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Background: Heavy alcohol drinking has been related to pancreatic cancer, but the issue is still unsolved.
Methods: To evaluate the role of alcohol consumption in relation to pancreatic cancer, we conducted a pooled
analysis of 10 case—control studies (5585 cases and 11 827 controls) participating in the International Pancreatic
Cancer Case—-Control Consortium. We computed pooled odds ratios (ORs) by estimating study-specific ORs adjusted
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for selected covariates and pooling them using random effects models.

Results: Compared with abstainers and occasional drinkers (<1 drink per day), we observed no association for
light-to-moderate alcohol consumption (<4 drinks per day) and pancreatic cancer risk; however, associations were
above unity for higher consumption levels (OR = 1.6, 95% confidence interval 1.2-2.2 for subjects drinking >9 drinks
per day). Results did not change substantially when we evaluated associations by tobacco smoking status, or when
we excluded participants who reported a history of pancreatitis, or participants whose data were based upon proxy
responses. Further, no notable differences in pooled risk estimates emerged across strata of sex, age, race, study

type, and study area.

Conclusion: This collaborative-pooled analysis provides additional evidence for a positive association between heavy

alcohol consumption and the risk of pancreatic cancer.
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introduction

Cigarette smoking is an established risk factor for pancreatic
cancer [1], but it explains only a limited proportion of all
pancreatic cancers (i.e. about one in five cases) [2]. Among
other factors, some aspects of diet, nutrition, and body
composition—including obesity, diabetes, and possibly low
intake of fruit and vegetables and high intake of (cooked)
meat—have been associated with an increased pancreatic
cancer risk [3-8]. Heavy alcoholic beverage consumption is

a common cause of chronic pancreatitis, mainly in men [9-11],
and pancreatitis is another recognized risk factor for pancreatic
cancer (4, 5, 12]. Thus, heavy alcohol consumption may be
associated with an increased risk of pancreatic cancer.

Most case—control studies [13—34] and at least seven cohort
studies conducted in Europe [35-39] and the United States [40,
41] have found no association between alcohol drinking and
the risk of pancreatic cancer, and an International Agency for
Research on Cancer (IARC) Monograph working group in
2007 concluded that there was an inadequate evidence for a role
of alcohol in pancreatic cancer in humans [42]. An excess risk
of pancreatic cancer in heavy drinkers, particularly in Blacks,
was suggested in a multicentric case—control study conducted
in the United States in the 1980s [43]. Some other case—control
[44—49] and cohort [50-54] studies that were able to assess
alcohol consumption in more detail reported increased risk of
pancreatic cancer among participants with the highest level of
alcohol consumption. However, most of these studies suffered
from small sample sizes and inadequate consideration of
potential confounding by tobacco smoking or presence of
chronic pancreatitis.

We conducted a pooled analysis of alcohol consumption
and pancreatic cancer risk using data from a large series of
pancreatic cancer case—control studies within the International
Pancreatic Cancer Case—Control Consortium (PanC4) [55, 56].
We examined the effect of type of alcoholic beverages and
evaluated whether the association between heavy alcohol intake
and pancreatic cancer risk was confounded/modified by
tobacco smoking or history of pancreatitis.

methods

studies
We identified 10 case—control studies of pancreatic cancer that collected
data on alcohol consumption using structured questionnaires. They
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included a total of 5585 participants with adenocarcinoma of the exocrine
pancreas and 11 827 controls [30, 32, 43, 47, 49, 57-60]. Characteristics of
each study and description of the exposure variables are given in the
supplemental Appendix S1 (available at Annals of Oncology online). For 155
cases and 150 controls in the Shanghai study [30], 63 cases in the Toronto
study [58], and 474 cases and 332 controls in the Surveillance of
Environmental Aspects Related to Cancer in Humans (SEARCH) study
[57], a proxy respondent was interviewed.

exposure variables
Questions about alcoholic beverage consumption were generally similar
across all studies. However, we conducted a careful and detailed examination
of the comparability of alcohol-related questions as part of our
harmonization of data from the multiple studies included in this pooled
analysis. Details about alcohol consumption data for each study are included
in the supplemental Appendix S1 (available at Annals of Oncology online).
In order to create uniform variables for alcohol consumption across all
studies, we converted the beverage volume of each alcoholic beverage
specified in the questionnaires into milliliters. For each type of alcoholic
beverage (beer, wine, or liquor), we calculated the cumulative lifetime
consumption of pure ethanol multiplying the volume of each alcoholic
beverage, by the duration of consumption, and the volume percentage of
pure ethanol (5% for beer, 12% for wine, and 40% for hard liquor). We
then computed the lifetime number of standardized drinks by dividing the
cumulative lifetime consumption of pure ethanol by 14.8 ml (i.e. the mean
volume of pure ethanol per drink across all alcoholic beverage types in the
10 studies). Finally, we computed average frequency of consumption of
each type of alcoholic beverage by dividing the lifetime number of
standardized drinks by the corresponding duration. For total alcohol, we
computed average frequency of consumption as the sum of the lifetime
number of standardized drinks for each type of alcoholic beverage divided
by the longest duration of consumption. When duration by type of
alcoholic beverage was not available [43, 58-60], we considered the
frequency of consumption only. For two studies that collected data about
alcohol use at different ages [57, 59], we also computed a mean frequency of
consumption and total duration as the sum of the age-specific durations.
For studies that provided information for various alcoholic beverages
within the same broad group (e.g. white and red wine or rice and fruit wine;
dinner drinks, grappa, whiskey, cognac, and brandy) [30, 49, 57], we
considered the sum of the frequencies and the longest duration of
consumption within each group.

statistical analysis

To estimate the association between alcohol consumption and pancreatic

cancer risk, we used a two-stage modeling approach [61]. At the first stage,
we assessed the association between alcohol consumption and pancreatic

cancer risk for each study by estimating the odds ratios (ORs) and the
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corresponding 95% confidence interval (CI) using unconditional logistic
regression models [62]. These models also included age (<45, 45-49, 50-54,
55-59, 60-64, 65-69, 7074, =75 years), sex, education (<8th grade,
9th—11th grade, 12th grade or high school graduates, some college or
college graduates, >1 year of graduate school), race/ethnicity (non-Hispanic
White, Hispanic, non-Hispanic Black, other), body mass index (BMI, <20,
20 to <25, 25 to <30, 230 kg/m2), history of diabetes (=1 year before
diagnosis), tobacco smoking (never smokers, smokers of products other
than cigarettes, excigarette smokers with >10 years since quitting,
excigarette smokers with 1 to <10 years since quitting, current cigarette
smokers of 1 to <20 cigarettes per day, current cigarette smokers of >20
cigarettes per day, as well as a continuous term for number of cigarettes),
and center, for multicentric studies. At the second stage of analysis,
summary effect estimates were computed using random effects models [63].
The study-specific ORs were weighted by the inverse of the sum of their
variance and the estimated between-study variance component.
Heterogeneity between studies was evaluated using a  statistic [64]. To
test for the significance of linear trends in pancreatic cancer risk across
levels of different variables of alcohol consumption, we first estimated the
trend in each study (by fitting a model including an ordinal variable, with
values corresponding to an increasing score for each level of the variable),
then we used a Wald test [61] to estimate the P value of the summary
variable, in random effects model.

To investigate whether the effect of heavy alcohol consumption was
homogenous in strata of selected covariates, we conducted analyses
stratified by sex, age (<65, 265 years), tobacco smoking (ever, former, and
current smokers of <20 cigarettes or of >20 cigarettes per day), race/
ethnicity (non-Hispanic White, non-Hispanic Black), study area (North
America, Europe), and source of controls (population, hospital).
Heterogeneity across strata was evaluated using a x> statistic [64].

We also conducted a sensitivity analysis to evaluate the influence of any
one study on the effect estimates. One study at a time was excluded from
the analysis model to assess the impact of that study upon the magnitude
and statistical significance of the overall summary estimate.

In addition to the two-stage analysis, we conducted an aggregate
analysis where data from all studies were pooled into a single large dataset
for the analysis [61]. The association between alcohol consumption and
pancreatic cancer risk was determined using unconditional multiple
logistic regression models [62], adjusted for study and the potential
confounding factors included in the study-specific models. We also
included in the models the interaction terms between study and all
confounding factors considered. The results were not substantially
different from those obtained in the main two-stage analysis approach
and therefore are not reported in detail.

results

Table 1 shows the distribution of sex, age, race, and other
selected variables for the total population of 5585 pancreatic
cancer cases and 11 827 controls. For both cases and controls,
57% of participants were men, whereas cases were somewhat
older than controls (median: 65 years for cases, 63 years for
controls). Cases reported higher education, higher BMI, and
a greater proportion of current and ex-smokers, of diabetics,
and of subjects with pancreatitis than controls.

ORs for pancreatic cancer associated with consumption of
total alcohol and for specific alcoholic beverages are presented
in Table 2. Compared with abstainers or occasional drinkers
(<1 drink per day), risk estimates were near unity for up to 4
drinks per day and above unity for participants who consumed
29 drinks per day (OR = 1.6, 95% CI 1.2-2.2). We also
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Table 1. Distribution of 5585 cases of pancreatic cancer and 11 827
controls according to sex, age, race, and other selected covariates included
in the International Pancreatic Cancer Case—Control Consortium

Characteristics Cases, 1% Controls, n%

Study, period [reference]

Italy, 1991-2008 [49] 322 (5.8) 652 (5.5)
LSU, 2001-2006 (unpublished data) 69 (1.2) 158 (1.3)
Mayo Clinic, 2000-2008 [60] 1137 (20.4) 1291 (10.9)
MD Anderson, 2004—2008 [47] 874 (15.6) 790 (6.7)
Milan, 1982-1999 [32] 362 (6.5) 1549 (13.1)
NCI, 19861989 [43] 493 (8.8) 2146 (18.1)
SEARCH, 1983-1989 [57] 810 (14.5) 1679 (14.2)
Shanghai, 1990-1993 [30] 451 (8.1) 1552 (13.1)
Toronto, 20032006 [58] 540 (9.7) 313 (2.7)
UCSF, 1995-1999 [59] 527 (9.4) 1697 (14.4)
Sex
Men 3149 (56.4) 6816 (57.6)
Women 2436 (43.6) 5011 (42.4)
Age (years)
<45 221 (3.9) 860 (7.3)
45-49 301 (5.4) 759 (6.4)
50-54 518 (9.3) 1284 (10.9)
55-59 792 (14.2) 1690 (14.3)
60—64 932 (16.7) 1820 (15.4)
65-69 1008 (18.0) 1986 (16.8)
70-75 943 (16.9) 1862 (15.7)
275 870 (15.6) 1566 (13.2)
Race/ethnicity
Non-Hispanic White 4594 (82.2) 8505 (71.9)
Hispanic 99 (1.8) 201 (1.7)
Non-Hispanic Black 304 (5.4) 1080 (9.1)
Others 584 (10.5) 1729 (14.6)
Missing 4 (0.1) 312 (2.6)
Education
8th grade or less 1281 (22.9) 3569 (30.2)
9th—11th grade 750 (13.4) 1586 (13.4)
12th grade or high school graduate 1144 (20.5) 1981 (16.7)
Some college or college graduate 1597 (28.6) 3116 (26.4)
21 year of graduate school 770 (13.8) 1488 (12.6)
Missing 43 (0.8) 87 (0.7)
Body mass index (kg/m’)
<20 417 (7.5) 1064 (9.0)
20 to <25 2090 (37.4) 5264 (44.5)
25 to <30 2011 (36.0) 4049 (34.2)
>30 985 (17.6) 1291 (10.9)
Missing 82 (1.5) 159 (1.3)
Tobacco smoking
Never smokers 2041 (36.5) 5126 (43.3)
Smokers other than 129 (2.3) 292 (2.5)
cigarettes
Cigarette smokers
Current smokers (cigarettes/day)
<20 998 (17.9) 2042 (17.3)
=20 445 (8.0) 558 (4.7)
Ex-smokers (years since quitting)
>10 1264 (22.6) 2547 (21.5)
<10 618 (11.1) 1127 (9.5)
Missing 90 (1.6) 135 (1.1)
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Table 1. (Continued)

Characteristics Cases, n% Controls, n%

History of diabetes

No 4381 (78.4) 10 782 (91.2)

Yes 1127 (20.2) 974 (8.2)

Missing 77 (1.4) 71 (0.6)
History of pancreatitis®

No 3825 (68.5) 9657 (81.7)

Yes 242 (4.3) 95 (0.8)

Missing 1518 (27.2) 2075 (17.5)

*No information was available in the Italian and Mayo Clinic study.

LSU, Louisiana State University; NCI, National Cancer Institute; SEARCH,
Surveillance of Environmental Aspects Related to Cancer in Humans;
UCSF, University of California, San Francisco.

considered total alcohol consumption after excluding 692 cases
and 482 controls for whom information was based on proxy
interview. All ORs were similar to those obtained in the overall
pooled dataset, i.e. the OR for 29 drinks per day was 1.9 (95%
CI 1.4-2.5). Results of sensitivity analyses showed that no single
study unduly influenced the magnitude or the statistical
significance of the summary estimates. In analyses by type of
alcohol, ORs were increased for participants who consumed
24 drinks of wine per day (OR = 1.5; 95% CI 1.0-2.1; P trend
0.02), whereas no excess risk was observed for consumption
of beer or hard liquor, although the data were sparse
(Table 2).

A forest plot of study-specific and pooled ORs for pancreatic
cancer risk associated with total alcohol consumption is presented
in Figure 1. The pooled OR was 0.9 (95% CI 0.7-1.2) for 1 to <4
drinks per day, 1.2 (95% CI 1.0-1.5) for 4 to <6 drinks per day,
and 1.5 (95% CI 1.2-1.8) for 26 drinks per day. ORs were elevated
for the highest category of alcohol consumption in six studies. In
the latter category, there was no evidence of between-study
heterogeneity (P = 0.18). Results of analyses excluding participants
with pancreatitis (OR = 1.4, 95% CI 1.1-1.7, for 26 drinks per
day) and data from proxy respondents (OR = 1.6, 95% CI 1.3-1.9,
for 26 drinks per day) were consistent with the overall results.

Additional analyses of total alcohol consumption (specifically
heavy drinking, i.e. 26 drinks per day) were stratified by sex, age,
tobacco smoking, race/ethnicity, study area, and source of controls
(Table 3). The associations appeared somewhat
stronger—although not significant—in Black than in White
subjects. No notable or significant differences in risk estimates
were observed by sex, age, study area, source of controls, or tobacco
smoking. Further, no differences in risk estimates were observed by
education, BMI, and history of diabetes (data not shown).

Data on duration of alcohol drinking were available in five
studies only [30, 32, 47, 49, 57] and showed no consistent
associations (OR = 0.9; 95% CI 0.7-1.1, for the highest
duration of consumption, 240 years) (data not shown).

discussion

This collaborative-pooled analysis of data from the PanC4
case—control studies provides additional evidence, and more
accurate quantitative estimates than previously available, on the
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Table 2. Pooled ORs and corresponding 95% Cls of pancreatic cancer
according to alcohol consumption in the International Pancreatic Cancer
Case—Control Consortium (PanC4).

Frequency, drinks Cases, n (%) Controls, n (%) OR® (95% CI)

per day®

Total alcohol
0 to <1 3587 (64.2) 7044 (59.5) 1 (Referent)
1to <2 693 (12.4) 1580 (13.4) 1.02 (0.76-1.37)
2 to <3 434 (7.8) 1149 (9.7) 0.91 (0.73-1.15)
3 to <4 230 (4.1) 637 (5.4) 0.93 (0.69-1.26)
4 to <5 229 (4.1) 541 (4.6) 1.26 (0.99-1.61)
5 to <6 88 (1.6) 245 (2.1) 1.14 (0.86-1.50)
6 to <7 80 (1.4) 171 (1.4) 1.59 (1.16-2.20)
7 to <8 46 (0.8) 4 (0.8) 1.30 (0.81-2.09)
8 to <9 61 (1.1) 156 (1.3) 1.25 (0.74-2.10)
>9 121 (2.2) 201 (1.7) 1.60 (1.16-2.22)
Missing 16 (0.3) 9 (0.1) -
P value for trend 0.302

Total alcohol®
0 to <1 3108 (63.5) 6698 (59.0) 1 (Referent)
1 to <2 613 (12.5) 1525 (13.4) 1.01 (0.74-1.38)
2 to <3 398 (8.1) 1105 (9.7) 0.96 (0.76-1.22)
3 to <4 194 (4.0) 621 (5.5) 0.88 (0.66-1.19)
4 to <5 205 (4.2) 536 (4.7) 1.20 (0.91-1.59)
5 to <6 76 (1.6) 243 (2.2) 1.13 (0.81-1.56)
6 to <7 75 (1.5) 170 (1.5) 1.63 (1.18-2.26)
7 to <8 44 (0.9) 93 (0.8) 1.34 (0.82-2.19)
8 to <9 56 (1.1) 153 (1.4) 1.27 (0.69-2.32)
>9 110 (2.3) 192 (1.7) 1.86 (1.40-2.47)
Missing 14 (0.3) 9(0.1) -
P value for trend 0.302

Wine only?
0 to <1°¢ 3317 (90.8) 5805 (85.2) 1 (Referent)
1 to <4 251 (6.9) 704 (10.3) 1.18 (0.91-1.52)
>4 87 (2.4) 307 (4.5) 1.46 (1.02-2.08)
P value for trend 0.017

Beer only?
0 to <1°¢ 3317 (96.7) 5805 (96.9) 1 (Referent)
1 to <4 78 (2.3) 143 (2.4) 0.81 (0.46—1.43)
>4 34 (1.0) 46 (0.8) 0.69 (0.41-1.17)
P value for trend 0.105

Liquor only®
0 to <1° 3317 (97.3) 5805 (96.9) 1 (Referent)
>1 93 (2.7) 188 (3.1) 1.13 (0.84-1.52)

"Derived from cumulative lifetime consumption for study providing
information (see ‘Methods’).

PPooled ORs were computed using random effects models. Study-specific
ORs were adjusted for age, sex, race/ethnicity, education, body mass index,
history of diabetes, tobacco smoking (in categories, plus a continuous
term), and center for multicentric studies.

“Excluding proxy interviews (692 cases and 482 controls).

4No information on type of alcoholic beverages was available in the NCI study.
“Abstainers or occasional drinkers of any kind of alcoholic beverages. OR, odds
ratio; CI, confidence interval; NCI, National Cancer Institute.

association between heavy alcohol consumption and the risk of
pancreatic cancer. Compared with abstainers or occasional
drinkers, ORs of pancreatic cancer were at or near unity for
participants who drank up to 4 drinks per day, and statistically
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Study Cases OR 95%Cl

1-<4 versus 0-<1 drinks/day
Ital 141 1.52 1.07-2.16
LS 8 1.06 0.36- 3.12
MaDyo 119  0.40 0.31-0.51 . 5
MD Anderson 202 1.31 1.01-1.70
Milan 146  0.91 0.66- 1.25
NCI 133 1.22 0.94- 1.58
Search 193 0.97 0.77-1.22
Shanghai 77 0.99 0.72-1.36
Toronto 156  0.78 0.54-1.12
UCSF . 182 1.05 0.83-1.33
Pooled estimate 1357  0.91 0.71-1.17 <

4-<6 versus 0-<1 drinks/day
Ita ly 47 1.88 1.13-3.13 —
LSU 2 0.43 0.07-2.67
Mayo 15 0.54 0.27-1.08 /1
MD Anderson 27 1.34 0.70- 2.56 T

ilan 68 1.29 0.87-1.92 T

NCI 34 1.47 0.95-2.27 =
Search 38  1.00 0.63-1.58 -
Shanghai 13 1.08 0.55-2.14 I
Toronto 28 1.33 0.60- 2.95
UCSF . 45 1.22 0.80-1.87 N
Pooled estimate 317  1.22 1.01-1.48 <>

6+ versus 0-<1 drinks/day
Ita ly 44 2.73 1.55-4.81 -
LSU 3 7.74 0.61-98.08
M%yo 16 1.02 0.43- 2.44 N
MD Anderson 39 1.12 0.66- 1.91 I
Milan 50 1.41 0.91-2.19 T
NCI 52 1.81 1.22-2.68 —8—
Search 37 0.99 0.61-1.61 —
Shanghai 8 0.96 0.39-2.35 S
Toronto 10 2.12 0.39-11.58
UCSF . 49 1.49 0.97-2.29 ™
Pooled estimate 308 1.46 1.16- 1.83 ==

I [ [ I
0.1 0.25 1 2 4 10
Odds Ratio

Figure 1. Study-specific and pooled odds ratios* (ORs) of pancreatic cancer according to total alcohol consumption in the International Pancreatic Cancer

Case—Control Consortium. *Pooled ORs were computed using random effects models. Study-specific ORs were adjusted for age, sex, race/ethnicity,

education, body mass index, history of diabetes, tobacco smoking (in categories, plus a continuous term), and center for multicentric studies. CI, confidence

interval; LSU, Louisiana State University; NCI, National Cancer Institute; SEARCH, Surveillance of Environmental Aspects Related to Cancer in Humans;

UCSF, University of California, San Francisco.

significantly above unity for higher intakes, with up to a 60%
increased risk among extremely heavy alcohol drinkers (=9
drinks per day). No consistent relation was observed for
duration of alcohol drinking using available data. This is not
surprising, since for oral cancer and other alcohol-related
neoplasms, the association between duration and risk is much
less consistent than that with dose [65-67].

Although the 2007 IARC Monograph Working Group
concluded that there was inadequate evidence for alcohol
carcinogenicity on pancreatic cancer [42], an association
between heavy alcohol consumption and risk of pancreatic
cancer has been reported in some case—control [43—49] and
cohort [50-54] studies. An JARC Monograph Working Group
in 2009 concluded that there was limited evidence for a causal
association between alcohol consumption and pancreatic
cancer risk [68], referring to a meta-analysis of 21 case—control
and 11 cohort studies [69] that showed an overall relative risk
(RR) of 0.92 for consumption of <3 drinks/day, but of 1.22
(95% CI 1.12-1.34) for higher consumption. Likewise, the
‘Pooling Project of Prospective Studies of Diet and Cancer’
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[70], which included 14 cohort studies for a total of 2187
incident cases, found no association up to 30 g/day of alcohol
consumption (~3 drinks/day) but a moderate positive
association for the highest category of consumption (RR =
1.22, 95% CI 1.03-1.45). Moreover, in that study, it was not
possible to investigate the higher consumption of alcohol (>3
drinks/day) due to the small number of heavy drinkers in
most (American) cohort studies. The Pancreatic Cancer
Cohort Consortium-nested case—control analysis based on
1530 pancreatic cases found no significant association
between total alcohol intake and pancreatic cancer risk; and
the OR was increased for the highest consumption though not
significantly (OR = 1.38, 95% CI 0.86-2.23 for 260 g/day)
[71]. However, that study did report a significant excess risk
for >45 g/day for liquor in men (OR = 2.23, 95% CI 1.02—
4.87), but the number of subjects in the various levels of
intake and analyses of type of beverages were too limited for
definitive conclusions.

Our results based on a reanalysis of original data from
a uniquely large pooled dataset provide additional data on
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Table 3. Pooled ORs and corresponding 95% Cls of pancreatic cancer according to alcohol consumption in strata of selected covariates in the

International Pancreatic Cancer Case—Control Consortium (PanC4)

Overall 3587 (64.4) 7044 (59.6)
Sex

Men 1675 (53.4) 3077 (45.2)

Women 1912 (78.7) 3967 (79.2)
Age (years)

<65 1676 (60.8) 3638 (56.8)

265 1911 (68.0) 3406 (63.0)
Cigarette smoking

Never smokers 1600 (78.6) 3890 (76.0)

Ex-smokers 1094 (58.4) 1785 (48.6)

Current smokers

<20 cigarettes/day 560 (56.2) 958 (46.9)
220 cigarettes/day 209 (47.2) 193 (34.6)

Race/ethnicity

Non-Hispanic White 2877 (62.8) 4747 (55.8)

Non-Hispanic Black 174 (57.6) 619 (57.4)
Study area

North America 2788 (68.8) 4523 (63.4)

Europe 374 (38.7) 1124 (39.0)
Sources of controls

Hospital 1173 (64.5) 1600 (45.8)

Population 2414 (64.4) 5444 (65.4)

308 (5.5) 622 (5.3) 1.46 (1.16-1.83)
283 (9.0) 590 (8.7) 1.43 (1.07-1.91) 0.708
25 (1.0) 32 (0.6) 1.64 (0.86=3.11)
208 (7.5) 423 (6.6) 1.55 (1.21-2.00) 0.600
100 (3.6) 199 (3.7) 1.37 (0.92-2.04)
32 (1.6) 105 (2.1) 1.31 (0.68-2.54) 0.677
117 (6.2) 214 (5.8) 1.67 (1.23-2.26)
76 (7.6) 172 (8.4) 1.46 (0.94-2.27)
72 (16.3) 109 (19.5) 0.99 (0.42-2.34)
259 (6.0) 475 (5.6) 1.48 (1.15-1.92) 0.523
32 (10.8) 104 (9.6) 1.83 (1.02-3.28)
191 (4.7) 323 (4.5) 1.32 (0.97-1.80) 0.157
107 (11.1) 272 (9.4) 1.96 (1.25-3.09)
110 (6.1) 269 (7.7) 1.66 (0.98-2.82) 0.519
198 (5.3) 353 (4.3) 1.37 (1.07-1.75)

*Derived from cumulative lifetime consumption for study providing information (see ‘Methods’).

®Pooled ORs were computed using random effects models. Study-specific ORs were adjusted for age, sex, race/ethnicity, education, body mass index, history

of diabetes, tobacco smoking (in categories, plus a continuous term), and center for multicentric studies.

OR, odds ratio; CI, confidence interval.

heavier alcohol consumption (i.e. 6—>9 drinks per day) and
pancreatic cancer risk. We also were uniquely able to evaluate
whether the association between (heavy) alcohol consumption
and pancreatic cancer risk was modified by pancreatitis or
tobacco smoking. More importantly, we were able to uniformly
define the modeling of the exposure, confounding, and
outcome variables [61]. Finally, our data harmonization and
pooling allowed more detailed adjustment for tobacco smoking
than in several individual studies and meta-analyses of alcohol
and pancreatic cancer risk.

Heavy alcohol consumption is a recognized cause of chronic
pancreatitis [9-11, 72], a known risk factor for pancreatic
cancer. In our dataset, 242 cases and 95 controls reported
a history of pancreatitis. Our results did not substantially
change when we excluded these individuals from the analysis.
Although several studies queried participants to ascertain
physician-diagnosed acute or chronic pancreatitis and number
of episodes, it is difficult to assess the validity of (self-reported)
information on pancreatitis, because of the potential
misclassification between the various forms of acute and
chronic pancreatitis, and obstructive pancreatitis resulting from
duct blockage due to the presence of a pancreatic tumor [73,
74]. To diminish the potential for reverse causation on effect
estimates, pancreatitis diagnosed in the short term (at least 1
year) before diagnosis/interview was not considered.
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Heavy alcohol drinking also may have a direct effect on
pancreatic carcinogenesis. Acetaldehyde [75]—the main
metabolite of ethanol—is a known carcinogen and the
induction of pancreatic injury from fatty acid ethyl esters [12,
76] and reactive oxygen species [77] are possible mechanisms
and might explain the association between heavy alcohol
drinking and pancreatic cancer.

Cigarette smoking is an established risk factor for pancreatic
cancer [1] and is often positively correlated with alcohol
drinking. In our analyses, the association between heavy alcohol
drinking and pancreatic cancer was consistently elevated among
ever, former, and current (moderate and heavy) smokers.
Interestingly, the magnitude of the effect was lowest among
heavy current smokers, moderate for never and current
moderate smokers, and greatest for ex-smokers. This result
argues against the hypothesis that the excess risk among heavy
drinkers is due to the correlation between heavy alcohol
drinking and heavy tobacco smoking. Furthermore, in
subanalyses that included studies with more detailed
information about tobacco smoking (frequency, duration, years
since quitting, and non-cigarette tobacco use), the magnitude of
the association between alcohol consumption and pancreatic
cancer risk was similar to the results that we reported for all
studies. Thus, residual confounding by tobacco smoking is an
unlikely explanation for the observed association between heavy
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alcohol consumption and pancreatic cancer risk. Our results also
show that other potential confounders such as age, sex, study
area, education, BMI, and history of diabetes appear to not
modify the effect of heavy alcohol consumption on pancreatic
cancer risk. The association with heavy alcohol drinking was
somewhat—although not significantly—stronger in Blacks than
in Whites. This was previously reported in an National Cancer
Institute-based study [43], which contributed about half of the
Blacks cases to the present pooled analysis in PanC4.

Both hospital- and population-based controls can introduce
selection bias, e.g. by inclusion or exclusion of alcohol-related
diseases in hospital controls, and by lower participation of
individuals with alcohol dependency in population-based
studies. In PanC4, three studies [32, 49, 60] used hospital
controls, one study selected controls from healthy individuals
accompanying subjects to the hospital/clinic [47], and six studies
[30, 43, 57-59] used general population controls. Our results
were consistent regardless of the source of study controls.

Recall bias and misclassification also may have affected our
results, particularly because alcohol drinking may be intentionally
or unintentionally underreported by participants and proxies.
However, our sensitivity analyses showed that it is unlikely that
less complete information collected from proxies influenced the
overall results. It is more difficult to assess whether differences in
social acceptance of alcohol consumption may have influenced
participants’ response to alcohol questions during in person
interviews. For three studies [32, 49, 59] included in the present
analysis, reproducibility and validity of alcohol drinking were
assessed and found satisfactory [78-80]. Although similar
information was not available for other studies, results from our
sensitivity analysis (i.e. excluding each study from the analyses)
showed no substantial change in the pooled risk estimates.

We applied the same estimate of ethanol content for each
type of alcoholic beverage across all studies. Although the
ethanol content of wine and beer is relatively consistent across
countries and regions in the world [75], there is a potential for
variation in ethanol content from (hard) liquors. However,
given the smaller number of liquor drinkers as compared with
wine and beer drinkers, and little difference in the number of
exclusive liquor drinkers by case—control status, this is not
likely to have substantially influenced our results.

In summary, the results of this pooled analysis of case—
control studies in PanC4 support a moderate increased risk of
pancreatic cancer with heavy daily alcohol consumption that is
in agreement with a previous pooled analysis of cohort studies
[70] and a recent meta-analysis of published case—control and
cohort studies [69]. Our data provide no evidence for a role of
light or moderate alcohol drinking in pancreatic carcinogenesis,
but rather, an increased risk only for heavy drinking, the effects
being independent from those of tobacco smoking.
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