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This review summarizes data on the occurrence, the trends, and the life-style, environmental, occupational and 
genetic determinants of pancreatic cancer. Epidemiologic evidence implicates tobacco smoking as one cause. The 
evidence regarding alcohol consumption is inconsistent. Although both positive and inconclusive findings are 
encountered, the bulk of the evidence on coffee consumption is negative. Fat intake is linked with obesity and 
diabetes mellitus, which are risk factors for pancreatic cancer. Fruit and vegetable consumption appears to be 
protective. No occupational or environmental agent has been confirmed to increase the risk, but epidemiologic 
evidence is inconsistent. Little is known about the role of genetic polymorphisms of metabolic enzymes in pancreas 
carcinogenesis. Pancreatic cancer shows high rates of mutations of Ki-ras and losses or mutations of tumor 
suppressor genes (p53, p16'NK4A, and SMAD4PDPC-4). Ki-ras mutations have been associated with life-style 
factors in relation to pancreatic cancer, but the evidence is still scant and inconsistent. 
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A total of 181 000 new cases of pancreatic cancer (In- 
ternational Classification of Diseases: code 157 in 9th 
revision and code C25 in 10th revision) are annually di- 
agnosed worldwide (1). Owing to its high fatality, pan- 
creatic cancer is the 5th leading cause of cancer deaths 
in industrialized nations. Most pancreatic cancers derive 
from the exocrine component. Endocrine tumors arising 
in islet cells constitute about 5% of all pancreatic can- 
cers (2). 

The causes of pancreatic cancer are obscure for the 
most part. This review summarizes data on the occur- 
rence, the trends, and the life-style, environmental, oc- 
cupational and genetic determinants of exocrine pancre- 
atic cancer. 

Descriptive epidemiology 

Because of the rapid fatality from pancreatic cancer, its 
incidence and mortality rates follow each other closely 

' and increase steeply among people 40-70 years of age. 
The populations of industrialized nations appear to carry 
a higher burden of pancreatic cancer than those of less 
industrialized nations. Regionally, the highest annual 
age-adjusted incidence rates in 1990 were estimated for 
blacks in central Louisiana (20,81100 000) and San Fran- 
cisco (13.11100 000). The lowest rates were reported for 
west and middle Africa, temperate South America, south- 
eastern and southern Asia, and Melanesia (3). No con- 
sistent urban-rural gradient is discernible (4). 

Time trends 

Incidence rates have been rising in developed countries 
since the 1960s but have leveled or are leveling off in 
populations such as those of the Nordic countries, Scot- 
land, Northern Ireland (5-7) and Connecticut (in the 
United States) (8). The increase may be  attributable to 
the increased sensitivity of modern preoperative diagnos- 
tic methods, to the greater accessibility of the health 
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system to people, and to better registration procedures, 
but an actual increase in incidence also appears to have 
taken place (7). 

Gender ratio 
The average age-adjusted male-to-female ratio of pan- 
creatic cancer incidence has been reported to be 1.6 for 
developed nations and 1.1 for developing nations (9). The 
age-adjusted incidence ratio between developed and de- 
veloping countries was 2.2 for men and 1.6 for women 
during the same time period (9). If it is assumed that these 
figures largely reflect etiologies, not just diagnostic prac- 
tices, some major etiologic factor(s) may have been more 
prevalent for men than for women in developed coun- 
tries, and more prevalent for both men and women in de- 
veloped countries than in developing countries. Leading 
candidates for the sources of such differentials would be 
tobacco smoke and chemical exposures. 

Migrant studies 
Migrant studies suggest that environmental factors influ- 
ence the risk of pancreatic cancer. Studies have been con- 
ducted on Italian migrants, on migrants from Europe to 
Australia and Israel, and from Mexico to Los Angeles. 
Pancreatic cancer rates have usually shifted from the lev- 
el of the country of origin toward that of the host coun- 
try. However, the patterns are not consistent and depend 
on the countries and their levels of pancreatic cancer mor- 
tality, as well as on factors such as age at arrival and re- 
cency of migration (10, 11). 

Socioeconomic status 
While there seems to be a tendency towards higher age- 
adjusted pancreatic cancer risk in industrialized countries, 
pancreatic cancer is not consistently associated with 
socioeconomic status within national populations, as wit- 
nessed by data from 14 countries (12). 

Tobacco, alcohol and coffee consumption 

Tobacco smoking 
Tobacco smoking is the single substantiated cause of ex- 
ocrine pancreatic cancer (13). The estimated proportion 
of cases attributable to smoking in the United States rang- 
es from 26% to 52% (14-17); in northern Italy, it is 20% 
for men and 5% for women (5). Results from at least 27 
studies are available. With the exception of the indeter- 
minate results of 3 studies (9, 18, 19), all studies indi- 
cate cigarette smoking as a cause of pancreatic cancer 
(5, 16, 17,20-44). High daily doses of tobacco smoke 
have been associated with risk ratios of the order of 2- 
3, occasionally reaching values over 5. A multicentric 

case-referent study on pancreatic cancer (45) convincing- 
ly demonstrated a consistent excess for ever-smokers and 
an increasing trend with increasing lifetime consumption, 
both for men and women, at all study centers. 

An absence of a positive dose-response ( 2 4 , 4 6 4 8 ) ,  
a late positive dose-response (25,3 1,39), and a rapid re- 
duction of pancreatic cancer risk after the discontinua- 
tion of smoking (15, 16,31,42) have been reported, the 
results suggesting a late stage component in tobacco 
smoke carcinogenicity (16). However, not all epidemio- 
logic data are compatible with the late effect notion, and 
it is conceivable that tobacco smoke may affect both ear- 
ly- and late-stage pancreas carcinogenesis. One large 
multicentric study (45) reported risk reduction to the nev- 
er-smoker level 15 years after the cessation of smoking, 
issespective of the amount smoked. 

The pancreatic carcinogens in tobacco smoke have 
not been identified. Two tobacco-specific nitrosamines, 
4-(methy1nitrosamino)-1-(3-pyridy1)-1-butanone (NNK) 
and N'-nitrosonornicotine (NNN), have been proposed 
as causative agents of pancreatic cancer in association 
with the use of tobacco products (49). Little is known of 
the role of the pancreas in the metabolism of carcino- 
gens involved in exocrine pancreatic cancer. There is a 
need to assess whether alcohol, coffee, and other expo- 
sures modify the metabolism of pancreas carcinogens 
(50). 

Alcoholic beverages 
Alcoholic beverages are carcinogenic to humans (51). 
While the evidence for cancers of the upper aerodiges- 
tive tract is strong and consistent, for pancreatic cancer 
it is not. Several epidemiologic studies (20,21,25-27, 
44,47,52-56) have reported a pancreatic cancer excess. 
Nine cohort studies yielded a consolidated risk ratio (RR) 
of 1.2 [95% confidence interval (95% CI) 0.9-1.41 for 
heavy consumers (57). Silverman et a1 (58) found an in- 
creased risk among heavy alcohol drinkers in the United 
States, particularly among black nonsmokers. Twenty- 
two studies with a reasonable power to detect a positive 
association between alcohol consumption and the risk of 
pancreatic cancer failed to do so (15, 16, 18, 19,26, 30, 
34, 35, 37, 39,40,41,43,46,48, 59-65). On occasion 
the excess may have been a result of confounding by to- 
bacco smoking (34). It has been suggested that beer (25, 
27, 47, 63, 66) or whisky (56), both of which contain 
higher nitrosamine levels than other alcoholic beverages 
(67), increase the risk of pancreatic cancer. The only sub- 
stantiated link between alcohol consumption and pancre- 
atic cancer is through pancreatitis. (See the later discus- 
sion.) 

Coffee 
Coffee consumption has been associated with a risk of 
pancreatic cancer in several epidemiologic studies (15, 
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16, 34, 40, 46, 56, 60, 68), the risk ratios being on the 
order of 2-3 for those who drink 25 cups daily. A dose- 
response was shown in some studies. Confounding from 
smoking may have been possible in some of the studies 
however. A large number of studies failed to reproduce 
the association (18, 19, 22, 23, 25, 27, 30, 32, 39, 41- 
44,48,55,64,65, 69-78). It is possible that coffee po- 
tentiates or decreases the effect of other risk factors, pos- 
sibly depending on metabolizing phenotypes (79). 

Dietary factors 

Geographic correlation studies 
Ecological studies have associated high pancreatic can- 
cer rates with low per capita availability of beans and 
vegetables and with the high availability of fats and oils, 
sugar, eggs, and meat (80-83). For milk, positive (80) 
and negative (83) associations have been reported, while, 
for fat, positive associations have been reported, mainly 
for animal fat. Negative associations have been reported 
for caloric intake from foods of vegetable origin (84). In 
industrialized western societies, where pancreatic cancer 
rates are high, diet is characterized by an increased con- 
sumption of total and saturated fats, lower intakes of to- 
tal carbohydrates but higher intakes of highly refined car- 
bohydrates and sugars, and higher intakes of protein and 
animal fats. 

Case-referent studies and prospective cohort studies 

Foodgroups. Eleven of 12 case-referent studies (15,27, 
30,41,48, 66, 85-89) and 2 prospective cohort studies 
(18, 48) reported a decreased pancreatic cancer risk at 

high consumption levels of vegetables or fruit. For meat 
and meat products, 6 case-referent studies (16, 27, 48, 
41, 85, 90) and 3 cohort studies (42, 44, 56) reported a 
positive association with pancreatic cancer. Four case- 
referent studies (15, 86, 88) failed to do so, and 1 case- 
referent study suggested protection with high pork meat 
intake. The strength of the consolidated evidence for an 
excess associated with meat consumption is only moder- 
ately convincing (table 1). 

Total energy, macronutrients and dietary fiber. Most of 
the cussent evidence on pancreatic cancer and total ener- 
gy intake and total macronutrient intake comes from a -. 

multicentric case-referent study conducted in Adelaide, 
Australia (30); Toronto (91) and Montreal (84), Canada; 
Opole, Poland (92); and The Netherlands (88). A pooled 
analysis, covering 802 cases and 1669 referents revealed 
an increased risk at high levels of total energy intake and 
high total carbohydrate intake (93,94) (table 2). The car- 
bohydrate finding was largely influenced by the Adelaide 
data, while the risk for the other areas was generally low- 
er and nonsignificant (84,94). A significant decrease in 
pancreatic cancer risk at high intakes of dietary fiber was 
revealed. In centers, there was clear evidence of protec- 
tion from high fiber intakes. This finding suggests that 
the pancreatic cancer excess at high carbohydrate intake 
may be more related to a high intake of refined carbohy- 
drates devoid of fiber components. This possibility was 
not confirmed by further, more-detailed analyses of the 
same data, however. In the Adelaide component, there 
was a strong inverse association between pancreatic can- 
cer risk and high intake of total fat, which one would 
expect, given the strong increase in risk of pancreatic 
cancer for high energy-adjusted intake of total carbohy- 
drates. Additional inverse associations between 

Table 1. Pancreatic cancer and diet - main results from case-referent studies. (t = significantly increased risk, - = significantly reduced 
risk, (-) and (t) = borderline significant relative risk (reduction or increase, respectively), 0 = no significant association) 

Study Country Vegetables, C Beta- Dietary Total Saturated Protein Total 
fruits Vitamin carotene fiber fat fats carbohydrates 

Durbec et a1,1983 (47) 
Gold et al, 1985 (1 5) 
Norell et al, 1986 (41) 
Mack et al, 1986 (1 6) 
Raymond et al, 1987 (66) 
Falk et al, 1988 (48) 
Olsen et al, 1989 (27) 
Goto et al, 1990 (85) 
Farrow & Davis 1991 (90) 
Howe et al, 1990 (91) 
Negri et al, 1991 (87) 
Bueno de Mesquita et al, 
1991 (88) 
Baghurst et al, 1991 (30) 
Ghadirian et al, 1991 (84) 
Zatonski et al, 1991 (92) 
Kalapothaki et al, 1993 (95) 
Lyon et al, 1993 (89) 

France 
United States - 
Sweden 
United States 0 
Switzerland 
United States - 
United States - 
Japan 
United States 
Canada 
Italy 

Netherlands 
Australia 
Canada 
Poland 
Greece 
United States (-) 
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Table 2. Data on pancreatic cancer and diet from a multicentric case-referent study. (OR = odds ratio, 95% CI = 95% confidence 
interval). [adapted from From Howe & Burch ,  1996 (941 

Dietary component Quartiles of population distribution of intake levels P for trend 

I (low) 2 3 4 (high) 

Total fat 1 .O 0.81 0.60-1.08 1.00 0.74-1.35 0.76 0.56-1.04 0.23 
Saturated fats 1 .O 0.81 0.60-1.08 1.01 0.74-1.38 0.83 0.59-1.18 0.58 
Carbohydrates 1 .O 1.22 0.91-1.63 1.42 1.06-1.92 1.74 1.26-2.40 0.01 
Protein 1 .O 0.83 0.63-1.11 0.97 0.73-1.30 0.91 0.67-1.24 0.78 
Fiber 1 .O 0.66 0.50-0.87 0.56 0.41-0.76 0.42 0.30-0.58 < 0.01 

Industry or job title Country I 

Table 3. Industries and occupations with reported excess risks 
of pancreatic cancer in at least 2 epidemiologic studies. 

Administration, science, management Canada (103) 
United States (154, 104) 

Aluminum reduction, aluminum France (1 05) 
workers Italy (1 06) 

United States (1 07) 
Auto mechanics; gas stations and Denmark (108) 
garages United States (154) 
Chemical workers Japan (56) 

United States (1 09-1 11) 
Dry cleaning United States (1 12-1 15, 153) 

Jaoan (1 16) 

association with pancreatic cancer risk, while 1 study (90) 
reported an excess at high intake levels. 

Manufacturing of engines and cars 
Food, drink, and tobacco workers 

Leather, tanning, shoemaking 

Petroleum industry 

Printing and publishing 

Pulp and paper workers 

Rubber workers 

Textile workers 

Woodworkers 

~ e n m & k  ( i i  7) 
Finland (1 18) 
United States (1 19- 121) 
Canada (103) 
ltalv (106) 
sw'eden ( i z )  
United Kindom (123) 
Canada (1 03) 
Italy (124) ' 

Sweden (1 25) 
United States (126) 
Canada (103) 
United States (1 27-1 28) 
Canada (1 03) 
United Kingdom (1 23) 
United States (1 26, 129-131) 
Sweden (1 32) 
United Kingdom (123) 
United States (133, 134) 
United States (135, 136) 
Former Soviet Union (137) 
Denmark (138) 
United States (133) 
Finland (1 39) 
New Zealand (140) 

pancreatic cancer and total fat intake were found in the 
Dutch and Polish studies; for Montreal, however, the 
association was positive. 

The effects of total energy intake and macronutrients 
have been investigated in 3 additional case-referent stud- 
ies (47, 90, 95). A French study (43) found an excess 
risk for high total fat intake, but the finding was unad- 
justed for total energy intake. The western Washington, 
United States (90), and Athens, Greece (95), studies did 
not find associations for either total or saturated fat or 
total carbohydrates. For protein, 9 case-referent studies 
(including the multicentric study) failed to show a clear 

Micronutrients. A negative association between pancre- 
atic cancer risk and intake levels of vitamin C has been 
repeatedly reported (48,84,91,92,94,95). Associations 
with the intake levels of carotenoids were generally 
weaker and nonsignificant. One prospective cohort study 
on serum concentrations of carotenoids reported a sig- 
nificant inverse association with sesum levels of lycopene 
(96). 

Obesity. Few studies have addressed obesity and pancre- 
atic cancer. Two (35, 97) reported positive associations 
between obesity and pancreatic cancer risk, which were 
not confirmed in other studies (16, 36,64, 84, 91,98). 

Environmental and occupational exposures 

Occasional excess pancreatic cancer risks have been re- 
ported for exposures in the general environment. Chlo- 
rinated drinking water was found to be associated with a 
significant excess (OR 2.2) (99). The evidence from ec- 
ologic studies is, however, inconclusive (100). The epi- 
demiologic evidence for a causal association between ex- 
posure to ionizing radiation and pancreatic cancer is weak 
(101). Since active tobacco smoking increases the risk 
of pancreatic cancer, environmental tobacco smoke may 
compound the tobacco-related burden of pancreatic can- 
cer; relevant data, however, are lacking (102), except for 
positive findings from Japan (65). 

Workplace exposures may increase the risk of pan- 
creatic cancer. The results of a fair number of epidemio- 
logic studies that have linked industries and job titles with 
an excess of pancreatic cancer are heterogeneous and in- 
consistent, and exposures shared by alleged high-risk jobs 
are hard to identify. The population etiologic fraction due 
to occupational exposures for pancreatic cancer in Mon- 
treal, Canada, has been estimated to be 26% (103). 

No singular occupational exposure has been con- 
firmed to increase the risk of pancreatic cancer with high 
probability. Most of the associations with single 
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chemical agents emerged in 1 study only. The separa- 
tion between spurious and causal associations presents 
serious difficulties. 

Agents associated with increased risk are shown in 
table 3. [See also Kauppinen et a1 (141) for data from 
references 142-149.1 Among them, only aluminum, ion- 
izing radiation, styrene, and unspecified pesticides have 
been associated with excess risk in more than 1 epide- 
miologic study. 

To complete the preceding listing, studies linking job 
titles and industries with pancreatic cancer excess were 
identified. Out of 65 high-risk entries identified in epi- 
demiologic studies, 40 were allocable as inputs into a job- 
exposure matrix (JEM) that linked 209 job title entries 
in the United Kingdom with 50 agents (150). For each 
agent, the proportion of the number of job titles encoun- 
tered in the pancreatic cancer (PC) excess list out of all 
40 pancreatic cancer excess job titles (P,,) was divided 
by the proportion of the number of job titles encountered 
in the entire matrix for the same agent (PI,,) out of all 
209 job titles in the matrix. The ratio PP,/P1,, was cal- 
culated for each agent. Agents with at least 5 job titles 
in the pancreatic cancer excess list and a Pp,/PJ,, of >2.0 
were extracted. The following 5 agents were identified: 
dyes (PPc/PJ,, 2.6), organic dusts (Ppc/PIE, 2.5), wood 
dust (P,,/P,,, 2.2), mercury (PPc/PJ,, 2.0), and benzene 
(Pp,/P1,, 2.0). See Anderson et a1 (151) for additional 
data. 

The preceding approach lacks sensitivity when mod- 
erate excesses have been found in several studies. Dry 
cleaning represents such a case. A host of chemicals has 
been employed in dry cleaning, including petroleum-de- 
rived solvents and, subsequently, chlorinated 

hydrocarbon solvents, which comprise 90% of the sol- 
vents used in dry cleaning in Europe today (152). Using 
the latest updates of populations studied after several 
consecutive follow-up periods, we searched for studies 
informative of pancreatic cancer risk among dry clean- 
ing workers. We classified the studies according to study 
design and aggregated the relevant results with a fixed 
log risk ratio meta-regression model and obtained a 
consolidated risk ratio (RR) of 1.6 (95% CI 1.2-2.2) for 
the 5 "analytical" studies and 0.9 for the rest of the stud- 
ies (table 4). The latter group did not show significant 
heterogeneity between studies (P=0.56), the RR values 
ranging from 1.2 to 3.1. Percholoroethylene seemed to 
have been the major exposing agent in at least 2 studies 
(147, 153). An additional study (154), not included in 
the meta-analysis, suggested an exposure-response gra- 
dient for pancreatic cancer risk and combined exposure 
to dry cleaning and gasoline. At >10 years of exposure, 
the odds ratio was a significant 5.1. 

Medical conditions 

Allergies, cholecystitis and gallstones, and gastric sur- 
gery have been sporadically associated with pancreatic 
cancer. For 2 additional conditions, pancreatitis and dia- 
betes mellitus, a relatively large number of studies is 
available. 

Pancreatitis 

Pancreatitis, both chronic and acute, is frequently caused 
by heavy alcohol consumption. The chronic variety has 
been linked with pancreatic cancer (5,53,57,62, 155- 

Table 4. Epidemiologic data on pancreas risk in dry cleaning. Data aggregated by fixed metaregression model, where weight was the 
inverse error of the variance. (RR = risk ratio, 95% CI = 95% confidence interval, PCE = perchloroethylene, PS = petroleum solvents, TCE 
= trichloroethylene, TCTF = trichlorotrifluoranthene, SIR = standardized incidence ratio, SMR = standardized mortality ratio) 

Reference Country Exposure or circumstance RR 95% Cla Weight 

Proportionate studies 
Katz & Jowett, 1981 (1 12) 
Nakamura, 1985 (1 16) 

Men 
Women 

Duh & Asal, 1984 (1 13) 
Petrone, 1988 (1 14) 
Aggregate 

SIR, SMR, and case-referent studiesb 
Blair et a1,1990 (115) 
Lynge & Thygesen, 1990 (117) 
Ruder et al, 1994 (1 53) 
Anttila et al, 1995 (1 18) 
Aggregateb 

Aggregate (all s t ~ d i e s ) ~  

United States 
Jaoan 

United States 
United States 

United States 
Denmark 
United States 
Finland 

Laundry and dry cleaning 
Laundry and dry cleaning (PS, PCE) 

Dry cleaning 
Dry cleaning (PS) 

Dry cleaning (PS, PCE) 
Laundry and dry cleaning (PS, PCE) 
Dly cleaning (PCE) 
Dry cleaning, etc (PCE) 

a Numbers in parentheses recovered by us. 
In a matched case-referent study in Los Angeles, in the United States, Mack et al (16) did not calculate the odds ratio but instead reported the 
frequencies of laundrymen and cleaning service workers as pancreas cancer cases and referents. These numbers recover the crude OR, but the 
analysis becomes unconditional with regard to the matched design and may therefore be biased. The unconditional tabular reanalysis resulted in an 
odds ratio of 0.6 (95% CI 0.4-1.1), with a weight of 15.0. When these figures were incorporated into the meta-analysis, the aggregated RR for SIR, 
SMR, and case-referent studies became 1.2 (95% CI 1.0-1.6), and the overall aggregated RR was 1.1 (95% CI 0.9-1.4). 
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157). Risk ratios up to a level of 15 have been reported 
(156), and etiologic fractions have been estimated at 
0.1-5% (5). Ekbom et a1 (158) demonstrated a marked 
excess risk of pancreatic cancer, particularly during the 
first year of follow-up after a diagnosis of chronic or 
acute pancreatitis. However, the risk approached unity 
at the 10th year of follow-up, suggesting a precursor role 
for pancreatitis. The inflammatory process inherent in 
pancreatitis may be a contributing factor to pancreatic 
cancer (159). A subgroup of idiopathic pancreatitis may 
be related to some types of occupational exposure (160- 
162). The analysis of genetic alterations possibly in- 
volved in such a subgroup would enable an assessment 
of whether, in such cases, a link might exist between pan- 
creatitis and exocrine pancreatic cancer. 

Diabetes mellitus 

Nine out of 11 case-referent studies and all 9 cohort stud- 
ies demonstrated an association between pancreatic can- 
cer and diabetes mellitus diagnosed at least 1 year be- 
fore the diagnosis of pancreatic cancer (163). The asso- 
ciation was significant in a meta-analysis and remained 
so when restricted to data on subjects who had had dia- 
betes mellitus at least 5 years prior to the diagnosis of 
pancreatic cancer. Given the fast progression of pancre- 
atic cancer, it is unlikely that the diabetes mellitus was 
explained by a local tumor infiltration in the pancreas. 
Moreover, in the 2 studies that distinguished between 
insulin-dependent diabetes mellitus and noninsulin-de- 
pendent diabetes mellitus, all pancreatic cancer patients 
had the latter (163). 

Genetic host factors 

Several cancer susceptibility syndromes have been found 
to be associated with pancreatic cancer, even though no 
definite conclusions can be drawn. The most important 
are hereditary nonpolyposis colon cancer in association 
with microsatellite instability, familial breast cancer in 
association with BRCA2 gene alterations, familial 
melanoma, atypical mole associated ~ 1 6 " ~ ~ ~  gene alter- 
ations, ataxia telangiectasia, and von Hippel-Lindau dis- 
ease (151,164-167). 

While 2 recent studies report familial clustering of 
pancreatic cancer, data on familial history are inconsist- 
ent. A case-referent study (84) in the Francophone com- 
munity in Montreal, Canada, reported that 7.8% of pan- 
creatic cancer patients had a family history of pancreatic 
cancer, compared with 0.6% of its matched referents. 
Another positive suggestion comes from Italy (168). A 
family cluster with pancreatic cancer through 3 genera- 
tions has been reported (169). The genetic component in 
the familial aggregation of pancreatic cancer has been 
estimated at 2% in northern Italy (5) .  

Nonmalignant pancreatic pathologies, such as cystic 
fibrosis (170) and hereditary chronic pancreatitis (151, 
171), appear to be associated with pancreatic cancer. 

The role of genetic polymorphisms of metabolic en- 
zymes in the modification of pancreatic cancer risk is un- 
clear (50). It has been suggested that nitrosamines and 
aromatic amines might be the most probable pancreatic 
carcinogens. Several hypotheses explaining how carcin- 
ogens reach the pancreas have been postulated (151). 
While the levels of several P450 enzymes have been 
shown to be comparable or higher in pancreatic tissue 
than in liver tissue from organ donors and patients with 
chronic pancreatitis and pancreatic cancer (160, 172), it 
is not clear whether carcinogens are activated in the pan- 
creas or whether the activation rather takes place in the 
liver before reaching the pancreas (151). The presence 
of heterocyclic amine adducts in pancreatic DNA (deox- 
yribonucleic acid), described in animal model studies, 
supports the idea that activated carcinogens are present 
in the pancreas. With regard to phase I1 enzymes, immu- 
nohistochemical analysis has shown no expression of glu- 
tathione S-transferase (GST) mu in normal or malignant 
pancreas, although GST pi was expressed only in pan- 
creatic carcinoma tissue (173). No data are currently 
available on the role of N-acetyl transferase enzyme in 
pancreatic carcinogenesis. 

Acquired genetic alterations 

Oncogenes such as Ki-ras, myc, and erbB-2; tumor sup- 
pressor genes (p53, p161NK4A, SMAD4lDPC-4, APC, 
DCC, Rb); and other acquired genetic alterations (RER 
phenotype, genetic amplification) have been proposed to 
be involved in pancreatic carcinogenesis. 

The frequency (75-95%) of mutations in codon 12 
of the Ki-ras gene in pancreatic cancer is probably the 
highest among human neoplasms. The most frequent mu- 
tations are G to A transition (Asp substitution) and G to 
T transversion (Val substitution) in codon 12 (174--183). 
Pancreatic acinar and islet cell tumors probably do not 
harbor Ki-ras mutations (50, 184). Since Ki-ras muta- 
tions have also been found in ductal proliferative lesions 
of patients with and without pancreatic cancer (185- 
188), and in cystadenomas (181), it has been postulated 
that this alteration would be an early event in pancreatic 
carcinogenesis, possibly associated with environmental 
carcinogens. Three retrospective studies have addressed 
smoking and Ki-ras mutations in pancreatic cancer. Two 
reported a weak or null association (50, 176), while one 
found a positive association but no dose-response (179). 
There are no data on the association between tobacco and 
mutational spectra. One study addressed alcohol drink- 
ing and Ki-ras mutations in pancreatic cancer and 
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reported a positive association (SO), but the alcohol data 
were obtained from clinical records. Prospective data 
would be helpful to assess whether tobacco, alcohol, cof- 
fee, or other life-style or occupational and environmen- 
tal factors contribute to the induction of pancreatic can- 
cer through the activation of Ki-ras. 

Mutations and loss of heterozygosity in the tumor 
suppressor gene p53 is present in up to 80% of pancreat- 
ic cancers (189). An analysis of the mutation spectrum 
in 159 pancreatic cancer cases included in the IARC p53 
mutation database (190) showed that 27% of the tumors 
presented C:G to T:A transversions at CpG sites, sug- 
gesting an endogenous mutational process (191). This 
analysis also showed that the prevalence of G:C to T:A 
transversions and G:C to A:T transitions in pancreatic 
cancer is intermediate between colon and lung cancer, 
implying that some environmental factors may also play 
a role in the genesis of p53 mutations in pancreatic can- 
cer. However, no study has analyzed the association be- 
tween environmental factors and p53 mutational spectra 
in pancreatic cancer. The 5 p53 mutational hot spots iden- 
tified from the data base were codons 175 and 249 (3%), 
248 (4%), 273 (13%), and 282 (6%). The proportion of 
mutated pancreatic cancers in each of these codons also 
differs from those in lung and colon cancer. In addition, 
the finding of a higher frequency of microdeletions in 
purine and pyrimidine homocopolymer tracts described 
for the p53 gene in pancreatic cancer, compared with oth- 
er neoplasms (192), may contribute to information on ad- 
ditional environmental factors that are involved in pan- 
creatic cancer. 

p161NK4* and SMAD4lDPC-4 have been reported to 
be lost or mutated in about 80% and 50% of pancreatic 
cancers, respectively (193, 194). A high concordance for 
the inactivation of both genes has been described (189). 
There are no available data on the association between 
environmental factors and p161NK4* or SMAD4lDPC-4 
alterations. 

Under the hypothesis that the coexistence of muta- 
tions of several genes in a single tumor implies their in- 
volvement in distinct tumor pathways, Rozenblum et a1 
(189) recently analyzed the alteration pattern of Ki-ras, 
p53, p161NK4*, and SMAD4lDPC-4 genes in 42 pancre- 
atic adenocarcinomas. Alterations in 3 or 4 of these genes 
were present in 76% of the tumors. 

Discussion 

In addition to refining exposure assessment, end-point 
delineation requires serious attention in pancreatic can- 
cer epidemiology. Interpretations of differences in pan- 
creatic cancer risk between populations and time peri- 
ods may be obscured by variations in diagnostic 

practices. Up to 28% of histologically confirmed pancre- 
atic cancers may in fact not have originated in the pan- 
creas (195). Such misclassification rates induce biases in 
risk estimates for etiologic factors (196). For example, 
in a study on risk for pancreatic cancer and exposure to 
DDT and related compounds among chemical manufac- 
turing workers, risk estimates were close to the null val- 
ue among cases solely diagnosed from death certificates, 
while risk ratios increased to 15,21, and infinite, depend- 
ing on the chemical group, among cases with cytohisto- 
logical confirmation (144). Similarly, in a study address- 
ing the risk of pancreatic cancer associated with cigarette 
smoking, a substantial modification of risk by diagnos- 
tic certainty was observed (197). Improved general di- 
agnostic accuracy and homogeneous histologic and mo- 
lecular-level subgroups of pancreatic cancer are expect- 
ed to allow for improvement in the assessment of etio- 
logic factors (198). 

No major risk factor except tobacco smoking has been 
established for pancreatic cancer. Either some environ- 
mental factors play a small etiologic role or the involve- 
ment of yet unknown endogenous factors is high, or both. 
In addition, interactions between environmental and en- 
dogenous factors may be important in the etiology of pan- 
creatic cancer. 

Early theories on biological mechanisms relating diet 
to pancreatic cancer postulated that some foodstuffs con- 
tain genotoxic compounds that cause gene mutations af- 
ter absorption and, possibly, further metabolism. For ex- 
ample, the positive associations between pancreatic can- 
cer and cured and grilled meats might be due to their ni- 
trosamine and aromatic amine contents (199,200). It has 
been also proposed that the effects of food consumption 
patterns on pancreatic cancer risk may be mediated by 
gastrointestinal hormones. Choleocystokinine-pancrea- 
zymin (CCK) (201-203) and secretin (204) have been 
postulated to promote cellular proliferation and growth 
in the pancreas, and it is a commonly held view that in- 
creased proliferation may sensitize the pancreas to an ac- 
cumulation of genetic modifications caused by other 
agents, of either exogenous or endogenous origin. Among 
the strongest stimulators of CCK release are digestion 
products of protein and fats (205). Epidemiologic evi- 
dence does not, however, support the hypothesis that high 
intake levels of proteins, through the release of CCK, is 
a major risk factor of pancreatic cancer. 

An alternative hypothesis is that pancreatic cancer 
may result from high exposures to insulin. There is am- 
ple evidence that noninsulin-dependent diabetes melli- 
tus develops generally after prolonged periods, during 
which there is a gradual increase in insulin resistance of 
the liver and peripheral tissues (206,207). Since pancre- 
atic cancer has been related to this condition (163), it 
seems reasonable to assume that an increase in plasma 
insulin levels is a cause of pancreatic cancer. As the 
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exocrine pancreas receives a large portion of its blood 
supply directly through the Langerhans islets where in- 
sulin is secreted into the blood (208), the pancreatic ex- 
posure to insulin is high when compared with that of tis- 
sues elsewhere, and it is possible that high postprandrial 
peak exposures to insulin promote the growth of pancre- 
as tumors. Exposure to insulin has been reported to pro- 
mote growth in 1 human pancreatic cell line out of the 2 
that have been tested (209). Inversely, streptozotocin-in- 
duced diabetes mellitus causing an acute insulin deficien- 
cy was shown to prevent the development of pancreatic 
tumors in several animal models (210). Finally, there is 
evidence that an increased biological activity of insulin- 
like growth factor-I, together with other autocrine or 
paracrine factors, may be involved in the increased pro- 
liferation of pancreatic cells (211, 212), and it is well 
documented that insulin may increase the biological ac- 
tivity of IGF-I through the down-regulation of one of its 
binding proteins (IGFBP1) (21 3,214). 

The development of insulin resistance in noninsulin- 
dependent diabetes mellitus relates to obesity, in partic- 
ular to the accumulation of high intraabdominal body fat 
stores (206,207). The development of insulin resistance 
is strongly related to dietary factors and physical activi- 
ty (215). In cross-sectional studies the dietary factor most 
clearly associated with the development of obesity, as 
well as with insulin resistance, is the intake of fat, espe- 
cially saturated fats. High intakes of vegetables and fruit, 
on the other hand, have been found to be associated with 
less obesity and with less insulin resistance. Experimen- 
tal studies have shown that water-soluble dietary fibers 
from fruit and vegetables may attenuate acute insuline- 
mic responses to the consumption of foods rich in carbo- 
hydrates. For high intakes of refined carbohydrates and 
sugars, on the other hand, the relation with the develop- 
ment of obesity and insulin resistance is less clear. Reg- 
ular physical activity is a well-defined protective factor 
against the development of insulin resistance. Given these 
various relations between nutritional life-style factors and 
plasma insulin concentrations, the hypothesis that a high 
endogenous exposure to insulin may be a cause of pan- 
creatic cancer may fit well with the observation of high- 
er pancreatic cancer incidence rates in industrialized 
Western societies. How other postulated risk factors fit 
with these hypotheses remains to be seen. 
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