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Abstract Alcohol consumption is postulated to be a risk
factor for pancreatic cancer (PCA), but clarification of
degree of risk related to consumption characteristics is
lacking. We examined the association between alcohol
consumption and PCA in a population-based case—control
study (532 cases, 1,701 controls) in the San Francisco Bay
Area. Population-based controls were frequency-matched by
sex, age within 5-year categories and county of residence to
cases identified by the cancer registry’s rapid case ascer-
tainment. Detailed alcohol consumption data, including
binge drinking (>5 drinks/day), were collected during
in-person interviews. Odds ratios (OR) and 95% confidence
intervals (95% CI) were computed using adjusted uncondi-
tional logistic regression. Depending on dose, duration, and
pattern of drinking, ORs were increased 1.5- to 6-fold among
men but not women. In men, ORs increased with increasing
overall alcohol consumption (22-35 drinks/week OR = 2.2,
95% CI = 1.1-4.0; >35 drinks/week OR = 2.6, 95%
CI = 1.3-5.1, p-trend = 0.04). Most notable were effects
with a history of binge drinking (OR = 3.5, 95% CI =
1.6-7.5) including increased number of drinks per day
(p-trend = 0.002), and increased years of binge drinking
(p-trend = 0.0006). In fully adjusted models that included
smoking and other confounders, ORs for binge drinking in
men were somewhat higher than in age-adjusted models.
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Introduction

Pancreatic cancer is diagnosed in over 124,000 individuals
globally per year and is nearly uniformly fatal in the
developing and developed areas, with the lowest overall
S5-year survival rate of all site-specific cancers [1, 2]. The
lethality of pancreatic cancer requires dedicated attention
to understanding the causes and modifiable risk factors
associated with development of this disease.

Alcohol has been identified inconsistently as a risk
factor for pancreatic cancer [3—42]. Particularly important
reasons for inconsistency that may have resulted in report
of no association between alcohol consumption and pan-
creatic cancer may have included incomplete assessment
and analysis of dose of alcohol consumption risk across
wide ranges, as well as pattern of alcohol consumption.
Thus, more large population-based studies are required to
examine this association while adjusting for other putative
risk factors, and considering the relationship of dose and
pattern of alcohol exposure. We conducted the current
analyses as part of a large, population-based case—control
study in the San Francisco Bay Area to examine the rela-
tionship between pancreatic cancer and alcohol consump-
tion, with particular attention to the associated exposure
characteristics of timing of consumption onset, duration,
and dose, including binge drinking.
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Materials and methods

Detailed methods for this case—control study have been
published elsewhere [43—49]; a brief summary of methods
follows. Cases were newly diagnosed with adenocarcinoma
of the exocrine pancreas between 1995 and 1999, residents
of one of six Bay Area counties at the time of diagnosis, and
were identified using rapid case ascertainment by the
Northern California Cancer Center. Diagnoses of pancreatic
cancer were confirmed by participants’ physicians and by
the Surveillance, Epidemiology and End Results abstracts
that included histologic confirmation of disease when
available. Eligible cases that were included were alive at
contact (no proxy interviews were conducted), 21-85 years
of age, and able to complete an interview in English.
Control participants were selected from the same target
population as the cases using random-digit dial and were
frequency-matched to cases by sex, age within 5-year
categories and county. Identification of controls older than
65 years was supplemented by random selection from the
United States Health-Care Finance Administration (now
the Centers for Medicare and Medicaid Services) lists.
Approximately three controls were identified for each case
participant. Sixty-seven percent of eligible cases and 67%
of eligible controls completed an in-person interview using
structured questionnaires. Written consent was obtained
from each study participant prior to the interview. This
study was reviewed and approved by the University of
California San Francisco Committee on Human Research.

Alcohol consumption

Participants self-reported their history of alcohol con-
sumption, including type of alcohol consumed (beer, wine,
and/or liquor). One drink was defined as one can, bottle or
12 oz glass of beer, one 4 oz glass of wine, or one shot of
liquor because they each contain approximately 14 g of
alcohol. The average weekly consumption of beer, wine,
and liquor was recorded separately by decade of age,
starting in their 20s, i.e., 20-29, 30-39, 40-49, 50-59,
6069, 70-79, and 80+. Lifetime total alcohol consumption
was computed by summing the total number of drinks of
beer, wine, and liquor in each decade. Average number of
drinks consumed per week in the past decade + current
decade; the past two decades + current decade; and the past
three decades + current decade also were determined.
Participants also were grouped as: never drinkers, exclusive
consumers of beer, wine or liquor, and those who consumed
two or three types of alcohol. Under the a priori hypothesis
that the pattern of alcohol consumption of alcohol might be
related to pancreatic cancer, binge alcohol consumption was
assessed as frequency, volume, and duration of alcohol
consumption beyond their usual drinking patterns. For
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analyses, we defined “binge drinking” as consumption of
five or more drinks per day (70 g of alcohol), following the
definition used by the United States Behavioral Risk Factor
Surveillance System study [50, 51]. For ease of comparison,
analyses of the primary measure of risk (lifetime weekly
alcohol consumption) were conducted using categories
from an earlier similar study of pancreatic cancer and
alcohol consumption [16]. For other categories of alcohol
consumption, weekly alcohol consumption was categorized
into quartiles based on the frequency distribution among the
controls. Because binge drinking was determined separately
from usual drinking patterns, individuals who were char-
acterized as binge drinkers were distributed across the range
of quartiles of typical drinking patterns. For example, some
binge drinkers who on occasion drank five or more drinks
per day were included in lower quartiles of overall alcohol
consumption based upon the average number of drinks
typically consumed per week.

Statistical methods

Demographic data and data for potential confounders were
collected and defined as follows: race was self-reported, and
categorized as white, black/African American, Asian/Paci-
fic Islander, or other. Body mass index (BMI) was estimated
from usual adult weight and height [weight (kg)/height
(m?)], and was categorized based on World Health Orga-
nization criteria: <25.0 (lean to normal), 25.0-29.9 (over-
weight), and >30.0 (obese). Frequency of recreational
physical activity for at least 30 min per episode was
recorded as never or <l/month, 1-2/month, 3—4/month,
2-3/week, 4—-6/week, and >1/day. Participants were defined
as smokers if they had smoked >100 cigarettes, or cigars or
pipes at least once a month for >6 months in their lifetime.
Cigarette smokers were categorized into four groups: never
smokers; former smokers (two groups) who quit >15 years
ago or 1-15 years prior to diagnosis/interview; and current
smokers including those who had quit within 1 year of
diagnosis/interview. Total caloric intake (expressed as
kilocalories per day), vitamin intake (vitamins A, B1-B12,
C, E, D), and calcium intake were estimated based on
results of a food-frequency questionnaire and divided into
quartiles based on consumption among controls as descri-
bed previously [52, 53]. Education level was categorized as
less than high school graduate, high school graduate, some
college, college graduate, and graduate work. Participants
also were asked if they ever had been told by a physician
that they had diabetes or pancreatitis. Odds ratios (OR) and
95% confidence intervals (95% CI) were computed using
unconditional logistic regression to estimate the relative
risk (hereafter called risk) of pancreatic cancer by catego-
ries of alcohol consumption. The reference group for
alcohol analyses was those who never drank or drank less
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than 1 drink per month. Analyses were stratified by sex and
adjusted for age. Results for the association between weekly
alcohol consumption and pancreatic cancer were further
stratified by smoking status—smokers (defined as cigarette,
pipe, or cigar smokers and former smokers who quit

<15 years prior to interview), versus non-smokers (defined
as never smokers, or former smokers who quit > 15 years
prior to interview). Former smokers who quit >15 years
prior to interview were grouped with never smokers as our
analyses showed no association between this group and
increased pancreatic cancer risk (data not shown). Analyses
of alcohol consumption and risk restricted only to current
smokers also are provided. Because of sample size con-
straints, the referent group for analyses restricted to smokers
was those who drank less than 1 drink/month over their
lifetime, or <4 drinks/week in the 20 years prior to inter-
view. Analyses stratified by type of alcohol also are pre-
sented. For comparability with other studies and our earlier
published results of data from this study, we present results
from parsimonious models adjusted for age alone, and from
multivariable models additionally adjusted for potential
confounders of race, education, smoking, history of diabe-
tes, BMI, caloric intake, and physical activity. Exploratory
analyses adjusting for history of pancreatitis also were
conducted, but results are not presented as risk estimates did
not differ by at least 10%. Odds ratios and 95% Cls are not
presented in tables when the number of observations was
five or fewer. All statistical tests were two-sided and con-
sidered statistically significant when p < 0.05. Statistical
analyses were conducted using SAS software V9.1 (SAS
Institute, Inc., Cary, NC) and results are presented for age-
adjusted and final multivariable models.

Results

Characteristics of the study population have been reported
previously [43—49] and are noted in Table 1. Five hundred
and thirty-two eligible cases and 1,701 controls completed
in-person interviews. Alcohol consumption was associated
with pancreatic cancer among men but not women, with
increased risk ranging from 1.5- to 6-fold based on the
dose, duration, and pattern of alcohol consumption repor-
ted (Tables 2, 3). Results from more detailed analyses
pertaining to heavy drinking are limited to men (Tables 2,
3,4,95).

Effect of alcohol dose and duration of consumption

Among men, ORs for pancreatic cancer increased with
increasing duration and increasing dose of heavy alcohol
consumption (all p-trend < 0.04, Table 2). Relative to
never or infrequent drinkers, men with the highest lifetime

alcohol consumption had a greater than twofold increased
risk of pancreatic cancer that remained elevated when
assessment of alcohol consumption was limited to the past
20 years (Table 2). Risk was elevated regardless of when
in the past the heavy consumption had occurred; ORs
ranged from 2 to 2.6 for heavy drinking in the past 10, 20,
or 30 years (data not shown). When analyses were
restricted to the heaviest drinkers, results showed that risk
increased with increasing decades of heavy consump-
tion (>21 drinks/week p-trend = 0.02, >35 drinks/week
p-trend = 0.01, Table 2).

Binge drinking and risk

Irregular pattern of heavy alcohol consumption, assessed as
binge drinking, was associated with risk of pancreatic
cancer (Table 3). A history of binge consumption of large
amounts of alcohol (>5 drinks per drinking episode or
>70 g alcohol per episode) [50, 51] conferred a 3.5-fold
increased risk of pancreatic cancer in men. Risk was
increased regardless of age when binge drinking first
occurred, although there was some evidence that risk was
greatest for binge drinking that began at 21-30 years of age
(p-trend = 0.007). A similar pattern was observed for
years since last binge drinking episode. Risk was increased
more than threefold regardless of when binge drinking last
occurred, although men whose last binge drinking episode
occurred 6-10 years before diagnosis/interview had a
greater than sixfold increased risk of pancreatic cancer.
Dose-response analyses provided additional support that
binge drinking increased risk of pancreatic cancer in men.
Risk was positively associated with increasing average
number of alcoholic drinks consumed during binge drink-
ing (>15 drinks: OR = 4.4, p-trend = 0.002) and with
increasing years duration of binge drinking (>10 years:
OR = 3.7, p-trend = 0.0006). Risk also was persistently
increased regardless of frequency of binge drinking each
month. Indeed, there was some evidence that even less
frequent binge drinking was associated with the elevated
risk in men (OR = 4.3). In fully adjusted models that
included smoking and other confounders, ORs for binge
drinking in men were somewhat higher than in models
adjusted for age only (Table 3).

Effect of dose and pattern of alcohol consumption
stratified by smoking status

In smoking-stratified analyses of the association of alcohol
consumption with pancreatic cancer among men, most
estimates were based on a small number of exposed indi-
viduals and were imprecise with wide confidence intervals
that included unity with few exceptions (Tables 4, 5). In
general, risk of pancreatic cancer was greatest in the
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Table 1 Demographic

characteristics of pancreatic Characteristics Cases (n = 532) Controls (n = 1,701)
cancer and control participants n % n %
in a population-based :
case—control study in the Age', years
San Francisco Bay Area, <50 46 9 164 10
California 1995-1999 50-59 120 23 438 2%
60—69 172 32 473 28
70-79 158 30 498 29
80-85 36 7 128 8
Sex
Men 291 55 883 52
Women 241 45 818 48
Race
White 442 83 1,471 86
Black or African American 46 9 78 5
Asian or Pacific Islander 35 7 119
American Indian or Alaskan Native or Other 9 2 33
Hispanic ethnicity
Yes 25 5 114 7
No 507 95 1,585 93
Body mass index (WHO), kg/m>
<25.0 280 53 993 58
25.0-29.9 197 37 552 33
>30 52 10 147 9
Smoking
Never 163 31 652 38
Cigarette
Former, quit > 15 years ago 133 25 508 30
Former, quit 1-15 years ago 89 17 260 15
Current 131 25 208 12
Pipe/cigar 16 3 73 4
Education
<High school 71 13 162 10
High school 164 31 372 22
Percentages may not add to Some college 200 38 >4 4
100% due to rounding or Graduate school 97 18 413 24
missing values History of diabetes mellitus
T Age at pancreatic cancer No 455 86 1,538 90
diagnosis for cases or age at Yes 76 14 161 10

interview for controls

highest alcohol consumption-related categories regardless
of smoking status. However, results from multivariable
analyses suggested that heavy drinkers and the heaviest
binge drinkers who were current smokers may be at greater
risk of pancreatic cancer than former/never smokers
(Table 5, binge drinking >10 years OR = 9.5, 95%
CI = 1.8-50, p-trend = 0.01; >15 drinks/day during binge
drinking OR = 9.5, 95% CI = 1.4-64, p-trend = 0.01;

>35 drinks/week during the past 20 years OR = 4.2, 95%
CI = 1.6-12, p-trend = 0.002, p-interaction between
heavy drinking and smoking status >0.30).

@ Springer

Alcohol type and risk

Analyses of risk of pancreatic cancer stratified by type of
alcohol consumed were generally limited by sample size
considerations. Significant associations among men by
alcohol type or combination of alcohol types were noted
for wine (OR = 2.8, 95% CI = 1.2-6.3), consumption of
beer and liquor (OR = 2.3, 95% CI = 1.3-4.1), and the
combination of beer, wine, and liquor consumption
(OR = 1.7, 95% CI = 1.0-2.8). As was observed for the
overall analyses, no association between type of alcohol
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Table 2 Association between alcohol consumption and pancreatic cancer in a population-based case—control Study in the San Francisco Bay

Area, California, 1995-1999

Men Women
Case Control  OR* OR" Case Control  OR* OR"
(%) (%) (95% CI) (95% CI) (%) (%) (95% CI) (95% CI)
Dose and duration of alcohol consumption
Never or <1 drink/month (referent) 22 (8) 102 (12) 1.0 1.0 61 (25) 201 (25) 1.0 1.0
Lifetime, drinks/week
<7 102 (35) 358 (41) 1.4 (0.8,2.3) 1.5(09,2.6) 127 (53) 461 (56) 0.9 (0.6, 1.3) 1.1 (0.7, 1.6)
8-14 47 (16) 185 (21) 1.2(0.7,2.2) 14(0.7,2.5 32(13) 92(11) 1.1(0.7,1.8) 1.2(0.7,2.2)
15-21 (men)/ > 15/week (women) 34 (12) 97 (11) 1.7(0.9,3.1) 1.5(0.8,29) 13 (5) 57(7) 0.704,14) 0.8(0.4,1.6)
22-35 (men) 47 (16) 89 (10) 24 (1.3,43) 1.9 (1.0,3.7)
>35 (men) 34 (12) 49(6) 34(1.8,6.5 2.2 (1.1,4.6)
p-Trend p<0.0001 p=0.04 p =07 p=09
Past 20 years, drinks/week
<7 104 (36) 362 (41) 1.4(0.8,2.4) 1.5(09,2.6) 122 (52) 436 (53) 0.9 (0.6, 1.3) 1.1 (0.7, 1.6)
8-14 47 (16) 188 (21) 1.2(0.7,2.1) 1.3 (0.7,24) 36 (15 104 (13) 1.1 (0.7,1.8) 1.2(0.7,2.1)
15-21 (men)/ > 15/week (women) 32 (11) 97 (11) 1.6(09,2.9) 14 (0.7,2.7) 14 (6) 70 (9) 0.6 (0.3,1.2) 0.7 (0.3, 1.4)
22-35 (men) 41 (14) 7709 24013,44) 2.1 (1.1,4.0)
>35 (men) 40 (14) 54 (6) 3.6 (1.9,6.7) 2.6 (1.3,5.1)
p-Trend p <0.0001 p=0.01 p=04 p=06
Decades with > 21 drink/week
<1 149 (51) 535 (61) 1.4 (0.8-2.2) 1.5(0.9-2.5) 159 (66) 549 (67) 0.9 (0.7-1.3) 1.1 (0.7-1.6)
1-2 48 (16) 135(15) 1.7 (1.0-3.1) 1.5(0.8-2.9) 10 4) 39 (4) 0.8(04-1.8) 1.0(04-2.2)
>3 68 (23) 108 (12) 2.9 (1.7-5.1) 2.1 (1.1-4.0) 4(2) 24 (3) -© -
p-Trend p <0.0001 p=0.02 p=03 p=205
Decades with > 35 drink/week
<1 195 (67) 660 (75) 1.4 (0.9-2.4) 1.5(0.9-2.6) 166 (69) 585 (72) 0.9 (0.7-1.3) 1.1 (0.7-1.6)
1-2 37(13) 80 (9) 2.2(1.2-4.0) 1.6 (0.8-3.2) 7 (3) 22 (3) 1.0(0.4-2.5) 1.0(0.4-2.6)
>3 32(11) 384 4.0 (2.0-7.8) 2.7 (1.3-5.6) 0 (0) 5(1) - -
p-Trend p <0.0001 p=0.01 £ -

CI, confidence interval; OR, odds ratio; n/a, not applicable due to sparse data

Bold indicates that 95% confidence interval for point estimate did not cross 1, or p value < 0.05

? Adjusted for age (in 5-year group)

b Additionally adjusted for energy intake (kcal/day, men: quartiles, women: quartiles), body mass index (<25, 25.0-29.9, >30 kg/m2), race
(white, black/African American, Asian/Pacific Islander, Others), education (<high school, high school, 1-4 years college, graduate school),
smoking (never smoker, former cigarette smoker who had quit smoking >15 years previously, former cigarette smoker who had quit smoking
1-15 years previously, current cigarette smoker or former cigarette smoker who had quit <1 year previously, pipe and/or cigar smoker), binge
drinking, history of diabetes (yes, no), and physical activity (30-min moderate exercise: <l month, 1-4/month, 2-6/week, and daily)

¢ OR and CI are not presented when <5 observations were noted

consumption and risk for pancreatic cancer was observed
among women.

Discussion

Our results have demonstrated that heavy alcohol con-
sumption and binge drinking were associated with increased
risk estimates for pancreatic cancer in men but not among
women. Our data further suggested that either binge or

consistent heavy alcohol consumption was associated with
persistent increased risk of pancreatic cancer regardless of
the temporal proximity of consumption to pancreatic cancer
diagnosis. Results from smoking-stratified analyses that
suggested a possible interaction between current smoking
and heavy drinking should be interpreted with caution and
require further validation in larger pooled studies, particu-
larly given that the p-interactions for these analyses were
>0.3. The association between alcohol consumption and
pancreatic cancer in earlier studies has been discordant, with
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Table 3 Association between “binge” drinking (irregular alcohol consumption of >5 drinks (70 g alcohol) per day) and pancreatic cancer
among men in a population-based case—control study in the San Francisco Bay Area, California, 1995-1999

Case (%) Control (%) OR*® (95% CI) OR" (95% CI)
Pattern of drinking
Life time alcohol consumption: Never or <1 drink/month (referent) 22 (8) 102 (12) 1.0 1.0
Lifetime binge alcohol consumption >1/month 64 (22) 119 (13) 2.5(1.4,4.4) 3.5 (1.6, 7.5)
First age at binge drinking, years
<20 19 (7) 43 (5) 2.0 (1.0-4.3) 29 1.1-74)
21-30 20 (7) 36 (4) 2.5 (1.2-5.2) 4.3 (1.7-11)
3140 25 (9) 40 (5) 2.9 (1.5-5.8) 34 (14-84)
p-trend p = 0.002 p = 0.007
Interval between last binge drinking and diagnosis
for cases or interview for controls, years
0-5 18 (6) 34 (4) 24 (1.1-5.2) 3.4 (1.3-8.9)
6-10 13 4) 14 (16) 4.7 1.9-12) 6.3 (2.0-20)
>10 33 (11) 70 (8) 2.2 (1.2-4.1) 3.0 1.3-7.0)
Drinks/day during binge drinking
5-9 31 (1D 74 (8) 2.0 (1.0-3.7) 3.1 (1.3-7.3)
10-14 15 (5) 26 (3) 2.6 (1.1-5.8) 3.6 1.3-9.7)
>14 18 (6) 19 (2) 4.3 (1.9-9.7) 4.4 (14-13)
p-trend p = 0.0002 p = 0.002
Frequency of binge drinking
<1/month 27 (9) 42 (5) 3.0 (1.5-5.9) 4.3 (1.8-10)
2-3/month 13 (4) 30 (3) 2.0 (0.9-4.5) 3.0 (1.1-8.6)
>3/month 24 (8) 45 (5) 2.4 (1.2-4.9) 3.0 (1.2-74)
p-trend p =0.02 p = 0.06
Duration of binge drinking, years
1-5 12 (4) 28 (3) 2.1 (0.9-5.0) 2.3 (0.8-6.8)
6-10 13 (4) 31 (4) 1.7 (0.9-4.5) 2.9 (1.1-7.8)
>10 39 (13) 60 (7) 29 (1.5-54) 3.7 1.9-11)
p-trend p = 0.001 p = 0.0006

ClI, confidence interval; OR, odds ratio

Bold indicates that 95% confidence interval for point estimate did not cross 1, or p value < 0.05

* Adjusted for age (in 5-year group)

" Additionally adjusted for energy intake (kcal/day, men: quartiles, women: quartiles), body mass index (<25, 25.0-29.9, >30 kg/m2), race
(white, black/African American, Asian/Pacific Islander, others), education (<high school, high school, 14 years college, graduate school),
smoking (never smoker, former cigarette smoker who had quit smoking >15 years previously, former cigarette smoker who had quit smoking
1-15 years previously, current cigarette smoker or former cigarette smoker who had quit <1 year previously, pipe and/or cigar smoker), lifetime
alcohol consumption, history of diabetes (yes, no), and physical activity (30-min moderate exercise each time: <1 month, 1-4/month, 2—-6/week,

and daily)

some hospital-based [24-28, 54—59] and population-based
case—control [3, 5, 6, 8, 10, 11, 13, 14, 17, 19, 31, 60] and
cohort studies [4, 7, 9, 32, 33, 38, 42, 61, 62] showing no
association, and other hospital-based [29, 30] and popula-
tion-based case—control [15, 16, 18] and cohort [20, 21, 34,
36, 37, 41, 63] studies suggesting increased risk. Discordant
observations in the published literature may be due to small
numbers of cases, residual confounding by risk factors
associated with alcohol consumption such as smoking and
chronic pancreatitis, unmeasured genetic factors, or absence
of detailed data on alcohol exposure [16, 17, 23, 34, 39].
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Discordant results due to residual confounding associ-
ated with smoking are less likely given that, as one of the
few identified risk factors, most epidemiologic studies have
included tobacco use in their analyses of alcohol con-
sumption and pancreatic cancer risk. Indeed, in several
studies that reported a positive association between alcohol
and pancreatic cancer, the association persisted even among
non-smokers [16, 17, 20, 36]. In our study, data were con-
sistent with persistent increased risk among non-smokers,
but not statistically significant. Notably, the number of
never smokers available for analysis in our study required
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Table 4 Association between alcohol consumption and pancreatic cancer among men, stratified by smoking status, in a population-based
case—control study in the San Francisco Bay Area, California, 1995-1999

Non-smokers® Smokers®
Case Control  OR® OR‘ Case Control  OR® OR¢
(%) (%) (95% CI) (95% CI) (%) (%) (95% CI) (95% CI)
Dose and duration of alcohol consumption
Never or <1 drink/month (referent) 17 (11) 81 (14) 1.0 1.0 5(©®) 10(5) 1.0 1.0
Lifetime, drinks/week
5-7 68 (45) 232 (41) 1.4(0.8,2.5 1.5(08,2.7) 21@33) 85(41) 05(0.2,1.6) 0.6(0.2,2.4)
8-14 27 (18) 121 (22) 1.1 (0.5,2.1) 1.2(0.6,2.4) 6 (10) 46 (22) 0.3 (0.1,1.00 0.4 (0.1, 1.6)
15-21 15 (10) 57 (10) 1.3(0.6,2.8) 1.2(0.5,2.7) 9(14) 26 (13) 0.7 (0.2,2.6) 0.9(0.2,3.9
22-35 14 (9) 43 @8 1.6(0.7,35 14(0.6,32) 1321) 28(14) 09(0.3,33) 1.2(0.3,4.9)
>35 6 (4) 25@) 12(04,33) 0.8(0.3,24) 9(14) 10(5 1.8(04,73) 22(0.5,9.9
p-trend 0.7 0.7 0.3 0.3
Past 20 years, drinks/week
<7 69 (46) 232 (41) 1.4(0.8,2.5 1.5(08,2.7) 18(29) 87(42) 0.4(0.1,14) 0.6(0.2,2.1)
8-14 25 (17) 126 (23) 09 (0.5,1.8) 1.0(0.5,2.0) 11 (17) 46 (22) 0.5(0.1,1.7) 0.7 (0.2,2.8)
15-21 12 (8) 54 (10) 1.1 (0.5,2.4) 1.1(0.5,2.4) 9(14) 25(12) 0.7(0.2,2.7) 1.0(0.2,4.0)
22-35 13 (9) 38(7) 1.6(0.7,3.7) 15(0.7,3.6) 11 (17) 25(12) 09(0.2,3.2) 1.2(0.3,4.8)
>35 11 (7) 28 (5) 19(08,45) 1.5(0.6,3.8) 9(14) 12(6) 154,59 1.8(04,8.1)
p-trend 0.4 0.4 0.3 0.3
Decades with > 21 drink/week
<1 92 (61) 352 (63) 1.2(0.7,2.2) 1.4(0.8,25) 3048 127 (62) 0.5(0.2,1.5) 0.6 (0.2, 2.3)
12 21 (14) 64 (11) 1.6(0.8,3.2) 15(0.7,3.2) 10(16) 46 ((22) 0.4 (0.1,1.5) 0.6(0.1,2.2)
>3 17 (11) 62 (11) 1.3(0.6,2.7) 1.1(0.5,24) 1829 22(11) 1.8(0.5,63) 2.3(0.6,8.8)
p-trend 0.4 0.8 0.02 0.03
Decades with > 35 drink/week
<1 113 (75) 422 (75) 1.3(0.7,22) 1.4(0.8,24) 40(63) 163 (79) 0.5(0.2,1.5) 0.7 (0.2,2.4)
1-2 9 (6) 35(6) 1.2(0.5,3.00 1.1(04,2.8) 9(14) 27 (13) 0.7(0.2,24) 09(0.2,3.5)
>3 8(5) 21 (4 1.8(0.7,4.8) 1.4(0.5,3.8) 9 (14) 52 39(0.8,18.1) 4.7 (0.9, 24.1)
p-trend 0.3 0.6 0.01 0.02
Pattern of drinking
Lifetime binge alcohol 24 (59) 64 (44) 1.8(09,3.7) 1.7(08,3.7) 15(75) 27 (73) 1.1(0.3,3.8) 1.9(04,8.9
consumption > 1/month
First age at binge drinking, years
<20 9(22) 22(15) 2.1(0.8,54) 2.1(0.7,6.1) 315 1232 -° -
21-30 9(22) 19(13) 23(0.9,6.00 24(0.9,6.5) 5(25) 8(22) 1.1(0.2,5.5 2904, 21)
3140 6 (15) 23(16) 1.2(0.4,3.5 1.1(04,3.2) 7 (35) 7(19) 2.1(0.5,94) 4.3(0.6,29.4)
p-trend 0.3 0.5 - -
Interval between last binge drinking and diagnosis for cases or interview for controls, years
0-5 10 (24) 14 (10) 3.9 (1.4, 10.6) 3.6 (1.2,104) 4 (20) 7019 -° -
6-10 3(7) 86 -° -° 3 (15) 308 -° -
>10 11 27) 4229 13(05,29 1.2(0.5,3.0) 8(40) 17 (46) 09 (0.2,3.6) 13(0.2,7.1)
p-trend ¢ £
Drinks/day during binge drinking
5-9 14 (34) 46 (32) 1.5(0.7,3.3) 1.5(0.6,3.4) 6 (30) 15@41) 0.7(0.2,3.2) 1.1(0.2,6.9)
10-14 707 12(8) 29(1.0,8.5) 2.8(0.9,8.9) 3 (15) 6 (16) -° -
>14 3(7) 64 -° - 6 (30) 6 (16) 2.0(04,9.7) 3.9(0.6,25.2)
p-trend £ - - -
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Table 4 continued

Non-smokers® Smokers®
Case Control ~ OR OR? Case Control ORS¢ OR‘
(%) (%) (95% CI) (95% CI) (%) (%) (95% CI) (95% CI)
Frequency of binge drinking
<1/month 9(22) 2417 1.8(0.7,4.6) 1.7(0.6,4.6) 8 (40) 924 1.704,7.3) 3.7(0.6,22.8)
2-3/month 7(17) 19(13) 1.8(0.7,51) 1.8(0.6,5.5) 2 (10) 7019 -° -
>3/month 8(20) 20(14) 19(0.7,52) 1.8(0.6,5.0) 5(5) 11(30) 09(0.2,40) 13(0.2,7.8)
p-trend 0.1 0.1 -
Duration of binge drinking, years
1-5 5(12) 15(10) 1.6(0.5,52) 1.4 (0.4,4.8) 2 (10) 6(16) -° -
6-10 5(12) 18(12) 1.3(04,4.1) 1.2(04,3.8) 2 (10) 3(8) -° -
>10 14 (34) 3121 22@1.0,50) 23(09,55 11(55 18(49) 12(0.3,44) 25(0.5,13.1)
p-trend 0.07 0.09 = =

ClI, confidence interval; OR, odds ratio

Bold indicates that 95% confidence interval for point estimate did not cross 1, or p value < 0.05

* Non-smoker group includes lifetime non-smokers, as well as smokers who quit >15 years prior to interview

® Smoker group includes current cigarette, pipe, and/or cigar smokers and those who quit <15 years prior to interview

¢ Adjusted for age (continuous)

4" Additionally adjusted for energy intake (kcal/day, men: 50 percentile), body mass index (<25, >25.0 kg/m?), race (white, black/African
American, and Asian/Pacific Islander/others), binge drinking (in models of lifetime alcohol consumption), lifetime alcohol consumption (in
models of binge drinking), education (<=high school, 1-4 years college/graduate), history of diabetes (yes, no), and physical activity (30-min

moderate exercise: <4/month, >2/week)

¢ OR and CI not presented when <5 observations

pooling of data from never smokers with those who quit
smoking over 15 years prior to interview; this may have
biased our estimates comparing risk among non-smokers to
smokers toward finding a smaller risk difference than
actually present. However, because there was a small
sample of never smokers, and the ability to adjust for more
detailed smoking characteristics (such as pack-years of
smoking) was limited, it is possible that residual con-
founding due to smoking cannot be completely excluded.

Unmeasured molecular and genetic characteristics
within individuals and their cancers also may explain some
discordant observations. For example, particular mutations
in the K-ras oncogene may be more common in alcohol
consumers with pancreatic cancers, and may be initiating
or end mediators of pancreas cancer associated with heavy
alcohol exposure [23, 64, 65].

Misclassification of alcohol consumption related to
recall bias or inadequate measurement of detailed alcohol
consumption over time may be a more likely explanation
for the discordant published results. The potential for recall
bias is inherent to all retrospective studies and also has
been noted in several prospective cohort studies [9, 10, 12,
20, 21]. The extensive measures taken in our study to
diminish the effects of recall bias are noted below.

Measurement error with respect to characterization of the
dose, duration, and pattern of alcohol consumption may

@ Springer

explain some discordant findings between alcohol
consumption and pancreatic cancer risk [40]. Few popula-
tion-based studies have analyzed the relationship between
pancreas cancer and binge alcohol consumption [6, 14, 16,
61]. Of these, one study observed that increased risks were
mainly in the highest categories of alcohol consumption, and
were stronger among African Americans than for whites
[16]. Although the authors reported no association between
pancreatic cancer and binge drinking [16], the definition of
binge drinking that was used (>3 drinks/week) was lower
than that used in our analyses based upon the United States
Behavioral Risk Factor Surveillance System study [50, 51].
Our observation that binge drinking (>5 drinks/episode,
>70 g of alcohol)—even when occurring years before
diagnosis or among moderate alcohol consumers—was
associated with increased cancer risk, suggests that the
pattern of drinking may be an important mediator of effect.
Averaging alcohol exposure over weeks, months, or years,
classifying consumption into broad categories, and/or
computing lifetime alcohol exposures to measure total
consumption, may not accurately assess toxicity that results
from high and/or binge doses of alcohol. Thus, use of these
methods may limit the ability to identify associations
between alcohol exposure and pancreatic cancer.

Several biologic mechanisms have been proposed to
explain the observed increased risk of pancreatic cancer
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Table 5 Association between alcohol consumption and pancreatic cancer among male current smokers in a population-based case—control study

in the San Francisco Bay Area, California, 1995-1999

Male current smokers

Case (%) Control (%) OR? (95% CI) OR" (95% CI)
Dose and duration of alcohol consumption
Lifetime < 1 drink/month or past 20 years prior 12 (16) 39 (33) 1.0 1.0
to interview < 4 drinks/week (referent)
Lifetime, drinks/week
<14 15 (19) 31 (26) 1.6 (0.6, 3.8) 1.6 (0.6, 4.0)
15-21 10 (13) 14 (12) 2.3 (0.8, 6.5) 2.3 (0.8, 6.9)
22-35 20 (26) 18 (15) 3.6 (1.5,9.1) 3.1 (1.2,7.9)
>35 19 (25) 14 (12) 44 (1.7, 11) 4.1 (1.5, 11)
p-trend 0.003 0.02
Past 20 years, drinks/week
5-14 16 (21) 31 (26) 1.7 (0.7, 4.1) 1.7 (0.7, 4.3)
15-21 11 (14) 18 (15) 2.0(0.7,5.4) 1.7 (0.6, 4.9)
22-35 17 (22) 14 (12) 4.0 (1.5, 10) 3.501.3,94)
>35 20 (26) 14 (12) 4.6 (1.8, 12) 4.2 (1.6, 12)
p-trend 0.003 0.002
Decades with > 21 drink/week
<1 16 (21) 30 (26) 1.7 (0.7, 4.1) 1.5 (0.6, 3.9)
1-2 16 (21) 23 (20) 22(0.9,5.4) 2.3 (0.9, 6.0)
>3 33 (43) 24 (21) 4.6 (2.0, 11) 4.1 (1.7,9.9)
p-trend 0.0002 0.001
Decades with > 35 drink/week
<1 32 (42) 47 (40) 2.2 (1.0, 4.9) 2.0 (0.9, 4.6)
12 18 (23) 18 (15) 3.2 (1.3,8.1) 3.2(1.2,84)
>3 15 (19) 12 (10) 4.1 (1.5, 11) 3.6 (1.2, 10)
p-trend .03 0.08
Pattern of drinking
Lifetime binge alcohol consumption > 1/month 21 (84) 23 (59) 3.8 (1.1, 14) 5.2 (1.2, 22)
First age at binge drinking, years
<20 6 (24) 6 (15) 3.9 (0.8, 19) 5.0 (0.8, 30)
21-30 4 (16) 9 (23) - =€
3140 11 (44) 8 (21) 5.1 (1.2, 21) 6.6 (1.3, 35)
p-trend € €
Interval between last binge drinking and diagnosis
for cases or interview for controls, years
0-5 4 (16) 10 (26) 1.8 (0.3, 9.1) 1.7 (0.3, 11)
6-10 7(28) 3(8) - -
>10 10 (40) 9 (23) 4.5 (1.0, 19) 8.7 (1.5, 51)
p-trend _c €
Drinks/day during binge drinking
5-9 7 (28) 9 (23) 3.6 (0.8, 17) 3.9 (0.7, 22)
10-14 5 (20) 8 (21) 2.5 (0.5, 12) 4.2 (0.7, 25)
>14 9 (36) 6 (15) 5.6 (1.2, 26) 9.5 (1.4, 64)
p-trend 0.03 0.01
Frequency of binge drinking
<1/month 7 (28) 6 (15) 4.5 (0.9, 22) 5.2 (0.9, 31)
2-3/month 4 (16) 4 (10) € <
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Table 5 continued

Male current smokers

Case (%) Control (%) OR? (95% CI) OR® (95% CI)
>3/month 10 (40) 12 31) 3.8 (0.9, 16) 5.0 (1.0, 26)
p-trend 0.1 0.06

Duration of binge drinking, years

1-5 3(12) 5 (13) € <
6-10 5 (20) 10 (26) 2.1 (0.4, 10) 2.8 (0.5, 17)
>10 13 (52) 8 (21) 6.2 (1.5, 26) 9.5 (1.8, 50)
p-trend € €

ClI, confidence interval; OR, odds ratio

Bold indicates that 95% confidence interval for point estimate did not cross 1, or p value < 0.05

* Adjusted for age (continuous)

° Additionally adjusted for energy intake (kcal/day, men: 50 percentile), body mass index (<25, >25.0 kg/m2), race (white, black/African
American, and Asian/Pacific Islander/others), education (<high school, 1-4 years college/graduate), binge drinking (in models of lifetime
alcohol consumption), lifetime alcohol consumption (in models of binge drinking), history of diabetes (yes, no), and physical activity (30-min

moderate exercise: <4/month, >2/week)

€ OR and CI not presented when <5 observations

related to heavy alcohol consumption. Alcohol may initiate
inflammatory responses that result in overt chronic pan-
creatitis or diabetes mellitus, perhaps via induction of
mitogenic stimuli [22, 23]. Alcohol consumption also may
lead to asymptomatic chronic pancreatitis that then leads to
pancreatic cancer [66—71], although the prevalence of the
history of pancreatitis is small in the overall population of
pancreatic cancer patients. In addition, oxidative and non-
oxidative pancreatic damage due to metabolism of alcohol
can initiate inflammatory and fibrotic cascades that may
result in subsequent carcinogenesis [22]. Further detailed
study of alcohol consumption, including dose, duration,
and pattern of exposure, is needed to discern the biologic
mechanisms that are important in pancreatic cancer
development.

A null or protective association for alcohol and pan-
creatic cancer among women has been noted in most, [6, 9,
10, 14, 17, 24,27, 28, 36, 38, 39, 41, 42, 55, 56, 59, 61, 62],
but not all [16, 20, 34, 37] earlier studies. In our study, the
proportion of women who reported heavy and/or binge
drinking was much lower than for men. Therefore, the lack
of an observed association may be attributable to sample
size constraints. Further research is necessary to understand
differences in pancreatic cancer risk between men and
women.

Possible limitations of case—control studies should be
considered when interpreting our results. Recall bias may
be a problem in studies that query people about past events,
although the effects of recall bias may have been dimin-
ished by requesting that participants report detailed alcohol
consumption in multiple ways and over multiple time
periods. Interviewers were highly trained and monitored to
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avoid interviewer bias and data were collected using a
standardized questionnaire that included recent and past
exposures. Because our results showed consistent trends
between pancreatic cancer and dose and duration of alcohol
exposure and, as noted earlier, underreporting would have
diminished the risk estimates toward the null, recall bias
may have had limited influence. Although rapid case
ascertainment methods were used, similar to other popu-
lation-based studies of pancreatic cancer, a large number of
patients had died prior to initial contact due to the
aggressive nature of the disease. The potential effect of
these non-interviewed patients on risk estimates is
unknown, as alcohol consumption data were not available
for non-interviewed cases who died shortly after diagnosis.
Our prior comparison of demographic data from SEER
abstracts for interviewed and non-interviewed cases who
were identified as part of our study showed that non-
interviewed cases tended to be slightly older, with a
slightly greater proportion of women than men, somewhat
more minorities, fewer known tumor characteristics, and
shorter survival times [44].

In summary, our findings support an association
between heavy alcohol consumption and pancreatic cancer
among men that may be mediated by dose, duration, and
pattern of alcohol consumption, including binge drinking.
If the observed relationship with heavy alcohol consump-
tion and binge drinking is confirmed by other large studies
that have collected detailed alcohol exposure data, targeted
interventions to reduce heavy drinking and binge drinking
(which is prevalent and increasing in frequency [51, 72])
may be of even greater importance than previously rec-
ognized. The difficulty of early diagnosis, and the rapid
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progression from diagnosis to death calls for concerted
cancer prevention efforts to identify and intervene on all
potentially modifiable risk factors for pancreatic cancer,
including alcohol consumption.

Acknowledgments This work was supported in part by National
Cancer Institute grants CA59706, CA108370, CA109767, CA89726
(E. A. Holly, PI), and by the Rombauer Pancreatic Cancer Research
Fund. Cancer incidence data collection was supported by the Cali-
fornia Department of Public Health, the National Cancer Institute’s
Surveillance, Epidemiology and End Results Program contract NO1-
PC-35136 awarded to the Northern California Cancer Center. The
work was also supported by National Institutes of Health grant
number 1 KL2 RR024983-01, titled, “North and Central Texas
Clinical and Translational Science Initiative” (Milton Packer, M.D.,
PI) from the National Center for Research Resources (NCRR), a
component of the National Institutes of Health (NIH) and NIH
Roadmap for Medical Research, and its contents are solely the
responsibility of the authors and do not necessarily represent the
official view of the NCRR or NIH. Information on NCRR is available
at http://www.ncrr.nih.gov/. Information on Re-engineering the
Clinical Research Enterprise can be obtained from http://nihroadmap.
nih.gov/clinicalresearch/overview-translational.asp.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ (2009) Cancer
statistics, 2009. CA Cancer J Clin 59(4):225-249
2. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer
statistics, 2002. CA Cancer J Clin 55(2):74-108
3. Bueno de Mesquita HB, Maisonneuve P, Moerman CJ, Runia S,
Boyle P (1992) 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
50(4):514-522
4. Norell SE, Ahlbom A, Erwald R, Jacobson G, Lindberg-Navier I,
Olin R et al (1986) Diet and pancreatic cancer: a case—control
study. Am J Epidemiol 124(6):894-902
5. Lyon JL, Mahoney AW, French TK, Moser R Jr (1992) Coffee
consumption and the risk of cancer of the exocrine pancreas: a
case—control study in a low-risk population. Epidemiology
3(2):164-170
6. Mack TM, Yu MC, Hanisch R, Henderson BE (1986) Pancreas
cancer and smoking, beverage consumption, and past medical
history. J Natl Cancer Inst 76(1):49-60
7. Farrow DC, Davis S (1990) Risk of pancreatic cancer in relation
to medical history and the use of tobacco, alcohol and coffee. Int
J Cancer 45(5):816-820
8. Jain M, Howe GR, St. Louis P, Miller AB (1991) Coffee and
alcohol as determinants of risk of pancreas cancer: a case—control
study from Toronto. Int J Cancer 47(3):384-389
9. Michaud DS, Giovannucci E, Willett WC, Colditz GA, Fuchs CS
(2001) Coffee and alcohol consumption and the risk of pancreatic
cancer in two prospective United States cohorts. Cancer
Epidemiol Biomarkers Prev 10(5):429-437
10. Inoue M, Tajima K, Takezaki T, Hamajima N, Hirose K, Ito H
et al (2003) Epidemiology of pancreatic cancer in Japan: a nested

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

case—control study from the Hospital-based Epidemiologic
Research Program at Aichi Cancer Center (HERPACC). Int J
Epidemiol 32(2):257-262

Baghurst PA, McMichael AJ, Slavotinek AH, Baghurst KI, Boyle
P, Walker AM (1991) A case—control study of diet and cancer of
the pancreas. Am J Epidemiol 134(2):167-179

Lin Y, Tamakoshi A, Kawamura T, Inaba Y, Kikuchi S, Mot-
ohashi Y et al (2002) A prospective cohort study of cigarette
smoking and pancreatic cancer in Japan. Cancer Causes Control
13(3):249-254

Ghadirian P, Simard A, Baillargeon J (1991) Tobacco, alcohol,
and coffee and cancer of the pancreas. A population-based, case—
control study in Quebec, Canada. Cancer 67(10):2664-2670

Ji BT, Chow WH, Dai Q, McLaughlin JK, Benichou J, Hatch MC
et al (1995) Cigarette smoking and alcohol consumption and the
risk of pancreatic cancer: a case—control study in Shanghai,
China. Cancer Causes Control 6(4):369-376

Olsen GW, Mandel JS, Gibson RW, Wattenberg LW, Schuman
LM (1989) A case—control study of pancreatic cancer and ciga-
rettes, alcohol, coffee and diet. Am J Public Health 79(8):
1016-1019

Silverman DT, Brown LM, Hoover RN, Schiffman M, Lillemoe
KD, Schoenberg JB et al (1995) Alcohol and pancreatic cancer in
blacks and whites in the United States. Cancer Res 55(21):
4899-4905

Villeneuve PJ, Johnson KC, Hanley AJ, Mao Y (2000) Alcohol,
tobacco and coffee consumption and the risk of pancreatic can-
cer: results from the Canadian Enhanced Surveillance System
case—control project. Canadian Cancer Registries Epidemiology
Research Group. Eur J Cancer Prev 9(1):49-58

Partanen TJ, Vainio HU, Ojajarvi IA, Kauppinen TP (1997)
Pancreas cancer, tobacco smoking and consumption of alcoholic
beverages: a case—control study. Cancer Lett 116(1):27-32
Zatonski WA, Boyle P, Przewozniak K, Maisonneuve P, Drosik
K, Walker AM (1993) Cigarette smoking, alcohol, tea and coffee
consumption and pancreas cancer risk: a case—control study from
Opole, Poland. Int J Cancer 53(4):601-607

Harnack LJ, Anderson KE, Zheng W, Folsom AR, Sellers TA, Kushi
LH (1997) Smoking, alcohol, coffee, and tea intake and incidence of
cancer of the exocrine pancreas: the lowa Women’s Health Study.
Cancer Epidemiol Biomarkers Prev 6(12):1081-1086

Zheng W, McLaughlin JK, Gridley G, Bjelke E, Schuman LM,
Silverman DT et al (1993) A cohort study of smoking, alcohol
consumption, and dietary factors for pancreatic cancer (United
States). Cancer Causes Control 4(5):477-482

Go VL, Gukovskaya A, Pandol SJ (2005) Alcohol and pancreatic
cancer. Alcohol 35(3):205-211

Welsch T, Kleeff ], Seitz HK, Buchler P, Friess H, Buchler MW
(2006) Update on pancreatic cancer and alcohol-associated risk. J
Gastroenterol Hepatol 21(Suppl 3):S69-S75

Bouchardy C, Clavel F, La Vecchia C, Raymond L, Boyle P
(1990) Alcohol, beer and cancer of the pancreas. Int J Cancer
45(5):842-846

Kalapothaki V, Tzonou A, Hsieh CC, Toupadaki N, Karakatsani
A, Trichopoulos D (1993) Tobacco, ethanol, coffee, pancreatitis,
diabetes mellitus, and cholelithiasis as risk factors for pancreatic
carcinoma. Cancer Causes Control 4(4):375-382

Soler M, Chatenoud L, La Vecchia C, Franceschi S, Negri E
(1998) Diet, alcohol, coffee and pancreatic cancer: final results
from an Italian study. Eur J Cancer Prev 7(6):455-460

Tavani A, Pregnolato A, Negri E, La Vecchia C (1997) Alcohol
consumption and risk of pancreatic cancer. Nutr Cancer
27(2):157-161

Clavel F, Benhamou E, Auquier A, Tarayre M, Flamant R (1989)
Coffee, alcohol, smoking and cancer of the pancreas: a case—
control study. Int J Cancer 43(1):17-21

@ Springer


http://www.ncrr.nih.gov/
http://nihroadmap.nih.gov/clinicalresearch/overview-translational.asp
http://nihroadmap.nih.gov/clinicalresearch/overview-translational.asp

1058

Cancer Causes Control (2010) 21:1047-1059

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Durbec JP, Chevillotte G, Bidart JM, Berthezene P, Sarles H
(1983) Diet, alcohol, tobacco and risk of cancer of the pancreas: a
case—control study. Br J Cancer 47(4):463—470

Cuzick J, Babiker AG (1989) Pancreatic cancer, alcohol, diabetes
mellitus and gall-bladder disease. Int J Cancer 43(3):415-421
Gold EB, Gordis L, Diener MD, Seltser R, Boitnott JK, Bynum
TE et al (1985) Diet and other risk factors for cancer of the
pancreas. Cancer 55(2):460-467

Shibata A, Mack TM, Paganini-Hill A, Ross RK, Henderson BE
(1994) A prospective study of pancreatic cancer in the elderly. Int
J Cancer 58(1):46-49

Hiatt RA, Klatsky AL, Armstrong MA (1988) Pancreatic cancer,
blood glucose and beverage consumption. Int J Cancer
41(6):794-797

Ye W, Lagergren J, Weiderpass E, Nyren O, Adami HO, Ekbom
A (2002) Alcohol abuse and the risk of pancreatic cancer. Gut
51(2):236-239

Thygesen LC, Mikkelsen P, Andersen TV, Tonnesen H, Juel K,
Becker U et al (2009) Cancer incidence among patients with
alcohol use disorders—long-term follow-up. Alcohol Alcohol
44(4):387-391

Jiao L, Silverman DT, Schairer C, Thiebaut AC, Hollenbeck AR,
Leitzmann MF et al (2009) Alcohol use and risk of pancreatic
cancer: the NIH-AARP Diet and Health Study. Am J Epidemiol
169(9):1043-1051

Genkinger JM, Spiegelman D, Anderson KE, Bergkvist L,
Bernstein L, van den Brandt PA et al (2009) Alcohol intake and
pancreatic cancer risk: a pooled analysis of fourteen cohort
studies. Cancer Epidemiol Biomarkers Prev 18(3):765-776
Rohrmann S, Linseisen J, Vrieling A, Boffetta P, Stolzenberg-
Solomon RZ, Lowenfels AB et al (2009) Ethanol intake and the
risk of pancreatic cancer in the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC). Cancer Causes Control
20(5):785-794

Tramacere I, Scotti L, Jenab M, Bagnardi V, Bellocco R, Rota M
et al (2009) Alcohol drinking and pancreatic cancer risk: a meta-
analysis of the dose-risk relation. Int J Cancer 126(6):1474-1486
Johansen D, Borgstrom A, Lindkvist B, Manjer J (2009) Different
markers of alcohol consumption, smoking and body mass index
in relation to risk of pancreatic cancer. A prospective cohort study
within the Malmo Preventive Project. Pancreatology 9(5):
677-686

Heinen MM, Verhage BA, Ambergen TA, Goldbohm RA, van
den Brandt PA (2009) Alcohol consumption and risk of pancre-
atic cancer in the Netherlands cohort study. Am J Epidemiol
169(10):1233-1242

Allen NE, Beral V, Casabonne D, Kan SW, Reeves GK, Brown A
et al (2009) Moderate alcohol intake and cancer incidence in
women. J Natl Cancer Inst 101(5):296-305

Chan JM, Wang F, Holly EA (2005) Vegetable and fruit intake
and pancreatic cancer in a population-based case—control study in
the San Francisco bay area. Cancer Epidemiol Biomarkers Prev
14(9):2093-2097

Eberle CA, Bracci PM, Holly EA (2005) Anthropometric factors and
pancreatic cancer in a population-based case—control study in the
San Francisco Bay area. Cancer Causes Control 16(10):1235-1244
Holly EA, Eberle CA, Bracci PM (2003) Prior history of allergies
and pancreatic cancer in the San Francisco Bay area. Am J
Epidemiol 158(5):432-441

Holly EA, Chaliha I, Bracci PM, Gautam M (2004) Signs and
symptoms of pancreatic cancer: a population-based case—control
study in the San Francisco Bay area. Clin Gastroenterol Hepatol
2(6):510-517

Hoppin JA, Tolbert PE, Holly EA, Brock JW, Korrick SA,
Altshul LM et al (2000) Pancreatic cancer and serum organo-
chlorine levels. Cancer Epidemiol Biomarkers Prev 9(2):199-205

@ Springer

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Wang F, Gupta S, Holly EA (2006) Diabetes mellitus and pan-
creatic cancer in a population-based case—control study in the San
Francisco Bay Area, California. Cancer Epidemiol Biomarkers
Prev 15(8):1458-1463

Slebos RJ, Hoppin JA, Tolbert PE, Holly EA, Brock JW, Zhang
RH et al (2000) K-ras and p53 in pancreatic cancer: association
with medical history, histopathology, and environmental expo-
sures in a population-based study. Cancer Epidemiol Biomarkers
Prev 9(11):1223-1232

Wechsler H, Nelson TF (2001) Binge drinking and the American
college student: what’s five drinks? Psychol Addict Behav
15(4):287-291

Naimi TS, Brewer RD, Mokdad A, Denny C, Serdula MK, Marks
JS (2003) Binge drinking among US adults. JAMA 289(1):70-75
Chan JM, Wang F, Holly EA (2007) Whole grains and risk of
pancreatic cancer in a large population-based case—control study
in the San Francisco Bay Area, California. Am J Epidemiol
166(10):1174-1185

Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB,
Willett WC (1992) Reproducibility and validity of an expanded
self-administered semiquantitative food frequency questionnaire
among male health professionals. Am J Epidemiol 135(10):
1114-1126 discussion 1127-1136

Talamini G, Bassi C, Falconi M, Sartori N, Salvia R, Rigo L et al
(1999) Alcohol and smoking as risk factors in chronic pancreatitis
and pancreatic cancer. Dig Dis Sci 44(7):1303-1311

Mizuno S, Watanabe S, Nakamura K, Omata M, Oguchi H,
Ohashi K et al (1992) A multi-institute case—control study on the
risk factors of developing pancreatic cancer. Jpn J Clin Oncol
22(4):286-291

Falk RT, Pickle LW, Fontham ET, Correa P, Fraumeni JF Jr
(1988) Life-style risk factors for pancreatic cancer in Louisiana: a
case—control study. Am J Epidemiol 128(2):324-336

Lee CT, Chang FY, Lee SD (1996) Risk factors for pancreatic
cancer in orientals. J Gastroenterol Hepatol 11(5):491-495
Manousos O, Trichopoulos D, Koutselinis A, Papadimitriou C,
Polychronopoulou A, Zavitsanos X (1981) Epidemiologic char-
acteristics and trace elements in pancreatic cancer in Greece.
Cancer Detect Prev 4(1-4):439-442

Gullo L, Pezzilli R, Morselli-Labate AM (1995) Coffee and
cancer of the pancreas: an Italian multicenter study. The Italian
Pancreatic Cancer Study Group. Pancreas 11(3):223-229
Friedman GD, van den Eeden SK (1993) Risk factors for pan-
creatic cancer: an exploratory study. Int J Epidemiol 22(1):30-
37

Lin Y, Tamakoshi A, Kawamura T, Inaba Y, Kikuchi S, Mot-
ohashi Y et al (2002) Risk of pancreatic cancer in relation to
alcohol drinking, coffee consumption and medical history: find-
ings from the Japan collaborative cohort study for evaluation of
cancer risk. Int J Cancer 99(5):742-746

Stevens RJ, Roddam AW, Spencer EA, Pirie KL, Reeves GK,
Green J et al (2009) Factors associated with incident and fatal
pancreatic cancer in a cohort of middle-aged women. Int J Cancer
124(10):2400-2405

Heuch I, Kvale G, Jacobsen BK, Bjelke E (1983) Use of alcohol,
tobacco and coffee, and risk of pancreatic cancer. Br J Cancer
48(5):637-643

Malats N, Porta M, Corominas JM, Pinol JL, Rifa J, Real FX
(1997) Ki-ras mutations in exocrine pancreatic cancer: associa-
tion with clinico-pathological characteristics and with tobacco
and alcohol consumption. PANK-ras I Project Investigators. Int J
Cancer 70(6):661-667

Crous-Bou M, Porta M, Lopez T, Jariod M, Malats N, Morales E
et al (2009) Lifetime history of alcohol consumption and K-ras
mutations in pancreatic ductal adenocarcinoma. Environ Mol
Mutagen 50(5):421-430



Cancer Causes Control (2010) 21:1047-1059

1059

66.

67.

68.

69.

70.

Steer ML, Waxman I, Freedman S (1995) Chronic pancreatitis. N
Engl J Med 332(22):1482-1490

Karlson BM, Ekbom A, Josefsson S, McLaughlin JK, Fraumeni
JF Jr, Nyren O (1997) The risk of pancreatic cancer following
pancreatitis: an association due to confounding? Gastroenterol-
ogy 113(2):587-592

Bansal P, Sonnenberg A (1995) Pancreatitis is a risk factor for
pancreatic cancer. Gastroenterology 109(1):247-251

Ekbom A, McLaughlin JK, Karlsson BM, Nyren O, Gridley G,
Adami HO et al (1994) Pancreatitis and pancreatic cancer: a
population-based study. J Natl Cancer Inst 86(8):625-627
Lowenfels AB, Maisonneuve P, Cavallini G, Ammann RW,
Lankisch PG, Andersen JR et al (1993) Pancreatitis and the risk

71.

72.

of pancreatic cancer. International Pancreatitis Study Group. N
Engl J Med 328(20):1433-1437

Wiersema MJ, Hawes RH, Lehman GA, Kochman ML, Sherman
S, Kopecky KK (1993) Prospective evaluation of endoscopic
ultrasonography and endoscopic retrograde cholangiopancrea-
tography in patients with chronic abdominal pain of suspected
pancreatic origin. Endoscopy 25(9):555-564

Flowers NT, Naimi TS, Brewer RD, Elder RW, Shults RA, Jiles
R (2008) Patterns of alcohol consumption and alcohol-impaired
driving in the United States. Alcohol Clin Exp Res 32(4):
639-644

@ Springer



	Risk of pancreatic cancer by alcohol dose, duration,  and pattern of consumption, including binge drinking:  a population-based study
	Abstract
	Introduction
	Materials and methods
	Alcohol consumption
	Statistical methods

	Results
	Effect of alcohol dose and duration of consumption
	Binge drinking and risk
	Effect of dose and pattern of alcohol consumption stratified by smoking status
	Alcohol type and risk

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


