
splanchnicectomy, percutaneous celiac block, or use of
appropriate long-acting opioid analgesics. Splanchnicec-
tomy and blocks avoid the adverse effects associated with
opioids.

Exocrine pancreatic insufficiency should be treated
with a dose of 10% of the normal postprandial output of
lipolytic activity (30,000 IU or 90,000 USP units) with
meals by giving one third of the dose after a few bites of
the meal, one third during the meal, and one third at the
end of the meal.

Chemotherapy or Radiation Therapy

• Adjuvant therapy with a 5-fluorouracil–based
chemoradiation regimen should be considered after surgi-
cal resection.

Neoadjuvant chemoradiation is an acceptable alterna-
tive to postoperative chemoradiation. Before neoadjuvant
therapy, contrast helical CT should be performed to carefully
stage the tumor. In addition, laparoscopy can be used to
further exclude occult visceral and peritoneal metastases.

Patients with unresectable locoregional or metastatic
disease should be considered candidates for investiga-

tional trials if they have good performance status (able to
carry out normal activities).

In lieu of an investigational study, standard treatment
for patients with unresectable locoregional disease is radia-
tion and concomitant 5-fluorouracil or gemcitabine alone.

Gemcitabine is an option for treatment of all patients
with poor performance status and/or pain or for manage-
ment of metastatic disease.

This medical position statement has been endorsed in principle
by the American College of Gastroenterology.

References
1. DiMagno EP, Reber HA, Tempero MA. AGA technical review on the

epidemiology, diagnosis, and treatment of pancreatic ductal adeno-
carcinoma. Gastroenterology 1999;117:1464–1484.

2. Gloor B, Todd KE, Reber HA. Diagnostic workup of patients with
suspected pancreatic carcinoma: the University of California–Los
Angeles approach. Cancer 1997;79:1780–1786.

Address requests for reprints to: Chair, Clinical Practice and
Practice Economics Committee, AGA National Office, c/o Member-
ship Department, 7910 Woodmont Avenue, 7th Floor, Bethesda,
Maryland 20814. Fax: (301) 654-5920.

AGA Technical Review on the Epidemiology, Diagnosis,
and Treatment of Pancreatic Ductal Adenocarcinoma

This literature review and the recommendations therein were prepared for the American Gastroenterological Association Clinical
Practice and Practice Economics Committee. The paper was approved by the Committee in March 1999 and by the AGA Governing
Board in May 1999.

The focus of this review is ductal adenocarcinoma of
the pancreas, which accounts for 90% of pancreatic

cancers. This cancer is deadly and is an increasing public
health problem. In the United States, it kills more than
26,000 persons per year, is the fourth and the fifth most
common cancer in men and women, respectively,1 and has
the lowest 5-year survival rate of any cancer. The
incidence is increasing in women but has stabilized in
men. For example, in a community-based study, the
age-adjusted incidence per 100,000 person-years in women
increased from 4.5 for the years 1940–1949 to 7.9 for the
years 1980–1988. The incidence in men rose from 9.2 in
1940–1949 to 12.8 in 1960–1969 but has remained
stable since then.2

The national 5-year survival has increased from 1% to
3% in whites and from 3% to 5% in blacks in the past

decade.1 The dismal survival of patients with pancreatic
cancer is caused by the late diagnosis and low resection
rates. According to the 1995 National Cancer Data Base
Report on Pancreatic Cancer,3 of the 17,490 patients
with pancreatic cancer surveyed from 937 hospital cancer
registries in the years 1985, 1986, and 1991 (32% of
pancreas cancer patients in the United States), 52% had
stage IV disease at diagnosis, and the overall curative
resection rate (pancreatectomy) was only 14%. Overall,
survival was longer in patients who underwent tumor
resection than in those who did not (1-year survival, 48%
vs. 23%; 2-year, 24% vs. 9%; 3-year, 17% vs. 6%), and
2-year survival was better for stage 1 (20%) than for stage
IV disease (6%).

The specific objectives of this review are to discuss the
epidemiology, diagnosis, and medical (chemotherapy and
radiation therapy) and surgical treatment of pancreatic
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adenocarcinoma. Although ‘‘early’’ diagnosis of pancre-
atic cancer is uncommon, we focus on this aspect of
pancreatic cancer in the epidemiology, diagnosis, and
prognosis sections.

Literature Review Methods

We included only studies published after 1980. A
literature search was initiated using MEDLINE and the
medical subject terms pancreatic cancer with the cross-
references epidemiology, diagnosis, chemotherapy, radiotherapy,
and surgery. Secondary searches were also performed for
each major category.

For epidemiology, secondary searches were undertaken
using pancreatic cancer. To ascertain the national incidence
of pancreatic cancer in the United States, we used cancer
statistics from the National Cancer Institute.1 To deter-
mine rates in a typical community in middle America, we
referred to a population-based study.2 Only cohort or
case-control studies were used to obtain information
regarding risk for pancreatic cancer in certain populations
(chronic pancreatitis, hereditary pancreatitis, diabetes
mellitus) and for information regarding environmental
risks (smoking, diet, and occupation).

To find relevant articles about the diagnosis of pancre-
atic cancer, secondary searches were conducted for each of
the tests we discuss (computerized tomography [CT],
ultrasonography [US], endoscopic ultrasonography [EUS],
tumor markers, etc). With rare exceptions, we considered
only peer-reviewed articles of prospective studies.

All but five of the articles chosen for the surgical
section were published in 1990 or later. The discussion of
the nonsurgical management of pancreatic adenocarci-
noma focuses primarily on randomized trials in chemother-
apy or radiotherapy that meet the criteria of a randomized
trial design with treatment arms balanced for important
characteristics such as performance status and extent of
disease. As a rule, we included only studies conducted by
cooperative groups involving multiple institutions or by
an institution with a large patient population.

Epidemiology

Populations at Risk for Developing
Pancreatic Cancer

Early diagnosis of cancer has been thwarted
because populations at risk for developing pancreatic
cancer have not been identified until recently. Although
there is some debate about the risk of pancreatic cancer in
patients with chronic pancreatitis, the strongest evidence
for this association is in hereditary pancreatitis. In this
disease, the estimated cumulative risk of pancreatic

cancer to age 70 is 40%, but the estimated cumulative
risk for developing pancreatic cancer in patients with a
paternal pattern of inheritance is approximately 75%.4 In
this hereditary pancreatitis cohort, there were 8 pancre-
atic adenocarcinomas (age at onset, 38–71 years) com-
pared with 0.15 expected pancreatic cancer cases. Because
two gene mutations for hereditary pancreatitis have been
identified,5,6 it is now possible to screen families to
determine who is at risk for pancreatic cancer and to plan
a rational screening program. In a multinational study,
patients with chronic pancreatitis developed pancreatic
cancer at a cumulative risk of 2% per decade independent
of country of residence or type of pancreatitis7; the
relative risk (ratio of observed to expected cases) was 16.
This relative risk in patients compares with 4 in a U.S.
Veterans Administration hospital population8 and nearly
8 in Sweden.9 However, the overall contribution of
populations with chronic pancreatitis to pancreatic cancer
populations is small, and continued investigation is
needed to find larger risk groups.

Intraductal papillary mucinous tumor (IPMT), a dis-
ease heretofore commonly confused with chronic pancre-
atitis,10 is becoming more frequently recognized since its
original description by Ohashi and Takagi11 in 1982.
This disease is characterized by dilation of the main
pancreatic duct or branch ducts associated with mucin
overproduction. There may be peripheral lesions consist-
ing of ectatic branch ducts connected to the main duct or
cysts that do not connect with the main duct.10 Either of
these can mimic so-called mucinous cystic neoplasm
(MCN). Because the incidence of invasive cancer at
surgery is 25%–50%,10,12 it is important to distinguish
the lesion from chronic pancreatitis. This is usually done
on the basis of typical changes evident on CT and
endoscopic retrograde cholangiopancreatography (ERCP).
The ERCP examination may reveal mucus exuding from
the papilla or characteristic intraductal filling defects.13

The lesion, even if it does not contain invasive cancer, is
premalignant, and benign lesions contain several genetic
mutations associated with pancreatic cancer.12,14 There-
fore, surgical excision is the treatment of choice.

Onset of diabetes mellitus may herald the appearance
of pancreatic cancer, particularly if the diabetes occurs
during or beyond the sixth decade.15 Diabetes mellitus is
present in 60%16 to 81%17 of patients with pancreatic
cancer, and the majority of patients receive the diagnosis
within 2 years of recognition of pancreatic cancer. In a
recent study,16 72% of patients with pancreatic cancer
had diabetes (all non–insulin dependent); 56% had
diabetes diagnosed concomitantly with the tumor; and
16% received the diagnosis of diabetes 2 years before the
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diagnosis of the cancer. The risk of pancreatic cancer in
patients with new-onset diabetes mellitus is unknown.
However, in a recent meta-analysis of 20 case-control and
cohort studies, the risk of developing pancreatic cancer in
patients with diabetes of more than 1 year’s duration was
2.1 (95% confidence interval [CI], 1.6–2.8).18 Sixty-six
percent of patients with pancreatic cancer and diabetes
have no family history of diabetes.15 Thus, a subgroup of
patients with new-onset diabetes mellitus who are .50
years old and have no family history of diabetes may have
an increased risk for pancreatic cancer.

There is increasing evidence that some pancreatic
cancer is inherited. In several population-based studies,
7%–8% of patients with pancreatic cancer have a family
history of pancreatic cancer (first-degree relative), an
approximate 13-fold increase compared with 0.6% of
control.19,20 Other disorders also are associated with
increased incidence of pancreatic cancer. In familial
adenomatous polyposis (FAP) syndrome, there is 4.46
relative risk (95% CI, 1.2–11.4) for development of
pancreatic cancer in polyposis patients and in family
members at risk, but the absolute risk is low—21/
100,000 person-years.21 Pancreatic cancer risk is in-
creased in familial atypical multiple mole melanoma
(FAMMM) syndrome (hereditary dysplastic nevus syn-
drome)22 but only in some kindreds.23 In this disorder, a
gene on chromosome 9p, p16INK4, has been implicated
in the pathogenesis of the melanoma. However, the
relative risk of pancreatic cancer was increased 13-fold
only in kindreds with impaired function of the
p16INK4 protein (p16M alleles). In kindreds with
FAMMM without impaired function of p16INK4 pro-
tein (p16W alleles), there was no increased risk for
pancreatic cancer.

Ideally, all patients at risk for pancreatic cancer should
be investigated and followed up closely for development
of pancreatic cancer. However, it is unknown when
screening should begin and whether any of our current
methods can detect early pancreatic cancer. Therefore,
specific recommendations cannot be given. It seems
prudent to initiate screening 10 years before the age at
which pancreatic cancer has been first diagnosed in
familial pancreatic cancer and in the various syndromes
and at age 35 in hereditary pancreatitis. Spiral CT and
EUS have the best sensitivity for detection of pancreatic
cancer and are the imaging tests that should be consid-
ered for screening. However, differentiation between
inflammatory and neoplastic masses with imaging tests is
problematic. Current tumor markers, including K-ras in
pancreatic secretions, are too insensitive and nonspecific
(see below).

Environmental Factors That Predispose
to Development of Pancreatic Cancer

Many environmental factors that are associated
with increased risk for pancreatic cancer may be related to
exposure to aromatic amines. The most consistent risk
factor is cigarette smoking, and approximately 30 aro-
matic amines are present in cigarette smoke,24 including
2-napthylamine and 4-aminobiphenyl, which are carcino-
gens for human bladder cancer. Similarly, the association
between meat and fish consumption and the risk of
pancreatic cancer, reported by many investigators,25–27

may be associated with the carcinogenic and mutagenic
heterocyclic aromatic amines present in cooked meat and
fish (formed during cooking as pyrolysis products of
amino acids and proteins). 28–30 There are some experimen-
tal data to support this epidemiological evidence; inges-
tion of dietary fish oil enhances pancreatic carcinogenesis
in azaserine-treated rats31 and probably in N-nitrosobis
(2-oxopropyl) amine (BOP)-treated hamsters.32 Occupa-
tions with a greater risk of pancreatic cancer, such as
chemistry, petrochemical work, hairdressing, and rubber
work,33,34 may be associated with increased exposure to
aromatic amines. Conversely, ingestion of fruits and
vegetables may confer protection against development of
pancreatic cancer. Some components of plants (dithiolthi-
ones and limonene) may induce glutathione transferase
and increase levels of glutathione, which may inhibit
mutageneic activation of heterocyclic amines.35,36 To-
gether, these data suggest an association between expo-
sure to aromatic amines and pancreatic cancer.

Diagnosis

Symptoms and Signs

The suspicion of pancreatic cancer arises because
of symptoms of pain, jaundice, anorexia, early satiety, or
weight loss. Some symptoms may predict tumor loca-
tion37 and prognosis.38 Painless jaundice is the most
common presentation in patients with a potentially
resectable and curable lesion (52% of patients with a
resectable lesion). However, pain is the most frequent
symptom (80% of all patients) and is present in 80% and
85% of patients with locally unresectable and advanced
cancer, respectively. The combination of pain and jaun-
dice is present in 50% of patients with a locally
unresectable lesion.37 In another study of patients who
underwent curative resection,38 preoperative steatorrhea
was associated with prolonged survival, and back pain
was associated with shortened survival.
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Tumor markers

The serum concentration of many tumor markers
may be increased in pancreatic cancer, but they all lack
sensitivity and tumor specificity.39 In a review of tumor
markers,40 CA 19-9 was found to have the greatest
sensitivity (70%) and specificity (87%)41 for diagnosis of
pancreatic cancer with a cutoff value of 70 U/mL. In other
studies, with a lower cutoff of 37 U/mL, sensitivity was
somewhat higher (86%) and specificity was identical
(87%).42 However, biliary tract obstruction with cholan-
gitis caused by a lesion other than cancer causes high
levels of CA 19-9. For example, in one study CA 19-9
values ranged from 190 to 32,000 in 7 patients with
acute cholangitis secondary to bile duct obstruction
caused by a gallstone43 but were normal in patients with
asymptomatic cholelithiasis, common duct obstruction
without cholangitis, or acute cholecystitis.

Concentrations of islet amyloid polypeptide (IAPP),
the main pancreatic amyloid found in the pancreas of
90% of patients with non–insulin-dependent diabetes
mellitus,44 may be increased in patients with pancreatic
cancer compared with normal subjects, patients with
other cancers, and patients with either insulin-dependent
or non–insulin-dependent diabetes mellitus.16 Because
60%–80%16,17 of patients with pancreatic cancer develop
glucose intolerance within 2 years before the diagnosis of
pancreatic cancer, plasma concentrations of IAPP have
the potential for detecting early pancreatic cancer in
approximately this proportion of patients. In addition,
because IAPP produces glucose intolerance45 and reduces
food intake46 in experimental animals, it may contribute
to insulin-resistant diabetes and weight loss, early signs
of pancreatic cancer.

Genetic markers may detect pancreatic cancer, but it is
unknown whether they are of value for detection of early
pancreatic cancer. The most common gene abnormality
(90%) described in pancreatic cancer is a codon 12 K-ras
mutation.47–49 Mutations of the p53 tumor cell suppres-
sor gene are found in 50%–70% of pancreatic can-
cers,50,51 and approximately 50% have reduced expression
of the DCC gene.51,52 A number of other gene deletions
are less frequent in pancreatic cancer, including homozy-
gous deletion or mutations of tumor suppressor genes
16/MTS153,54 and p15/MTS2 but not p27.55,56

K-ras mutations also have been detected in metastases
and in pancreatic cancer cells obtained by transcutaneous
needle aspiration for cytological examination. It also has
been detected in pancreatic juice obtained at ERCP in
55%–77% of patients,57–60 in duodenal juice of 9 of 16
patients obtained after secretin stimulation,61 and in

stools from 6 of 11 patients.62 The K-ras mutations have
been found in the peripheral blood only in the patients
with metastatic pancreatic cancer and then only infre-
quently (2 of 6 patients with metastatic pancreatic
cancer).58

K-ras in pancreatic secretions may be an early marker
for pancreatic cancer, but whether K-ras mutations found
in duodenal or pancreatic juice60 or stools63 of patients
with chronic pancreatitis herald pancreatic cancer is not
clear. K-ras mutations can be found in the stools of
patients with IPMT63; in one report,64 K-ras mutation
was found in pancreatic juice obtained at ERCP in 1
patient, although results of conventional tests were
nondiagnostic. At a later date, pancreatic cancer was
found at surgery. Recently, K-ras mutations were found
in the duodenal juice of 20 of 54 patients with chronic
pancreatitis65; 17 of the mutations were GAT or GTT,
commonly found in pancreatic cancer, but no patients
developed pancreatic cancer during a mean follow-up of
78 months. However, K-ras mutations not found in
pancreatic cancer (TGT or AGT) were present in 24% of
hyperplastic foci of specimens from patients with chronic
pancreatitis.66 More recently, K-ras mutations were found
only in microdissected specimens of pancreatic ducts of
patients with chronic pancreatitis with duct hyperpla-
sia.67 Collectively these data may indicate that patients
with hyperplastic foci are at increased risk of developing
pancreatic cancer, can be identified by K-ras mutations in
pancreatic secretions, and perhaps should be followed up
more intensely.

Imaging Tests for Diagnosis

At present, the common tests used for imaging of
pancreatic cancer are CT, abdominal US, and ERCP.
However, results of these tests may not be abnormal until
the tumor is large and not resectable. Of these, spiral CT
is the primary imaging study for evaluation of patients
with symptoms that suggest the presence of the disease.
CT is an appropriate initial imaging test because it
detects tumors in the pancreas and can be used to stage
for resectability and to detect liver metastases. The
sensitivity of conventional CT for the diagnosis of tumors
of ,3 cm is 53%,68 but the sensitivity of dual-phase
spiral CT for resectable tumors is higher—85%,69 90%,70

and 95%.71 However, the sensitivity of dual-phase spiral
CT is related to the size of the tumor; the sensitivity for
tumors of 0–15 mm is 67%, compared with 100% for
tumors of .15 mm.70

Magnetic resonance imaging (MRI) is gaining popular-
ity as an imaging tool for diagnosis. Although MRI is no
more accurate than CT for the diagnosis of pancreatic
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cancer, it may demonstrate a definite mass in patients
who have indeterminate head enlargement on CT. Se-
melka et al.72 report that in 10 of 16 patients with
indeterminate head enlargement on spiral CT, a tumor
was seen with MRI.

At present, EUS may be the most accurate imaging
test for diagnosing73 pancreatic cancer. In studies by
Rösch et al.,73–75 sensitivity and specificity of EUS (99%
and 100%) were greater than those of transabdominal US
(67% and 40%) or conventional CT (77% and 53%).
Small tumors ,3 cm in diameter were detected in 32
patients. Even smaller tumors can be detected by EUS.
For example, EUS is the best test to detect small
intrapancreatic islet cell tumors that cannot be detected
by other imaging tests,76 and pancreatic cancers of 15
mm or less can be detected by EUS.70

With a gold standard of results at surgery, in a direct
comparison between conventional CT and EUS, the
sensitivities of EUS and CT were 99% and 77%,
respectively, for the diagnosis of pancreatic cancer.77

Furthermore, in studies comparing conventional CT and
EUS for the diagnosis of pancreatic cancer,68,73–76 EUS
was more accurate than CT for the diagnosis of small,
resectable tumors in the peripancreatic area. Thus, com-
pared with conventional or single-phase spiral CT, EUS
may provide a more precise diagnosis, avoid delays, and
eliminate use of more invasive diagnostic imaging proce-
dures (endoscopic retrograde pancreatography and/or
angiography). However, in a very recent study comparing
dual-phase spiral CT with EUS, the sensitivity of the
dual-phase spiral CT was 92% and 100% for EUS; the
overall accuracy was 93% for both imaging tests.70 Thus,
‘‘a thin-section dual-phase helical (spiral) CT acquisition
during optimal pancreatic, arterial and portal venous
enhancement, followed by a second acquisition during
the hepatic phase, significantly improves the accuracy of
helical (spiral) CT for the detection. . .of pancreatic
neoplasms.’’70 Furthermore, ‘‘dual-phase helical (spiral)
CT and endoscopic sonography do not differ significantly
for diagnosis. . .of pancreatic tumors.’’70

EUS also may be used to obtain a tissue diagnosis at
the time of the examination, particularly in patients with
inconclusive CT results. Recently, Chang et al.78 reported
the safety, accuracy, and clinical utility of EUS-guided
fine-needle aspiration. In 44 patients, CT identified only
25% of 47 focal pancreatic lesions seen by EUS. Adequate
specimens were obtained by EUS-guided aspiration in
94% of pancreatic lesions with sensitivity, specificity, and
diagnostic accuracy of 92%, 100%, and 95%, respec-
tively. EUS-guided fine-needle aspiration (FNA) ex-
cluded the need for further diagnostic tests in 57% of
patients and influenced clinical decisions in 68%. In a

multicenter prospective evaluation of 124 patients with
pancreatic masses (out of a total of 457 patients), the
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy for EUS-FNA were 86%,
94%, 100%, 86%, and 88%.79 Complications, all nonfa-
tal, occurred in 0.5% of patients.79 Thus, EUS-guided
FNA is a safe and effective method to accurately diagnose
and stage pancreatic cancer and possibly reduce cost by
eliminating the need for additional tests or surgery.
However, in our opinion, EUS-guided FNA is rarely
helpful in guiding the clinical decision to recommend
surgery in patients with a suspected cancer that appears
resectable. Thus, we recommend EUS FNA only in
patients who have unresectable lesions.

Tests to Stage the Tumor

The best imaging test for staging of pancreatic
tumors is unknown. EUS may be the most accurate for
staging of the local extent (T) and nodal (N) status of
pancreatic cancer.74 In a direct comparison, visualization
of vessel invasion by EUS was superior to conventional
CT (95% vs. 73%).77 However, there are reports of
correctly interpreting resectability by contrast enhanced
CT in 72%80 and 88%69 of patients and in 95% of
patients by dual-phase spiral CT,71 values similar to EUS.
Prediction of unresectability is nearly 100% correct by
dual-phase spiral CT.79 In a recent study of a direct
comparison between EUS and dual-phase spiral CT to
assess resectability, the overall accuracy of both tests was
90%.70

MRI may be as accurate as spiral CT to assess
resectability. Trede et al.81 reported that the overall
accuracy of detection of vascular involvement was 89%
for ultrafast magnetic imaging, 83% for percutaneous
US, 80% for spiral CT, and 69% for angiography.
However, the results of this study are difficult to evaluate
because the investigators did not provide a statistical
analysis and included patients with ampullary tumors.

In 10%–15% of patients, small hepatic or peritoneal
metastases are found that were not seen on preoperative
imaging studies. For this reason, laparoscopy has been
recommended for viewing of the liver and peritoneal
surfaces and for biopsy of any suspicious areas82–84 before
laparotomy. If a metastatic tumor is found, laparotomy is
not done unless gastric and biliary bypasses are required
for palliation. In some cases, these procedures may be
done laparoscopically.85,86 The major drawbacks of lapa-
roscopy are the additional time required for the procedure
and the inability to determine the presence of vascular
invasion. The latter requires more extensive dissection
and is aided by the tactile senses available only during
laparotomy. The advantage of finding unresectable dis-
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ease by laparoscopy is that laparotomy and its attendant
morbidity and expense are not needed. If patients require
laparotomy for palliative biliary and/or gastric bypass,
laparoscopy is contraindicated.

With the current data, we recommend using dual-
phase spiral CT to diagnose and stage pancreatic tumors.
EUS can be used to stage tumors, but it is especially
useful in patients suspected of having a small resectable
tumor that was not seen on CT. Hence, dual-phase spiral
CT seems to be the best test to both diagnose and stage
pancreatic tumors, and EUS should be reserved to search
for small resectable tumors suspected clinically but not
seen by CT. Laparoscopy is used in some centers for
staging because small hepatic and/or peritoneal metasta-
ses can be seen that are not visualized by less invasive
tests. Although laparoscopy should not be done in all
patients, it is indicated if there is a high likelihood of
unresectability that has not been confirmed by imaging
tests.87 Examples include pancreatic cancer and CT
evidence of liver or other metastases that have not been
proved with FNA; pancreatic body or tail cancers, all of
which have a very low chance being resectable; and
pancreatic cancer and ascites, which is probably caused by
unrecognized peritoneal metastases.

Treatment

Preoperative Management

All patients undergoing pancreatic surgery re-
quire preoperative optimization of cardiac, pulmonary,
and renal function, which is usually done in the outpa-
tient setting. Although patients often have lost weight,
the nutritional status of most is satisfactory enough for
them to undergo surgery safely. However, if the serum
albumin concentration is ,3 g/dL or surgery is delayed
for more than several weeks, supplemental enteral nutri-
tion is indicated. Pancreatic enzyme replacement also
should be given with enteral nutrition if the tumor is in
the head of the gland and obstructs the pancreatic duct
(see later).

Obstructive jaundice can cause defects in hepatic,
renal, and immune function. However, results of several
studies show that routine preoperative stenting of the bile
duct to relieve jaundice does not decrease postoperative
morbidity and mortality.88–90 Trials do not support
preoperative stenting of the bile duct. It is our opinion,
however, that jaundiced patients who are candidates for
resection in whom surgery is delayed for more than
several weeks should have endoscopic placement of a 10F
or larger plastic biliary stent to relieve the jaundice and to
minimize the chance of cholangitis. Expandable metal
stents are preferable to treat biliary obstruction if patients

have unresectable tumors, but they should not be used if
patients are candidates for resection. Metal stents incite a
severe inflammatory reaction and are eventually incorpo-
rated into the bile duct wall. This can complicate or even
prohibit the resection.

Advanced age and large tumor size are not contraindi-
cations for consideration of resection.91–93 Each patient
must be evaluated for the associated risks of coexistent
cardiovascular, pulmonary, and renal disease. Many pa-
tients who undergo Whipple resection are octogenarians;
some patients under age 65 may present unacceptable
surgical risks. Although small pancreatic tumors (,2 cm
in diameter) are more likely to be resectable than larger
ones, no patient should be denied the opportunity for
cure because the tumor is ‘‘too large.’’ Indeed, in several
major U.S. centers, most of the Whipple resections for
cancers in the head of the gland are done for tumors
between 3 and 5 cm in diameter.93

Operative Management

Determination of resectability at the time of
surgery. Although most patients who undergo resection
for pancreatic cancer die of the disease, curative resection
is performed if cure appears possible. Thus, resection is
not done in the presence of liver or peritoneal metastases
or if there are metastases to lymph nodes that are not
normally removed as part of the Whipple operation.94–97

The operation is begun by carefully examining the
peritoneal cavity and its contents, and obtaining biopsy
specimens of any areas suspicious for metastasis. Frozen-
section diagnoses are usually available within 20 minutes,
and a preliminary decision can be made about resectabil-
ity. In the absence of distant metastases, resectability
depends on whether the tumor has invaded any major
vascular structures. Assessment of vascular involvement
requires mobilization of the tumor from surrounding
structures, which is done next. Involvement of the
superior mesenteric, celiac, or hepatic arteries and usually
invasion of the mesenteric vein precludes resection.
Resection proceeds only if the vessels appear to be free of
tumor.

Experienced pancreatic surgeons often will proceed
with pancreaticoduodenectomy without a preoperative or
operative biopsy of the primary tumor to confirm the
diagnosis of malignancy because biopsy results will not
alter the decision to resect the tumor. Indeed, if the
history and clinical picture, preoperative test results, and
surgical findings are all consistent with the diagnosis,
then the chances that cancer is present are more than
90%.98,99 If cancer is not the cause of symptoms, chronic
pancreatitis is the most likely diagnosis and pancreatico-
duodenectomy is also appropriate. In part, this approach
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has evolved because it may be difficult to establish the
diagnosis of pancreatic cancer intraoperatively and to
distinguish the tumor, which is often surrounded by a
zone of chronic pancreatitis. This is especially true when
the cancer is small and most likely to be cured by
resection.

Resection. The first successful resection for a
periampullary cancer was performed as a two-stage
operation by the German surgeon Kausch in 1909. In
1935, Whipple performed a similar procedure for an
ampullary carcinoma; he perfected the procedure into a
one-stage resection by 1942. This operation, a pancreati-
coduodenectomy, or Whipple resection, is similar to that
performed today. It consists of a 40%–50% gastrectomy
(antrectomy), cholecystectomy, and removal of the distal
common bile duct, head of the pancreas, duodenum,
proximal jejunum, and regional lymph nodes. Reconstruc-
tion requires pancreaticojejunostomy, hepaticojejunos-
tomy, and gastrojejunostomy. The surgical mortality for
this procedure is now #2%100,101 if it is performed by an
experienced pancreatic surgeon.

Modifications of the pancreaticoduodenectomy.
Pylorus-preserving Whipple resection. Because the standard
Whipple resection is associated with weight loss and
nutritional disturbances, many surgeons have performed
this modification, which preserves the stomach, the
pylorus, and the first 3–4 cm of the duodenum. This
procedure maintains gastric reservoir function, and post-
operative gastric emptying is closer to normal. The
operation was first described in 1944 but did not become
popular until the 1970s, when it was performed for
patients with chronic pancreatitis; later it also became an
accepted procedure for pancreatic cancer. Although it is a
less extensive operation, it does not appear to decrease
survival compared with the standard Whipple.

It was assumed that retention of the pylorus and the
entire stomach would improve postoperative nutrition
compared with the Whipple operation. However, in
several studies, similar weight loss and nutritional defi-
ciencies accompanied the operations.102–104 Others claim
that weight gain is more rapid and the nutritional state is
better after the pylorus-preserving operation. However,
to date such studies have suffered from a variety of
methodological problems. For example, they are almost
all retrospective in nature, and the patients were not
randomly assigned to the pylorus-preserving and stan-
dard Whipple groups. This raises obvious concerns about
whether the groups are truly comparable. In one recent
study, although all patients in the Whipple group had
pancreatic ductal adenocarcinoma, almost half of those
who underwent the pylorus-preserving operation had a
variety of other periampullary cancers known to be

associated with a better prognosis (e.g., cancers of the bile
duct, papilla, duodenum, carcinoid, islet cell tumor). In
this study, the patients who underwent the Whipple
operation had a two-thirds gastrectomy, which would
have been expected to produce significant nutritional
problems in some. Most surgeons only remove 40%–50%
of the stomach.105,106 Nevertheless, even in the absence of
absolute proof of the superiority of the pylorus-preserving
operation, many surgeons perform the two procedures
interchangeably, reserving the standard Whipple for
patients with larger, more extensive tumors.

Radical (extended) Whipple resection. Some Japa-
nese surgeons have advocated the use of a more radical
pancreatic resection to improve cure rates.107–110 The
standard Whipple procedure is modified by removal of
more peripancreatic soft tissue and lymph nodes, often
with resection of segments of the superior mesenteric and
portal veins as well. Some surgeons have reported im-
proved survival,110 but no properly designed prospective
trials have compared this procedure with the standard
resection. Most surgeons in the United States are skepti-
cal that the radical procedure cures more patients, and it
is rarely performed in this country.

Prognosis: Results of Surgery

Surgical mortality rates for the Whipple resection
are now #2% in major centers around the world.100,101

The best outcomes (surgical mortality rates and long-
term survival figures) at a lower cost are achieved at
institutions with the most experience (.20 Whipple
resections a year).111,112 This appears to be related to
surgical expertise and the increased ability of practitio-
ners in other disciplines (e.g., nursing, radiology, gastro-
intestinal endoscopy) to treat these patients.

Surgical resection is the only chance for cure, but the
median survival after resection is only 18–20 months, the
overall 5-year survival is 10%, and up to 50% of those
who survive 5 years may die of recurrent cancer.113 Other
reported 5-year survival rates for patients undergoing
pancreaticoduodenectomy include 25%,100 19%,101 and
6.8%.114 Variation of tumor characteristics and behavior
(e.g., tumor size, nodal status) and completeness of
resection probably contribute to differences in survival.

Patients with smaller tumors tend to have a better
prognosis than those with larger tumors.115 In one
surgical series of 174 consecutive patients who underwent
curative resection,114 42 patients with pancreatic tumors
of ,2 cm had a 5-year survival rate of 20% compared
with 1% of patients who had tumors of .3 cm. Patients
with stage I, II, or III tumors had 5-year survival rates of
14%, 0%, and 1%, respectively.114 An even higher 5-year
survival rate of 41% has been reported by Japanese
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surgeons in patients with small (,2 cm) tumors.116 If
lymph nodes are negative for tumors, median survival
may be 4.5 years, compared with 11 months for node-
positive patients.117–120 Unfortunately, even small tumors
metastasize to lymph nodes in 75%–80% of patients
treated by resection. Poorly differentiated tumors have a
worse prognosis than well-differentiated ones (10% vs.
50% 5-year survival). 121 An additional important prog-
nostic factor is whether the tumor is present at the
margins of the Whipple resection specimen.122 For this
reason, the pancreatic and bile duct margins are routinely
evaluated during surgery. If tumor is present, more tissue
is resected if possible until negative margins are obtained.

Some of these variables are confounding (e.g., small
tumors of the head are more likely to be confined to the
pancreas and not have node metastases than large tu-
mors). There is some controversy regarding the relative
importance of these variables to survival after resec-
tion,123 but in a multivariate analysis122 it was found that
tumor size ,3 cm, negative nodal status, and negative
resection margins were the strong predictors of long-term
survival. Overall, these data support the hypothesis that
surgical extirpation of ‘‘early pancreatic cancer,’’ defined
as tumor of ,2 cm, confined to the pancreas (that is
without local extension or metastases), will improve
survival.

Palliation

Surgical and medical palliation of pancreatic adeno-
carcinoma is important because 88% of patients present
with unresectable disease due to local extension or
metastatic disease.124 When resection of the primary
tumor is not possible, the surgeon must decide whether
to perform any palliative procedures to relieve biliary or
duodenal obstruction. If surgery is not performed, medi-
cal palliation is needed to relieve jaundice, pain, weight
loss, pancreatic insufficiency, fatigue, and depression.

A bypass to relieve biliary obstruction is the most
common palliative surgery because most patients with
cancer in the head of the pancreas are jaundiced. Either an
anastomosis between the gallbladder and jejunum (chole-
cystojejunostomy) or common bile duct and jejunum
(choledochojejunostomy) is effective.125–127 Jaundice is
relieved and the bilirubin concentration returns to nor-
mal in 90% of patients; in 10%, the bilirubin concentra-
tion may not return to normal because of impaired
hepatic function, probably caused by long-standing ob-
struction or extensive hepatic metastases.125 The gallblad-
der should be used for decompression only if the cystic
duct enters the common bile duct distant from the tumor.
If the cystic duct is near the tumor, it may become
obstructed as the cancer grows, preventing function of

the cholecystojejunostomy and causing recurrent jaun-
dice. If a biliary stent is present, it should be removed and
a cholecystojejunostomy performed if it is technically
possible. This will eliminate the need for stent changes
during the patient’s life. If a cholecystojejunostomy
cannot be performed, a choledochojejunostomy should be
done only if the common duct is .1 cm in diameter.
Anastomosis of smaller ducts is technically possible, but
it may be simpler to avoid the surgical bypass altogether
because most surgeons use a stent to keep such a small
anastomosis patent. Instead, an endoscopically placed
stent, which also provides effective palliation, should be
left in place or inserted later.

Patients who require relief of bile duct obstruction and
are not candidates for possible curative resection should
undergo endoscopic stent placement. In a randomized
trial of percutaneous vs. endoscopic stenting in 75
patients with malignant bile duct obstruction, patients
treated with an endoscopic stent had a higher success rate
for relief of jaundice (81% vs. 61%) and a significantly
lower 30-day mortality rate (15% vs. 33%).128 The
preferred endoscopic prosthesis for palliation is an expand-
able metal stent. In a randomized trial of endoscopic
stents for inoperable malignant strictures of the common
bile duct in which 65 of 101 patients had pancreatic
cancer,129 patients with plastic stents who had stent
exchanges performed every 3 months and patients who
had metal stents had a longer complication-free interval
than patients who had stent exchanges only when stents
malfunctioned. Patients who receive stents need ongoing
surveillance and management by a multidisciplinary
team for postprocedure complications such as stent-
associated cholangitis.

Patients rarely have obstruction of the duodenum by
tumor at the initial exploration, but 15%–20% develop
it before they die.125 Because it is difficult to predict who
will eventually have obstruction, many surgeons perform
prophylactic gastrojejunostomy with a biliary bypass.
This is not associated with increased morbidity or
mortality rates.125 Occasionally, patients vomit preopera-
tively and are mistakenly assumed to have duodenal
obstruction. Gastrojejunostomy does not relieve the
vomiting because it is probably caused by abnormal
gastric motility, perhaps secondary to tumor infiltration
of the nerve plexuses. Slowed gastric emptying occurs in
60% of patients with pancreatic cancer who have no
evidence of gastroduodenal invasion or obstruction.130

One third of these patients have nausea and vomiting,
and some have nonspecific abdominal complaints; in
others, delayed gastric emptying may be subclinical.
Although prokinetic agents may help,130 vomiting is
often refractory to all treatment.
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There have been recent reports of safe and successful
alleviation of gastric outlet and duodenal malignant
obstructions by endoscopically placed expandable metal-
lic prostheses.131,132 In these reports, 16 of 20 patients
were able to eat solid or pureed food after the procedure.
Treatment failure was associated with nonrecognition of
multiple sites of obstruction and deployment of stents
either too proximally or too distally. These new palliative
procedures require further evaluation before they can be
recommended routinely.

Pain is a significant problem in pancreatic cancer.
Fortunately, chemical intraoperative splanchnicectomy or
celiac block or percutaneous celiac block and use of
appropriate long-acting opioid analgesics can provide
adequate pain control. In a prospective randomized trial
of intraoperative 50% alcohol splanchnicectomy vs. pla-
cebo in 127 patients, splanchnicectomy significantly
reduced or prevented pain and prolonged survival in
patients with preexisting pain.133 Increasingly, data are
being accumulated to suggest that celiac plexus block
may be superior to pharmacological therapy. For example,
in a prospective, randomized double-blind trial of neuro-
lytic celiac plexus block compared with pharmacological
therapy,134 patients receiving the block had immediate
significant reduction in pain relief compared with those
treated with drug therapy. Patients with the celiac block
had significantly fewer complications (constipation, nau-
sea, vomiting). Similar results were recorded in a compari-
son between celiac plexus block and nonsteroidal anti-
inflammatory drug–morphine oral analgesics.135 Other
surgical or neurolytic procedures such as thoracoscopic
splanchnicectomy and EUS alcohol injection of the celiac
ganglion have been developed but have not been sub-
jected to control trials.

In pancreatic cancer, depression is prevalent, may be
debilitating, and is associated with presence of pain and
impairment of function and quality of life. Among
patients referred to a tertiary center for surgery (n 5 83)
or chemotherapy (n 5 47), 38% had significant depres-
sion (Beck depression score, .15), and there was a
significant association between increasing pain and depres-
sion.136 Patients with moderate or severe pain had
significantly impaired functional activity and poorer
quality of life scores. Recognition and treatment of
depression can improve patients’ sense of well-being and
activity level.137

Patients with exocrine pancreatic insufficiency who
have weight loss and/or stools characteristic of malabsorp-
tion should be treated with pancreatic enzymes. Only two
studies have compared the results of pancreatic enzyme-
replacement therapy with those of no treatment138 or
placebo139 in patients with pancreatic cancer, and only in

12 and 21 patients, respectively. Only patients with head
cancers have malabsorption (9 of 12 patients), and in
these patients malabsorption significantly contributes to
weight loss.138 This association correlates with the find-
ing that only patients with obstruction of the pancreatic
duct in the head had pancreatic enzyme output reduced
below 10% of normal, the level necessary to produce
malabsorption.140

In only one of the studies138 was the dose of lipolytic
activity appropriate, 10% of the normal postprandial
output of lipolytic activity (30,000 IU) as 8 tablets with
meals (2 after a few bites, 4 during a meal, and 2 at the
end), which increased the coefficient of fat absorption
20% and abolished protein malabsorption in most pa-
tients. In the recent study,139 microencapsulated enteric-
coated microspheres were administered with meals over
8 weeks in an insufficient dose of ,17,500 IU (50,000
USP units, see below). Predictably, this dose did not
increase fat absorption, but body weight increased 0.7 kg
compared with 2.2-kg loss in the placebo group. The
increase in body weight without correction of steatorrhea
probably was caused by correction of protein absorption.

Similarly, in patients with chronic pancreatitis, cap-
sules of microencapsulated enteric-coated microspheres
are not universally effective because the pH-dependent
enteric coating, to eliminate acid denaturation of lipase,
prevents release of enzymes in the proximal gut.141 If
these preparations are used, the number of capsules
should contain a total of 30,000 IU of lipolytic activity,
the minimum amount needed to correct steatorrhea. For
example, the most potent commonly used enteric prepa-
ration contains ,8800 IU, and thus at least 3–4 capsules
are theoretically needed to correct steatorrhea.

There is confusion regarding doses of pancreatic
enzyme replacement because amounts of lipase in commer-
cial preparations are measured as USP units, whereas IU
were used in studies of pancreatic enzyme secretion to
determine the amounts of enzymes required to abolish
malabsorption. Approximately 1 IU equals 2–3 USP
units. Thus, a common error is to underestimate the dose
of pancreatic enzymes required to abolish steatorrhea by
2–3-fold.

Chemotherapy and Radiation

For this discussion, the term locoregional indicates
malignancy involving the pancreas and regional lymph
nodes and metastatic indicates distant nodal, organ, perito-
neal, or pleural involvement.

Discussion of chemotherapy and radiation for pancre-
atic cancer requires definition of efficacy. Traditional
endpoints for efficacy of cancer therapy in any disease
include the objective response rate, disease-free survival,
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overall survival, and quality of life. For solid tumors,
objective response is generally accepted as a 50% or
greater reduction in the sum of the products of all
bidimensionally measurable lesions. The criterion of
bidimensional measurement was originally developed by
the World Health Organization and used for nodules on
chest radiographs or palpable lesions such as enlarged
lymph nodes, skin metastases, and abdominal masses. It
is now commonly applied to lesions seen with three-
dimensional imaging techniques such as CT or MRI.
Application of this criterion to pancreatic cancer is
difficult. A histological hallmark of pancreatic adenocar-
cinoma is an associated desmoplastic reaction which, in a
given tumor mass, can vastly overestimate the malignant
cell mass. Furthermore, associated pathological changes
in the pancreas such as varying degrees of acute or chronic
pancreatitis or cyst formation can cause architectural
changes in the pancreas that may be difficult to distin-
guish radiographically from the border of the malig-
nancy. Furthermore, the location of the pancreas adjacent
to unopacified or poorly opacified small bowel compli-
cates radiographic interpretation of changes in size of the
pancreas.142 For these reasons, it is becoming widely
accepted that accurate disease measurements in pancre-
atic cancer are difficult to achieve.143,144 Thus, there is
growing interest in identification of alternate endpoints
to gauge effective therapy. If concentrations of CA 19-9, a
tumor-associated antigen that is highly expressed in
pancreatic adenocarcinoma, return to normal after surgi-
cal resection, survival is increased.145 Similarly, in pa-
tients undergoing chemotherapy, a decrease in CA 19-9
levels correlates with increased survival.146 However, CA
19-9 concentration is not yet an accepted test to screen for
antitumor efficacy.

Global quality of life or symptom assessment also is
not used routinely to measure efficacy in clinical trials of
patients with pancreatic adenocarcinoma. However, these
measures may show that chemotherapy provides impor-
tant palliation that is underestimated by the objective
response rate. For example, Glimelius et al.147 applied a
standard and validated quality of life instrument devel-
oped by the European Organization for Research and
Treatment of Cancer (EORTC) to pancreatic cancer
patients receiving either best supportive care or chemo-
therapy with 5-fluorouracil (5-FU) and leucovorin with
or without etoposide. Thirty-six percent of the patients
receiving chemotherapy had improved quality of life
compared with 10% of those receiving the best support-
ive care. With a symptom assessment tool developed for
phase II and phase III randomized trials of gemcitabine
(28,28-difluoro-28-deoxycytidine)148 for patients with pan-
creatic cancer, Rothenberg et al.149 found that 20% of the

patients had fewer tumor-associated symptoms (consid-
ered a clinical benefit response by the authors). Similarly,
Burris et al.150 reported a clinically beneficial response in
24% of patients treated with gemcitabine compared with
5% of those treated with 5-FU. In the latter trial, the
objective response rates of the two arms of the study were
similar (5% vs. 0%). These findings emphasize that the
objective response cannot be measured adequately in
pancreatic adenocarcinoma using standard criteria and
reinforces the need for alternate efficacy endpoints.

The most powerful measure of efficacy in cancer
therapy is survival. However, demonstration of greater
survival requires a randomized trial design with treat-
ment arms balanced for important characteristics such as
performance status and extent of disease. As a rule, these
studies can be conducted only by cooperative groups
involving multiple institutions or institutions with large
patient populations. The rest of this discussion focuses on
randomized trials of chemotherapy (as the primary form
of management and as a radiosensitization adjunct to
radiotherapy) or radiotherapy (commonly applied radio-
therapy techniques, external beam radiotherapy, includ-
ing intraoperative radiotherapy [IORT], and brachy-
therapy) that meet these criteria.

Chemotherapy. Several recent reviews detail the
efficacy data for single-agent and combination chemother-
apy.151–153 As previously noted, acceptance or rejection of
many chemotherapy regimens, including single agents,
has been based on objective response rates. However, the
median survival with these single agents is rarely more
than 5 months, leading to the conclusion that there are no
highly effective single agents. Only two chemotherapy
drugs have been associated with a reproducible survival of
more than 5 months, 5-FU and gemcitabine. 5-FU has
primarily been studied using bolus administration rather
than short-term continuous infusion (generally over 5
days) or protracted infusion (uninterrupted delivery to
toxicity). These last schedules have been suggested to
demonstrate higher antitumor activity in patients with
other gastrointestinal cancers, particularly colorectal can-
cer.154 Protracted infusion of 5-FU has been studied in
combination with interferon alfa administration in pan-
creatic cancer, producing a median survival of 5.5
months, which does not appear to be superior to that
achieved with 5-FU alone.155 Biochemical modulation of
5-FU with leucovorin, interferon alfa, or N-(phosphonace-
tyl)-L-aspartate (PALA) has also been studied but without
compelling survival data to suggest that these regimens
are superior to therapy with bolus 5-FU.156 The experi-
ence with gemcitabine has provided modest optimism
that it may be possible to break the chemoresistant
barrier commonly associated with pancreatic adenocarci-
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Table 1. Randomized Trials of Single and Combined Chemotherapies for Pancreatic Cancer

Agents, dose, and schedule
No. of

patients
Percent

response
Median survival

(mo [range])

Percent
surviving

1 year Study

Adriamycin 60 mg/m2 every 3 wk 25 8% 3 (0.25–14.5) NS Schein et al. 1978183

vs.
Methotrexate 40 mg/m2 every wk 25 4% 2 (0.25–251) NS

vs.
Actinomycin D 0.4 mg/m2 3 5 days every 4 wk 28 3% 2.5 (0.25–151) NS

5-FU 500 mg days 1–5 1 cyclophosphamide 300 mg days 1 and
5 1 vincristine 1 mg days 2 and 5 1 methotrexate 20 mg days 1 and

4 followed by 5-FU 10 mg/kg days 1–5 1 mitomycin 100 fg/kg
days 1–5 every 6 wk (Mallinson regimen)

21 NS 11a 35% Mallinson et al. 1980165

vs.
No therapy 19 NS 2.25 5%

5-FU 350 mg/m2 days 1–5 and 400 mg/m2 days 36–40 1 methyl CCNU
150 mg/m2 day 1 every 10 wk

41 10% 3.5 NS Horton et al. 1981184

vs.
5-FU 350 mg/m2 days 1–5 and 400 mg/m2 days 36–40 1 methyl CCNU

150 mg/m2 day 1 1 streptozocin 400 mg/m2 days 1–5 every 10 wk
43 7% 3 NS

vs.
Melphalan 6 mg/m2 days 1–5 every 6 wk 43 2% 2 NS

vs.
VP-16 (initial or crossover) 125 mg/m2 every other day 33, every 4 wk 28 0% 2.25 NS

5-FU 9 mg/kg days 1–5 1 CCNU 70 mg/m2 day 1 every 6 wk 65 0% 3 NS Frey et al. 1981185

vs.
Best supportive care 87 0% 3.9 NS

5-FU 500 mg PO days 2–5 1 CCNU 40 mg/m2 PO days 2 and 3 1 vincristine
1 mg/m2 day 1 every 6 wk

25 NS 5 (1–17) NS Andren-Sandberg,
et al. 1983186

vs.
No therapy 22 NS 4 (1–20) NS

5-FU 1000 mg/m2 days 1–4 and 29–32 1 mitomycin C 15–20 mg/m2 day 1
every 56 days

73 8% 4.25 9% Bukowski et al.
(SWOG) 1983187

vs.
5-FU 1000 mg/m2 days 1–4 and 29–32 1 mitomycin C 10–15 mg/m2 day

1 1 streptozocin 400 mg/m2 days 1–4 and 29–32 every 56 days
72 34%a 4.75 19%a

5-FU 500 mg/m2 days 1–5 every 4 wk
vs.

50 NS 5.1 (1–24) 12% Cullinan et al. (NCCTG)
1985163

5-FU 400 mg/m2 days 1–4 1 Adriamycin 40 mg/m2 day 1 every 4–5 wk 44 NS 4.7 (1–31) 18%
vs.

5-FU 600 mg/m2 days 1, 8, 29, and 36 1 Adriamycin 30 mg/m2 days 1 and
29 1 mitomycin C 10 mg/m2 day 1 every 8 wk

50 NS 4.7 (1–28) 12%

Maytansine 0.6 mg/m2 days 1–3 every 3 wk 33 then every 4 wk 48 0% 2.3 NS GITSG 1985188

vs.
Chlorozotocin 120 mg/m2 every 6 wk 27 0% 2.65 NS

vs.
Chlorozotocin 175 mg/m2 every 6 wk 30 10% 2.0 NS

5-FU 600 mg/m2 days 1, 8, 29, and 36 1 Adriamycin 30 mg/m2 days 1 and
29 1 mitomycin C 10 mg/m2 day 1 every 8 wk

90 14% 6.5 NS Oster et al. (CALGB)
1986161

vs.
5-FU 600 mg/m2 days 1, 8, 29, and 36 1 streptozocin 1 g/m2 days 1, 8, 29,

and 36 1 mitomycin C 10 mg/m2 day 1 every 8 wk
94 4% 4.5 NS

5-FU 600 mg/m2 days 1, 8, 29, and 36 1 Adriamycin 30 mg/m2 days 1 and
29 1 mitomycin C 10 mg/m2 day 1 every 8 wk

vs.

29 13% 2.9 5% GITSG 1986162

5-FU 600 mg/m2 days 1, 8, 29, and 36 1 streptozocin 1 g/m2 days 1, 8, 29,
and 36 1 mitomycin C 10 mg/m2 day 1 every 8 wk

28 15% 4.4 12%

vs.
5-FU 300–350 mg/m2 days 1–5 every 5 wk 1 streptozocin 350 mg/m2 days

1–5 every 5 wk 1 mitomycin C 10 mg/m2 day 1 every 10 wk
27 14% 3.3 12%

Bakers’s Antifol (TZT) 250 mg/m2 days 1–3 every 3 wk 31 0% 2.9 19% GTSG 1987189

vs.
Diaziquone (AZQ) 20 mg/m2 every week 34 of 6 21 0% 2 5%

vs.
Epirubicin 75 mg/m2 every 3 wk 34 5% 2.5 12%

(Continued on following page)

1474 AMERICAN GASTROENTEROLOGICAL ASSOCIATION GASTROENTEROLOGY Vol. 117, No. 6



noma. As noted above, Burris et al.150 found in a phase III
randomized trial that gemcitabine (1000 mg/m2 weekly
for up to 7 weeks followed by a week of rest and then
weekly for 3 weeks every 4 weeks thereafter) had a

disappointingly low objective response rate. However,
there was a small, statistically significant improvement in
overall survival compared with administration of 600
mg/m2 of 5-FU weekly (5.7 vs. 4.4 months). Further-

Table 1 (Cont’d). Randomized Trials of Single and Combined Chemotherapies for Pancreatic Cancer

Agents, dose, and schedule
No. of

patients
Percent

response
Median survival

(mo [range])

Percent
surviving

1 year Study

Tamoxifen 20 mg daily 37 NS 5.25 20% Keating et al. 1989190

vs.
Cyproterone acetate 100 mg 33 daily 32 NS 4.25 12%

vs.
No therapy 39 NS 3.0 10%

5-FU 500 mg/m2 days 1–5 every 5 wk
vs.

64 7% 4.5 6% Cullinan et al. NCCTG
1990166

5-FU 300 mg/m2 days 1–5 1 Adriamycin 40 mg/m2 day 1 1 cisplatin 60
mg/m2 day 1 every 5 wk

59 15% 3.5 8%

vs.
Induction: 5-FU 270 mg/m2 days 1–5 1 methotrexate 11 mg/m2 days 1 and

4 1 vincristine 0.7 mg/m2 days 2 and 5 1 cyclophosphamide 160
mg/m2 days 1 and 5; maintenance: 5-FU 350 mg/m2 days 1–5 1 mitomy-

cin C 3.5 mg/m2 days 1–5 every 6 wk (Mallinson regimen)

61 21% 4.5 8%

Cisplatin 100 mg/m2 day 1 1 ARA-C 2 mg/m2 days 1 and 2 1 caffeine
400 mg/m2 days 1 and 2 every 28 days 33 then every 42 days

40 5% 5 (.4–17) NS Kelsen, et al. 1991191

vs.
5-FU 600 mg/m2 days 1, 8, 29, and 36 1 mitomycin C 10 mg/m2 day

1 1 streptozocin 1 g/m2 days 1, 8, 29, and 36 every 8 wk
42 10% 10 (.3–24.6)a NS

Somatostatin 250 fg subq every 8 h 43 0% 3.8 10% Huguier et al. 1992192

vs.
LH-RH 3.75 mg IM every 4 wk 39 0% 5.5 25%

vs.
Somatostatin 250 fg subq every 8 h 1 LH-RH 3.75 mg IM every 4 wk 38 0% 6.0 30%

vs.
No therapy 43 0% 4.3 15%

MGBG 60 mg/m2 every wk
vs.

32 6% 7.6 NS Bukowski et al. (SWOG)
1993193

DHAD 6–12 mg/m2 every 3 wk 29 0% 2.7 NS
vs.

AZQ 30–40 mg/m2 every 3 wk 21 0% 2 NS
vs.

5-FU 400–600 mg/m2 days 1, 8, 29, and 36 1 doxorubicin 20–20 mg/m2

days 1 and 29 1 mitomycin C 5–10 mg/m2 day 1 1 streptozocin 400
mg/m2 days 1, 8, 29, and 36

71 11% 4.8 NS

DHAD 4 mg/m2 days 1–3 every 3 wk
vs.

23 0% 2.25 0 Ashbury et al. (ECOG)
1994194

Aclacinomycin A 85–100 mg/m2 every 3 wk 16 0% 2.75 0
vs.

Spirogermanium 200 mg/m2 twice a week 20 0% 2.75 0
vs.

VP-16 140 mg/m2 days 1, 3, and 5 every 4 wk 21 0% 3 0

5-FU 600 mg/m2 days 1, 8, 29, and 36 1 Adriamycin 30 mg/m2

days 1 and 29 1 mitomycin C 10 mg/m2 days 1 and 29 every 8 wk
23 NS 8.25 (2.25–20)a 25% Palmer et al. 1994164

vs.
No therapy 20 NS 3.75 (0.25–15.5) 2%

5-FU 500 mg/m2 1 leucovorin 60 mg/m2 6 etoposide 120 mg/m2;
days 1–3 every 3 wk (with etoposide) or days 1 and 2 every other

week (without etoposide)

29 3% 6a 25%a Glimelius et al. 1996147

vs.
Best supportive care 24 0 2.5 15%

Gemcitabine 1000 mg/m2 weekly 37 of 8 wk then weekly 33 of 4 wk 63 5.4% 5.65 18%a Burris et al. 1997150

vs.
5-FU 600 mg/m2 every wk 63 0% 4.41 2%

aStatistically significant difference.
NS, not stated; CCNU, chloroethylcyclohexlnitrosourea; LH-RH, luteinizing hormone-releasing hormone; TZT, triazinate; AZQ, azinidinylbenzoqui-
none; MGBG, mitoguazone; DHAD, dihydroxyanthracenedione.
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more, 1-year survival with gemcitabine treatment was
18%, compared with 2% for 5-FU.

Several combination regimens have been promoted as
promising in the treatment of pancreatic cancer. These
include 5-FU, Adriamycin (doxorubicin; Adria Laborato-
ries, Columbus, OH), and mitomycin (FAM) with or
without streptozocin,157,158 and a modification of this
regimen with 5-FU, mitomycin C, and streptozocin
(SMF),159 and cisplatin, cytosine arabinoside, and caf-
feine.160 Table 1 details the single-agent and combination-
agent randomized chemotherapy trials, including drug
dosages and schedules in patients with pancreatic cancer.
From the low objective response rates and the narrow
ranges in median survival, there is not a superior
combination regimen. Although patients treated with
SMF have a significantly prolonged median survival
compared with those treated with cisplatin, cytosine
arabinoside, and caffeine,160 other trials failed to demon-
strate an advantage of SMF over FAM.161,162 More
importantly, in a North Central Cancer Treatment Group
(NCCTG) trial,163 combination therapy with FAM or
5-FU and Adriamycin was not superior to 5-FU mono-
therapy. Thus, the only systemic treatment that may have
an advantage over 5-FU is monotherapy with gemcitab-
ine.150 To date, no other randomized trials have compared
5-FU or gemcitabine with another single agent.

Three studies suggest that combination chemotherapy
may result in longer survival than best supportive care.
Palmer et al.164 reported that FAM prolonged median
survival (33 vs. 15 weeks). Similarly, Glimelius et al.147

reported longer survival with 5-FU and leucovorin with
or without etoposide. Finally, Mallinson et al.165 reported
superior survival with a complicated five-drug regimen
using 5-FU, mitomycin C, methotrexate, vincristine, and
cyclophosphamide. A subsequent NCCTG trial did not
demonstrate an advantage of this regimen over mono-
therapy with 5-FU.166 Thus, although there may be some
survival advantage with chemotherapy treatment in
pancreatic cancer, a review of all available data suggests
that combination therapy is not superior to monotherapy,
and any improvement in median survival is small.

Radiation therapy. Radiation therapy as part of
the nonsurgical management of pancreatic cancer has
been evaluated with external beam and IORT, interstitial
brachytherapy, and, more recently, radioimmuno-
therapy.167 The role of radiotherapy was initially defined
in pivotal studies performed by the Gastrointestinal
Tumor Study Group (GITSG). Radiotherapy in these
studies was used as adjuvant therapy (treatment after
potentially curative resection) and as treatment for unre-
sectable locoregional disease (Table 2).

The GITSG has published the only randomized trial of
adjuvant therapy in pancreatic cancer. The EORTC has
recently completed a trial, and results will be forthcom-
ing. In the GITSG trial, patients were randomized after
resection to observation or radiation therapy combined
with 5-FU.168 A total dose of 4000 cGy was given in a
split course. 5-FU was given as bolus of 500 mg/m2 daily
for 3 days at the beginning of each 2-week radiation
cycle. After completion of radiation therapy, 5-FU was
administered weekly for 2 years. The treated group had a
2-year actuarial survival of 43%, compared with 18% in
the control group. These results were upheld in a
follow-up single-arm trial in which patients were random-
ized to the treatment.168

Contemporary approaches to adjuvant therapy have
focused on preoperative therapy with the hope of increas-
ing the rate of resection and improving overall survival.
Hoffman et al.169 and Jessup et al.170 suggested that
preoperative chemoradiation therapy can convert selected
cases of unresectable disease to a resectable status or can
increase the overall resection rate. Most neoadjuvant
chemoradiation studies include staging laparoscopy be-
fore treatment and re-evaluation of extent of disease after
treatment before surgery. Evans et al.171 have shown that
approximately 18% of patients progress with metastases
during neoadjuvant therapy, eliminating their candidacy
for resection. A randomized trial has not been conducted
to assess this approach, but Spitz et al.172 analyzed results
of 142 patients treated with either preoperative or
postoperative chemoradiation and showed no difference
in survival between patient groups. However, they
concluded that preoperative rapid-fractionation chemora-
diation could be delivered over a shorter duration and
that up to one fourth of eligible patients did not receive
postoperative therapy because of prolonged recovery after
pancreaticoduodenectomy. Thus, preoperative adjuvant
strategies may have a practical advantage.

The role of chemotherapy combined with radiation
treatment for unresectable locoregional pancreatic cancer
was initially defined by a GITSG trial.173 In this
randomized trial design, the combination of 5-FU and
split-course radiation (total dose, 4000 cGy) was com-
pared with either a radiation dose alone or 6000 cGy
combined with 5-FU. The regimen of 5-FU and 4000
cGy increased median survival nearly 2-fold compared
with radiation alone (23 vs. 42 weeks). This group also
demonstrated that chemotherapy with SMF was inferior
to therapy with SMF plus radiation (1-year survival, 19%
vs. 41%).174 Attempts to optimize this therapy have
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included the use of protracted-infusion 5-FU as well as
other radiation-sensitizing drugs. Ishii et al.175 have
evaluated protracted-infusion 5-FU with external beam
radiation using a dose of 5040 cGy in 28 fractions over
5.5 weeks. The median survival of 10 months and the
1-year overall survival of 42 are not superior to those in
other reports. Other radiation sensitizers under study
include bromodeoxuridine,176 paclitaxel,177,178 cisplatin,177

and more recently gemcitabine.179 The value of these
approaches awaits further efficacy and eventually compara-
tive efficacy studies.

The role of IORT has been best defined in a retrospec-
tive review of 159 patients180 who received either
external beam radiation 4000–6000 cGy or 4500–5500
cGy in combination with an intraoperative electron
boost. There was no significant difference in median or
long-term survival between treatments, but local control
was 82% in the patients treated with IORT compared
with 48% in patients treated with external beam radia-
tion alone.

Another form of local control is interstitial brachy-
therapy with radionuclides such as iodine 125 or palla-
dium 103. However, enthusiasm for brachytherapy has

waned because it has increased toxicity without docu-
mented improvement in survival.181,182

Conclusions and Clinical Practice
Recommendations

Epidemiology

Pancreatic cancer is deadly; overall 5-year survival
is ,5%. However, 5-year survival rates of .20% may
accompany resection of ‘‘early tumors,’’ defined as tumors
that measure #2 cm and are confined to the pancreas.
Identification of patients with early cancer in populations
at risk for developing pancreatic cancer should increase
5-year survival. At present, patients with idiopathic and
alcoholic chronic pancreatitis and new-onset diabetes
mellitus (,2 years, no family history, age .50 years)
have a low but increased risk of having or developing
pancreatic cancer. Patients with hereditary pancreatitis
who are older than 45 years and have a paternal
inheritance (paternal imprinting), cystic diseases of the
pancreas, IPMT, or pancreatic masses have a high risk of
developing pancreatic cancer. Ideally, these patients should
be carefully evaluated for pancreatic cancer.

Table 2. Randomized Trials With Radiation Therapy for Adjuvant and/or Primary Management of Locoregional Pancreatic Cancer

Agents, dose, and schedule
No. of

patients
Median

survival (mo)
Percent

surviving 1 yr Study

Adjuvant therapy
No adjuvant therapy 22 11 49% Kalser et al. 1985195

vs.
200 rad/day 5 days/wk over 2 wk followed by 2-wk rest for total

of 4000 rad 1 5-FU 500 mg/m2 days 1–3 of each 2000-rad
course followed by 5-FU 500 mg/m2 weekly

21 20a 63%

Locoregional therapy
200 rad/day 5 days/wk over 2 wk followed by 2-wk rest for total

of 6000 rad
25 5.7 15% Moertel et al. (GITSG) 1981173

vs.
200 rad/day 5 days/wk over 2 wk followed by 2-wk rest for total

of 4000 rad 1 5-FU 500 mg/m2 days 1–3 of each 2000-rad
course followed by 5-FU 500 mg/m2 weekly

83 9.12a 35%

vs.
200 rad/day 5 days/wk over 2 wk followed by 2-wk rest for total

of 6000 rad 1 5-FU 500 mg/m2 days 1–3 of each 2000-rad
course followed by 5-FU 500 mg/m2 weekly

86 12.35a 50%

5-FU 600 mg/m2 days 1, 8, 29, and 36 1 streptozocin 1 g/m2

days 1, 8, 29, and 36 1 mitomycin C 10 mg/m2 day 1 every
8 wk

21 4 19% GITSG 1988174

vs.
180 rad 35 days every week for 6 wk for a total of 5400

rad 1 5-FU 350 mg/m2 days 1–3 and last 3 days of radio-
therapy, followed on day 64 by 5-FU 600 mg/m2 days 1, 8,
29, and 36 1 streptozocin 1 g/m2 days 1, 8, 29, and
36 1 mitomycin C 5 mg/m2 day 1 then 10 mg/m2 subse-
quent cycles every 8 wk

22 10.5 41%a

aStatistically significant difference.
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Diagnosis

No screening strategy has been shown to detect
early pancreatic cancer in patients with an increased risk
of developing pancreatic cancer, and none can be recom-
mended. At present the most sensitive imaging test is
EUS, but its sensitivity for detection of early pancreatic
cancer is unknown. Similarly, the sensitivity of current
serum or genetic markers to detect early tumors is
unknown, but the sensitivity of CA 19-9 in small stage 1
tumors is low. The best that can be offered to these
patients is spiral CT, followed by EUS if the CT results
are nondiagnostic and measurement of serum CA 19-9.
However, there is no guarantee that this strategy will
detect ‘‘early lesions.’’

The following recommendations for diagnosis are
based on the assumption that all tests are available in all
communities and are performed with a high degree of
expertise. However, availability and expertise varies
among localities. Thus, the practitioner should select the
technique(s) appropriate to the community based on
understanding of the important principles.

All patients with suspected pancreatic or periampul-
lary neoplasm should undergo a high-quality abdominal
CT scan early, ideally a dual-phase helical CT. If pancre-
atic cancer is present, an experienced radiologist usually
can make a definitive statement concerning whether the
cancer is unresectable (95%–100% confidence) or resect-
able (85%–90% confidence), and a decision can be made
to proceed to treatment (see below). Additional diagnos-
tic tests (e.g., ERCP), except for FNA to establish the
diagnosis in inoperable cases, are not required, and other
tests for disease staging in operable cases (e.g., EUS)
usually are unnecessary.

If CT is not performed using an ideal technique and
the radiologist is unable to make a definite diagnosis or
stage the disease, helical CT is recommended. EUS is
recommended if the diagnosis remains uncertain after an
optimal CT and the clinician suspects a periampullary
neoplasm on the basis of a family history of pancreatic
cancer, inexplicable symptoms, or elevated CA 19-9
concentration because small lesions not seen by CT may
be seen by EUS.

If a patient has undergone EUS or ERCP as the first
test, usually because of jaundice, helical CT is still
required if the patient is a candidate for resection because
CT is the best test to assess the relationship of the tumor
to adjacent structures and to detect liver metastases.
With the availability of CT, magnetic resonance cholan-
giopancreatography, and EUS, use of ERCP to diagnose
pancreatic cancer has decreased greatly. However, ERCP
still has a therapeutic role.

Treatment Recommendations

Surgery. At major centers in which there is a
multidisciplinary approach to the management of pancre-
atic cancer, patients with resectable tumors undergo
exploration. Sometimes, even if there is a low chance of
resection, resection is performed if the patient desires to
exclude even the smallest possibility for cure. In these
centers, often the bias is toward interpretation of imaging
test results as indicating ‘‘resectable’’ tumors because of
an aggressive, safe surgical approach.

Patients who have undergone surgical resection appear
to benefit from adjuvant therapy using chemoradiation
with a 5-FU–based regimen. The use of neoadjuvant
chemoradiation does not appear to have an adverse impact
on the overall treatment of patients with resectable
pancreatic cancer. Patients selected for this approach
should be carefully staged with contrast spiral CT
scanning. In addition, laparoscopy can be used to further
exclude occult visceral and peritoneal metastases. How-
ever, at present there is no evidence that neoadjuvant
therapy improves survival more than adjuvant therapy.

Chemotherapy and radiation. All patients with
unresectable locoregional or metastatic pancreatic cancer
should be considered for inclusion into investigational
trials. The outcome of treatment for patients with an
extremely poor performance status (unable to carry out
normal activities even with effort) is dismal; in these
cases, emphasis should be placed on palliative measures
rather than on aggressive attempts at treatment with
either chemoradiation or combination chemotherapy.
However, the option of gemcitabine therapy should be
considered even in patients with a poor performance
status and pain because of its potential for palliative
benefit.

In lieu of entry into an investigational study, standard
treatment of patients with unresectable locoregional
disease may include radiation and concomitant 5-FU
therapy. Another option for both patients with unresect-
able locoregional and those with metastatic disease is
monotherapy with gemcitabine.

Future Research

Improving survival of pancreatic cancer patients
depends on identification of patients who are at risk for
developing pancreatic cancer, detection of disease at an
early curable stage, and elucidation of the basic mecha-
nisms of differentiation and transformation involved in
pancreatic carcinogenesis that will lead to development of
effective treatment to prevent or counteract these abnor-
malities. The best lead for early identification of pancre-
atic cancer is exploration of genetic and other markers in
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populations at risk and continuation of the quest for
imaging modalities that can identify tiny tumors and
distinguish between inflammatory and neoplastic
masses.

At present, treatment research is developing along
several lines of investigation. These include development
of surrogate endpoints for objective response and survival
to screen new treatments, determination of whether more
extended surgical resection increases survival, definition
of the role of neoadjuvant (preoperative) therapy and
radiation-sensitizing drugs (especially compared with
5-FU) for chemoradiation of locally unresectable pancre-
atic cancer, and exploration of new drugs that have
unique biologic targets. This last category includes
inhibitors of farnesyl transferase and metallomatrix pro-
teinase, radioimmunoconjugates, tumor vaccines, ligands
for delivery of cytotoxic agents, and the initial explora-
tion of gene therapy.

EUGENE P. DIMAGNO, M.D.
Mayo Clinic
Rochester, Minnesota
HOWARD A. REBER, M.D.
UCLA School of Medicine
Los Angeles, California
MARGARET A. TEMPERO, M.D.
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73. Rösch T, Lorenz R, Braig C, Feurbach S, Siewert JR, Schudziarra
V, Classen M. Endoscopic ultrasound in pancreatic tumor
diagnosis. Gastrointest Endosc 1991;37:347–342.
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