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PROSPECTS

Risk Factors for Pancreatic Cancer
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Abstract In the United States, the cumulative mortality or lifetime riskof dying from pancreatic cancer is about 1–2%,
but although this form ofcancer is rare, nearly all patients die from the disease within one to two years. Becauseof its lethality,
pancreatic cancer now ranks fourth as a cause of death from cancer. There are country-specific differences in rates, perhaps
explained by differences in life-style factors or diet. African-Americans in the USA have rates that are about 50% higher than
Caucasians. Smoking is the major known risk factor for this cancer, explaining 20–30% of all cases. Another 5–10% of
causes are caused by germline mutations, with mutations in BRCA2 being the most frequent. Two background diseases
increase the risk of pancreatic cancer—pancreatitis, and diabetes. Major challenges presented by this cancer are:
1) determination of the molecular pathways that make this cancer so aggressive; 2) development of new modalities, perhaps
based on proteomics, to enhance early detection. J. Cell. Biochem. 95: 649–656, 2005. � 2005 Wiley-Liss, Inc.
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Pancreatic cancer is a rare human tumor
with age-adjusted rates in most countries
ranging from about 5 to 10 new cases per
100,000 persons per year. Despite its relative
scarcity, this tumor has attracted increasing
interest because the mortality rate is nearly
100%. Most patients who are diagnosed with
this tumor die within a year and the 5 year
survival is less than 5%. Only a very few tumors
are as aggressive as pancreatic cancer and
unlike many other cancers, discovery of a
small tumor does not always lead to improved
survival.
The anatomy of the pancreas leads to another

challenge. The gland is situated in the most
inaccessible part of the abdomen, making it
unreachable by any conventional endoscopic
approach. Because of its location, effective
screening procedures have yet to be devised.
Furthermore, the proximity to major digestive

organs such as the bile ducts, and vital vascular
structures, greatly complicates surgical ther-
apy.Moreover, pancreatic cancer cells appear to
be especially resistant to both chemotherapy
and radiotherapy.

All of these factors make pancreatic cancer
one of our greatest oncologic challenges.

DEVELOPMENT OF PANCREATIC CANCER

Most digestive tract tumors are known to
develop gradually, slowly progressing from a
normal to a malignant cell type, often having
several stages with gradually increasing cellu-
lar distortion. The progression of colon tumors
from colonic polyps to cancer is an excellent
example.

Careful examination of resected pancreata
reveals evidence of premalignant changes
called PANINS that gradually become more
severe as pancreatic cancer develops [Hruban
et al., 2001]. As these lesions become more
aggressive, mutations accumulate, with K-ras
changes appearing as an early change [Hruban
et al., 1993].

Until recently, there have been only limited
animal models to study the experimental de-
velopment of pancreatic cancer. The Syrian
hamster when exposed to the potent carcinogen
N-nitrosobis-(2-oxopropyl) amine (BOP) devel-
ops pancreatic, but it has been difficult to
study the progression of the normal to the
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malignant pancreas gland in this model.
RecentlyHingorani et al. [2003] have developed
a mouse model for pancreatic cancer by direct-
ing endogenous expression of K-ras(G12D) to
progenitor cells of the mouse pancreas. This
model produces changes in the mouse pancreas
that mimic the progressive PANIN stages that
are found in the human pancreas. Eventually
these animals develop pancreas cancer. The
availability of this valuable new experimental
model should help advance the study of human
pancreatic cancer [Hingorani et al., 2003].

DESCRIPTIVE EPIDEMIOLOGY

In the United States pancreas cancer devel-
ops in approximately 30,000 patients per year,
with about the same number expected annually
in Europe, and about 20,000 annual cases in
Japan [Lowenfels and Maisonneuve, 2004].
Compared with more common tumors such as
lung, breast, colon, or prostate tumors, pan-
creas cancer is a rare, ‘‘orphan’’ cancer: how-
ever, because it is so lethal, it ranks fourth a
cause of death from cancer. With the rapid
advancement of effective screening and thera-
peutic regimes for breast and colon cancer
resulting in decreased deaths from these dis-
eases, pancreas cancer is likely to become an
increasingly frequent cause of death from
cancer.

Pancreatic cancer has an uneven world dis-
tribution (Fig. 1). At present, perhaps related to
smoking or the inability to detoxify tobacco-
related carcinogens, pancreas cancer rates are
higher in African-Americans (in the USA)

populations than in most other cancer regis-
tries. In general, high rates are found in
developed, industrialized countries; lower rates
occur in developing regions of the world.

There are well-recognized racial factors
affecting the frequency of pancreatic cancer
that may originate at the molecular level.
Chinese pancreatic cancer patients may have
different K-ras and p53 expressions than other
populations [Dong et al., 2000]. The molecular
pattern of K-ras mutations in African-Ameri-
cans (in theUSA)may be different than in other
populations. Also, there may be racial differ-
ences in survival patterns after diagnosis of
pancreatic cancer, perhaps related to racial
differences in aggressiveness of tumor type
[Longnecker et al., 2000].

Incidence rates for pancreatic cancer have
changed considerably over time. In most coun-
tries, rates have increased over the past several
decades as apredictable response to increases in
smoking prevalence. It is encouraging to note
that in a few populations, such as USA males,
where smoking rates have declined, there has
been a slight but measurable decrease in the
frequency of pancreatic cancer (Fig. 2).

Age is one of the main factors related to
pancreas as well as other cancers, so as people
live longer, we can anticipate a measurable
increase in pancreatic cancer.

ENVIRONMENTAL AND LIFESTYLE FACTORS

Pancreatic cancer has been linked to smoking
and isunquestionably oneof themajor smoking-
related tumors. Unlike the lung, where tobacco
smoke and tobacco degradation products are
in direct contact with pulmonary tissue, the
pancreas is exposed to tobacco products indir-
ectly. Tobacco-related carcinogens reach the
pancreas either via the blood stream, or perhaps
through exposure of the pancreas to either
duodenal contents or to bile. Most pancreatic
cancers occur in the head of the gland and this
region is where exposure to tobacco carcinogens
contained in the duodenal juice or bile could
occur.

Since exposure to tobacco products is lower
in the pancreas than in the lung, it is under-
standable that the smoking-related risk of
pancreatic cancer is not as high as that of lung
cancer. Most studies have found that smoking
results in about a twofold increased risk of
pancreas cancer, in contrast to the 10–15 fold

Fig. 1. Histogram demonstrating wide international variation in
the incidence of pancreatic cancer. From reference [Lowenfels
and Maisonneuve, 2004]. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.
com.]

650 Lowenfels and Maisonneuve



smoking-related risk of lung cancer [Boyle
et al., 1996; Engeland et al., 1996]. Most studies
confirm the anticipated finding of a dose re-
sponse, with higher rates of pancreas cancer
being linked to heavier smoking exposure. In a
40-year follow-up study of British physicians,
Richard Doll found that pancreatic cancer rates
in non-smokers, ex-smokers, and current smo-
kers were, respectively 16, 23, and 35 per
100,000 person-years [Doll et al., 1994].
How long does the excess risk of pancre-

atic cancer persist in former smokers? Smoking
cessation does reduce the risk of pancreas
cancer, but the excess risk persists for
>10 years [Silverman et al., 1994].
The attributable risk, or proportion of pan-

creatic cancer caused by smoking, can be
calculated using the formula:

Attributable risk ¼ PðRR� 1Þ=ðP½RR� 1� þ 1Þ

Where P is the proportion of the population
that smoke and RR¼ the relative risk of
pancreatic cancer in smokers versus non smo-
kers. If P¼ 0.30 and RR¼ 2, the attributable
risk is 0.3/1.3¼ 23%. Smoking is the singlemost

important life style factor leading to pancreatic
cancer.

DIET AND PANCREATIC CANCER

There have been extensive investigations of
the role of diet as a cause of pancreatic cancer.
The incidence of pancreatic cancer varies
widely throughout the world, suggesting that
environmental or lifestyle factors play an
important role. Some of the variation is un-
doubtedly due to differences in the prevalence of
smoking, but it is reasonable to believe that
dietary differences could also be involved.
Several studies have shown that total calories
and perhaps an increased amount of dietary fat
could increase the risk of pancreatic cancer
[Ghadirian et al., 1991; Potter, 2002]. In an
experimental model, caloric restriction has
reduced the frequency of preneoplastic pancrea-
tic lesions, but similar evidence inhumans isnot
yet available [Roebuck et al., 1993]. The nitrite
content of the diet has been linked to pancreatic
cancer, perhaps because increased dietary
nitrites could lead to the formation of nitrosa-

Fig. 2. Time trends for incidence of pancreatic cancer in the United States 1973–2001 for males, females,
and both sexes combined [Time trends for pancreatic cancer in the USA, 2003]. There has been a modest
decrease in rates for males; female rates are unchanged. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
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mines,whicharepotent carcinogens [Coss et al.,
2004].

Antioxidants could theoretically reduce the
risk of pancreatic cancer. This hypothesis was
investigated in a large cohort of middle-aged
male smokers. Supplemental intake of anti-
oxidants (alpha tocopherol and/or beta-
carotene) did not reduce the risk of pancreatic
cancer over a follow-up period of 5–8 years
[Rautalahti et al., 1999]. A recent large pro-
spective study of the role of folic acid in
pancreatic cancer did not show any significant
relationship [Skinner et al., 2004]. It is entirely
possible that antioxidants and/or other vita-
mins or micronutrients would be effective
against this or other types of cancer if adminis-
tered continuously, beginning early in life.

The whole effort to obtain solid data con-
cerning diet and cancer has been challenging,
in part because of the difficulty in obtaining
accurate dietary exposure information. Most
dietary studies are based upon recent estimates
of dietary intake, whereas it is well known that
development of cancer after exposure to even a
potent risk factor takes several decades. It is
difficult to obtain accurate dietary information
from adults about their early dietary prefer-
ences. And it is possible that maternal dietary
exposure, which is generally unknown, could
influence subsequent cancer development in the
offspring.

OCCUPATIONAL RISK FACTORS

Only a few studies have looked at occupa-
tional exposure as a causative factor for pan-
creas cancer. Possible harmful exposures
include chlorinated hydrocarbons, organochlor-
ines, formaldehyde, and pesticides [Ojajarvi
et al., 2000]. Some of these agents have been
suspected to be risk factors for other more
common tumors. In any event occupational
exposure has never been considered a major
factor leading to pancreatic cancer. It is prob-
able that the total risk of pancreatic cancer
arising from all types of occupational exposure
is less than 5%—considerably less than the risk
associated with smoking.

BACKGROUND DISEASES

Several benign medical conditions have been
suggested as possibly increasing the risk of
subsequently developing pancreatic cancer.
These diseases include peptic ulcer disease,

cholelithiasis and cholecystitis, chronic pan-
creatitis, and diabetes. For the latter two
diseases there is sufficient evidence to support
a causal relationship.

Chronic Pancreatitis and Pancreatic Cancer

Chronic pancreatitis develops in persons
who have had repeated attacks of acute pan-
creatitis. Most patients are males who smoke
and drink heavily, although ‘‘idiopathic’’ pan-
creatitis can develop in persons without any
history of heavydrinking, butwho carry a single
mutation in a cystic fibrosis gene. Chronic
pancreatitis can also develop in young persons
who inherit a germ line defect on chromosome
7q35. The inheritance pattern is autosomal
dominant with a penetrance of 80%. Finally,
there is a type of chronic pancreatitis occurring
in persons living in the southern parts of India
or Africa. This disease of unknown etiology has
been termed tropical pancreatitis.

In all types of pancreatitis, the risk of
pancreatic cancer is elevated. For example,
patients with idiopathic or alcoholic pancreati-
tis have a 15-fold increased risk of pancreatic
cancer [Lowenfels et al., 1993]. For those
patients with hereditary pancreatitis, the life-
time risk of pancreatic cancer is approximately
30%–40% [Lowenfels et al., 1997]; for patients
with tropical pancreatitis the risk of pancreatic
cancer is also high [Chari et al., 1994].

The link between chronic pancreatitis and
pancreatic cancer is similar to the well known
increased cancer in other digestive organs
where there is a background inflammatory
disease. For example, patients with gastritis
have a significant increased risk of gastric
cancer, and in similar fashion, patients with
ulcerative colitis have an increased risk of
colon cancer. In all instances increased cell
turnover could increase the possibility of
coding errors leading to deleterious mutations.
Injured tissues attract inflammatory cells,
which, in turn, can result in the formation of
damaging free radical intermediate products.
Using gene array analysis Farrow et al. [2004]
have reported similar inflammatory compo-
nents in both chronic pancreatitis and pancrea-
tic cancer.

Diabetes and Pancreatic Cancer

There are two main types of diabetes, called
Type I and Type II. Type I diabetes is occurs in
younger individuals and is caused by destruc-
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tion of pancreatic islet cells leading to insulin
insufficiency, and usually requires long-term
insulin therapy. This type of diabetes has not
been linked to pancreatic cancer.
In contrast Type II diabetes is most fre-

quently observed in adults, and is related to
obesity and sedentary lifestyle. This type of
diabetes has been linked to pancreatic cancer.
Most studies have detected about a twofold
increased risk of pancreatic cancer in patients
with type II diabetes [Everhart and Wright,
1995; Coughlin et al., 2004].
The diabetes–pancreatic cancer relationship

has been confusing because some patients with
pancreatic cancer develop diabetes as a mani-
festation of their underlying pancreatic tumor.
When this happens, the onset of diabetes is
abrupt, with pancreatic cancer being discovered
within a few months after the appearance of
pancreatic cancer. Clinicians are well aware
that the relationship between diabetes and
pancreatic cancer can be bidirectional.

GENETIC FACTORS

Inherited genetic factors account for an esti-
mated 5%–10%of all cases of pancreatic cancer.
Surprisingly, BRCA2, one of the two genes
implicated in familial breast cancer, is the
commonest inherited gene that has been linked

topancreatic cancer [Lal etal., 2000;Hahnetal.,
2003]. BRCA2 acts as a tumor suppressor gene,
contributing to DNA repair and transcriptional
regulation in response to DNA damage. In
addition to its role in familial pancreatic cancer,
this gene has also been linked to sporadic
pancreatic cancer.

Do polymorphic genes play a role in inherited
or sporadic pancreatic cancer? Since smoking is
known to cause pancreatic cancer, it seems
reasonable to suspect that polymorphic genes
that detoxify carcinogens in tobacco smoke
could be important preventive factors. This
hypothesis is especially attractive, since prob-
ably less than 2% of smokers will ever develop
pancreatic cancer. Investigators have looked
at various polymorphisms in the cytochrome
P-450 system, N-acetyltransferases, glutathione
S-transferases, and uridine 50-diphosphate glu-
curonosyltransferases, but the results have
been inconsistent.

EARLY ONSET PANCREAS CANCER

As can be observed in Figure 3, the incidence
of pancreatic cancer increases rapidly with age,
with the average age of onset around 65 years.
But about 10% of patients develop pancreatic
cancer at or before age 50. Discovering the
cause(s) of early onset pancreas cancer is an

Fig. 3. Age-specific incidence rates for pancreatic cancer in the United States [Pancreatic cancer: Age-
specific incidence in USA, 2003]. About 10% of pancreatic cancers occur prior to age 50. [Color figure can
be viewed in the online issue, which is available at www.interscience.wiley.com.]
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important research goal. At present we have
limited information about the etiology of early
onset pancreas cancer, but patients who are
exposed to multiple risk factors are candidates
for early onset pancreas cancer. For example,
the hereditary form of pancreatitis carries a
high risk of pancreatic cancer; if these patients
smoke, then the pancreatic cancer develops
about two decades sooner than in non-smokers
[Lowenfels et al., 2001]. Similar findings have
been noted in patients with familial pancreas
cancer who smoke [Schenk et al., 2001; Rulyak
et al., 2003]. These isolated findings suggest an
interaction between two or more risk factors.
We need additional investigation focusing on
underlying mechanisms such as genetic poly-
morphisms that could affect degradation of
tobacco products into carcinogenic substances
[Duell et al., 2002]. Genetic factors are likely to
play an important role in early onset of pancreas
cancer, where known risk factors such as
smoking, are absent.

UNANSWERED RESEARCH QUESTIONS

Reviewing known risk factors for pancreatic
cancer discloses how little we know about the
causes for this lethal cancer. Areas that need
additional research include the following.

Detecting Agents That Reduce the Risk of
Pancreatic Cancer

In other digestive tract organs such as the
colon, aspirin or Cox2 inhibitors have been
shown to reduce the risk of cancer.With respect
to pancreatic cancer, the results are not as
clear; in most studies prolonged aspirin intake
appears to reduce the risk of pancreatic cancer,
but at least one study has failed to confirm this
finding [Anderson et al., 2002; Jacobs et al.,
2004; Schernhammer et al., 2004].

H. pylori

H. pylori has been classified as a known
bacterial carcinogen because it is strongly
linked to gastric cancer. Could this ubiquitous
agent also cause pancreatic cancer? Some
studies have found a positive association
between infection withH. pylori and pancreatic
cancer, but additional researchwill beneeded to
determine if this is a true causal relation
[Raderer et al., 1998; Stolzenberg-Solomon
et al., 2001].

Early Diagnosis of Pancreatic
Cancer—Proteomics

One of the major problems with pancreatic
cancer concerns the inability to arrive at an
early diagnosis. Routine endoscopic screening
procedures that proved to be effective for
other digestive tract cancers are not available
for the pancreas. Unlike the liver, where needle
biopsy can be easily and safely performed,
biopsy of the pancreas is much more difficult
and can lead to leakage of pancreatic enzymes.
We need to develop new modalities that can
lead to an early diagnosis of pancreatic cancer.
New radiologic approaches such as spiral
computerized tomography are being used to
detect ever smaller lesions. But a more refined
approachwould be to detectmarkers associated
with early onset pancreatic cancer in either the
serum or in pancreatic juice. Molecular mar-
kers, as detected by proteomics have the poten-
tial to detect pre-malignant pancreatic disease,
affording an opportunity for cure rather than
palliation.This promisingareaneedsadditional
research effort [Rosty and Goggins, 2004].

Extreme Aggressivity

Tumors in the pancreas and in the biliary
tract share a similar embryologic background
and they also share an additional property: both
tumor types have extremely high mortality
rates. Even small tumors have a poor prognosis,
suggesting that these most of these cancers are
already disseminated at the time of diagnosis.
At present we cannot explain why these tumors
are so highly aggressive.

SUMMARY

Pancreas cancer remains one of our major
oncologic challenges because risk factors have
been firmly identified for only a fraction of all
causes. Furthermore, because of its location in a
remote part of the abdomen, screening is not
as easy as for other digestive tract organs.
Smoking is a well-established risk factor,
doubles the risk of pancreatic cancer, and
current established germ line mutations cause
about 5%–10%of all cases.Having afirst degree
relative with pancreatic cancer definitely
increases the risk, and there is currently an
intensive search to detect the underlying gene
or genes that cause familial pancreatic cancer.
Pre-existing benign diseases that have been
linked to pancreatic cancer include chronic
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pancreatitis and diabetes, but these two dis-
eases account for only a small fraction of the
total burden of pancreatic cancer. Widespread
international differences in pancreatic cancer
rates are likely to be due to lifestyle factors such
as smoking and diet.
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