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824 Alcohol drinking and liver cancer risk

similar classification was possible based on the type of
controls: hospital or community controls (35,37.40-
46,4849 51-56,58) (n=18) vs. patients with CLD
(39,47,50,56,57) or HBV carriers (36) (n = 6; one study (56)
included hospital controls as well) (Table 2). In six case—
control studies, both HCV and HBV infections were taken
into account or were controlled for (46,47,50,56—58).

A summary of the magnitude of association for the cohort
and case—control studies is shown in Tables 3 and 4,
respectively. Among all 22 cohort studies identified, nine
(13.16,21,23,24,27-30) reported strong positive associations
between alcohol drinking and liver cancer, three (14,19,32)
reported moderate positive associations and two reported
weak positive associations (26,34) (Tables 1 and 3), Of the
remaining eight studies, three (18,20,25) observed no associa-
tion and five (15,17.22,31,33) demonstrated weak to moder-
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mass index, serum
afbumin, bilirubin, ALT, HBsAg-negative.
prothrombin time,
platelets,
alpha-fetoprotein
HCY,

ey

itis C virus; anti-HBs, antibody to hepatitis

Age, sex, diabetes, body Al subjects wore

Conf

b-] | » ate inverse associations; such inverse associations were
T detected mostly in follow-up studies of patients with CLD
_'g =1 é L | E (particularly, cirrhotic patients) (15,17,22,33). In some
20 ‘Eﬂ b4 2 o cohort studies targeting mostly healthy subjects, the observed
§§§ = SE"@ 55 g Ea‘ : risk was higher in former lhaﬂl current d_rini.crs (19,31,32).

= weae =9 el Among the seven cohort studies in which mostly healthy

subjects were followed, five (13,14,16,19,32) revealed
at least weak positive associations, whereas eight
(21,23,24,27-30,34) out of the 14 follow-up studies of
patients with CLD showed such positive associations.

Among all 24 case—control studies identified, strong posi-
tive associations were found in 14 (35,36,40,42—-44 47 49—
51,54-56,58), moderate positive associations in four
(38,41.45,53) and a weak positive association in one (37)
(Tables 2 and 4), For the remainder, no association was
reported in four (39,46,48,52) and a moderate inverse associa-
tion was reported in one (57). In the 18 case—control studies
employing hospital or community controls, 15 (35,3740~
45,49,51,53-56,58) demonstrated at least weak positive
associations, whereas four (36,47,50,56) out of six case—
control studies using controls of CLD patients or HBV car-
riers afforded such positive associations.

Overall, about 60% of the cohort studies identified
reported weak to strong positive associations between
aleohol drinking and liver cancer risk, although all such
studies are done on mostly healthy subjects lacking infor-
mation on hepatitis virus infection. Since there is no reason
to consider that individuals with chronic HCV or HBV infec-
tion tend to consume more alcohol than those without,
potential confounding by such viral infection is unlikely to
explain the positive associations found. Cohort studies of
mostly healthy subjects demonstrated fairly consistent posi-
tive associations, yet several follow-up studies on CLD
patients (particularly, cirrhotic patients) reported no associa-
tion (18,20) or even inverse associations (15,17,22,33),
which may be due to the following reasons.

First, among CLD patients, the severity of liver disease
may confound the association with alcohol consumption. If
patients with more severe liver disease tend to drink less
alcohol at baseline for any reason (e.g. impaired liver
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Table 4. Summary of case —control studies on alcohol drinking and liver cancer among Japanese
Reference Study Srudy subjects Magnitude of
period i
Sex Age mnge  Number of cases Number of controls
(years)
Inaba et al (35) 1977-79  Men and women Not specified 62 62 Tttt
Oshima et al, (36) 1972-80  Men Not specified 20 40 111
Hiraga et al. (37) 1981-85  Men Not specified 78 8 ¥
Kiyosawa et al. (38) 1980-87 Men Not specified 36 { pimary liver cancer) 67 (exposed 10 thorotrast) -
20 (hepatocellular carcinoma) 67 (exposed to thomtrast) Tt
Kobayashi et al. (39) 197588  Men and women Not specified 48 40 (cirrhotic patients) -
Tsukuma ct al. (40) 1983-87  Men and women <74 129 266 ttt
Tanaka et al. (41) 1985—-89  Men and women 40-69 204 410 Tt
Hantake et al (42)  1980-90  Men Not specificd 145 8 T4t
Fubuda et al. (43) 1986-92  Men and women 40-69 368 485 Tttt
Yamaguchi (44) 1976-85  Men Not specified 466 466 ttt
(HHsAg-negative)
Une et al. (45) 1986-88  Men Not specified 96 L ] =
Women Not specified 37 40 tt
Tanaka et al. (46) 1992-93  Men and women 40-79 137 334 -
Chiba et al. (47) 1991-93  Men and women Not specified 76 128 (HCV-associated cirrhosis) 11t
Murita et al. (48) 1984-93  Men Not specified 66 132 -
Shibata ot al. (49) 1992-95  Men 40-69 15 115 hospital controls 1
115 community controls 111
Mukaiyn et al. (50)  1991-93  Men Not specified 104 104 (chronic liver discase) b 0 5
Takeshita et al. (51) 1993-96  Men Not specified 85 101 1t
Koide ¢t al. (52) 1904 Men and women 46-79 54 84 =
Tida et al. (53) 1999.2001 Men and women Not specified 495 194 11
Mutsuo ¢t al. (54) 19952000 Men 40-75 177 177 hespital controls 1t
177 commumity controls Tttt
Women 4073 45 149 hospital controls -
149 community controls -
Munaka et al. (55) 199798  Men and women 34-92 T8 138 11t
Sakamoto et al (56) 20012004 Men and women 3079 209 275 hospital controls ttt
38| patients with chronic liver disease 111
Fukushima et al. (57) 2001-2002 Men and women |7-85 73 253 (HCV-RNA-positive) H
Ohashi et al. (38) 19702002 Men and women Not specified 224 6dd Tttt
11t ply positive; 11, modenitely p 1, weakly positive; =, no iation; | §, modemicly inverse

function or physicians” advice), even in those with a similar
diagnosis (e.g. chronic hepatitis or cirrhosis), alcohol drink-
ing may seem to play no, or even protective, role, Second,
among cirrhotic patients, competing risks (i.e. deaths from
causes other than liver cancer) may be responsible. For
example, if cirrhotic patients with alcoholism continue to
drink heavily, they may die of hepatic failure or variceal
bleeding before the development of liver cancer. Third,
drinking habits at baseline among CLD patients may have
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changed substantially during follow-up, and the resultant
misclassification may have distorted a true association.
Fourth, alcohol consumption may actually play no important
role in the development of liver cancer from cirrhosis.
However, it appears difficult to differentiate these pos-
sibilitics by observational studies.

In some cohort studies based on mostly healthy subjects,
former drinkers experienced a higher risk of liver cancer
than never drinkers (19,31,32); in all such studies,
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information on hepatitis virus infection and the presence or
absence of CLD was missing. In this regard, a plausible
explanation is that former drinkers may have included high-
risk individuals such as hepatitis virus carriers and CLD
patients who had abstained from alcohol because of illness.

In the case—control studies identified, alcohol consump-
tion was almost consistently associated with increased liver
cancer risk. This was the case regardless of the type of con-
trols (mostly healthy subjects vs. CLD patients or hepatitis
virus carriers), and only one study on patients with chronic
hepatitis C reported an inverse association (57), which some-
what differs from the situation in the cohort studies. A pos-
sible change in recent drinking habits among CLD patients
can be taken into account in case—control studies, but not
usually in cohort studies, and this matter might partly
account for the above difference, although the exact reason
remains unknown.

Since about 90% of patients with HCC in Japan are known
to be chronically infected with HCV or HBV (6), the postula-
tion that heavy alcohol consumption causes alcoholic cirrhosis
and thereby leads to the development of HCC does not appear
to play a major role. Instead, the potential modifying effect of
alcohol on HCC risk among HCV- or HBV-infected individ-
uals is likely to be more important. In this connection, most
follow-up studies of patients with chronic hepatitis C over the
past decade showed fairly cc t positive associations
between alcohol drinking and HCC risk (21.24,27,28,30,34),
with few exceptions (33). It remains unclear to what extent
alcohol consumption increases the HCC risk among the
Japanese general population who are not infected with HCV
or HBY because no study exists on this issuc.

Potential mechanisms linking the use of alcohol with the
development of liver cancer are discussed elsewhere (3). As
for the role of alcohol among those with HCV infection,
which is the most important risk factor of HCC in Japan,
several mechanisms including increased viral replication,
enhanced HCV quasispecies complexity, increased liver-cell
death, suppression of immune responses, iron overload and
increased oxidative stress have been suggested (59,60).

The Japanese may be more susceptible than other ethnic
groups. to potential carcinogenic effects of alcohol because
about half of them represent heterozygous or homozygous
carriers of the inactive aldehyde dehydrogenase (ALDH) 2
allele (ALDH2*2) (9), who have an excessive accumulation
of acetaldehyde after alcohol intake; acetaldehyde has been
classified as being possibly carcinogenic to humans (10).
Epidemiologic data on the role of the ALDH2 genotype in
hepatocarcinogenesis has been conflicting (49,51,52,55,56,61).
Overall, no material differences have been observed in the
ALDH2 genotype distnibution between liver cancer patients
and control subjects, although two studies of relatively small
size reported a significantly increased risk among hetero-
zygous or homozygous carriers of ALDH2*2 (55,61). Two
studies suggested a significantly elevated risk of HCC for
ALDH2*2 carriers vs, non-carriers among drinkers, but not
among non-drinkers (55,56).
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The JTARC has concluded that there is sufficient evidence
for the carcinogenicity of ethanol in experimental animals
(3). Taken together, this systematic review confirms a bio-
logically plausible positive association between alcohol
drinking and liver cancer risk among the Japanese, and a
meta-analysis should be conducted to obtain summary esti-
mates for the overall magnitude of association. However, the
studies included in this review employed very different
categories of alcohol consumption (particularly in
reference categories), which has made a meaningful
meta-analysis unfeasible. A meta-analysis of several large-
cohort studies using common alcohol consumption cat-
egories is now underway, and we hope it will address the
above issue.

EVALUATION OF EVIDENCE ON ALCOHOL
DRINKING AND LIVER CANCER RISK
AMONG JAPANESE

From these results and based on assumed biological plausi-
bility as previously evaluated by the IARC (3), we conclude
that there is ‘convincing’ evidence that alcohol drinking
increases the risk of primary liver cancer among the
Japanese population. High-risk individuals such as patiems
with CLD and hepatitis virus carriers are strongly rec-
ommended to abstain from alcohol use,
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Colorectal cancer is an alcohol-related malignancy; however, the association appears to be stronger among
Asian populations with a relatively high prevalence of the slow-metabolizing aldehyde dehydrogenase variant. To
examine the association between alcohol consumption and colorectal cancer in Japanese, the authors analyzed
original data from five cohort studies that measured alcohol intake using validated questionnaires at baseline.
Hazard ratios were calculated in the individual studies, with adjustment for a common set of variables, and then
combined using a random-effects model. During 2,231,010 person-years of follow-up (ranging variously from 1988
to 2004), 2,802 colorectal cancer cases were identified. In men, multivariate-adjusted pooled hazard ratios for
alcohol intakes of 23-45.9 g/day, 46-68.9 g/day, 69-91.9 g/day, and >92 g/day, compared with nondrinking, were
1.42 (95% confidence interval (CI): 1.21, 1.66), 1.95 (95% CI: 1.53, 2.49), 2.15 (95% Cl: 1.74, 2.64), and 2.96 (95%
Cl: 2.27, 3.86), respectively (p for trend < 0.001). The association was evident for both the colon and the rectum.
A significant positive association was also observed in women. One fourth of colorectal cancer cases in men were
attributable to an alcohol intake of >23 g/day. An alcohol-colorectal cancer association seems to be more apparent
in Japanese than in Western populations. Whether this difference can be ascribed to genetic or environmental
factors needs to be clarified.

alcohol drinking; colonic neoplasms; colorectal neoplasms; rectal neoplasms

Abbreviations: Cl, confidence interval; HR, hazard ratio; JACC, Japan Collaborative Cohort Study; JPHC, Japan Public Health
Center-based Prospective Study.
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Colorectal cancer is a common malignancy in developed
countries (1). In Japan, after a marked increase over the last
several decades (2), the incidence of colorectal cancer is
currently among the highest in the world (1). Epidemiologic
data generally support the hypothesis that alcohol drinking
increases colorectal cancer risk (3-5), and in the latest eval-
uation by the International Agency for Research on Cancer,
colorectal cancer was added to the list of alcohol-related
malignancies (6, 7). However, the influence of alcohol
drinking could be greater among Asian populations because
of their relatively high prevalence of the slow-metabolizing
aldehyde dehydrogenase variant (8), which is associated
with increased blood levels of acetaldehyde, a potential car-
cinogen (9), after alcohol ingestion (10). In line with this
concern, in a meta-analysis of cohort studies, Moskal et al.
(5) reported a stronger association with alcohol drinking for
colon cancer (but not rectal cancer) in Asian studies as
compared with Western studies.

In our 2006 review of epidemiologic studies carried out
among Japanese (11), we identified a fairly consistent asso-
ciation between heavy alcohol intake and increased risk of
colorectal cancer, and in all recent cohort studies (12-15),
men in the highest category of alcohol intake have had
nearly twice the risk of colon cancer as men in the lowest
category. However, several issues remain unresolved. First,
because cutpoints for alcohol intake varied by study, we
were unable to obtain summary estimates according to
amount of alcohol consumed. Second, the association for
colon cancer appears to be more consistent than that for rectal
cancer, but random variation may account for the difference.
Third, the association was unclear among women, who con-
sumed much lower amounts of alcohol than men, on average.
From an international perspective, a seemingly stronger as-
sociation with alcohol drinking in Japanese may simply re-
flect greater alcohol intake among Japanese drinkers than
among their Western counterparts. A comparison of risks
incurred at identical levels of exposure is required for con-
firmation, To address these issues, we conducted a pooled
analysis of data from five large-scale cohort studies carried
out in Japan.

MATERIALS AND METHODS
Study population

In 2006, the Research Group for the Development and
Evaluation of Cancer Prevention Strategies in Japan initi-
ated a pooling project using original data from major cohort
studies to evaluate the association between lifestyle and
major forms of cancer in Japanese, in parallel with system-
atic reviews of the relevant literature. Topics for the pooled
analysis were determined on the basis of discussion among
all authors from the viewpoints of scientific and public
health importance. To maintain high quality and compara-
bility of data, we set inclusion criteria for the present pur-
pose a priori: population-based cohort studies that were
conducted in Japan, started between the mid-1980s and
the mid-1990s, included more than 30,000 participants, ob-
tained information on diet, including alcohol intake, using
a validated questionnaire or a similar one at baseline, and
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collected incidence data for colorectal cancer during the
follow-up period. We identified four ongoing studies that
met these criteria: 1) the Japan Public Health Center-based
Prospective Study (JPHC) (16), 2) the Japan Collaborative
Cohort Study (JACC) (17), 3) the Miyagi Cohort Study (18).
and 4) the Takayama Study (19). The JPHC was treated as
two independent studies (JPHC 1 and JPHC II) because of
a difference in the dietary questionnaires used: thus, data
from a total of five studies were analyzed. We excluded data
for subjects with extreme energy intakes (>3 standard de-
viations from the mean log-transformed energy intake in
each study), missing information on alcohol consumption,
or a history of cancer at baseline. Selected characteristics of
these studies are presented in table 1. Each study was ap-
proved by the relevant institutional ethical review board.
Results on the association between alcohol intake and colo-
rectal cancer risk in each cohort have been reported (12-15).
For the present analysis, we used updated data sets with an
extended follow-up period for JPHC I, JPHC 11, and JACC.

Case ascertainment

Subjects were followed from the baseline survey (JPHC I:
1990, JPHC 1II: 1993-1994, JACC: 1988-1990, Miyagi:
1990, Takayama: 1992) to the last date of follow-up for
incidence (JPHC I: 2004, JPHC II: 2004, JACC: 2001,
Miyagi: 2001, Takayama: 1999) in each study. Residence sta-
tus in each study, including survival, was confirmed through
the residential registry. Information on cancer diagnosis was
collected for the whole population in JPHC 1, JPHC I, and
the Miyagi Cohort Study; in these studies, cases were iden-
tified through active patient notification from major local
hospitals and/or through population-based cancer registries.
In the Takayama Study, active patient notification for co-
lorectal cancer was conducted by major local hospitals. In
JACC, because information on cancer diagnosis was col-
lected in 22 out of 45 study areas, we used data from those
22 areas only. Cases were coded using the International
Classification of Diseases for Oncology, Third Edition (20).
Each study also collected information about causes of death
from death certificates and coded them according to the /n-
ternational Classification of Diseases, Tenth Revision (21),
which was used to complement the hospital and registry
data on cancer diagnosis. The study outcome was defined
as incident colorectal cancer (International Classification of
Diseases for Oncology, Third Edition, codes C18.0-C18.9,
C19.9, and C20.9; International Classification of Diseases,
Tenth Revision, codes C18-C20) diagnosed during the
follow-up period of each study.

Assessment of alcohol intake

Alcohol drinking status was assessed by means of seli-
administered questionnaires at baseline. Although the style
of the questions differed by study, investigators in each
study were able to calculate average daily alcohol consump-
tion in grams of ethanol for regular drinkers on the basis of
beverage type, frequency, and amount. The questionnaire in
each study contained queries on the intake of alcoholic bev-
erages popular in Japan, including beer, sake, and shochu,
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but the style of the questions differed across studies. There-
fore, in the present study we used only total alcohol intake
from all beverages as the exposure. In Japan, the go is the most
commonly used unit of alcohol consumption: 1 go of sake
(Japanese wine), equivalent to 180 ml, contains approximately
23 g of ethanol. Consumption was divided into categories
using identical cutpoints across the studies (nondrinkers
(never and ex-drinkers), occasional drinkers (<once/week),
and regular drinkers (>once/week: for men, 0.1-22.9 g/day,
23-45.9 g/day, 46-68.9 g/day, 69-91.9 g/day, or >92 g/day:
for women, 0.1-22.9 g/day or >23 g/day)). Analysis using
the same exposure categories as those used in a pooled anal-
ysis among Western populations (22) was also conducted for
comparison. Correlation coefficients for the correlation be-
tween alcohol consumption estimated from the question-
naire and that from the dietary record were: JPHC—0.77
in men and 0.55 in women (23); Miyagi—0.77 in men and
0.71 in women (24); and Takayama—(0.72 in men and 0.64
in women (19). The JACC, for which information on the
validation of alcohol consumption was not available, uti-
lized the same questions on alcohol consumption as the
Miyagi Cohort Study. The analysis was repeated by using
never drinkers as the reference group in the JACC, the
Miyagi Cohort Study, and JPHC II, in which ex-drinkers
were distinguishable from never drinkers.

Statistical analysis

Person-years of follow-up were calculated from the date
of the baseline survey in each study to the date of diagnosis
of colorectal cancer, migration from the study area, death, or
the end of follow-up, whichever came first. Age was used as
the primary time variable. In each individual study, sex-
specific hazard ratios and 95 percent confidence intervals
for colorectal cancer, colon cancer, and rectal cancer were
estimated for each alcohol intake category using a Cox pro-
portional hazards model. In all analyses, adjustments were
made for age (continuous), area within each study (for JPHC I,
JPHC 11, and JACC), smoking (for men: never smoker, past
smoker, current smoker of 1-19 cigarettes/day, or current
smoker of 220 cigarettes/day; for women: never smoker,
past smoker, or current smoker), body mass index (weight
(kg)/height (m)*; <22, 22-24.9, 25-27.9, or >28), energy
intake (continuous), and energy-adjusted dietary intakes of
red meat (guartiles), calcium (quartiles), fiber (quartiles),
and folate (quartiles) in each study. An indicator term for
missing data was created for each covariate. Physical activ-
ity was not included in the common set of covariates be-
cause of large variation in the assessment of physical
activity among the studies, but investigators from each study
confirmed that additional adjustment for physical activity
did not alter the results. SAS (version 9.1; SAS Institute,
Inc., Cary, North Carolina) or Stata (version 9.2; Stata Cor-
poration, College Station, Texas) statistical software was
used for these estimations,

A random-effects model (25) was used to obtain a single
pooled estimate of the hazard ratios from the individual
studies for each category. The study-specific hazard ratios
were weighted by the inverse of the sum of their variance
and the estimated between-studies variance component.
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A study that had no cases for a category was not included in
the pooled estimate for that category. The trend association
was assessed in a similar manner: Investigators from each
study calculated the regression coefficient per 15-g increase
in alcohol intake and its standard error, and then these values
from the individual studies were combined using a random-
effects model. We tested for heterogeneity among studies by
means of the Q statistic (25). Meta-regression was used to
assess interactions with other risk factors. To estimate the
impact of alcohol drinking on the risk of colorectal cancer,
we calculated the population attributable fraction percent-
age according to the formula pd X (HR — 1)/HR, where pd
is the proportion of cases exposed to the nisk factor(s) (26)
and HR is the hazard ratio. Stata was used for meta-analysis.

RESULTS

The present study included 209,763 subjects (98,265 men
and 111,498 women) and 2,802 colorectal cancer cases
(1,724 men and 1,078 women) accumulated during
2.231.010 person-years of follow-up (table 1). The propor-
tions of colon cancer cases were 63 percent for men and 68
percent for women. Half of the men consumed >23 g of
alcohol per day. In contrast, 71 percent of women were
nondrinkers, and the majority of female drinkers consumed
alcohol occasionally (<once/week) or at a level of 0.1-22.9
g/day; only 4 percent consumed >23 g/day.

As 1able 2 shows, alcohol intake was associated with in-
creased risk of colorectal cancer in a dose-response manner
in men (p for trend < 0.001). A statistically significant in-
crease in risk was observed among drinkers who consumed
>23 g/day of alcohol; hazard ratios for 23-45.9 g/day, 46—
68.9 g/day, 69-91.9 g/day, and >92 g/day (compared with
nondrinking) were 1.42 (95 percent confidence interval (CI):
1.21, 1.66), 1.95 (95 percent CI: 1.53, 2.49), 2.15 (95 per-
cent CL: 1.74, 2.64), and 2.96 (95 percent CI: 2.27, 3.86),
respectively. The test for heterogeneity across studies was
not statistically significant for the hazard ratio summarizing
risk per 15-g/day increase in alcohol intake (p > 0.2). When
ex-drinkers were defined separately from never drinkers,
similar results were obtained: Hazard ratios for drinkers of
23-459 g/day, 46-68.9 g/day, 69-91.9 g/day, and >92
g/day versus nondrinkers were 1.57 (95 percent CI: 1.27,
1.94), 2.00 (95 percemt CI: 1.30, 3.08), 2.19 (95 percent
CI: 1.65, 2.90), and 2.98 (95 percent CI: 1.83, 4.85), re-
spectively. A dose-response relation with alcohol consump-
tion was evident for both the colon and the rectum (p for
trend < 0.001), and the hazard ratios associated with alcohol
intake of =46 g/day were similar, However, an alcohol in-
take of 23-45.9 g/day was significantly associated with the
risk of colon cancer (hazard ratio (HR) = 1.60, 95 percent
CI: 1.31, 1.95) but not the risk of rectal cancer (HR = 1.18,
95 percent CI: 0.90, 1.56). When never drinkers were used
as the reference group, the risk of colon cancer with these
intake levels was increased (HR = 1.93).

In analysis for men using the same exposure categories as
those used in the pooled analysis of Western studies (22), hazard
ratios for colorectal cancer associated with alcohol intakes of
0.1-4.9 g/day, 5-14.9 g/day, 15-299 g/day, 30-44.9 g/day,



