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Alcohol Intake and Pancreatic Cancer Risk: A Pooled
Analysis of Fourteen Cohort Studies
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Abstract

Background: Few risk factors have been implicated in
pancreatic cancer etiology. Alcohol has been theorized
to promote carcinogenesis. However, epidemiologic
studies have reported inconsistent results relating
alcohol intake to pancreatic cancer risk.

Methods: We conducted a pooled analysis of the primary
data from 14 prospective cohort studies. The study
sample consisted of 862,664 individuals among whom
2,187 incident pancreatic cancer cases were identified.
Study-specific relative risks and 95% confidence inter-
vals were calculated using Cox proportional hazards
models and then pooled using a random effects model.
Results: A slight positive association with pancreatic
cancer risk was observed for alcohol intake (pooled
multivariate relative risk, 1.22; 95% confidence interval,
1.03-1.45 comparing >30 to 0 grams/day of alcohol;
P value, test for between-studies heterogeneity = 0.80).

For this comparison, the positive association was only
statistically significant among women although the
difference in the results by gender was not statistically
significant (P value, test for interaction = 0.19). Slightly
stronger results for alcohol intake were observed when
we limited the analysis to cases with adenocarcinomas
of the pancreas. No statistically significant associations
were observed for alcohol from wine, beer, and spirits
comparing intakes of >5 to 0 grams/day. A stronger
positive association between alcohol consumption and
pancreatic cancer risk was observed among normal
weight individuals compared with overweight and
obese individuals (P value, test for interaction = 0.01).
Discussion: Our findings are consistent with a modest
increase in risk of pancreatic cancer with consumption
of 30 or more grams of alcohol per day. (Cancer
Epidemiol Biomarkers Prev 2009;18(3):765-76)

Background

Worldwide, pancreatic cancer is the 13th and 12th most
common cause of cancer and the 7th and 9th most
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common cause of cancer mortality in males and females,
respectively (1). Given that pancreatic cancer has few
early symptomes, it is most often diagnosed at late stages
and has an extremely low 5-year survival rate (<5%; ref.
2). Few risk factors for pancreatic cancer are well
established or widely accepted. Due to the current lack
of good screening methods for pancreatic cancer and low
survival rates, a better understanding of the etiology of
cancer may lead to means to reduce pancreatic cancer
incidence.
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Heavy alcohol drinking has been positively associated
with risk of chronic pancreatitis (3, 4) and noninsulin-
dependent diabetes mellitus (5), two diseases that have
been associated with an increased risk of pancreatic
cancer (6-10). Thus, high alcohol intake has been
hypothesized to be associated with a higher risk of
pancreatic cancer. There are several biological mecha-
nisms by which alcohol has been theorized to promote
carcinogenesis: (2) through the oxidation byproduct of
alcohol metabolism, acetaldehyde, which may act as a
cocarcinogen; (b) through up-regulation of immunosup-
pressive and inflammatory pathways; (c) by induction of
Phase I cytochrome P450 biotransformation enzymes that
are involved in the activation of carcinogens in the liver
and other tissues; and (e)by depletion of folate, which
may alter DNA synthesis and transcription (11-14).

Most (15-34), but not all (29, 35-44), case-control
studies of pancreatic cancer have observed no association
with alcohol intake. Additionally, inconsistent associa-
tions have been reported with pancreatic cancer risk
from 12 prospective studies (45-56), which included four
of the studies in this pooled analysis, the Alpha-
Tocopherol Beta-Carotene Cancer Prevention Study
(54), Health Professionals Follow-up Study (52), Iowa
Women’s Health Study (46), and the Nurses’ Health
Study (52). In 2007, a panel sponsored by the World
Cancer Research Fund and American Institute of Cancer
Research concluded that the current data on the
relationship between alcohol intake and pancreatic
cancer risk were too inconsistent to reach a judgment
on the association between alcohol intake and risk of
cancer of the pancreas (57).

Due to the potential for recall bias in case-control
studies and the limited power of most cohort studies to
examine associations with pancreatic cancer, we investi-
gated the association between alcohol intake and
pancreatic cancer risk in a pooled analysis of 14
prospective studies. Because the effect of alcohol may
vary by potential pancreatic cancer risk factors, we also
considered whether the association differed by environ-
mental and nutritional factors. In addition, individual
histologic subtypes of pancreatic cancer may be associ-
ated with different etiologies. Thus, we examined
associations between intakes of alcohol separately for
adenocarcinomas of the pancreas, the predominant type
of pancreatic cancer (58-62).

Materials and Methods

Population. A pooled analysis of the primary data
from 14 prospective cohort studies (46, 52, 63-72) was
conducted in The Pooling Project of Prospective Studies
of Diet and Cancer (Table 1). To be included in this
analysis, each study needed to fulfill the following
prespecified inclusion criteria: a minimum of 50 incident
pancreatic cancer cases, an assessment of usual diet,
including alcohol intake, validation of the dietary
assessment tool or a closely related instrument, and a
publication of a diet and cancer association.

The methods for the Pooling Project have been
described in detail elsewhere (73). Studies including
both men and women were treated as two separate
cohorts (one of men and one of women), analyzed
separately, and the inclusion criteria were applied to

each gender-specific cohort. Two studies in the pooled
analysis, the Canadian National Breast Screening Study
and Netherlands Cohort Study, were analyzed as case-
cohort studies (66, 69). In addition, we have divided the
person-time of the Nurses’ Health Study into two
segments corresponding to the 1980 to 1986 follow-up
period (part a) and follow-up beginning in 1986 (part b)
to take advantage of the increased comprehensiveness of
the 131-item food-frequency questionnaire (FFQ) com-
pleted in 1986 compared with the 61-item FFQ completed
in 1980. In the pancreatic cancer analyses, we only used
data from the Nurses’ Health Study (part b) because
fewer than 50 cases were identified between 1980 and
1986. For the Swedish Mammography Cohort, we used
1997 as the baseline (questionnaire and follow-up)
because the 1997 questionnaire included information on
smoking habits, an important risk factor for pancreatic
cancer; only cases diagnosed from 1997 forward were
included in our analysis.

Exclusion. In addition to applying the exclusions that
each study had predefined for their cohort, we excluded
individuals if they had a prior cancer diagnosis other
than nonmelanoma skin cancer at baseline, had loge-
transformed energy intakes beyond three SDs of the
study- and sex-specific log.-transformed mean energy
intake of their respective population, or were missing
data on alcohol intake.

Exposure Assessment. Usual dietary intake was
estimated at baseline from study-specific FFQs. All
studies, except the New York State Cohort, measured
alcohol intake from wine, beer, and spirits separately
(see Table 1). Each of these studies calculated daily
alcohol intake in grams for each beverage based on the
reported frequency of consumption, the alcohol content
of the beverage, and the average quantity consumed. As
an example, the US Department of Agriculture conver-
sion factors® for alcoholic beverages are 12.8 grams
(335 mL) of alcohol for a 12-0z can or bottle of beer, 11.0
grams for a 4-oz (118 mL) glass of wine, and 14.0 grams
for 1.5 oz (44 mL) of 80-proof liquor. The alcohol intake
from each specific beverage was summed to estimate
total alcohol intake. Intakes of other nutrients were
estimated using a similar approach. In the New York
State Cohort, the “regression weight”” method was used
to estimate nutrient and alcohol values (63). Correlations
between energy-adjusted alcohol intake measured from
the study-specific FFQ or a closely related instrument
and multiple 24-h recalls or food records generally
exceeded 0.7 for total alcohol intake (74-82).%

Information on nondietary factors was collected on
the baseline self-administered questionnaires within
each study. All studies obtained information on height
and weight, whereas 11 of the studies ascertained
diabetes status. Smoking status (never, former, or current
smoker) was ascertained in all studies. By design, the
a-Tocopherol p-Carotene Cancer Prevention Study in-
cluded only men who were current smokers (72).
Smoking habits (e.g., duration of smoking and number
of cigarettes smoked at baseline) were ascertained in all
studies, except The New York State Cohort (63), which

2 http:/ /www.nal.usda.gov/ fnic/foodcomp
* Wolk et al., personal communication.
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Table 1. Daily median intakes (interquartile range) of alcohol (grams/d) among drinkers by cohort study in the pancreatic cancer analyses in the Pooling
Project of Prospective Studies of Diet and Cancer

Cohort*  Gender  Follow-up Baseline No. cases  Age (y) % of alcohol Median (IQR) alcohol intake (grams/d)’ among drinkers of that beverage
years cohort size drinkers
Total alcohol Alcohol from Alcohol from Alcohol from
intake wine intake beer intake liquor intake
ATBC Male 1984-1999 26,987 204 50-69 89 13.4 (5.3-27.7) 2.1 (0.7-4.6) 4.6 (1.7-11.6) 8.0 (1.8-21.3)
BCDDP  Female  1987-1999 43,162 102 40-93 51 3.1 (0.9-10.3) 1.4 (0.4-4.6) 0.9 (0.3-1.9) 2.2 (0.5-6.5)
CNBSS'  Female  1980-2000 49,654 105 40-59 77 6.2 (2.3-14.5) 3.1 (1.0-6.7) 1.7 (0.9-3.7) 2.3 (1.1-6.8)
CPS1II Female  1992-2001 74,138 164 50-74 52 43 (1.1-11.1) 1.4 (0.7-5.8) 0.9 (0.9-2.8) 2.1 (0.9-11.0)
Male 1992-2001 66,165 210 50-74 65 9.6 (2.7-21.3) 1.9 (0.9-5.8) 1.9 (0.9-7.3) 7.0 (1.1-16.4)
CTs Female  1995-2001 100,030 116 22-104 67 7.8 (4.0-13.2) 3.3 (3.3-11.1) 4.0 (4.0-4.0) 4.5 (4.5- 4.5)
COSM Male 1998-2004 45,338 75 45-79 92 9.0 (4.3-15.5) 2.4 (0.6-6.2) 5.0 (2.3-9.6) 1.8 (0.4-4.4)
HPFS Male 1986-2002 47,762 198 40-75 76 9.6 (3.8-18.1) 1.8 (1.5-5.6) 1.8 (1.0-5.5) 6.0 (1.1-11.2)
IWHS Female  1986-2001 34,588 171 55-69 45 3.4 (1.7-10.8) 1.7 (0.9-3.0) 1.9 (1.1-5.7) 2.1 (1.2-6.5)
MCCs Female  1991-2003 22,830 35 40-69 59 8.6 (2.1-16.4) 6.4 (2.0-15.0) 0.9 (0.2-3.0) 1.3 (0.3-2.7)
Male 1991-2003 14,908 28 40-69 83 17.3 (6.7-34.0) 10.7 (3.0-25.7) 4.0 (1.4-13.9) 1.4 (0.3-4.1)
NLCS! Female  1986-1995 62,573 115 55-69 68 4.3 (1.5-12.0) 3.5 (1.3-9.7) 1.1 (0.4-2.3) 3.7 (1.1-12.1)
Male 1986-1995 58,279 144 55-69 86 12.5 (5.1-25.0) 3.9 (1.4-10.3) 2.3 (1.1-7.4) 9.3 (2.1-16.7)
NYSC Female  1980-1987 22,550 48 15-107 78 1.9 (0.5-9.5) (=) (=) (=)
Male 1980-1987 30,363 90 15-107 89 4.8 (1.0-19.0) (-) (-) (=)
NHS Female  1986-2002 68,478 178 40-65 64 4.7 (1.8-12.3) 1.8 (0.9-5.6) 1.8 (1.0-5.5) 2.0 (1.1-6.0)
PLCO Female  1993-2004 28,315 60 55-74 73 1.6 (0.4-8.5) 04 (0.3-2.4) 0.2 (0.1-1.0) 0.3 (0.2-2.7)
Male 1993-2004 29,914 90 55-74 82 7.9 (1.4-24.5) 0.3 (0.3-2.5) 1.1 (0.3-7.2) 1.4 (0.4-9.1)
SMC Female  1997-2003 36,630 54 49-83 83 3.1 (1.2-6.3) 2.0 (0.4-4.5) 1.3 (0.4-2.8) 0.2 (0.2-1.1)

Abbreviation: IQR, interquartile range.

*ATBC, Alpha-Tocopherol Beta-Carotene Cancer Prevention Study; BCDDP, Breast Cancer Detection Demonstration Project Follow-up Study; CNBSS, Canadian National Breast Screening Study; CPS 1I,
Cancer Prevention Study II Nutrition Cohort; CTS, California Teachers Study; COSM, Cohort of Swedish Men; HPFS, Health Professionals Follow-up Study; IWHS, Iowa Women'’s Health Study; MCCS,
Melbourne Collaborative Cohort Study; NLCS, The Netherlands Cohort Study; NYSC, New York State Cohort; NHS, Nurses’ Health Study; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening
Trial; SMC, Swedish Mammography Cohort.

T Baseline cohort size and number of cases determined after applying study-specific exclusion criteria and excluding participants with prior cancer diagnosis other than nonmelanoma skin cancer at baseline,
missing alcohol intake and loge-transformed energy intake beyond three SDs from the study-specific log.-transformed mean energy intake of the population.

* Percentage of alcohol drinkers at baseline for each cohort study.

‘Median intakes are grams/d for alcohol and alcohol from specific beverages among drinkers of that beverage.

ICanadian National Breast Screening Study and Netherlands Cohort Study are analyzed as case-cohort studies so the baseline cohort size does not reflect the above exclusions.
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ascertained the usual number of cigarettes smoked daily
and duration of smoking.

Outcome Assessment. Invasive pancreatic cancer,
defined by International Classification of Diseases 9 code
157.0 (83) or International Classification of Diseases 10
code C25 (84), was ascertained by self-report with
subsequent medical record review (52), cancer registry
linkage (46, 63, 65, 66, 68, 69, 71), or both (64, 67, 70, 72).
Some studies additionally obtained information from
death registries (46, 52, 63-65, 67, 70). Of the 2,187
invasive pancreatic cancer cases identified, the majority
were classified as adenocarcinomas (n = 1,491 cases)
using International Classification of Diseases-O codes
8140-8149, 8160-8169, 8180-8229, 8250-8509, 8520-8560,
and 8570-8579 in those studies that had information on
histologic detail.

Statistical Analysis. Alcohol intake was modeled
categorically within each individual study using identical
absolute cutpoints (none, 0.1-4.9, 5.0-14.9, 15.0-29.9, and
>30 grams/d) based on multiples of 1 drink per day
(~15 grams/d). Alcohol consumption was higher among
the men, so in a subanalysis among the men, we
expanded the >30 grams/d category to three categories
(30-44.9, 45-59.9, and >60 grams/d). When examining
alcohol intake from specific beverages, studies were
excluded from the analysis if they did not measure
intake of that specific beverage. Due to the small number
of cases at higher intakes, the categories for alcohol intake
from specific beverages were less extreme than those
for total alcohol intake. Alcohol intake from specific
beverages was modeled categorically within each indi-
vidual study using identical absolute cutpoints (none,
0.1-4.9, and >5 grams/d). Additional subanalyses were
conducted to examine a larger contrast in intake of alcohol
from beer and spirits among men using the following
cutpoints (none, 0.1-4.9, 5-14.9, and >15 grams/d).

Relative risks (RR) and 95% confidence intervals (CI)
were calculated by Cox proportional hazards models (85)
for each study. Person-years of follow-up were calculated
from the date of the baseline questionnaire until date of
pancreatic cancer diagnosis, date of death, date the
participant moved out of the study area (if applicable),
or end of follow-up, whichever came first. The models
included stratification by age (years) at baseline and the
calendar year at start of follow-up, and treated follow-up
time (days) as the time scale. Multivariate RRs were
adjusted for smoking status (never smoker; past smokers,
pack-years of <15 y; past smoker, pack-years of >15 y;
current smokers, pack-years of <40 y; current smokers,
pack-years of >40 y), personal history of diabetes
(no, yes), body mass index (BMI; continuously), and
energy intake (continuously). As personal history of
diabetes may be in the causal pathway (or an intermedi-
ate variable), we conducted the analysis of alcohol intake
and pancreatic cancer risk removing the covariate
personal history of diabetes from the model. An indicator
variable for missing values was also generated within a
study for each covariate, if applicable (73). If no
participants diagnosed with pancreatic cancer were in
the highest intake category in a study, the RR for the
highest category could not be estimated in that study and
the noncases in the highest category in that study were
included in the second highest intake category.

To test whether there was a linear trend in the risk
of pancreatic cancer with increasing alcohol intake, a
continuous variable with values corresponding to the
median value for each exposure category was included
in the model; the statistical significance of the coefficient
for that variable was evaluated using the Wald test.

Study-specific RRs were pooled using a random effects
model (86). The study-specific RRs were weighted by the
inverse of the sum of their variance and the estimated
between-studies variance component. Between-studies
heterogeneity was evaluated using the Q statistic (86, 87).

We also evaluated whether total alcohol intake and
alcohol intakes from wine, beer, and spirits were linearly
associated with pancreatic cancer risk. To test for
nonlinearity, the model fit including the linear and cubic
spline terms selected by a stepwise regression procedure
was compared with the model fit with only the linear term
using the likelihood ratio test (88, 89). For these analyses,
the studies were combined into a single data set,
additionally stratified by study, age, and the year the
questionnaire was returned. The estimate was addition-
ally adjusted for smoking status, diabetes, BMI, and
energy intake. Due to the small numbers of individuals
consuming high amounts of alcohol and to avoid excess
influence of extreme intake, these analyses were limited to
individuals consuming <60 grams/d of alcohol [59 cases
(or <3%) were excluded]. For each study, we corrected the
RR for total alcohol intake for measurement error using
the regression coefficients between alcohol intakes esti-
mated by the FFQs and reference methods (90, 91).

In additional analyses, we examined the effect of
different parameterizations of smoking variables on the
risk estimates observed for alcohol intake. We conducted
separate analyses in which we adjusted for smoking
history using the following categorizations: (2) smoking
status only (never, past, current); (b) smoking status and
smoking duration; (c) smoking status and smoking dose;
(d) smoking status, smoking duration among past
smokers, and smoking dose among current smokers;
and (e) smoking status and smoking pack-years to
replace the categorization we used for the main
multivariate models.

Further analyses were conducted to examine whether
the association between alcohol consumption and pan-
creatic cancer risk varied by life-style and nutritional
factors. To evaluate whether the association between
alcohol consumption and pancreatic cancer risk varied
by gender and smoking status, which can only be
evaluated between-studies or as a nominal variable,
respectively, we used a meta-regression model (92). To
examine for variation in RRs by BMI, multivitamin use,
methionine intake, and combined dietary and supple-
mental folate intake, we first calculated pooled RRs for
alcohol consumption and the potential effect modifier
modeled as continuous variables, and then assessed the
statistical significance of the cross-product term between
alcohol consumption and the potential effect modifier
using a Wald test. A two-sided Wald test statistic was
used to test the null hypothesis that there was no
modification of the alcohol-pancreatic cancer association
by levels of the potential effect modifiers. Participants
with missing values of the modifying factor were
excluded from these analyses. Separate analyses were
also conducted for the adenocarcinoma subtype among
those studies having >10 cases of this specific subtype
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Table 2. Study-specific multivariate adjusted RRs and 95% Cls and pooled age and multivariate adjusted RRs and
95% Cls for pancreatic cancer according to intake of total alcohol

Study Gender RR (95% CI) Categories of alcohol intake (grams/d) P-value, P-value, P-value,
test for test for test fog
between- between- trend
studies studies
heterogeneity* heterogeneity
0 0.1-4.9 5-14.9 15-29.9 >30 due to sex '
ATBC Male MV RR 1.00 1.04 1.00 0.82 0.99 0.67
95% CI (Reference) (0.64-1.69) (0.63-1.61) (0.49-1.37) (0.59-1.67)
BCDDP Female MV RR 1.00 1.29 0.84 0.81 1.71 0.75
95% CI (Reference) (0.82-2.02) (0.42-1.70) (0.32-2.08) (0.65-4.50)
CNBSS  Female MV RR 1.00 0.94 0.82 0.76 1.14 0.89
95% CI (Reference) (0.56-1.56) (0.47-1.43) (0.35-1.65) (0.56-2.33)
CPS I Female = MV RR 1.00 0.85 0.80 1.16 0.87 091
95% CI (Reference) (0.58-1.24) (0.49-1.29) (0.57-2.34) (0.37-2.06)
Male MV RR 1.00 1.01 1.23 1.11 1.41 0.12
95% CI (Reference) (0.69-1.50) (0.84-1.79) (0.69-1.80) (0.91-2.20)
CTS Female = MV RR 1.00 1.02 0.81 1.23 1.31 0.35
95% CI (Reference) (0.60-1.72) (0.49-1.36) (0.71-2.12) (0.59-2.90)
COSM  Male MV RR 1.00 1.07 1.30 0.97 1.79 0.48
95% CI (Reference) (0.45-2.56) (0.56-3.00) (0.37-2.55) (0.58-5.49)
HPFS Male MV RR 1.00 0.95 0.78 0.68 0.74 0.16
95% CI (Reference) (0.64-1.40) (0.53-1.16) (0.41-1.14) (0.45-1.21)
IWHS Female MV RR 1.00 1.26 1.04 1.97 1.20 0.37
95% CI (Reference) (0.88-1.80) (0.62-1.76) (1.06-3.67) (0.54-2.69)
MCCS  Female MV RR 1.00 0.80 0.18 0.75 1.57 0.78
95% CI (Reference) (0.32-2.04) (0.02-1.42) (0.23-2.46) (0.42-5.83)
Male MV RR 1.00 0.82 0.48 0.70 0.73 0.70
95% CI (Reference) (0.23-2.94) (0.12-1.94) (0.21-2.31) (0.25-2.13)
NLCS Female MV RR 1.00 1.03 1.44 1.27 1.93 0.13
95% CI (Reference) (0.64-1.67) (0.82-2.53) (0.62-2.59) (0.75-4.93)
Male MV RR 1.00 1.27 0.80 0.68 1.42 0.50
95% CI (Reference) (0.70-2.31) (0.43-1.47) (0.36-1.27) (0.78-2.61)
NYSC!  Female MV RR 1.00 1.54 0.63 0.28 - 0.05
95% CI (Reference) (0.75-3.15) (0.17-2.33) (0.03-2.27) 0
Male MV RR 1.00 0.53 0.66 0.96 1.03 0.08
95% CI (Reference) (0.29-1.00) (0.33-1.34) (0.46-1.98) (0.48-2.22)
NHS Female MV RR 1.00 1.02 0.91 0.77 1.58 0.28
95% CI (Reference) (0.71-1.46) (0.59-1.41) (0.38-1.55) (0.90-2.75)
PLCO Female MV RR 1.00 1.00 0.59 0.57 2.16 0.21
95% CI (Reference) (0.52-1.93) (0.19-1.83) (0.16-2.05) (0.82-5.68)
Male MV RR 1.00 1.31 1.05 1.13 1.38 0.64
95% CI (Reference) (0.68-2.50) (0.48-2.33) (0.50-2.56) (0.65-2.93)
SMC? Female MV RR 1.00 0.72 0.53 1.73 - 0.68
95% CI (Reference) (0.37-1.40) (0.21-1.33) (0.53-5.60) 0
Females
Cases 445 370 171 91 71
Pooled Age RR 1.00 1.04 0.89 1.15 1.63 0.89 0.001
95% CI (Reference) (0.90-1.20) (0.74-1.07) (0.90-1.47) (1.26-2.11)
MV RR 1.00 1.04 0.87 1.09 141 0.92 0.04
95% CI (Reference) (0.90-1.20) (0.72-1.06) (0.86-1.39) (1.07-1.85)
Males
Cases 207 268 245 147 172
Pooled Age RR 1.00 0.99 0.95 0.88 1.21 0.52 0.11
95% CI (Reference) (0.81-1.19) (0.78-1.15) (0.71-1.10) (0.98-1.49)
MV RR 1.00 0.98 0.94 0.86 1.12 0.51 0.33
95% CI (Reference) (0.81-1.19) (0.78-1.15) (0.69-1.08) (0.89-1.39)
Overall
Cases 652 638 416 238 243
Pooled Age RR 1.00 1.02 0.92 1.00 1.36 0.68 0.08 0.001
95% CI (Reference) (0.91-1.14) (0.80-1.05) (0.85-1.18) (1.15-1.60)
MV RR 1.00 1.02 091 0.96 1.22 0.80 0.19 0.05

95% CI  (Reference) (0.91-1.14) (0.79-1.04) (0.82-1.14) (1.03-1.45)

NOTE: Multivariate RRs (MV RR) were adjusted for smoking status (never smokers; past smokers, pack-years of <15 y; past smokers, pack-years of >15y;
current smokers, pack-years of <40 y, current smokers, pack-years of >40 y), history of diabetes (no, yes), BMI (continuously), and energy intake
(continuously); age in years and year of questionnaire return were included as stratification variables.

*P value, test for between-studies heterogeneity is based on the >30 grams/d of alcohol category.

TP value, test for between-studies heterogeneity due to sex is based on the >30 grams/d of alcohol category.

%P value, test for trend.

New York State Cohort (females) and Swedish Mammography Cohort were excluded from the >30 grams/d category because there were no cases in that
category. The participants who would have been in this category were included in the 15-29.9 grams/d category.
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Table 3. Pooled age and multivariate adjusted RRs and 95% Cls for pancreatic cancer according to intake of alcohol from specific beverages

Categories of alcohol intake (grams/d)

P-value, test for
between-studies heterogeneity*

P-value, test for between-studies
heterogeneity due to sex

P-value,

test for trend

Wine
All

Females

Males

Beer
All

Females

Males

Spirits'
All

Females

Males

Range
Cases
Age RR (95% CI)
MYV RR (95% CI)
MYV RR (95% CI)*
Cases
Age RR (95% CI)
MV RR (95% CI)
MYV RR (95% CI)*
Cases
Age RR (95% CI)
MV RR (95% CI)
MV RR (95% CI)*

Cases
Age RR (95% CI)
MV RR (95% CI)
MV RR (95% CI)
Cases
Age RR (95% CI)
MV RR (95% CI)
MV RR (95% CI)*
Cases
Age RR (95% CI)
MV RR (95% CI)
MV RR (95% CI)*

Cases
Age RR (95% CI)
MYV RR (95% CI)
MYV RR (95% CI)?
Cases
Age RR (95% CI)
MYV RR (95% CI)
MV RR (95% CI)*
Cases
Age RR (95% CI)
MV RR (95% CI)
MV RR (95% CI)*

0

1071
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)

557
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)

514
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)

1228
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)
861
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)
367
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)

1092
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)
718
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)
374
1.00 (Reference)
1.00 (Reference)
1.00 (Reference)

0.1-4.9

694
0.98 (0.89-1.08)
1.02 (0.93-1.13)
1.00 (0.90-1.11)

400
1.00 (0.87-1.14)
1.03 (0.90-1.18)
1.00 (0.86-1.15)

294
0.96 (0.83-1.12)
1.02 (0.88-1.19)
1.00 (0.85-1.18)

518
1.04 (0.89-1.20)
1.04 (0.89-1.21)
1.04 (0.87-1.24)
191
1.03 (0.81-1.30)
1.01 (0.79-1.29)
1.00 (0.76-1.30)
327
1.02 (0.85-1.23)
1.03 (0.86-1.22)
1.06 (0.84-1.34)

523
1.07 (0.96-1.20)
1.05 (0.93-1.17)
1.03 (0.90-1.18)
242
1.09 (0.93-1.27)
1.05 (0.90-1.23)
1.06 (0.90-1.26)
281
1.04 (0.85-1.28)
1.02 (0.82-1.28)
0.97 (0.73-1.28)

>5
284

0.96 (0.83-1.10)

1.01 (0.87-1.16)

0.99 (0.84-1.16)
143

0.95 (0.75-1.21)

0.97 (0.76-1.23)

0.96 (0.71-1.28)
141

0.96 (0.79-1.16)

1.03 (0.85-1.26)

1.00 (0.81-1.24)

303
1.18 (0.94-1.48)
1.13 (0.90-1.04)
1.09 (0.87-1.38)
48
1.35 (0.91-1.99)
1.21 (0.87-1.68)
1.06 (0.76-1.49)
255
1.11 (0.83-1.46)
1.10 (0.82-1.48)
1.14 (0.83-1.59)

434
1.14 (1.00-1.29)
1.05 (0.93-1.19)
1.04 (0.91-1.19)
140
1.22 (1.01-1.47)
1.11 (0.91-1.34)
1.11 (0.91-1.36)
294
1.07 (0.91-1.27)
1.02 (0.84-1.23)
1.00 (0.82-1.20)

0.56
0.56
0.36

0.20
0.24
0.08

0.89
0.84
091

0.03
0.06
0.05

0.23
0.44
0.34

0.03
0.02
0.01

0.62
0.60
0.73

0.69
0.72
0.85

0.41
0.31
0.39

0.97
0.71
0.88

0.37
0.64
0.76

0.31
0.55
0.42

0.69
0.94
>0.99

0.76
0.84
0.72

0.61
0.94
0.93

0.20
0.40
0.37

0.17
0.23
0.44

0.52
0.63
0.54

0.09
0.67
0.74

0.02
0.73
0.26

0.68
0.75
0.68

NOTE: Age adjusted RRs were adjusted for age and calendar year. Multivariate RRs (MV RR) were adjusted for smoking status (never smokers; past smokers, pack-years of <15 y; past smokers, pack-years of
=15 y; current smokers, pack-years of <40 y, current smokers, pack-years of >40 y), history of diabetes (no, yes), BMI (continuously), and energy intake (continuously); age in years and year of questionnaire
return were included as stratification variables. New York State Cohort was not included in these analyses because they did not measure consumption of alcohol from specific beverages.
*P value, test for between-studies heterogeneity is based on the >5 grams/d of alcohol category.
TP value, test for between-studies heterogeneity due to sex is based on the >5 grams/d of alcohol category.
¥ P value, test for trend.
$Multivariate RRs were additionally adjusted for consumption of the other 2 beverages (eg., alcohol intake from beer is also adjusted for alcohol intake from wine and spirits).
Iswedish Mammography Cohort and the Melbourne Collaborative Cohort Study (Females) were not included in the >5 grams/d category because there were no cases in that category. The participants who
would have been in this category were included in the 0.1-4.9 grams/d category.

0LL

Jodue) dljeaidued pue |[Oyodly

220z 1snbny zz uo 1senb Aq ypd-59//2626922/59./€/81/4pd-ajone/dqeo/Bio sjeuinofioee//:dny woy papeojumoq



Cancer Epidemiology, Biomarkers & Prevention

(93, 94). Subtype analyses were conducted among this
histology because it is the most common. SAS software
(95), version 9.1, was used for all analyses.

Results

The total study sample consisted of 319,716 men and
542,948 women among whom 2,187 developed pancre-
atic cancer over 6.7 million person-years (Table 1). The
percentage of alcohol drinkers at baseline in each study
ranged from 45% to 92%. Median total alcohol intake
among drinkers ranged from 1.6 grams/day in the
female cohort of the Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial to 17.3 grams/day in
the male cohort of the Melbourne Collaborative Cohort
Study.

Slight positive associations with pancreatic cancer risk
were only observed for the highest category of intake of
total alcohol overall (pooled age-adjusted RR, 1.36; 95%
CI, 1.15-1.60; and multivariate RR, 1.22; 95% CI, 1.03-1.45
comparing >30 to 0 grams/day of alcohol) and in
females (pooled age-adjusted RR, 1.63; 95% CI, 1.26-
2.11; and multivariate RR, 1.41; 95% CI, 1.07-1.85
comparing >30 to 0 grams/day of alcohol; Table 2). No
statistically significant association was observed in men
(pooled age-adjusted RR, 1.21; 95% CI, 0.98-1.49; and
multivariate RR, 1.12; 95% CI, 0.89-1.39 comparing >30 to
0 grams/day of alcohol); however, the results between
women and men were not significantly different
(P-value, test for between-studies heterogeneity due to
sex = 0.19). Overall, none of the study-specific RRs was
statistically significant; however, most of the study-
specific RRs exceeded 1 when comparing total alcohol
intake of >30 to 0 grams/day. There was no statistically
significant between-studies heterogeneity for the
>30 grams/day category of alcohol intake for men,
women, and overall (P value, test for between-studies
heterogeneity >0.50). The pooled RRs were similar to
those obtained when the studies were combined into a
single data set (data not shown). When examining the
same contrast excluding personal history of diabetes as a
covariate from the model, the risk estimates were similar
to the overall results (pooled multivariate RR, 1.21; 95%
CI, 1.02-1.43; P value, test for trend = 0.07; P value, test
for between-studies heterogeneity = 0.81; P value, test for
between-studies heterogeneity due to sex = 0.22). Risk
estimates for total alcohol intake were slightly stronger
for adenocarcinomas of the pancreas overall (Ncases,
1,491; pooled multivariate RR, 1.45; 95% CI, 1.17-1.79;
P value, test for between-studies heterogeneity = 0.92;
P value, test for between-studies heterogeneity due to
sex = 0.36), among men (pooled multivariate RR, 1.33;
95% CI, 1.00-1.77; P value, test for between-studies
heterogeneity = 0.62), and among women (pooled
multivariate RR, 1.62; 95% CI, 1.18-2.23; P value, test
for between-studies heterogeneity = 0.95) when compar-
ing >30 to 0 grams/day of alcohol.

When we examined a larger contrast in intake of total
alcohol in men, a stronger risk of pancreatic cancer was
observed among men who consumed >60 grams/day of
alcohol compared with 0 grams/day [pooled multivar-
iate RR (95% CI), 1.02 (0.76-1.36) for 30-44.9 grams/day of
alcohol, 1.14 (0.79-1.64) for 45-59.9 grams/day, and 1.53
(1.10-2.12) for >60 grams/day (number of cases = 51)

compared with nondrinkers; P value, test for between-
studies heterogeneity = 0.98 for >60 grams/day category;
P value, test for trend = 0.05]. We were unable to
examine the same contrast in women due to the small
number of women consuming >45 grams/day of
alcohol. Risk estimates were slightly stronger when we
limited the cases to adenocarcinomas of the pancreas
[pooled multivariate RR (95% CI), 1.22 (0.85-1.76) for 30-
449 grams/day of alcohol, 1.21 (0.77-1.90) for 45-59.9
grams/day, and 1.59 (1.03-2.45) for >60 grams/day
compared with 0 grams/day, P value, test for between-
studies heterogeneity = 0.85 for >60 grams/day category;
P value, test for trend = 0.05]. Estimates for pancreatic
cancer risk were similar when excluding nondrinkers
(comparing >30 to 0.1-4.9 grams/day intake of alcohol;
data not shown).

No association was observed for alcohol from wine
(pooled multivariate RR, 1.01; 95% CI, 0.87-1.16), beer
(pooled multivariate RR, 1.13; 95% CI, 0.90-1.04), or
spirits (pooled multivariate RR, 1.05; 95% CI, 0.93-1.19)
and pancreatic cancer risk comparing >5 to 0 grams/day
(Table 3). Results were similar when we mutually
adjusted for alcohol from other specific beverages (e.g.,
when examining intake of alcohol from wine, we
adjusted for intake of alcohol from beer and alcohol
from spirits). Overall, risk estimates for alcohol from
wine, beer, and spirits were similar for adenocarcinoma
of the pancreas. When we examined a larger contrast in
intake of alcohol from beer and spirits in men, namely
>15 grams/day compared with 0 grams/day, no
statistically significant associations were observed be-
tween alcohol from beer (pooled multivariate RR, 1.15;
95% CI, 0.86-1.53) or alcohol from spirits (pooled
multivariate RR, 1.14; 95% CI, 0.88-1.47) and pancreatic
cancer risk. Due to the small number of men consuming
>15 grams/day of alcohol from wine and women
consuming higher amounts of alcohol from wine, beer,
and spirits (=15 grams/day), we were unable to evaluate
the same contrast for these beverages.

Because smoking was the most influential confounder
in our analyses, we conducted additional analyses to
evaluate the effect of controlling for smoking habits using
different parameterizations. The results were similar
among the different models (data not shown). For
example, when we controlled for smoking habits using
smoking status (never, former, and current) as the
covariate, the pooled multivariate RR comparing >30 to
0 grams/day of alcohol intake was 1.25 (95% CI, 1.05-
1.48; P value, test for between-studies heterogeneity =
0.77). Similarly, when using smoking status, smoking
duration among past smokers, and smoking dose among
current smokers as the covariate, the pooled multivariate
RR was 1.22 (95% CI, 1.03-1.45; P value, test for between-
studies heterogeneity = 0.77) for the same contrast.

The nonparametric regression analyses showed a
linear association between alcohol intake and pancreatic
cancer risk overall (P value, test for linearity >0.10;
pooled multivariate RR, 1.06; 95% CI, 1.02-1.10 for an
increment of 15 grams/day of alcohol; P value, test for
between-studies heterogeneity = 0.88; P value, test for
between-studies heterogeneity due to sex = 0.77). The
association between alcohol intake and pancreatic cancer
risk was similar when we excluded personal history of
diabetes as a covariate from the model (pooled multi-
variate RR, 1.05; 95% CI, 1.01-1.09 for a 15 grams/day
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Table 4. Pooled multivariate RRs and 95% Cls for a 15 gram/d increment in total alcohol intake by levels of other
pancreatic cancer risk factors (Continuous Model)

Factor Cases RR (95% CI) P-value, test for between-studies  P-value, test for between-studies P-value,

heterogeneity heterogeneity due to sex test for interaction
Lifestyle factors
Smoking status
Nevell*’ 762 0.96 (0.85-1.08) 0.95 0.14 091
Past*” 658  1.07 (0.99-1.15) 0.33 0.87
Current® 643 1.07 (0.99-1.16) 0.06 0.62
BMI (kg/m?)
<25 929  1.12 (1.06-1.17) 0.96 0.45 0.01
>25 1189  1.01 (0.95-1.07) 0.76 0.21
Nutritional
Methionine Intakel"Y
Low 978  1.07 (1.02-1.12) 0.77 0.53 0.45
High 901 1.02 (0.93-1.12) 0.33 0.93
Total folate intake¥**
Low 1033 1.10 (1.04-1.16) 0.54 0.39 0.32
High 98T6T 1.02 (0.95-1.09) 0.66 0.65
Multivitamin use
No 1413 1.08 (1.02-1.13) 0.32 0.06 091
Yes 588  1.08 (1.01-1.16) 0.70 0.28

NOTE: Multivariate RRs were adjusted for smoking status (never smokers; past smokers, pack-years of <15 y; past smokers, pack-years of >15 y; current
smokers, pack-years of <40 y, current smokers, pack-years of >40 y), history of diabetes (no, yes), BMI (continuously), and energy intake (continuously);
age in years and year of questionnaire return were included as stratification variables. In the smoking stratified analyses, past and current smoking
analyses included pack-years (<15 years, 215 y for past smokers; <40 y, =40 y for current smokers) in the model; age in years and year of questionnaire
return were included as stratification variables. For each model, the stratification variable was excluded as a covariate.

* Alpha-Tocopherol Beta-Carotene Cancer Prevention Trial was excluded from the never and past smoking analyses because this study only included

current smokers.

" Netherlands Cohort Study (Males) was excluded from the never smoking analysis due to small case numbers (1 < 10).
*Melbourne Collaborative Cohort Study (Females) and New York State Cohort (Males) were excluded from the past smoking analysis due to small case

numbers (1 < 10).

"Melbourne Collaborative Cohort Study (Males and Females) were excluded from the current smoking analysis due to small case numbers (1 < 10).
Icalifornia Teachers Study, Cohort of Swedish Men, Melbourne Collaborative Cohort Study (Males and Females) and Swedish Mammography Cohort
were excluded from these analyses because they did not measure methionine intake.

YThe high versus low intakes were based on the median cutpoint of that nutrient within each study included in the pooled analysis. For total folate intake,

we included both dietary and supplemental sources of folate.

**Canadian National Breast Screening Study, and Melbourne Collaborative Cohort Study were excluded from these analyses because they did not measure

folate intake from supplemental sources.

' Canadian National Breast Screening Study was excluded from this analysis because data on multivitamin use was not available.

increment of total alcohol; P value, test for between-
studies heterogeneity = 0.92; P value, test for between-
studies heterogeneity due to sex = 0.79) or when the
study sample was limited to nondiabetics (pooled multi-
variate RR, 1.05; 95% CI, 1.01-1.10 for a 15 grams/day
increment of total alcohol; P value, test for between-
studies heterogeneity = 0.92; P value, test for between-
studies heterogeneity due to sex = 0.31).

Among the 10 studies that assessed alcohol intake
in their validation studies (74-82),** the pooled age- and
energy-adjusted RR for an increment of 15 grams/day
of alcohol (equivalent to approximately one serving of
alcohol) changed from 1.08 (95% CI, 1.04-1.13) to 1.10
(95% CI, 1.04-1.18; P value, test for between-studies
heterogeneity = 0.44; P value, test for between-studies
heterogeneity due to sex = 0.07) after correction for
measurement error in the assessment of alcohol
consumption.

The association between total alcohol intake and
pancreatic cancer risk was not modified by smoking
status, total folate intake, methionine intake, and multi-
vitamin use (Table 4). However, a positive association

24 Wolk et al., personal communication.

(pooled multivariate RR, 1.12; 95% CI, 1.06-1.17 for a
15 grams/day increment of total alcohol intake)
was restricted to normal weight individuals (BMI,
<25 kg/m?); no association (pooled multivariate RR,
1.01; 95% (I, 0.95-1.07) was observed among overweight
and obese individuals (BMI, >25 kg/ m?; P value, test for
interaction = 0.01). Although there was no statistically
significant heterogeneity due to sex for the alcohol-
pancreatic cancer association within each of the BMI
strata (P > 0.21), the association for a 15 grams/day
increment of total alcohol was modified by BMI only
among men (pooled multivariate RR, 1.09; 95% CI,
1.02-1.18 among normal weight individuals; pooled
multivariate RR, 0.99; 95% CI, 0.93-1.07 among over-
weight and obese individuals; P value for interaction
= 0.05); no modification was present in women (pooled
multivariate RR, 1.08; 95% CI, 0.98-1.19 among normal
weight individuals; pooled multivariate RR, 1.07; 95% CI,
0.95-1.22 among overweight and obese individuals;
P value for interaction = 0.95). A stronger positive
association between alcohol intake and pancreatic
cancer risk was observed among individuals with low
total (dietary and supplemental) folate intake (pooled
multivariate RR, 1.09; 95% CI, 1.04-1.14 for a 15 grams/
day increment of total alcohol), whereas the association
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was null for individuals with high total folate intake
(pooled multivariate RR, 1.04; 95% CI, 0.98-1.11 for a
15 grams/day increment of total alcohol intake; P value,
test for interaction = 0.32). A similar trend was observed
when examining low and high intake of methionine.

In addition, the RRs for total alcohol did not differ
when the cases were stratified into 2 groups defined by
median age at diagnosis (ages <69 and >69 years; data
not shown). When we excluded pancreatic cancer cases
that arose during the first 2 years of follow-up, risk
estimates were similar to the main results overall, in
males, and in females (data not shown). Sensitivity
analyses were conducted in which we compared results
from analyses limited to the first 5 years of follow-up to
those from analyses after 5 or more years of follow-up.
Alcohol intake was positively associated with risk of
pancreatic cancer in the first 5 years of follow-up (RR,
1.12; 95% CI, 1.06-1.18 for a 15 grams/day increment of
total alcohol; P value, test for between-studies heteroge-
neity = 0.80) but not for after 5 years of follow-up years
(RR, 1.01; 95% CI = 0.96-1.07 for a 15 grams/day incre-
ment of total alcohol; P value, test for between-studies
heterogeneity = 0.85; P value, test for interaction = 0.004).

Discussion

In this pooled analysis that prospectively assessed the
association between alcohol consumption and pancreatic
cancer risk, weak positive associations were observed for
alcohol intake of >30 grams/day compared with non-
drinkers overall and among women. Although no
statistically significant association was observed in men
for the same comparison, there was no statistically
significant modification of the association by sex. No
statistically significant between-studies heterogeneity
was present for these analyses indicating that the
differences in the risk estimates among the cohorts were
compatible with random variation. Weak positive but
nonstatistically significant, associations were observed in
the majority of studies included in this pooled analysis.
The nonsignificant association observed between alcohol
intake and pancreatic cancer risk in each study may be
the result of the small case numbers of pancreatic cancer
(<150 pancreatic cancer cases in 9 of the cohort studies
included in this pooled analysis) and the relatively small
number of heavier drinkers within each study (range of
the number of pancreatic cancer cases in the >30 grams/
day category, 4-36).

Most (15-29, 31-34, 45, 50, 51, 55), but not all (35-44, 56),
case-control studies and cohort studies have observed no
association between alcohol intake and pancreatic cancer
risk. However, most studies were unable to examine
the association between higher intakes of alcohol
(>45 grams/day) and pancreatic cancer risk. Due to
small proportion of women in the studies we analyzed
who reported drinking >45 grams of alcohol per day, we
were unable to evaluate associations with heavier
drinking in women. In men, positive associations
between higher alcohol intake (>60 compared with
0 grams/day) and risk of pancreatic cancer were
observed. Several case-control studies (15, 21, 29, 30, 39,
41-43) have examined the association between consump-
tion of >3 alcoholic drinks per day (>45 grams of alcohol
per day) and pancreatic cancer risk with approximately

half of the studies reporting a positive association (29, 39,
41, 42). Few of the prospective studies that were not
included in our analysis because they did not meet our
inclusion criteria have examined the risk of pancreatic
cancer with relatively high intakes of alcohol. In the
Japanese Collaborative Cohort study, no association was
observed with pancreatic cancer risk among individuals
who consumed >60 grams/day of alcohol compared
with nondrinkers (96). However, in a record linkage
study in Sweden, alcoholics (as defined on inpatient
registries) compared with the general population had an
~40% increased risk of pancreatic cancer (55). As we
observed in our analysis, no published case-control and
cohort studies have observed a statistically significant
interaction by sex for the association between alcohol
intake and pancreatic cancer risk.

In addition, a statistically significant interaction by
BMI was observed for the association between alcohol
intake and pancreatic cancer risk. In men, the effect was
stronger among those with a BMI of <25 kg/m?
(classified as normal weight) than among those with a
BMI of >25 kg/m? Overweight and obesity are
hypothesized to be associated with a higher risk of
pancreatic cancer (57), and the association between
alcohol intake and pancreatic cancer risk is not evident
in this high-risk group.

Besides the cohort studies in our pooled analysis
(54, 71, 97), we are unaware of other case-control and
prospective cohort studies that have examined the joint
effects of alcohol and folate intake on pancreatic cancer
risk. Although our results for alcohol intake did not vary
significantly by total folate intake (P value, test for
interaction = 0.45), a positive association between alcohol
intake and pancreatic cancer risk was observed only
among individuals with low total folate intake; the
association was attenuated among individuals with high
total folate intake. Alcohol has been shown to affect folate
bioavailability and interrupt critical folate-driven biolog-
ical processes; inadequate levels of folate can disrupt
DNA methylation, synthesis, and repair (98). Therefore,
it is plausible that alcohol consumption may only affect
pancreatic cancer risk among individuals with low folate
intake (98). A similar interaction between folate and
alcohol intake has been observed for risk of colorectal
(99) and breast cancer (100-104).

Because our analyses were conducted using only a
baseline FFQ covering recent intake, we were not able to
assess changes in intakes over time, nor were we able to
evaluate lifetime consumption of alcohol, past drinking
habits, and binge drinking patterns. Although we are not
able to measure lifetime alcohol drinking patterns, a
national survey found moderate to good correlations
(r = 0.63; ref. 105) for alcohol intake from estimates
that were collected 10 years apart; thus, baseline
measurement of alcohol intake may represent more
longer term intakes reasonably well. Only a few studies
have addressed these additional ways (e.g., changes
in consumption; lifetime drinking patterns) to examine
alcohol drinking habits in relation to pancreatic cancer
risk; the results have been inconclusive (20, 26). Addi-
tionally, because most of the studies only measured
alcohol intake in adulthood, we may not have captured
the relevant exposure time for pancreatic carcino-
genesis if exposures in younger adult life are important.
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Furthermore, we could not examine chronic long term
exposure to high intakes of alcohol, which may be even
more important in the development of pancreatic cancer.
Animal studies have examined the pathophysiologic
changes and injuries to the pancreas by acute and chronic
alcohol exposure. Acute alcohol exposure alone has not
produced damage or injury to the pancreas; however,
chronic alcohol exposure has lead to pancreatic damage
and morphologic changes such as necrosis, elevation of
oxidative stress markers, and chronic inflammatory cell
infiltration in some, but not all, studies (106).

We were unable to examine associations of alcohol
intake by tumor site or microscopic confirmation status
because few studies had these data available. Thus, our
pancreatic cancer case definition may represent different
subtypes of pancreatic cancer, and individual subtypes
may be associated with different etiologies. However,
the majority of pancreatic cancer cases occur in the
exocrine portion of the pancreas (~95%), develop within
the head or neck region, and are classified histologically
as adenocarcinomas (~90%,; refs. 58-62). In our analyses,
when the case definition for pancreatic cancer was
limited to adenocarcinomas, we observed slightly higher
risk estimates for higher intakes of alcohol.

In the studies comprising this pooled analysis, diet
was measured before diagnosis of pancreatic cancer;
thus, a cancer diagnosis would not have influenced
the reporting of alcohol intake. A strength of our study
was our ability to correct for measurement error in
alcohol intake in most of the included studies. The
measurement-error corrected risk estimates were similar
to the uncorrected results, which was expected because
the assessments of alcohol intake from the study-specific
questionnaires and multiple 24-hours recalls or food
records generally have been shown to be highly
correlated (74-82).%

Although our categorization of covariates was prede-
termined according to how each study assessed the
covariates on their questionnaires, one advantage of our
study was that we were able to standardize the
covariates to include in the model and to model these
covariates uniformly. We also classified the main
exposures similarly across studies, thereby lessening
potential sources of heterogeneity across studies. Within
our models, we adjusted for most of the important
known pancreatic cancer risk factors. The majority of
studies collected information on age, smoking status,
diabetes, and height and weight, thus capturing infor-
mation on the few consistently reported risk factors for
pancreatic cancer. In studies that measured all of the
covariates that were included in our multivariate models,
results from the age-adjusted and multivariate models
were similar, suggesting that confounding was minimal.
Because smoking was the most influential confounder in
our analyses related both to exposure (alcohol intake)
and disease (pancreatic cancer), we cannot completely
rule out residual confounding by smoking in our results.
Measurement error in smoking habits (e.g., duration and
number of cigarettes smoked) and status (e.g., never,
former, current smoker) and variations in other unmea-

25 Wolk et al., personal communication.

sured aspects may have an effect on the estimation of the
risk of pancreatic cancer from other factors correlated
with smoking, such as alcohol. However, we observed no
difference between the risk estimates for the association
between alcohol intake and pancreatic cancer risk when
applying different parameterizations of the smoking
variables in our statistical models. Due to the inclusion
of 14 cohort studies, we had far greater statistical power
than any individual cohort study to examine whether
associations differed for population subgroups.

In summary, a weak positive association between
alcohol intake during adulthood and pancreatic cancer
risk was observed in the highest category of intake
(=30 grams/day or ~2 alcoholic beverages per day).
Associations with alcohol intake were stronger among
individuals who were normal weight. Thus, our findings
are consistent with a modest increase in risk of pancreatic
cancer for alcohol intakes of at least 30 grams/day.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Acknowledgments

The costs of publication of this article were defrayed in part by
the payment of page charges. This article must therefore be
hereby marked advertisement in accordance with 18 U.S.C.
Section 1734 solely to indicate this fact.

Institution where work was done: Harvard School of Public
Health, Boston, MA.

References

1. GLOBOCAN 2002: Cancer Incidence, Mortality and Prevalence
Worldwide. Lyon: IARCPress; 2004.

2. American Cancer Society. Cancer Facts and Figures 2005. Atlanta:
American Cancer Society; 2005.

3. Sand J, Lankisch PG, Nordback I. Alcohol consumption in patients
with acute or chronic pancreatitis. Pancreatology 2007;7:147 -56.

4. Spanier BW, Dijkgraaf MG, Bruno M]. Epidemiology, aetiology and
outcome of acute and chronic pancreatitis: An update. Best Pract Res
Clin Gastroenterol 2008;22:45-63.

5. van de Wiel A. Diabetes mellitus and alcohol. Diabetes Metab Res
Rev 2004;20:263-7.

6.  Whitcomb DC. Inflammation and Cancer V. Chronic pancreatitis and
pancreatic cancer. American journal of physiology 2004;287:G315-9.

7. Maisonneuve P, Lowenfels AB. Chronic pancreatitis and pancreatic
cancer. Dig Dis 2002;20:32-7.

8. Lowenfels AB, Maisonneuve P. Epidemiology and risk factors for
pancreatic cancer. Best Pract Res Clin Gastroenterol 2006;20:197 -209.

9. Lowenfels AB, Maisonneuve P. Risk factors for pancreatic cancer.
J Cell Biochem 2005;95:649 —56.

10. Wang F, Herrington M, Larsson ], Permert J. The relationship
between diabetes and pancreatic cancer. Mol Cancer 2003;2:4.

11. Poschl G, Seitz HK. Alcohol and cancer. Alcohol Alcohol 2004;39:
155-65.

12. Go VL, Gukovskaya A, Pandol SJ. Alcohol and pancreatic cancer.
Alcohol 2005;35:205-11.

13. Foster JR, Idle JR, Hardwick JP, Bars R, Scott P, Braganza JM.
Induction of drug-metabolizing enzymes in human pancreatic cancer
and chronic pancreatitis. ] Pathol 1993;169:457 -63.

14. Ulrich CM, Bigler ], Bostick R, Fosdick L, Potter JD. Thymidylate
synthase promoter polymorphism, interaction with folate intake, and
risk of colorectal adenomas. Cancer Res 2002;62:3361—4.

15. Bouchardy C, Clavel F, La Vecchia C, Raymond L, Boyle P. Alcohol,
beer and cancer of the pancreas. Int ] Cancer 1990;45:842—6.

16. Bueno de Mesquita HB, Maisonneuve P, Moerman CJ, Runia S, Boyle
P. Lifetime consumption of alcoholic beverages, tea and coffee and
exocrine carcinoma of the pancreas: a population-based case-control
study in The Netherlands. Int J Cancer 1992;50:514-22.

Cancer Epidemiol Biomarkers Prev 2009;18(3). March 2009

220z 1snbny gz uo 1senb Aq 4pd'59//2626922/59./5/8 ) 4Pd-8lone/dqeo/Bio sjeuinolioee//:diy woy papeojumoq



Cancer Epidemiology, Biomarkers & Prevention

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Clavel F, Benhamou E, Auquier A, Tarayre M, Flamant R. Coffee,
alcohol, smoking and cancer of the pancreas: a case-control study. Int
J Cancer 1989;43:17-21.

Ferraroni M, Negri E, La Vecchia C, D’Avanzo B, Franceschi S.
Socioeconomic indicators, tobacco and alcohol in the aetiology of
digestive tract neoplasms. Int ] Epidemiol 1989;18:556—-62.

Haines AP, Moss AR, Whittemore A, Quivey J. A case-control study
of pancreatic carcinoma. J Cancer Res Clin Oncol 1982;103:93-7.

Ji BT, Chow WH, Dai Q, et al. Cigarette smoking and alcohol
consumption and the risk of pancreatic cancer: a case-control study
in Shanghai, China. Cancer Causes Control 1995;6:369-76.
Kalapothaki V, Tzonou A, Hsieh CC, Toupadaki N, Karakatsani A,
Trichopoulos D. Tobacco, ethanol, coffee, pancreatitis, diabetes
mellitus, and cholelithiasis as risk factors for pancreatic carcinoma.
Cancer Causes Control 1993;4:375-82.

Lyon JL, Mahoney AW, French TK, Moser R, Jr. Coffee consumption
and the risk of cancer of the exocrine pancreas: a case-control study
in a low-risk population. Epidemiology 1992;3:164—70.

Lyon JL, Slattery ML, Mahoney AW, Robison LM. Dietary intake as a
risk factor for cancer of the exocrine pancreas. Cancer Epidemiol
Biomarkers Prev 1993;2:513-8.

Mack TM, Yu MC, Hanisch R, Henderson BE. Pancreas Cancer and
Smoking, Beverage Consumption, and Past Medical History. J Natl
Cancer Inst 1986;76:49 —60.

MacMahon B. Risk factors for cancer of the pancreas. Cancer 1982;50:
2676-80.

Mizuno S, Watanabe S, Nakamura K, et al. A multi-institute case-
control study on the risk factors of developing pancreatic cancer. Jpn
J Clin Oncol 1992;22:286-91.

Nkondjock A, Krewski D, Johnson KC, Ghadirian P. Dietary patterns
and risk of pancreatic cancer. Int ] Cancer 2005;114:817-23.
Silverman DT. Risk factors for pancreatic cancer: a case-control study
based on direct interviews. Teratog Carcinog Mutagen 2001;21:7-25.
Silverman DT, Brown LM, Hoover RN, et al. Alcohol and pancreatic
cancer in blacks and whites in the United States. Cancer Res 1995;55:
4899-905.

Soler M, Chatenoud L, La Vecchia C, Franceschi S, Negri E. Diet,
alcohol, coffee and pancreatic cancer: final results from an Italian
study. Eur J Cancer Prev 1998;7:455—60.

Tavani A, Pregnolato A, Negri E, La Vecchia C. Alcohol consumption
and risk of pancreatic cancer. Nutr Cancer 1997;27:157-61.
Villeneuve PJ, Johnson KC, Hanley AJ, Mao Y. Alcohol, tobacco and
coffee consumption and the risk of pancreatic cancer: results from the
Canadian Enhanced Surveillance System case-control project. Cana-
dian Cancer Registries Epidemiology Research Group. Eur J Cancer
Prev 2000;9:49 -58.

Zatonski WA, Boyle P, Przewozniak K, Maisonneuve P, Drosik K,
Walker AM. Cigarette smoking, alcohol, tea and coffee consumption
and pancreas cancer risk: a case-control study from Opole, Poland.
Int J Cancer 1993;53:601-7.

Falk RT, Pickle LW, Fontham ET, Correa P, Fraumeni JF, Jr. Life-style
risk factors for pancreatic cancer in Louisiana: a case-control study.
Am ] Epidemiol 1988;128:324 -36.

Cuzick J, Babiker AG. Pancreatic cancer, alcohol, diabetes mellitus
and gall-bladder disease. Int J Cancer 1989;43:415-21.

Ghadirian P, Simard A, Baillargeon J. Tobacco, alcohol, and coffee
and cancer of the pancreas. A population-based, case-control study
in Quebec, Canada. Cancer 1991;67:2664-70.

Gold EB. Epidemiology of and risk factors for pancreatic cancer. Surg
Clin North Am 1995;75:819-43.

Gold EB, Gordis L, Diener MD, et al. Diet and other risk factors for
cancer of the pancreas. Cancer 1985;55:460—7.

Hassan MM, Bondy ML, Wolff RA, et al. Risk factors for pancreatic
cancer: case-control study. Am ] Gastroenterol 2007;102:2696-707.
Inoue M, Tajima K, Takezaki T, et al. Epidemiology of pancreatic
cancer in Japan: a nested case-control study from the Hospital-based
Epidemiologic Research Program at Aichi Cancer Center (HER-
PACC). Int ] Epidemiol 2003;32:257 —62.

Lu XH, Wang L, Li H, Qian JM, Deng RX, Zhou L. Establishment of
risk model for pancreatic cancer in Chinese Han population. World
J Gastroenterol 2006;12:2229-34.

Olsen GW, Mandel JS, Gibson RW, Wattenberg LW, Schuman LM. A
case-control study of pancreatic cancer and cigarettes, alcohol, coffee
and diet. Am ] Public Health 1989;79:1016-9.

Partanen TJ, Vainio HU, Ojajarvi IA, Kauppinen TP. Pancreas cancer,
tobacco smoking and consumption of alcoholic beverages: a case-
control study. Cancer Lett 1997;116:27-32.

Pfeffer F, Avilas Rosas H, Vargas F, Villalobos JJ. [Smoking,
consumption of alcoholic beverages and coffee as factors associated
with the development of cancer of the pancreas]. Rev Invest Clin
1989;41:205-8.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Friedman GD, van den Eeden SK. Risk factors for pancreatic cancer:
an exploratory study. Int ] Epidemiol 1993;22:30-7.

Harnack LJ, Anderson KE, Zheng W, Folsom AR, Sellers TA, Kushi
LH. Smoking, alcohol, coffee, and tea intake and incidence of cancer
of the exocrine pancreas: the Jowa Women'’s Health Study. Cancer
Epidemiol Biomarkers Prev 1997;6:1081-6.

Heuch I, Kvale G, Jacobsen BK, Bjelke E. Use of alcohol, tobacco and
coffee, and risk of pancreatic cancer. Br ] Cancer 1983;48:637 -43.
Hiatt RA, Klatsky AL, Armstrong MA. Pancreatic cancer, blood
glucose and beverage consumption. Int ] Cancer 1988;41:794-7.
Hirayama T. Epidemiology of pancreatic cancer in Japan. Jpn J Clin
Oncol 1989;19:208-15.

Isaksson B, Jonsson F, Pedersen NL, Larsson J, Feychting M, Permert
J. Lifestyle factors and pancreatic cancer risk: a cohort study from the
Swedish Twin Registry. Int ] Cancer 2002;98:480-2.

Lin Y, Kikuchi S, Tamakoshi A, et al. Dietary habits and pancreatic
cancer risk in a cohort of middle-aged and elderly Japanese. Nutr
Cancer 2006;56:40-9.

Michaud DS, Giovannucci E, Willett WC, Colditz GA, Fuchs CS.
Coffee and alcohol consumption and the risk of pancreatic cancer in
two prospective United States cohorts. Cancer Epidemiol Biomarkers
Prev 2001;10:429-37.

Shibata A, Mack TM, Paganini-Hill A, Ross RK, Henderson BE. A
prospective study of pancreatic cancer in the elderly. Int J Cancer
1994;58:46 9.

Stolzenberg-Solomon RZ, Pietinen P, Barrett MJ, Taylor PR, Virtamo
J, Albanes D. Dietary and other methyl-group availability factors and
pancreatic cancer risk in a cohort of male smokers. Am J Epidemiol
2001;153:680—7.

Ye W, Lagergren ], Weiderpass E, Nyren O, Adami HO, Ekbom
A. Alcohol abuse and the risk of pancreatic cancer. Gut 2002;51:
236-9.

Zheng W, McLaughlin JK, Gridley G, et al. A cohort study of
smoking, alcohol consumption, and dietary factors for pancreatic
cancer (United States). Cancer Causes Control 1993;4:477 —82.
World Cancer Research Fund, Panel AIfCRE. Food, Nutrition,
Physical Activity and the Prevention of Cancer: a Global Perspective.
Washington (DC): American Institute for Cancer Research; 2007.
Cowgill SM, Muscarella P. The genetics of pancreatic cancer. Am
J Surg 2003;186:279 -86.

Li D, Jiao L. Molecular epidemiology of pancreatic cancer. Int
J Gastrointest Cancer 2003;33:3—14.

Lichtenstein DR, Carr-Locke DL. Mucin-secreting tumors of the
pancreas. Gastrointest Endosc Clin N Am 1995;5:237 - 58.

Mullan MH, Gauger PG, Thompson NW. Endocrine tumours of the
pancreas: review and recent advances. ANZ J Surg 2001;71:475-82.
Fesinmeyer MD, Austin MA, Li CI, De Roos AJ, Bowen D]J.
Differences in survival by histologic type of pancreatic cancer.
Cancer Epidemiol Biomarkers Prev 2005;14:1766-73.

Bandera EV, Freudenheim JL, Marshall JR, et al. Diet and alcohol
consumption and lung cancer risk in the New York State Cohort
(United States). Cancer Causes Control 1997;8:828 —40.

Calton BA, Stolzenberg-Solomon RZ, Moore SC, et al. A prospective
study of physical activity and the risk of pancreatic cancer among
women (United States). BMC Cancer 2008;8:63.

Chang ET, Canchola AJ, Lee VS, et al. Wine and other alcohol
consumption and risk of ovarian cancer in the California Teachers
Study cohort. Cancer Causes Control 2007;18:91-103.

Silvera SA, Rohan TE, Jain M, Terry PD, Howe GR, Miller AB.
Glycemic index, glycemic load, and pancreatic cancer risk (Canada).
Cancer Causes Control 2005;16:431-6.

Patel AV, McCullough ML, Pavluck AL, Jacobs EJ, Thun M], Calle
EE. Glycemic load, glycemic index, and carbohydrate intake in
relation to pancreatic cancer risk in a large US cohort. Cancer Causes
Control 2007;18:287 -94.

Giles GG, English DR. The Melbourne Collaborative Cohort Study.
TARC Sci Publ 2002;156:69—-70.

Verhage BA, Schouten L], Goldbohm RA, van den Brandt PA.
Anthropometry and pancreatic cancer risk: an illustration of the
importance of microscopic verification. Cancer Epidemiol Bio-
markers Prev 2007;16:1449 —54.

Prorok PC, Andriole GL, Bresalier RS, et al. Design of the Prostate,
Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial.
Control Clin Trials 2000;21:273 -309S.

Larsson SC, Hakansson N, Giovannucci E, Wolk A. Folate intake and
pancreatic cancer incidence: a prospective study of Swedish women
and men. ] Natl Cancer Inst 2006;98:407-13.

Stolzenberg-Solomon RZ, Pietinen P, Taylor PR, Virtamo J, Albanes
D. Prospective study of diet and pancreatic cancer in male smokers.
Am ] Epidemiol 2002;155:783-92.

Smith-Warner S, Spiegelman D, Ritz J, et al. Methods for pooling

Cancer Epidemiol Biomarkers Prev

2009;18(3). March 2009

775

220z 1snbny gz uo 1senb Aq 4pd'59//2626922/59./5/8 ) 4Pd-8lone/dqeo/Bio sjeuinolioee//:diy woy papeojumoq



776

Alcohol and Pancreatic Cancer

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

results of epidemiologic studies: the pooling project of prospective
studies of diet and cancer. Am J Epidemiol 2006;163:1053 - 64.
Flagg EW, Coates R], Calle EE, Potischman N, Thun MJ. Validation of
the American Cancer Society Cancer Prevention Study II Nutrition
Survey Cohort Food Frequency Questionnaire. Epidemiology 2000;
11:462-8.

Giovannucci E, Colditz G, Stampfer MJ], et al. The assessment of
alcohol consumption by a simple self-administered questionnaire.
Am ] Epidemiol 1991;133:810-7.

Goldbohm RA, van den Brandt PA, Brants HA, et al. Validation of a
dietary questionnaire used in a large-scale prospective cohort study
on diet and cancer. Eur J Clin Nutr 1994;48:253 - 65.

Munger RG, Folsom AR, Kushi LH, Kaye SA, Sellers TA. Dietary
assessment of older Iowa women with a food frequency
questionnaire: nutrient intake, reproducibility, and comparison
with 24-hour dietary recall interviews. Am ] Epidemiol 1992;136:
192-200.

Feskanich D, Marshall J, Rimm EB, Litin LB, Willett WC. Simulated
validation of a brief food frequency questionnaire. Ann Epidemiol
1994;4:181-7.

Horn-Ross PL, Lee VS, Collins CN, et al. Dietary assessment in the
California Teachers Study: reproducibility and validity. Cancer
Causes Control 2008;19:595-603.

Pietinen P, Hartman AM, Haapa E, et al. Reproducibility and validity
of dietary assessment instruments II. A qualitative food frequency
questionnaire. Am J Epidemiol 1988;128:667-76.

Subar AF, Thompson FE, Kipnis V, et al. Comparative validation of
the Block, Willett, and National Cancer Institute food frequency
questionnaires: the Eating at America’s Table Study. Am ] Epidemiol
2001;154:1089-99.

Messerer M, Johansson SE, Wolk A. The validity of questionnaire-
based micronutrient intake estimates is increased by including
dietary supplement use in Swedish men. ] Nutr 2004;134:1800-5.
Puckett CD. The Educational Annotation of ICD-9-CM; Diseases and
Procedures Tabular Lists. Reno; 1986. Report No.: volume I.
International statistical classification of diseases and related health
problems, 10th revision. Vol. 1. Geneva: World Health Organization.
Cox DR. Regression models and life-tables. Journal of the Royal
Statistical Society, Series (B) 1972;34:187-220.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7:177-88.

Cochran WG. The combination of estimates from different experi-
ments. Biometrics 1954;10:101-29.

Durrleman S, Simon R. Flexible regression models with cubic splines.
Stat Med 1989;8:551-61.

Smith PL. Splines as a useful and convenient statistical tool. Am Stat
1979;33:57 - 62.

Rosner B, Spiegelman D, Willett WC. Correction of logistic regression

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

10

=

102.

10.

»

104.

105.

10

(=)

relative risk estimates and confidence intervals for measurement
error: the case of multiple covariates measured with error. Am J
Epidemiol 1990;132:734-45.

Rosner B, Willett WC, Spiegelman D. Correction of logistic regression
relative risk estimates and confidence intervals for systematic within-
person measurement error. Stat Med 1989;8:1051 - 69.

Kuha J. Corrections for exposure measurement error in logistic
regression models with an application to nutritional data. Stat Med
1994;13:1135-48.

Parkin DM, Shanmugaratnam K, Sobin L, Ferlay ], Whelan SL.
Histological Groups for Comparative Studies. Lyon (France); 1998.
Hamilton SR, Aalton LA. Tumours of the digestive system, World
Health Organization Classification of tumours. Lyon (France): IARC
Press; 2000.

Allison PD. Survival analysis using the SAS system; A practical
guide. 1995.

Lin Y, Tamakoshi A, Kawamura T, et al. Risk of pancreatic cancer in
relation to alcohol drinking, coffee consumption and medical history:
findings from the Japan collaborative cohort study for evaluation of
cancer risk. Int ] Cancer 2002;99:742-6.

Skinner HG, Michaud DS, Giovannucci EL, et al. A prospective study
of folate intake and the risk of pancreatic cancer in men and women.
Am ] Epidemiol 2004;160:248-58.

Mason ]JB, Choi SW. Effects of alcohol on folate metabolism:
implications for carcinogenesis. Alcohol 2005;35:235-41.
Giovannucci E. Alcohol, one-carbon metabolism, and colorectal
cancer: recent insights from molecular studies. J Nutr 2004;134:
2475-81S.

Zhang S, Hunter DJ, Hankinson SE, et al. A prospective study
of folate intake and the risk of breast cancer. JAMA 1999;281:
1632-7.

.Negri E, La Vecchia C, Franceschi S. Re: dietary folate consumption

and breast cancer risk. ] Natl Cancer Inst 2000;92:1270-1.
Rohan TE, Jain MG, Howe GR, Miller AB. Dietary folate consump-
tion and breast cancer risk. ] Natl Cancer Inst 2000;92:266-9.

.Sellers TA, Kushi LH, Cerhan JR, et al. Dietary folate intake, alcohol,

and risk of breast cancer in a prospective study of postmenopausal
women. Epidemiology 2001;12:420-8.

Baglietto L, English DR, Gertig DM, Hopper JL, Giles GG. Does
dietary folate intake modify effect of alcohol consumption on breast
cancer risk? Prospective cohort study. BMJ 2005;331:807.

Liu S, Serdula MK, Byers T, Williamson DF, Mokdad AH, Flanders
WD. Reliability of alcohol intake as recalled from 10 years in the past.
Am ] Epidemiol 1996;143:177 - 86.

.Siegmund S, Haas S, Schneider A, Singer MV. Animal models in

gastrointestinal alcohol research-a short appraisal of the different
models and their results. Best Pract Res Clin Gastroenterol 2003;17:
519-42.

Cancer Epidemiol Biomarkers Prev 2009;18(3). March 2009

220z 1snbny gz uo 1senb Aq 4pd'59//2626922/59./5/8 ) 4Pd-8lone/dqeo/Bio sjeuinolioee//:diy woy papeojumoq



