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Chapter 17
Pancreatic Cancer

Ronald S. Arellano and Ryan Nipp

�Epidemiology and Pathophysiology

Pancreatic cancer is highly lethal, and surgery remains the only potentially curative 
approach. Pancreatic cancer is the third leading cause of cancer death in the United 
States, and estimates suggest it will emerge as the second leading cause of cancer 
death by 2030 [1]. In 2017, over 50,000 new diagnoses of pancreatic cancer were 
expected in the United States, and projections expect over 40,000 deaths will be 
attributed to pancreatic cancer each year [2]. Incidence rates for this cancer 
increased at a rate of 1.2% per year between 2000 and 2012, and death rates 
increased by 0.4% [3]. Pancreatic cancer represents a particularly aggressive and 
lethal malignancy, with approximately 93% of pancreatic cancer patients dying 
within 5 years of diagnosis [3, 4]. Historically, 5-year survival rates for patients 
with pancreatic adenocarcinoma were below 6%, and those with metastatic disease 
had approximately 3–6-month median life expectancy [5–7]. Metastatic pancreatic 
cancer is incurable, but for patients with disease localized to the pancreas, surgical 
resection represents a potentially curative option. Unfortunately, many patients 
with pancreatic cancer present with initially unresectable disease, and thus oncolo-
gists frequently employ preoperative treatment to try to shrink the tumor and 
improve resectability [8, 9].

R. S. Arellano (*) 
Department of Radiology, Massachusetts General Hospital, Harvard Medical School, Boston, 
MA, USA
e-mail: rarellano@mgh.harvard.edu 

R. Nipp 
Department of Hematology/Oncology, Massachusetts General Hosptial, Harvard Medical 
School, Boston, MA, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-48767-6_17&domain=pdf
https://doi.org/10.1007/978-3-030-48767-6_17#DOI
mailto:rarellano@mgh.harvard.edu


288

�Role of Surgery

Pancreatic cancer remains highly lethal despite incremental gains with the use of 
multi-agent chemotherapy in the metastatic setting. Surgery remains the best oppor-
tunity for cure, but historically only 15–20% of patients with pancreatic cancer 
present with upfront, resectable disease. Recently, the combination regimens of 
FOLFIRINOX [10] and gemcitabine/nab-paclitaxel [11] have demonstrated encour-
aging results for patients with metastatic disease and also for patients with locally 
advanced and potentially resectable disease [12]. In the metastatic setting, median 
survival has been pushed out to beyond 11 months, and we are now seeing approxi-
mately 10% of patients alive at 2 years [10, 11, 13]. Several institutions have now 
published data about their ability to convert locally advanced or borderline resect-
able disease to resectable by using FOLFIRINOX [8, 12, 14, 15].

�A Paradigm Shift Is Occurring in the Management 
of Potentially Resectable Pancreatic Cancer

Recent advances in combination chemotherapy regimens for pancreatic cancer have 
led to innovative strategies using these agents as preoperative therapy for patients 
with upfront unresectable disease [8–11, 14, 15]. Oncologists frequently introduce 
these therapies preoperatively to help convert locally advanced or borderline resect-
able disease to resectable and ensure a more successful operation. However, 
although surgery represents the only potentially curative approach for patients with 
pancreatic cancer, studies historically demonstrated 5-year survival rates of only 
10–20% for patients with resected disease [13, 16–19].

�Future Directions

Based on promising clinical results in other cancer types, the use of immunotherapy 
has been tested in pancreatic adenocarcinoma. Results to date are limited, but efforts 
remain to understand how best to harness the improved outcomes seen with immu-
notherapy in other malignancies. In addition, preliminary data of resected pancre-
atic adenocarcinoma from patients on angiotensin system inhibitors suggest 
enhanced T-cell activation and antigen presentation pathways, with analysis of 
mouse model tumors treated with an angiotensin receptor blocker (ARB) revealing 
suppression of tumor-associated macrophages [20, 21]. Collectively, these data 
underscore the potential for ARBs to modulate the immune microenvironment 
toward a permissive environment for immunotherapy. Future work will also con-
tinue to investigate how best to target available treatment options to patients most 
likely to benefit. For example, future studies will seek to demonstrate predictive 
biomarkers that will help guide clinicians and patients toward choosing a 
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gemcitabine versus a 5FU-based regimen. Moreover, the addition of other agents to 
known therapies will continue to emerge. For example, a regimen such a gem-
citabine plus Abraxane in combination with cisplatin will have data in the coming 
years. Furthermore, studies of circulating tumor DNA (ctDNA) and circulating 
tumor cells will help identify patients with recurrent/progressive disease earlier 
while also helping identify patients for whom novel treatment paradigms may prove 
beneficial. Importantly, ongoing work is critically needed to investigate how best to 
provide supportive care to patients with pancreatic cancer. In the metastatic setting, 
understanding the role of palliative care and symptom monitoring interventions are 
urgently needed [22]. For patients with potentially resectable pancreatic cancer, 
additional research should seek to determine how best to help with the complex 
shared decision-making for these patients while also helping to support these 
patients along their journey of neoadjuvant treatment.

Patients receiving neoadjuvant therapy often experience numerous side effects, 
including nausea, vomiting, diarrhea, fatigue, fever, neuropathy, and loss of appetite 
[8, 10, 11]. Frequently, patients require hospital admissions to help address uncon-
trolled symptoms related to their cancer and side effects related to the treatment [8, 
23]. A prior study demonstrated that nearly one-third of patients receiving combina-
tion chemotherapy for locally advanced pancreatic cancer required hospital admis-
sions while receiving treatment. In addition, when patients complete their 
preoperative therapy and are able to undergo resection, the surgical operation is 
fraught with postoperative morbidity and occasional mortality [17, 24, 25]. 
Therefore, it is critically important that patients understand the risks and benefits 
when considering preoperative treatment for pancreatic cancer.

Another area of need within the field of pancreatic cancer includes the opportu-
nity to help patients develop accurate understanding of their prognosis. Despite 
patients’ general preference for accurate information regarding their prognosis, data 
suggest that the majority of patients misunderstand the curability of their cancer 
[26–28]. Patients often report a more optimistic assessment of their prognosis than 
their oncologist [29]. Importantly, research suggests that patient-clinician commu-
nication about prognosis does not take away patients’ hope but rather enables 
patients to make informed treatment decisions and prepare for the future [28]. Thus, 
improving patient-clinician communication about prognosis and treatment options 
should be a priority for enhancing the quality of cancer care and improving informed 
treatment decision-making [30–35].

�Pain Management for Patients with Pancreatic Carcinoma

Pain management represents one of the most challenging aspects of treating pancre-
atic carcinoma and often requires chronic high-dose narcotics [36, 37]. Because of 
the high risk of dependency and adverse effects of chronic narcotic use, an alternative 
approach to pain control is by neurolysis of the celiac ganglion. Pain from upper 
abdominal visceral organs, including the pancreas, is relayed via visceral afferent 
fibers through the splanchnic nerves and celiac plexus [38]. The celiac ganglion is 
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located deep in the retroperitoneum and typically overlies the anterolateral abdominal 
aorta, near the origins of the celiac plexus and superior mesenteric artery [38]. Tumor 
infiltration and/or desmoplastic reaction from pancreatic carcinoma often leads to an 
increased in nociceptive impulses to the celiac ganglion, resulting in excruciating 
pain. Kappis first described neurolysis of the celiac ganglion as a means of control-
ling upper abdominal visceral pain [39]. Anesthesiologists or interventional radiolo-
gists use imaging guidance to target the celiac ganglion for neurolysis. Because of the 
superior anatomic resolution offered by computed tomography (CT) versus fluoro-
scopic guidance of ultrasound, celiac neurolysis is often performed with CT guidance.

�Computed Tomography-Guided Celiac Ganglion Neurolysis

�Patient Selection

Pain associated with abdominal malignancies may be multifactorial; thus careful 
patient selection and elucidation of pain sources are essential in order to maximize 
the potential benefit of celiac neurolysis. While pain associated with pancreatic can-
cer is often the result of perineural or duodenal invasion, somatic pain from muscu-
loskeletal involvement of tumor can contribute to the overall pain profile and will 
not be alleviated by neurolysis of celiac ganglion. Careful review of cross-sectional 
imaging and detailed patient history will help to identify patients who will receive 
maximum benefit from the neurolysis procedure.

�Patient Preparation

Preliminary evaluation included patient education and discussion of the goals of 
care associated with neurolysis. Many patients who qualify for celiac ganglion neu-
rolysis are on chronic opioid usage; thus an important goal of the procedure is to 
reduce the opioid usage with reduction of opioid-related side effects. Once appro-
priate patients are identified, imaging review and assessment of coagulation profile 
is necessary. A thorough neurological exam is essential in order to establish a base-
line level of pain and to assess for post-procedure complications. Patients should be 
fasting for 8–10 hours prior to the procedure, and any correctable coagulopathies 
should be addressed prior to the procedure. Neurolysis can be performed with intra-
venous procedural sedation, monitored anesthesia care, or general anesthesia. 
Continuous hemodynamic monitoring is essential throughout the procedure.

�Patient Positioning

Various approaches can be utilized to target the celiac ganglion, depending on patient 
body habitus, patients’ overall condition, and the best percutaneous access to the gan-
glion. The most commonly used positions are prone, lateral decubitus, or supine.
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Prone  The prone position is the most commonly used approach, as it facilitates 
access to the celiac ganglion from a posterior approach. This allows a transcrural 
trajectory to target the para-aortic soft tissues at the level of the celiac axis (Fig. 17.1). 
When tumor infiltration precludes a transcrural approach, the prone position allows 
a retrocrural trajectory that targets neurolysis of preganglionic splanchnic nerves in 
the retrocrural space.

Lateral Decubitus  When patients are unable to lie prone, a lateral decubitus posi-
tion can be used for either retrocrural or antecrural approaches to the celiac gan-
glion. Because the independent lung is often more inflated than the dependent lung, 
this position may increase the risk of procedure-related pneumothorax.

Supine  When either the lateral decubitus or supine position is not feasible, an ante-
rior approach with the patient in the supine position is possible. This approach often 
necessitates a transhepatic or transgastric approach, which is usually of no clinical 
consequence.

�Targeting

Antecrural  The antecrural approach targets the soft tissue anterior to the diaphrag-
matic crura and the abdominal aorta in which the celiac ganglia reside. Injection of 
neurolytic agent in this space is most effective in achieving pain relief.

Retrocrural  When the antecrural space is replaced by tumor, a retrocrural injection 
of neurolytic agent can be used to achieve splanchnic nerve block. In this targeting 
approach, the neurolytic agent spreads along the retroaortic space and treats the 
splanchnic nerves.

a b

Fig. 17.1  (a) Axial unenhanced CT scan of the abdomen with the patient in the prone position. 
White arrow indicates 22-gauge needle on the celiac ganglion (white asterisk) via an antecrural 
approach. CA indicates origin of the celiac axis. (b) Axial unenhanced CT scan of the abdomen 
with the patient in the prone position. White arrows indicate distribution of ethanol in the retroperi-
toneal space. CA indicates origin of the celiac axis
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Neurolytic agents  Absolute alcohol is the most common neurolytic agent used 
for neurolysis. It acts by causing immediate precipitation of lipoproteins and 
mucoproteins of the neural elements. When an antecrural approach is used, 
approximately 20 ml of 95–100% absolute ethanol is injected on either side of the 
aorta at the level of celiac ganglion. When a retrocrural approach is chosen, the 
confined space limits the amount of neurolytic agent to approximately 5–10 ml. 
Phenol is an alternative agent that has been used to achieve celiac neurolysis. At a 
concentration of 3–20%, phenol acts as a protein coagulant and causes necrosis of 
neural elements. The data are limited comparing the effectiveness of ethanol ver-
sus phenol, but ethanol is considered to be more effective than phenol and is thus 
more commonly used [40].

Recovery  Post-procedure care involves overnight observation for treatment 
response and potential complications. Hypotension may be encountered in the 
immediately post-procedure; therefore, patients should adhere to strict bed rest for 
a minimum of 12 hours post-procedure. Hemodynamic monitoring should continue 
in the post-procedure observation period for up to 24  hours. If necessary, acute 
hypotension can be treated with fluid replacement and medications if needed. A 
neurological examination should be performed immediately after the procedure to 
assess the changes in lower extremity function, especially when a retrocrural 
approach is used. Subjective evaluation of pain relief and changes in opioid require-
ment should be assessed the following day and compared with pre-procedure base-
line to assess effectiveness.

Follow-up  Follow-up care is carried out by the interventional team in collaboration 
with anesthesia, oncology services for inpatients. Outpatients typically follow up 
with pain control specialists for ongoing management of pain control if needed.

Complications  Overall, celiac plexus neurolysis is a safe procedure with major 
complications occurring in fewer than 2% of patients. Most patients experience 
some transient back pain, especially when ethanol is used, that is likely the result 
of the neurolytic effect of the ethanol on sensory fibers within the ganglion. 
Orthostatic hypotension may result from diminished sympathetic tone that in turn 
leads to vasodilation [36, 40]. Transient self-limiting diarrhea can occur in up to 
44% of patients who undergo celiac plexus neurolysis [36]. Neurologic complica-
tions are extremely rare and can include anal and bladder dysfunction. Inadvertent 
injection of neurolytic agent into or near the spinal artery can result in ischemia 
and subsequent lower extremity paralysis. With CT guidance, these complications 
are uncommon.

Outcomes  Reported clinical efficacy of celiac plexus neurolysis is up to 90% of 
patients with upper abdominal malignancy [36]. With regard to patients with pan-
creatic cancer, celiac plexus neurolysis can eliminate pain in 10–20% when used 
without other therapies and up to 80–90% when combined with other therapies [41]. 
Even for patients who achieve partial relief, the major benefit of celiac plexus neu-
rolysis is an overall reduction in opioid requirements and its associated adverse 
effects.
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�Locoregional Therapy for Pancreatic Carcinoma

�Irreversible Electroporation

Irreversible electroporation (IRE) is an emerging nonthermal ablative technology 
with potential application in treating pancreatic carcinoma [42, 43]. With IRE cell 
death is achieved by subjecting tumor cell to high-voltage electrical pulses. The 
high electrical pulses result in permanent disruption of the phospholipid bilayer of 
the cellular membrane, resulting in multiple nanometer size pores. As a result, the 
normal homeostasis that exists between extracellular and intracellular environments 
is disrupted, ultimately leading to cell death by apoptosis. Because of its nonthermal 
mechanism of action, IRE may have a role in local control of pancreatic carcinoma. 
Early experiments in animals suggested that IRE achieves significant tissue destruc-
tion while maintaining vessel patency [44, 45]. In a retrospective analysis of 221 
patients with 325 tumors, including 69 with pancreatic carcinoma, Scheffer et al. 
found that when IRE was combined with surgical resection of pancreatic carci-
noma, overall survival was extended to 20 months from 13 months. In three patients, 
significant complications of bile leak and portal vein thrombosis were identified, 
despite early reports that suggested IRE preserved vasculature [46]. In contrast, 
Manson enrolled 24 patients in a prospective study in which ultrasound-guided per-
cutaneous IRE was used as first-line therapy. The results showed that overall sur-
vival was 13.3 months in the IRE group compared to 9.9 months in patients identified 
through a registry. Because the overall survival between the two groups was not 
significant, the authors advocated against the use of IRE as first-line therapy. More 
recently, Flak et al. reported on a series of 33 patients with locally advanced pancre-
atic cancer who underwent 44 open IRE procedures. These authors found that the 
30-day mortality was only 5% and the median overall survival was 10.7 months 
from the initial IRE procedure and 18.5 months from the time of diagnosis [47]. 
Despite a growing body of literature, more level I and II evidence are necessary to 
help define the potential role of IRE in the management of pancreatic carcinoma.

�Transarterial Chemoembolization (TACE)

Pancreatic Adenocarcinoma  Data regarding the use of transarterial chemoemboli-
zation for treatment of locally advanced pancreatic carcinoma is limited. Early stud-
ies proposed that locoregional delivery of chemotherapy should result in high 
concentrations of cytotoxic agents directly to tumors [48]. They studied 22 patients 
divided into 2 groups. Group A consisted of 12 patients who were treated with tran-
sarterial delivery of epirubicin, folic acid, and f-fluorouracil. Group B consisted of 
ten patients treated with transarterial delivery of mitoxantrone, 5-fluorouracil, and 
folic acid. For these two cohorts, Group A showed 33.3% 1-year survival rate, com-
pared to 20% 1-year survival rate for Group B. A more recent study evaluated the 
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safety and efficacy of locoregional therapy for metastatic pancreatic adenocarci-
noma. This study included 20 patients with hepatic metastatic pancreatic adenocar-
cinoma that were treated with thermal ablation (Fig.  17.2), chemoembolization 
(Fig. 17.3), or radioembolization. While the authors report a median overall survival 
of 25 months from the time of diagnosis, there were only three patients who under-
went transarterial chemoembolization [49]. Thus, the clinical impact of TACE to 
treat metastatic pancreatic adenocarcinoma is limited. Sun et  al. evaluated 27 
patients with liver metastases from pancreatic cancer treated with TACE and found 
that the median survival time was 13.6 months and that the 1-, 3-, and 5-year sur-
vival rates were 70.4%, 22.2%, and 11.1%, respectively [50]. To date, there are no 
strong levels 1 or II data that advocate the use of TACE as primary treatment for 
locally advanced pancreatic carcinoma.

a b

c d

Fig. 17.2  72-year-old female with metastatic pancreatic adenocarcinoma s/p Whipple. Despite 
systemic chemotherapy, the single hepatic lesion grew, and a multidisciplinary team opted for 
percutaneous ablation. Contrast-enhanced MR image (a) shows the lesion (red arrowhead) in the 
left lobe near a portal vein branch (white arrow). Ultrasound examination (b) shows the same 
lesion (red arrowheads). Toward the end of microwave ablation (c), the lesion is completely 
obscured by gas (white arrowheads) as a result of tissue heating. Post-ablation non-contrast CT (d) 
shows the ablation zone (red arrowhead) covering the entire lesion and now extending to the portal 
vein branch (white arrow). Studies confirm excellent imaging responses for pancreatic metastatic 
lesions to the liver smaller than 3 cm; however we lack high-level studies as to any survival benefit
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Radioembolization  Emerging data suggests a possible role of radioembolization 
for treatment of liver metastases from pancreatic adenocarcinoma. Kim et  al. 
reported on a series of 33 patients with hepatic metastases treated with yttrium-90 
microspheres and showed post-treatment imaging findings consistent with partial 
response in 42%, stable disease in 37%, and progressive disease in 21%. Importantly, 
radioembolization produced only grade 3 or less toxicities up to 12 weeks post-
procedure and a survival benefit of up to 20.8 months [51]. As with transarterial 
chemoembolization, additional clinical trials are necessary to further evaluate the 
efficacy and clinical outcomes of radioembolization for metastatic pancreatic 
adenocarcinoma.

a

c d

b

Fig. 17.3  62-year-old male with liver metastatic pancreatic adenocarcinoma. Axial contrast-
enhanced CT (a) shows an infiltrating lesion in the right posterior liver lobe (red arrowheads). 
Post-chemoembolization CT (b) shows Lipiodol distribution peripheral to the lesion. Unlike in 
hepatocellular carcinoma where Lipiodol shows selective uptake by tumors, in pancreatic adeno-
carcinomas, Lipiodol distribution is preferentially seen in the tumors’ periphery. This is despite the 
fact that during chemoembolization (c) with a superselective microcatheter (white arrowhead), the 
target lesion appears hypervascular (red arrowheads). Eighteen-month follow-up with contrast-
enhanced MRI (d) shows complete devascularization of the slightly smaller lesion (red arrow-
head). As with ablation, despite the encouraging imaging responses, high-level studies on oncologic 
outcomes after intra-arterial therapies are lacking
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