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The Network Cancer Committee  
proudly presents  

2017 Cancer Center  
Annual Report
This year our annual report not only highlights our Community 
Outreach Activities, but provides a comprehensive focus on the 
diagnosis and treatment of pancreatic cancer.  The average lifetime 
risk of pancreatic cancer for men is about 1 in 63 and for women 
it is 1 in 65 with approximately 55,440 new cases diagnosed 
nation-wide.  There are several risk factors to avoid to decrease 
your chance of developing pancreatic cancer.  These include 
smoking, being overweight and exposure to certain chemicals.  
The CHI Health Henry Lynch Cancer Center strives to educate 
the community on risk factors for all cancers and promotes early 
detection of disease aiming to provide treatment at the earliest 
stages to ensure the most comprehensive care for our patients. 
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2017 ANNUAL SITE TABLE

 CLASS OF CASE SEX

  Total    Non    
Primary Site Cases Analytic  Analytic Male Female

Oral Cavity & Pharynx:     
Lip 1 1 0 1 0
Tongue 6 6 0 6 0
Salivary Glands 3 2 1 3 0
Nasopharynx 1 1 0 1 0
Tonsil 7 7 0 6 1
Oropharynx 1 1 0 1 0
Hypopharynx 2 2 0 2 0
Other Oral Cavity & Phraynx 1 1 0 0 1

Digestive System: 
Esophagus 21 18 3 18 3 
Stomach 28 22 6 18 10 
Small Intestine 19 16 3 11 8 
Colon Excluding Rectum 155 140 15 60 95 
Rectum & Rectosigmoid Junction 74 69 5 48 26 
Anus, Anal Canal & Anorectum 13 13 0 7 6 
Liver & Intrahepatic Bile Duct 39 38 1 27 12 
Gallbladder 8 8 0 4 4 
Other Biliary 8 8 0 5 3 
Pancreas 74 74 0 45 29 
Retroperitoneum 1 1 0 0 1 
Peritoneum, Omentum, & Mesentery 5 3 2 1 4 
Other Digestive Organs 4 4 0 1 3

Respiratory System: 
Nose, Nasal Cavity, & Middle Ear 1 1 0 0 1 
Larynx 15 15 0 9 6 
Lung & Bronchus 270 265 5 148 122 
Trachea, Mediastinum, & Other 1 1 0 1 0 
Mesothelioma 5 5 0 3 2

Bones & Joints:     
Bone & Joints 1 1 0 0 1

Soft Tissues:     
Soft Tissue (including Heart) 7 7 0 5 2

Skin:
Melanoma - Skin 95 91 4 54 41
Other Skin 8 8 0 6 2
Kaposi Sarcoma 1 1 0 1 0

Breast:
Breast 482 458 24 3 479



3

  CLASS OF CASE   SEX

  Total    Non    
Primary Site Cases Analytic  Analytic Male Female 

Female Genital System: 
Cervix Uteri 13 11 2 0 13 
Corpus and Uterus, NOS 41 40 1 0 41 
Ovary 18 11 7 0 18 
Vagina 1 1 0 0 1 
Vulva 7 5 2 0 7 
Other Female Genital Organs 2 2 0 0 2

Male Genital System:
Prostate 274 251 23 274 0
Testis 10 9 1 10 0
Penis 2 2 0 2 0

Urinary System: 
Urinary Bladder 80 77 3 62 18 
Kidney & Renal Pelvis 94 88 6 62 32 
Ureter 7 7 0 5 2 
Others Urinary Organs 1 1 0 1 0

Brain & Other Nervous System: 
Meninges 43 43 0 15 28 
Brain 25 25 0 16 9 
Cranial Nerves & Other CNS 4 4 0 1 3

Endocrine System: 
Thyroid 32 32 0 11 21 
Other Endocrine (including Thymus) 19 19 0 11 8

Lymphoma: 
Hodgkins 15 14 1 7 8 
Non-Hodgkins 97 94 3 47 50

Hematopoietic Reticuloendothelial:    
Lymphocytic Leukemia 19 19 0 9 10 
Myeloid & Monocytic Leukemia 14 14 0 8 6 
Other Leukemia 2 2 0 1 1 
Multiple Myeloma 28 25 3 13 15

Miscellaneous:
Ill-Defined and Unspecified Sites 31 29 2 13 18

Total 2,236 2,113 123 1,063 1,173
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2017 Cancer Incidence 
By Site and Gender
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OUTCOMES DATA  
Screening Outcomes

TYPE OF SCREENING TOTAL # # ABNORMAL

Colon Cancer – FOBT Kit
1,128 distributed 

508 returned
11 Positive Kits

Skin Cancer 495
108 Biopsy Recommended/ 

40 referred non-cancer

Breast Cancer 61 4

CHI Health 5-year Observed Survival Rates for Pancreatic Cancer
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CHI Health selected the following screening events in 2017 for these reasons:

1. According to the 2015 Community 
Needs Assessment for the Omaha 
Metro the percentage of colorectal 
cancer screening is at 64.1% which is 
well below the Healthy People 2020 
Goal of 80%.

2. According to the CHI Health Cancer 
Registry data from 2014-2016 there  
is a rising number of malignant  
melanoma cases within our area.

3. According to the 2015 Community 
Needs Assessment for the Omaha 
Metro the percentage of women 
receiving mammograms in the past  
2 years is at 76.1% which is well  
below the Healthy People 2020  
Goal of 81.1%.

COMMUNITY  
OUTREACH EVENTS

# EVENTS # PARTICIPANTS

Community Events 
includes any community 
event

19 31,054

Health fairs  
includes any event where we 
host a table for education 
and awareness

19 5,311

Screenings  
includes any FOBT kit  
distribution, clinical breast 
exams, skin checks

21 731

Misc:  
Any event that does not fall 
within one of the other  
categories and brings aware-
ness to prevention/screening

13 1,106

TOTAL 72 38,202

SKIN CANCER 
SCREENING  
DIAGNOSIS F/U

RESULTS

Melanoma 1

Basal/Squamous Cell 
Carcinoma 2

Seborrheic  
Keratosis 4

Other/Unknown 6

Benign 3

No Biopsy 6

Total 19/108
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Share Our Strengths

(Above) Relay for Life event
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Pancreatic cancer accounts for about three 
percent of all cancers, resulting in about 
seven percent of all cancer-related mortality 
in the United States. It is estimated that 
in 2018, about 55,000 cases of pancreatic 
cancer will be diagnosed and roughly 
44,000 individuals will succumb to the 
disease. Pancreatic adenocarcinoma is the 
most common type of pancreatic cancer. 
Other less common types of pancreatic 
cancer include neuroendocrine tumors 
of the pancreas, squamous cell cancer, 
adenosquamous, and undifferentiated 
carcinoma with giant cells. Pancreatic 
adenocarcinoma is the focus of this article. 
As an internist and gastroenterologist, 
I follow a multipronged role in the 
management of patients with  
pancreatic cancer. 

Risk factor reduction and prevention: 
Using tobacco, including cigarette smoking, 
chewing, cigar, and pipe smoking, is 
the strongest risk factor associated with 
pancreatic cancer. The risk of developing 
pancreatic cancer is doubled in individuals 
who use tobacco. Other risk factors include 
being overweight and obesity (especially 
abdominal obesity) and exposure to certain 
types of chemicals. Other risk factors for 
pancreatic cancer include aging, family 
history of pancreatic cancer, certain 
inherited genetic conditions, diabetes, and 
presence of chronic pancreatitis. Risk of 
pancreatic cancer is slightly increased in 
both African Americans and males. 

Prevention of pancreatic cancer focuses on 
risk factor reduction, the most important of 
which include avoiding/quitting smoking, 
staying at a healthy weight through regular 
physical activity, and consuming a diet 
that prevents weight gain. The focus of a 
healthy diet is to avoid excessive intake of 
refined grains, processed meat, and red 
meat. Limiting use of alcohol and avoiding 
exposure to chemicals associated with 
pancreatic cancer also reduces the risk  
of pancreatic cancer. 

Signs and Symptoms of pancreatic 
cancer: 
Pancreatic cancer in its early stages does 
not cause any symptoms. By the time 
symptoms do appear, the cancer has 
already spread outside the pancreas.  
Common symptoms include jaundice, dark 
urine, pale colored stool, itching, and upper 
or mid-abdominal pain radiating to back. 

Less common clinical features include 
nausea or vomiting, unexplained deep 
venous thrombosis or pulmonary 
embolism, and new onset or worsening of 
diabetes over age 50. Some patients also 
experience unexplained weight loss. 

Role for screening and early detection: 
Universal screening is not recommended 
for pancreatic cancer. Selecting a subset 
of population who are at increased risk for 
developing pancreatic cancer and screening 
them could be an effective strategy to 

Savio Reddymasu, MBBS 
Gastroenterology

Pancreatic cancer 

Gastroenterology



detect cancer at an early stage. 
This has been a focus area of 
pancreatic cancer research in 
the past few years. Individuals 
who fall in this category include 
those with a strong family history 
of pancreatic cancer and certain 
other genetic syndromes such 
as Lynch syndrome, familial 
pancreatitis, hereditary breast 
and ovarian cancer syndrome, 
Peutz-Jeghers syndrome, Von 
Hippel-Lindau Syndrome, 
Hereditary breast and ovarian 
cancer syndrome, and familial 
atypical multiple mole melanoma 
syndrome, among others. However, 
in some families, the gene mutation 
causing increased risk of pancreatic 
cancer has still not been identified. 
Individuals in whom a cancer 
syndrome is suspected are usually 
referred for genetic counseling. The 
role of a genetic counselor is vital 
and in conjunction with a qualified 
physician, they order the appropriate 
genetic testing and recommend 
optimal screening tests based on the 
results of those genetic tests.  

Another risk factor for pancreatic 
cancer is certain types of pancreatic 
cysts known as mucinous cystic 
lesions and intraductal papillary 
mucinous neoplasms (IPMN). The latter 
types of cysts communicate with the 
pancreatic duct and based on the level 
of communication, they are classified 
as side branch and main duct IPMNs. 
These lesions have a small, but finite 
risk of harboring pancreatic cancer, 
or eventually turning into pancreatic 
cancer. These lesions are increasingly 

being detected as incidental findings 
in imaging studies performed for other 
indications. Depending on the size 
and characteristics of the cyst on these 
radiology studies, patients are enrolled 
into a surveillance protocol, usually 
comprising magnetic resonance imaging 
(MRI) and endoscopic ultrasound (EUS). The 
goal of this program would be to detect 
pancreatic cancer at an early stage or at 
an advanced pre-cancerous stage so that 
patients can receive curative resection. 
Surveillance protocol is appropriate only 
for patients who do not have multiple 
other comorbidities and who can undergo 
surgical resection if needed. 

Diagnostic testing for pancreatic cancer: 
A pancreatic tumor is usually detected on 
imaging studies such as computerized 
tomography (CT), ultrasound of abdomen, 
or MRI. After detecting the tumor (Figure 
1) through the above mentioned studies, 
a biopsy of the tumor is usually requested 
to determine the nature of pancreatic 
neoplasm. Endoscopic ultrasound (EUS) 
is the most commonly performed test to 
obtain samples from pancreatic lesions 
(Figure 2) seen on other imaging studies. 
This technology incorporates ultrasound 
in a standard endoscope and helps in the 
clear visualization of pancreas from the 
stomach and duodenum. A fine needle is 
passed through the working channel of the 
echoendoscope into the tumor to obtain 
cells for pathologic interpretation. 

Other tests performed to obtain a tissue 
diagnosis include the following: CT guided 
biopsy can be used to obtain biopsy from 
pancreatic tumor. In this technique, the 
needle is passed into the pancreatic tumor 
under CT guidance. This test has fallen out 
of favor due to the risk of tumor seeding 
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Figure 2: 
Image showing EUS FNA  
of pancreatic mass

Figure 1: 
CT scan finding suggestive  
of pancreatic cancer



the track of the needle that is used to biopsy 
the lesion. 

Endoscopic retrograde 
cholangiopancreatography (ERCP) is a 
modality in which a catheter is inserted into 
the common bile duct and pancreatic duct 
under endoscopic and fluoroscopic guidance, 
and biopsy can be obtained from the ducts 
where the tumor is causing obstruction 
of the respective ducts. This is an invasive 
procedure associated with higher incidence 
of side effects and a relatively low diagnostic 
yield when compared to EUS. Hence, EUS has 
largely replaced ERCP for diagnostic purposes 
and the latter is used mostly for therapeutic 
purposes. 

Surgical biopsy is available when a biopsy 
is obtained after direct visualization of 
the pancreatic tumor. Currently, EUS is the 
preferred testing modality for diagnosis of 
pancreatic tumors. CT guided and surgical 
biopsy or ERCP with brushings of the 
pancreatic duct and common bile duct is 
reserved for cases where clinical suspicion 
of pancreatic cancer exists and EUS guided 
biopsy is non-diagnostic. 

There is no serologic or blood tests currently 
available for the diagnosis of pancreatic 
cancer, thus developing a biomarker has 
been the focus of several recent research 
studies. A tumor marker called Carbohydrate 
antigen 19-9 (CA 19-9) is currently available 
and is sometimes elevated in patients with 
pancreatic cancer. It should not be used in 
isolation to diagnose pancreatic cancer. It 
is recommended to obtain this test after 
diagnosis and periodically through the 
course of treatment to measure response to 
therapy. It is hoped that developing a reliable 
biomarker for pancreatic cancer is not far off 
as it would be one of the most important 
advances in the field of pancreatic cancer. 

Staging of pancreatic cancer 
Accurate staging of pancreatic cancer is a vital 
and crucial step that determines the nature of 
treatment in patients with newly diagnosed 
pancreatic cancer. A multi-disciplinary 
approach with input from the radiologist, 
pancreatic surgeon, gastroenterologist, and 
oncologist is recommended for accurate 
staging. The first-line diagnostic tests useful 
for staging are a pancreatic protocol CT scan 
(or MRI) and EUS. 

In cases where distant metastasis is 
suspected, a positron emission tomography 
(PET) scan is sometimes used; however it 
does not perform as well in pancreatic cancer 
when compared to certain other types of 
cancer such as esophageal cancer. Using 
input from the multidisciplinary team, the 
oncologist eventually stages patients with 
pancreatic cancer using the AJCC (American 
Joint Committee on Cancer) TNM (Tumor 
Node Metastasis) system. 

Role of gastroenterologist in 
management of symptoms related  
to pancreatic cancer 
Pancreatic cancer, especially in advanced 
stages, is associated with a variety of 
symptoms including jaundice, disabling 
abdominal pain, nausea and vomiting,  
and weight loss due to decreased oral  
intake. Most of these symptoms resolve  
after surgical resection of pancreatic  
cancer, but seldom is this achieved at  
the time of presentation. Patients who  
cannot proceed with surgery at the time  
of presentation require chemotherapy 
 (and radiation therapy in some  
occasions) either to shrink the tumor in 
 order to facilitate resection in the future,  
or in cases where resection is not feasible,  
it becomes mainstay of treatment. In  
these cases, gastroenterologists play  
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a vital role in the palliation of some  
of the disabling symptoms related  
to pancreatic cancer. 

Jaundice: The distal portion of 
the common bile duct courses 
through the pancreas and if the 
pancreatic cancer involves the head 
or sometimes, the neck area of the 
pancreas, it can cause obstruction 
or stricture of the bile duct and lead 
to jaundice. To control jaundice, an 
endoprosthesis, or stent, is placed 
across the stricture in the common 
bile duct under endoscopic and 
fluoroscopic visualization using 
ERCP (Figure 3). Rarely, placing a 
stent is not feasible by ERCP and the 
stent is placed percutaneously by 
interventional radiologists by using 
a technique called percutaneous 
transhepatic cholangiography 
(PTC). The stent placed by PTC 
can eventually be internalized by 
ERCP as it is better tolerated than 

the external stent. In instances 
where neither procedure is feasible 
to relieve biliary obstruction, a 
surgical procedure known as 
hepaticojejunostomy is performed. 
In this procedure, the bile duct 
above the level of obstruction is 
anastomosed to a loop of jejunum. 

Pain: Abdominal pain from 
pancreatic cancer is often a 
disabling symptom. Opioid 
analgesics are usually required to 
control pain. However, in some 
instances, patients do not get 
optimal pain relief even with high 
doses of narcotic analgesics, or 
they develop dose-limiting side 
effects. Pain from pancreatic cancer 
is transmitted by celiac plexus, a 
dense network of ganglia around 
the aorta in the upper abdomen 
and is a part of the sympathetic 
nervous system. Destruction of 
these nerves using a procedure 

called celiac plexus neurolysis (CPN) 
is performed for palliation of pain. 
This procedure is performed using 
EUS guidance by injecting absolute 
alcohol into the celiac plexus 
ganglion or in the area around the 
origin of the celiac artery from the 
abdominal aorta (Figure 4). It is a 
well-tolerated procedure resulting 
in either excellent analgesia or 
the reduction of the dosage of 
opioid analgesics. In institutions 
where EUS-guided CPN cannot be 
performed, percutaneous CPN by 
interventional radiologists or pain 
management specialists can also 
be performed. Some of the adverse 
events that can be associated 
with this procedure include 
dizziness, diarrhea, paraplegia, and 
retroperitoneal abscess. Fortunately, 
these complications are either self-
limiting or extremely rare. 

Figure 4: 
Image demonstrating EUS 
guided celiac plexus neurolysis

Figure 3: 
ERCP image showing 
placement of a stent in 
the common bile duct
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Nausea and Vomiting: In certain 
patients with pancreatic cancer, the 
tumor causes external compression 
or invades the stomach or duodenal 
wall leading to intractable nausea, 
vomiting, decreased oral intake. 
and can lead to dehydration and 
weight loss. In this scenario, a self-
expanding metal stent is placed 
under endoscopic and fluoroscopic 
visualization across the stricture 
(Figure 5). Successful insertion 
of the stent leads to reasonable 
palliation of nausea and vomiting 
and resumption of oral intake. An 
infrequent side effect after stent 
insertion is perforation and tumor 
ingrowth leading to the recurrence 
of symptoms. In patients who do not 
tolerate stent, have complications 
related to stent placement, or the 
stent is ineffective in symptom 
resolution, surgical by-pass in 
the form of gastrojejunostomy 
can be considered. Endoscopic 
gastrojejunostomy is an evolving 
technique and could be a less 
invasive alternative to surgical 
gastrojejunostomy. 

Small bowel obstruction from 
metastatic disease can also cause 
nausea and vomiting and can lead 
to repeated hospitalizations. In 
patients who are not good surgical 
candidates, a gastrostomy tube 
is sometimes inserted for venting 
purposes so that patients can 
manage the bowel obstruction 
episodes at home and minimize 
emergency department visits and 
hospital admissions. 

Anorexia and weight loss: Some 
patients with pancreatic cancer have 
significant weight loss due to loss of 
appetite and decreased oral intake. 
This sometimes limits patients’ ability 
to tolerate chemotherapy. In these 
cases, consideration could be given 
to a feeding tube placement either in 
the stomach or jejunum to aid in the 
ease of administering medications 
and nutrition. 

Conclusion 
Pancreatic cancer is predicted to be the 
second leading cause of cancer-related 
mortality by 2020. As treatment of 
pancreatic cancer continues to evolve, 
focus also has shifted to prevention, 
earlier detection, and developing a 
reliable and non-invasive biomarker for 
pancreatic cancer. This hopefully can 
detect cancer at an early stage, which in 
turn will improve survival. Endoscopic 
ultrasound technology has become a 
valuable tool in diagnostic and staging 
algorithms for pancreatic cancer and 
endoscopic therapies play a vital role in 
the palliation of symptoms associated 
with this condition. 
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Figure 5: 
Image showing placement of stent 
across duodenal stricture from 
pancreatic cancer neurolysis
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Strive for Progress

(Above) AllCare Health Fair featured the Rholanda "Rollin' Colon"
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Pancreatic cancer ranks as the third leading 
cause of cancer-related death in the United 
States. Hope for the patient diagnosed 
with adenocarcinoma of the pancreas rests 
upon eligibility for surgical resection, the 
only method of cure. Contributing to a 
5-year survival rate of less than 8.5 percent, 
the majority of cases (80 percent) present 
at an advanced stage eliminating surgery 
as a treatment option. Chemotherapy and 
radiation therapy have been ineffective 
to date. Five-year survival of patients with 
localized disease is 34 percent. 

Although population-based screening 
for adenocarcinoma of the pancreas is 
not currently available, imaging-based 
screening of patients with a genetic 
predisposition can be used to detect 
earlier stage tumors. More commonly, 
imaging is used when this disease is 
found incidentally or suspected based on 
laboratory studies, endoscopic findings, 
or clinical data. Multidetector computed 
tomography (MDCT), magnetic resonance 
imaging (MRI), ultrasound, and endoscopic 
ultrasound (EUS) each have utility. The 
modality of choice depends upon local 
expertise. Ideally, the radiologist can, with 
a single modality, find the primary tumor, 
stage the disease, determine resectability, 
and describe anatomic variants relevant to 
the surgeon. The interventional radiologist 
obtains pathologic confirmation and, for 
inoperable patients, palliation.

The pancreas enhances maximally 
in the late arterial phase of contrast 
administration, approximately 10 seconds 
after peak contrast enhancement in 
the abdominal aorta. At this point, the 
pancreatic parenchyma can be best 
differentiated from the hypovascular 
(relatively less enhancement) 
adenocarcinoma of the pancreas. As a 
side note, the other major cancers of 
pancreatic origin, functioning and non-
functioning neuroendocrine tumors, are 
often hypervascular (brighter than the 
normal pancreas) at this phase of contrast 
enhancement. The early arterial phase exam 
optimally distinguishes neuroendocrine 
tumors from normal pancreas as well.

The TNM staging system is not specifically 
used in radiology reports, although 
background knowledge of this classification 
is necessary to provide value to our 
oncologic and surgical colleagues. 

• T1-T3 disease allows the patient to remain 
a surgical candidate. 

• T1, T2, and T3 tumors are differentiated  
at the two and four centimeter diameter 
size criteria. 

• T3 disease extends outside of the 
pancreas without involving the celiac  
or superior mesenteric artery. 

• T4 disease, involving the celiac axis, 
superior mesenteric artery, or common 
hepatic artery is unresectable. 

Kyle Krehbiel, MD 
Radiology

Pancreatic cancer 

Radiology



Additionally, venous findings may preclude resectability. 

The Raptopoulos computed tomography (CT) grading system describes criteria 
for evaluating vascular involvement. 

•   Grade 0 indicates maintenance of a fat plane or normal pancreas between  
the tumor and vessel of interest. 

•   Grade 1 is blurring of the fat plane less than 180° around the circumference  
of the vessel. 

•  Grade 2 is flattening or irregularity of the vessel.

•  Grade 3 is disease around >180° of the vessel circumference. 

•  Grade 4 disease is an occluded vessel. 

Grade 3 and 4 findings indicate vascular invasion, which is unresectable if in regard 
to the celiac trunk, hepatic artery, proximal gastroduodenal artery, or superior 
mesenteric artery, and potentially so in regard to the superior mesenteric or portal 
vein if en bloc resection is not possible.

The N stage cannot be accurately depicted by cross-sectional imaging (MDCT 
or MRI). Although the oncologic status of lymph nodes at surgery greatly affects 
prognosis, the presence of regional nodes on staging MDCT or MRI does not affect 
eligibility for surgery. Despite these facts, lymph nodes in the drainage routes from 
the primary tumor should be described to guide the surgeon. AJCC-UICC guidelines 
require assessment of 10 lymph nodes at surgery. The most effective imaging 
modality in the evaluation of regional nodes is endoscopic ultrasound, as suspicious 
nodes can be biopsied during this exam.

The next part of the imaging evaluation is a portal venous phase scan of the abdomen 
and pelvis performed about 35 seconds after peak contrast enhancement in the 
abdominal aorta. This phase is employed to evaluate the M stage. The presence 
of distant metastases precludes the surgical option. MRI, due to its superior soft 
tissue contrast, is the best imaging modality to evaluate for hepatic metastases, 
especially small lesions. The liver MRI contrast agent, gadoxetate disodium (Eovist®) 
may be used to more accurately detect and characterize sub-centimeter liver lesions. 
MRI is recommended when there are indeterminate liver lesions at MDCT or if a 
primary pancreatic neoplasm is suspected but is isoattenuating at CT. Alternatively, 
intraoperative ultrasound in experienced hands is an excellent modality to evaluate liver 
lesions at laparotomy. 
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Most primary pancreatic adenocarcinomas and metastases 
do accumulate fluorodeoxyglucose (FDG) and are depicted 
as hypermetabolic at PET-CT. This modality does have the 
potential to impact patient management. The often quoted 
number of 15-30 percent upstaging of patients with FDG-
PET is true for pancreatic cancer, as well. However, given the 
utility of MDCT in the staging evaluation of pancreatic cancer 
and the fact that FDG-PET is less sensitive for liver metastases 
than contrast-enhanced CT or MR, FDG-PET is not routinely 
employed.

Additionally, now that CT imaging is ubiquitous, pancreatic 
cystic lesions are diagnosed on a routine basis. Certain types  
of pancreatic cystic lesions, most notably mucinous tumors, 
have a risk for overt malignant transformation. For this  
reason, patients with these lesions are placed into MRI- 
based surveillance protocols. Certain imaging findings such 
as mural nodularity, dilation of the main pancreatic duct, 
size greater than or equal to three centimeters, and interval 
enlargement indicate suspicion for malignancy. These findings 
should prompt further investigation including endoscopic 
ultrasound for tissue sampling and potentially referral to  
a multidisciplinary group.

Theranostics is a developing specialty within the realm of 
molecular medicine, a radiology subspecialty, that capitalizes 
on imaging agents attracted to certain types of cancer cells. 
Molecular medicine physicians in our health system (Drs. 
Mehr and Paknikar) have been early adopters and have 
helped develop this field. Theranostics uses agents that emit 
radiation which are attached to imaging agents resulting in 
a therapy that is more specific to the cancer and with fewer 
systemic side effects. The first widely available therapy in this 
field is for gastroenteropancreatic neuroendocrine tumors, 
Lutathera. Lutathera utilizes dotatate (somatostatin receptor 
analog that allows the compound to attach to tumor cells) 
labeled with lutetium (a beta radiation emitter that kills tumor 
cells). Patients treated with Lutathera have an 80 percent 
progression-free-survival advantage.

Interventional radiology also plays a role in the management 
of pancreatic cancer. Pathologic confirmation can be obtained 
by CT-guided percutaneous biopsy. If the lesion is too small 
or in a location not amenable to this technique, endoscopic 
ultrasound is another procedure – performed often by  
a gastroenterologist – that can be used to achieve  
a pathologic diagnosis.

Inoperable pancreatic cancer as noted above has a grim 
prognosis. The physician’s efforts quickly shift from curative 
therapy to palliation. Cancers in the pancreatic head often 
obstruct the common bile duct causing pain, jaundice, 
and pruritus. The interventional radiologist can relieve the 
obstruction by percutaneous transhepatic placement of a 
metallic stent (only indicated for patients with a short life 
expectancy) or internal-external biliary drainage catheter.  
A celiac ganglion block can be done for intractable pain. This 
procedure involves placing a small needle near the celiac 
ganglion percutaneously with CT guidance. After lidocaine 
for local anesthesia, 25 ml of 50 percent alcohol is injected. 
Symptom relief can last for weeks to months. 

MDCT remains the modality of choice for diagnosis 
and staging of adenocarcinoma of the pancreas. MRI is 
recommended to evaluate liver lesions seen on MDCT or in 
cases in which the primary tumor is not well seen by MDCT. 
Theranostics is a new field in molecular medicine with a novel 
treatment option for patients with pancreatic neuroendocrine 
tumors. Interventional procedures are used to obtain 
pathologic diagnosis, relieve biliary obstruction, and treat 
intractable pain.
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Unlike the heart, the liver, or even the 
kidneys, the pancreas has not garnered 
much attention in regard to fancy surgeries 
and transplant potential. However, the 
importance of the pancreas in maintaining 
daily functions makes this a vital organ to 
the human body. 

Approximately six inches long and one 
inch tall, the human pancreas sits behind 
the stomach. The pancreas’ major roles 
include supplying the enzymes required 

to break down the food we eat using 
its exocrine function, and producing 
hormones such as insulin and glucagon to 
regulate carbohydrate metabolism with its 
endocrine modality. Without this critical 
glandular organ, quality of life boils down 
to daily hormone shots, long term enzyme 
supplementation, and strict dieting. This 
article describes common disease states of 
the pancreas and their surgical treatments.

Awinder Singh, M.D. 

Pancreatic cancer 

Surgical Perspective

Figure 1: Labeled pancreas, pancreatic neck is located between the head and body  
(stomach removed for better visualization).  

Image borrowed from Medical gallery of Blausen Medical 2014.
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Pancreatic cancers 
Averaging 7% of all deaths by cancer, 
pancreatic neoplasms are one of the 
most devastating malignancies known 
in medicine. Patients are generally over 
the age of 40 and asymptomatic until 
a friend or family member notes the 
jaundice that resulted from bilirubin 
buildup, secondary to pancreatic duct 
obstruction. Consequently, pancreatic 
cancer is usually diagnosed at stage III 
or later, spreading beyond at least four 
surrounding lymph nodes and nearby 
blood vessels. Once the progression is 
severe enough to produce symptoms, 
weight loss and loss of appetite are most 
common. Patients may also experience 
abdominal pain, nausea, fatigue,  
dark urine, icterus scelerae, and 
jaundiced skin. 

Pancreatic cancer is 95% exocrine and 
5% neuroendocrine in nature.  Of the 
exocrine pancreas, portions where 
digestive enzymes are produced, 85% 
of cancers appear as adenocarcinomas 
arising from epithelium from the 
main or accessory pancreatic ducts. 
In addition to adenocarcinoma, 
there are also the rarer types: acinar 
cell carcinoma, intraductal papillary 
mucinous neoplasm (IPMN), and 

mucinous cystadenocarcinoma. Acinar 
cell carcinoma results in high levels of 
fat digesting lipase enzymes, which 
can be measured in blood. IPMN serves 
as a precursor to adenocarcinoma 
and presents as finger-like projections 
into pancreatic ducts. Mucinous 
cystadenocarcinoma describes a cyst 
filled with mucin, usually found in the 
tail of the pancreas. Exocrine pancreatic 
cancers can be further broken down 
into the location in which the neoplasm 
occurs. This includes the head, body, tail, 
or the entire gland. Risk factors include 
cigarette smoking, excessive alcohol 
use, and history of diabetes mellitus, 
especially in the African American 
population.1 

Neuroendocrine pancreatic cancer, 
or islet cell tumor, distinguishes itself 
from other pancreatic cancers by 
its production of hormones.  While 
nonfunctional islet cell tumors present 
similarly as exocrine pancreatic cancer, 
functional tumors such as gastrinoma, 
insulinoma, and glucagonoma 
produce gastrin, insulin, and glucagon, 
respectively. Excessive levels of gastrin 
increase stomach acid, leading to 
ulcers, diarrhea, gastroesophageal 
reflux, and even Zollinger-Ellison 

syndrome (syndrome resulting in the 
overproduction of gastric acid, leading 
to peptic ulcers). High levels of insulin 
and glucagon lead to dysregulation 
of sugar metabolism. Risk factors are 
similar to those of exocrine neoplasms, 
with additional contributing factors 
being family history of cancer and 
Han Chinese ethnicity.2,3 With a 
better prognosis than the exocrine 
counterparts, five-year survival rate is 
estimated to be 55% when the tumor is 
resectable (due to localization) and 15% 
when not resectable. 

Surgical management of pancreatic 
cancers 
If caught early, the cancerous tissue 
itself is still localized, rendering surgical 
treatment most effective. 

Due to the level of vascular invasion at 
the time of most diagnosis, only 15% 
to 20% of patients are candidates for 
resections. Nevertheless, the impressive 
surgical approaches to pancreatic 
cancer deserves an in-depth discussion.

For cancers that infect the pancreatic 
head, a pancreaticoduodenectomy, or 
the Whipple procedure is performed. 
This radical operation entails the 

Figure 2: Before and after conventional 
Whipple procedure. Normal anatomy 
on the left and postoperation on the 
right, with pancreatic head, gallbladder, 
bile duct, the pylorus of the stomach, 
duodenum of the small intestine, and 
lymph nodes removed. Image borrowed 
from Liver & Pancreas Surgeon Dr. Mark 
Fraiman, MD, MBA.
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removal of the cancerous pancreatic 
head, gallbladder, bile duct, the 
pylorus of the stomach, duodenum 
of the small intestine, and lymph 
nodes surrounding these tissues. 
The portion of pancreas left behind 
continues to carry out its exocrine and 
neuroendocrine functions. The intent 
of the Whipple procedure is to resect 
pancreatic malignancies along with 
regional metastases, while preserving 
the pancreas’ ability to produce 
enzymes and hormones for the body. 

Two modifications to the Whipple 
procedure include the pylorus-
preserving and the subtotal stomach-
preserving pancreaticoduodenectomy. 
The pylorus-preserving 
pancreaticoduodenectomy (PPPD, Type 
2 Whipple procedure), which leaves the 
entire stomach intact, may be preferred 
to avoid postoperative complications 
associated with partial gastrectomies. 
In a study of 465 patients however, 
no difference was found in morbidity 
or survival when compared to the 
traditional Whipple procedure. 
The only significant differences are 
decrease in operation time and blood 
loss.4 (See Figure 2.)

The subtotal stomach-preserving 
pancreaticoduodenectomy (SSPPD) 
aims to preserve as much of the 
stomach as possible, while preventing 
issues that arise from delayed gastric 
emptying. Compared to the PPPD, 
SSPPD preserves up to 90% of the 
stomach, even with the pylorus 
removed5.  A retrospective study 
on 158 patients compared the 

conventional Whipple procedure, 
PPPD, and SSPPD. Results showed 
significantly greater delayed gastric 
emptying in patients who underwent 
PPPD. No difference was found 
between patients who received the 
Whipple procedure and SSPPD. Other 
literature show conflicting results, 
indicating there is likely no increase in 
incidence of delayed gastric emptying.  
There is no statistical significant in 
survival times between procedures. 
Interestingly, the median survival time 
following SSPPD was greater than the 
Whipple procedure and the PPPD by 
4.2 and 3.6 months respectively.5

When cancer is found in the tail of 
the pancreas, the distal portion of 
the pancreas is removed, usually with 
the removal of the spleen as well. A 
distal pancreatectomy however, has 
been correlated to the development 
of diabetes years following surgery.6 
Those with neoplasms in the pancreatic 
tail or body are usually diagnosed at  
an even later stage. This is due to 
the lack of symptoms presented by 
patients, since the main pancreatic 
duct is unlikely to occlude based  
on its anatomical location. 

Chronic Pancreatitis 
While the acuity and gravity of 
pancreatic cancer are certainly 
discerned, Chronic Pancreatitis is of no 
less importance. Chronic pancreatitis 
is best characterized by fibrosis, 
or scarring, of pancreatic tissue. 
Calcification of the pancreas leads to 
duct obstruction and patients present 
with abdominal pain that radiates 

to the back. Sometimes, individuals 
describe having oily and greasy 
diarrhea due to their inability to absorb 
certain foods. With this malabsorption, 
most have a deficiency in fat soluble 
vitamins A, D, E, K.  Acute pancreatitis, 
chronic alcoholism, and history of 
cystic fibrosis are known risk factors, 
although most cases are idiopathic. 
Sequelae of this fibro-inflammatory 
disease include diabetes mellitus and 
pancreatic cancer.7

Surgical management of chronic 
pancreatitis 
There was Charles Puestow in 1958, 
then came Hans Beger in 1972, 
followed by Charles Frey in 1987.8,9,10 
These surgeons developed and 
modified procedures that are used in 
treating chronic pancreatitis. When 
operating on a chronically fibrosed 
and calcified pancreas, barrowing 
the pancreatic duct and allowing 
digestive enzymes to access the 
intestines become the main goal.11 
The Puestow procedure, or lateral 
pancreaticojejunostomy, accomplishes 
exactly that. The entire main pancreatic 
duct is exposed and then surgically 
attached to the small intestines. This 
allows the pancreatic enzymes that 
are needed to digest food to reach 
the intestine and bypass the scarring 
from the chronic inflammatory state. 
At times, electrohydraulic lithotripsy is 
used during the procedure to remove 
calcified stones that are obstructing 
the duct at the pancreatic head. 
While complications and mortality 
rates are low and success rate has 
been estimated to be 70%-90%, 
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modifications to Puestow’s method 
have been rendered by Dr. Frey thirty 
years later. 

The Frey procedure demonstrates the 
constant advancement of surgical 
approaches in treating chronic 
pancreatitis. Dr. Frey took the Puestow 
procedure and combined it with the 
resection of scarred pancreatic tissue. 
Subsequently, the Frey procedure is 
defined as the Puestow procedure 
with a longitudinal “coring-out” of 
the head of the pancreas affected by 
chronic pancreatitis, augmenting duct 
drainage. The tail and lateral portions 
of the pancreas are left completely 
intact. Due to lower morbidity and 
mortality rates compared to other 
techniques, some suggest the Frey 

procedure be the primary option for 
patients suffering from pain secondary 
to chronic pancreatitis.12 

The Beger procedure was developed 
to retain the entirety of the small 
intestine.  The Beger procedure dissects 
the pancreas with removal of the 
pancreatic head, leaving the duodenum 
intact and connecting it to the 
remaining pancreatic tail, along with 
the pancreatic duct. Beger’s procedure 
is mostly used in patients without 
pancreatic duct dilation or enlargement 
of pancreatic head. While 77% of 
patients have resolved abdominal pain, 
this method is mainly used in Europe 
and has not garnered much attention in 
the U.S.13 

The progression of surgery 
Surgeons are continually pioneering 
new methods and technology to treat 
pancreatic disease. 

First performed in the 1910, 
laparoscopic surgery employs a camera 
that is inserted into the abdominal 
cavity through a trocar to provide 
visualization. The procedure is then 
performed using instruments such  
as graspers, scissors, and clips that 
range 5-10mm in diameter. Gas is 
generally pumped into the cavity  
to provide space to operate. Incision 
sites can be as small as 0.5cm – much  
smaller compared to open surgery 
incision sites. 

Figure 3: Pancreas anatomy following 
Puestow Procedure. The pancreatic 
duct is directly connected to the small 
intestine, allowing digestive enzymes to 
drain accordingly. Image borrowed from 
Pancreatitis SOD Library.

Figure 4: Pancreas anatomy following Frey 
Procedure. The pancreas head itself has 
been hollowed out, with the main duct 
connected to the small intestine. Image 
borrowed from Medical University of 
South Carolina Digestive Disease Center. 

Figure 5: Pancreas anatomy following 
Beger Procedure. The pancreas head 
has been removed; duodenum and bile 
duct maintained with the pancreatic 
tail connected to small intestines. Image 
borrowed from Medical University of 
South Carolina Digestive Disease Center. 



Open Surgery Laparoscopic Surgery Robot assisted Surgery

Outcome • Direct interaction between 
surgeon’s hands with tissue

• Secure control of tissue by 
surgeon

• Depth perception is more  
accurate compared to  
a camera lens

• Reduced loss of blood

• Smaller incision sites

• Shorter hospital stay, faster 
recovery

• Less postoperative pain

• Reduced loss of blood

• Small incision sites

• Shorter hospital stays, faster 
recovery

• Less postoperative pain

• Continuous, smooth motion

• Reduction of trauma to  
internal organs

• Modalities allowing different 
views and maneuvers

Cost Dependent on specific  
operation

Dependent on specific  
operation

Most expensive compared to 
both open and laparoscopic

Limitation • Greatest amount of blood loss

• Incision site are generally 
greater than 1cm

• Hospital stays are much 
longer

• Longer periods of bowel  
inactivity (>3days)

• Lack of visualization in event 
of excessive adhesions

• Depth perception

• Range of motion for surgeons

• Trocar insertion injuries

Direct manipulation of tissue  
by surgeon

Advantages of minimally invasive 
surgery includes reduced blood loss 
and hemorrhaging, less subjective 
pain, shorter hospital stays, lower risk 
of infection secondary to less exposure 
of internal organs, and return to 
normal bowel movements at earlier 
postoperative days.15,16 Risk and 
disadvantages include limited range 
of motion for surgeons, suboptimal 
depth perception, and difficulty in 
obtaining visualization in the event of 
adhesions. One notable risk of inserting 
a scope into the body cavity is trocar 

injury. During the initial blind insertion, 
since the camera has not yet been 
introduced inside the body, there is a 
chance of penetrating blood vessels 
and bowels. This renders hematomas 
of the abdominal wall and provides 
locality for future umbilical hernias. 
For most pancreatic procedures, 
complication rates post operation are 
similar between open and minimally 
invasive surgery.15 Specific to a lateral 
pancreaticojejunostomy (Puestow 
procedure), success rate increases as 
size of the pancreatic duct increases.17 

Evolving from hand-held graspers, the 
robotically assisted surgical system was 
developed to overcome limitations 
of original laparoscopic methods.14 
Operations are still minimally invasive 
with the use of a camera and 0.5cm 
to 1.0cm incisions for instrument 
insertions. The defining aspect of 
the robot is the control of robotic 
arms using either a computer or 
telemanipulator. The surgeon sits aside 
at a computer system and “performs” 
the surgery using a virtual system. 
Patients’ anatomy is presented by  

Table 1: A comparison of traditional open surgery, minimally invasive laparoscopic surgery,  
and robot assisted surgery14,15
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a camera located inside the abdomen, 
and using the manipulator at the 
computer, surgeons carry out the 
procedural steps. The computer system 
transfers surgeons’ movements to  
the robotic arms that are inserted  
into the body. 

Advantages are similar to laparoscopic 
procedures regarding hospital stay, 
blood loss, and fewer complications. 
With robots however, there are 
automatic modalities that allow 
certain maneuvers to be carried 
out, controlled movement with 
feedback to yield continuous, 

smooth motion, and a reduction of 
trauma to internal tissue. In distal 
pancreatectomies performed on both 
chronic pancreatitis and pancreatic 
neoplasms, robotic assisted surgeries 
are known to have higher rates of 
spleen preservation. Compared to the 
traditional laparoscopic approaches, 
robotic procedures have a lower rate 
of conversion to open.18 When robot 
assisted pancreaticoduodenectomy 
is compared to laparoscopic or open 
approaches, no evidence of increased 
survivability was indicated. Safety and 
oncologic outcomes proved similar 

between the three methods.19 The 
main disadvantage to this system  
is the much higher surgical cost.

The pancreas is dynamic. Diseases 
such as pancreatic exocrine and 
neuroendocrine cancers and chronic 
pancreatitis are complex and 
devastating to life. There is a constant 
evolution of surgical approaches being 
developed. While there have always 
been high-profile cases associated with 
other organs, it is now time to focus 
our attention onto the pancreas and 
continue the legacy of physicians Dr. 
Whipple, Dr. Puestow, and Dr. Frey. 
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Autoimmune pancreatitis (AIP) is a newly 
recognized entity that mimics pancreatic 
adenocarcinoma. The two conditions 
have similar signs and symptoms, and in 
histopathologic evaluation, the prominent 
fibrosis and reactive ductal atypia can 
give the pathologist a false impression 
of pancreatic adenocarcinoma in biopsy 
or fine needle aspiration. Up to 3% of 
patients who had pancreatic resection for 
adenocarcinoma ultimately have AIP, so 
it is important that an accurate diagnosis 
is made in order to avoid the aggressive 
treatment used in pancreatic cancer. 

AIP is an autoimmune and non-neoplastic 
condition that can be controlled 
successfully with steroid treatment. It was 
first reported in 1961 as pancreatitis with 
hyperglobulinemia.  In 1995, Dr. Yoshida 
coined the term autoimmune pancreatitis.  
In 2001, Dr. Hammamo described the 
association of AIP with increased IgG4 level 
in serum.  In 2003, Dr. Kamisawa described 
the involvement of extrapancreatic sites 
with the same inflammatory process 
in other organs, including the thyroid, 
mesentery, eye, and stomach.

The common symptoms and signs seen 
in AIP include obstructive jaundice, 
abdominal pain, unexplained weight loss, 
and a pancreatic mass (which are often 
seen with pancreatic neoplasm), and 
increased level of IgG4 in serum. AIP is  

a clinicopathologic diagnosis characterized 
by the following important features:  

(1) The radiologic image shows a 
diffuse pancreatic enlargement, “the 
sausage shaped pancreas,” with bile 
duct thickening and narrowing of 
pancreatic duct.  

(2) Increased levels of IgG4, IgG, and  
anti-nuclear antibodies.  

(3) Extrapancreatic organ involvement 
by the same inflammatory process.  
Involved organs may include: 
bile duct (sclerosing cholangitis); 
salivary and lacrimal glands (the 
Mikulicz’s syndrome); thyroid 
(Riedel’s thyroiditis); mediastinum 
(mediastinal fibrosis); aorta 
(chronic sclerosing aortitis); kidney 
(idiopathic hypocomplementemic 
tubulointerstitial nephritis with 
extensive tubulointerstitial deposits).  
It is now thought that AIP is a systemic 
autoimmune disease thus some 
authors also call it as a unified name  
as IgG4 related disease.  

(4) The characteristic histologic 
features include: periductal 
lymphoplasmacytic infiltration, 
storiform fibrosis, obliterative phlebitis 
at the leading edge of the lesion, and 
an increase of IgG4 plasma cells seen 
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in immunohistochemical stain (≥ 10 IgG4 
plasma cells in on high power field).   
(See images for histologic features.)

In order to confirm this clinicopathologic 
diagnosis, the condition must improve after 
steroid treatment.  

The cause of AIP is unknown.  The elevated 
level of serum IgG4 and the histologic feature of 
storiform fibrosis seen in this condition suggest 
Th2 lymphocytes and Treg lymphocytes play a 
role in its pathogenesis.  

In 2011, Dr. Deshpande classified AIP into two 
types which have different clinical and pathologic 
features. Type 1 occurs in older, male patients 
(over age 60) as compared to Type 2 (over age 40), 
where it is equally common for both males and 
females. 

The elevated level of IgG4 is almost always seen 
in Type 1 while normal levels may be seen in Type 
2.  Extrapancreatic involvement is more commonly 
seen in Type 1.  However, Type 2 has an association 
with inflammatory bowel disease, particularly 
ulcerative colitis, and this association is not seen  
in Type 1.  

Both Type 1 and Type 2 show good response to 
steroid treatment, but Type 2 shows a higher rate of 
relapsing.  In histologic features, both types shared 
the common feature of periductal lymphoplasmacytic 
infiltration.  However, storiform fibrosis and increased 
IgG4 plasma cells are more commonly seen in Type 
1, while Type 2 is more like to show intraepithelial 
neutrophil infiltration.  

Relevant to our clinical practice, a Type 1 patient may 
not need a pancreatic biopsy to confirm the diagnosis 
of AIP.  Specifically, if a male patient >60 presented with 
jaundice, abdominal pain, pancreatic mass, and elevated 
IgG4 level showed clinical improvement after a trial of 
steroid treatment, then pancreatic biopsy may not be 
needed to confirm the diagnosis of AIP.  

AIP is a treatable autoimmune disease that has similar 
presentation with a pancreatic neoplasm.  Recognizing 
this entity is important for both clinician and pathologist 
in order to implement appropriate treatment and to 
prevent aggressive treatment of a pancreatic neoplasm.  
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Image 4: 
Obliterative Phlebitis shows the thin wall veins being 
attacked by lymphocytes (red arrows) as comparing to 
adjacent intact thick wall arteriole (green arrow).

Image 3: 
Storiform fibrosis 

Image 2: 
Higher magnification of periductal inflammation shows 
plasma cells (red arrows) and intraepithelial neutrophil 
infiltration (green arrow).  

Image 1: 
Periductal inflammation is characterized by 
lymphocytes and plasma cells surrounding  
the pancreatic duct.   
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Pancreatic cancer: 
The estimated number of new cases of 
pancreatic cancer in the United States in 
2018 is approximately 55,440, or 3.2% of all 
the new cancer cases. The estimated deaths 
in 2018 are 44,330, or 7.3 % of all cancer 
deaths.  Though small, the increased risk 
in some cases are firmly linked risk factors 
for pancreatic cancer include cigarette 
smoking, exposure to chemicals and heavy 
metals (beta-naphthylamine, benzidine, 
pesticides, asbestos, benzene, and 
chlorinated hydrocarbons), heavy alcohol 
consumption, increased body mass index, 
low retinol/vitamin A intake, and chronic 
pancreatitis.

Pancreatic cancer -  
Genetic predisposition  
Genes and chromosomes can mutate either 
in somatic or germinal tissues and these 
changes are called somatic or germline 
mutations respectively. Somatic mutations 
are never transmitted to progeny, while 
germinal mutations are usually transmitted 
to some or all progeny. Germline mutation 
in the SKT11 gene results in Peutz-Jeghers 
syndrome which is associated with 
increased risk of gasterointestinal polyps, 
colorectal cancer, and pancreatic cancer 
(132-fold). SKT11 is noted to undergo 
somatic mutation in approximately 5% of 
pancreatic cancers. Familial pancreatitis 
increases the risk of pancreatic cancer by 
26-87 fold. Genes associated with familial 

form of pancreatitis include PRSS1, SPINK1, 
and CFTR. Familial malignant melanoma 
syndrome – also known as melanoma-
pancreatic cancer syndrome or familial 
multiple mole melanoma (FAMMM) 
syndrome –is a result of germline mutation 
in CDKN2A (p16INK4a/p14ARF) gene. This 
syndrome increases the risk of pancreatic 
cancer by 20-47 fold.  

Patients with Lynch syndrome have 
germline mutation in DNA mismatch 
repair (MMR) genes (MLH1, MSH2, MSH6 
and PMS2). This is the most common 
colorectal cancer predisposition genetic 
syndrome and also increases the risk of 
pancreatic cancer by 9-11 fold. Patients 
harboring BRCA1 or 2 are at an elevated 
risk of pancreatic cancer and the increased 
risk is 2-6 fold. Other germline mutations 
associated with increased risk of pancreatic 
cancer are Fanconi anemia/BRCA pathway 
(including PALB2, FANCC and FANCG) 
and ATM. Patients with pancreatic cancer 
in whom hereditary cancer syndrome 
is suspected should promptly complete 
genetic counselling and testing.   

Premalignant lesions of the pancreas 
Mucinous cystic neoplasms (MCNs) and 
intraductal papillary mucinous neoplasms 
(IPMNs) are usually discovered incidentally. 
The malignant potential in MCN is <15% and 
IPMN is up to 62% (higher risk in main duct 
lesions as compared to branch duct lesions). 

Nagendra Natarajan, MD 
Oncologist

Pancreatic cancer 
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Recommendation is to resect these 
lesions in all surgically fit patients. 

Screening modalities for patients  
with elevated risk for pancreatic 
cancer include EUS, MRI/MRCP, CT  
scan and ERCP. 

Pancreatic  cancer workup: 
Workup of newly suspected pancreatic 
cancer includes some or all of these 
tests depending on the presentation 
and findings – CBC, CMP, CA 19-9, CT 
chest, abdomen and pelvis or PET-CT, 
EUS with biopsy, MRI for indeterminate 
liver lesions, ERCP with stent placement 
or PTC in patients with jaundice, 
laparoscopy for high risk patients, and 
metastatic lesion biopsy for confirmation 
of advanced stage disease. 

At the time of presentation about  
15-20% of patients have potentially 
resectable disease.  About 40% of them 
have distant metastases and 30-40% 
of the patients have locally advanced, 
unresectable tumors or borderline 
resectable tumors. In the last category 
of patients neoadjuvant therapy 
(chemotherapy with or without radiation)  
is considered prior to attempting surgery. 

Neoadjuvant chemotherapy:  
FOLFIRINOX (short-term infusional 
fluorouracil plus lecucovorin, irinotecan 
and oxaliplatin) and gemcitabine plus 
nanoparticle albumin-bound paclitaxel 
(nabplacitaxel) combination are being used 
widely in the neoadjuvant setting. The 
rationale of neoadjuvant chemotherapy is to 
improve the selection of patients for whom 
resection will not offer a survival benefit  
(i.e. those who rapidly progress to metastatic 
disease during preoperative therapy), improve 

surgical outcome, increase rates of margin 
negative resections, and early treatment  
of micrometastases. 

The randomized phase III PRODIGE intergroup 
trial evaluated FOLFIRINOX versus gemcitabine 
in patients with metastatic pancreatic cancer. 
The group randomized to FOLFIRINOX showed 
improvement in median PFS (6.4 months versus 
3.3 months; P <.001) and median OS (11 months 
versus 6.8 months; P <.001). By extrapolation 
of this data FOLFIRINOX is recommended 
by NCCN as an acceptable option in the 
neoadjuvant setting.

In a large, open label, international,  
randomized phase III MPACT trial, 861  
patients with metastatic pancreatic cancer were 
randomized to gemcitabine plus nabplacitaxel 
or single agent gemcitabine. The addition of 
nabpaclitaxel to gemcitabine improved OS 
(8.7 months vs 6.6 months; P <.0001;HR, 0.72), 
one-year survival, two-year survival,  response 
rate, and PFS. By extrapolation of this data a 
combination of Gemcitabine plus nabplacitaxel 
is recommended by NCCN as an acceptable 
option in the neoadjuvant setting. 

Adjuvant chemotherapy: 
For patients who undergo surgical resection as 
initial definitive treatment of newly diagnosed 
pancreatic cancer, six months of adjuvant 
chemotherapy is recommended for >/= T1 
N0 disease.  Several options exist for adjuvant 
chemotherapy – gemcitabine, 5-FU/Leucovorin 
or gemcitabine plus capecitabine are among 
the category 1 recommendations for patients 
based on NCCN guidelines. However, in patients 
who have excellent performance status and 
are able to tolerate associated toxicities the 
recommendation is multi-agent chemotherapy 
with FOLFIRINOX. 
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Better outcomes may be achieved by using multi-agent 
chemotherapy combinations as compared to single agent 
chemotherapy.  In a multicenter PRODIGE24 trial, 493 patients 
with pancreatic adenocarcinoma status post R0 and R1 
resection were assigned to either six months of gemcitabine 
alone or modified FOLFIRINOX.  Preliminary data was 
presented at the 2018 American Society of clinical oncology 
annual meeting. At the median follow-up of 30.5 months, 
modified FOLFIRINOX was associated with significantly better 
median DFS and overall survival; however, grade 3 and 4 
toxicity was more frequently noted with FOLFIRINOX.

Metastatic disease: 
For patients who have disease progression after initial 
definitive treatment or who present with denovo metastatic 
disease, multiple chemotherapy options exist. Capecitabine, 
CapeOX (capecitabine and oxaliplatin), Fluorouracil 
continuous infusion, FOLFIRINOX (Fluorouracil continuous 

infusion, Leucovorin, Irinotecan, and Oxaliplatin), FOLFOX 
(Fluorouracil continuous infusion, Leucovorin, and Oxaliplatin), 
gemcitabine single agent, and gemcitabine-based regimens 
are available for use based on NCCN guidelines. 

Clinical trials should always be preferred over standard 
treatment if available. For metastatic disease, consideration 
should be given for next generation sequencing of the tumor. 
Multiple platforms exist for NGS testing and most commonly 
used commercial tests are CARIS and Foundation One (F1). 

Immunotherapy: 
Routine testing of the tumor of microsatellite instability/
deficiency MMR should be considered for patients who 
are eligible to receive immunotherapy. Patients who 
have mismatch repair deficiency or high microsatellite 
instability tumors are eligible for treatment with checkpoint 
inhibitorbased immunotherapy with pembrolizumab. 



34

Celebrate Each Step

(Above) Tobacco Cessation Program  -  I Can



35

Approximately 135,000 people in the 
Pancreatic cancer is a rising public health 
threat. It is anticipated to account for over 
48,000 cancer-related deaths by 2020, being 
surpassed only by lung cancer.  By 2030, it is 
estimated that pancreatic cancer will be the 
second leading cause of cancer death.  The 
incidence of pancreatic cancer rises sharply 
after age 45, with higher rates in males 
than in females (1.3:1).  Familial aggregation 
of pancreatic cancer is estimated in 5% 
to 10% of newly diagnosed cases.  It is 
associated with BRCA1/2 mutations, familial 
atypical multiple medical melanoma 
syndrome, Peutz-Jeghers syndrome, familial 
adenomatous polyposis, hereditary non-
polyposis colorectal cancer, hereditary 
pancreatitis, ataxia telangiectasia, and 
Li-Fraumeni syndrome with lifetime risk 
ranging from 5% to 40%.  Other risk factors 
for pancreatic cancer include chronic 
pancreatitis, smoking, alcohol consumption, 
Helicobacter pylori infection, and factors 
associated with metabolic syndrome such 
as obesity and glucose intolerance.  

Pancreatic cancer can be broadly divided 
into patients with inoperable disease 
(either metastatic or locally advanced) 
and operable disease (either borderline 
resectable or resectable).  The majority 
of patients will present with metastatic 
disease.  Patients will present with  
ascites/peritoneal implants, liver,  
or lung metastases.

Radiation has been considered in the 
management of pancreatic cancer in  
three distinct clinical disease presentations: 
locally advanced disease, borderline 
resectable disease, and resectable  
disease.  Although the definitions of 
advanced disease, borderline resectable 
disease, and resectable disease may vary 
from institution to institution, attempts 
have been made to standardize the 
definition of locally advanced pancreatic 
cancer (LAPC).  Currently, precise and 
objective anatomic radiographic criteria is 
used to determine the extent of the tumor-
vascular relationship and also to categorize 
clinical staging.  

Locally advanced pancreatic cancer 
(LAPC) 
In the management of locally advanced 
pancreatic cancer, radiation therapy is 
used to address local disease burden, 
minimize locally obstructive symptoms, 
bleeding, and pain, and finally to convert 
locally advanced cancer to resectability.  To 
consider radiation therapy in conjunction 
with likely chemotherapy, the patient must 
be assessed and have a performance status 
that we will permit combination systemic 
chemotherapy with radiation. 

Radiation therapy alone or even stereotactic 
ablative radiation therapy (SBRT) in selected 
patients who are not candidates for 
combination palliative chemotherapy has 
been recommended.  For radiation therapy, 

John Longo,  MD 
Radiation Oncologist
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radiation therapy dose generally consist of 
45-54 gray in a 180-200 cGy dose fraction 
scheme.  There are limited data to support 
a specific radiation therapy dose for SBRT. 
Advantages of SBRT conventionally fractionated 
over conventional fractionated radio therapy 
is shortened treatment time with treatment 
delivered within 1-2 weeks versus 6 weeks of 
standard therapy. SBRT planning allows for good 
dose conformality which results in fewer acute 
complications and no delay in administration 
of systemic chemotherapy.  As this is a new 
emerging modality, it is preferable that if the 
patient is referred for SBRT that this be performed 
on a clinical trial at a high volume center.

Borderline  Resectable  Pancreatic  Cancer 
(BRPC) 
Borderline resectable pancreatic cancer suggests 
that the pancreatic tumor can be resected but with 
resection margins that will be positive.  Patients 
with borderline resectable pancreatic cancer have 
by definition an operable tumor but one that 
involves a larger, more high risk operation due to 
the need for vascular resection and reconstruction.  
Such patients are at very high risk for having 
radiographically occult extrapancreatic  metastatic 
disease or positive resection margin. In these 
patients, a neoadjuvant approach to treatment 
sequencing is recommended.  With a neoadjuvant 
approach, the restaging studies after induction 
therapy will differentiate patients who have stable/
responding disease and who are likely to benefit from 
surgical resection, from those with disease progression 
that is usually distant, additional local therapy will 
provide no clinical benefit.

The reported resectability rates after neoadjuvant 
chemoradiation therapy have varied, with some studies 
demonstrating response rates of up to 90%. One of 
the first studies to use neoadjuvant chemoradiation 
for patients radiographically classified as having BRPC 
disease, was a phase II trial in which 18 BRPC and 10 

unresectable PDAC patients underwent neoadjuvant 
3-dimensional conformal RT (3D-CRT) to 45 Gy using 
1.8 Gy/fraction combined with gemcitabine. Of 
the 18 patients, seven (39%) ultimately underwent 
pancreaticoduodenectomy, with six patients (33.3%) 
achieving negative margins. The median OS for the BRPC 
group was 15.4 months.

 Stokes et al reported the outcomes of 40 BRPC patients 
defined using the MDACC criteria who underwent 
neoadjuvant chemoradiation. Patients received 
either 50.4 Gy in 28 fractions or 50 Gy in 20 fractions 
with concurrent capecitabine. Of the 34 patients 
who completed neoadjuvant therapy, 16 (40%) were 
amenable to pancreaticoduodenectomy and 14 (88%) 
achieved negative margins. The median OS for the whole 
group was 12 months; however, for the resected group, it 
was 23 months compared with only three months for the 
unresected group (P Z .0002).

Incorporation of RT into neoadjuvant therapy has been 
shown to increase resectability rates and improve the 
histologic treatment response of BRPC. With the intent 
of increasing efficacy, different fractionation schedules 
and/or increasing radiation doses have been tested 
in combination with chemotherapy. A retrospective 
analysis from MDACC reported the outcomes of locally 
advanced patients receiving chemoradiation who 
received focal dose escalation (biologically effective 
dose [BED] >70 Gy, mostly using IMRT) compared with 
standard doses of BED 70 Gy. The boost was delivered to 
areas of greater risk of recurrence or gross tumor away 
from the gastrointestinal mucosa. All patients underwent 
irradiation after induction FOLFIRINOX or gemcitabine-
based chemotherapy. Patients who received BED >70 Gy 
(n = 47) had a superior median OS (17.8 vs 15.0 months; 
P = .03) compared with those treated with lower doses, 
with an estimated OS rate of 31% versus 9% at three 
years. Similarly, locoregional control was superior for 
patients who received higher RT doses. More recently, 
the RTOG (Radiation Therapy Oncology Group) 1201 
study, a multicenter randomized phase II trial, tested 
whether an intensified chemoradiation regimen  



(63 Gy in 28 fractions through IMRT) 
after induction gemcitabine plus 
nab-paclitaxel would improve OS for 
patients with unresectable pancreatic 
cancer (ClinicalTrials. gov identifier 
NCT01921751). In addition, the study 
tried to address the role of gene SMAD4 
expression. 

Resectable Pancreatic Cancer 
Even after an R0 resection (curative 
resection), there is a 50-70% rate of 
local recurrence after surgical resection. 
Historically, there is a local recurrence 
rate after surgical resection that varies 
from 33% to 86% and distant recurrence 
rate that ranges from 23-92%.  High 
rates of distant metastases argue in 
favor of chemotherapy.  High rates 
of local recurrence argue in favor of 
radiation therapy. To date, randomized 
trials have failed to resolve the debate 
regarding the role of adjuvant RT  
in resectable pancreas cancer.

Evans et al reported results of a 
phase II study of 86 pancreas cancer 
patients with potentially resectable 

disease treated with preoperative 
chemoradiotherapy (seven weekly doses 
of gemcitabine 400 mg/m2 plus 30 Gy 
radiation in 10 fractions). Twelve percent 
of patients did not undergo surgery 
due to distant disease progression 
(9%) or decline in performance status 
(3%). An additional 10% were taken 
to surgery but found to have distant 
disease, whereas 74% underwent 
successful pancreaticoduodenectomy. 
Median survival was seven months 
for patients who did not undergo 
pancreaticoduodenectomy and 
34 months for those who did. No 
patient had isolated local progression 
alone precluding surgery. The 
authors concluded that preoperative 
gemcitabine-based chemoradiotherapy 
identified a subgroup of patients 
unlikely to benefit from surgical 
resection, without compromising 
survival in patients who ultimately 
undergo surgery.

Off protocol outside of clinical trials 
resectable pancreatic cancer is 
often managed in the neoadjuvant 

setting with chemotherapy alone or 
chemoradiation therapy.  As reviewed 
by Nikolaos A. Chatzizacharias, Locally 
advanced pancreas cancer: Staging and 
goals of therapy, in Surgery - January 
10, 2018, if chemoradiation therapy 
is used, gemcitabine combined with 
external beam radiation therapy 
is favored.  This regimen is a slight 
modification of the neoadjuvant 
treatment schema reported by Evans 
and includes a standard fractionation 
course of radiation ( 1.8 Gy/day, M-F, 28 
fractions) to a total dose of 50.4 Gy, with 
concurrent weekly gemcitabine given 
on day one at a dose of 400 mg/m².  This 
program resulted in a median survival 
of almost three years in those patients 
who completed all therapy to include 
radiation.  Restaging with pancreatic 
protocol CT imaging is completed 
four weeks after the last radiation 
treatment and in the absence of disease 
progression, patients are then brought 
to surgery.  Knowledge showing that 
the use of chemoradiation remains 
controversial, neoadjuvant FOLFIRINOX 
or gemcitabine/nab-paclitaxel delivered 

"By 2030, it is estimated that pancreatic cancer  
will be the second leading cause of cancer death."
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approximately two months also represents a logical 
treatment alternative for patients with resectable disease.

Currently patients at CHI can be enrolled in RTOG 0848 /
NCT01013649 : A Phase II-R and a Phase III Trial Evaluating 
Both Erlotinib (Ph II-R) and Chemoradiation (Ph III) as 
Adjuvant Treatment for Patients With Resected Head 
of Pancreas Adenocarcinoma.  Radiotherapy quality 
assurance on RTOG 0848 requires prospective radiation 
quality control.  A central review will be performed prior 
to treatment delivery.  CT-based planning is required 
and either 3-D conformal radiation therapy or intensity 
modulated radiation therapy planning is necessary.

Treatment Planning Considerations 
Generally 5040 cGy to 5400 cGy is delivered in a 180cGy 
dose fraction scheme in 28 to 30 treatments in the 
adjuvant setting or to gross disease using large fields with 
IMRT preferred over 3-D-based treatment planning.  The 
patient is simulated and treated with an empty stomach.  
At the time of simulation, IV contrast and oral contrast are 
used for treatment planning, with IMRT daily cone beam 
imaging of dose-limiting structures including the spinal 
cord, liver, kidney, small bowel, and stomach.

Radiotherapy quality assurance is essential to validate 
treatment efficacy.  In the previous RTOG 97-04 study, 
radiation therapy fields were prospectively reviewed 
and demonstrated that 48% of the treatment plans did 
not meet protocol requirements.  Radiation delivered 
outside of protocol guidelines increased the frequency of 
grade 3/4 toxicity which did not very significantly on the 
chemotherapeutic arm. Survival also was increased for 
the patients treated per protocol. 

As a consequence, the RTOG has published a Consensus 
Panel Contouring Atlas for the delineation of the 
clinical target volume in the postoperative treatment of 
pancreatic cancer to be followed by radiation oncologists 
as part of the RTOG 0848 trial and off trial in parallel.  
Location of the pancreatic tumor prior to resection must 
be reviewed and contoured based on preoperative axial 
imaging and simulation.  Preoperative diagnostic her 
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simulation scans can be fused with 
postoperative CT scans to facilitate 
localization of the tumor bed.  Surgical 
and pathologic information must be 
reviewed at the time of treatment 
planning.  The postoperative clinical 
target volume is that area where there 
is likely to be the highest concentration 
of residual subclinical tumor that can 
be treated with radiotherapy without 
resulting in a treatment volume that 
encompasses an excessive amount of 
normal organs and normal tissue.  An 
example of treatment planning for 
a postoperative course of radiation 

therapy following the RTOG guidelines  
is presented below.

Radiation therapy plays a role in the 
management of locally advanced 
pancreatic cancer that is unresectable 
to manage pain, bleeding, and 
obstructive symptoms associated with 
enlarging tumor. The role of adjuvant 
radiation therapy remains controversial 
in the management of pancreatic 
carcinoma.  Early trials were flawed in 
the utilization of what is now recognized 
as suboptimal radiation therapy leading 
to mixed results.  Ongoing trials of 

adjuvant radiation therapy, such as 
RTOG 0848, involve the use of evidence-
based delineation of target volumes 
and rigorous quality assurance.  Results 
of this study will serve to clarify the 
role of adjuvant radiation therapy and 
resected pancreatic cancer patients.  
The evolving role of radiation therapy 
in the neoadjuvant setting is promising 
in the management of BRPC in that it 
can lead to an R0 resection at surgery. 
Neoadjuvant or adjuvant therapy in 
the post-op management of pancreatic 
cancer can potentially improve local 
control and hopefully ultimate overall 
survival. Incorporation of modern 
techniques such as IMRT and SBR T 
hold promise of maximizing dose to 
target volumes while minimizing dose 
to normal tissues, thus broadening the 
therapeutic window and improving 
disease outcomes.
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