic trypsinogen is 
secreted by the pancreas into the duodenum, 
where it is ultimately cleaved into trypsin. 
Trypsin functions to aid in proteolysis. The two 
most common mutations identifi ed in  PRSS1  are 
R122H and N29I [ 42 ]. The R122H mutation in 
 PRSS1  results in cationic trypsinogen that  is   pre-
maturely broken down into trypsin while still in 
the pancreas. This causes pancreatic tissue dam-
age and infl ammation, leading to pancreatitis. As 
a result of recurrent episodes of pancreatic 
infl ammation, the risk of pancreatic cancer in 
these individuals is increased by 53-fold as com-
pared with the general population. Individuals 
with hereditary pancreatitis have an estimated 
lifetime risk of 40 % and an average age of 57 
years at pancreatic cancer diagnosis [ 43 ].       

    Management of Individuals 
at Risk for Pancreatic Cancer 

  The management  of   individuals at increased risk 
of pancreatic cancer consists largely of screening 
to identify precursor lesions. However, patients 
should also be counseled against smoking, which 
is an independent risk factor for pancreatic can-
cer. In a nested case control study that included 
251 members of 28 families with two or more 
members with pancreatic cancer, smoking was an 
independent risk factor for pancreatic cancer 
(odds ratio [OR] 3.7; 95 % CI 1.8–7.6). FPC 
smokers developed pancreatic cancer a decade 
earlier as compared with nonsmokers (59 years 
vs. 69 years of age). The risk of pancreatic cancer 
was greatest in men and in individuals younger 
than 50 years (OR 5.2 and 7.6, respectively) [ 44 ]. 
In individuals with hereditary pancreatitis, in 
addition to smoking cessation, a low-fat diet 
should also be advised.  
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    Targets for Screening for Pancreatic 
Cancer 

     Screening aims to identify high-risk individuals 
with precursors of pancreatic adenocarcinoma, 
which include  intraductal papillary mucinous 
neoplasms (IPMNs)   and pancreatic intraepithelial 
neoplasia (PanIN). IPMNs are grossly visible 
mucin-producing epithelial neoplasms. They can 
involve the main pancreatic duct, branch ducts, or 
both. Main duct IPMNs can be distinguished from 
branch- duct   IPMNs by connection to and/ or   dila-
tion of the main pancreatic duct on radiologic or 
endoscopic imaging. Features  of   IPMN on ERCP 
 include   mucin extruding from the pancreatic duct 
orifi ce, a “fi sh-mouth” appearance to the pancre-
atic duct orifi ce, and pancreatic duct dilation with 
fi lling defects [ 45 ]. IPMN characteristics sugges-
tive of an underlying malignancy include a main 
pancreatic duct diameter >7 mm, a cystic lesion 
>3 cm, or the presence of a mural nodule [ 46 ]. 
Main duct IPMNs have a greater risk of malig-
nancy as compared with branch-duct IPMNs [ 47 ]. 

 PanINs are microscopic noninvasive neo-
plasms involving small ducts of the pancreas that 
are formed by metaplasia and proliferation of 
ductal epithelium. PanINs display varying 
degrees of dysplasia, which are characterized as 
mild (PanIN 1), moderate (PanIN 2), and severe 
(PanIN 3) [ 48 ]. Although the precise timeline for 
progression of PanIN to adenocarcinoma is 
unclear, studies suggest a 1 % probability of a 
single PanIN lesion progressing to invasive can-
cer [ 49 ]. 

 Both IPMN and PanIN are found with greater 
frequency and at higher grade in patients with 
FPC as compared with controls [ 50 ]. Furthermore, 
high-grade precursor lesions in the pancreas of 
individuals with FPC are often multifocal [ 51 ]. 

 Screening in high-risk families can detect pre-
cancerous changes in the pancreas (Table  15.2 ) 
[ 52 ]. In a multicenter prospective study of 215 
high-risk individuals who underwent screening 
with computed tomography (CT), magnetic reso-
nance imaging (MRI), and endoscopic ultraso-
nography (EUS), 92 (42 %) had at least one 
pancreatic mass, and 85 were reported to have 

either proven or suspected neoplasms (82 IPMN 
and 3 neuroendocrine tumors). Five individuals 
underwent surgical resection of the pancreas, of 
which three were found to have high-grade pan-
creatic dysplasia in <3-cm IPMNs and multiple 
intraepithelial neoplasias.

   However, screening carries the risk of misdi-
agnosis and overtreatment of low-risk pancreatic 
lesions. In screening studies, some cysts noted on 
imaging were found to be benign serous cystade-
nomas at resection, while other resected pancreata 
had only low-grade PanIN associated with lobu-
locentric parenchymal atrophy. Pancreatic cancer 
has also been reported to develop in patients 
undergoing pancreatic screening in research pro-
tocols; however, these may be due to poor patient 
follow-up and low-quality imaging [ 53 ,  54 ]. In 
addition, data on long-term follow-up of pancre-
atic cancer screening cohorts are lacking and it is 
unclear if screening improves survival [ 53 ].     

   Imaging 
      Magnetic resonance cholangiopancreatogram 
(MRCP)   and EUS are the two main imaging 
modalities for screening for pancreatic cancer. 
Secretin-enhanced MRCP further improves the 
sensitivity  of   MRCP for detecting smaller ductal 
lesions [ 55 ]. MRI/MRCP also has the advantage 
of avoiding the radiation exposure associated 
with CT scans but is limited by its cost and 
availability. 

 By combining endoscopy  with   high-frequency 
ultrasonography, EUS allows for high-resolution 
views of the pancreas. Similar to MRI, EUS does 
not require radiation. EUS can accurately detect 
IPMNs and has the advantage of being able to 
visualize mural nodules [ 56 ]. Chronic pancreati-
tis seen on EUS in individuals with FPC has been 
associated with lobulocentric atrophy and may be 
a marker of multifocal PanIN lesions [ 57 ]. EUS 
fi ndings including heterogeneous parenchyma, 
hypoechoic nodules, hyperechoic main-duct 
walls, and discrete masses have a high positive 
predictive value for PanIN in high-risk individu-
als [ 58 ]. Targeted imaging agents, including 
those that detect plectin, a cell-surface protein 
expressed in PanIN 3 lesions, may improve 
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imaging for noncystic pancreatic lesions [ 59 ]. 
The limitations of EUS include high interob-
server variability, high cost, and complications 
related to endoscopy. 

  While   multidetector, contrast-enhanced heli-
cal CT with a pancreatic protocol and endo-
scopic retrograde cholangiopancreatography 
(ERCP) have also been used to screen for pan-
creatic cancer in high-risk individuals, few 
studies have compared these modalities 
directly. In one prospective study in 216 high-
risk individuals, MRI/MRCP and EUS had a 
signifi cantly higher sensitivity in detecting cys-
tic or solid lesions as compared with CT (77 %, 
79 %, and 14 %, respectively) [ 52 ]. MRI, EUS, 
and CT detected subcentimeter cysts in 33 %, 
36 %, and 11 % of patients, respectively. The 
concordance between EUS and MRI/MRCP for 
detection of any pancreatic lesion was signifi -
cantly higher as compared with EUS and CT 
scan (91 % vs. 73 %). 

 Given the limited sensitivity of CT scan and 
the risk of radiation, especially when repeated 
screening is required, CT is not used in current 
screening protocols. The use of ERCP is largely 
limited to follow-up of solid or cystic lesions on 
EUS or MRCP due to the risk of post-ERCP pan-
creatitis. In one study in which routine ERCP 
was performed to follow up all abnormal EUS 
fi ndings, ERCP did not improve diagnostic yield 
and was associated with pancreatitis in 7 % of 
individuals [ 60 ].      

   Biomarkers 
     Limitations in current screening modalities  in 
  identifying microscopic dysplasia and character-
izing small cysts  have   prompted the evaluation of 
biomarkers in pancreatic juice for early detection 
of pancreatic neoplasia. Somatic mutations in 
 GNAS , which encodes the G protein, have been 
identifi ed in 66 % of IPMNs [ 61 ]. Other than in a 
small percentage (<10 %) of PanINs,  GNAS  
mutations  have   not been detected in pancreatic 
ductal adenocarcinomas or in mucinous or serous 
cystic neoplasms. In a study that included 291 
 subjects   with a familial predisposition to pancre-
atic cancer who underwent pancreatic screening, 
and disease controls with normal pancreata, 

chronic pancreatitis, sporadic IPMN, or other 
neoplasms, mutant  GNAS  was detected in duode-
nal collections of pancreatic juice in 50 of 78 
familial and sporadic IPMNs (64 %), 15 of 33 
(46 %) with only diminutive cysts (<5 mm), but 
none of 57 disease controls. Additionally, mutant 
 GNAS  detected in baseline juice samples was 
associated with the emergence of a new cyst at 
follow-up [ 62 ].  tp53  mutations occur late in the 
progression of PanIN lesions. In a study in which 
180 individuals at high risk for pancreatic cancer 
underwent  tp53  mutational analysis from duode-
nal samples of pancreatic juice,  tp53  mutations 
were detected only in PanINs and IPMNs with 
intermediate-grade (15 %) and high-grade dys-
plasia (43 %) and not in any low-grade IPMNs or 
PanIN 1 lesions [ 63 ]. The sensitivity of  tp53  
mutation analysis was 67 %.  tp53  mutations were 
not detected in duodenal samples of pancreatic 
juice in 14 of 43 patients (32 %) with pancreatic 
ductal adenocarcinoma. Additional studies are 
needed to evaluate the diagnostic accuracy of 
mutant  tp53  and  GNAS  in detecting pancreatic 
cancer precursor lesions in patients undergoing 
screening.        

    Guidelines for Pancreatic Cancer 
Screening 

   It is uncertain whether  early   identifi cation and 
treatment of PanIN and IPMNs will improve out-
comes in high-risk individuals,    given that only a 
small fraction of these lesions progress to inva-
sive cancer. Current guidelines, based on expert 
opinion, recommend screening for pancreatic 
cancer only in individuals with a greater than 5 % 
lifetime risk or a fi vefold or greater relative risk 
of developing pancreatic cancer (Table  15.3 ) 
[ 16 ]. Screening should be performed at high- 
volume centers with EUS and MRI/MRCP and 
preferably within research protocols.

   Screening for pancreatic cancer is recom-
mended in patients with PJS or a mutation in 
 STK11  and patients with hereditary pancreatitis 
with longstanding chronic pancreatitis regardless 
of the family history of pancreatic cancer [ 64 ]. 
Screening should also be considered in mutation 

15 Evaluation and Surveillance Strategies for Patients at Increased Risk of Pancreatic Cancer



198

carriers of  BRCA1 / 2 , mismatch repair gene, 
 MSH2 ,  MLH1 ,  MSH6 , and  PMS2  and  EPCAM  
(Lynch syndrome),  CDKN2A , or  PALB - 2  who 
have one or more FDRs with pancreatic cancer or 
two non-FDRs with pancreatic cancer. In FPC 
families, screening should be considered for indi-
viduals with two or more affected blood relatives 
with pancreatic cancer in the family, with at least 
one affected being a FDR. 

 There are limited data to guide the interval 
for screening for pancreatic cancer in high-risk 
individuals. Our practice is to initiate screening 
in FPC families at age 50 years or 10 years prior 
to the youngest relative diagnosed with pancre-
atic cancer, at age 40 in patients with hereditary 
pancreatitis, and at age 30 in individuals with 
PJS. We perform annual MRI/MRCP alternat-
ing with EUS. As this is a relatively recent area 
of investigation with several ongoing studies, 
new data will continue to inform us in the next 
several years regarding optimal algorithms for 
surveillance intervals, nuances of when to initi-
ate surveillance, and whether ancillary molecular 
markers are benefi cial as supplemental tests.   

    Management of Lesions Detected 
on Screening 

  At the current time, there are limited  studies 
  available to guide evidence-based management 
of pancreatic lesions detected on imaging in indi-
viduals at high risk for pancreatic cancer. Our 
recommendations are consistent with those of the 
 International Cancer of the Pancreas Screening 
(CAPS) Consortium   [ 16 ]. Patients with a newly 
detected indeterminate solid lesion should have 
follow-up imaging at 3 months if surgery is not 
imminent. For an indeterminate main pancreatic 
duct stricture without an associated mass, repeat 
imaging should be performed within 3 months. 

 For patients with IPMN, the Sendai Consensus 
Guidelines for the management of IPMNs rec-
ommend more aggressive surveillance in high- 
risk individuals, specifi cally those with two or 
more FDRs with pancreatic cancer [ 65 ]. Patients 
with a newly diagnosed branch-duct IPMN 
should undergo MRI/MRCP or CT and 
EUS. High-risk malignant stigmata associated 
with IPMNs include an enhanced solid compo-
nent and a main pancreatic duct size of ≥10 mm. 
Worrisome features associated with IPMNs 
include cysts of ≥3 cm, thickened enhanced cyst 
walls, nonenhanced mural nodules, main pancre-
atic duct size of 5–9 mm, and abrupt change in 
main pancreatic duct caliber with distal pancre-
atic atrophy and lymphadenopathy. If malignant 
stigmata or worrisome features are present, then 
surgical resection should be considered. If there 
are no worrisome features, then MRI/MRCP or 
CT should be done at 3-month intervals and EUS 
should be done annually for the fi rst 2 years to 
evaluate for the development of worrisome fea-
tures. Rapidly growing cysts or cysts that develop 
worrisome features should strongly be consid-
ered for resection.   

    Surgery 

    Indications for surgical resection  include   solid 
lesions at least 1 cm in size and all main-duct or 
mixed IPMNs [ 16 ,  65 ]. Resection of branch-duct 

   Table 15.3    Groups at a high risk of  pancreatic cancer   
recommended for screening [ 16 ]   

 High-risk group 
 Subgroups recommended for 
screening 

 Peutz–Jeghers 
syndrome 

 Regardless of family history 

  p16  ( CDKN2A ) 
carriers 

 One or more FDR with PC 

  BRCA1 / 2  
mutation 
carriers 

 One or more FDR with PC, or 

 Two or more blood relatives with PC 
(even without a FDR) 

  PALB2  
mutation 
carriers 

 One or more FDR with PC 

 Two or more blood relatives with PC 
(even without a FDR) 

 Lynch 
syndrome 

 One or more FDR with PC 

 Two or more blood relatives with PC 
(even without a FDR) 

 Familial 
pancreatic 
cancer 

 Two or more affected blood relatives 
with PC, with at least one affected 
being a FDR 

 Hereditary 
pancreatitis 

 Regardless of family history (requires 
longstanding chronic pancreatitis) 

   Source : Adapted from [ 16 ] 
  PC  pancreatic cancer,  FDR  fi rst-degree relative  

J. Nayor et al.
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IPMNs in high-risk individuals should be consid-
ered if they are symptomatic, ≥2 cm, or contain a 
mural nodule and/or abnormal cytology [ 16 ]. 

 The management of PanIN lesions is more 
controversial.    PanIN lesions are often multifocal, 
and unlike IPMNs, these lesions are diffi cult to 
detect by imaging. In screening studies, the  major-
ity   of PanIN 3 lesions were found in patients who 
underwent resection for other lesions, including a 
dilated pancreatic duct, pancreatitis, or a pancre-
atic mass [ 52 ,  60 ,  66 ,  67 ]. While there is consen-
sus that surgical resection should be considered in 
patients with PanIN 3 lesions, there is debate with 
regard to the timing and extent of surgery. While 
total pancreatectomy is the only defi nitive man-
agement for PanIN 3 lesions, it is associated with 
signifi cant morbidity and brittle diabetes. In high-
risk individuals with changes consistent with 
chronic pancreatitis on EUS or abnormal duct 
changes on ERCP/MRCP, and multifocal PanIN 3 
lesions documented on pancreatic resection, some 
experts advocate total pancreatectomy, while 
most suggest that in the absence of pancreatic 
cancer, such patients undergo continued surveil-
lance with imaging within 6 months of partial 
pancreatectomy [ 16 ]. 

  Prophylactic surgery   is not recommended for 
asymptomatic high-risk individuals without an 
identifi able lesion due to the risks associated with 
pancreatectomy. When surgery is indicated, it 
should be performed at a high-volume specialty 
center [ 68 ].      

    Conclusions 

 High-risk individuals with clustering of pancre-
atic cancer cases and individuals with inherited 
cancer syndromes associated with pancreatic 
cancer may benefi t from screening for pancreatic 
cancer with the goal of detecting precursor 
lesions including PanIN lesions and IPMNs. 
Several studies have demonstrated that with EUS 
and MRI/MRCP, pancreatic precursor lesions are 
detectable and have a signifi cant yield in appro-
priately selected, high-risk individuals. A combi-
nation of biomarkers and imaging may further 

improve the detection of pancreatic precursor 
lesions and allow for early resection. Data are 
needed to guide the optimal approach and fre-
quency of screening as well as the management 
of suspected pancreatic lesions. As screening for 
pancreatic cancer becomes more prevalent in 
high-risk individuals, it remains important to 
determine whether it translates into a meaningful 
improvement in cancer outcomes.     
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      Differential Diagnosis 
and Diagnostic Evaluation 
Algorithm       

     Michael     Bartel      ,     Milena     Di     Leo      , 
and     Massimo     Raimondo     
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            Introduction 

 Diagnosis of a pancreatic mass has a broad 
differential comprising both solid and cystic 
lesions. The increasing utilization of cross-
sectional imaging frequently leads to incidental 
pancreatic masses, including solid pancreatic 
tumors in up to 7 % and pancreatic cystic lesions 
in up to 16 % [ 1 – 3 ]. 

 Taking into account the epidemiology of solid 
pancreatic lesions, the majority of incidental pan-
creatic solid masses are pancreatic ductal adeno-
carcinomas [ 1 ]. However, a thorough medical 
history and physical examination have to con-
sider the differential diagnosis, including pancre-
atic neuroendocrine tumors (PNETs), metastasis, 
and other malignant and benign pancreatic condi-
tions. Another challenge is avoiding unnecessary 
surgical procedures in the treatment of diseases 
that can mimic pancreatic cancer, such as autoim-
mune pancreatitis (AIP), chronic pancreatitis, 
and lymphoma. 

 The same is true for the differential diagnosis 
of cystic pancreatic lesions, which encompasses 
benign lesions, low-grade malignant lesions, and 
malignant lesions, including pancreatic cancer. 
This chapter focuses on the differential diagnosis 
of solid and cystic pancreatic masses, as well as 
their diagnostic approach. Following the descrip-
tion of different etiologies of pancreatic lesions 
as well as their epidemiology and diagnostic hall-
marks, an evidence-based diagnostic algorithm 
will be illustrated focusing on cross-sectional, 
endoscopic imaging, and laboratory testing 
(Table  16.1  and Fig.  16.1 ).

        Pancreatic Adenocarcinoma 

 Pancreatic adenocarcinoma is the fourth leading 
cause of cancer death despite its relatively low inci-
dence [ 25 ]. The average age at the time of diagno-
sis is 71 years, with a slight male predominance 
[ 26 ]. It is speculated that males have more expo-
sure to risk factors for developing pancreatic can-
cer, including cigarette smoking and alcohol use. 
Other associated factors are chronic pancreatitis, 
obesity, high intake of animal fat, inherited genetic 
predisposition, non-“O” blood group, and occupa-
tional exposure to nickel and chlorinated hydrocar-
bon [ 27 ]. In addition, several studies have reported 
a relationship between pancreatic adenocarcinoma 
and diabetes mellitus. In fact, more than two thirds 
of patients with pancreatic adenocarcinoma have 
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diabetes mellitus at the time of diagnosis, and more 
than 50 % of patients with pancreatic cancer have a 
new onset of diabetes mellitus preceding the cancer 
diagnosis by 2 years [ 28 – 31 ]. 

 In most cases, pancreatic cancer is detected 
based on imaging, which includes both the inci-
dental fi nding of a solid pancreatic mass and 
focused hepato-pancreato-biliary evaluation in 
symptomatic patients. No laboratory test with 
high sensitivity and specifi city exists to reliably 
distinguish pancreatic cancer from benign pan-
creatic conditions [ 32 ]. The differential diagnosis 
is initially based on imaging fi ndings, which 
emphasizes the importance of recognizing the 
strengths and weaknesses of the available imag-
ing techniques. 

 Abdominal ultrasound has been proven to be 
of low yield for diagnosing pancreatic cancer, 
with accuracy ranging between 50–70 % [ 33 ]. 
Computed tomography (CT) is the preferred test 
to diagnose pancreatic cancer, as long as intrave-
nous contrast is appropriately utilized (pancreas 
protocol). Multidetector CT (MDCT) with iodine 
contrast has a sensitivity of 76–92 % [ 34 ,  35 ]. 
Herein pancreatic cancer enhances poorly due to 
its hypovascularity, whereas 11 % of cases show 
isoattenuating lesions [ 36 ]. In such cases, indi-
rect signs, including mass effect, abrupt pancre-
atic duct cutoff, and “double-duct sign,” defi ned 
as dilation of both pancreatic and biliary ducts, 
can be helpful to raise the suspicion of pancreatic 
cancer [ 36 ,  37 ]. Pancreatic protocol CT scan with 
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  Fig. 16.1    Diagnostic algorithm for pancreatic masses       
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imaging of both arterial and venous phases fur-
ther increases the diagnostic yield of pancreatic 
cancer up to a sensitivity of 89–97 % [ 38 – 40 ]. 

 Endoscopic ultrasound (EUS) has been a fun-
damental tool for the evaluation of solid pancre-
atic masses since the 1990s. The sensitivity of 
EUS to detect pancreatic cancer ranges between 
the mid-80s and 100 % [ 41 – 50 ]. An important 
advantage of EUS is its ability to acquire tissue 
samples for cytology utilizing fi ne-needle aspira-
tion (FNA). Multiple authors have found that 
EUS-FNA provides the most defi nite nonopera-
tive diagnosis of pancreatic cancer; the sensitiv-
ity, specifi city, positive predictive value (PPV), 
and negative predictive value (NPV) were 
95–98 %, 85–100 %, 98–100 %, and <85 %, 
respectively [ 51 – 54 ]. A recent meta-analysis 
included 4984 patients who underwent EUS- 
FNA for a solid pancreatic mass. Hewitt et al. 
found a pooled sensitivity, specifi city, PPV, and 
NPV of 91 %, 94 %, 98 %, and 72 %, respec-
tively, to diagnose pancreatic cancer based on 
EUS-acquired cytology [ 55 ]. By contrast, the 
absence of pancreatic solid mass on EUS in 
patients with clinical concern for pancreatic can-
cer has an NPV that approaches 100 % [ 56 ,  57 ]. 
Based on the available data, a negative or nondi-
agnostic FNA does not exclude pancreatic can-
cer. However, the absence of a pancreatic mass 
lesion on EUS excludes pancreatic cancer in the 
majority of cases. Yet, a repeat EUS within 2 
months following a negative or nondiagnostic 
EUS needs to be considered, especially in the 
realm of high clinical suspicion for hepato-
pancreato- biliary malignancy. This diagnostic 
approach is backed up by three studies. Bhutani 
et al. reported on 20 patients with missed pancre-
atic cancer by EUS. Factors contributing to false- 
negative EUS results were concomitant chronic 
pancreatitis ( n  = 12), diffuse infi ltrating cancer 
( n  = 3), ventral/dorsal split ( n  = 2), and an episode 
of acute pancreatitis within less than 4 weeks 
prior to EUS ( n  = 1) [ 58 ]. In another study, 
Eloubeidi et al. reported on 22 patients with clini-
cal suspicion for pancreatic cancer who under-
went a repeat EUS-FNA for initially suspicious 
(41.6 %), benign (41.6 %), or indeterminate 
(8.3 %) EUS-FNA. Eighty percent of patients 

with initially suspicious EUS-FNA were diag-
nosed with malignancy. Moreover, in 20 % of 
patients with initially benign EUS-FNA fi ndings, 
the diagnosis was changed to a malignant condi-
tion [ 59 ]. Accordingly, Suzuki et al. reported on 
84 patients with initially inconclusive EUS-FNA 
who underwent a repeat EUS-FNA at a high- 
volume tertiary center for evaluation of a solid 
pancreatic mass. The repeat EUS-FNA estab-
lished a diagnosis in 82.1 %, of which all cases 
harbored a malignancy (mostly pancreatic adeno-
carcinoma, followed by PNET, metastasis, and 
lymphoma) [ 60 ]. 

 Not every solid pancreatic mass harbors pan-
creatic adenocarcinoma. The challenge to distin-
guish between the differential diagnoses of solid 
pancreatic masses was evaluated by Tummala 
et al. Based on EUS, malignant neoplasms were 
detected in the majority (81.2 %) of patients with 
solid mass and dilated main pancreatic duct. 
Most were pancreatic ductal adenocarcinoma 
(71.6 %) followed by PNET, giant cell neoplasm, 
metastatic, nonsmall cell lung carcinoma, and 
spindle cell carcinoma. It was found that 18.7 % 
of the lesions were benign, including chronic 
pancreatitis and cystic neoplasms. By contrast, in 
patients with a nondilated pancreatic duct, most 
pancreatic masses (66.2 %) were benign and 
included chronic pancreatitis, cystic lesions, and 
lymph nodes. PNETs represented the majority of 
the 33.7 % malignant lesions, followed by pan-
creatic ductal adenocarcinoma and metastasis to 
the pancreas [ 61 ]. 

 Additionally, EUS is important for evaluating 
nonspecifi c pancreatic changes seen on CT and 
MRI, such as pancreatic ductal dilation and dif-
fuse pancreatic head enlargement. Sixty-fi ve per-
cent of patients with those fi ndings were 
diagnosed with pancreatic cancer based on EUS 
imaging [ 62 ,  63 ]. 

 When compared with CT, EUS was found to 
be superior for detecting pancreatic cancer, which 
was refl ected by a higher sensitivity of 94–99 % 
vs. 57–86 % [ 64 – 66 ]. This was especially true for 
pancreatic cancer under 3 cm in size [ 46 ]. 
Likewise, a systematic review of 678 patients 
confi rmed the higher sensitivity of EUS to detect 
pancreatic cancer than CT (93–100 % vs. 
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50–89 %) [ 67 ]. However, those studies are lim-
ited by their partially outdated CT techniques. 

 Despite the superior sensitivity of EUS to 
detect pancreatic cancer, as of now MDCT scan 
with IV contrast is the initial, preferred diagnos-
tic imaging test to detect pancreatic cancer. This 
is mostly based on limited EUS availability. Also, 
MDCT is interchangeable with MRI [ 68 ].  

    Chronic Pancreatitis 

 Chronic pancreatitis is an infl ammatory condi-
tion resulting in permanent structural changes in 
the pancreas leading to exocrine and endocrine 
pancreatic insuffi ciency. It can be complicated by 
infl ammatory mass formation, especially in focal 
chronic pancreatitis leading to bile duct or pan-
creatic duct obstruction, which can resemble pan-
creatic cancer. Additionally, chronic pancreatitis 
is a risk factor for pancreatic cancer, which was 
confi rmed by a recent meta-analysis in which 
5 % of patients with chronic pancreatitis devel-
oped pancreatic cancer over 20 years [ 69 ]. 

 Historically, cross-sectional imaging has poor 
sensitivity and specifi city for differentiating 
chronic pancreatitis from pancreatic cancer. 
However, recent progress in CT and MRI tech-
niques improved the diagnostic yield. Triple- 
phase CT scan was shown to differentiate 
between pancreatic cancer and chronic pancreati-
tis with a sensitivity, specifi city, PPV, and NPV 
of 94.1 %, 83.6 %, 91.4 %, and 88.2 %, respec-
tively [ 70 ]. In terms of MRI, Sandrasegaran et al. 
showed that a distinct mass was helpful in distin-
guishing between chronic pancreatitis and pan-
creatic cancer; however, the diagnostic yield 
remained low [ 71 ]. Fewer data are available for 
EUS. A small study revealed the sensitivity, spec-
ifi city, and accuracy of EUS to distinguish 
between cancer and focal pancreatitis to be 73 %, 
100 %, and 83 %, respectively [ 72 ]. The combi-
nation of EUS and FNA for solid pancreatic 
masses was shown to improve the sensitivity, 
specifi city, PPV, and accuracy to 89.5 %, 98.4 %, 
99.5 %, and 91.5 %, respectively. The additional 
value of EUS elastography to distinguish between 
pancreatic infl ammatory masses and pancreatic 

cancer was refl ected in a meta-analysis showing a 
pooled sensitivity and specifi city of 92 % and 
68 %, respectively [ 73 ]. 

 Apart from imaging, pancreatic juice analysis 
of DNA methylation markers appears to be a 
promising approach to distinguish between 
chronic pancreatitis and pancreatic cancer with 
high sensitivity and specifi city [ 74 ]. 

 Groove pancreatitis is postulated to be a sub-
type of chronic segmental pancreatitis localized 
between the pancreatic head, duodenum, and bile 
duct. It is a particular challenge to distinguish 
groove pancreatitis from pancreatic cancer. 
Insuffi cient data are available for CT, MRI, and 
EUS imaging to distinguish between both disease 
identities. Pancreaticoduodenectomy remains the 
mainstay of treatment, achieving both resolution 
of obstructive symptoms caused by the infl am-
mation and tissue diagnosis to exclude pancreatic 
cancer [ 75 ].  

    Acute Pancreatitis 

 Acute pancreatitis was shown to be the presenting 
diagnosis of patients with pancreatic cancer in 
1.3 %. Therefore, pancreatic cancer needs to be 
excluded by imaging in all patients above the age 
of 40 years who are diagnosed with new- onset 
acute pancreatitis, despite the absence of gall-
stone disease, alcohol use, and hyperlipidemia 
[ 76 ]. Imaging is also indicated for patients with 
new-onset acute pancreatitis suspected to be sec-
ondary to alcohol or tobacco abuse, as both are 
also risk factors for pancreatic cancer [ 27 ,  76 ]. 

 Local complications of acute pancreatitis, 
such as acute necrotic collection and walled-off 
necrosis, could mimic or mask pancreatic cancer; 
however, no literature exists on this topic.  

    Autoimmune Pancreatitis 

 Autoimmune pancreatitis (AIP) is a well- 
recognized differential diagnosis for pancreatic 
cancer. To date, two types of AIP are described: 
AIP type 1 and AIP type 2. This is described in 
detail in Chap.   5     in this book. 
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 Sausage-shaped enlargement of the pancreas 
with a peripheral rim of hypoattenuation is the 
hallmark presentation of AIP based on contrast- 
enhanced CT (CECT) imaging. Similarly, MRI 
reveals diffuse enlargement of the pancreas with 
a hypointense capsule-like rim. In addition, 
cross-sectional imaging adds the advantage of 
assessing for extrapancreatic other organ involve-
ment [ 77 ]. 

 Both AIP types can present with focal features, 
including a pancreatic infl ammatory mass and 
pancreatic duct stricture, resembling pancreatic 
cancer. This occurs more frequently in AIP type 2 
(85 %) [ 78 ]. A frequent diagnostic challenge is a 
common bile duct (CBD) stenosis, which can be 
present in both AIP and pancreatic cancer. Yet the 
CBD wall thickening of the stenotic area is 
smoother in AIP than it is in pancreatic cancer. 

 EUS-FNA increases the diagnostic yield of 
AIP in comparison with CT and MRI. Hypoechoic 
enlargement of the pancreas with hyperechoic 
spots and the absence of a discrete mass are typi-
cal features of AIP seen on EUS exam [ 7 ,  79 ]. 
The addition of an EUS-guided 19-gauge biopsy 
can be diagnostic for AIP type 1 in up to 94 % of 
patients, but only 42 % with AIP type 2 [ 80 ]. 

 Chari et al. compared both imaging and labo-
ratory fi ndings of patients with AIP and pancre-
atic cancer. According to their published 
algorithm, only 30 % of patients with mainly AIP 
type 1 required either a steroid trial or a pancreatic 
specimen, which also included two pancreatic 
resections, for the diagnosis of AIP [ 81 ]. However, 
the nonoperative diagnosis of AIP type 2 lacks 
both sensitivity and specifi city. According to 
HISORt criteria, the diagnosis of AIP type 2 can-
not be made unless histology is available, although 
robust data on diagnostic accuracy are lacking 
[ 77 ]. Therefore, close follow-up is recommended 
when nonoperative workup is consistent for AIP 
type 2 and excludes pancreatic cancer [ 82 ].  

    Cystic Pancreatic Tumors 

 Cystic tumors of the pancreas encompass mainly 
three different tumor identities, including serous 
cystic neoplasm, mucinous cystic neoplasm, 

and intraductal papillary mucinous neoplasm 
(IPMN). These types are described in detail else-
where in this book.  

    Rare Pancreatic Tumors 

 Pseudopapillary tumor is a rare benign or low- 
grade malignant neoplasm predominantly in 
young women located mostly in the pancreatic 
tail [ 83 – 86 ]. MRI was shown to be superior to 
CT to identify characteristic features such as a 
well-demarcated cystic or solid mass with fi brous 
capsule as well as possible peripheral calcifi ca-
tion and hemorrhagic areas [ 87 ]. Accordingly, 
EUS reveals a well-defi ned, hypovascular, 
hypoechoic mass, with solid, cystic, or mixed 
solid and cystic pancreatic component [ 88 ]. 

 PNETs are a heterogeneous group represent-
ing less than 10 % of all pancreatic neoplasms. 
They occur in equal frequency in men and 
women, most often between the sixth and seventh 
decades. Between 5–10 % have a cystic appear-
ance, whereas the remaining tumors are solid 
[ 89 ]. Further, PNETs can be divided into non-
functional and functional PNETs. Functional 
PNETs include insulinoma, glucagonoma, gastri-
noma, and VIPoma tumors and are associated 
with a variety of clinical syndromes caused by 
respective hormones secreted by the tumor [ 90 , 
 91 ]. Nonfunctional PNETs are not associated 
with a particular clinical syndrome. However, 
these neoplasms also secret tumor-specifi c pep-
tides like Chromogranin A (CgA). In addition to 
imaging and FNA of the tumor mass, CgA is cur-
rently utilized as a biomarker providing both 
additional evidence for diagnosis as well as a 
marker for surveillance of PNETs [ 92 – 95 ].  

    Pancreatic Metastasis 

 The pancreas is rarely a site of metastasis. In this 
context, renal cell carcinoma is the most common 
metastasizing cancer followed by lung (both small 
cell and non-small cell cancer), melanoma, breast, 
colon, and other cancers (hepatocellular carci-
noma, ovarian cancer, carcinoid,  liposarcoma). 
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In the majority of cases, patients already have evi-
dence of the primary cancer as well as metastasis 
to other organs. The exception is renal cell carci-
noma, which can present up to a decade following 
the treatment of the primary tumor [ 96 ]. 

 Metastatic disease is most commonly detected 
as a localized solitary mass. However, multifocal 
metastases as well as diffuse enlargement of the 
pancreas due to metastasis were previously 
reported [ 14 ,  19 ,  20 ]. EUS-FNA was shown to be 
diagnostic for renal cell cancer, lung cancer, and 
melanoma. Additionally, renal cell cancer can be 
distinguished from pancreatic adenocarcinoma 
by its hypervascularity [ 21 ,  97 ].  

    Other Diseases 

 An intrapancreatic accessory spleen is a congeni-
tal abnormality with an estimated prevalence of 
1:500. Hereby, the pancreatic tail is the second 
most common site of an accessory spleen [ 98 ]. 
Contrast-enhanced cross-sectional imaging 
reveals a hypervascular mass which enhances 
similarly as the spleen [ 98 ,  99 ]. 

 Further rare solid pancreatic masses include 
acinar cell carcinoma, benign fi brous tumor, giant 
cell osteoclastoma, adenosquamous carcinoma, 
lymphoma, and teratoma with substantial overlap 
with rare cystic tumors. Those include metastatic 
disease, teratoma, pancreatoblastoma, lymph-
angioma, and lymphoepithelial cyst [ 9 ,  14 ]. A 
specifi c diagnosis of those uncommon tumors is 
rarely made by sole imaging. Accordingly, a tis-
sue diagnosis is required and usually obtained by 
EUS-FNA or by pancreatectomy, which is also 
the defi nitive therapy in most cases.  

    Diagnostic Algorithm 
for a Pancreatic Mass 

 Each patient with a new pancreatic mass requires 
a thorough anamnesis, which should at best pre-
date the index abdominal imaging. Thus, a delay 
of diagnosis of unusual causes of a pancreatic 
mass (e.g., PNET or metastasis) can be avoided. 
Most patients will have an incidental pancreatic 

mass found during evaluation for nonspecifi c 
symptoms, whereas only a minority of patients 
will have painless jaundice, which is a hallmark 
for pancreatic cancer. Any unexplained acute 
pancreatitis after the age of 40 years as well as a 
worsening course of chronic pancreatitis should 
include pancreatic cancer in the differential diag-
nosis [ 27 ,  76 ]. 

 Following the anamnesis, the attention is 
drawn to the imaging study. Given the limitation 
of transabdominal ultrasound as well as noncon-
trast CT, each patient should undergo a cross- 
sectional imaging study utilizing intravenous 
contrast [ 33 ]. Alternatively, EUS can be offered 
for patients with contrast allergy or contrast intol-
erance (e.g., due to renal failure). 

 Any new solid pancreatic lesion raises the 
concern for pancreatic malignancy, with pancre-
atic adenocarcinoma being the most common 
one. Depending on the contrast enhancement pat-
tern as well as the evaluation of a possible local 
and distant spreading, pancreatic carcinoma can 
be distinguished from PNET and metastasis as 
well as from benign conditions most of the time 
[ 34 – 36 ]. According to local surgical preference 
and availability of neoadjuvant therapy, EUS can 
be offered to obtain a tissue diagnosis. Hereby, 
the presence of a dilated pancreatic duct shifts the 
likelihood from a benign condition to a malignant 
condition [ 61 ]. 

 The workup of a pancreatic mass in patients 
with underlying chronic pancreatitis is chal-
lenging. Neither cross-sectional imaging nor 
EUS- FNA reaches a suffi cient sensitivity and 
specifi city to distinguish benign from malignant 
masses, which implicates the frequent need for 
pancreatic surgery [ 100 ]. 

 Patients with no risk factors for chronic pan-
creatitis or pancreatic cancer who are diagnosed 
with a new pancreatic mass or a diffuse pancre-
atic duct stricture without typical features of a 
pancreatic adenocarcinoma require additional 
workup. This requires the measurement of serum 
IgG4 level as well as a focused review of cross- 
sectional imaging for rim enhancement and the 
so-called other-organ involvement to evaluate for 
AIP. Hereby, most cases of AIP type 1 can be 
diagnosed noninvasively [ 78 ,  81 ,  101 ,  102 ]. 
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EUS-FNA adds additional diagnostic informa-
tion for both AIP type 1 and type 2 although that 
approach has low yield for AIP type 2 [ 80 ]. A 
steroid trial for suspected AIP requires a repeat 
imaging test to document resolution of pancreatic 
mass or pancreatic duct stricture. The absence of 
improvement raises the concern for a malignant 
process necessitating a surgical resection in 
patients with resectable disease. 

 A solid pancreatic mass visualized on both 
cross-sectional imaging followed by a nondiag-
nostic EUS-FNA remains of high concern for 
pancreatic cancer [ 103 ]. Therefore, indetermi-
nate imaging studies of a solid pancreatic mass 
in conjunction with a negative, indeterminate, 
and/or benign FNA require close follow-up. As 
EUS- FNA is limited by an NPV of approxi-
mately 80 %, a repeat FNA is indicated within 
1–2 months, preferably at a high-volume ter-
tiary center [ 51 – 53 ,  58 ,  60 ]. Concomitantly, 
evaluation for AIP needs to be performed as 
delineated above. 

 The absence of a visualized mass on EUS 
despite a documented pancreatic solid lesion on 
initial cross-sectional imaging requires further 
attention. When available, contrast-enhanced 
EUS and EUS elastography add valuable infor-
mation to identify a target lesion for FNA [ 51 , 
 73 ,  104 ,  105 ]. This applies particularly for 
patients with underlying chronic pancreatitis 
which is associated with false-negative EUS 
results [ 58 ,  72 ,  100 ]. The presence of chronic 
pancreatitis or dilation of the pancreatic duct, in 
the absence of a distinct pancreatic mass on 
EUS, needs to be followed by a repeat EUS 
exam within 2 months [ 58 ,  61 ,  72 ,  100 ]. 
Contrary, a pristine pancreas on EUS virtually 
excludes pancreatic cancer [ 56 ,  57 ]. 

 Negative cross-sectional imaging studies in 
the context of a high clinical concern for pancre-
atic malignancy require a high-quality contrast 
CT if not already performed initially. Depending 
on local preference, CT is interchangeable with 
MRI [ 68 ]. Insulinoma is an exemption, as EUS 
was shown to be superior compared with contrast- 
enhanced cross-sectional imaging for its detec-
tion [ 106 ]. Following a negative or nondiagnostic 
high-quality CT study, EUS adds further infor-

mation. A normal pancreatic EUS exam excludes 
pancreatic cancer as described above with a high 
NPV, and an alternative diagnosis needs to be 
considered [ 56 ,  57 ]. In selected cases with sub-
stantial concern for pancreatic cancer, EUS can 
be repeated within 1–2 months to reevaluate for 
pancreatic mass lesion given the small chance of 
an initially false-negative test [ 58 ]. 

 Correct identifi cation of a cystic lesion on 
cross-sectional imaging is particularly challeng-
ing. The majority of cystic lesions encompass 
serous cystic neoplasm, mucinous cystic neo-
plasm, and IPMN, which can be best distin-
guished by their characteristic epidemiologic 
profi le in combination with typical features on 
contrast-enhanced cross-sectional imaging and 
cystic fl uid evaluation (cytology, CEA, and amy-
lase level). Management of cystic neoplasms 
depends on their type, size, main pancreatic duct 
involvement in case of IPMN, presence of con-
cerning EUS features (mural nodules), interval 
tumor growth, and the presence of symptoms 
which eventually leads to the decision to perform 
surgery [ 107 – 111 ]. 

 Atypical features of solid and cystic pan-
creatic masses on cross-sectional imaging, 
which can include atypical contrast enhance-
ment pattern of the mass, require evaluation 
with EUS- FNA. In the setting of a broad dif-
ferential diagnosis, including malignant tumors 
like PNET, metastatic disease, lymphoma, tera-
toma, pancreatoblastoma, solid pseudopapillary 
tumor, as well as benign fi ndings such as acces-
sory spleen, EUS-FNA is of particular interest 
to provide a nonoperative diagnosis [ 9 ,  14 ,  21 , 
 97 – 99 ].     
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            Curative Surgery 

 Adenocarcinoma of the pancreas remains the 
predominant tumor type, while the neuroendo-
crine tumors comprise approximately 10 % of 
pancreatic tumors. Acinar cell carcinoma 
accounts for approximately 2 % of solid pancre-
atic tumors. From a surgical perspective, the fi rst 
objective in the management of suspected or con-
fi rmed pancreatic cancer is to determine the 
potential for resection. Unfortunately, the vast 
majority of patients who present with pancreatic 
adenocarcinoma have unresectable disease due to 
either metastasis or local vessel involvement. 
Acinar cell carcinoma and neuroendocrine 
tumors of the pancreas are more commonly ame-
nable to surgical removal than adenocarcinoma 
of the pancreas. Routine exploratory laparotomy 
for the purpose of operatively determining resect-
ability or for achieving palliation has been dimin-
ished by modern 3D radiographic imaging, along 
with effective and sustainable nonoperative 
methods of palliation. Based on the preoperative 
workup, the tumor is classifi ed as resectable, bor-
derline resectable, or unresectable. Although 
there is some ambiguity about these defi nitions, 

an expert panel published the consensus state-
ment in 2009 as detailed below [ 1 ]:

  Resectable tumors 
   1.    No distant metastasis   
   2.    No radiographic evidence of superior mesen-

teric vein (SMV) or portal vein (PV) distortion   
   3.    Clear fat planes around the celiac axis, hepatic 

artery, and superior mesenteric artery (SMA)    

  Borderline resectable 
   1.    No distant metastasis   
   2.    Venous involvement of the SMV or PV with 

distortion or narrowing of the vein or occlu-
sion of the vein with suitable vessel proximal 
and distal, allowing for safe resection and 
replacement   

   3.    Gastroduodenal artery (GDA) encasement up 
to the hepatic artery with either short segment 
encasement or direct abutment of the hepatic 
artery without extension to the celiac axis   

   4.    Tumor abutment of the SMA not to exceed 
greater than 180° of the circumference of the 
vessel wall    

  Unresectable 
   1.    Distant metastasis   
   2.    Greater than 180° SMA encasement, any 

celiac abutment   
   3.    Unreconstructible SMV/PV occlusion   
   4.    Aortic invasion   
   5.    Metastasis to lymph nodes beyond the fi eld of 

resection should be considered unresectable    
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  Once resectability is determined, the next step 
is a thorough assessment of the patient’s overall 
health status, including further investigations as 
needed, to determine surgical candidacy. In terms 
of the resection for solid masses, the most com-
mon utilized techniques for surgical resection and 
their indications are summarized below (Fig.  17.1 ):

     1.    Pancreaticoduodenectomy: lesions in the 
uncinate process and head of the pancreas. An 
extended pancreaticoduodenectomy to 
remove the head and the neck of the pancreas 
can be performed for lesions in the neck of the 
pancreas.   

   2.    Distal pancreatectomy with or without sple-
nectomy: lesions in the body and tail of the 
pancreas. An extended distal subtotal pancre-
atectomy to remove the pancreatic tail, body, 
and neck can be performed for lesions in the 
neck of pancreas.   

   3.    Central pancreatectomy: lesions in the neck of 
the pancreas.   

   4.    Total pancreatectomy: for multifocal lesions, 
positive margins on intraoperative frozen sec-
tion or for large tumors of the pancreatic neck.   

   5.    Enucleation: small neuroendocrine tumor on 
the surface of the pancreas.    

     Role of Staging Laparoscopy 

 Studies have consistently shown that up to one 
third of patients with pancreatic adenocarcinoma 
thought to be resectable by state-of-the-art imag-
ing will be found to be unresectable based upon 
laparoscopic fi ndings [ 2 – 5 ]; however, some sug-
gest a selective approach to staging laparoscopy 
to maximize yield by limiting the procedure to 
those with the highest likelihood of occult meta-
static disease [ 6 ]. Mayo et al. [ 5 ] utilized the 

Solid Pancrea�c mass

Adenocarcinoma Neuroendocrine 

Staging workup and 
assessment of resectability

Lesion in Head: PD
Neck: Extended PD or Extended distal 
pancreatectomy+splenectomy
Body/Tail: Distal pancreatectomy+splenectomy

Resectable Borderline 
resectable Unresectable

Neoadjuvant Chemotherapy ±
Radia�on

Restaging workup and assess 
resectability

Pallia�ve therapy 

Head : Enucleate vs PD
Neck: Enucleate vs CP
Body/tail: Enucleate vs spleen preserving 
distal pancreatectomy

Head/Neck : PD
Body tail: Distal 
pancreatectomy+Splenectomy

≥2CM<2CM

  Fig. 17.1    Decision algorithm for managing solid pancreatic neoplasms.  PD,  pancreaticoduodenectomy;  CP  central 
pancreatectomy       

 

M. Kukar and S.N. Hochwald



221

Oregon state cancer registry and reviewed 298 
patients from 1996 to 2003 and concluded that in 
the current era of high-quality imaging, selective 
application of laparoscopy with a dual-phase 
computed tomography (CT) scan is a sound clini-
cal approach to evaluate pancreatic cancer 
patients for potential resectability. Based on the 
expert consensus statement [ 1 ], the following are 
the indications for staging laparoscopy:

    1.    For apparent resectable pancreatic cancer, 
staging laparoscopy should be used selec-
tively on the basis of clinical predictors that 
optimize yield. These predictors include
    (a)    Pancreatic head tumors >3 cm.   
   (b)    Tumors of the pancreas body and tail.   
   (c)    Equivocal fi ndings on CT scan.   
   (d)    High CA 19-9 levels (>100 U/mL).       

   2.    For locally advanced unresectable pancreatic 
cancer without radiographic evidence of dis-
tant metastasis, staging laparoscopy may be 
used to rule out subclinical metastatic disease 
to optimize treatment selection.    

      Surgical Volume and Outcome 

 Numerous studies suggest that there is an inverse 
relation between hospital volume of surgical pro-
cedures and surgical mortality, and this has been 
well studied for pancreatectomy [ 7 – 9 ]. Lieberman 
et al. [ 10 ] utilized the statewide planning and 
research cooperative system database to study 
the outcome differences in patients between 
high- and low-volume hospitals and concluded 
that perioperative mortality rate was signifi cantly 
higher in low-volume hospitals. 

 Similarly, Rosemurgy et al. [ 11 ,  12 ] utilized 
the state of Florida agency for health care admin-
istration database and concluded that for the 
period of 2003–2005, the frequencies with which 
pancreaticoduodenectomies were conducted 
inversely correlated with average lengths of stay, 
hospital charges, and in-hospital mortality. 

 Birkmeyer et al. have extensively published 
on this topic and have studied multiple  procedures 

including pancreatic resection using national 
Medicare claims data and demonstrated that both 
hospital volume and surgeon volume are inversely 
proportional to perioperative mortality. In addi-
tion, they showed that the mortality decreased as 
volume increased for all 14 types of procedures, 
but the relative importance of volume varied 
markedly according to the type of procedure. 
Absolute differences in adjusted mortality rates 
between very-low-volume hospitals and very-
high-volume hospitals were among the highest 
for pancreatic resection (12 %) [ 13 – 15 ].  

    Technical Details and Complications 

     A.    Pancreaticoduodenectomy: 
 The goals of resection are

    1.    Achieve an R0 resection since a margin- 
positive resection is associated with poor 
long-term survival [ 16 ,  17 ].   

   2.    Adequate nodal dissection: Randomized 
trials [ 18 – 20 ] and meta-analysis [ 21 ,  22 ] 
comparing standard with extended lymph-
adenectomy for pancreaticoduodenectomy 
for pancreatic cancer showed that standard 
lymphadenectomy has an equivalent sur-
vival with less morbidity compared to 
extended lymphadenectomy. 

  Surgical technique  
 Preoperative: Patient is instructed to stay on 
a clear liquid diet a day prior. Patient receives 
routine DVT prophylaxis and preoperative 
antibiotics. Central venous monitoring and 
arterial line is placed in selected cases. 

 Operative: A midline or upper abdominal 
transverse incision is utilized after a stag-
ing laparoscopy, if needed, as discussed 
above. The abdomen is thoroughly explored 
for any evidence of metastatic disease and 
any suspicious lesions biopsied and sent for 
frozen section. For ease of discussion, the 
procedure can be divided into a resection 
phase and a reconstruction phase. 
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  Resection phase:  
 The procedure can be essentially divided 
into six key steps:

    1.    Entry into lesser sac and mobilization: 
The lesser sac is entered by dividing the 
gastrocolic ligament and the right colon is 
mobilized, completely exposing the 
duodenum.   

   2.    Kocher’s maneuver: An extensive Kocher 
maneuver is performed exposing the infe-
rior vena cava and take-off of the left renal 
vein. Once the pancreatic head is mobi-
lized, the tumor is palpated, and its rela-
tionship to the SMA and SMV are 
appreciated.   

   3.    Creation of retropancreatic tunnel: With 
the use of some blunt and sharp dissection, 
a tunnel is created behind the neck of the 
pancreas overlying the SMV.   

   4.    Cholecystectomy and dissection in hepato-
duodenal ligament: A cholecystectomy is 
performed and the cystic duct traced to its 
insertion into the common bile duct (CBD). 
The CBD is isolated and transected. The 
GDA is identifi ed, ligated, and divided. If 
pyloric preservation is not being per-
formed, the stomach is divided, removing 
the pylorus. For pyloric preservation, the 
duodenum is divided and the pylorus is 
preserved.   

   5.    Dissection at the ligament of Treitz and 
division of duodenal mesentery: The liga-
ment of Treitz is exposed and lysed at the 
base of the transverse mesocolon. The fi rst 
portion of the jejunum is transected, the 
duodenal mesentery is divided, and the 
duodenum is passed posterior to the supe-
rior mesenteric vessels, toward the right 
side of the operative fi eld.   

   6.    Division of the pancreas and dissection of 
the uncinate process: The pancreatic neck 
is divided and the uncinate process and 
pancreatic head are carefully dissected off 
the SMA/SMV. The specimen consisting 
of the gallbladder, portion of bile duct, 
duodenum, pancreatic head and uncinate 
process, and portion of stomach are sent to 
pathology as a single intact specimen.     

  Reconstruction  
 A defect is made in the transverse mesoco-
lon to the right of the middle colic vessels. 
The proximal jejunum is delivered through 
this defect. The pancreatic remnant is 
mobilized for a distance of 2–3 cm off the 
splenic vein to facilitate the creation of the 
pancreaticojejunostomy (PJ). A two- 
layered duct-to-mucosa anastomosis is 
constructed utilizing a modifi ed Blumgart 
technique [ 23 ] (Fig.  17.2 ). Next, a single- 
layer end-to-side hepaticojejunostomy is 
constructed. Finally, the gastrojejunal/duo-
denojejunal anastomosis is performed in an 
antecolic fashion in  two  layers. Figure  17.3  
depicts the completed reconstruction fol-
lowing a pylorus-preserving pancreatico-
duodenectomy (PPPD).

     Complications: 
    1.    Postoperative pancreatic fi stula (POPF): 

Experienced pancreatic surgeons are 

  Fig. 17.2    Completed reconstruction following a pylorus 
preserving pancreaticoduodenectomy  (Reprinted with 
permission from Blumgart’s Surgery of Liver, biliary tract 
and pancreas, Vol. 1, Resectional Techniques, J. Werner 
and M.W. Buchler, Chapter 62A, P. 957, copyright 
Elsevier)       
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 utilizing surgically placed drains with less 
frequency and for shorter postoperative 
durations. There has been a trend for early 
drain removal as they may promote pancre-
atic fi stulas [ 24 ]. A pancreatic fi stula is 
diagnosed when the amylase content of any 
measurable volume of fl uid on or after post-
operative day 3 is greater than three times 
the upper limit of the normal serum amylase 
content, based on standards from the 
International Study Group on Pancreatic 

Fistulas (ISGPF) [ 24 ,  25 ]. Three different 
grades of POPFs (grades A, B, C) are 
defi ned according to the clinical impact on 
the patient’s hospital course summarized in 
Table  17.1 . Clinically signifi cant POPFs 
occur in approximately 5–10 % of patients, 
although in some series the incidence is 
as high as 22 % [ 26 ,  27 ]. Particular risk fac-
tors for breakdown of the pancreatic anasto-
mosis are a soft parenchymal texture of the 
pancreatic remnant and a small duct size.

  Fig. 17.3    Completed 
laparoscopic distal 
pancreatectomy and 
splencectomy, specimen 
extracted through a 
Pfannensteil incision       

   Table 17.1    Grades of post operative pancreatic fi stula as per the ISGPS classifi cation   

 Grade  A  B  C 

 Clinical conditions  Well  Often well  Ill-appearing/bad 

 Specifi c treatment a   No  Yes/no  Yes 

 US/CT (if obtained)  Negative  Negative/positive  Positive 

 Persistent drainage (after 3 weeks) b   No  Usually yes  Yes 

 Reoperation  No  No  Yes 

 Death related to POPF  No  No  Possibly yes 

 Signs of infections  No  Yes  Yes 

 Sepsis  No  No  Yes 

 Readmission  No  Yes/no  Yes/no 

   Source : Reproduced with permission from Elsevier [ 23 ] 
  US,  ultrasonography;  CT,  computed tomographic scan;  POPR,  postoperative pancreatic fi stula 
  a Partial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition, somatostatin analog and/or minimally 
invasive drainage 
  b With or without a drain in situ  
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       The key to the successful management of 
an established leak is early recognition. 
Many grade A leaks can be managed by 
drainage catheters alone. For grade B and 
C leaks, management algorithms will be 
dictated by the patient’s condition. The 
general consensus is for conservative man-
agement in the absence of peritonitis, sep-
sis, hemorrhage, or organ failure [ 28 – 30 ]. 
This would consist of effective control of 
the leak through some form of external 
drainage, intravenous antibiotics, adequate 
nutritional support, and close monitoring 
[ 31 ]. Abdominal CT scans are mandatory 
to exclude intraabdominal fl uid collections 
or abscess. 
 The value of octreotide in the treatment of 
an established pancreatic fi stula is not 
clear, with studies showing confl icting 
results [ 24 ,  32 – 34 ]. The majority of cases 
(70–90 %) with a low-output fi stula can be 
successfully managed in this manner. 
Rarely, operative intervention in the form 
of washout and drainage, pancreatic 
debridement, and completion pancreatec-
tomy may be required. 
 Prophylactic somatostatin analogs—In 
theory, somatostatin or its analogs, which 
reduce pancreatic, gastric, and enteric 
secretions, should be helpful for reducing 
POPFs, but studies evaluating this issue are 
confl icting [ 35 – 41 ]. No signifi cant differ-
ences in mortality have been identifi ed in 
several systematic reviews, whether or not 
somatostatin is utilized [ 35 ,  37 ,  42 ]. 
However, recently Allen et al. [ 43 ] pub-
lished the results of their single- center, ran-
domized, double-blind trial of perioperative 
subcutaneous pasireotide in patients under-
going either pancreaticoduodenectomy or 
distal pancreatectomy. Three hundred 
patients were randomized to receive 900 μg 
of subcutaneous pasireotide (152 patients) 
or placebo (148 patients) twice daily begin-
ning preoperatively on the morning of 
the operation and continuing for 7 days 

(14 doses). They demonstrated that the rate 
of grade 3 or higher POPF, leak, or abscess 
was signifi cantly lower among patients 
who received pasireotide than among 
patients who received placebo (9 % vs. 
21 %; relative risk, 0.44; 95 % confi dence 
interval [CI], 0.24–0.78;  P  = 0.006).   

   2.    Intraabdominal abscess: The incidence of 
intraabdominal abscess following pancre-
atic resection ranges from 1 to 12 % [ 30 ] 
and is frequently secondary to an anasto-
motic leak at the pancreaticoenterostomy, 
less commonly due to a problem at the 
hepaticojejunostomy, gastrojejunostomy, 
or duodenojejunostomy. These often mani-
fest as right subhepatic or left subdiaphrag-
matic collections [ 29 ,  44 ]. Whenever an 
intraabdominal collection is suspected, a 
high-quality contrast-enhanced CT should 
be performed. The preferred method of 
drainage is by a percutaneous radiologi-
cally guided technique. For as long as the 
underlying cause (fi stula, leakage) is con-
trolled, such measures are usually  adequate. 
In the event that less invasive measures 
fail, surgical exploration and drainage may 
be necessary. However, this should be a 
rare event.   

   3.    Hemorrhage: Postoperative bleeding 
occurs in 3–13 % of patients following pan-
creatic surgery as reported by some recent 
series [ 28 ,  41 ,  45 ]. The International Study 
Group of Pancreatic Surgery (ISGPS) 
developed a consensus defi nition on post-
pancreatectomy hemorrhage (PPH) and 
utilized three parameters to defi ne it: onset, 
location, and severity. The onset is either 
early (≤24 h after the end of the index oper-
ation) or late (>24 h). The location is either 
intraluminal or extraluminal. The severity 
of bleeding may be either mild or severe. 
Three different grades of PPHs (grades A, 
B, and C) are defi ned according to the 
time of onset, site of bleeding, severity, and 
clinical impact, which are detailed in 
Tables  17.2  and  17.3  [ 46 ].
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   Table 17.2    ISGPS proposed defi nition of post pancreatectomy hemorrhage   

  Time of onset  

 – Early hemorrhage (≤24 h after the end of the index operation) 

 – Late hemorrhage (>24 h after the end of the index operation) 

  Location  

 – Intraluminal (intraenteric, e.g., anastomotic suture line at stomach or duodenum, or 
pancreatic surface at anastomosis, stress ulcer, pseudoaneurysm) 

 – Extraluminal (extraenteric, bleeding into the abdominal cavity, e.g., from arterial or venous 
vessels, diffuse bleeding from resection area, anastomosis suture lines, pseudoaneurysm) 

  Severity of hemorrhage  

 Mild 

 – Small- or medium-volume blood loss (from drains, nasograstic tube, or on ultrasonography, 
decrease in hemoglobin concentration <3 g/dL) 

 – Mild clinical impairment of the patient, no therapeutic consequence, or at most the need for 
noninvasive treatment with volume resuscitation or blood transfusions (2–3 units packed 
cells within 24 h of end of operation or 1–3 units if later than 24 h after operation) 

 – No need for reoperation or interventional angiographic embolization; endoscopic treatment 
of anastomotic bleeding may occur provided the other conditions apply 

 Severe 

 – Large-volume blood loss (drop of hemoglobin level by ≥3 g/dL) 

 – Clinically signifi cant impairment (e.g., tachycardia, hypotension, oliguria, hypovolemic 
shock), need for blood transfusion (>3 units packed cells) 

 – Need for invasive treatment (interventional angiographic embolization, or relaparotomy) 

   Source:  Reproduced with permission from Elsevier [ 45 ]  

   Table 17.3    ISGPS proposed classifi cation of post pancreatectomy hemorrhage   

 Grade 
 Time of onset, location, severity 
and clinical impact of bleeding 

 Clinical 
condition  Diagnostic consequence  Therapeutic consequence 

 A  Early, intra- or 
extraluminal, 
mild 

 Well  Observation, blood 
count, ultrasonography 
and, if necessary, 
computed tomography 

 No 

 B  Early, intra- or 
extraluminal, 
severe 

 Late, intra- or 
extraluminal, 
mild a  

 Often well/
immediate, 
very rarely 
life-threatening 

 Observation, blood 
count, ultrasonography, 
computed tomography, 
angiography, endoscopy b  

 Transfusion of fl ood/
blood, intermediate care 
unit (or ICU), therapeutic 
endoscopy, b  embolization 
relaparotomy for 
early PPH 

 C  Late, intra- or 
extraluminal, 
severe 

 Late, intra- or 
extraluminal, 
severe 

 Severely 
impaired, 
life-threatening 

 Angiography, computed 
tomography, endoscopy b  

 Localization of 
bleeding, angiography 
and embolization, 
(endoscopy b )  or  
relaparotomy, ICU 

   Source:  Reproduced with permission from Elsevier [ 45 ] 
  ICU,  intensive care unit;  PPH,  postpancreatectomy hemorrhage 
  a Late, intra- or extraluminal, mild bleeding may not be immediately life-threatening to the patient but may be a warning 
sign for alter severe hemorrhage (“sentinel bleed”) and is therefore grade B 
  b Endoscopy should be performed when signs of intraluminal bleeding are present (melena, hematemesis, or blood loss 
via nasogastric tube)  
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        4.    Delayed gastric emptying (DGE): With the 
decline in the incidence of pancreatic leaks, 
DGE has emerged as the leading procedure- 
related morbidity [ 47 ,  28 ]. The reported 
incidence ranged from 8 to 45 % [ 48 ]. This 
wide range may be due to different defi ni-
tions used, as there is still no accepted gen-
eral criterion. Table  17.4  details the 
consensus defi nition proposed by the 
ISGPF group and divides it into three dif-
ferent grades (A, B, and C) based on the 
impact on the clinical course and on post-
operative management [ 49 ]. It has been 
previously attributed in large part to pylo-
rus preservation. There are eight studies 
(evidence level I and II) comparing DGE in 
pancreaticoduodenectomy (PD) and 
PPPD. While three studies showed no dif-
ference in DGE, three favored PPPD, and 
two showed lower DGE rates after PD 
compared to PPPD [ 30 ,  50 – 56 ]. While 
DGE resolves spontaneously most of the 
time, it is still a major source of discomfort 
to patients because of the prolonged gastric 
decompression, not to mention prolonged 
hospital stay and higher healthcare costs. 
Yeo et al. [ 57 ] have shown that DGE could 
be reduced by up to 37 % following PD 
with intravenous erythromycin, a motilin 
agonist. But if such measures fail, the 
immediate task is to exclude concomitant 
intraabdominal complications since DGE 
may herald an otherwise undetected pan-
creaticoenteric or bilioenteric anastomotic 
leak. Treatment consists of nasogastric 
decompression, attention to nutritional 
support, reassurance, and watchful wait-

ing. In an effort to reduce DGE, some 
authors have advocated performing an 
additional Braun enteroenterostomy down-
stream of the gastrojejunostomy to reduce 
biliary refl ux and allow for gastric empty-
ing down either the afferent or efferent 
limbs of the gastrojejunostomy [ 58 ].

       5.    Bile leak—Bile leaks from the choledo-
chojejunal anastomosis occur in 1–2 % of 
cases and are heralded by the appearance 
of bile in the drainage fl uid. If this occurs, 
the drain should be left in place until the 
leak stops. If it is still present when the 
patient is ready for discharge, the patient 
can go home with the drain in place. 
Occasionally endoscopic interventions are 
required to stent the leak. Rarely operative 
exploration, washout, and additional drains 
are needed to control sepsis.       

   B.    Distal pancreatectomy with splenectomy 

  Surgical technique  
 The abdomen is thoroughly inspected for any 
evidence of metastatic disease. The 
 gastrocolic ligament is divided and dissection 
extended along the greater curvature of stom-
ach to carefully ligate all of the short gastric 
vessels. The point of pancreatic transection is 
selected to the right of the lesion in an area of 
normal pancreas and the overlying perito-
neum is divided along the superior and infe-
rior borders of the pancreas. The splenic 
artery is identifi ed along the superior border 
of pancreas, isolated, and ligated. Based on 
surgeon preference, the subsequent dissection 
can be performed in either an antegrade or 
retrograde fashion. We prefer the antegrade 

   Table 17.4    ISGPS consensus defi nition of delayed gastric emptying after pancreatic surgery   

 DGE grade  NGT required 
 Unable to tolerate 
solid oral intake by POD 

 Vomiting/
gastric distension  Use of prokinetics 

 A  4–7 days or reinsertion > POD 3   7  ±  ± 

 B  8–14 days or reinsertion > POD 7  14  +  + 

 C  >14 days or reinsertion > POD 14  21  +  + 

   Source:  Reproduced with permission from Elsevier [ 48 ] 
 To exclude mechanical causes of abnormal gastric emptying, the patency of either the gastrojejunostomy or the duode-
nojejunostomy should be confi rmed by endoscopy or upper gastrointestinal gastrographin series 
  DGE,  delayed gastric empyting;  POD,  postoperative day;  NGT,  nasogastric tube  

M. Kukar and S.N. Hochwald



227

approach and a tunnel is created at the site of 
transection of the pancreas deep to the splenic 
vein. Based on the thickness of the gland, a 
staple line enforced with peristrips is utilized 
to transect the gland and the vein en masse. 
The distal stump is then elevated off the retro-
peritoneum and the dissection proceeds to the 
left and all splenic attachments are divided. 

 We perform a routine lymphadenectomy, 
which involves excision of the nodal tissues 
along the common hepatic artery, left gastric 
artery, celiac axis, along the SMV, as well 
as the peripancreatic and retroperitoneal 
lymph nodes [ 59 ]. A similar approach called 
the  radical antegrade modular pancreatosple-
nectomy allows a more comprehensive 
lymphadenectomy of the NI nodes and 
reduces the risk of positive posterior resec-
tion margins [ 60 ]. 

  Splenic preservation : It is recommended for 
low-grade, small, malignant tumors that do 
not involve the splenic artery or vein [ 61 ]. 
Splenic preservation has the advantages of 
fewer postoperative complications such as 
abscesses in the resection bed, shorter length 
of hospitalization, and avoidance of the long- 
term risk of postsplenectomy sepsis related to 
encapsulated bacteria. Two techniques can be 
used to save the spleen: either by dissecting 
out the splenic artery and vein with division 
of the arterial and venous branches between 
the pancreas and the splenic artery and vein; 
or by resecting the splenic artery and vein 
along with the pancreas but with careful pres-
ervation of the vascular collaterals in the 
splenic hilum, which allows the spleen to sur-
vive on the short gastric vessels (Warshaw 
technique) [ 62 ]. The paramount prerequisite 
in this approach is preservation of the gastro-
splenic vessels to ensure splenic perfusion 
and allow venous drainage. 

  Complications : 
 Pancreatic leak or fi stula is the most common 
complication and the incidence has been 
reported to be as high as 26 % in some series 
[ 63 ]. The conventional method for preventing 

leakage of pancreatic juice from the cut sur-
face is ligation of the main pancreatic duct and 
additional suturing of the stump to approxi-
mate the anterior and posterior capsule [ 64 ]. 
With the advent of surgical stapling devices, 
new tools have been added to the armamen-
tarium of techniques for sealing the pancreatic 
stump, which includes the harmonic scalpel, 
fi brin glue, and prolamine injection. Stapling 
has been touted as simple, quick, and secure 
but has been associated with signifi cant leak 
rates. However, different groups have reported 
no difference in pancreatic leak rates when the 
pancreatic stump was stapled or sutured [ 63 , 
 65 ]. Hamilton et al. conducted a single 
blinded, randomized, controlled trial and 
demonstrated that mesh staple line reinforce-
ment of the pancreatic transection margin 
decreases the incidence of pancreatic occlu-
sion failure following left pancreatectomy. 
The incidence of grade B and C fi stulas was 
1.9 % in the mesh reinforcement group vs. 
20 % in the no-mesh group [ 66 ].   

   C.    Central pancreatectomy 
 A central pancreatectomy is rarely performed 
as the indications are few; however, for the 
right indication it does offer the advantage of 
preserving maximal pancreatic endocrine and 
exocrine function [ 67 ]. It is usually per-
formed for a benign or a low-grade malignant 
lesion located in the neck of the pancreas 
measuring less than 5 cm. Complications 
from this technique are higher than for distal 
pancreatectomy but less than for 
pancreaticoduodenectomy. 

  Technique : 
 The lesser sac is entered and gastropancreatic 
folds are divided. The anterior surface of the 
pancreas is exposed and intraoperative ultra-
sonography utilized as needed. A tunnel is 
created behind the pancreas overlying 
the SMV. After stay sutures have been placed 
on the superior and inferior margins, the 
 pancreas is divided in the area of the pancre-
atic neck proximal to the tumor, with a 
knife or stapler ensuring an adequate margin. 
The pancreatic stump is carefully dissected 
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from right to left away from the splenic 
vein past the lesion and is divided again 
sharply. Margins are sent for frozen section 
analysis. 

 The usual technique of reconstruction con-
sists of closure of the proximal pancreatic stump 
and a Roux-en-Y pancreaticojejunostomy for 
the distal stump. The pancreaticojejunal anasto-
mosis is constructed in the same two-layered 
fashion as described above (Fig.  17.4 ).

       D.    Total pancreatectomy 
 This procedure is associated with high morbid-
ity and mortality rates, thus making the indica-
tions far and few. Although controversial, it is 
sometime indicated in the event of a multifocal 
pancreatic cancer or the inability to achieve a 
margin-negative resection otherwise. Karpoff 
et al. [ 68 ] have demonstrated that total pancre-
atectomy for adenocarcinoma was associated 
with a signifi cantly worse overall survival as 
compared to patients who underwent pancre-

aticoduodenectomy or distal pancreatectomy 
for adenocarcinoma. In addition, a positive 
intraoperative pancreatic transection margin 
was associated with a poor outcome, making 
an argument for not performing a completion 
pancreatectomy for a positive intraoperative 
transection margin. However, others have 
demonstrated that R0 resection is the single 
most important factor in determining patient 
outcome, making an argument to do a comple-
tion pancreatectomy for a positive margin on 
an intraoperative frozen section [ 69 ]. 

 As expected, the procedure is associated 
with severe metabolic and nutritional conse-
quences and requires close follow-up and 
multidisciplinary care in the postoperative 
setting.   

   E.    Enucleation 
 Enucleation is usually reserved for sporadic 
insulinomas or small lesions less than 2 cm 
that are located toward the surface of the pan-
creas away from the main pancreatic duct. 
This can be safely accomplished laparoscopi-
cally as well and the port placement depends 
on the location of the lesion. Intraoperative 
ultrasound plays a useful adjunct. Enucleations 
have a high risk of postoperative fi stula, 
mainly type A fi stulas, so a drain is usually 
placed adjacent to the side of the enucleation.      

    Minimally Invasive Surgery/Role 
of Robotic Technology 

    Laparoscopic 
Pancreaticoduodenectomy 
 This is a technically challenging procedure and 
various reports have established that this can be 
accomplished relatively safely despite a steep 
learning curve. Although there are no randomized 
trials comparing the open vs. laparoscopic 
approach, a few small series show promise. 
Table  17.5  summarizes the available literature on 
laparoscopic pancreaticoduodenectomies [ 70 ]. 
Kendrick et al. [ 71 ] published the largest series 
on laparoscopic pancreaticoduodenectomy per-
formed from July 2007 through July 2009 at a 
single center ( n  = 62). There was one postopera-

  Fig. 17.4    Reconstruction following Central 
Pancreatectomy (Reprinted with permission from 
Blumgart’s Surgery of Liver, biliary tract and pancreas, 
Vol. 1, Resectional Techniques, J. Werner and M.W. 
Buchler, Chapter 62A, P. 960, copyright Elsevier)       
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tive mortality and perioperative morbidity 
occurred in 26 patients. The median length of hos-
pital stay was 7 days. They concluded that laparo-
scopic pancreaticoduodenectomy is feasible, safe, 
and effective. Outcomes appear comparable with 
those via the open approach. It must be empha-
sized that the large available literature regarding 
postoperative complications following open pan-
creaticoduodenectomy should guide surgeons as 
to the expected high-quality outcomes following 
the laparoscopic approach. In addition, it is 
imperative that no shortcuts are taken in employ-
ing the laparoscopic approach, as grade C pancre-
atic fi stulas can be a signifi cant source of 
morbidity and mortality following pancreatic 
resection.

       Laparoscopic Distal Pancreatectomy 
with Splenectomy 
 The report of the fi rst laparoscopic distal pancre-
atectomy (LDP) was in 1996 [ 72 ,  73 ]. Subsequent 
studies have demonstrated that LDP is as safe as 
open distal pancreatectomy (ODP) [ 74 ]. Two 
meta-analyses further support that LDP is associ-
ated with a signifi cantly lower blood loss and 
reduced length of stay compared to ODP [ 75 ,  76 ]. 
In addition, the meta-analysis completed by 
Venkat et al. [ 75 ] combined four retrospective 
studies to show that there is no difference in mar-
gin positivity between LDP and ODP, but there 
are more lymph nodes harvested in ODP than 
LDP. A retrospective study completed by Magge 
et al. [ 77 ] compared 62 consecutive patients 
undergoing ODP or minimally invasive distal 
pancreatectomy (MIDP) and found the median 
lymph node clearance is similar (OPD,  n  = 12 and 
MIDP,  n  = 11) and demonstrated that the rate of 
pancreatic fi stula (ODP 29 % and MIDP 21 %) 
and the overall survival after ODP or MIDP were 
equivalent after adjusting for comorbidity and 
year of surgery. Tran et al. [ 78 ] recently pub-
lished their results from a population-based anal-
ysis utilizing the Nationwide Inpatient Sample 
Database comparing minimally invasive vs. ODP 
and showed that the application of this approach 
has tripled in practice from 1998 to 2009. On 
multivariate analysis, the minimally invasive 

approach was associated with lower rates of over-
all postoperative complications, including lower 
incidences of infections and bleeding complica-
tions, as well as a shorter length of stay by 
1.22 days. There were no differences in rates of 
in-hospital mortality, concomitant splenectomy, 
or total charges.  

    Role of Robotics 
 There are several advantages of robotic surgery 
over laparoscopic surgery that make it more fea-
sible to complete complex procedures. 
Advantages include 3D visualization, stabiliza-
tion of surgical arms allowing more precise 
suturing, increased angulation, and the ability to 
mimic anastomosis done through an open 
approach. Disadvantages include higher cost, 
more operating time, and a steep learning curve. 
A systematic review on robotic pancreaticoduo-
denectomy completed by Cirocchi et al. [ 79 ] 
found that the rate of conversion was 14 %, over-
all morbidity rate 58 %, and reoperation rate was 
7.3 %. Data on cost analysis are lacking and fur-
ther studies are needed to evaluate also the cost- 
effectiveness of the robotic approach. Giulianotti 
et al. [ 80 ] have published their experience utiliz-
ing the robot in pancreatic surgery. One hundred 
and thirty-four patients underwent robotic- 
assisted pancreatic surgery from October 2000 to 
January 2009. They reported a morbidity rate of 
26 %, a mortality rate of 2.2 %, and a conversion 
rate of 10 %. Zureikat et al. [ 81 ] reported the 
largest series of pancreatic resections utilizing 
the robot. A total of 250 consecutive robotic pan-
creatic resections were analyzed: pancreaticodu-
odenectomy ( n  = 132), distal pancreatectomy 
( n  = 83), central pancreatectomy ( n  = 13), pancre-
atic enucleation ( n  = 10), total pancreatectomy 
( n  = 5), Appleby resection ( n  = 4), and Frey proce-
dure ( n  = 3). Thirty- and 90-day mortality were 
0.8 % and 2.0 %, respectively. The grade C pan-
creatic fi stula rate was 4 %. The mean operative 
time for the two most common procedures was 
529 ± 103 min for pancreaticoduodenectomy and 
257 ± 93 min for distal pancreatectomy. 
Conversion to an open procedure was required in 
16 patients (6 %). 
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 Although these studies demonstrate the feasi-
bility and safety of robotics in pancreatic surgery, 
further prospective trials are needed to better 
evaluate their superiority and cost-effectiveness    

    Palliative Surgery 

 By the time most patients with pancreatic cancer 
come to a physician, many have locally advanced 
and/or metastatic disease (85–90 %). Because of 
the relative frequency of disease progression to 
gastric outlet or biliary obstruction and intracta-
ble abdominal pain, palliation of pain and 
obstructive symptoms become the most impor-
tant considerations for improved quality of life. 
The majority of patients with unresectable pan-
creatic head lesions will experience biliary 
obstruction and jaundice and will therefore 
require palliative intervention. Furthermore, the 
incidence of gastric outlet obstruction because of 

tumor invasion of the duodenum likely ranges 
between 5 and 10 %, and it necessitates palliation 
if the patient is to maintain a reasonable nutri-
tional status during chemotherapy. Finally, most 
patients will experience pain. When it is described 
to be located mostly in the patient’s back, it is 
associated with tumor unresectability. Palliation 
of pain symptoms is critical for optimal quality of 
life for these patients. 

 The decision to palliate can be made preopera-
tively, intraoperatively, or postoperatively. 
Figure  17.5  depicts a decision algorithm; for the 
purpose of this chapter, the surgical options are 
discussed here. Considerations include biliary 
and gastric bypass and the need for intraoperative 
celiac nerve block. The extent of disease identi-
fi ed at exploration partially drives the need for 
these procedures, and most patients who have 
been offered resection will tolerate any indicated 
palliative procedures.

  Fig. 17.5    Decision 
making algorithm for 
palliation of patients 
with unresectable 
pancreatic cancer. 
(Reprinted with 
permission from Current 
Surgical therapy, 10th 
edition, Palliative 
therapy for pancreatic 
cancer, J. C. King  and 
O.J.Hines,  P. 440, 
copyright Elsevier)       
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      Biliary Bypass 

 Biliary bypass can be performed in patients 
who present with obstructive jaundice that have 
not been stented previously. The most frequent 
biliary bypass is a Roux-en-Y hepaticojejunos-
tomy. This approach is probably associated with 
the lowest incidence of reobstruction and cholan-
gitis. A patulous anastomosis is made between 
the hepatic duct and bowel in an end-to-side fash-
ion with a running absorbable monofi lament 
suture. If the gallbladder is in place, a cholecys-
tectomy is performed as well. This can be safely 
accomplished laparoscopically as well.  

    Enteric Bypass 

 The decision to perform a gastrojejunostomy is 
based on the patient’s symptoms at the time of 
surgery and the intraoperative fi ndings. Patients 
complaining of nausea and vomiting or even 
early satiety will benefi t from enteric bypass. At 
the time of exploration, assessment may reveal 
locally invasive tumor that predictably will lead 
to duodenal obstruction. Two randomized trials 
have demonstrated that prophylactic gastrojeju-
nostomy signifi cantly decreases the incidence of 
gastric outlet obstruction without increasing 
complication rates in patients found to have unre-
sectable periampullary cancer on exploratory 
laparotomy [ 82 ,  83 ]. With the advent of laparo-
scopic staging, Espat et al. [ 84 ] analyzed 155 
patients with unresectable pancreatic adenocarci-
noma at their institution and found that laparo-
scopically staged patients do not frequently 
require subsequent surgical biliary or gastric 
bypass. Therefore, the patient should not be taken 
to the operating room for creation of a gastrojeju-
nostomy in the absence of signifi cant symptoms 
of gastric outlet obstruction. However, if the 
patient is undergoing attempted tumor resection 
and deemed to be unresectable after a laparotomy 
is performed, it is reasonable to proceed with 
prophylactic gastrojejunostomy. 

 The gastrojejunostomy should be constructed 
utilizing a loop of jejunum sutured to the poste-
rior aspect of the stomach near the distal body of 
the stomach. A side-to-side anastomosis is con-

structed in two layers with running absorbable 
suture or a GIA stapler. The anastomoses may be 
positioned in an antecolic or retrocolic position 
as either method is acceptable, and neither seems 
to offer a signifi cant advantage over the other.      
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            Radiation Therapy 

  Radiation therapy   has a useful role in cancer 
management primarily because normal cells are 
better able to repair radiation damage than are 
malignant cells. The challenge faced by the radia-
tion oncologist is to deliver radiation doses that 
adequately eradicate deposits of malignant cells 
while shielding normal tissues from doses above 
the threshold that can cause damage to critical 
organs. In the setting of pancreatic malignancy,  the 
  effi cacy of radiotherapy is limited because malig-
nant tumors of the pancreas frequently abut highly 
radiosensitive normal tissues such as the duode-
num, small intestine, and stomach. Additionally, 
when  X-rays   are used to treat these tumors, the 
beams must often pass through critical radiosen-
sitive structures such as the spinal cord, liver, 
and kidneys. Encouragingly, over the past decade, 
newer radiotherapy technologies such as intensity-
modulated radiation therapy and particle therapy 
(protons and carbon ions) have facilitated the 
delivery of effective radiotherapy doses to tumor 
targets while minimizing or eliminating the effec-
tive dose to critical normal structures.  

    Radiation Therapy Techniques 

 Techniques for  radiotherapy   delivery in the treat-
ment of pancreatic malignancies may involve 
external-beam radiation therapy delivered by 
either a medical linear accelerator (Fig.  18.1 ), a 
specialized system for stereotactic ablative radio-
therapy (SABR), such as a CyberKnife (Fig.  18.2 ), 
or a cyclotron-based system in the setting of 
particle therapy (Fig.  18.3a–d ). Brachytherapy, or 
the implantation of radioactive sources within 
tumors, is of historic interest as a technique in the 
treatment of pancreatic cancer but is not com-
monly used in current practice.

        External-Beam Radiotherapy 

  Two-dimensional and three-dimensional confor-
mal    radiotherapy   :     Much   of the historical data in 
the medical literature surrounding the use of 
radiotherapy in the treatment of pancreatic malig-
nancies is based on the outcomes of patients 
treated with either two-dimensional (2D) radio-
therapy or three-dimensional conformal radio-
therapy (3DCRT). Usually delivered without the 
guidance of computerized tomography, 2D radio-
therapy utilizes large radiotherapy fi elds with 
fi eld borders determined primarily by bony anat-
omy (Fig.  18.4a–c ). These large radiotherapy 
fi elds have been frequently associated with sub-
stantial gastrointestinal toxicity. Furthermore, the 
diffi culty in accurately targeting the areas at 
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highest risk of tumor involvement precluded safe 
delivery of radiotherapy doses likely to eradicate 
the tumor. While studies utilizing 2D conformal 
radiation therapy are of some historical interest, 
it would be wrong to infer that the toxicity pro-
fi le associated with this treatment is indicative 
of the toxicity profi le associated with the deliv-
ery of radiotherapy using newer, more conformal 
techniques.

   In the late 1990s, 3DCRT came into common 
use in North America (Fig.  18.5 ), offering greater 
precision in radiation dose delivery since clini-
cians could use computerized tomography (CT) 
to locate tumor targets and delineate critical nor-
mal structures, such as the spinal cord, liver and 
kidneys, and duodenum. While more precise than 
2D radiotherapy, fi eld arrangements utilized with 
3DCRT often resembled those used in the 2D era. 
For the most part, toxicity and effi cacy profi les 
associated with 3DCRT have been similar to 
those seen in the 2D  era     .

    Intensity-modulated radiotherapy :  Intensity- 
modulated radiotherapy (IMRT)   came  into   com-
mon use in North America around 2005. IMRT 
utilizes CT and other imaging techniques to 
delineate the target and normal tissue volumes 
while incorporating sophisticated mathematical 
algorithms to optimize radiation dose distribu-
tions in patients. Whereas conventional radio-
therapy delivery utilizes rectangular apertures or 
static customized blocking, IMRT utilizes a 
device called a multileaf collimator (Figs.  18.6  
and  18.7 ), integral to the linear accelerator, that 
allows the division of a static radiotherapy fi eld 
into multiple subfi elds. With IMRT, a virtually 
limitless number of radiation fi elds can be deliv-
ered in an effort to optimize the conformality of 
the radiotherapy dose distribution (Fig.  18.8a, b ).

      Stereotactic ablative radiotherapy :  Stereo-
tactic ablative radiotherapy (SABR)    utilizes 
  delivery systems capable of highly precise 
conformal radiotherapy dose distributions to 
small targets (Fig.  18.9 ). The technology was 
 initially developed for the treatment of intracra-
nial lesions, such as acoustic neuromas and arte-
riovenous malformations, but more recently has 
evolved for use in extracranial tumor targets in 
the lung, liver, prostate, and pancreas.

  Fig. 18.1    A  Varian Clinac iX Linear Accelerator   (Varian 
Medical Systems, Palo Alto, CA). Imaging devices are 
incorporated within the delivery system to facilitate target 
localization for treatment (reproduced with permission 
from Varian Medical Systems)       

  Fig. 18.2    The  Cyberknife Robotic Radiosurgery system   
(Accuray Inc., Sunnyvale, CA) (reproduced with permis-
sion, from Accuray Inc.)       
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  Fig. 18.3    ( a )  Particle therapy   utilizing either protons or 
carbon ions is delivered using a cyclotron-based system. In 
the system shown, ( b ) protons are accelerated in a cyclo-

tron and ( c ) delivered via an array of electromagnets ( d ) 
into one of three gantries where patients receive treatment 
(reproduced with permission from IBA Proton Therapy)             
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Fig. 18.3 (continued)

   While other modalities of external radiation 
therapy deliver fractionated treatment over a 
period of several weeks, most SABR protocols 
deliver treatment at a high dose per fraction over a 
one- to fi ve-fraction course. This higher dose per 
fraction is associated with a greater impact on the 
targeted tumor cells when compared to lower 
doses per fraction. On the other hand, normal 
tissues exposed to high doses per fraction also 
exhibit greater damage; therefore, meticulous tar-
geting techniques are required with SABR. While 
SABR may play a meaningful role in ablating 
individual foci of tumor, this form of high-
dose- per-fraction (or hypofractionated) radio-
therapy generally cannot be utilized in the therapy 
of a malignancy if the treatment is intended not 
just to address the primary tumor but also to irra-
diate regional lymphatics felt to be at a high risk 
of harboring microscopic tumor  cells        .  

    Particle Therapy 

  Particle therapy  ,    using protons or carbon ions, 
has also been utilized in the treatment of pancre-
atic malignancy. In contrast to X-ray–based ther-
apies, particle therapy utilizes charged particles 
which penetrate to a fi nite depth in tissue where-
upon their associated radiation dose is deposited 

in a region known as the “Bragg peak.” By deliv-
ering a range of energies into tissue, a “spread-
out Bragg peak” (SOBP)    is formed (Figs.  18.10a, 
b  and  18.11a, b ). This allows for a radiation dose 
distribution to cover the targeted area with a rela-
tively low entry dose and no exit dose. Particle 
therapy is believed to have tremendous potential 
in the treatment of pancreatic malignancy 
because the tumor target is adjacent to highly 
radiosensitive normal tissues. Dosimetric studies 
have demonstrated a signifi cant potential for 
improvements in the therapeutic index when pro-
tons are used [ 1 – 5 ]. This hypothesis has been 
validated in various clinical outcome studies [ 6 –
 8 ]. Figure  18.12a–c  demonstrate a typical dose 
distribution when protons are used to treat a 
patient in the postoperative setting. In North 
America, proton therapy represents the dominant 
form of particle therapy offered. As of June 2014, 
14 facilities were operational in the United States. 
Currently available in Japan, carbon ion therapy 
represents an alternative form of cyclotron-gen-
erated particle therapy.

         Brachytherapy 

  Brachytherapy    involves   the implantation of 
radioactive sources, such as iodine-125 seeds, 
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  Fig. 18.4    External beam four-fi eld technique for a pan-
creatic head lesion. ( a ) The lesion on CT scan. Note the 
dilated pancreatic duct and relation of the pancreas to the 
duodenal loop and stomach. ( b ) The anteroposterior/pos-
teroanterior (AP/PA) fi eld, which includes the tumor with 
the approximately 3-cm margin of the pancreas (body), 
the duodenal loop (plus approximately 50 % of the right 
kidney), and the nodal area at risk. Most of the left kidney 

is shielded. ( c ) The lateral fi eld with an anterior margin 
1.5–2.0 cm beyond gross disease and a posterior margin at 
least 1.5 cm behind the front edge of vertebral body 
(reproduced with permission from Halperin EC, Perez 
CA, Brady LW (eds)., Principles and Practice of Radiation 
Oncology, Fifth ed. Philadelphia: Lippincott Williams & 
Wilkins, 2008)           

directly into tumors. While it is not commonly 
used in North America, Memorial Sloan- 
Kettering Cancer Center (New York, NY) has 
published extensively on this approach for 
patients with unresectable disease and its use is 
of historical interest [ 9 ,  10 ].  

    Intraoperative Radiotherapy 

  Intraoperative radiotherapy (IORT)   requires a 
dedicated  linear   accelerator located in a shielded 
operating room. Generally, electron energies 
with limited penetration into normal tissues are 
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utilized during surgical procedures. The advan-
tage of IORT is that the beam can be aimed at 
the gross tumor deposit using direct visual guid-
ance. Normal bowel can be manually moved 
away from the targeted area. The disadvantage of 
intraoperative radiation therapy is that treatment 
cannot be fractionated. In other words, the entire 
dose is delivered in a single large fraction. This 
approach has biologic disadvantages in terms of 
normal tissue toxicity as well as tumor control.   

    Radiation Therapy for Malignant 
Pancreatic Neoplasms 

  Radiation therapy   is utilized in conjunction with 
surgery for patients with resectable or marginally 
resectable disease. It also can be utilized as 
defi nitive therapy, usually in conjunction with 
chemotherapy, for patients with locally advanced 
unresectable disease. Radiotherapy can also be 
utilized for the palliation of patients with dissem-
inated malignancy. 

    Postoperative Radiotherapy 

  Radiotherapy      is commonly offered postopera-
tively for patients who have undergone defi nitive 
surgery for nonmetastatic pancreatic cancer. The 
postoperative radiotherapy target usually includes 
the preoperative tumor bed, the critical anastomo-
ses (the pancreaticojejunostomy and hepaticoje-
junostomy), and the relevant abdominal nodal 
regions (peripancreatic, celiac, superior mesen-
teric porta hepatic, and para- aortic). Currently, 
the  Radiation Therapy Oncology Group (RTOG) 
Atlas   represents the standard guideline for post-
operative target delineation [ 11 ]. 

 Strong indications for  postoperative radiother-
apy   include positive surgical margins or positive 
lymph nodes identifi ed at surgery. The contem-
porary literature suggests that these events are 
quite common. The study from  Memorial Sloan- 
Kettering Cancer Center   reviewing the outcomes 
of 625 patients who underwent pancreatic cancer 
surgery from 2000 to 2009 indicated that 70 % of 
patients had positive lymph nodes in their fi nal 
specimen and that 16 % had positive surgical 
margins [ 12 ]. A corresponding publication from 
Johns Hopkins University (Baltimore, MD) 
 analyzing 905 patients undergoing pancreatico-
duodenectomy from 1995 to 2005 demonstrated 
a 79 % node-positivity rate and a 41 % margin- 
positivity rate [ 13 ]. 

 Postoperative radiotherapy may also be used 
in the setting of negative surgical  margins   since 
patients who undergo potentially curative surgery 
with negative margins still exhibit a local failure 

  Fig. 18.5    A three-dimensional conformal  radiotherapy   
dose distribution using a conventional four-fi eld approach       

  Fig. 18.6    A  multileaf collimator   allows for continuous 
fi eld shaping during radiotherapy treatment       
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rate in the range of 50–80 % when radiotherapy 
is not used [ 14 ,  15 ]. Postoperative radiotherapy is 
thought to reduce this local recurrence rate to 
some degree. 

 Owing to the issues of convalescence after 
pancreaticoduodenectomy or other surgical inter-
ventions for pancreatic cancer, postoperative 
radiotherapy often cannot be initiated before 
8–12 weeks after surgery. Additionally, given the 
intraoperative transposition of the radiosensitive 
small intestine, it is generally not possible to 
deliver conventionally fractionated postoperative 
radiotherapy doses over 50 Gy with chemother-
apy. The series from the Massachusetts General 
Hospital (Boston, MA) demonstrated a 36 % 
local-regional failure rate at 3 years after treat-
ment for patients receiving postoperative chemo-
radiotherapy [ 16 ]. Results from RTOG 97- 04  , a 
postoperative chemoradiotherapy trial, showed a 
23–28 % local failure rate [ 17 ]. 

 Three studies have explored the role of  post-
operative radiotherapy   in the setting of resected 
disease [ 17 – 20 ]. An analysis by the Gastro-
intestinal Tumor Study Group [ 18 ] demonstrated 
 a   statistically signifi cant improvement in survival 

for patients receiving  5-fl uorouracil (5-FU)  -
based chemotherapy with radiotherapy after 
defi nitive surgery for nonmetastatic pancreatic 
cancer. The 5-year survival rate for patients 
receiving surgery alone was 5 % vs. 19 % for 
patients receiving chemoradiation. Based on this 
study, postoperative chemoradiation became 
accepted as a standard therapy in North America. 
The  RTOG 97–04 trial   [ 17 ] compared two dif-
ferent chemotherapy regimens combined with 
5-FU-based chemoradiation. Patients were ran-
domized between a control arm of 5-FU chemo-
therapy for two cycles followed by radiotherapy 
(with concomitant 5-FU) followed by two addi-
tional cycles of 5-FU vs. the study arm utilizing 
gemcitabine chemotherapy for two cycles fol-
lowed by radiotherapy with 5-FU followed by 
two more cycles of gemcitabine-based chemo-
therapy. A statistically signifi cant survival advan-
tage was identifi ed for patients with pancreatic 
head cancers receiving the gemcitabine regimen. 
A criticism of both studies was that neither study 
randomized patients between a radiotherapy vs. a 
nonradiotherapy arm. As such, it has been argued 
that the survival improvements seen with the 

  Fig. 18.7    The  multileaf 
collimator   (Fig.  18.6 ) is 
incorporated in the 
treatment head of the linear 
accelerator and changes 
shape while the gantry 
rotates around the patient       
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postoperative regimens were owing to the che-
motherapy rather than the radiotherapy. A coun-
terargument was made when a secondary analysis 
of the RTOG 97–04 data indicated that patients 
who received high-quality radiotherapy per 
protocol guidelines had an improved survival 
outcome compared to patients treated with com-
promised radiotherapy fi elds [ 21 ], suggesting 
that effectively targeted radiotherapy is able to 
positively alter the natural history of resected 
pancreatic cancer. 

 Utilizing a complicated randomization scheme 
to determine the value of  postoperative radiother-

apy  , treating physicians participating in the 
 ESPAC-1 trial   [ 19 ,  20 ] assigned patients to one of 
the following three randomized subtrials:

    1.    The fi rst arm randomized patients between 
chemoradiation vs. no chemoradiation. Chemo-
radiation consisted of 20 Gy over 2 weeks 
with 5-FU chemotherapy that was repeated 
after a 2-week break.   

   2.    The second arm randomized patients between 
chemotherapy vs. no chemotherapy. The che-
motherapy regimen consisted of a bolus of 
5-FU and leucovorin given for 5 days every 4 
weeks for a total of 6 months.   

  Fig. 18.8    ( a ) With  intensity-modulated radiotherapy 
(IMRT)   the radiotherapy beam can be delivered from vir-
tually any angle and each fi eld can be subdivided by the 

multileaf collimator to vary the dose intensity across the 
fi eld. ( b ) This technology allows for the delivery of highly 
conformal dose distributions         
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   3.    The third arm randomized patients to one of 
chemoradiotherapy, chemotherapy alone, 
chemoradiotherapy with maintenance chemo-
therapy, or observation.    

  Data from these three groups were pooled. 
The trialists concluded that there was no survival 
benefi t for the patients receiving chemoradiation 
compared to the patients who did not receive 
chemoradiation. The median survival for the irra-

diated patients was 15.5 months. The median 
survival for the patients who did not receive 
radiotherapy was 16.1 months. The difference 
was not statistically signifi cant. 

 Criticisms of the  ESPAC-1 trial   have included 
the following [ 22 ]:

•    Potential bias on the part of the treating physi-
cians who were allowed to choose to which 
randomization their patient was assigned  

  Fig. 18.9     Stereotactic 
ablative radiotherapy 
(SABR)   allows for the 
delivery of very tight 
conformal radiotherapy 
dose distributions around 
the target, such as a 
pancreatic head tumor. A 
representative dose 
distribution is shown above       

  Fig. 18.10    ( a ) Charged particles like protons travel a 
fi nite distance into tissue, determined by their energy, and 
then release that energy in a tightly defi ned region called 
the “Bragg peak.” ( b ) By delivering a range of energies 
toward the tumor target, a summation of these Bragg 

peaks allows for the creation of a “spread-out Bragg peak” 
(SOBP),    which conforms to the depth and position of the 
tumor target (reproduced with permission from University 
of Florida Proton Therapy Institute)         
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  Fig. 18.12    By exploiting the spread-out Bragg  peak  , proton therapy allows for coverage of the tumor target while 
completely excluding large volumes of normal bowel and stomach. ( a ) Sagittal view; ( b ) coronal view; ( c ) sagittal view           

  Fig. 18.11    With  conventional radiotherapy   ( a ) using 
X-rays (photons), the highest dose is near the point of 
beam entry into the patient. The tumor dose is signifi -
cantly less than the entry dose. Also, an exit dose is deliv-
ered beyond the tumor target. With protons ( b ) and other 

particle therapies, such as carbon ions, the entry dose is 
low. The highest dose is at the depth of the tumor target 
and there is no exit dose beyond the target (reproduced 
with permission from the University of Florida Proton 
Therapy Institute)         
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•   That approximately one third of the patients 
enrolled on the chemotherapy vs. no- chemo-
therapy arms actually received radiotherapy or 
background chemotherapy  

•   That the radiotherapy arms utilized a split- 
dose delivery, which is well recognized to be 
inferior from a radiobiological standpoint when 
compared with continuous-course treatment    

 As a result of the publication of the ESPAC-1 
trial, chemotherapy alone represents the standard 
adjuvant therapy in Europe for patients who have 
undergone surgery for pancreatic  cancer  . 

 In light of the controversy regarding the value 
of  postoperative radiotherapy  , a multi- 
institutional trial involving NRG Oncology, 
Southwest Oncology Group, and European 
Organisation for Research and Treatment of 
Cancer (EORTC) is accruing patients who have 
had R0 or R1 resections for pancreatic head can-
cers [ 23 ]. The study offers a randomization 
between systemic therapy alone vs. systemic 
therapy plus chemoradiation (50.4 Gy with con-
comitant capecitabine or 5-FU)   .  

    Preoperative Radiotherapy 

 Planned  preoperative      radiotherapy is becoming 
recognized as a rational approach for patients 
with both resectable and marginally resectable 
disease. Advantages of preoperative radiotherapy 
include the following:

    1.    Sterilization of microscopic disease within the 
radiotherapy fi eld to reduce the risk of hema-
togenous dissemination of malignancy at the 
time of surgery   

   2.    Shrinkage of tumor to reduce the risk of posi-
tive surgical margins   

   3.    Increased biologic effi cacy of radiotherapy 
(compared to postoperative radiotherapy) 
since the irradiated tumor is well vascularized 
and well oxygenated   

   4.    Elimination of a lengthy potential delay 
between surgery and radiotherapy    

  A frequently cited argument in favor of neoad-
juvant therapies, particularly those that include 

chemotherapy, has been that neoadjuvant therapy, 
by delaying surgery, allows for identifi cation of 
patients who develop hematogenous metastases 
during the neoadjuvant therapy. Recognition of 
such dissemination would spare those patients 
from a major surgical intervention that would be 
without curative potential. 

 Planned preoperative therapy for patients with 
pancreatic malignancy would be consistent with 
the evolving standard of care for other gastroin-
testinal malignancies, such as rectal and esopha-
geal cancer, where preoperative radiotherapy 
represents a recognized and preferred treatment 
approach. 

 Although no prospective randomized trial has 
compared preoperative radiotherapy or preopera-
tive chemoradiation with a surgery-fi rst approach, 
some single-institution studies have demon-
strated the feasibility of this approach with 
encouraging effi cacy [ 24 – 27 ]      .  

    Defi nitive Radiotherapy 

 The most  common      use of radiotherapy for 
patients with pancreatic malignancy involves the 
treatment of patients with unresectable disease. 
The median survival for these patients is poor—
in the range of 8.3–11.1 months [ 28 – 32 ], although 
some single-institution series have reported supe-
rior outcomes. Occasionally, patients treated with 
defi nitive radiotherapy for unresectable disease 
achieve a response allowing for curative surgery 
to be performed.  

    Palliative Radiotherapy 
for Disseminated Malignancy 

 The role  of      radiotherapy in the palliative treat-
ment of metastatic pancreatic cancer is similar to 
the role of radiotherapy in the treatment of other 
disseminated malignancies. The radio- 
responsiveness of metastatic pancreatic cancer 
appears similar to the radio-responsiveness of 
other adenocarcinomas. Common sites of metas-
tasis treatable with palliative radiation therapy 

18 Radiation Therapy for Pancreatic Cancer



248

include symptomatic bone lesions. Additionally, 
therapies such as SABR may be used in the set-
ting of oligometastases or limited metastases 
involving the liver or lung.   

    Summary 

 While most patients with pancreatic adenocarci-
noma die as a result of hematogenous dissemina-
tion of their malignancy, some die exclusively 
with local and regional progression. Unfortunately, 
surgery as the sole defi nitive treatment frequently 
fails to secure local or regional disease control 
even in the setting of “resectable” disease. 
Radiotherapy can improve local control rates 
when used in conjunction with surgery and, occa-
sionally, secure local disease control nonopera-
tively when delivered in conjunction with 
chemotherapy. 

 The value of conventionally delivered postop-
erative radiotherapy may be limited by the long 
delay between surgery and the initiation of radio-
therapy resulting from postoperative convales-
cence. Additionally, postoperative radiotherapy 
doses tend to be limited because of transposed 
small bowel. While preoperative neoadjuvant 
radiotherapy may make sense from an oncologic 
perspective, many surgeons are reluctant to per-
form major pancreatic operations in previously 
irradiated fi elds. It is possible that the emergence 
of newer radiotherapy technologies, such as par-
ticle therapy using protons or carbon ions, will be 
associated with reduced critical normal-tissue 
exposure and allow for more widescale adoption 
of preoperative radiotherapy in the setting of this 
malignancy.     
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            Introduction 

 Pancreatic adenocarcinoma represents the fourth 
leading cause of cancer death in the United States, 
with most patients diagnosed with advanced dis-
ease or recurrence shortly after a surgical attempt 
at cure. Overall only 5% of diagnosed patients 
are alive at 5 years [ 1 ]. Surgery remains the only 
therapy with which cure is possible; thus, sys-
temic therapy typically provides palliative dis-
ease and symptom control. The only exception 
is in the perioperative setting, where eradication 
of occult disease with systemic chemotherapy as 
an adjunct to surgery improves survival. Despite 
a paucity of clinical progress for several decades, 
the last few years have demonstrated an explo-
sion of effort to bring new and effective sys-
temic therapies to the clinic. Recent results from 
clinical trials assessing combination chemo-
therapy in pancreatic adenocarcinoma including 
FOLFIRINOX, gemcitabine with nab- paclitaxel, 
and gemcitabine with erlotinib have each met 
primary end points for overall survival improve-
ment. Several additional studies are ongoing in 

an attempt to move these effective therapies into 
earlier stages of the disease in an effort to improve 
curability. Similar to pancreatic adenocarcinoma, 
pancreatic neuroendocrine tumors have seen a 
signifi cant boost in effective systemic therapies. 
These treatments, including octreotide, chemo-
therapy, and targeted therapies, provide patients 
meaningful symptom and disease control. This 
chapter will review these contemporary study 
results, in the context of historical data, which 
support these improvements in clinical care for 
both pancreatic adenocarcinoma and neuroendo-
crine tumors.  

    Resectable Pancreatic 
Adenocarcinoma 

    Adjuvant Therapy 

  Following    curative   resection of pancreatic can-
cer, most patients recur with diffuse metastases in 
the liver and/or lungs. Attention has therefore 
been given to the use of postoperative systemic 
chemotherapy to sterilize occult micrometastases 
and thus improve survival. Prominent cancer 
treatment guidelines recommend adjuvant che-
motherapy with or without radiation to decrease 
cancer recurrence rates and increase survival 
[ 2 ,  3 ]. The benefi ts of chemotherapy are more 
established than for radiotherapy in this setting. 
In this section we will review the evidence for 
these recommendations. 
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 Several phase III trials have investigated the 
 role   of adjuvant chemoradiation treatments (CRT) 
in resected pancreatic cancer (Table  19.1 ). The 
 Gastrointestinal Tumor Study Group (GITSG) trial   
randomized 43 patients to surgery alone or surgery 
followed by adjuvant CRT using bolus 5-fl uoroura-
cil (5-FU) during split-course radiotherapy (40 Gy 
total) and additional 5-FU adjuvant chemotherapy 
for 2 years thereafter [ 4 ,  5 ]. The adjuvant treatment 
group experienced longer median survival (20 vs. 
11 months;  p  = 0.3) compared to surgery alone. 
This relatively small trial established adjuvant 
5-FU with radiation as a standard treatment for 
patients with resected pancreatic cancers.

   However, other investigators questioned the 
magnitude of the benefi t. The European 
Organisation for Research and Treatment of 
Cancer (EORTC) conducted a similar trial aimed 
to confi rm the previous GITSG results [ 6 ]. In this 
EORTC study, after resection of the pancreatic 
head or periampullary region, patients with T1-2, 
N0-1 disease were randomized to either surgery 
alone vs. surgery plus adjuvant 5-FU with radia-
tion. The 5-FU in this study was administered by 
continuous infusion at 25 mg/kg per 24 h (maxi-
mal daily dose of 1500 mg) starting the same 
time each day prior to radiotherapy. The radiation 
was given at 2 Gy per day Monday through 
Friday × 2 weeks and repeated again in 2 weeks 
(40 Gy total). Importantly, no additional systemic 
adjuvant chemotherapy was given after the 
CRT. Between 1987 and 1995, 110 patients were 
randomized to the treatment group and 108 

patients to the observational group. The median 
survival was 24.5 months in the treatment group 
vs. 19.0 months for the observation groups 
( p  = 0.208) with 2-year survival estimates of 51% 
vs. 41%, respectively. The authors concluded that 
any benefi t from adjuvant therapy appears to be 
small and CRT should not be the standard of care 
after the resection of the pancreatic head and 
periampullary region pancreatic cancers. The 
study was also criticized similar to the GITSG 
trial for a small sample size as well as the 5-FU 
dosing schedule and lack of systemic chemother-
apy after CRT. After 11.7 years of follow-up in 
an updated analysis, the CRT group showed no 
difference in progression-free (30% vs. 32%) or 
overall survival (HR, 0.91; 95% CI, 0.68–1.23; 
 p  = 0.540) [ 4 ]. Median survival (1.8 months) and 
5-year survival rates (~25%) were nearly identi-
cal between the two arms. Similarly to prior stud-
ies, the authors concluded that although the CRT 
was well tolerated, it provided no improvement 
in survival. 

 Subsequently, the  European Study Group for 
Pancreatic Cancer (ESPAC-1)   recruited 289 
patients to determine the effect of adjuvant ther-
apy components after resection [ 7 ,  8 ]. In this 
two-by-two factorial design, patients following 
defi nitive resection were randomized to observa-
tion ( n  = 69), CRT ( n  = 73), chemotherapy alone 
( n  = 75), or CRT followed by chemotherapy 
( n  = 72).  The   CRT consisted of a 20-Gy dose 
given to the surgical tumor bed in 10 daily frac-
tions over a 2-week period concurrent with IV 

   Table 19.1    Adjuvant therapy trials for  pancreatic adenocarcinoma     

 Study (reference)  Treatment  Control 
 Patients 
( n  = total)  Median OS (mo)  5-year OS (%)   p -Value 

 GITSG [ 5 ]  CRT → 5-FU  Obs  43  20 vs. 11  18 vs. 8  0.3 

 EORTC 40891 [ 4 ]  CRT  Obs  218  24.5 vs. 19  51 vs. 41 (2 years)  0.208 

 ESPAC-1 [ 7 ,  8 ]  CRT → 5-FU; 
CRT; 5-FU 

 Obs  289  20.1 vs. 15.5 
(chemo vs. not) 

 21 vs. 8 
(chemo vs. not) 

 0.009 

 RTOG 9704 [ 10 ]  5-FU → 
CRT → 5-FU 

 Gem → CRT → Gem  451  17.1 vs. 20.5  18 vs. 22  0.12 

 JSAP-02 [ 13 ]  Gem (3 months)  Obs  118  22.3 vs. 18.4  48 vs. 40 (2 years)  0.19 

 CONCO-001 [ 14 ]  Gem (6 months)  Obs  354  22.8 vs. 20.2  20.7 vs. 10.4  0.01 

 ESPAC-3 [ 17 ]  Gem (6 months)  5-FU (6 months)  1088  23.6 vs. 23  NR  0.39 

   CRT  chemoradiation,  5FU  5-fl uorouracil systemic chemotherapy,  Gem  gemcitabine systemic chemotherapy,  NR  not 
reported,  Obs  observation,  OS  overall survival  
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bolus 5-FU (500 mg/m 2  on the fi rst 3 days of 
radiotherapy) repeated again after a planned 
break of 2 weeks. The chemotherapy arm 
included 6 months of IV bolus 5-FU (425 mg/m 2  
on days 1–5 every 28 days). Finally, the CRT 
with chemotherapy arm included both of the 
above treatment protocols. Median survival was 
improved in patients receiving systemic chemo-
therapy, 20.1 months compared to 15.5 months 
for those not receiving chemotherapy (HR, 0.71; 
95% CI, 0.55–0.92;  p  = 0.009). Estimated sur-
vival at 5 years also signifi cantly favored those 
receiving chemotherapy (21% vs. 8%;  p  = 0.009). 
The use of CRT demonstrated a decreased median 
survival of 15.9 months compared to 17.9 months 
for those patients not receiving CRT (HR, 1.28; 
95% CI, 0.99–1.66;  p  = 0.05) with similarly 
worse 5-year survival estimates (10% vs. 20%, 
respectively;  p  = 0.05). The authors concluded 
that adjuvant chemotherapy, but not CRT, 
improves survival in patients with resected pan-
creatic cancer. The study was criticized due to 
lack of quality control in the radiation group and 
lack of strict treatment assignments [ 9 ]. 

 Shortly after the approval of gemcitabine for 
advanced disease [ 10 ] and due to confl icting 
results of the above studies, the  U.S.-based 
Radiation Therapy Oncology Group (RTOG)   
randomized 451 patients with T1-4, N0-1, M0 
disease following tumor resection to CRT with 
either 5-FU or  gemcitabine   [ 11 ]. The randomiza-
tion to both arms included chemotherapy fol-
lowed by CRT followed by more chemotherapy 
with the type of systemic chemotherapy before 
and after CRT representing the variable in the 
study. Chemotherapy consisted of either 
continuous- infusion 5-FU (250 mg/m 2  per day 
for 3 weeks) or gemcitabine (1000 mg/m 2  IV 
once weekly for 3 weeks). This was followed by 
CRT concurrently with continuous-infusion 
5-FU (250 mg/m 2  daily with radiation delivered 
in 28 fractions 5 days/week to a total dose of 
50.4 Gy). Three to 5 weeks after completion of 
the CRT, patients resumed either 5-FU or gem-
citabine (based on their initial randomization) to 
complete 3 additional months of chemotherapy. 
Adverse events were common in both groups 
with grade 3 or higher hematologic toxicity with 

gemcitabine occurring in 58% compared to 9% 
with 5-FU. Diarrhea, stomatitis, and nausea/
vomiting were more common with 5-FU. With a 
median follow-up of 1.5 years for all patients, the 
investigators did not observe any difference in 
survival. The median survival was 20.5 vs. 
16.9 months with a 3-year survival of 31% vs. 
22% in gemcitabine vs. fl uorouracil arms, respec-
tively (HR, 0.82; 95% CI, 0.65–1.03;  p  = 0.09). 
Updated analysis at 5 years continued to show no 
statistically signifi cant difference in survival 
between the groups [ 12 ]. Given the toxicity pro-
fi le differences and similar survival outcomes, 
the authors concluded that in the context of adju-
vant CRT, the use of systemic gemcitabine may 
be preferred. 

 Given that the ESPAC-1 trial did not show a 
benefi t of  CRT   (in fact, it demonstrated a detri-
ment), three subsequent studies employed adju-
vant chemotherapy alone after surgical resection. 
First, the  Japanese Study Group of Adjuvant 
Therapy for Pancreatic (JSAP-02) trial   random-
ized 118 patients with resected disease to either 
observation or gemcitabine [ 13 ]. With 3 months 
of adjuvant gemcitabine (1000 mg/m 2  IV on days 
1, 8, and 15 every 4 weeks), hematological tox-
icities were common, including 70% grade 3 or 4 
neutropenia. Median overall survival was 22.3 
vs. 18.4 months in favor of adjuvant gemcitabine 
(HR, 0.77; 95% CI, 0.51–1.14;  p  = 0.19). A non-
signifi cant trend toward improvement in 2-year 
overall survival (48% vs. 40%) also favored 
gemcitabine. 

 The second adjuvant chemotherapy trial was 
conducted by the  German Study Group for 
Pancreatic Cancer (CONKO-1)  . The  investigators 
randomized 368 patients with T1-4, N0-1, M0 
completely macroscopically resected pancreatic 
cancers to either observation or gemcitabine che-
motherapy [ 14 ].  Gemcitabine   was identical to the 
JSAP-02 study [ 13 ] but provided for a total of 6 
months [ 15 ]. Most of the patients on the study 
had node-positive disease (70%). Toxicity was 
similar to what had previously been reported with 
this agent in pancreatic cancer. The 5-year overall 
survival rate was improved in the treatment group 
(20.7%) compared to observation (10.4%) (HR, 
0.76; 95% CI, 0.61–0.95;  p  = 0.01) [ 14 ]. 
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 Finally, the  European Study Group for 
Pancreatic Cancer (ESPAC-3)   randomized 1088 
patients after complete macroscopic resection to 
either 5-FU or gemcitabine adjuvant chemother-
apy [16]. Treatment with adjuvant chemotherapy 
was also for 6 months with the randomization 
between 5-FU (IV bolus folinic acid 20 mg/m 2  
followed by 5-FU 425 mg/m 2  given for 5 con-
secutive days every 28 days) or gemcitabine 
(1000 mg/m 2  IV once a week for 3 out of every 4 
weeks). Slightly more patients in the gemcitabine 
group received all six cycles of the planned che-
motherapy (55% vs. 60%) as well as receiving a 
higher median dose intensity (79% vs. 89%). The 
hematological toxicities were similar between the 
two groups with grade 3–4 neutropenia of 22% in 
both groups, but there was more grade 3–4 diar-
rhea (13% vs. 2%) and stomatitis (10% vs. 0%) 
associated with 5-FU treatment. Estimated 
median survival rates were no different between 
the groups (23.2 vs. 23 months;  p  = 0.39). 

 Given challenges  with   postoperative recovery, 
a post hoc analysis of the ESPAC-3 data assessed 
the duration and timing of chemotherapy initia-
tion [17]. In this analysis patients who were able 
to complete all 6 cycles of adjuvant chemother-
apy were compared to those receiving <6 or an 
unspecifi ed number of cycles. Those completing 
6 months of chemotherapy had increased sur-
vival compared to less chemotherapy (28.0 vs. 
14.6 months;  p  < 0.001). The time to starting che-
motherapy after surgery even up to 12 weeks did 
not appear to infl uence survival. Although these 
fi ndings may be related to study bias and con-
founding, they support the clinical practice that 
adjuvant chemotherapy may be initiated within 
12 weeks of surgery, provided the added delay 
allows adequate recovery for patients to com-
plete the full adjuvant treatment plan. 

  Summary. Adjuvant Therapy in Resected 
Pancreatic Adenocarcinoma  

 –      Chemotherapy for 6 months after recovery 
from resection (up to 12 weeks) represents a 
standard of care.  

 –   The choice of chemotherapy is either gem-
citabine or 5-FU, noting different toxicity pro-
fi les and schedules.  

 –   CRT may be considered in select patients in 
the adjuvant setting, but it is unclear if it 
improves  outcomes     .      

    Neoadjuvant Therapy 

 The  vast    majority   of patients with resectable pan-
creatic cancer relapse at distant sites, emphasiz-
ing the need for more  effective   systemic therapies. 
Up to 25% of otherwise eligible patients never 
receive adjuvant chemotherapy due to surgical 
complications and delayed recovery [ 18 ]. 
Theoretically, chemotherapy given prior to sur-
gery may improve tumor tissue penetration due 
to intact vasculature, decrease chemotherapy- 
associated toxicity, improve time to initiation of 
systemic treatment, and identify patients with a 
biologic predisposition to disease who would 
benefi t from a major surgical intervention [ 18 , 
 19 ]. However, despite these potential advantages, 
data to support this approach are limited to phase 
II studies. These studies are diffi cult to compare 
given that the defi nition of resectable and border-
line resectable pancreatic cancer has only recently 
been consistently applied to pancreatic cancer 
clinical trials (Table  19.2 ) [ 2 ,  20 ].

   One of the largest phase II trials published to 
date enrolled 86 patients with resectable pancre-
atic cancer. Neoadjuvant treatment consisted of 
CRT using gemcitabine (400 mg/m 2  IV weekly 
for a total of 7 doses) concurrent with radiother-
apy (3 Gy per day delivered 5 days per week for 
a total of 2 weeks; 30 Gy total) [ 21 ]. All patients 
completed CRT and underwent restaging 4–6 
weeks thereafter. However, only 74 went on to 
have surgery due to disease progression and pre-
viously unapparent medical comorbidities. 
Another 9 patients were found to have surgi-
cally unresectable disease at the time of 
attempted resection with occult hepatic or peri-
toneal metastatic implants not identifi ed on 
preop imaging. Ultimately 64 patients (74%) 
had successful tumor resection. The entire 
cohort had a median overall survival of 
22.7 months. However, the median survival was 
signifi cantly improved in the surgically resected 
group compared to those who did not complete 
a surgical resection (34 vs. 7 months;  p  < 0.001). 
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The 5-year overall survival was also improved 
in those having completed resection (36% vs. 
0%). The investigators concluded that the provi-
sion of gemcitabine-based CRT successfully 
selected patients most likely to benefi t from sur-
gery. It was notable in this study that of the 
patients not benefi ting from surgery, most had 
distant disease progression or were found to 
have peritoneal implants and/or hepatic metas-
tases, but not local tumor progression. This fur-
ther emphasizes the important biologic 
characteristic of early systematic disease spread. 

 It is important to distinguish between patients 
with pancreatic adenocarcinoma who are surgi-
cally resectable, borderline resectable, or locally 
advanced/unresectable. In each of these situa-
tions, patients do not have overt signs of metasta-
ses, but patients with locally advanced/
unresectable disease are treated with palliative 
intentions. Neoadjuvant therapy has been tested 
as a “conversion” treatment, defi ned as “convert-
ing” a patient from inoperable to operable. 

Investigators from Massachusetts General 
Hospital reported their data of neoadjuvant che-
motherapy in locally advanced disease [ 22 ]. 
Twenty-two patients were treated with 2 months 
of FOLFIRINOX (see section on “Metastatic 
Disease” for details) and then restaged. If stable 
disease or better was noted, patients were treated 
with infusional 5-FU or capecitabine with 
intensity- modulated radiation (50.4 Gy in 28 
fractions). The most common toxicities were 
hematologic, infectious, and diarrhea. Five out of 
the 22 patients were able to undergo an attempted 
resection; however, three subsequently recurred. 
The authors questioned the utility of this 
approach. In general, patients with locally 
advanced pancreatic adenocarcinoma are highly 
unlikely to “convert” to resectable with currently 
available modalities of therapy and should be 
treated with palliative goals. 

  Summary. Neoadjuvant Therapy in Resectable 
Pancreatic Adenocarcinoma  

 –      May be used to select patients most likely to 
benefi t from surgery.  

 –   No randomized controlled trials have deter-
mined the absolute benefi t of a neoadjuvant 
therapy compared to a conventional approach.  

 –   Should be considered investigational and per-
formed in the context of a clinical trial, but of 
high clinical importance, particularly for bor-
derline resectable  cases        .       

    Advanced and Metastatic 
Pancreatic Adenocarcinoma 

 Patients with unresectable  or   metastatic pancre-
atic adenocarcinoma are candidates for palliative 
interventions. Goals of palliative chemotherapy 
for this patient population are to delay or prevent 
symptoms associated with disease progression, 
maintain quality of life, and extend life. Some of 
these goals can be accomplished with or without 
chemotherapy. One of the most important vari-
ables to consider in determining candidacy for 
palliative chemotherapy is the patient’s clinical 
performance status (PS), a global composite 

   Table 19.2    Defi nition of  Resectable, Borderline 
Resectable, and Unresectable Pancreatic Adenocarcinoma 
by Cross-Sectional Imaging     

 Resectable  • Clear fat planes around celiac 
axis, hepatic artery, and SMA 

 • No radiographic evidence of 
SMV or PV distortion 

 Borderline 
resectable 

 • Venous involvement of the SMV 
or PV with distortion of 
narrowing of the vein or 
occlusion of the vein with 
suitable vessel proximal and 
distal, allowing for safe 
resection and replacement 

 • Encasement of a short segment 
of the hepatic artery, without 
evidence of tumor extension to 
the celiac axis and/or tumor 
abutment of the SMA involving 
≤180° of the artery’s 
circumference 

 Unresectable/
locally 
advanced 

 • Major venous thrombosis of the 
PV  or SMV extending for 
several centimeters 

 • Circumferential encasement of 
the SMA, celiac axis, or 
proximal hepatic artery 

   Source:  From NCCN 2014 [ 2 ,  20 ] 
  SMA  superior mesenteric artery,  SMV  superior mesenteric 

vein,  PV  portal vein  
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 representation of a patient’s ability to manage the 
short-term side effects of therapy and thus obtain 
longer-term benefi t from the treatments. Despite 
multiple attempts to improve survival with inno-
vative treatment combinations, only a few have 
demonstrated a survival benefi t (Tables  19.3  and 
 19.4 ). In this section we review the pertinent tri-
als which now form the mainstay of therapy and 
form a solid foundation upon which to further 
improve clinical outcomes.

    In 1997, a landmark trial was  published   com-
paring gemcitabine with 5-FU in 126 patients 
with advanced pancreatic cancer [ 10 ]. The inves-
tigators chose 5-FU as a comparison group 
because it had previously shown some minor 
benefi t in the treatment of pancreatic cancer and 
many considered it to be the standard treatment. 
A relatively nontraditional primary study end-
point was selected, the clinical benefi t response, 
which was defi ned as a composite measure of 
patient weight, Karnofsky PS, and pain as 
assessed by analgesic consumption and pain 
intensity. This endpoint was felt to better repre-
sent the palliative goals desired in patients with 
this advanced disease. Survival was a secondary 
endpoint. Treatment consisted of either 5-FU 
(600 mg/m 2  weekly during a 28-day cycle) or 
gemcitabine (1000 mg/m 2  weekly for 7 weeks, 
followed by 1 week off, then weekly for 3 weeks 
out of every 4-week cycle). The gemcitabine 
group experienced more grade 3–4 neutropenia 
(25.9% vs. 4.9%) and anemia (9.7% vs. 0%). 
Despite these side effects, more patients in the 
gemcitabine group experienced clinical benefi t 
(23.8% vs. 4.8%;  p  = 0.022), which was the pri-

mary rationale for gemcitabine to receive subse-
quent FDA approval. Of note, gemcitabine also 
demonstrated an improvement in median overall 
survival (5.6 vs. 4.4 months;  p  = 0.0025) and sur-
vival at 1 year (18% vs. 2%). Unfortunately, mul-
tiple subsequent studies failed to demonstrate 
any signifi cant improvements to this new stan-
dard, despite promising scientifi c rationale and 
activity in early phase studies (Table  19.4 ). 

 A meta- analysis   evaluating 51 trials with 
over 9970 patients found that chemotherapy 
improved overall survival as compared to best 
supportive care (HR, 0.64; 95% CI, 0.42–0.98) 
[ 23 ]. The analysis could not establish any 
superiority in survival for gemcitabine com-
pared to 5-FU (HR, 0.75; 95% CI, 0.42–1.31); 
however, authors were limited in their conclu-
sions due to wide confi dence intervals. 
Gemcitabine-based combination therapies did 
appear to provide a survival improvement 
compared to single-agent therapy (HR, 0.91; 
95% CI, 0.85–0.97), particularly for patients 
with an excellent performance status. 

 The second study that changed clinical prac-
tice was conducted by the  National Cancer 
Institute of Canada Clinical Trials Group  . This 
trial randomized 569 patients with locally 
advanced or metastatic pancreatic cancer, Eastern 
Cooperative Group (ECOG) PS 0-2  to   gem-
citabine with either erlotinib (150 mg/day) or pla-
cebo until disease progression or toxicity [ 24 ]. 
The addition of erlotinib, a small molecule tyro-
sine kinase inhibitor targeting the epidermal 
growth factor receptor (EGFR), increased grade 
3–4 toxicities, including diarrhea (6% vs. 2%), 

   Table 19.3    Select  positive   randomized controlled clinical trials in advanced and metastatic pancreatic 
adenocarcinoma   

 Study (reference)  Treatment  Control 
 Patients 
( n  = total) 

 Median 
OS (mo) 

 1-Year OS 
(%) 

  p -Value 
(median OS) 

 Burris III HA [ 10 ]  Gem  5-FU  126  5.6 vs. 4.4  18 vs. 2  0.0025 

 NCI Canada [ 24 ]  Gem+erlotinib  Gem  569  6.2 vs. 5.9  23 vs. 17  0.038 

 Von Hoff DD [ 25 ]  Gem+nab-paclitaxel  Gem  861  8.5 vs. 6.7  35 vs. 22  <0.001 

 Groupe Tumeurs 
Digestives of Unicancer 
and the PRODIGE 
Intergroup [ 26 ] 

 FOLFIRINOX  Gem  342  11.1 vs. 6.8  48 vs. 20  <0.001 

   5FU  5-fl uorouracil,  FOLFIRINOX  5FU, folinic acid, irinotecan, oxaliplatin,  Gem  gemcitabine,  nab  nanoparticle albu-
min bound,  OS  overall survival  
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rash (6% vs. 1%), and interstitial lung disease–
like syndrome (2.1% vs. 0.4%). More treatment- 
related deaths occurred in the erlotinib group (6 
vs. 0 deaths), mostly related to interstitial lung 
disease–like syndrome, sepsis, and CVA. The 
combination of gemcitabine and erlotinib demon-
strated an improved median overall survival (6.24 
vs. 5.91 months; HR, 0.82; 95% CI, 0.69–0.99; 
 p  = 0.038) and 1-year survival (23% vs. 17%; 
 p  = 0.023). The development of an erlotinib- 
associated skin rash was associated with a signifi -
cant improvement in survival compared to not 
developing a rash ( p  = 0.037; HR, 0.74; 95% CI, 
0.56–0.98). The severity of the rash also predicted 
survival, with median survival rates for patients 
with grade 0, 1+, and 2+ rash being 5.3, 5.8, and 
10.5 months, respectively. These fi ndings suggest 
that the drug-induced rash can serve as a clinical 
biomarker to predict benefi t from therapy [ 24 ]. 

 Albumin-bound nanoparticle paclitaxel (nab- 
paclitaxel)    was developed to reduce toxicity 
associated with the traditional chemotherapy, 
paclitaxel, which was notable for infusion- 
associated reactions and peripheral neuropathy. 
This agent had preclinical activity demonstrated 
in pancreatic adenocarcinoma and was subse-
quently tested in combination with gemcitabine. 
In this registration study, Von Hoff and col-
leagues demonstrated the superiority of gem-
citabine with nab-paclitaxel over gemcitabine 
alone [ 25 ]. Patients received standard doses of 
gemcitabine (1000 mg/m 2  IV weekly for 3 weeks 
every 4-week cycle) with or without nab- 
paclitaxel (125 mg/m 2  IV on day 1 of each cycle). 
As expected, patients receiving nab-paclitaxel 
with gemcitabine experienced more grade 3 neu-
tropenia (38% vs. 27%), leukopenia (31% vs. 
16%), fatigue (17% vs. 7%), peripheral neuropa-
thy (17% vs. 1%), and diarrhea (6% vs. 1%), but 
also demonstrated improved survival (median 
survival 8.5 vs. 6.7 months;  p  < 0.001). 

 An alternate approach was taken by French 
investigators. The Groupe Tumeurs Digestives of 
Unicancer and the PRODIGE Intergroup random-
ized 342 patients with ECOG PS 0-1 to either 
FOLFIRINOX or gemcitabine [ 26 ]. The 
 FOLFIRINOX    regimen    includes several antineo-
plastic agents with demonstrated activity in other 
digestive malignancies and is based on a 5-FU 

backbone instead of gemcitabine. Treatment 
involved FOLFIRINOX (oxaliplatin 85 mg/m 2  IV 
followed by leucovorin 400 mg/m 2  IV over 2 h, 
irinotecan 180 mg/m 2  with 5-FU 400 mg/m 2  bolus 
followed by a 46-h 5-FU infusion 2400 mg/m 2 ) 
repeated every 2 weeks or gemcitabine at standard 
treatment doses. Patients receiving FOLFIRINOX 
experienced a greater number of grade 3 or 4 tox-
icities, including neutropenia (46% vs. 21%), 
febrile neutropenia (5.4% vs. 2.1%), thrombocy-
topenia (9.1% vs. 3.6%), diarrhea (12.7% vs. 
1.8%), and neuropathy (9% vs. 0%). The patients 
receiving gemcitabine experienced more liver 
function test abnormalities (20.8% vs. 7.3%). 
Despite the increased  toxicities, patients receiving 
FOLFIRINOX had a prolonged median survival 
(11.1 vs. 6.8 months) and 1-year survival (48.4% 
vs. 20.6%) and, interestingly, demonstrated 
improved patient-reported quality of life [ 27 ]. In 
an attempt to improve the side effect profi le, sev-
eral investigators are currently testing dose modi-
fi cations of FOLFIRINOX (m-FOLFIRINOX), 
including elimination of the bolus 5-FU or across-
the-board dose reductions of all agents. Whether 
these m-FOLFIRINOX regimens improve toxic-
ity yet maintain effi cacy is yet to be determined. 

 In Asia, S- 1   is an active fl uoropyrimidine  ther-
apy   used in digestive malignancies. A study con-
ducted in Taiwan and Japan evaluated if S-1 was 
not inferior to gemcitabine alone [ 28 ]. The 
 Gemcitabine and S-1 Trial (GEST)   randomized 
834 patients to treatment with gemcitabine 
(1000 mg/m 2  IV weekly for 3 weeks every 
4-week cycle), S-1 (dosed based upon body sur-
face area between 80 and 120 mg daily for 28 
days of a 42-day cycle), or the combination. 
Patients experienced more hematological and 
liver function test abnormalities of grade 3 and 
higher in the gemcitabine groups, and slightly 
more diarrhea, nausea, or vomiting in the groups 
receiving S-1. The S-1 alone was shown to be not 
inferior to gemcitabine in median survival (9.7 
vs. 8.8 months), while the combination was not 
superior to gemcitabine alone (10.1 vs. 
8.8 months). The authors concluded that S1 is not 
inferior and well tolerated compared to gem-
citabine. This agent serves as a single-agent treat-
ment option for patients with advanced pancreatic 
cancer in Asia. 
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 With the therapeutic options and improve-
ments seen with fi rst-line therapy, the need pre-
sented to determine if there was any benefi t to 
sequencing therapy in the second-line setting. 
The German CONKO-2 study compared best 
supportive care alone to that with the addition of 
OFF (oxaliplatin 85 mg/m 2  IV on days 8 and 22, 
folinic acid 200 mg/m 2  IV and 5-FU 2000 mg/m 2  
IV over 24 h on days 1, 8, 15 and 22, followed by 
3 weeks’ rest and repeated every 6 weeks) in 46 
patients with metastatic pancreatic cancer who 
had previous disease progression  with   gem-
citabine [ 29 ]. Although tested in a highly selected 
group of patients, very few experienced grade 3 
or 4 toxicities with active therapy. The median 
survival was improved with OFF administration 
(4.8 vs. 2.3 months; HR, 0.45; 95 % CI, 0.24–
0.83;  p  = 0.008). The study was stopped prema-
turely due to slow accrual; however, the authors 
concluded that second-line chemotherapy with 
best supportive care improves survival compared 
to best supportive care alone. 

  Although   palliative chemotherapy options 
have improved in the metastatic setting, with 
resultant increases in survival, the prognosis for 
patients with this disease remains poor and 
advances in the identifi cation of new biomarkers 
of response, relapse, and targeted therapeutics is 
urgently needed. In this regard, patient participa-
tion in clinical trials represents an important thera-
peutic option and is strongly endorsed as such in 
most clinical guidelines and pathways. Supportive 
care, including pain control, protein/energy bal-
ance, biliary patency, and maintenance of perfor-
mance status, remains critical issues in the 
palliative setting and serve an important founda-
tion before consideration of chemotherapy or any 
targeted therapy. Moving the most active and 
effective palliative agents into the pre- and post-
operative settings is the focus of several currently 
ongoing clinical trials with results eagerly awaited. 

  Summary. Chemotherapy in Advanced 
Pancreatic Adenocarcinoma  

 –      Chemotherapy is palliative and serves as a 
supplement to best supportive care.  

 –   Goals of therapy are to prolong survival and 
improve the quality of life.  

 –   FOLFIRINOX, nab-paclitaxel with gem-
citabine, gemcitabine with erlotinib, gem-
citabine alone, and S1 (not available in the 
United States) are all reasonable treatment 
options with improved overall survival in a 
fi rst-line setting. The optimal choice is based 
upon expected side effects, patient perfor-
mance status, and shared decision making.  

 –   Participation in clinical trials with new thera-
pies represents an important therapeutic option.      

    Pancreatic Neuroendocrine Cancers 

 Pancreatic  neuroendocrine tumors (NETs   
account for 1% of cancer incidence, but include 
up to 10% of all pancreatic cancers [ 30 ]. These 
tumors represent a diverse group of cancers his-
torically recognized by their potential to generate 
classic hormone syndromes. Thus, gastropancre-
atic neuroendocrine tumors are noted as func-
tional or nonfunctional based on hormone or 
other bioactive agent secretion (Table  19.5 ). 
These tumors are then further)    classifi ed based 
on the tumor grade, Ki-67 index, and TNM crite-
ria, which are each good predictors for survival 
[ 31 ]. The tumor grade is based on the number of 
mitoses per 10 high-power fi eld (HPF) 
(Table  19.6 ). Grade I tumors are defi ned by <2 
mitoses per 10 HPF and/or Ki-67 < 2%. Grade II 
tumors have 2–20 mitoses per 10 HPF and/or 
Ki-67 index 3–20%. Grade III includes tumors 
with >21 mitoses per HPF and/or Ki-67 index > 
20 % [ 32 ]. These markers of nuclear activity help 
guide risk stratifi cation and selection of treat-
ment, particularly in advanced disease.

       Perioperative Medical Management 

 Although surgery is the  only   curative modality 
for this disease, 30–85% of pancreatic NETs have 
hepatic metastases at presentation [ 33 ]. These 
metastases can be best visualized with contrast-
enhanced magnetic resonance imaging (MRI) or 
triple-phase computed tomography (CT) imaging 
of the liver. Pancreatic NET metastases have a 
characteristic arterial phase of enhancement and 
are commonly underappreciated at diagnosis 
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without the appropriate use and phase of IV con-
trast (Fig.  19.1 ). FDG-PET scanning has a very 
limited role in the vast majority of this disease 
owing to the low metabolic rate of most NETs. For 
low- and intermediate-grade tumors, resection of 
oligo or isolated hepatic metastases can still pro-
vide a cure with up to 85% 5-year survival being 
reported in highly selected patient cohorts. 
Unfortunately, only 7–15% of patients are com-
pletely resectable at diagnosis.

   To avoid a carcinoid crisis with manipulation/
removal of any tumor at surgery, octreotide is 
infused 50 μg/h for 12 h prior to surgery and con-
tinued for 24–48 h after, even in patients receiving 
long-acting octreotide [ 31 ]. In initially asymptom-
atic patients with NETs (functional or nonfunc-
tional), an unanticipated carcinoid crisis can be 
treated with a bolus octreotide 100–500 μg fol-
lowed by continuous infusion at 50 μg/h for 
24–48 h after. Depending on the hormones pro-
duced by the tumor, a number of additional sup-
portive care measures could be instituted 
(Table  19.5 ). Given the risk of biliary sludging and 
gallstone formation with long-term octreotide use 
(see below), strong consideration should be given 

to prophylactic cholecystectomy at the time of sur-
gery or exploration if ongoing octreotide use is 
being considered. There is no role for adjuvant or 
postoperative systemic therapy (see below) of com-
pletely resected NET, even in the setting of hepatic 
metastases that have been defi nitively treated. 

  Summary. Perioperative Medical Management 
of NETs 

 –     Resection, even of isolated hepatic metasta-
ses, represents a curative option for some 
patients with NETs, particularly low or inter-
mediate grade.  

 –   Octreotide should be administered in the peri-
operative setting to reduce the risk of carci-
noid crisis.  

 –   There is no role for systemic therapy in an 
adjuvant fashion after complete resection of 
known  tumor  .      

    Liver-Directed Therapy of NET 
Metastases 

 Unfortunately,    most patients with NET hepatic 
metastases will not be candidates for complete 
hepatic resections given the distribution of multi-
focal disease, even if it is all contained within the 
liver. However, there are multiple therapeutic 
modalities which are effective at decreasing liver 
metastases, controlling the disease, and improv-
ing symptoms, leading to enhanced quality of life 

   Table 19.6    Pancreatic neuroendocrine  tumor   grading 
(European Neuroendocrine Tumor Society [ 32 ])   

 Grade I  <2 mitosis per 10 HPF and/or Ki-67 <2 % 

 Grade II  2–20 mitosis per 10 HPF and/or Ki-67 
index 3–20% 

 Grade III  >21 mitosis per HPF and/or Ki-67 index 
>20 % 

    Table 19.5    Pancreatic neuroendocrine  tumor   hormone(s) produced, symptoms and management options [ 31 ,  32 ,  77 ]   

 NET type  Hormone  Symptoms/Signs  Management options 

 ACTH-producing tumor  ACTH  Cushings  Somatostatin analogs 

 Insulinoma  Insulin  Hypoglycemia, confusion, weakness, 
headache 

 Diazoxide 

 Gastrinoma  Gastrin  Zollinger–Ellison syndrome, gastric ulcers, 
diarrhea, fat malabsorption 

 PPI or H2 blockers 

 Glucagonoma  Glucagon  Diabetes, necrolytic migratory erythema, 
weight loss (fl uid), poor healing 

 Somatostatin analogs 

 VIPomas  VIP  Flushing, nausea, vomiting, diarrhea  Somatostatin analogs, 
loperamide, cholestyramine, 
5-HT 3  antagonists 

   ACTH,  adrenocorticotropic hormone;  VIP,  vasoactive intestinal peptide;  PPI,  proton pump inhibitor  
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  Fig. 19.1    ( a ) Pancreatic neuroendocrine tumor with mul-
tifocal liver metastases (arrows) demonstrating arterial 
contrast enhancement. ( b ) Pancreatic neuroendocrine 

tumor with multifocal liver metastases ( arrows ) including 
signifi cant involvement of the left hepatic lobe ( circle ). 
All lesions demonstrate arterial contrast enhancement         

   Table 19.7    Nonoperative locoregional modalities used  in   neuroendocrine tumor liver metastases   

 Treatment (reference)  Reported responses  Toxicities 

 131I-mIBG [ 78 ]  PR 29%, SD 53%, PD 
18% 

 Myelosuppression 4–6 weeks posttherapy, 
cumulative 

 90Y-Dotatoc and 90Y-Dotatate [ 79 ]  PR+CR 9–33%  Myelosuppression, nephrotoxicity 

 177Lu-Dotatate [ 80 ]  PR 23%, SD 77%  Myelosuppression, some nephrotoxicity 

 Transarterial embolization (hepatic 
artery embolization or 
chemoembolization) [ 81 ] 

 CR +PR 58%, SD 22%  Postembolization syndrome (fever, abdominal 
pain, nausea) >90%, lasts for 24–72 h 

 Uncommon complications including sepsis, 
hepatorenal syndrome, necrotizing cholecystitis, 
bleeding peptic ulcers 

 90Y microspheres [ 82 ]  CR 18%, PR 32%  Postembolization syndrome 

   CR  complete response,  RR  response rates,  PR  partial response,  SD  stable disease  
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(Table  19.7 ). Of note, these reports include rela-
tively small populations of patients with hetero-
geneous NET types. However, in general, patients 
with carcinoid variants of NET fared better with 
these types of local treatments than patients with 
other pancreatic islet cell NETs [ 34 ].

       Systemic Treatment 

 The role of  systemic therapy   in the management 
of NETs is to control hormonal symptoms associ-
ated with the disease as well as controlling further 
spread or progression of the tumor. In this regard, 
the grade of the tumor becomes important in help-
ing to select optimal management. Low- grade 
tumors, in general, may require little intervention 
aside from symptom management and lend them-
selves well to local interventions or observation. 
Intermediate- and high-grade tumors may benefi t 
more from systemic interventions aimed at delay-
ing tumor progression. Some high- grade tumors 
behave very aggressively and can be identifi ed by 
having a high Ki-67%. These uncommon tumors 
should be managed as extrapulmonary small cell 
carcinoma and benefi t from aggressive and urgent 
chemical cytoreduction [ 35 ]. 

    Hormonal Therapy 
  Somatostatins   control several glands,    including 
gastrointestinal and pancreatic endocrine/exo-
crine functions [ 36 ]. Somatostatin receptors are 
highly expressed on pancreatic neuroendocrine 
cancers. However, native somatostatin peptides 
have a half-life of only a few minutes; thus, syn-
thetic somatostatin analogs were developed to 
have more therapeutic relevance.  Octreotide  , a 
somatostatin analog, binds to somatostatin 2 
receptors, and to a less degree, somatostatin 3 
and 5 receptors. Somatostatin type 2 receptors 
are expressed on nearly all insulinomas, gluca-
gonomas, VIPomas, and nonfunctional NETs. 
Octreotide is clinically used to relieve symptoms 
of carcinoid syndrome and delay the time to 
tumor progression. Kvols and colleagues initially 
reported octreotide use (150 μg IM three times 
per day) in 25 patients with metastatic carcinoid 
NET with carcinoid syndrome [ 37 ]. The investi-
gators observed decreases by more than 50% in 

urine 5-HIAA levels in 18 of 25 treated patients 
with a median duration of over 12 months (range 
1 to >18 months). This was associated with a 
clinically meaningful reduction in patient fl ush-
ing and diarrhea. Phase II studies also suggested 
disease stabilization.  Octreotide   has thus demon-
strated improvement in symptom control and 
decreased tumor growth in hormone- producing 
NETs; however, it is not known if the treatment 
will improve outcomes in nonhormone-produc-
ing NETs [ 38 ]. The PROMID investigators ran-
domized 90 patients with well-differentiated 
advanced or metastatic midgut NETs to either 
octreotide long-acting release (LAR) 30 mg IM 
every 28 days or placebo until radiographic pro-
gression. Patients treated with octreotide LAR 
had less disease progression (HR, 0.32; 95% CI, 
0.19–0.55;  p  = 0.00015), an improved median 
time to tumor progression (14.3 vs. 6.0 months; 
 p  = 0.000072), and a reduced “tumor progression 
or tumor- related death” event rate (HR, 0.24; 
95% CI, 0.13–0.45;  p  = 0.0000036). Octreotide 
treatment benefi t was noted in both functionally 
active and inactive tumors. Overall survival, 
however, did not differ at the time of the data 
assessment due to low rate of deaths for patients 
in both arms (HR, 0.81; 95% CI, 0.30–2.18; 
 p  = 0.77). Patients in the octreotide group experi-
enced more fatigue and fevers (8 vs. 2 patients), 
anemia (5 vs. 1 patients), and bile stones (5 vs. 1 
patients) with similar GI toxicity rates (6 vs. 8 
patients). The authors concluded that octreotide 
LAR prolongs time to tumor progression com-
pared to placebo. 

 A cousin of octreotide,  lanreotide   was found 
to offer improved symptoms in the phase III 
CLARINET trial (Controlled study of Lanreotide 
Antiproliferative Response In NeuroEndocrine 
Tumors) [ 39 ]. This study randomized 204 
patients with well- to moderately differentiated 
nonfunctioning NETs with Ki-67 index < 10 % 
and who had not received any tumor-directed 
treatment in the last 6 months to either lanreotide 
or placebo. The primary study objective was 
progression- free survival. Lanreotide (120 mg 
IM every 4 weeks) or placebo was administered 
for 96 weeks or until disease progression or 
death. At 2 years, lanreotide improved 
progression- free survival compared to placebo 
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(62% vs. 22%;  p  = 0.0002) with no difference in 
the overall survival between the groups noted at 
the time of the data analysis (19 deaths vs. 17 
deaths;  p  = 0.8791). Since these patients had non-
functional tumors, more patients in the lanreotide 
group experienced treatment-related adverse 
events (50% vs. 28%). 

 Cardiac assessment for patients with carcinoid 
syndrome or carcinoid tumors should be under-
taken to evaluate for carcinoid heart and valvular 
disease, even if somatostatin analog use is 
planned. This is particularly relevant prior to any 
planned major surgery. 

  Summary. Hormonal Therapy Use in 
Metastatic NETs 

    Octreotide
   Improves hormonally mediated symptoms in 

patients with carcinoid and hormonally 
active NETs and is relatively well 
tolerated.  

  Improves time to tumor progression in hor-
monally active and inactive tumors.  

  No benefi t demonstrated in overall  survival     .         

    Biologic Targeted Therapies 

   mTOR 
  Mammalian target of rapamycin (mTOR)  , 
Biologic Targeted  Therapies  which regulates cell 
proliferation and angiogenesis, is felt to contrib-
ute to the pathogenesis of NETs [ 40 ].  Everolimus  , 
an inhibitor of mTORC2, was studied in patients 
with advanced NETs. The RADIANT-2 study 
group randomized 429 patients with low- or 
intermediate-grade NETs to octreotide (30 mg 
LAR IM every 28 days) with either everolimus 
(10 mg orally daily) or placebo [ 41 ]. The time to 
tumor progression favored the everolimus group 
(16.4 vs. 11.3 months; HR, 0.77;  p  = 0.026). 
Similar to other studies in this patient population, 
the best overall response—which includes stable 
disease—was not different between the groups 
(84% vs. 81%). Patients receiving everolimus 
had more stomatitis (62% vs. 14%), rash (37% 
vs. 12%), fatigue (31% vs. 12%), hyperglycemia 
(12% vs. 2%), thrombocytopenia (14% vs. 0%), 

diarrhea (27% vs. 16%), and pneumonitis (8% 
vs. 0%). Despite serious adverse events being 
frequent in both groups, they were more common 
in the everolimus arm (57% vs. 35%), which 
resulted in more dose reductions and/or interrup-
tions (65% vs. 35%) and treatment discontinua-
tion (19% vs. 3%). Although there were more 
deaths in the everolimus arm, they were not 
attributed to the medical therapy. The authors 
concluded that when added to octreotide LAR, 
everolimus improved progression-free survival, 
with resultant FDA approval. 

 The subsequent RADIANT-3 study was con-
ducted to improve the therapy tolerance by test-
ing the elimination of octreotide. The investigators 
randomized 410 patients with advanced low- or 
intermediate-grade pancreatic NETs with radio-
logic progression within the past 12 months to 
receive everolimus or matching placebo [ 42 ]. 
More than 80% had well-differentiated tumors 
with hepatic metastases, with 24% of the patients 
having insulinoma, gastrinoma, glucagonoma, 
VIPoma, or somastatinoma subtypes. The median 
progression-free survival was increased in the 
everolimus group (11 vs. 4.6 months; HR for dis-
ease progression or death with everolimus, 0.35; 
95% CI, 0.27–0.45;  p  < 0.001). The median over-
all survival was not reached at the time of analy-
sis and was not different compared to placebo 
(HR, 1.05; 95% CI, 0.71–1.55;  p  = 0.59). Similar 
to RADIANT-2, more dose reductions and/or 
interruptions (59% vs. 28%) and treatment dis-
continuation (13% vs. 2%) occurred with everoli-
mus. More patients in the everolimus group died 
while receiving the study drug (6% vs. 2%), with 
some of the deaths attributed to disease progres-
sion, but a few from atypical infections, includ-
ing pulmonary tuberculosis, bronchopulmonary 
aspergillosis, and reactivation of hepatitis B. The 
authors concluded that everolimus alone pro-
longs progression-free survival with a low, but 
notable incidence of severe adverse drug events. 
Interestingly, in a subgroup analysis of 40 
Japanese patients enrolled in the RADIANT-3 
study, there was a notable progression-free 
 survival benefi t of  everolimus   compared to pla-
cebo (19.4 vs. 2.8 months; 95% CI, 2.46–8.34; 
 p  < 0.001) [ 43 ]. The median overall survival was 
not reached at the time of the analysis; however, 

19 Chemotherapy



264

it did not appear different in the Japanese patient 
subgroup (HR, 0.90; 95% CI, 0.20–4.05;  p  = 0.45) 
from the overall RADIANT-3 population (HR, 
0.89; 95% CI, 0.64–1.23). Of note, the Japanese 
patient treatment group also had a higher inci-
dence of rash (87%), stomatitis (74%), infections 
(65%), nail disorders (52%), epistaxis (44%), and 
pneumonitis (44%)      .  

   Vascular Endothelial Growth Factor 
 Since NETs are hypervascular tumors and over-
express  both    vascular endothelial growth factor 
(VEGF)   and VEGF receptors, inhibitors of this 
pathway had a biologic rationale to be tested in 
clinical trials [ 44 ].  Sunitinib   is an oral inhibitor 
of several different intracellular tyrosine kinases, 
including VEGF-R1, VEGF-R2, and VEGF-R3. 
Based on the results from a promising phase II 
study demonstrating activity, a phase III study 
randomized 171 patients with advanced, well- 
differentiated pancreatic NETs to either sunitinib 
(37.5 mg orally daily) or placebo [ 45 ]. The study 
was discontinued early after the independent data 
and safety monitoring committee observed more 
serious events, including deaths, in the placebo 
group. The median progression-free survival was 
prolonged in the sunitinib group (11.4 vs. 
5.5 months; HR, 0.42; 95% CI, 0.26–0.66; 
 p  < 0.001) [ 45 ]. The objective radiographic 
response rate was also improved with sunitinib 
(9.3% vs. 0%). At the time of application submis-
sion to the FDA, the overall survival HR appeared 
to favor sunitinib [ 46 ]. However, survival analy-
sis was confounded by a 69% patient crossover 
rate from placebo to sunitinib after study closure. 
Grade 3–4 toxicities were uncommon but more 
likely with sunitinib than placebo, including diar-
rhea (5% vs. 2%), asthenia (5% vs. 4%), neutro-
penia (12% vs. 0%), hypertension (10% vs. 1%), 
palmar and/or plantar erythrodysesthesia (6% vs. 
0%), stomatitis (4% vs. 0%), and thrombocytope-
nia (4% vs. 0%). Two patients receiving sunitinib 
died of heart failure [ 46 ]. The authors concluded 
that sunitinib increased progression-free survival, 
overall survival, and objective response rate, 
leading to FDA approval of this agent. 

  Bevacizumab   is a monoclonal antibody which 
binds circulating VEGF, thus preventing it from 
binding to cellular receptors. The activity of 

 bevacizumab was tested in patients receiving 
octreotide with well- to moderately differentiated 
NETs [ 47 ]. Forty-four patients were randomized 
to receive either PEG interferon alfa-2b (0.5 μg/
kg SQ once per week) or bevacizumab (15 mg/kg 
IV once every 3 weeks) for 18 weeks. After com-
pletion of the 18 weeks or upon progression 
(whichever occurred fi rst), patients then received 
both bevacizumab and interferon therapy until 
progression. Patients who started with bevaci-
zumab had a higher progression-free survival at 
18 weeks (95% vs. 68%,  p  = 0.02). Given treat-
ment crossover, no survival difference was 
observed. Most common grade 3–4 toxicities 
included neutropenia (14%), fatigue (41%), 
headache (7%), hypertension (43%), myalgia 
(20%), nausea (9%), rash (5%), stomatitis (5%), 
and vomiting (5%). The authors concluded that 
bevacizumab resulted in longer progression-free 
survival compared to interferon. Ongoing clinical 
trials are incorporating anti-VEGF strategies in 
combination with mTOR inhibition or cytotoxic 
chemotherapy. 

  Summary. Biologic Targeted Therapies in 
Advanced NETs 

 Everolimus
   Treatment increases time to progression when 

added to octreotide or placebo.  
  May provide modest tumor response, but without 

a demonstrated survival benefi t.  
  Monitor for GI side effects, infections, and 

pneumonitis.    

 Sunitinib
   Treatment increases progression-free survival 

compared to placebo.  
  May have survival benefi t compared to placebo.  
  May provide minor tumor regression.  
  Monitor for GI side effects, cytopenias, and 

 hypertension        .       

    Cytotoxic Chemotherapy 

   Well- to Moderately Differentiated NETs 
 Given the low  incidence   of the disease and the 
typical slow development of symptoms, there 
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are few historical trials which evaluated chemo-
therapy benefi ts in  well- to moderately differen-
tiated NETs   (which include intermediate-grade 
tumors with Ki-67 levels < 20 %). However, 
the trials published do suggest that chemother-
apy may provide symptom and survival ben-
efi t for these patients.  Streptozocin  , an analog 
of  N -acetylglucosamine, an antitumor antibiotic 
and alkylating agent isolated from  Streptomyces 
acromogenes , was initially developed in the 
1970s for its diabetogenic effects in animals [ 48 ]. 
Further studies revealed it had selective pan-
creatic beta cell toxicity and was thus explored 
as a treatment for NETs. Moertel et al. enrolled 
84 patients with advanced pancreatic islet cell 
carcinomas to either streptozocin or streptozo-
cin with 5-FU [ 49 ]. The combination group had 
increased response rates (63% vs. 35%) and com-
plete radiographic response rates (33% vs. 12%). 
However, the study was not powered to demon-
strate a survival difference (26 vs. 16.5 months; 
 p  = NS). Subsequently, doxorubicin was added to 
streptozocin in an attempt to improve the objec-
tive response rates and overall survival [ 50 ]. 
The investigators randomized 105 patients with 
advanced islet cell carcinoma into one of three 
groups: (1) streptozocin (500 mg/m 2 ) with 5-FU 
(400 mg/m 2  IV per day for 5 days every 6 weeks); 
(2) streptozocin (500 mg/m 2 ) with doxorubicin 
(50 mg/m 2  IV days 1 and 22 every 6 weeks); and 
(3) chlorozotocin. The chlorozotocin group was 
inferior in all measured outcomes. Compared to 
5-FU, the addition of doxorubicin to streptozo-
cin improved the objective response rates (69% 
vs. 45%;  p  = 0.05), time to progression (20 vs. 
6.9 months;  p  = 0.001), and median overall sur-
vival (2.2 vs. 1.4 years;  p  = 0.004). Nausea and 
vomiting, alopecia, and heart failure were more 
common in patients receiving doxorubicin, while 
stomatitis and diarrhea were more common in 
those receiving 5-FU. Unfortunately, additional 
studies failed to reproduce these fi ndings, dem-
onstrating response rates as low as 6%. 

 The MD Anderson group performed a retro-
spective review of 84 patients consecutively 
treated with an intensifi ed treatment regimen 
consisting of 5-FU (400 mg/m 2  IV days 1–5), 
doxorubicin (40 mg/m 2  IV on day 1), and strepto-
zocin (400 mg/m 2  IV days 1–5) (FAS) combina-

tion therapy every 28 days [ 51 ]. The documented 
radiographic response rate was 39%, with a time 
to progression of 9.3 months and a median over-
all survival of 37 months. Radiographic respond-
ers had a signifi cantly improved 2-year survival 
compared to those not responding (97% vs. 55%; 
 p  < 0.03). Despite the higher response rates, met-
astatic disease involving >75% of the liver was 
associated with worse 2-year survival (0% vs. 
83%;  p  < 0.0001). Toxicities for all patients 
included neutropenia (10.7%), fatigue (4.7%), 
diarrhea (3.5%), and mucositis (4.7%). 

 Based on in vitro data of synergy and chrono-
modulation between capecitabine (an oral fl uoro-
pyrimidine) and temozolomide (an oral alkylating 
agent), Strosberg and colleagues treated 30 
patients with well- to moderately differentiated 
pancreatic NETs with these agents in combina-
tion [ 52 ]. Of note, most patients had previously 
been treated with octreotide, interferon-alfa, and 
locoregional therapy including hepatic artery 
embolization (HAE).  Capecitabine   (750 mg/m 2  
taken orally twice daily for 14 days) and temo-
zolomide (200 mg/m 2  taken orally daily on days 
10–14) were administered every 28 days. The 
regimen resulted in a signifi cantly high objective 
response rate of 70%, with another 27% achieving 
stable disease. The estimated overall survival at 2 
years was 92%, with a median progression- free 
survival of 18 months. The oral regimen was well 
tolerated, with uncommon grade 3–4 toxicities 
including increased liver function tests (LFTs) 
(3%) and hematopoietic abnormalities (anemia/
thrombocytopenia 3%), although a minor number 
of patients required dose reductions or delays due 
to diarrhea or hand–foot syndrome. The high 
response rate and response duration were repli-
cated in at least two other studies [ 53 – 55 ], making 
this regimen a popular option for patients requir-
ing cytotoxic regression of disease. Validation in 
phase III studies is  planned  .  

   Poorly Differentiated NETs 
 In comparison to  other   NETs, poorly differenti-
ated neuroendocrine cancers (Ki-67% > 50%) 
commonly behave more like extrapulmonary 
small cell carcinomas and require treatment with 
more intensive chemotherapy regimens [ 2 ,  31 ]. 
Even in the setting of primary surgical resection, 
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most of these patients relapse with metastatic dis-
ease. Thus, similar to small cell lung carcinomas, 
systemic chemotherapy is recommended [ 2 ]. 

 Moertel and colleagues combined  etoposide   
(130 mg/m 2  IV on days 1–3) and  cisplatin   (45 mg/
m 2  IV on days 2 and 3), which is a standard treat-
ment for small cell lung cancer, to treat 45 
patients with metastatic pancreatic NETs [56]. 
The response was poor in the well-differentiated 
NETs, with only 2 of 27 patients responding. 
However, among the poorly differentiated NETs, 
the response was 67% ( n  = 18), with a median 
duration of regression of 8 months. The treatment 
was associated with toxicities consistent with the 
prior use of this therapy for other malignancies, 
including bone marrow suppression, vomiting, 
alopecia, and neuropathy. 

 Attempts to further intensify this therapy and 
improve the response rates and durability of dis-
ease control were tested by Hainsworth and col-
leagues. In a prospective phase II study, 78 patients 
with poorly differentiated NETs were treated with 
a combination of  carboplatin   (AUC of 6 IV on day 
1), etoposide (50 mg alternating with 100 mg 
orally daily on days 1–10), and  paclitaxel   (200 mg/
m 2  IV day 1) repeated every 21 days [ 57 ]. More 
than half of the patients responded, with 29 of 78 
achieving a partial response and 12 of 78 achiev-
ing a complete response. Unfortunately, 7 of the 
12 patients achieving a complete response relapsed 
at times ranging from 2 to 20 months after treat-
ment. The median overall survival for the 78 
patients was 14.5 months, with 14% alive at 5 
years. As expected, signifi cant toxicities were 
common, including treatment-related death from 
sepsis. The authors concluded that the treatment 
was too toxic and likely of no benefi t compared to 
the standard platinum and etoposide combination 
regimen. 

  Summary  

    Chemotherapy for well- to moderately differ-
entiated NETs 

 –   Chemotherapy is associated with response 
rates higher than biologic targeted therapies 
and may improve survival.  

 –   Streptozocin in combination with 5-FU or 
doxorubicin are common combinations in use.  

 –   Temozolamide with capecitabine appears very 
promising, with further validation planned in 
phase III studies.   

  Chemotherapy for poorly differentiated NETs 
 –   Systemic therapy is needed even if surgical 

resection is undertaken.  
 –   Small cell lung cancer–like chemotherapy 

regimens are recommended.  
 –   Platinum and etoposide combination chemo-

therapy is the standard palliative treatment 
with a high initial response rate and variable 
durability of disease  control     .            
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         Endoscopy is becoming increasing popular in the 
treatment of pancreatic masses. In particular, 
various  endoscopic ultrasound (EUS)  -guided 
techniques have recently been introduced as anti-
tumor therapies or palliative treatments. EUS-
guided celiac plexus neurolysis has been 
attempted to reduce pancreatic cancer pain. 
Injections of antitumor agents, tumor ablation, 
fi ducial marker placement, and brachytherapy 
under the guidance of EUS have also been inves-
tigated. In contrast, direct antitumor therapies 
based on the  endoscopic retrograde cholangio-
pancreatography (ERCP)   technique have not 
been reported so far, and the ERCP-based 
approach is mainly used as a palliative treatment. 
Although biliary stenting plays a key role in the 
treatment of patients with obstructive jaundice 
caused by unresectable pancreatic malignancies, 
several issues remain unsolved in preoperative 
biliary drainage. This chapter will summarize the 
available data on applications of the ERCP-based 
therapy to the treatment of pancreatic masses. 

    Biliary Stenting as a Palliative 
Treatment in Unresectable 
Pancreatic Cancer 

  Endoscopic biliary stenting   was initially 
described by Soehendra in 1980 [ 1 ]. Since then, 
it has been widely performed as a well- established 
procedure for treating obstructive jaundice and 
 cholangitis  . When this procedure is performed by 
experienced professionals, the technical success 
rate can reach 80–90 % [ 2 ]. Particularly in cases 
of unresectable malignant biliary strictures, bili-
ary stenting plays an important role in maintain-
ing the patient’s condition and in determining the 
subsequent prognosis and quality of life. 

 Around 80 % of pancreatic cancers occur in 
the head of the pancreas, and pancreatic head 
cancer is accompanied by biliary obstruction and 
jaundice in 64–77 % of patients [ 3 ]. Such a con-
dition may result in intractable pruritus, progres-
sive liver dysfunction, coagulopathy, and 
malabsorption. Since only 15–30 % of pancreatic 
cancer patients are candidates for surgery [ 3 ], the 
control of jaundice and cholangitis constitutes 
one of the key priorities in the management of 
individuals with unresectable pancreatic cancer. 
In such patients, the initial goals of biliary drain-
age are to palliate the jaundice and normalize the 
serum bilirubin level prior to systemic chemo-
therapy. In this context, endoscopic biliary 
 stenting is considered less invasive, safer, and 
more convenient than surgical bypass. 
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    Plastic Stents Vs. Self-Expandable 
Metallic Stents 

 Plastic stents (PSs)     have   been widely used for 
biliary stenting since the initial report by 
Soehendra [ 1 ] (Fig.  20.1 ). Several studies have 
shown that endoscopic stenting with PSs is asso-
ciated with fewer complications, shorter hospital 
stays, and lower costs than surgical bypass [ 4 ]. A 
diameter range of 7–11.5 Fr can be used, and a 
larger diameter is believed to reduce the fre-
quency of stent occlusion [ 5 ].

   On the other hand, self-expandable metal-
lic stents (SEMSs)    are currently gaining popu-
larity owing to the longer duration of patency 
associated with their use (Fig.  20.2 ). SEMSs 
have larger diameters, which reduces the risk 
of occlusion. Ideally, biliary stents should with-
stand occlusion or other complications through-

out the period of their clinical use. In this regard, 
SEMSs are expected to be more suitable in cases 
of  unresectable malignant biliary strictures. 
However, tumor ingrowth through the stent 
mesh, which may cause early obstruction of the 
stent, poses a new concern. In addition, it is usu-
ally diffi cult to remove SEMSs after placement, 
which limits the possibility of reintervention in 
case of obstruction.

   Several studies have compared the effi cacy of 
PSs and SEMSs in patients with distal malignant 
biliary strictures (Table  20.1 ) [ 6 – 10 ]. Most of 
them showed a lower occlusion rate and longer 
patency for SEMSs compared to PSs. In particu-
lar, data of meta-analyses, including seven  ran-
domized controlled trials (RCTs)   and a total of 
724 patients, were reported by Moss et al. in 2007 
[ 11 ]. Although this study revealed no signifi cant 
differences in technical success rates, therapeutic 

  Fig. 20.1    Endoscopic placement of a  plastic stent (PS)         
  Fig. 20.2    Endoscopic placement of a  self-expandable 
metallic stent (SEMS)         
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success rates, and 30-day mortality or complica-
tion rates, stent occlusion rates at 4 months and 
the overall risk of obstruction were signifi cantly 
lower for SEMSs than for PSs. A SEMS was also 
more cost- effective   in cases when the cost of 
additional ERCP exceeded $1820. Furthermore, 
Prat et al. [ 8 ] and Arguedas et al. [ 12 ] suggested 
that a SEMS is advantageous in terms of cost-
effectiveness for patients who survive more than 
6 months after the procedure. In another study, 
Kaassis et al. [ 9 ] suggested that a SEMS is cost-
effective in patients without liver metastasis 
owing to their higher median survival time than 
that in individuals with liver metastasis (5.3 vs. 
2.7 months). In addition, Yeoh et al. [ 13 ] reported 
that initial placement of a SEMS is more econom-
ically feasible compared to a PS if the cost of a 
SEMS is less than half of the total ERCP cost. 
However, these authors also concluded that the 
use of a PS is preferable for patients surviving less 
than 4 months.

   In conclusion, SEMSs offer longer patency and 
are more cost-effective than PSs, except in patients 
with an extremely poor prognosis [ 4 ,  6 – 13 ]   .  

    Covered Self-Expandable Metallic 
Stents 

 As  mentioned   earlier,    SEMSs have longer 
expected patency than PSs, but early obstruction 
is sometimes caused by tumor ingrowth through 
the stent mesh. To overcome this diffi culty, a 

SEMS covered with a membrane (covered SEMS: 
C-SEMS) was developed, which was expected to 
provide longer patency  than   uncovered SEMS 
(U-SEMS) by preventing tumor ingrowth. 
Isayama et al. [ 14 ] conducted an RCT to com-
pare the outcomes of the use of C-SEMSs and 
U-SEMSs. Their data revealed that stent occlu-
sion occurred in 14 % of patients with a C-SEMS 
after a mean period of 304 days and in 38 % of 
patients with a U-SEMS after a mean period 
of 166 days. Thus, the stent occlusion rate was 
signifi cantly lower in the C-SEMS group than 
in the U-SEMS group ( P  = 0.0032), whereas the 
cumulative stent patency period in the C-SEMS 
group was signifi cantly longer ( P  = 0.0032). In 
subgroup analysis, the cumulative patency of 
C-SEMS was signifi cantly higher in pancreatic 
cancer. The authors also suggested theoretical 
risks of occluding the cystic duct and pancre-
atic orifi ce with the cover membrane and caus-
ing cholecystitis and pancreatitis. Pancreatitis 
occurred in 8.7 % of patients of the C-SEMS 
group and in 1.8 % of patients of the U-SEMS 
group, whereas the corresponding values for cho-
lecystitis were in 4.8 % and 0 %, respectively. 
The incidences were not signifi cantly different 
between the two groups. Moreover, later, a sub-
sequent study investigated the cause of cholecys-
titis after the C-SEMS placement and concluded 
that the majority of cases resulted from cystic 
duct invasion of the tumor and were not caused 
by the stent itself [ 15 ]. Therefore, C-SEMS suc-
cessfully prevented tumor ingrowth and was 

   Table 20.1    Summary of published studies comparing the outcomes of the use of  PS   and  SEMS     

 Author (year)  Stent  No. of patients 
 Overall stent 
occlusion 

 Median stent patency period, 
months   P  

 Davids et al. 
(1992) [ 6 ] 

 PS  56  30 (54 %)  4.2  0.006 

 SEMS  49  16 (33 %)  9.1 

 Knyrim et al. 
(1993) [ 7 ] 

 PS  31  10 (32 %) a   4.6  NR 

 SEMS  31  6 (19 %) a   6.2 

 Prat et al. (1998) [ 8 ]  PS  33  NR  3.2  <0.05 

 SEMS  34  4.8 

 Kaassis et al. 
(2003) [ 9 ] 

 PS  59  22 (37 %)  5.5  0.007 

 SEMS  59  11 (19 %)  Median not reached 

 Katsinelos et al. 
(2006) [ 10 ] 

 PS  24  24 (100 %)  4.1  0.002 

 SEMS  23  23 (100 %)  8.5 

   PS  plastic stent,  SEMS  self-expandable metallic stent,  NR  not reported 
  a 30-day occlusion rate  
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signifi cantly better than U-SEMS for the manage-
ment of patients with distal malignant stricture, 
especially caused by pancreatic cancer. It has to 
be noted, however, that two retrospective studies 
published after the above report showed similar 
patency achieved with U-SEMS and C-SEMS 
[ 16 ,  17 ], whereas two RCTs failed to show the 
superiority of C-SEMS in terms of stent patency 
[ 18 ,  19 ]. In addition, they suggested a higher risk 
of stent migration in cases with C-SEMS than 
with U-SEMS (Table  20.2 ). More recently, two 
meta-analyses with different conclusions were 
reported. Almadi et al. [ 20 ] evaluated data from 
fi ve fully published articles and four abstracts, 
comprising a total of 1061 patients. A summary 
analysis of data from four trials demonstrated 
no differences in patency between C-SEMS and 
U-SEMS after 6 and 12 months. Similarly, there 
were no differences in the rates of pancreatitis, 
cholecystitis, perforation, bleeding, or cholangi-
tis, length of hospital stay, or number of recurrent 
biliary obstructions. However, C-SEMS had a 
higher migration rate (OR, 7.13; 95 % CI, 2.29–
22.21). Patients with a C-SEMS had a lower rate 
of tumor ingrowth (OR, 0.19; 95 % CI, 0.07–0.55) 
but a higher rate of tumor overgrowth (OR, 1.88; 
95 % CI, 1.02–3.45). Therefore, the authors con-

cluded that the use of a C-SEMS offers no clear 
benefi ts compared with the use of a U-SEMS. On 
the other hand, Saleem et al. [ 21 ] reported the 
data of meta-analysis of fi ve fully published 
RCTs including a total of 781 patients. According 
to the results, stent dysfunction occurred at a 
similar rate, but there was a trend toward later 
obstruction with C-SEMS. Moreover, C-SEMS 
had a signifi cantly longer duration of patency 
compared with U-SEMS (weighted mean differ-
ence, 60.56 days;  P  = 0.001) and demonstrated 
a signifi cantly lower frequency of dysfunctions 
secondary to tumor ingrowth [relative risk (RR), 
0.23;  P  = 0.01]. Additionally, the rates of stent 
migration, tumor overgrowth, and sludge forma-
tion were all signifi cantly higher with the use of 
C-SEMS (RR 8.11,  P  = 0.02; RR 2.03,  P  = 0.03; 
RR 2.89,  P  = 0.01, respectively). With regard to 
adverse effects, no differences in the rates of cho-
lecystitis and pancreatitis were observed between 
the groups.

   In conclusion, the superiority of C-SEMS has 
not yet been unequivocally proved. Although the 
design of C-SEMS is intended to reduce tumor 
ingrowth, it simultaneously prevents stent imbed-
ding and subsequent stent anchoring. Therefore, 
stent migration is observed more frequently for 

   Table 20.2    Summary of published studies comparing the  outcomes      of the use of uncovered and covered SEMS   

 Author (year) 
 Study 
design  Stent 

 No. of 
patients  Stent patency, days   P   Complications 

 Isayama et al. 
(2004) [ 14 ] 

 RCT  U-SEMS  57  Mean: 161  0.0066  No signifi cant difference 
between the two groups  C-SEMS  55  Mean: 304 

 Park et al. 
(2006) [ 16 ] 

 Retro  U-SEMS  108  Mean: 143.5  0.531  Stent migration: 0 % vs. 
6.1 % ( P  = 0.011)  C-SEMS  98  Mean: 148.9 

 Yoon et al. 
(2006) [ 17 ] 

 Retro  U-SEMS  36  Mean: 319  0.702  No signifi cant difference 
between the two groups  C-SEMS  41  Mean: 398 

 Telford et al. 
(2010) [ 18 ] 

 RCT  U-SEMS  61  Median: 711  0.530  Stent migration: 0 % vs. 
12 % ( P  = 0.0061)  C-SEMS  68  Median: 357 

 Kullman et al. 
(2010) [ 19 ] 

 RCT  U-SEMS  200  FQ: 154  0.326  Stent migration: 0 % vs. 
3 % ( P  = 0.030)  C-SEMS  200  FQ: 199 

 Saleem et al. 
(2011) [ 21 ] 

 Meta  U-SEMS  386  WMD: 60.56  0.001  Stent migration: 
U-SEMS < C-SEMS (RR, 
8.11) 

 C-SEMS  395 

 Almadi et al. 
(2013) [ 20 ] 

 Meta  U-SEMS  356  No differences in 
patency rates at 6 
and 12 months 

 NR  Stent migration: 
U-SEMS < C-SEMS (OR, 
7.13) 

 C-SEMS  365 

   RCT  randomized controlled trial,  Retro  retrospective study,  Meta  meta-analysis,  SEMS  self-expandable metallic stent, 
 U-SEMS  uncovered SEMS,  C-SEMS  covered SEMS,  FQ  fi rst quartile stent patency time,  WMD  weighted mean differ-
ence,  NR  not reported,  RR  relative risk,  OR  odds ratio  
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C-SEMSs than for U-SEMSs. Although this lack 
of stent imbedding may seem to be a disadvan-
tage of C-SEMSs, it also brings a benefi t of pos-
sible reintervention and stent replacement [ 22 ]. 
Overall, the patency of C-SEMS appears to be 
similar to that of U-SEMS if the stent migration 
can be  prevented     .   

    Preoperative Biliary Drainage 

 The majority of patients with potentially resect-
able pancreatic cancer currently undergo preop-
erative drainage. Hyperbilirubinemia may be a 
predictor  of   postoperative complications. 
Experimental studies have demonstrated the ben-
efi ts of biliary drainage in terms of improved 
nutritional status and immune function along 
with reduced endotoxinemia. In early reports, a 
correlation was suggested between increased 
serum bilirubin and a greater incidence of infec-
tions, renal and nutritional complications, as well 
as postoperative mortality [ 2 ]. Conversely, sev-
eral recent studies have suggested that routine 
preoperative biliary drainage should be avoided 
in patients with potentially resectable pancreatic 
cancer because it is associated with increased 
morbidity [ 23 – 25 ]. In particular, in a multicenter 
randomized trial, van der Gaag et al. [ 24 ] com-
pared the outcomes in a preoperative biliary 
drainage group of patients with pancreatic head 
cancer with that of an early surgery group with no 
preoperative drainage. Preoperative endoscopic 
biliary drainage was successful in 94 % of the 
patients, but complications such as stent occlu-
sion and cholangitis occurred in 46 % of the 
cases. Although the rate of surgery-related com-
plications did not differ between the two groups 
(47 % vs. 37 %;  P  = 0.14), the overall rate of seri-
ous complications was signifi cantly higher in the 
biliary drainage group than in the early surgery 
group (74 % vs. 39 %;  P  < 0.001). In another 
study, Fang et al. [ 25 ] analyzed the results of six 
RCTs to compare the outcomes of surgery per-
formed for obstructive jaundice with and without 
preoperative biliary drainage. The results 
revealed that the proportion of patients who 
developed serious morbidity was signifi cantly 
higher in the preoperative drainage group than in 

the direct surgery group (73.5 % vs. 37.4 %; 
 P  < 0.001) although there were no signifi cant dif-
ferences in mortality (14.9 % vs. 13.3 %;  P  = 0.60) 
and in the length of hospital stay ( P  = 0.12). 
However, these studies evaluating the role of pre-
operative drainage included many patients with-
out marked hyperbilirubinemia, and up to 52 % 
of the patients did not have jaundice (total serum 
bilirubin level ≤1.8 mg/dL) [ 23 ]. For example, 
the above-mentioned RCT by van der Gaag et al. 
[ 24 ] excluded severely jaundiced patients (total 
serum bilirubin level >14.6 mg/dL) whose 
impaired liver function may have benefi ted the 
most from preoperative drainage. In addition, up 
to 32 % of the patients underwent a palliative 
bypass procedure without pancreatic resection 
[ 24 ]. Therefore, the role of preoperative biliary 
drainage in patients with marked jaundice 
remains unclear. If the bilirubin level is markedly 
elevated, the patient is symptomatic, or surgery 
needs to be delayed to optimize medical comor-
bidities or to administer neoadjuvant therapy, 
preoperative biliary drainage may still be required. 
In addition, recent studies have shown that neo-
adjuvant chemo- or chemoradiation therapy 
results in better postsurgical outcomes for poten-
tially resectable pancreatic cancer [ 26 ,  27 ], and it 
is becoming popular for borderline resectable 
patients. Preoperative therapy lasts  approximately 
3  months   and is followed by a 1-month recovery 
period before surgery. Therefore, patients who 
have biliary obstruction need drainage while 
receiving the treatment and waiting to undergo 
surgery. Effective biliary drainage is essential to 
prevent liver  toxicity   caused by chemotherapeu-
tic agents [ 28 ]. 

    Choice of Stent 

 A patient with  resectable   pancreatic cancer is 
expected to undergo surgery within 3 months 
of diagnosis. Therefore, a 7–10 Fr PS has been 
considered suffi cient for the preoperative drain-
age. However, preoperative drainage using a 
PS is often associated with problems described 
above. In addition, with recent studies show-
ing  promising outcomes of neoadjuvant therapy, 
delay of surgery for neoadjuvant treatment is 
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becoming more common [ 29 ]. Therefore, PS may 
not provide adequate patency in patients receiv-
ing neoadjuvant therapy, resulting in interrup-
tions of treatments and further delay of surgery 
[ 30 ]. In such cases, the longer duration of patency 
makes a SEMS a good candidate. However,  the 
  cost of a SEMS is much higher than that of a PS, 
and the steel mesh of SEMS embeds into the bile 
duct mucosa, making it impossible to remove the 
stent after the placement. In addition, the use of 
SEMS leads to a a hyperplastic reaction and pos-
sibly interferes with resection, which may result 
in more operative complications and compromis-
ing of clear surgical margins. However, several 
small-scale studies have recently shown that the 
utilization of SEMS does not result in increased 
operative and postoperative complications [ 31 –
 36 ]. For example, Mullen et al. [ 31 ] found that 
75 of 166 patients (45 %) who had a PS placed 
during neoadjuvant therapy experienced com-
plications secondary to stent occlusion, com-
pared with only 2 of 29 patients (7 %) with a 
SEMS. Similarly, Wasan et al. [ 32 ] detected stent 
dysfunction–related cholangitis or cholestasis in 
39 of 42 patients (93 %) in the PS group vs. 2 
of 13 patients (15 %) in the SEMS group during 
the neoadjuvant period. Most recently, Cavell 
et al. [ 37 ] performed a retrospective analysis of a 
larger number of subjects from their database who 
underwent either attempted or successful pancre-
aticoduodenectomy with SEMS, PS, or no stent 
used preoperatively. Of 509 patients with suc-
cessful pancreaticoduodenectomy, 71 had SEMSs 
(C-SEMS in 25, U-SEMS in 44, missing data 
in 2 cases), 149 had PSs, and 289 had no stent. 
According to the results, having a SEMS did not 
increase the overall or serious postoperative com-
plications, 30-day mortality, length of hospital 
stay, biliary anastomotic leak, or positive margin, 
but was associated with more wound infections 
and longer operative times. However, the patients 
in the SEMS group had signifi cantly more comor-
bidities and were more likely to have received 
preoperative chemotherapy.  Neoadjuvant che-
motherapy   is  generally   performed for patients 
with borderline resectable or locally unresectable 
tumors. Therefore, it is possible that the SEMS 
group included more patients with such surgi-

cal diffi culties, and this may have increased the 
operative time. Intraoperative determination of 
local unresectability was also similar between the 
SEMS group and the other groups. The authors 
concluded that placement of a SEMS is not con-
traindicated in patients with resectable pancreatic 
cancer who require preoperative biliary drainage. 

 Needless to say, removability of the stent pro-
vides additional advantages in case of occlusion. 
From this perspective,  C-SEMS is   probably pref-
erable over U-SEMS in potentially resectable 
cases because it prevents ingrowth of the tumor 
and hyperplastic tissue and can be removed if 
required [ 38 – 42 ]. 

 In conclusion, the presented evidence sug-
gests that if surgical resection is planned within 
2 months, a plastic stent may be recommended. 
However, if surgical resection is delayed or neo-
adjuvant therapy is planned because of borderline 
resectability, SEMS placement would be advan-
tageous. In addition, C-SEMS may be considered 
preferable owing to the possibility of stent 
exchange at a later time.   

    Conclusions 

 Among the ERCP-related therapeutic techniques, 
endoscopic biliary stenting plays a major role 
in the management of pancreatic cancer. It has 
been widely performed to control jaundice and 
cholangitis, and it improves the quality of life in 
patients with unresectable pancreatic cancer with 
obstructive jaundice. Whether preoperative bili-
ary drainage is necessary in cases of potentially 
resectable pancreatic cancer remains controver-
sial. However, the recent popularization of neo-
adjuvant chemo- or chemoradiation therapy may 
enhance the role of biliary stenting.     
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            Introduction 

 A linear array echoendoscope enables not only 
the diagnosis of pancreatic masses by fundamen-
tal imaging but also tissue sampling using a fi ne 
needle. In fact,  endoscopic ultrasonography 
(EUS)-guided fi ne-needle aspiration biopsy 
(EUS-FNA)   is currently the most essential 
modality for histocytological diagnosis of pan-
creatic solid masses by carrying out tissue sam-
pling because of its high diagnostic ability (4766 
pooled patients: pooled sensitivity, 87 %; pooled 
specifi city, 96 % [ 1 ]) [ 1 – 5 ]. 

 Among the  pancreatic solid masses  , pancre-
atic cancer is the fourth or fi fth leading causes of 
cancer death in most developed countries [ 6 ], 
with a global annual incidence rate of approxi-
mately 8/100,000 persons [ 7 ]. Pancreatic solid 
masses are usually unresectable at the time of 
diagnosis despite recent progress in imaging 
modalities. The prognosis of advanced and meta-
static pancreatic carcinomas is in fact dismal 
because the 5-year survival rate is less than 6 % 
[ 8 ]. Thus, salvage therapy for unresectable pan-
creatic cancers in combination with or without 
standard chemoradiation therapy has been highly 

anticipated. Recently, EUS-guided advanced 
interventions have emerged based on the EUS- 
FNA technique. This chapter reviews the current 
status of  EUS-guided therapy   for pancreatic solid 
masses, including experimental studies.  

    EUS-Guided Interventions 
for Pancreatic Solid Masses 

 To date, several investigators have reported ani-
mal studies involving normal pancreas and clini-
cal studies involving pancreatic solid masses as 
follows: (1) injection therapy using alcohol, anti-
tumor agents, and immunoreactive agents; (2) 
ablation therapy using radiofrequency, photody-
namic therapy, a neodymium:yttrium aluminum 
garnet (ND:YA) laser therapy, and high-intensity 
focused ultrasound; (3) implantation using 
iodine-125 radioactive seeds, fi ducial markers, 
and marking  ink   (Table  21.1 ).

      Injection Therapy 

 Direct injection of  chemical   and antitumor agents 
into pancreatic masses under EUS guidance may 
be one of the suboptimal therapies for pancreatic 
cancers because of their hypovascular nature 
(Fig.  21.1 ). However,  the   effects of this type of 
therapy  are   limited to pancreatic masses without 
metastatic lesions. On the other hand, immuno-
therapy theoretically may increase therapeutic 
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effi cacy even in metastatic pancreatic cancers 
because of the induction of tumor antigen- 
specifi c cytotoxic T lymphocytes.

      Ethanol 
 The  mechanism    of   ethanol ablation mainly 
involves cell death by causing cell membrane 
lysis,    protein denaturation, and vascular occlu-
sion [ 9 ]. Several investigators have shown that 
ethanol injection can be safely performed in nor-
mal pancreatic tissues in a pig model [ 10 ,  11 ]. To 
date, EUS-guided ethanol injection has been per-
formed in  pancreatic neuroendocrine tumors 
(PNETs)   [ 12 – 17 ]. High concentrations of ethanol 
(95–98 %) were used for tumor ablation. The 
sizes of the targeted PNETs ranged from 7 to 
20 mm. The amount of ethanol injected ranged 
from 0.1 to 8.5 mL. In terms of procedure-related 
complications, abdominal pain, elevation of pan-
creatic enzyme level, and duodenal ulcers were 
observed, but no fatal and serious complications 
were present. 

 Although there is as yet no report on ethanol 
injection in pancreatic cancer, a previous study 
described EUS-guided ethanol injection in a met-
astatic liver mass derived from pancreatic cancer 
[ 18 ]. The study showed that ethanol injection 
decreased the size of the liver mass without caus-
ing signifi cant complications except for a tran-
sient low  fever        .  

    Gemcitabine 
 A short  report    previously   described  the   clinical 
trial of EUS-guided intratumoral gemcitabine 
injection in patients with locally advanced and 
metastatic pancreatic cancers without causing 
any complications [ 19 ]. Six-months survival and 
1-year survival were achieved in 76 % and 46 % 
of the patients, respectively, and curative opera-
tion could be performed in three patients.  

    Paclitaxel (OncoGel) 
  OncoGel    is   an  intralesional   injectable formula-
tion of the chemotherapeutic drug based on pacli-
taxel bound to a thermosensitive gel carrier [ 20 ]. 
Matthes and colleagues [ 20 ] reported that 
OncoGel injection under EUS guidance was 
safely performed without inducing any complica-
tions in normal pancreas in eight pigs, and 
achieved high and sustained localized concentra-
tions of  paclitaxel  .  

   Table 21.1    EUS-guided  Antitumor Therapy     

 Human  Animal 

 Therapy 

 1. Injection therapy 

 (a) Ethanol  Yes 
(P-NET) 

 Yes 

 (b) Gemcitabine  Yes  No 

 (c) Paclitaxel (OncoGel)  No  Yes 

 (d) Oncolytic adenovirus 
(ONYX-015) 

 Yes  No 

 (e) Immunoreactive agents 

 • Cytoimplants  Yes  No 

 • Dendritic cells  Yes  No 

 • TNFerade  Yes  No 

 2. Ablation therapy 

 (a) Radiofrequency ablation  Yes  Yes 

 (b) Photodynamic therapy  No  Yes 

 (c) ND:YAG laser  No  Yes 

 (d) High-intensity focused 
ultrasound 

 No  Yes 

 3. Implantation therapy 

 (a) Fiducial maker  Yes  No 

 (b) Brachytherapy  Yes  No 

 (c) Tattooing  Yes  Yes 

  Fig. 21.1     Schema of   EUS-guided injection therapy in the 
pancreas       
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   Oncolytic Adenovirus (ONYX-015) 
 ONYX-015 (dl1520) is  a   55-kDa  protein   from 
the E1B-region of  the   adenovirus that binds to 
and inactivates the p53 gene, which is mutated in 
half of human cancers. Hecht and colleagues [ 21 ] 
performed a clinical trial in 21 patients with 
locally advanced or metastatic pancreatic can-
cers. In eight sessions, ONYX-015 was delivered 
into the primary pancreatic cancer over a period 
of 8 weeks. The fi nal four treatments were given 
in combination with gemcitabine. Finally, the 
patients received 2 × 10 10  ( n  = 3) or 2 × 10 11  
( n  = 18) virus particles/treatment. After the com-
bination therapy, 2 patients had partial regres-
sions of the injected tumor, 2 had minor responses, 
6 had stable disease, and 11 had progressive 
 disease or had to go off study because of treat-
ment toxicity. No clinical pancreatitis occurred 
despite mild, transient elevations in the lipase 
level in a minority of patients.  

   Immunoreactive Agents 
 Recently,  novel   agents  targeting   tumor-specifi c 
pathways  using   immunotherapy have been 

developed and investigated as single agents or 
adjuncts to conventional chemotherapy. These 
agents have been found to contribute to the 
improvement of prognosis in unresectable pan-
creatic cancers [ 22 ]. 

   Cytoimplants 
 Chang and colleagues [ 23 ] reported  the   clinical 
trial of an EUS-guided  cytoimplant  , which is an 
allogeneic mixed-lymphocyte culture in eight 
patients with an unresectable pancreatic cancer 
(four patients in stage II, three in stage III, and 
one in stage IV). This is discussed in further 
detail elsewhere (Chap.   24    ) in this book.  

   Dendritic Cells 
  Immunotherapy using   dendritic cells (DCs) 
attempts to harness the power and specifi city of 
the individual’s immune system to treat cancers 
(Fig.  21.2a–c ). To date, two clinical studies have 
been reported in terms of EUS-guided DC injec-
tion in patients with unresectable pancreatic can-
cers [ 24 ,  25 ]. This is discussed in further detail 
elsewhere (Chap.   24    ) in this book.

  Fig. 21.2    EUS-guided  dendritic cells injection  . ( a ) Frozen dendritic cells are solved just before injection. ( b ) Solved 
dendritic cells are aspirated using a disposable syringe. ( c ) Injection under EUS guidance using a 22-gauge FNA 
needle           
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Fig. 21.2 (continued)
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      TNFerade 
 TNFerade biologic is  a   novel means of delivering 
 tumor necrosis factor (TNF)   alpha regulated by a 
radiation-inducible promoter to tumor cells by 
gene transfer. Details about this modality are 
included elsewhere (Chap.   24    ) in the book.    

    Ablation Therapy 

 To date, EUS- guided   ablation therapy for unre-
sectable pancreatic solid tumors has been 
attempted by interventional endoscopists. 

   Radiofrequency 
  Radiofrequency   current is  emitted      from the 
exposed portion of the electrode, and this current 
translates into ion agitation within the surround-
ing tissue, which is converted by friction into 
heat and induces cellular death by coagulation 
necrosis [ 26 ].    This is discussed in further detail 
elsewhere (Chap.   24    ) in this  book  .  

   Photodynamic Therapy 
  Photodynamic therapy       is   a treatment involving 
the production of a form of oxygen that kills 
adjacent cells with a specifi c type of light after 
the administration of a photosensitizer. To date, 
this form of therapy has been applicable in sev-
eral types of cancers [ 27 ]. In terms of the applica-
tion of interventional EUS for the pancreas, Chan 
and colleagues [ 28 ] fi rst reported the feasibility 
and safety of EUS-guided photodynamic therapy 
with intravenous low- dose porfi mer sodium 
(Photofi lin) at 1 mg/kg for 24 h before the proce-
dure in normal pancreas as well as in the liver, 
kidney, and spleen in a pig model. Yusuf and col-
leagues also demonstrated the feasibility and 
safety of EUS-guided photodynamic therapy 
with intravenous verteporfi n in normal pancreas 
in a pig model. Localized tissue necrosis within 
the pancreatic tail (range, 6.6–30.5 mm in diam-
eter) was observed in all pigs without any 
 procedure- related complications. To date, how-
ever, there has been no study for  human   pancre-
atic  cancers  .  

   Nd:YAG Laser Therapy 
 Laser ablation with the Nd:YAG  laser      can  achieve   
a high rate of complete tissue necrosis and has 
been applied as a minimally invasive, palliative 
option for the treatment of human cancers [ 29 ]. 
Di Matteo and his colleagues [ 29 ] demonstrated 
the feasibility and safety of Nd:YAG laser ther-
apy under EUS guidance in a pig model. In their 
study, a 1.064-nm wavelength Nd:YAG laser 
therapy was successfully administered with an 
output power of 2 and 3 W and a total delivered 
energy of 500 and 1000 J in the continuous mode 
in all pigs without causing any complications at 
24 h. The volume of ablation tissue ranged from 
a mean of 314–483 mm 3 . The ablation area 
ranged from a mean of 49–80 mm 2 .  

   High-Intensity Focused Ultrasound 
  High-intensity focused ultrasound (HIFU)      is one 
 of   the available minimally invasive salvage treat-
ments for pancreatic cancers. Ultrasound is emit-
ted from a transrectal transducer and is focused so 
that it causes coagulation and necrosis of the tar-
get tissue [ 30 ]. Hwang and colleagues [ 31 ] devel-
oped a newly designed HIFU transducer, which is 
attached to a linear echoendoscope with a spheri-
cally curved PZT element (radius of curvature, 
35 mm; frequency, 3.9 MHz). In their ex vivo 
study, the focal distance was measured as 35 mm 
from the surface of the transducer with focal 
dimensions of 2 mm (diameter) × 10 mm (axial). 
The transducer successfully created lesions in gel 
phantoms and ex vivo bovine livers with a focal 
acoustic intensity of 250 W/cm 2 . On the other 
hand, in vivo studies demonstrated that ablation 
was feasible in the porcine pancreas and liver)         .   

    Implantation Therapy 

  Radiation therapy   with  or   without chemotherapy 
is one of the options for the treatment of unresect-
able locally advanced pancreatic cancers. Recently, 
EUS-guided fi ducial marker implantation for  ste-
reotactic body radiation therapy (SBRT)   and 
radioactive seeds for brachytherapy have  emerged  . 
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   Fiducial Marker Placement 
 The advantages of SBRT in the  treatment   of pan-
creatic  cancer   are attributed to its ability to 
increase the radiation dose delivered to the target 
tumor while decreasing the irradiation of the sur-
rounding normal tissues. This may result in 
improved local treatment and normal tissue pro-
tection. Fiducial markers are radiopaque spheres, 
coils, or seeds that are implanted in or near the 
tumor to demarcate its borders and facilitate 
image-guided radiation therapy. Pishvaian and 
colleagues fi rst reported the EUS-guided fi ducial 
maker implantation for SBRT in pancreatic can-
cers in 2006 [ 32 ]. Since then, several investiga-
tors have demonstrated the feasibility and 
usefulness of SBRT in unresectable pancreatic 
cancers [ 33 – 40 ]. Fiducials are placed using a 
19-gauge or 22-gauge needle, with a technical 
success rate ranging from 85 to 100 % without 
serious complications except for minor bleeding 
and mild pancreatitis and cholangitis. Although 
the interfi ducial distance is often debatable for 
accurate radiotherapy, a recent study has shown 
that an ideal geometry might not be as important 
as previously assumed [ 40 ]; that is, in most 
patients, the interfi ducial distance was less than 
2 cm and image-guided radiation therapy was 
still  possible   [ 41 ]   .  

   Brachytherapy 
  Brachytherapy   provides  a   means to  further   esca-
late the local dose; it has been used in an effort 
to improve long-term results in men with high-
risk disease [ 42 ]. Sun and colleagues fi rst 
reported the clinical trial of brachytherapy in 15 
patients with unresectable pancreatic cancer 
using iodine-125 under EUS guidance in combi-
nation with gemcitabine [ 43 ]. A mean number 
of 22 radioactive seeds per patient were 
implanted into the tumors. The mean total 
implanted activity was 20 mCi. The minimum 
peripheral dose was 14,000 cGy. The mean vol-
ume of the implants was 52 cm 3 . The partial 
response and stable disease rates were 27 % and 
33 %, respectively. Clinical benefi t was demon-
strated in 30 % of the patients, mostly due to 
pain reduction. Local complications such as 

pancreatitis and pseudocyst formation occurred 
in three patients and grade III hematologic tox-
icity occurred in three patients without serious 
clinical sequelae. On the other hand, Jin and 
colleagues described a prospective pilot study 
of EUS-guided implantation of iodine 125-
seeds combined with chemotherapy in 22 
patients with unresectable pancreatic cancer 
[ 44 ]. The median 10 seeds and the maximum 30 
seeds were placed without any complications. 
The partial response rate and the stable disease 
rate were 13.6 % and 45.5 %, respectively. The 
estimated median survival time was 9 months. 
The visual analog scale pain score signifi cantly 
dropped, from 5.07 ± 2.63 to 1.73 ± 1.91 
( p  < 0.01) 1 week after brachytherapy but sig-
nifi cantly increased again, to 3.53 ± 1.51, 1 
month later ( p  < 0.05 vs. baseline). Both studies 
revealed that EUS-guided brachytherapy regard-
less of the combined chemotherapy may be 
effective for pain relief but not survival time. In 
fact, the follow-up outcome of the patients sus-
tained the same  conclusion   [ 45 ]   .  

   Tatooing 
 With small pancreatic masses,    it may be time- 
consuming  or   at times diffi cult for a surgeon to 
detect the lesion perioperatively even when 
using high-resolution intraoperative ultrasound. 
To enhance the ease of perioperative tumor 
detection, the preoperative localization of 
tumors, so- called tatooing using India ink, car-
bon particles, indocyanine green, or methylene 
blue, has been attempted under EUS guidance 
[ 46 – 49 ]. Although the timing of injection is 
debatable and it depends on the type of ink, 
Lennon and colleagues [ 49 ] suggested that if 
carbon particles are available, EUS-guided 
tatooing does not need to be performed immedi-
ately before surgery because the tattoo was vis-
ible on laparoscopy in all 13 patients, and the 
tattoos were durable for up to 69 days despite 
the small lesion size. Larsen and colleagues [ 50 ] 
described an alternative technique to tattooing 
in which they inserted a 5-mm × 0.8-mm pin 
within a pancreatic tumor using a 19-gauge nee-
dle under EUS  guidance     .    
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    Conclusions 

 EUS-guided injection therapy, ablation therapy, 
and implantation therapy have been reported as 
novel and salvage techniques for the treatment of 
pancreatic solid tumors, mainly pancreatic can-
cers. Although their feasibility and safety have 
been demonstrated in many studies and their 
promising outcomes have produced enthusing 
echoendosonographers, there are several limita-
tions in interventional EUS for pancreatic solid 
tumors because previous investigations were 
mostly retrospective and nonrandomized studies 
involving a small number of cases except for 
TNFerade injection. Large prospective and ran-
domized controlled trials are needed to fully inves-
tigate optimal options regarding their effi cacy over 
the standard treatment in pancreatic solid tumors.     

  Acknowledgment   Thanks are due to Dr. Edward Barroga 
for reviewing and editing this chapter.  

   References 

     1.    Puli SR, Bechtold ML, Buxbaum JL, Eloubeidi 
MA. How good is endoscopic ultrasound-guided fi ne- 
needle aspiration in diagnosing the correct etiology 
for a solid pancreatic mass?: A meta-analysis and sys-
tematic review. Pancreas. 2013;42:20–6.  

   2.    Vilmann P, Jacobsen GK, Henriksen FW, Hancke 
S. Endoscopic ultrasonography with guided fi ne nee-
dle aspiration biopsy in pancreatic disease. 
Gastrointest Endosc. 1992;38:172–3.  

   3.    Harewood GC, Wiersema MJ. Endosonography- 
guided fi ne needle aspiration biopsy in the evaluation 
of pancreatic masses. Am J Gastroenterol. 2002;97:
1386–91.  

   4.    Varadarajulu S, Tamhane A, Eloubeidi MA. Yield of 
EUS-guided FNA of pancreatic masses in the pres-
ence or the absence of chronic pancreatitis. 
Gastrointest Endosc. 2005;62:728–36.  

    5.    Itoi T, Tsuchiya T, Itokawa F, et al. Histological diag-
nosis by EUS-guided fi ne-needle aspiration biopsy in 
pancreatic solid masses without on-site cytopatholo-
gist: a single-center experience. Dig Endosc. 2011;23 
Suppl 1:34–8.  

    6.   Ferlay J, Shin HR, Bray F, et al. GLOBOCAN 2008, 
cancer incidence and mortality worldwide: IARC can-
cer base no. 10. Lyon: International Agency for 
Research on Cancer. 2010.   http://www.globocan.iarc.
fr    . Accessed May 2011.  

    7.    Raimondi S, Maisonneuve P, Lowenfels 
AB. Epidemiology of pancreatic cancer: an overview. 
Nat Rev Gastroenterol Hepatol. 2009;6:699–708.  

    8.    Siegel R, Naishadham D, Jemal A. Cancer statistics, 
2013. Cancer J Clin. 2013;63(1):11–30.  

    9.    Gelczer RK, Charboneau JW, Hussain S, Brown 
DL. Complications of percutaneous ethanol ablation. 
J Ultrasound Med. 1998;17:531–3.  

    10.    Aslanian H, Salem RR, Marginean C, Robert M, Lee 
JH, Topazian M. EUS-guided ethanol injection of 
normal porcine pancreas: a pilot study. Gastrointest 
Endosc. 2005;62:723–7.  

    11.    Matthes K, Mino-Kenudson M, Sahani DV, Holalkere 
N, Brugge WR. Concentration-dependent ablation of 
pancreatic tissue by EUS-guided ethanol injection. 
Gastrointest Endosc. 2007;65:272–7.  

    12.    Jürgensen C, Schuppan D, Neser F, Ernstberger J, 
Junghans U, Stölzel U. EUS-guided alcohol ablation of 
an insulinoma. Gastrointest Endosc. 2006;63:1059–62.  

   13.    Muscatiello N, Salcuni A, Macarini L, Cignarelli M, 
Prencipe S, di Maso M, Castriota M, D’Agnessa V, 
Ierardi E. Treatment of a pancreatic endocrine tumor 
by ethanol injection guided by endoscopic ultrasound. 
Endoscopy. 2008;40 Suppl 2:E258–9.  

   14.    Muscatiello N, Nacchiero M, Della Valle N, Di 
Terlizzi F, Verderosa G, Salcuni A, Macarini L, 
Cignarelli M, Castriota M, D’Agnessa V, Ierardi 
E. Treatment of a pancreatic endocrine tumor by etha-
nol injection (PEI) guided by endoscopic ultrasound. 
Endoscopy. 2008;40 Suppl 2:E83.  

   15.    Deprez PH, Claessens A, Borbath I, Gigot JF, Maiter 
D. Successful endoscopic ultrasound-guided ethanol 
ablation of a sporadic insulinoma. Acta Gastroenterol 
Belg. 2008;71:333–7.  

   16.   Vleggaar FP, Bij de Vaate EA, Valk GD, Leguit RJ, 
Siersema PD. Endoscopic ultrasound-guided ethanol 
ablation of a symptomatic sporadic insulinoma. 
Endoscopy. 2011;43(Suppl 2) UCTN: E328–E329.  

    17.    Levy MJ, Thompson GB, Topazian MD, Callstrom 
MR, Grant CS, Vella A. US-guided ethanol ablation 
of insulinomas: a new treatment option. Gastrointest 
Endosc. 2012;75:200–6.  

    18.    Hu YH, Tuo XP, Jin ZD, Liu Y, Guo Y, Luo 
L. Endoscopic ultrasound (EUS)-guided ethanol 
injection in hepatic metastatic carcinoma: a case 
report. Endoscopy. 2010;42 Suppl 2:E256–7.  

    19.    Levy MJ, Alberts SR, Chari ST, et al. EUS guided 
intra-tumoral gemcitabine therapy for locally 
advanced and metastatic pancreatic cancer. 
Gastrointest Endosc. 2011;73:AB144–5.  

     20.    Matthes K, Mino-Kenudson M, Sahani DV, et al. 
EUS-guided injection of paclitaxel (OncoGel) pro-
vides therapeutic drug concentrations in the porcine 
pancreas (with video). Gastrointest Endosc. 2007;65:
448–53.  

    21.    Hecht JR, Bedford R, Abbruzzese JL, et al. A phase I/
II trial of intratumoral endoscopic ultrasound injec-
tion of ONYX-015 with intravenous gemcitabine in 

21 Endoscopic Therapy: EUS-Based Therapy

http://www.globocan.iarc.fr/
http://www.globocan.iarc.fr/


286

unresectable pancreatic carcinoma. Clin Cancer Res. 
2003;9:555–61.  

    22.    Brennan GT, Relias V, Saif MW. Novel agents for the 
treatment of pancreatic cancer. J Pancreas. 2014;15:
110–3.  

    23.    Chang KJ, Nguyen PT, Thompson JA, et al. Phase I 
clinical trial of allogeneic mixed lymphocyte culture 
(cytoimplant) delivered by endoscopic ultrasound- 
guided fi ne-needle injection in patients with advanced 
pancreatic carcinoma. Cancer. 2000;88:1325–35.  

    24.    Irisawa A, Takagi T, Kanazawa M, et al. Endoscopic 
ultrasound- guided fi ne-needle injection of immature 
dendritic cells into advanced pancreatic cancer refrac-
tory to gemcitabine: a pilot study. Pancreas. 
2007;35:189–90.  

    25.    Hirooka Y, Itoh A, Kawashima H, et al. A combina-
tion therapy of gemcitabine with immunotherapy for 
patients with inoperable locally advanced pancreatic 
cancer. Pancreas. 2009;38:e69–74.  

    26.    Cosman ER, Nashold BS, Ovelman-Levitt 
J. Theoretical aspects of radiofrequency lesions in the 
dorsal root entry zone. Neurosurgery. 
1984;15:945–50.  

    27.    Dolmans DE, Fukumura D, Jain RK. Photodynamic 
therapy for cancer. Nat Rev Cancer. 2003;3(5):
380–7.  

    28.    Chan HH, Nishioka NS, Mino M, et al. EUS-guided 
photodynamic therapy of the pancreas: a pilot study. 
Gastrointest Endosc. 2004;59:95–9.  

     29.    Di Matteo F, Martino M, Rea R, et al. EUS-guided 
Nd:YAG laser ablation of normal pancreatic tissue: a 
pilot study in a pig model. Gastrointest Endosc. 
2010;72:358–63.  

    30.    Rukstalis DB. Treatment options after failure of radia-
tion therapy: a review. Rev Urol. 2002;4 Suppl 
2:S12–7.  

    31.    Hwang J, Farr N, Morrison K, et al. Development of 
an EUS-guided high-intensity focused ultrasound 
endoscope. Gastrointest Endosc. 2011;73:AB155.  

    32.    Pishvaian AC, Collins B, Gagnon G, Ahlawat S, 
Haddad NG. EUS-guided fi ducial placement for 
CyberKnife radiotherapy of mediastinal and abdomi-
nal malignancies. Gastrointest Endosc. 
2006;64:412–7.  

    33.    Varadarajulu S, Trevino JM, Shen S, Jacob R. The use 
of endoscopic ultrasound-guided gold markers in 
image-guided radiation therapy of pancreatic cancers: 
a case series. Endoscopy. 2010;42:423–5.  

   34.    Park WG, Yan BM, Schellenberg D, et al. EUS- 
guided gold fi ducial insertion for image-guided radia-
tion therapy of pancreatic cancer: 50 successful cases 
without fl uoroscopy. Gastrointest Endosc. 
2010;71:513–8.  

   35.    DiMaio CJ, Nagula S, Goodman KA, et al. EUS- 
guided fi ducial placement for image-guided radiation 
therapy in GI malignancies by using a 22-gauge nee-
dle (with videos). Gastrointest Endosc. 2010;71:
1204–10.  

   36.    Sanders MK, Moser AJ, Khalid A, et al. EUS-guided 
fi ducial placement for stereotactic body radiotherapy 
in locally advanced and recurrent pancreatic cancer. 
Gastrointest Endosc. 2010;71:1178–84.  

   37.    Ammar T, Coté GA, Creach KM, et al. Fiducial place-
ment for stereotactic radiation by using EUS: feasibil-
ity when using a marker compatible with a standard 
22-gauge needle. Gastrointest Endosc. 
2010;71:630–3.  

   38.    Khashab MA, Kim KJ, Tryggestad EJ, et al. 
Comparative analysis of traditional and coiled fi du-
cials implanted during EUS for pancreatic cancer 
patients receiving stereotactic body radiation therapy. 
Gastrointest Endosc. 2012;76:962–71.  

   39.    Choi JH, Seo DW, Park DH, Lee SK, Kim 
MH. Fiducial placement for stereotactic body radia-
tion therapy under only endoscopic ultrasonography 
guidance in pancreatic and hepatic malignancy: prac-
tical feasibility and safety. Gut Liver. 2014;8:88–93.  

     40.    Dávila Fajardo R, Lekkerkerker SJ, van der Horst A, 
Lens E, Bergman JJ, Fockens P, Bel A, van Hooft 
JE. EUS-guided fi ducial markers placement with a 
22-gauge needle for image-guided radiation therapy 
in pancreatic cancer. Gastrointest Endosc. 
2014;79:851. doi:  10.1016/j.gie.2013.12.027    . pii: 
S0016-5107(13)02710-7.  

    41.    Majumder S, Berzin TM, Mahadevan A, et al. 
Endoscopic ultrasound guided pancreatic fi ducial 
placement: how important is ideal fi ducial geometry? 
Pancreas. 2013;42:692–5.  

    42.    Taira AV, Merrick GS, Butler WM, Galbreath RW, 
Lief J, Adamovich E, Wallner KE. Long-term out-
come for clinically localized prostate cancer treated 
with permanent interstitial brachytherapy. Int J Radiat 
Oncol Biol Phys. 2011;79:1336–42.  

    43.    Sun S, Xu H, Xin J, et al. Endoscopic ultrasound- 
guided interstitial brachytherapy of unresectable pan-
creatic cancer: results of a pilot trial. Endoscopy. 
2006;38:399–403.  

    44.    Jin Z, Du Y, Li Z, et al. Endoscopic ultrasonography- 
guided interstitial implantation of iodine 125-seeds 
combined with chemotherapy in the treatment of 
unresectable pancreatic carcinoma: a prospective 
pilot study. Endoscopy. 2008;40:314–20.  

    45.    Du Y, Jin Z, Meng H, Zou D, Chen J, Liu Y, Zhan X, 
Wang D, Liao Z, Li Z. Long-term effect of 
gemcitabine- combined endoscopic ultrasonography- 
guided brachytherapy in pancreatic cancer. J Interv 
Gastroenterol. 2013;3:18–24.  

    46.    Gress FG, Barawi M, Kim D, Grendell 
JH. Preoperative localization of a neuroendocrine 
tumor of the pancreas with EUS-guided fi ne needle 
tattooing. Gastrointest Endosc. 2002;55(4):594–7.  

   47.    Ashida R, Yamao K, Okubo K, Sawaki A, Mizuno N, 
Nakamura T, Tajika M, Kawai H, Shimizu 
Y. Indocyanine green is an ideal dye for endoscopic 
ultrasound-guided fi ne-needle tattooing of pancreatic 
tumors. Endoscopy. 2006;38(2):190–2.  

T. Itoi

http://dx.doi.org/10.1016/j.gie.2013.12.027


287

   48.    Farrell JJ, Sherrod A, Parekh D. EUS-guided fi ne- 
needle tattooing for preoperative localization of early 
pancreatic adenocarcinoma. Gastrointest Endosc. 
2009;69(1):176–7.  

     49.    Lennon AM, Newman N, Makary MA, Edil BH, Shin 
EJ, Khashab MA, Hruban RH, Wolfgang CL, Schulick 

RD, Giday S, Canto MI. EUS-guided tattooing before 
laparoscopic distal pancreatic resection (with video). 
Gastrointest Endosc. 2010;72(5):1089–94.  

    50.    Larsen MH, Fristrup CW, Mortensen MB. Endoscopic 
ultrasound-guided fi ne-needle marking of a small pan-
creatic tumor. Endoscopy. 2009;41 Suppl 2:E175–6.      

21 Endoscopic Therapy: EUS-Based Therapy



289© Springer International Publishing Switzerland 2016 
M.S. Wagh, P.V. Draganov (eds.), Pancreatic Masses, DOI 10.1007/978-3-319-19677-0_22

      Endoscopic Therapy of Gastric 
Outlet Obstruction       

     Emmanuel     C.     Gorospe     ,     Barham     Abu-Dayyeh      , 
and     Louis     M.     Wong Kee Song      

          E.  C.   Gorospe ,  M.D., M.P.H., F.A.C.P.    
   B.   Abu- Dayyeh  ,  M.D., M.P.H.    
   L.  M.   Wong Kee Song ,  M.D., F.R.C.P.C., F.A.S.G.E.      (*)
  Division of Gastroenterology and Hepatology, 
Department of Medicine ,  Mayo Clinic College 
of Medicine ,   200 First Street SW ,  Rochester , 
 MN   55905 ,  USA   
 e-mail: wong.louis@mayo.edu  

 22

            Introduction 

 Upper gastrointestinal malignancy has sup-
planted peptic stricture as the most common 
cause of  gastric outlet obstruction (GOO)   in the 
era of effective medical therapy for acid suppres-
sion and  H. pylori  infection [ 1 ]. Presently, 80 % 
of cases of GOO are due to advanced upper gas-
trointestinal cancers [ 2 ]. Malignant GOO usually 
occurs late in the course of the disease as a result 
of mechanical obstruction of the gastric      outlet 
and is thus a sign of locally advanced and often 
unresectable malignancy [ 3 ]. Patients with pan-
creatic cancer, especially when located in the 
pancreatic head, may develop biliary obstruction, 
duodenal obstruction, or both. Approximately 
15–25 % of patients with  pancreatic cancer   will 
develop GOO in the course of their disease [ 4 ,  5 ]. 

 Previously,    palliative surgical bypass in the 
form of a gastrojejunostomy was the main treat-
ment modality. However, surgical intervention 
carries signifi cant morbidity, complicated by the 
patient’s advanced malignancy and poor quality 
of life. The advent of self-expandable metal 

stents (SEMSs) offered a minimally invasive 
alternative at restoring the patient’s ability to tol-
erate oral intake and relieving obstructive symp-
toms. Truong et al. were the fi rst to report on the 
endoscopic placement of SEMSs for malignant 
GOO in 1992 [ 6 ]. Since then, endoscopic stent 
placement has become a major strategy for palli-
ation of GOO in the setting of advanced pancre-
atic cancer [ 7 ]. Several studies have demonstrated 
that SEMS placement is associated with faster 
resumption of oral intake, shorter postprocedural 
hospital stay, lesser morbidity, and lower costs 
when compared to gastrojejunostomy [ 8 – 10 ]. 

 Herein, the  evaluation and management of 
GOO   due to pancreatic malignancy are high-
lighted, with emphasis on duodenal SEMS place-
ment for palliation of GOO. The concomitant 
management of biliary obstruction via endo-
scopic retrograde cholangiopancreatography 
(ERCP) is addressed in a separate chapter (see 
Chap .   20    ).   

    Combined Duodenal and Biliary 
Obstruction in Pancreatic Cancer 

  Combined duodenal and biliary obstruction   is 
often a complication of pancreatic cancer. In a 
series of 64 patients with combined obstruction, 
84 % of cases had primary pancreaticobiliary 
malignancy [ 11 ]. To a lesser extent, other gastro-
intestinal malignancies, such as ampullary can-
cer, distal cholangiocarcinoma, primary duodenal 
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cancer, and metastatic disease in the pancreatic 
head, may result in combined duodenal and bili-
ary obstruction. The concurrent luminal and bili-
ary obstruction can present a challenge in the 
palliation of malignant GOO. 

 Early recognition of impending biliary and/or 
duodenal obstruction in cases of pancreatic 
malignancy is essential in planning for SEMS 
placement. Often, the development of concomi-
tant duodenal and biliary obstruction predicts 
poor overall survival, and the median survival 
time was only 81 days in a series of 64 patients 
with combined obstruction [ 11 ]. Based on the 
relationship of the duodenal obstruction with the 
major papilla, combined duodenal and biliary 
obstruction can be classifi ed into three types [ 11 ]. 
Type I involves obstruction in the duodenal bulb 
without involvement of the major papilla. Type II 
involves concurrent obstruction of the second 
duodenum and major papilla. Type III encom-
passes an obstruction in the third portion of the 
duodenum distal to the papilla. The recom-
mended management strategy varies according to 
the different types of anatomic involvement caus-
ing  GOO  . 

    Proximal Duodenal Obstruction 
Without Major Papilla Involvement 

 With  regard   to Type I obstruction, the approach 
and sequence to duodenal and biliary stent place-
ment depend on whether the obstruction is tra-
versable by the endoscope. The technical details 
regarding biliary stent placement are discussed in 
a separate chapter. 

 As a general rule, placement of the biliary 
stent is recommended as the fi rst step, followed 
by duodenal stent placement if the duodenoscope 
can be advanced beyond the duodenal obstruc-
tion to the major papilla [ 12 ,  13 ]. Endoscope 
advancement beyond the duodenal stenosis may 
require initial balloon dilation of the narrowed 
lumen. If the duodenoscope still cannot traverse 
the obstruction after dilation, a duodenal stent 
can be deployed as the initial step, with the distal 
fl ange of the stent preferably positioned proximal 

to the major papilla. The duodenal stent will then 
serve as a conduit and access to the major papilla 
for biliary stent placement. 

 In some cases, advancement of a duodeno-
scope beyond the stented stricture may not be 
feasible despite successful deployment of the 
duodenal stent. A wait period of 2–3 days may 
allow for full expansion of the stent, thus facili-
tating subsequent passage of the duodenoscope. 
Another approach involves immediate balloon 
dilation of the duodenal stent [ 12 ], although 
this method should be performed with caution 
due to the risk of perforation [ 11 ,  14 ]. If both 
approaches are unsuccessful and biliary drainage 
is required, endoscopic ultrasound (EUS)- guided 
  hepaticogastrostomy or percutaneous access of 
the biliary system are both acceptable alterna-
tives (Fig.  22.1 )   .

       Obstruction at the Second 
Duodenum with Major Papilla 
Involvement 

 Type II  obstruction   is the most challenging sce-
nario. It involves simultaneous involvement of 
the second portion of the duodenum and the 
major papilla. In addition, a large tumor mass 
may preclude visualization or successful cannu-
lation of the major papilla. Deployment of a bili-
ary SEMS is fi rst attempted whenever feasible 
[ 13 ]. Plastic biliary stents are not recommended 
as they are likely to become occluded in a short 
time interval and are diffi cult to replace once a 
duodenal SEMS has been deployed across the 
ampulla. After successful biliary stent placement, 
a duodenal SEMS is deployed across the luminal 
stricture (Figs.  22.2 ,  22.3 , and  22.4 ).

     In locally advanced disease, the major papilla 
may become deeply imbedded in the obstruct-
ing tumor without any viable access for cannu-
lation via ERCP. If biliary access fails, potential 
options include either placement of a percutane-
ous biliary drain  or   EUS-guided biliary drainage 
via a hepaticogastrostomy or choledochoduo-
denostomy approach. With the recent approval 
of a short, fully covered lumen-apposing stent 
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  Fig. 22.1    EUS-guided 
biliary access via a 
transhepatic 
(hepaticogastrostomy) 
 approach  . A guidewire 
was passed via a 
EUS-guided needle 
through the gastric wall 
into a dilated left 
intrahepatic duct and 
maneuvered distally to 
coil in the duodenum 
through the major 
papilla       

  Fig. 22.2    ERCP and 
biliary SEMS placement. 
( a ) Cholangiogram; 
( b ) endoscopic view 
with deployed SEMS       
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(AXIOS, Xlumena, Mountain View, CA), a cho-
ledochoduodenostomy approach is preferable to 
minimize the risk of bile peritonitis (Fig.  22.5 ). 

Percutaneous biliary access is an acceptable and 
often more readily accessible option when thera-
peutic EUS expertise is not available [ 15 ]   .

  Fig. 22.3    Duodenal 
SEMS placement. 
( a ) Fluoroscopic view 
showing relationship of 
the duodenal SEMS to 
the biliary SEMS 
( arrow ); ( b ) endoscopic 
view showing passage 
of the duodenal SEMS 
delivery catheter 
through the luminal 
obstruction       

  Fig. 22.4    Successful 
deployment of duodenal 
SEMS. ( a ) Biliary SEMS; 
( b ) duodenal SEMS; ( c ) 
endoscopic view showing 
deployed duodenal SEMS 
through the luminal 
obstruction       
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       Distal Duodenal Obstruction Without 
Major Papilla Involvement 

 Type III  obstruction   is the least common scenario 
of combined duodenal and biliary obstruction. It 
is also the least technically demanding for stent 
placement since the duodenal obstruction is in 
the third portion of the duodenum, distal to the 
major papilla. The sequence of duodenal and bili-
ary stent placement is not critical in this setting. 
Placement of the duodenal stent is likely to be 
straightforward since obstruction is in the distal 
duodenum in a fairly straight path and more read-
ily accessible. In rare instances where the proxi-

mal end of the duodenal stricture approaches the 
major papilla, it is advised to place the biliary 
stent fi rst to prevent the major papilla from being 
shrouded by a proximally positioned duodenal 
stent [ 12 ].   

    Self-Expandable Metal Stents 

    Equipment 

 Table  22.1   lists   commercially available enteral 
 stents   in the United States, which can be used 
for the management of GOO from duodenal 

  Fig. 22.5    EUS- guided   biliary access via an extrahepatic 
(choledochoduodenostomy) approach. ( a ) Dilated bile 
duct identifi ed by EUS from the duodenum above the dis-
tal biliary obstruction; ( b ) guidewire was passed via an 
EUS-guided needle through the duodenal bulb into the 

dilated common bile duct and left hepatic duct; ( c ) place-
ment of a fully covered lumen-apposing stent to create 
the choledochoduodenostomy; ( d ) contrast injection 
showing excellent drainage through the 
choledochoduodenostomy       
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obstruction. Specifi c stents and additional equip-
ment required for the treatment of biliary obstruc-
tion are discussed in a separate chapter (see 
 Chap.   20     ). At present, duodenal SEMSs are 
deployed using a through-the-scope, over-the-
wire technique. Most stents that are utilized for 
palliation of duodenal obstruction are uncovered, 
composed of nitinol, and come with a 10 F intro-
ducer system. Therapeutic channel upper endo-
scopes and duodenoscopes are suitable for the 
deployment of these SEMSs. In most cases, the 
use of a duodenoscope enables both biliary and 
duodenal stent placement without the need to 
change endoscopes. On occasion, a forward-
viewing therapeutic channel endoscope may 
facilitate luminal stent placement, particularly 
across the duodenal bulb and apex, where stent-
ing through a side- viewing endoscope may be 
technically more challenging.

   Endoscopic placement of SEMSs for malig-
nant GOO requires fl uoroscopic assistance, and 
the endoscopy suite should be equipped ade-
quately with biliary and duodenal stents. Several 
items, including water-soluble radiographic con-
trast, biliary balloon catheters, and hydrophilic 
guidewires, should be readied prior to starting the 
procedure.  

    Preprocedure Evaluation 
and Preparation 

 Prior  abdominal   CT with  oral   and intravenous 
contrast provides essential information in planning 
for SEMS deployment. The fi nding of a transition 
point enables anatomic localization prior to endos-
copy, although this may not be evident initially. 
Other fi ndings, such as the presence of multifocal 
obstruction, necrotic tumor, and free air, will dic-
tate the suitability of SEMSs in these settings. 

 Preprocedural preparation on part of the 
patient requires fasting and, in some circum-
stances, prolonged  nil per os  to reduce the risk of 
aspiration. In our practice, we do not routinely 
perform gastric evacuation of food residue via a 
nasogastric tube prior to endoscopy. Gastric 
evacuation, however, may be required in cases 
where a completely obstructed gastric outlet with 
a large amount of retained material precludes 
adequate endoscopic visualization. More impor-
tantly, general anesthesia with endotracheal intu-
bation for airway protection is highly 
recommended when performing SEMS place-
ment for malignant GOO. 

 Contraindications to enteral SEMS placement 
for GOO are few and include (1) uncorrected 

   Table 22.1    Selected enteral self-expandable metal  stents   a    

 Name  Company  Material  Covering 
 Stent length 
(cm) 

 Body 
diameter 
(mm) 

 Flared end 
diameter 
(mm) 

 Delivery 
system 
diameter (Fr) 

 Bonastent  EndoChoice  Nitinol  Covered  3-5-7  20  n/a  10 

 Bonastent  EndoChoice  Nitinol  Uncovered  6-8-10  20  n/a  10 

 Evolution  Cook Medical  Nitinol  Uncovered  6-9-12  22  27  10 

 Hanarostent 
(NCN) 

 M.I.Tech  Nitinol  Partially 
covered 

 6-8-11- 14-17  18  20  10.2 

 Hanarostent 
(NNN) 

 M.I.Tech  Nitinol  Uncovered  6-8-11- 14-17  18  20  10.2 

 Niti-S  Taewoong 
Medical 

 Nitinol  Uncovered  6-8-10- 12-
14- 15  

 18- 
20-22-24 

 n/a  10.5 

 Wallfl ex  Boston 
Scientifi c 

 Nitinol  Uncovered  6-9-12  22  27  10 

   a  Source:  From DiMaio CJ. Chapter 9: Gastroduodenal stents. In: Adler DG, ed. Self-expanding stents in gastrointestinal 
endoscopy. SLACK incorporated, 2012.  

E.C. Gorospe et al.

http://dx.doi.org/10.1007/978-3-319-19677-0_20


295

coagulopathy, (2) multiple intrinsic and extrinsic 
stenoses not amenable to luminal stenting, such 
as in the case of peritoneal carcinomatosis, (3) 
inability to advance a guidewire across the stric-
ture, (4) bowel ischemia, and (5) sepsis [ 16 ]      .  

    Duodenal Stent Deployment 

 As previously mentioned,    the sequence  of   duo-
denal and biliary stent placement depends on the 
type of obstruction encountered. This section 
will focus on the technical aspects of duodenal 
SEMS placement for GOO due to pancreatic 
malignancy. 

 The initial assessment consists of determin-
ing the length of the duodenal stricture. This is 
 readily accomplished if the endoscope can tra-
verse the obstruction. In the situation where the 
endoscope cannot pass through a partially 
obstructing lesion, fl uoroscopic contrast injec-
tion aids in estimating the length of the stricture. 
For a very tight, complex stricture with near-
complete obstruction and limited contrast delin-
eation, successful cannulation of the stricture 
can usually be achieved using a biliary balloon-
occluding catheter loaded onto a fl exible hydro-
philic guidewire (e.g., Glidewire, Boston 
Scientifi c Inc., Marlborough, MA). With the 
biliary occlusion balloon apposed against the 
orifi ce of the stricture, the guidewire is manipu-
lated and negotiated past the luminal obstruc-
tion under fl uoroscopic view, followed by 
advancement of the balloon- occluding catheter 
well beyond the stricture. Once past the stric-
ture, the fl exible guidewire can be exchanged 
for a stiffer 0.035-in. guidewire (e.g., Jagwire, 
Boston Scientifi c Inc., Marlborough, MA) that 
will serve as a rail for passage of the stent’s 
delivery system. Under fl uoroscopic imaging, 
contrast can be injected through the balloon-
infl ated catheter, which is slowly retracted until 
resistance is encountered, thus marking the dis-
tal extent of the stricture and providing a fl uoro-
scopic estimate of the length of the stricture. 
Further contrast injection may also allow ade-
quate imaging to rule out additional distal stric-
tures prior to stent deployment. 

 Following assessment of the proximal and 
distal margins of the stricture, the appropriate 
stent size and length can be selected. The stent 
chosen should be of suffi cient length to extend at 
least 2 cm beyond the stricture at both ends. 
Occasionally, internal (e.g., endoscopic clips and 
submucosal contrast injection) and external (e.g., 
paper clips and coins) fl uoroscopic markers can 
be used to delineate both the proximal and distal 
margins of the stricture. With experience, how-
ever, the combined endoscopic and fl uoroscopic 
visualization is more than adequate in accom-
plishing satisfactory stent positioning and 
deployment. Since duodenal SEMS are deployed 
via a distal-release mechanism, fl uoroscopic 
guidance is required to ensure that the distal end 
of the stent is optimally positioned. Under con-
tinuous endoscopic and fl uoroscopic monitoring, 
backward tension on the stent introducer during 
SEMS deployment will minimize the risk of dis-
tal migration and malposition of the stent. The 
delivery systems of most enteral stents enable a 
partially deployed stent to be recaptured if its ini-
tial location is not satisfactory. 

 For strictures in the proximal portion of the 
duodenal sweep, we recommend that the proxi-
mal fl are of the stent be deployed in the prepylo-
ric stomach to prevent abutment of the fl are 
against the wall of the duodenal bulb, which may 
result in partial obstruction and/or fl ange-induced 
pressure ulceration into tissue. A liquid diet may 
be initiated as soon as 24 h post–stent placement, 
with gradual advancement to a low-residue diet 
as  tolerated     .  

    Clinical Outcomes 

  Procedural    success   pertains to the technical suc-
cess in placing the SEMS, whereas clinical suc-
cess is defi ned as symptomatic improvement and 
resumption of oral intake. Adler and Baron pro-
posed a simplifi ed scoring system (Table  22.2 ) to 
facilitate standardized reporting of clinical 
improvement in patients with GOO [ 3 ].

   Although there is substantial literature on 
SEMS placement for GOO, most studies are ret-
rospective in nature. These reports also included 
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patients with GOO associated with various 
malignant diseases as well as heterogeneity 
regarding the type and size of SEMSs utilized 
and the experience of the endoscopist. 

 Procedural success regarding SEMS deploy-
ment ranges from 91 to 100 % [ 3 ,  9 ,  17 – 21 ]. In a 
systematic review encompassing 1046 patients, 
the technical success for stent placement in GOO 
was approximately 96 % [ 22 ]. Technical failures 
included inability to deploy the stent, immediate 
stent dislocation, and perforation. 

 In a meta-analysis of 32 studies, the pooled 
clinical success rate was 89 % [ 23 ]. All patients 
reported resumption of oral intake after SEMS 
placement, with the majority (87 %) being able to 
advance to a score of 2–3 on the Adler and Baron 
GOO scoring  system     .  

    Stent Patency 

 Due to  the   short survival associated  with   pancre-
atic cancer–related GOO, most SEMSs placed 
for palliative therapy remain patent until the 
time of death. The median stent patency ranges 
from 146–385 days [ 3 ,  11 ,  20 ,  24 – 26 ]. The rate 
of patency does not appear to differ among the 
various stents utilized. Similar to other lumi-
nal stents, food impaction, stent migration, and 
tumor ingrowth or overgrowth are the main 
causes of stent occlusion. Although chemo-
therapy may potentially deter tumor ingrowth or 
overgrowth, an improvement in SEMS patency 
was not demonstrated in a retrospective analy-
sis of patients with malignant GOO from pan-
creatic cancer. In the 49 patients who initially 
achieved resolution of GOO with SEMSs, the 
stents remained patent in 84 %, 54 %, and 41 % 
of patients at 2, 3, and 6 months, respectively 
[ 27 ]. From a dietary standpoint, it is important 

to avoid high-residue food items to prevent stent 
occlusion from food  debris     .   

    Adverse Events 

 The adverse events related  to   SEMS deployment 
in malignant GOO can be immediate or delayed. 
Immediate adverse events include abdominal 
pain, perforation, stent malposition, bleeding, 
and aspiration. Delayed adverse events include 
perforation, stent migration, and occlusion. The 
overall reported rates of adverse events range 
from 11–43 % [ 24 ,  28 ]. 

  Abdominal pain may be a   prominent feature 
during the fi rst few days postdeployment as the 
stent expands further [ 29 ]. It usually resolves and 
can be treated effectively with analgesics [ 30 –
 32 ]. A more serious adverse event is perforation, 
which can be life-threatening. The risk for bowel 
perforation is often due to the erosion and pres-
sure necrosis of the metallic fl are of the stent 
through tissue. The reported risk is approxi-
mately 1 % [ 23 ,  26 ]. Perforation often  requires 
  surgical repair, which carries high morbidity in a 
generally poor surgical candidate. In a multi-
center study on the palliation of malignant GOO, 
the risk of perforation increased with the admin-
istration of chemotherapy following SEMS 
placement. Another potentially serious adverse 
event is hemorrhage from the trauma sustained 
during SEMS deployment. This occurs in less 
than 1 % of reported cases [ 5 ,  23 ]. 

 Stent migration is less  likely   to occur with 
uncovered SEMSs, which are generally used for 
palliation of GOO. In a randomized trial compar-
ing uncovered vs. covered SEMSs for the man-
agement of GOO, stent migration occurred in 
26 % of patients with covered SEMSs as opposed 
to 3 % in the uncovered group [ 33 ]. The adminis-
tration of chemotherapy and radiation therapy 
after SEMS deployment also seems to be a risk 
factor for stent migration [ 26 ]. 

 Stent occlusion is the  most   common delayed 
adverse event [ 34 ]. This can be caused by impac-
tion of food residue, compression of the stent by 
expanding tumor, and tissue ingrowth or over-
growth. Stent obstruction from food material can 

   Table 22.2    Adler & Baron gastric outlet  obstruction   
scoring system [ 3 ]   

 Oral intake  Score 

 None  0 

 Liquids only  1 

 Soft diet  2 

 Low residue to full diet  3 
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be managed with endoscopic disimpaction 
[ 26 ,  35 ]. In such cases, it is important to reiterate 
to the patient the need to maintain a low-residue 
diet to prevent future episodes of stent-related 
food impaction. Obstruction from tumor ingrowth 
or overgrowth can usually be managed by deploy-
ing a new stent through the indwelling occluded 
stent [ 23 ,  34 ].  

    Comparison with Surgery 

 With increasing experience in  the    use   of SEMS, 
palliative stent placement has superseded surgi-
cal bypass with regard to the management of 
malignant GOO. However, the success of endo-
scopic stenting is largely dependent on available 
local expertise. In the hands of experienced 
endoscopists, stent placement for malignant 
GOO, even with concomitant biliary obstruction, 
is highly successful, with a low rate of adverse 
events. Based on published data, there is consen-
sus that SEMS placement is more advantageous 
than palliative surgical bypass in patients with 
short life expectancies (<2–3 months). For 
patients who are expected to survive beyond sev-
eral months and who are good surgical candi-
dates, surgical palliation with gastrojejunostomy 
is favored by some [ 7 ]. In a prospective random-
ized trial, palliative gastrojejunostomy showed 
better long-term outcomes than SEMS placement 
in terms of recurrent symptoms and reinterven-
tions [ 8 ]. A retrospective study by No et al. 
reported a median survival of 293 days in patients 
who underwent gastrojejunostomy as opposed to 
189 days in the stent placement group ( p  = 0.003). 
The median patency duration was shorter for 
stent placement than for gastrojejunostomy (125 
vs. 282 days,  p  = 0.001) [ 36 ]. However, this study 
was conducted in patients with unresectable gas-
tric cancer, which may differ in its disease course 
compared with pancreatic cancer. 

 In our practice, SEMS placement is the fi rst- 
line treatment for unresectable malignant GOO. 
SEMS placement offers a less invasive strategy, 
especially in nutritionally debilitated patients 
with advanced disease. If stent patency becomes 
an issue, repeat stent placement (stent-in- stent) is 

a viable option and offers the opportunity to 
relieve the obstruction in the few patients who 
are still alive due to a  protracted   course of their 
advanced pancreatic  malignancy  .  

    Conclusion 

 The minimally invasive approach of SEMS 
placement has become the primary treatment 
modality for the palliation of symptomatic GOO 
in the setting of advanced pancreatic malignancy. 
Several trials have demonstrated favorable out-
comes relative to surgical gastrojejunostomy or 
palliative placement of venting tubes. The big-
gest technical challenge in the placement of 
SEMS for pancreatic mass-associated GOO is 
the presence of concurrent duodenal and biliary 
obstruction. The technical success for endoscopic 
SEMS placement to relieve malignant GOO is 
high, with relatively few adverse events. 
Duodenal SEMS placement is of benefi t in 
patients with unresectable disease, limited life 
expectancy, and absence of multifocal small 
bowel obstructions distally.     
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            Introduction 

 Pancreatic cystic lesions (PCLs) have been 
increasingly diagnosed due to the more wide-
spread use of crossing-sectional imaging [ 1 ]. In 
recent studies from referral centers in the United 
States and Europe, the prevalence of incidental 
PCLs in patients undergoing cross-sectional 
abdominal imaging for nonpancreatic indications 
ranges from 2.4 to 13.5 % [ 2 – 4 ]. While many 
PCLs are discovered as incidental lesions, PCLs 
have attracted clinical attention because a sub-
group may progress and undergo malignant 
transformation. 

 The management of PCLs continues to evolve 
as more data on the natural history of PCLs 
become available. In particular, there has been 
growing evidence that certain cystic neoplasms 
with lower malignant potential, such as  branch- 
duct intraductal papillary mucinous neoplasms 

(BD-IPMNs)   without high-risk stigmata or wor-
risome features, may be managed conservatively 
[ 5 ]. The decision making on the management of 
various PCLs can be challenging because their 
behaviors may range from completely benign to 
overtly malignant. This chapter aims to review 
the key issues in the management of PCLs.  

    Classifi cation of Pancreatic 
Cystic Lesions 

 PCLs can be divided into two main  categories  : 
nonneoplastic cystic lesions and cystic neo-
plasms. A list of commonly encountered PCLs is 
included in Table  23.1 . Because the morphologi-
cal and imaging features of various PCLs were 
already discussed in another chapter of this book 
(see Chap. xx), the following discussions will be 
focused on the epidemiology, natural history, 
evaluation, and management of PCLs.

       Evaluation of Cystic Lesions 
of the Pancreas 

 In the  management of PCLs,   the following ques-
tions often concern clinicians the most:
    1.    The nature of the cystic lesion: serous lesions 

vs. mucinous lesions vs. cystic degeneration 
of other solid lesions   

   2.    Whether the cystic lesion contains a 
malignancy   
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   3.    The risk of malignant transformation if no 
overt malignancy is detected   

   4.    Whether the cystic lesion should be resected 
or can be managed conservatively    

     Symptoms Related to the Cystic Lesion 

 In the  initial   evaluation of a PCL, the clinician 
should identify whether there are cyst-related 
symptoms (e.g., history of pancreatitis, abdomi-
nal pain, jaundice, weight loss, etc.). Incidentally 
found PCLs on imaging performed for nonpan-
creatobiliary indications are not uncommon 
[ 2 – 4 ]. In a young patient with a symptomatic 
cystic neoplasm, resection of the lesion is often 
preferred. On the other hand, if an elderly patient 
with multiple comorbidities is found to have an 
incidental PCL, conservative management of such 
an asymptomatic lesion would be a better option.  

    Cross-Sectional Imaging 

 In the  evaluation of PCL,   cross-sectional imaging 
is often the initial diagnostic modality. This is 
discussed in detail elsewhere in this book.  

    Endoscopic Ultrasound (EUS) 

 With its high- resolution   imaging and the capabil-
ity to perform real-time ultrasound-guided fi ne- 
needle aspiration (FNA) sampling for cyst fl uid 
analysis and cytology, endoscopic ultrasound 
(EUS) is a valuable tool in evaluating PCLs. EUS 
imaging alone may be inadequate in predicting 
the histopathologic type of a PCL. In a large mul-
ticenter study, EUS morphology alone is only 
about 51 % accurate in the diagnosis of mucinous 
PCLs [ 6 ]. In a study comparing computed tomog-
raphy (CT) and EUS for the detection of mural 
nodules, EUS was found to be more sensitive 
than CT, with a sensitivity of 75 % and 24 %, 
respectively [ 7 ]. 

 Differentiation between mucus and a mural 
nodule can sometimes be diffi cult with EUS. The 
following EUS features have been reported to be 
more suggestive of mucus inside a PCL: a 
smooth-edged hypoechoic focus, a hyperechoic 
rim, lack of Doppler fl ow, and mobile upon 
change of patient position [ 5 ,  7 ]. Recently, the 
use of  contrast-enhanced harmonic endoscopic 
ultrasound (CEH-EUS)   to differentiate between 
mural nodule and mucus has been reported. The 
presence of contrast-enhanced fi ne blood vessels 
inside an intracystic echogenic focus supports the 
diagnosis of a mural nodule [ 8 ].  

    Cyst Fluid Cytology 

 Multiple  studies   have shown that EUS-guided 
FNA cytology of PCLs has a high specifi city, 
ranging from approximately 80–100 % [ 6 ,  9 ,  10 ]. 
However, the sensitivity of EUS-FNA cytology is 
suboptimal, ranging from 30 to 50 % only [ 6 ,  9 , 
 10 ]. Hence, a negative EUS-FNA cytology result 
does not completely rule out malignancy or a 
mucinous lesion.  

    Cyst Fluid Chemistry and Tumor 
Marker Analysis 

 Amylase and various tumor markers (e.g., CEA, 
CA 19-9, CA 72-4, CA 125, CA 15-3) have been 
evaluated to distinguish between  mucinous   and 

   Table 23.1    Major types of pancreatic cystic  lesions     

 Nonneoplastic cysts 
 Pseudocyst 
 True cyst 
 Lymphoepithelial cyst 

 Neoplastic cysts 
 Serous cystic neoplasm 

  Serous cystadenoma (SCA) 
 Serous cystadenocarcinoma 

 Mucinous cystic neoplasm (MCN) 
 Mucinous cystadenoma 
 Mucinous cystic neoplasm with moderate dysplasia 
 Mucinous cystadenocarcinoma 

 Intraductal papillary mucinous neoplasm 
(IPMN: MD, BD, or mixed type) 

 Intraductal papillary mucinous adenoma 
 Intraductal papillary mucinous neoplasm with 
moderate dysplasia 
 Intraductal papillary mucinous carcinoma 

 Solid pseudopapillary tumor (SPT) 
 Cystic pancreatic endocrine tumor (PET) 
 Cystic pancreatic ductal adenocarcinoma 

   MD,  main duct;  BD,  branch duct  
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nonmucinous PCLs. A high cyst fl uid amylase 
level is usually found in pseudocysts and IPMNs 
because of communication of the cyst with the 
pancreatic duct [ 6 ,  10 – 13 ]. CEA is one of the 
most widely studied tumor markers in pancreatic 
cyst fl uid analysis. In an early study from the 
1990s using percutaneous FNA, a CEA <5 ng/
mL was 100 % sensitive and 86 % specifi c for 
serous cystadenomas (SCAs) [ 14 ]. A CEA cutoff 
of 192 ng/mL has been shown in a large multi-
center study to provide a sensitivity of 73 % and 
a specifi city of 84 % for differentiating mucinous 
cystic lesions from nonmucinous counterparts 
[ 6 ]. Thus, a CEA level much greater than 192 ng/
mL is most suggestive of a mucinous lesion, but 
a CEA level <192 ng/mL does not completely 
rule out a mucinous lesion. In a recent meta- 
analysis of 12 studies, cyst fl uid amylase 
<250 U/L was suggestive of an SCA or a muci-
nous lesion (MCN) with a sensitivity of 44 % and 
a specifi city of 98 %, while cyst fl uid CEA <5 ng/
mL was suggestive of an SCA or pseudocyst with 
a sensitivity of 50 % and a specifi city of 95 % 
[ 15 ]. However, cyst fl uid CEA was not found to 
accurately differentiate malignant from benign 
mucinous lesions [ 16 ]   .  

    Cyst Fluid DNA and Mutation Analysis 

 Cyst fl uid  DNA   analysis has been evaluated to 
predict the malignant potential of PCLs [ 17 ,  18 ]. 
 K-ras mutation analysis   from cyst fl uid obtained 
by EUS-FNA alone was reported to be 45 % sen-
sitive and 96 % specifi c for a mucinous lesion in 
a recent multicenter study [ 18 ]. Based on the 
study result, a high cyst fl uid DNA level, a high 
allelic loss amplitude, and a specifi c mutation 
acquisition sequence (K-ras mutation followed 
by allelic loss) were indicators of malignancy 
[ 18 ]. However, another study comparing CEA to 
DNA analysis in patients who underwent EUS- 
FNA for pancreatic cyst found poor agreement 
between CEA and DNA analysis for classifi ca-
tion of mucinous lesions [ 19 ]. When CEA and 
DNA analysis were combined, these two tests 
were complementary and identifi ed all mucinous 
cysts in the study [ 19 ]. Recently, mutations in 

guanine nucleotide binding protein, alpha stimu-
lating complex locus (GNAS) have been evalu-
ated for the diagnosis of IPMN of the pancreas 
[ 20 ,  21 ]. In a small study with 25 patients with 
PCLs including nine IPMNs, cyst fl uid GNAS 
mutations for the diagnosis of IPMN was reported 
to have a sensitivity of 44 %, a specifi city of 
100 %, and a diagnostic accuracy of 80 % [ 21 ]. 
One hundred percent of the IPMNs were found to 
have either GNAS or K-ras mutation or both [ 21 ]. 

 At this time, the optimal clinical indications of 
cyst fl uid DNA and mutation analysis have not 
been well established. They are probably best used 
in cases when cyst fl uid cytology and CEA testing 
yield indeterminate results for  malignancy  .  

    Emerging Diagnostic Technologies 

 Because  conventional   diagnostic modalities 
such as cross-sectional imaging and EUS with or 
without FNA for cyst fl uid analysis may not 
always be accurate in making a specifi c diagno-
sis of PCLs, new technologies are being evalu-
ated for their use in the characterization of PCLs. 
EUS- guided  needle-based confocal laser endo-
microscopy (nCLE)   is among such emerging 
technologies. In a multicenter study of 66 
patients with PCLs, the detection of epithelial 
villous structures on nCLE was associated with a 
pancreatic cystic neoplasm, with a sensitivity of 
59 %, a specifi city of 100 %, a positive predic-
tive value (PPV) of 100 %, and a negative pre-
dictive value (NPV) of 50 % [ 22 ]. Complications 
such as  pancreatitis, transient abdominal pain, 
and intracystic bleeding were reported in 9 % of 
patients [ 22 ].   

    Natural History and Management 
of Pancreatic Cystic Lesions 

    Pancreatic Pseudocyst 

 In patients with  a   history of pancreatitis, pseudo-
cysts account for up to 50 % of the PCLs [ 23 ]. 
Pseudocysts with internal debris due to necrosis or 
infection may sometimes mimic cystic neoplasms. 
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Conversely, up to 40 % of the PCLs may be ini-
tially misdiagnosed as pseudocysts [ 24 ]. In most 
cases, pancreatic pseudocysts are associated with 
acute or chronic pancreatitis,    with an incidence of 
2–3 % and 20–40 %, respectively [ 25 ]. 

 In general, a  diagnosis of   pseudocyst can be 
made when a PCL with typical radiological fea-
tures is observed with a preceding history of 
acute or chronic pancreatitis (Figs.  23.1  and 
 23.2 ). While some patients with a pseudocyst 

  Fig. 23.1    CT appearance 
of a  pancreatic 
pseudocyst         

  Fig. 23.2     EUS appearance 
of a   pancreatic pseudocyst       
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may not have overt symptoms, persistent abdom-
inal pain and anorexia combined with possible 
abdominal distension 4–6 weeks after an episode 
of pancreatitis raises the possibility of pancreatic 
pseudocyst formation [ 12 ]. In patients with a his-
tory of recent acute pancreatitis who present with 
fever and clinical deterioration, an infected pseu-
docyst should be considered [ 12 ].

    If diagnostic  uncertainty   remains after cross- 
sectional imaging, EUS with or without FNA of 
cyst fl uid can be helpful, but unnecessary FNA 
should be avoided given the risk of infecting the 
pseudocyst. 

 Up to 60 % of pancreatic pseudocysts resolve 
with no intervention. Thus, serial cross-sectional 
imaging can be used to monitor the pseudocyst in 
the initial management [ 25 ]. If the pseudocyst 
does not resolve over time (usually more than 6 
weeks) and/or becomes symptomatic, then drain-
age can be considered. While pseudocyst drain-
age can be done endoscopically, surgically, or 
percutaneously by interventional radiology, 
endoscopic drainage is the preferred method in 
suitable patients. When endoscopic drainage is 
performed, EUS-guided drainage is preferred 
since it has been shown to have a higher technical 
success rate when compared to drainage by 
esophagogastroduodenoscopy (EGD) in a ran-
domized study [ 26 ]. In a retrospective study of 
211 patients who underwent endoscopic drainage 
of pancreatic pseudocysts, abscesses, or necrosis, 
an overall treatment success rate of 85.3 % and 
an overall complication rate of 8.5 % were 
reported [ 27 ]. The treatment success rate was 
highest in the pseudocyst group (93.5 %), while 
the complication rate was highest in the necrosis 
group (15.8 %) [ 27 ]. In a randomized study com-
paring endoscopic versus surgical cystogastros-
tomy in 40 patients with pseudocysts, endoscopic 
drainage was shown to have equal effi cacy when 
compared to surgical drainage, with no pseudo-
cyst recurrence in the endoscopic drainage group 
during a 24-month follow-up [ 28 ]. Endoscopic 
drainage has been associated with a shorter hos-
pital stay and lower cost [ 28 ]. Nevertheless, sur-
gical management should be considered for 
pseudocysts with a large amount of necrotic 
debris or  infection     .  

    Serous Cystic Neoplasms 

  Pancreatic   serous cystic neoplasms, which can be 
categorized into  serous cystadenomas (SCAs)   
and the extremely rare serous cystadenocarcino-
mas, represent approximately 30 % of primary 
pancreatic cystic neoplasms [ 11 ,  25 ]. SCAs are 
usually found incidentally on cross-sectional 
imaging performed for other indications [ 29 ]. 
SCAs can be seen in up to 70 % of patients with 
 von Hippel–Lindau syndrome  , who often present 
with multiple SCAs in the pancreas [ 11 ,  30 ]. 

 The majority of the SCAs are microcystic, 
with an individual cyst less than 5 mm in size, 
giving it a honeycomb appearance [ 31 ], but the 
macrocystic variant of SCA (individual cysts 
>5 mm) may sometimes be confused with 
mucinous cystic neoplasms on imaging. SCAs 
are often detected as multicystic lesions with 
septa enhancement and small cysts in a honey-
comb appearance on CT (Fig.  23.3 ) [ 30 ,  32 ]. 
The  typical honeycomb appearance of micro-
cystic SCA can be easily seen on EUS, which is 
considered diagnostic and thus makes FNA 
rarely necessary (Fig.  23.4 ) [ 33 ]. They also 
may have central calcifi cation (“stellate scar”). 
Surgical pathology is characterized by cuboidal 
glycogen-rich epithelial cells which produce 
serous fl uid.

    SCAs are generally considered to be benign 
lesions [ 11 ,  32 ,  34 ]. Pancreatic serous cystade-
nocarcinomas are extremely rare and represent 
less than 3 % of all serous cystic neoplasms of 
the pancreas [ 24 ,  34 ]. Serous cystadenocarcino-
mas are unique in a sense that malignancy is 
diagnosed by aggressive behavior such as local 
invasion or metastasis, but not by histology, 
because the histology of the malignant lesions 
generally lacks the expected cytologic atypia 
[ 34 ]. Small asymptomatic SCAs in an elderly 
patient can usually be managed conservatively 
given the largely benign and indolent course of 
SCAs. However, some SCAs do grow over time 
and become symptomatic [ 30 ,  32 ]. In a surgical 
series of 257 patients with SCAs, large tumor 
size and location in the pancreatic head were 
found to be independent predictors of malignant 
behaviors [ 35 ]. Surgical resection should be 
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  Fig. 23.3    CT appearance 
of a serous  cystadenoma         

  Fig. 23.4    EUS appearance 
of a serous  cystadenoma         
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 considered in patients with symptoms or rapidly 
growing SCAs, who are physically fi t for sur-
gery [ 32 ,  35 ]   .  

    Mucinous Cystic Neoplasms 

 MCNs  are   mucinous lesions with variable malig-
nant potential and account for approximately 
one third of cystic neoplasms in the pancreas 
[ 36 – 38 ]. About 95 % of MCNs occur in females 
and are usually  diagnosed   between the fi fth and 
seventh decades of life [ 36 – 38 ]. Small MCNs 
are usually asymptomatic, but patients with 
larger MCNs may present with abdominal com-
plaints such as epigastric pain or fullness or a 
palpable mass [ 37 ,  38 ]. In patients with large 
MCNs, the development of weight loss, jaun-
dice, abdominal pain, and pancreatic insuffi -
ciency should raise the concern for malignant 
transformation [ 36 – 38 ]. 

 MCNs are usually  unilocular lesions with   or 
without septations that occur in the body or tail of 
the pancreas [ 38 ]. They occasionally have periph-
eral calcifi cation. Surgical pathology reveals 
cysts lined with mucin-producing epithelium 
associated with ovarian-type stroma. Figure  23.5  
shows a unilocular MCN on EUS. At times, small 
septated MCNs may be diffi cult to distinguish 

from branch-duct IPMNs on CT or EUS. Cyst 
fl uid aspirate is generally slightly viscous to 
thick, with an elevated carcinoembryonic antigen 
(CEA) level [ 6 ,  33 ]. Mucin and columnar epithe-
lial cells with or without atypia may be seen on 
cyst fl uid cytology [ 6 ,  33 ].

    The   natural history of small MCNs in asymp-
tomatic patients is not fully known [ 37 ,  38 ]. In a 
surgical series of 163 patients, the risk of malig-
nancy in resected MCNs was reported to be 
17.5 %, with all malignant MCNs being greater 
than 4 cm with the presence of mural nodules 
[ 39 ]. Surgical resection has been recommended 
by the 2006 and 2012 international consensus 
guidelines for all MCNs in surgically fi t patients 
regardless of lesion size given the risk of malig-
nant transformation, relatively younger age of 
most patients, and the common locations of 
MCNs in the pancreatic body or tail [ 5 ,  40 ]. 
However, small incidentally found MCNs may 
be managed conservatively. Emerging data from 
studies on small incidental asymptomatic cystic 
lesions of the pancreas suggest a low risk of 
malignancy during follow-up, and the nonsurgi-
cal management of selected lesions without high- 
risk features (e.g., mural nodules, wall thickening, 
or size > 4 cm) has been proposed [ 41 – 46 ]. This 
strategy may be most appropriate in elderly 
patients who are not surgically  fi t  .  

  Fig. 23.5    CT appearance 
of a  main-duct intraductal 
papillary mucinous 
neoplasm (MD-IPMN)         
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    Intraductal Papillary Mucinous 
Neoplasms 

 Intraductal papillary mucinous neoplasms 
( IPMNs)   represent a spectrum of mucinous cys-
tic lesions involving the pancreatic ductal system 
with highly variable malignant potential [ 13 ,  25 ]. 
IPMNs represent approximately 25 % of pancre-
atic cystic neoplasms and 1 % of all pancreatic 
neoplasms [ 13 ,  47 ]. 

 IPMNs can be  categorized   into main-
duct IPMN (MD-IPMN)   , branch-duct IPMN 
(BD-IPMN)   , or mixed type with both main-duct 
and branch-duct involvement [ 13 ]. Four distinct 
histopathological subtypes of papillary struc-
tures (gastric, intestinal, pancreatobiliary, and 
oncocytic) have been described, which appear 
to correlate with the behavior of the IPMN [ 13 , 
 48 ]. The intestinal subtype has a high rate of 
 malignant transformation and is most commonly 
seen in MD-IPMN [ 48 ]. The gastric subtype 
seems to have a lower rate of malignant transfor-
mation and is the most common variant found in 
BD-IPMN [ 48 ]. The oncocytic subtype in gen-
eral follows a noninvasive course [ 48 ]. 

 IPMNs are usually diagnosed  in   the seventh 
decade of life, with an equal distribution in males 
and females [ 13 ,  32 ]. The age of diagnosis of 
malignant IPMNs is generally older than that of 
nonaggressive IPMNs [ 5 ,  13 ]. The time of pro-
gression to invasive disease in MD-IPMN was 
reported to range from 5–7 years [ 49 ]. Clinically, 
up to 40 % of patients with IPMNs are asymp-
tomatic (mostly patients with BD- IPMN  ) [ 50 –
 52 ]. When symptomatic (more common with 
MD-IPMN), patients may present with abdomi-
nal pain or symptoms of pancreatitis [ 50 – 52 ]. 
Weight loss, new-onset jaundice, new-onset dia-
betes, and steatorrhea are more commonly seen 
in IPMNs with malignant transformation [ 50 ]. 
Figure  23.5  shows the typical CT appearance of 
an MD-IPMN with a dilated main pancreatic 
duct. Figure  23.6a, b  demonstrate a large mural 
nodule/solid component in an MD-IPMN on con-
ventional EUS and CEH-EUS suggestive of 
malignant transformation. Figures  23.7  and  23.8  
show the typical appearance of BD-IPMN on CT 
and EUS, respectively.

     While IPMNs are  generally   considered a pre-
malignant lesion given their mucinous nature, 
they represent a spectrum of lesions with variable 
malignant potential. MD-IPMNs have been 
reported to have a high risk of malignant degen-
eration, with a mean frequency of malignancy of 
61.6 % (range, 36–100 %) [ 5 ,  49 ,  50 ,  52 – 64 ]. 
However, the natural history of BD-IPMN is less 
well established. Based on studies of surgically 
resected BD-IPMN, the mean frequency of 
malignancy is 25.5 % (range, 6.3–46.5 %) [ 5 , 
 49 – 67 ]. Recently, multiple natural history studies 
of BD-IPMNs reported a lower risk of malig-
nancy (0–5.8 %), thus providing evidence for 
conservative management of small, incidentally 
found BD-IPMNs [ 68 – 70 ]. 

  Management of IPMN   patients can be chal-
lenging given limited knowledge on the natural 
history of these lesions (especially BD-IPMN). 
In 2006, the working group of the International 
Association of Pancreatology published the 
Sendai international consensus guidelines for 
management of IPMNs and MCNs of the pan-
creas [ 40 ]. The international consensus guidelines 
were subsequently revised in 2012, which have 
become known as the  Fukuoka guidelines   [ 5 ]. 

 In the 2006 Sendai guidelines, surgical 
resection is recommended for all MD-IPMN, 
BD-IPMN that are symptomatic or greater than 
3 cm, BD-IPMN less than 3 cm with “worri-
some features” such as cyst-related symptoms, 
main pancreatic duct (MPD) dilation greater than 
6 mm, or presence of mural nodule in patients 
who are surgically fi t [ 40 ]. Surveillance with 
crossing-sectional imaging and EUS has been 
recommended for BD-IPMNs less than 3 cm 
without worrisome features [ 40 ]. Evaluation of 
the operating characteristics of the 2006 Sendai 
guidelines in surgically resected BD-IPMN 
cohorts showed that the guidelines have a high 
NPV (capturing all high-risk lesions for resec-
tion), but a low PPV (many of the resected lesions 
were not advanced lesions) [ 51 ,  55 ,  71 ,  72 ]. 

 In the 2012 Fukuoka  guideline  s, all 
MD-IPMNs are still recommended for surgical 
resection [ 5 ]. The major revisions are in the indi-
cations for resection of BD-IPMNs. Symptomatic 
cysts should undergo further evaluation or be 
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considered for resection. Resection has been rec-
ommended for all BD-IPMNs with any of the 
“high-risk stigmata of malignancy”: a pancreatic 
head BD-IPMN causing obstructive jaundice; the 
presence of an enhancing solid component within 
a cyst; or MPD dilation ≥10 mm [ 5 ]. In the 
revised guidelines, cyst size >3 cm by itself is no 
longer a recommended absolute indication for 
resection since it is thought to be a weaker pre-

dictor of malignancy [ 5 ]. In BD-IPMNs with 
“worrisome features” such as cyst size ≥ 3 cm, 
thickened enhanced cyst walls, MPD size of 
5–9 mm, nonenhanced mural nodules, abrupt 
change in the MPD caliber with distal pancreatic 
atrophy, or lymphadenopathy, EUS was recom-
mended to further evaluate the BD-IPMN [ 5 ]. If 
EUS confi rms the presence of a defi nite mural 
nodule, MPD involvement, or suspicious/positive 

  Fig. 23.6    ( a ) A  large   mural nodule/solid component in an 
MD-IPMN detected on conventional EUS. ( b ) On 
contrast-enhanced harmonic EUS (CEH- EUS)   , the large 

mural nodule/solid component was shown to be 
hypoenhanced with internal fi ne vessels, suggestive of 
malignant transformation         
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cytology for malignancy, resection is recom-
mended [ 5 ]. In patients with cyst size >3 cm but 
without “worrisome features” or “high-risk stig-
mata,” EUS is also useful for further risk stratifi -
cation and surveillance. Surveillance with 
cross-sectional imaging (e.g., CT, MRI) with or 

without EUS is recommended for cysts <3 cm 
without “worrisome features,” with surveillance 
intervals being dictated by the cyst size and 
patients’ life expectancy [ 5 ]. 

 While not specifi cally included in the  Fukuoka 
guidelines  , a rapid increase in cyst size and the 

  Fig. 23.7    CT appearance 
of a branch-duct intraductal 
papillary mucinous 
neoplasm (BD-IPMN)          

  Fig. 23.8    EUS appearance 
of a BD- IPMN         
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 presence of high-grade atypia on cytology were 
reported to be additional risk factors for malignancy 
[ 73 – 76 ]. Lesions with such fi ndings should also be 
considered for resection in young patients who may 
otherwise require long-term close surveillance. 

 There has been growing evidence to support 
the concept of “fi eld defect” (all pancreatic duc-
tal epithelial cells are at risk for the development 
of dysplasia or new adenocarcinoma) in patients 
with IPMNs since 25–41 % of BP-IPMNs are 
multifocal and because malignancy in other parts 
of the pancreas uninvolved by the original IPMN 
has been observed [ 51 ,  54 ,  68 – 70 ,  73 ]. Thus, 
surveillance by cross-sectional imaging with or 
without EUS should be considered for conserva-
tively managed IPMN and post-IPMN resection 
in patients with a reasonably long life expectancy. 

 While the updated consensus guidelines serve 
as a good framework to guide the management of 
IPMNs, the decision to resect or conservatively 
manage an IPMN should be individualized, taking 
into account the patient’s overall health, life expec-
tancy, and the risk of malignancy  in   the  lesion  .  

    Solid Pseudopapillary Tumor 

 Accounting for 1–2 % of  exocrine   pancreatic 
tumors, a  solid pseudopapillary tumor (SPT)   is a 
rare neoplasm with malignant potential and is 
predominantly diagnosed in females during the 
second and third decades of life [ 11 ,  32 ]. 

 While SPTs are  generally   large tumors with 
average size ranging from 6 to 10 cm, surgical 
resection should be considered for SPTs that can 
often be cured by extended resections [ 11 ,  32 ,  77 ]   .  

    Cystic Pancreatic Endocrine Tumor 

  Pancreatic endocrine tumors (PETs)   represent 
approximately 1–2 % of all pancreatic neoplasms 
and are often diagnosed between the third and 
sixth decades, with a slightly higher prevalence in 
males [ 78 – 81 ]. Up to 10 % of PETs demonstrate 
cystic changes [ 82 ,  83 ]. The  symptoms   related to 
PETs depend on the size, location, and functional 
status of the tumor. While patients with functional 

tumors may present with various hormonal syn-
dromes, data from the past two decades have 
found that up to 90 % of PETs are actually non-
functional [ 78 – 81 ]. Thus, these patients are com-
monly found without tumor-related symptoms or 
have symptoms related to bulky disease [ 78 – 81 ]. 
Insulinomas, glucagonomas, gastrinomas (as in 
Zollinger–Ellison syndrome), VIPomas, and 
somatostatinomas make up the classic functional 
PETs [ 78 – 80 ]. PETs can be associated with four 
 major   genetic syndromes: multiple endocrine 
neoplasia Type 1 (MEN-1), von Hippel–Lindau 
(VHL) disease, neurofi bromatosis Type 1 (NF-1), 
and tuberous sclerosis (TS) [ 78 – 80 ]. 

 Functional PETs were reported to have better 
outcomes than the nonfunctional counterpart in a 
series of 1483 patients with PETs, with age, 
advanced stage, and higher tumor grade being 
associated with worse prognosis [ 80 ].    Surgical 
resection should be offered if possible, while 
locoregional therapies (e.g., transarterial emboli-
zation, radiofrequency ablation) and systemic 
therapies (e.g., somatostatin analog, chemother-
apy, or target therapies) are options for inopera-
ble diseases or candidates not surgically fi t [ 80 ]   .  

    Investigational Therapy 

 Recent studies have  evaluated   EUS-guided  cyst 
  ablation for PCLs in patients who are not surgi-
cally fi t or have declined surgery. In a random-
ized study, EUS-guided ethanol lavage of 
pancreatic cysts achieved complete cyst resolu-
tion in 33 % of patients by follow-up imaging 
[ 84 ]. Persistent cyst resolution by follow-up 
imaging (majority of lesions were MCNs) was 
demonstrated in another study with median fol-
low- up of 26 months after initial successful cyst 
ablation [ 85 ]. In a Korean study of 14 patients, 
EUS-guided ethanol lavage with paclitaxel injec-
tion achieved complete cyst resolution in 11 
patients [ 86 ]. Complications such as acute pan-
creatitis, abdominal pain, infection, or intracystic 
bleeding have been reported [ 84 – 86 ]. At this 
time, EUS-guided cyst ablation remains mostly 
experimental and more long-term data would be 
needed to defi ne the optimal role of this therapy.   
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    Summary 

 PCLs causing symptoms or showing features of 
malignant transformation are best managed sur-
gically if the patient is surgically fi t. The optimal 
management of small incidental pancreatic  cystic 

neoplasms continues to evolve as clinicians gain 
knowledge on the natural history of these lesions. 
The fi nal management decision should be indi-
vidualized, taking into consideration the risk of 
malignancy in the PCL and the patient’s overall 
health. Figure  23.9  provides a  suggested   algo-
rithm for management of PCLs.

  Fig. 23.9    Suggested algorithm for the management of pancreatic cystic  lesions         
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            Endoscopic Ultrasound–Guided 
Radiofrequency Ablation 

 Image-guided radiofrequency ablation (RFA) is a 
well-recognized minimally invasive treatment 
modality in oncology, one that utilizes the gen-
eration of high-frequency electrical alternating 
current through target tissue to induce ion agita-
tion and tissue friction, ultimately leading to ther-
mal injury and consequent coagulative necrosis. 
Effective ablation is achieved by optimizing heat 
production and minimizing heat loss with the 
objective of generating a clear tumor ablation 
margin while reducing potential side effects. The 
availability, safety, effi cacy, and low cost of per-
cutaneous RFA have facilitated its common utili-
zation, in conjunction with ultrasound, computed 
tomography (CT), or magnetic resonance imag-
ing (MRI) guidance, in the management of a 
variety of solid tumors, most commonly hepato-
cellular carcinoma, renal cell carcinoma, non-
small cell lung cancer, and osteoid osteoma. 

 RFA has also been used to treat pancreatic can-
cer in an exploratory laparotomy or laparoscopy; 

a recent systemic review identifi ed fi ve studies 
including 158 such patients with a median  survival 
after RFA of 3–33 months, a mortality of 0–19 %, 
an overall morbidity of 10–43 %, and an RFA-
related morbidity of 4–37 %, much of which was 
related to collateral injury to adjacent tissues [ 1 ]. 
Given its minimally invasive nature and superior 
imaging capabilities of the pancreas, EUS poten-
tially provides an ideal vehicle for delivering RFA 
in the setting of pancreatic cancer as well as other 
percutaneously inaccessible tumors. 

    Animal Studies 

 Seven studies, fi ve utilizing porcine models, of 
EUS-guided RFA have been conducted to date 
(Table  24.1 ). Using a modifi ed 19-gauge needle 
electrode connected to a monopolar RF genera-
tor, the study by Goldberg et al. in 1999 was the 
fi rst to demonstrate the feasibility of EUS-guided 
RFA of the pancreas in 13 pigs [ 2 ]. The maxi-
mum diameter of the ablated area in this study 
was 10–15 mm at EUS and 12 mm at histology. 
Complications included three transmural gastric 
wall burns, an intestinal serosal burn, and an 
asymptomatic pancreatic fl uid collection. 
Correlation between EUS or CT and gross patho-
logic fi ndings was excellent for all lesions larger 
than 5 mm; and lesion size at pathologic exami-
nation was within 2 mm of that at imaging.

   In an attempt to improve ablation effi ciency 
while reducing collateral thermal injury, Carrara 
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et al. used a hybrid cryotherm (CT) probe (ERBE 
Electromedizin, Tubingen, Germany) combining 
bipolar RF current with carbon dioxide cryother-
apy to ablate the body of the pancreas in 14 pigs; 
they were able to achieve a larger ablation zone 
(18 mm vs. 10 mm) during a 300-s application 
than that obtained with a 360-s application of the 
monopolar system utilized by Goldberg et al. [ 3 ]. 
However, similar side effects, most refl ecting the 
longer application duration, were encountered, 
including two cases of pancreatitis (one necrotiz-
ing and the other asymptomatic), a gastric wall 
burn, and four cases of adhesions between the 
pancreas and the gut. The CT probe was used by 
the same group to demonstrate the feasibility of 
EUS-guided RFA of the liver and spleen in por-
cine models, where no complications were 
reported [ 4 ], and that of ultrasound-guided RFA 
in a human ex vivo study of 16 pancreatic tumors 
with a mean diameter of 29 mm, where ablation 
zone diameters of 10–20 mm were achieved [ 5 ]. 

 Varadarajulu et al. used an EUS-guided 
umbrella-shaped retractable monopolar electrode 
array to ablate fi ve porcine livers, generating 
ablation zone diameters of 23 mm at EUS and 
26 mm at histology without any complications 
[ 6 ]. Gaidhane et al. deployed a 1 Fr RFA probe 
through a 19-gauge needle to ablate fi ve porcine 
pancreas without complications; only histologi-
cal evidence of focal pancreatitis could be docu-
mented [ 7 ]. Kim et al. used an 18-gauge saline 
pump-cooled RFA electrode to ablate the body or 
tail of the pancreas of 10 pigs; ablation zone 
diameters of 14.5 mm at EUS and 23 mm at his-
tology were achieved [ 8 ]. Complications included 
three cases of asymptomatic retroperitoneal 
fi brosis or pancreato-gastric adhesions.  

    Human Studies 

 Human study employing EUS-guided RFA is lim-
ited. Arcidiacono et al. ablated 16 unresectable 
stage III pancreatic cancers with a mean diameter 
of 35.7 mm using the CT probe; RFA could not be 
deployed in 6 additional patients because of gas-
troduodenal wall or tumor stiffness. Complications 
included mild abdominal pain in three patients, 
one of whom had pancreatitis; a duodenal bleed 

requiring endotherapy; two cases of obstructive 
jaundice requiring stenting; a duodenal stricture 
treated with stenting; and an asymptomatic pan-
creatic cystic collection. The median postablation 
survival time was 6 months. CT imaging could 
clearly defi ne the tumor margins in only 6 of 16 
ablated patients, whereby reduction or no change 
in tumor size, albeit insignifi cant, could be seen 
for up to 78 days [ 9 ]. Pai et al. conducted a study 
on seven patients with unresectable pancreatic 
adenocarcinoma where EUS-guided RFA was 
performed using the monopolar radiofrequency 
catheter (1.2 mm Habib EUS-RFA catheter, 
Emcision Ltd, London). The tumor was shown to 
decrease in size in all cases, and only one patient 
developed mild pancreatitis [ 10 ].  

    Conclusion 

 At present, EUS-guided RFA remains a research 
tool that requires further assessment, refi nement, 
and validation of its safety and effi cacy in well- 
designed randomized controlled studies before it 
can be formally recommended for use in clinical 
practice. In particular, future studies will need to 
address the development of a sharper probe design 
possibly equipped with cutting current to facilitate 
transluminal access, the appropriate radiologic 
modality and time interval for assessing tumor 
response, in addition to the optimal settings for 
treatment duration, generator power, and gas cool-
ant pressure for effective ablation of pancreatic 
cancer as opposed to healthy pancreatic tissue.   

    Endoscopic Ultrasound-Guided 
Antitumor Agents 

 EUS-guided fi ne-needle injection (FNI) has 
received attention as a method for antitumor agent 
delivery, particularly for intratumoral and combi-
nation therapy against pancreatic cancer. The evi-
dence supporting the feasibility of EUS- FNI of 
antitumor agents has been expanding; however, 
fi nding the most effective local agent for EUS-
guided delivery is still a work in progress. 

 The concept of EUS-FNI for antitumor agent 
delivery has been studied largely in pancreatic 
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cancer treatment mainly due to its accessible ana-
tomic location and the dismal prognosis of this 
cancer. Various organs and major vessels sur-
rounding the pancreas make access to it diffi cult 
for modalities such as CT, with EUS providing 
excellent access to all regions of the pancreas. 
Despite extensive basic and clinical research, the 
prognosis of pancreatic cancer is still dismal and 
surgical resection represents the only possibility 
of cure. One of the reasons for the poor response 
to chemotherapy in pancreatic cancer is because 
of poor drug delivery due to abundant desmopla-
sia and the hypovascular nature of the tumor. By 
injecting antitumor agents directly into the tumor 
under EUS guidance, these hurdles can be over-
come less invasively.  

    Early Experience 

 Our fi rst study testing the concept of EUS-FNI 
for antitumor agent delivery involved injection of 
allogenic mixed-lymphocyte culture (cytoim-
plant) into pancreatic tumors. Despite the early 
termination of a randomized controlled trial 
employing EUS-guided cytoimplant vs. conven-
tional therapy, this experience clearly demon-
strated the feasibility of EUS-FNI as a delivery 
method for an antitumor agent [ 11 ]. 

 Studies that followed included EUS-FNI of 
“gene therapy” with ONYX-015 [ 12 ,  13 ], a gene- 
deleted replication-selective adenovirus that 
preferentially replicates in and kills malignant 
cells. A phase I/II trial testing the feasibility, tol-
erability, and effi cacy of EUS-FNI of ONYX-015 
into unresectable pancreatic carcinomas was 
evaluated in 21 patients. Objective partial regres-
sions were seen in only two patients, but this 
study again further supported the feasibility and 
safety of EUS-FNI antitumor therapy and more-
over set the stage for more advanced gene ther-
apy studies as discussed below.  

    TNFerade Gene Therapy 

 Tumor necrosis factor-α (TNF-α) has potent anti-
tumor properties through its effect on tumor vas-
culature and direct cytotoxic effect. TNF-α may 

also function as a radiosensitizer by increasing 
levels of hydroxyl radicals, thereby enhancing 
the oxidative damage produced by radiation. 
Clinical studies with TNF-α have been limited 
due to severe systemic toxicity. TNFerade was 
constructed as a second-generation adenovector, 
which expresses the complementary DNA 
(cDNA) encoding human TNF as a novel means 
of selective delivery of TNF to tumor cells that 
uses gene transfer [ 14 ]. To optimize local effec-
tiveness and minimize systemic toxicity, the 
radiation- inducible immediate response early 
growth response (Egr)-1 promotor was placed 
upstream of the transcriptional start site of the 
human TNF cDNA. This vector was engineered 
to ensure that maximal gene expression and sub-
sequent TNF secretion are constrained in space 
and time by radiation therapy. Human clinical tri-
als have been performed in pancreatic, esopha-
geal, and rectal cancers. 

 In patients with pancreatic cancer, long-term 
results of phase I/II study of EUS or percutaneous 
transabdominal delivery of TNFerade with 
chemoradiation were reported in patients with 
locally advanced pancreatic cancer [ 14 ]. TNFerade 
was injected into locally advanced pancreatic car-
cinomas once a week for 5 weeks together with 
50.4 Gy of radiation and 5- fl uorouracil (5-FU) 
200 mg/m 2  daily over 5.5 weeks. Dose levels from 
4 × 10 9  to 1 × 10 12  particle units (PU) were studied. 
TNFerade was delivered with a single needle pass 
by the percutaneous transabdominal approach, 
whereas up to four injections were given by EUS 
(Figs.  24.1 ,  24.2 , and  24.3  show TNFerade patient 
pre- and posttreatment). Fifty patients completed 
this dose- escalation study with 27 patients under-
going EUS-guided injection. Dose-limiting toxici-
ties (DLTs) occurred in three EUS patients at 
1 × 10 12  PU (two patients with pancreatitis and one 
patient with cholangitis). Major grade-3 and -4 
adverse events were gastrointestinal bleeding, 
deep vein thrombosis and pulmonary emboli, pan-
creatitis, and cholangitis. The median time to 
tumor progression was 108 days (95 % CI, 67–198 
days) and the median overall survival (OS) was 
297 days (95 % CI, 201–316 days). The best 
median survival was seen in the 4 × 10 11  PU cohort 
of 332 days (95 % CI, 154–316). Seven patients 
underwent surgical resection after treatment and 
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six had negative surgical margins, with one patient 
demonstrating a complete pathologic response. 
Given the high rate of pathologically negative sur-
gical resection after downstaging, this treatment 
seemed to be promising.

     Subsequently, a phase II/III randomized con-
trolled trial of standard of care (SOC—chemora-
diation therapy) with and without TNFerade was 
conducted [ 15 ]. In this study 198 patients were 
assigned to the TOC + TNFerade and 90 to 
SOC. The median overall survival (OS) was 
10.0 months for patients in both the 
SOC + TNFerade and SOC arms (hazard ratio, 
0.90; 95 % CI, 0.66–1.22;  p  = 0.26). The median 
progression-free survival (PFS) was 6.8 months 
for SOC + TNFerade vs. 7.0 months for SOC (HR, 
0.96; 95 % CI, 0.69–1.32;  p  = 0.51). Patients in the 
SOC + TNFerade arm experienced more grade-1 
and -2 fevers and chills than those in the SOC arm 
( p  < 0.001), but both arms had similar rates of 
grade-3 and -4 toxicities. Although overall results 
did not show a difference in survival, a subgroup 
analysis showed patients with T1 to T3 tumors and 
cancer antigen (CA) 19–9 U/mL levels <1000 had 
longer survival with the addition of TNFerade 
(10.9 vs. 9.0 months;  p  = 0.04) [ 16 ]. Thus, patient 
selection may be especially important with 
TNFerade therapy (Figs.  24.1 ,  24.2 , and  24.3 ).  

    Endoscopic Ultrasound–Guided 
Immunotherapy 

 EUS-guided immunotherapy has been consid-
ered an attractive option, especially in patients 
with pancreatic cancer, which is usually refrac-
tory to conventional chemotherapy. Tumor 
antigen- loaded dendritic cells (DCs) have been 
considered a therapeutic vaccine for inducing 
tumor-specifi c immunity because DCs are the 
most potent antigen-presenting cells. 

 Irisawa and colleagues reported a pilot trial of 
EUS-FNI of unpulsed immature DCs in seven 
patients with unresectable pancreatic cancer 
refractory to gemcitabine [ 17 ]. Five of the seven 
patients received irradiation before the initial 
EUS-FNI of DCs to induce apoptosis and necro-
sis. Patients received intratumoral injection of ten 
billion or more immature DCs at 2–3 sites on 
days 1, 8, and 15. The cycles were repeated every 
28 days. No complication with EUS-FNI was 
noted. The CA 19–9 level decreased in three 
patients and three had a mixed response defi ned 
as regression in the main tumor, with other 
lesions remaining stable or progressing. 

 Subsequently, Hirooka and colleagues per-
formed a pilot trial of combination therapy of gem-
citabine and immunotherapy using OK432- pulsed 

  Fig. 24.1    A 71 year old 
man with T4 
adenocarcinoma in the 
neck of the pancreas. 
Pretreatment tumor size 
was 3.9 × 3.3 cm       
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DCs in fi ve patients with inoperable locally 
advanced pancreatic cancer. OK432 is a widely 
used maturation stimulus for DCs. In this trial, 
patients received gemcitabine IV administration at 
1000 mg/m 2  (day 1) and EUS-FNI of OK432-
pulsed DCs into a tumor, followed by IV infusion 

of lymphokine-activated killer cells stimulated 
with anti-CD3 monoclonal antibody (day 4) at 
2-week intervals. No serious treatment- related 
adverse events were observed. One patient had a 
partial response and two had sustained stable dis-
ease for more than 6 months. 

  Fig. 24.2    EUS-guided 
fi ne-needle injection of 
TNFerade       

  Fig. 24.3    EUS at 
4 weeks from EUS-FNI 
showed a marked 
decrease of tumor size 
to 1.8 cm × 1.5 cm       
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 These studies, despite being small study popu-
lations, suggest that immunotherapy via intratu-
moral injection of DCs under EUS guidance 
should be further explored in larger clinical trials.  

    Future Directions 

 Many of the clinical studies mentioned are still 
experimental with small study populations. 
Prospective randomized controlled trials with 
large study populations are necessary to confi rm 
the role of EUS-FNI in cancer treatment. Unlike 
systemic chemotherapy, EUS-FNI of an antitu-
mor agent only exerts antitumor effects locally. 
Therefore, appropriate patient selection with 
truly local disease is important. For pancreatic 
cancer, EUS-FNI antitumor therapy cannot be 
offered as monotherapy but can be part of a com-
bination treatment including systemic therapy. 

 In conclusion, although EUS-FNI of antitu-
mor agent has not yet been established as a 
 standard option in cancer treatment, its feasibility 
and safety have been proven in both animal and 
human studies. The task at hand is to develop 
effective biologic and nonbiologic local thera-
pies. Once these agents are identifi ed, large pro-
spective randomized controlled trials will be 
needed to prove effi cacy over standard therapy. 
We remain optimistic that EUS-FNI will play 
in important role in future pancreatic cancer 
therapy.  

    Photodynamic Therapy 

 Photodynamic therapy (PDT) involves the 
administration of a tumor-localizing photosensi-
tizer, exposure of the target tissue to light of an 
appropriate wavelength, and the generation of a 
highly cytotoxic oxygen species termed  singlet 
oxygen  [ 18 ]. Antitumor effects of PDT result 
from direct cytotoxic effects, damage to the 
tumor vasculature, and induction of infl amma-
tory reaction leading to the development of sys-
tem immunity [ 19 ]. It leads to a predictable zone 
of ablation within a tumor. To date, light has been 
delivered via small optic fi bers which largely 

have been positioned percutaneously under 
image guidance (e.g., CT). 

 The fi rst Phase 1 trial of PDT in locally 
advanced pancreatic cancer was conducted in 
2002 by Bown and colleagues. In this study, 16 
patients with inoperable pancreatic adenocarci-
noma of the head of the pancreas were studied. 
Patients were photosensitized intravenously with 
0.15 mg/kg meso-tetrahydroxyphenyl chlorin 
(mTHPC), which notably has a long half-life; to 
avoid skin photosensitivity, patients had to avoid 
daylight for 7 days and bright sunlight for 1 
month. Three days after photosensitization, under 
CT guidance, up to six 19-G needles were 
inserted into the deepest part of the tumor by a 
radiologist. The light source was diode laser 
delivering red light at 652 nm. All patients had 
substantial tumor necrosis on scans after treat-
ment. Two patients with tumor involving the gas-
troduodenal artery had signifi cant gastrointestinal 
bleeding that was controlled endoscopically and 
with transfusion. Three patients developed duo-
denal obstruction during follow-up that may have 
been related to treatment. There was no treatment- 
related mortality, and the median survival time 
after PDT was 9.5 months [ 20 ]. 

 A more recent Phase I/II study by Huggett and 
colleagues studied 15 inoperable patients with 
locally advanced pancreatic adenocarcinoma 
who were sensitized with 0.4 mg/kg verteporfi n, 
a photosensitizer with a relatively short half-life 
of 4 h and a duration of photosensitivity of only 
24 h. After 60–90 min, laser light using a diode 
690-nm laser was delivered via single (13 
patients) or multiple (two patients) fi bers posi-
tioned percutaneously under CT guidance. The 
light dose was escalated, initially at 5J and dou-
bled, until the target size of necrosis (12 mm) was 
achieved in each group of patients. In all patients, 
12-mm lesions were consistently seen at 40J but 
with considerable variation of necrosis volume. 
Minor, self-limiting side effects were observed, 
including mild to moderate abdominal pain 
shortly after PDT and diarrhea. No adverse inter-
actions were seen in patients given chemotherapy 
or radiotherapy before or after PDT. After PDT, 
one patient underwent an R0 Whipple’s pancre-
aticoduodenectomy [ 21 ]. 
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 Given that the PDT optic fi bers’ size allows 
passage through a 19-G needle, the concept of 
PDT administration into pancreatic tumors under 
EUS guidance has been of interest. A pilot study 
of EUS-guided PDT using the photosensitizer 
verteporfi n on porcine pancreas was reported in 
2008. In this study six pigs were randomly 
divided into three groups with two pigs in each 
group; the fi rst was exposed to 10 min of 689-nm 
wavelength laser light at 150 J/cm 2 , the second 
group to 15 min, and the third group 20 min. 
Serum amylase, lipase, renal and liver function 
tests were obtained at baseline and 4 days after 
the EUS-PDT. An abdominal CT with contrast 
was performed on day 4 to evaluate the pancreas 
for tissue effect. The mean diameter of the lesion 
after 10, 15, and 20 min of laser light exposure on 
CT was 6.6 mm, 9.4 mm, and 26.3 mm, respec-
tively. Histology revealed a well-defi ned solitary 
lesion that included areas of fat necrosis, granula-
tion tissue, infl ammation, and fi brosis. There 
were no complications encountered except for a 
mild increase in serum amylase in one pig with-
out clinical evidence of pancreatitis [ 22 ]. 

 In summary, photodynamic therapy appears to 
be a relatively feasible and safe local therapy for 
pancreatic adenocarcinoma. The low adverse 
event profi le suggests that alongside systemic 
therapy, there is a role for further studies of PDT 
for the treatment of pancreatic adenocarcinoma 
and likely other focal pancreatic neoplasms.  

    Conclusion 

 The advent of linear echoendoscopic ultrasound 
has transformed EUS from a purely diagnostic 
modality to a platform for therapeutic applica-
tions including delivery of various ablative 
agents, antitumor agents, and miniature devices. 
Given the ease of access to the pancreas with 
EUS-FNA, the treatment of pancreatic tumors 
using this modality has been a logical choice. As 
just described, over the past 15 years a number of 
attempts have been made to use EUS in a novel 
manner to treat pancreatic tumors. Although none 
of the described modalities has proven to be 
 completely effective, each holds promise for 

future refi nement and further gains in effi cacy of 
tumor destruction with improved safety.     
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