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ABSTRACT

A case-control study was undertaken to evaluate the roles of
the hepatitis B virus (HBV), cigarette smoking, and alcohol use
in the etiology of hepatocellular carcinoma (HCC). A major pur
pose of the study was to evaluate the effect of cigarette smoking
on HCC among hepatitis B surface antigen (HBsAg)-negative

persons, since it had been suggested that the relative effect of
cigarette smoking on HCC was higher among HBsAg-negative
persons than among HBsAg-positive persons. Eighty-six cases

and 161 hospital controls were included in the study.
This study confirmed the strong relationship between the HBV

and HCC. Twelve of 67 cases and none of 63 controls were
chronically infected with HBV as evidenced by serum HBsAg.
The study also found a moderately strong relationship between
alcohol use and HCC.

The results of the present study do not support the hypothesis
that cigarette smoking is a risk factor for HCC. Among all
subjects, the relative rate of HCC for cigarette smokers com
pared with nonsmokers after adjustment for alcohol consumption
was 1.0 with 95% confidence limits, 0.5 to 1.8. Among HBsAg-

negative subjects, the relative rate was 1.1 with 95% confidence
limits, 0.5 to 2.4. There was also no consistent dose-response

relationship between quantity smoked and HCC in this study.

INTRODUCTION

Among persons negative for the HBsAg,5 cigarette smokers

had an increased risk of HCC compared with nonsmokers in a
case-control study by Trichopoulos ef al. (1). There was little
difference between the smoking habits of HBsAg-positive cases

and controls in this study.
Few epidemiological studies have evaluated the association

between HCC and cigarette smoking. The Surgeon General of
the United States does not consider cigarette smoking a cause
of HCC (2). The present study further evaluates the relationship
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between cigarette smoking and HCC according to the presence
or absence of chronic infection with the HBV. Also included in
this study is an evaluation of the role of the HBV and alcohol
consumption in the etiology of HCC, since these agents are
suspected causes of HCC.

MATERIALS AND METHODS

Cases. Eligible cases were persons aged 18 to 84 with HCC. The
cases were interviewed at 12 hospitals affiliated with one of five partici
pating study centers.6 A total of 86 cases is included in the study.

The cases were identified by review of the hospital admission reports,
pathology reports, autopsy reports, and by contact with physicians. The
diagnosis of HCC was made within the 6 mo before admission for 70
(81%) of the cases and within 12 mo for 77 (90%) of the cases.

Of the 86 cases, 80 were confirmed histologically. For the remaining
six, the diagnosis of HCC was established clinically. The cases ranged
in age from 18 to 80 yr with a median age of 63. Sixty of the cases were
men, 66 were white, 19 were black, and 1 was oriental.

Controls. Two hospital controls were sought for each case. Since a
major purpose of the study was to evaluate the relationship between
cigarette smoking and HCC, patients admitted for the following tobacco-

related diseases were ineligible as controls: cancers of the lung, oral
cavity, esophagus, larynx, bladder, or pancreas; chronic bronchitis; and
emphysema. A control could have a history of any of these diseases so
long as his current admission was not for evaluation or treatment of this
disease. Patients admitted for primary liver disease were also ineligible
as controls.

The controls were matched to cases on gender, year of birth (plus or
minus 5 yr), and race (white, black, oriental). In Miami, Cuban-born
controls were selected for Cuban-born cases. The following procedure

was used to select controls so that they would be comparable to cases
according to their current residence: (a) if the case resided in the
immediate catchment area of the hospital (typically the county or city),
the controls for this case also must have resided in the catchment area;
(o) if the case was referred to the hospital from outside the catchment
area but within the state, then the controls also must have resided within
the state but outside the catchment area; (c) if the case did not reside
within the state, then the controls also must have been from outside the
state. The purpose of this matching criterion was to minimize selection
bias which might result from major differences in referral patterns be
tween cases and controls. This matching criterion was successfully met
for 76 of the matched sets.

Since most HCC cases had been diagnosed recently, controls were
restricted to patients whose current hospital admission was for a condi
tion diagnosed within 3 yr of the interview date. This restriction reduces
the proportion of controls who may have recently modified their smoking
and drinking habits as a result of a chronic disease. This criterion was
successfully fulfilled for 98% of the 147 hospital controls.

6The University of Alabama in Birmingham (37 cases); Duke University (24

cases); University of Miami (9 cases); University of Pennsylvania (8 cases); and the
Harvard School of Public Health, Boston (8 cases).
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It became evident after data collection had begun that too few patients
in the Boston center were identified who met the eligibility criteria for
controls. Therefore, population-based controls were obtained in Boston.

These controls were matched to cases on age, gender, race, and city or
town of residence.

A total of 161 controls was interviewed. There were 75 matched
triplets and 11 matched pairs. The controls ranged in age from 19 to 81
yr with a median age of 62. One-hundred-ten controls were men, 126

were white, 33 were black, and 2 were oriental.
Interviews. Subjects were questioned about their history of tobacco

and alcohol use. The interviews were usually conducted in the hospital.
The population controls were interviewed at their homes. The interview
was done by telephone for 11 cases, while for 4 cases and for 3 controls,
the interview was started in-person and completed by telephone. Nine

cases were either too sick or had died before an interview could be
arranged. Interviews were obtained from spouses or other close relatives
of these cases.

Blood Specimens. Blood specimens were obtained from 49 cases
and from 59 controls. Sera were tested for evidence of HBV infection by
the Hepatitis Laboratories Division, Centers for Disease Control. The
samples were tested by radioimmunoassay for the HBsAg (Ausria II;
Abbott Laboratories), anti-HBc (Corab; Abbott Laboratories), and anti-

HBs (Ausab; Abbott Laboratories). The presence of HBsAg in an asymp
tomatic person indicates a chronic HBV carrier state.

Statistical Procedures. The matching was accommodated in the
analysis through logistic regression models using conditional likelihood
procedures to obtain maximum likelihood estimates of parameters (3,4).
The antilogarithm of parameter estimates is interpreted as the RR of
HCC among those exposed compared with those not exposed. Condi
tional logistic regression models also allow for control of confounding by
factors not matched by design.

Dose-response relationships were evaluated by including in the model

a single ordinal exposure variable, usually with three or four equally
spaced levels including the unexposed. The statistical significance of the
parameter obtained from this model was used as a trend test. This
procedure is analogous to Mantel's trend test for unmatched data (5),

but the dose-response relationship is evaluated conditionally upon the

matched sets. All reported P values are two tailed unless stated other
wise.

RESULTS

Hepatitis B Virus. Eight of the 49 cases and none of the 59
controls whom we tested for HBV were HBsAg positive (exact
one-tailed P value, 0.01). HBsAg status was available in the
medical record for 21 of these subjects. The 2 sources of data
were in agreement for 20 of these subjects (1 subject was
reported positive in the medical record, but was not confirmed
by serum testing). In total, 12 of 67 (18%) and 0 of 63 controls
for whom HBsAg status was ascertained by use of either source
were HBsAg positive. The exact one-tailed P value obtained for
these results is 0.0002 with an exact one-sided lower 95%

confidence limit for the RR of 3.8.
All HBsAg-positive cases were men. The prevalence of HBsAg

among the 45 male cases tested for HBsAg was 27%. None of
the 22 female cases tested for HBsAg was positive. This large
difference between the prevalence of HBsAg among male and
female cases is statistically significant (P = 0.01 ). Among the 45

male cases, 5 of 30 (17%) whites and 7 of 15 (47%) nonwhites
were HBsAg positive (P = 0.08). The mean age of the 12 HBsAg-
positive male cases was 48 yr, while for the 33 HBsAg-negative

male cases, the mean age was 64 (P < 0.01 ).
One HBsAg-negative case and one HBsAg-negative control

had low levels of anti-HBc but were negative for anti-HBs.
Although the presence of anti-HBc without anti-HBs may indicate
a "low level carrier state" (6), these two subjects were not

considered chronic HBV carriers because of their low levels of
anti-HBc. Among the remaining 98 HBsAg-negative subjects, 7

of 40 cases (18%) and 5 of 58 (9%) controls had evidence of a
resolved HBV infection indicated by the presence of anti-HBs
with or without anti-HBc.

Alcohol Consumption. Subjects were questioned about their
use of beer, wine, and liquor. A subject was considered to have
used any of these items if he had consumed at least 100 servings
of that item in his entire lifetime. The matched RRs for any
consumption versos no consumption and their 95% confidence
limits are: beer, 2.0 (1.0, 3.8); wine, 1.2 (0.7, 2.2); and liquor, 1.6
(0.8, 3.0).

The subjects had been asked to classify their beer, wine, and
liquor consumption into one of four ordinal categories: 1, no use;
2, infrequent use; 3, occasional use (at least one serving per
week, but not daily); and 4, regular use (at least one serving per
day). Subjects were classified according to their highest ordinal
level of beer, wine, or liquor consumption. The results are dis
played in Table 1. There is approximately a 3-fold increase in

HCC risk among regular drinkers compared with nondrinkers.
There is also a dose-response relationship between HCC risk
and this ordinal classification (one-tailed P value for trend test,

0.01).
Subjects were also classified according to a measure of their

cumulative alcohol consumption. This measure was obtained by
multiplying the number of servings of each type of beverage by
the number of years it was consumed and then by adding the
results for beer, wine, and liquor. In this analysis, 12 oz of beer,
4 02 of wine, and 1.25 oz of liquor were considered equivalent.
Infrequent users of any item were combined with nonusers. The
frequency distribution of this cumulative measure was examined
among the controls and divided into three approximately equal
groups. The cases were then classified into these categories.
The results are displayed in Table 2. There is also evidence of a

Table 1

Distribution ot cases and controls and the relative rates according to an ordinal
classification ot their beer, wine, and liquor habits

AlcoholcategoryNondrinkerInfrequent

drinkersOccasional
drinkersRegular
drinkersTotalCases1914252785Controls51333738159RR*1.01.42.32.6

3 The conditional RRs obtained from the matched sets.

Table 2

Distribution of cases and controls and the relative rates according to a cumulative
measure of consumption of beer, wine, and liquor

Cumulative alcohol
consumption8

Cases Controls RR"

NondrinkersLowMediumHighTotal3212131875812317171381.01.42.53.3

* Low is greater than 0 but less than 18 "drink-years." Medium is between 18

and 65 drink-years. High is greater than 65 drink-years.
6 The conditional RRs obtained from the matched sets.

CANCER RESEARCH VOL. 46 FEBRUARY 1986

963

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2425146/cr0460020962.pdf by guest on 19 M

ay 2023



HCC AND THE HBV, CIGARETTE SMOKING, AND ALCOHOL USE

dose-response relationship between HCC risk and alcohol con
sumption in this analysis. The one-tailed P value for a trend test

is 0.005.
Thirty-one of the cases were diagnosed with cirrhosis. Eight

of these were classified as macronodular, 5 micronodular, 3 were
described as postnecrotic, 2 were described as Laennec's cir

rhosis, 2 were described as mixed micromacronodular, and 11
were not histologically classified. This prevalence of 36% for
cirrhosis is probably an underestimate, since pathologists may
have failed to note that an HCC patient had underlying cirrhosis,
or the tissue specimen may have been inadequate to establish
a diagnosis of cirrhosis.

Cigarette Smoking. A smoker was defined as a person who
had smoked at least one cigarette a day for at least 1 yr. The
matched RR for persons who had ever smoked cigarettes com
pared to lifetime nonsmokers is 1.3. However, after adjustment
of this RR for the four ordinal levels of alcohol consumption
displayed in Table 1, the RR is reduced to 1.0 with 95% confi
dence limits, 0.5 to 1.8. This adjustment was made by use of
the ordinal classification of alcohol habit because there were
fewer missing data for this variable than for the cumulative
measure. However, adjustment for the cumulative measure of
alcohol consumption yielded similar results.

The distribution of cases and controls according to their cur
rent cigarette habit is displayed in Table 3. The matched RR for
all current smokers compared with nonsmokers is 1.5; however,
this RR is reduced to 1.1 after adjustment for alcohol consump
tion.

Among current cigarette smokers, there is a slight inverse
trend between amount smoked and HCC risk as seen in Table
3. The dose-response relationship between cigarette smoking
and HCC was also evaluated by pack-years of smoking. Pack-

years were obtained by multiplying the usual daily number of
packs of cigarettes smoked by current or former smokers by the
total number of years of smoking. There was no consistent dose-
response relationship between pack-years of smoking and HCC.

Cigarette Smoking, Alcohol Consumption, and the HBV. It
was anticipated that the relative effect of cigarette smoking on
HCC risk would be larger among HBsAg-negative subjects than
among HBsAg-positive subjects, because of the findings of the

study by Trichopoulos ef al. (1). The relationship between HCC
and cigarette smoking was therefore evaluated among the
known HBsAg-negative cases and their controls.

The distribution of these cases and their controls according to
three ordinal categories of alcohol habit and cigarette smoking
is displayed in Table 4. The matched RRs displayed in the body
of Table 4 are based on small numbers and are therefore

Table 3

Distribution of cases and controls and the relative rates according to current
cigarette habit

CigarettehabitNever

smokedExsmokerCurrent

smokers
Pack/day>

Pack/dayTotalCases272621983Controls58502918155RRa1.00.91.20.8

a The RRs were obtained from a conditional logistic regression model with

indicator variables tor each smoking category and adjusted tor the ordinal classifi
cation of alcohol habit.

unstable. Although the RRs for HCC among current smokers
who at least occasionally use alcohol compared with nonusers
of both alcohol and cigarettes are elevated, no consistent pattern
between alcohol use and cigarette smoking on HCC risk is
evident in the data. A test for interaction between alcohol and
cigarette use on HCC risk is not statistically significant (P =

0.50).
The matched RR for those who had ever smoked cigarettes

compared with lifetime nonsmokers after adjustment for alcohol
habit is 1.1 with 95% confidence limits, 0.5 to 2.4. The matched
RR for current cigarette smokers compared with lifetime non-
smokers after adjustment for alcohol habit is 1.6 (95% confi
dence limits, 0.7 to 3.7). However, among current smokers
smoking a pack or less per day and among those smoking more
than a pack per day, the matched RRs are 1.7 and 1.2, respec
tively.

The distribution of the HBsAg-negative cases and their con
trols according to pack-years of cigarette smoking is displayed

in Table 5. There is no consistent positive relationship between
HCC and pack-years of smoking.

Other Forms of Tobacco. Each of the RRs presented below
was adjusted for alcohol habit because alcohol use was a risk
factor for HCC in this study. The matched RR and 95% confi
dence limits for those who had ever smoked cigars compared
with those who had not are 0.8 (0.3, 1.9). Fourteen cases and
14 controls had ever smoked pipes (RR = 2.5; 0.9,6.9). However

among pipe users, the controls had smoked more bowlsful per
week and had smoked pipes for more years than had the cases.

The RR for persons who had used chewing tobacco compared
with those who had not is 2.0 (0.7, 5.6), while the RR for snuff
users compared with nonusers is 1.1 (0.3, 4.2). There is no
consistent or statistically significant dose-response relationship

for either intensity or duration of use for either chewing tobacco
or snuff.

DISCUSSION

The present results support the hypothesis that chronic infec
tion with the HBV is a cause of HCC. There is considerable
scientific evidence implicating the HBV as a cause of HCC. This
evidence includes the observation of a strong positive correlation
between the prevalence of chronic HBV infection and the inci
dence rate of HCC throughout the world (7); the results of
numerous other case-control studies (8-13); the results of pro
spective follow-up studies (14, 15); and the finding of integrated
HBV-DNA sequences in chromosomes of human liver cancer
cells (16-18).

Among the cases in the present study, the prevalence of
HBsAg was higher among nonwhites than it was among whites.
Also, the average age of HBsAg-positive cases was less than
that of the HBsAg-negative cases. Such findings have been
reported by others (19-22). A notable finding from the present

study is a higher prevalence of HBsAg among male cases than
among female cases. This has been reported in two other
studies, one from the United States and the other from Great
Britain (11,19). These findings suggest that the proportion of
HCC cases attributable to the HBV is higher among men than it
is among women in the United States.

The overall prevalence of the chronic HBV carrier state among
HCC cases in the present study is 18%. Since the RR of HCC
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Table 4
Distribution ot the HBsAg-negativecases and their controls and the relative rates according to an ordinal classificationot alcohol habit and cigarette smoking

AlcoholhabitNon-

andinfrequentCigarette

habitNever

smoked
Exsmoker
Current smoker
Summary RRs for

alcohol habitCases12

5
5Controls33

1811

1.0RR81.0

1.0
1.1Cases2

4
9OccasionalControls577

2.2eRR"1.3

1.6
4.7Cases2

3
12RegularControl3

10
11

1.9CRR3.2

1.0
3.4Summary

RRs for
cigarettehabit1.0

0.7*
1.6"

" The matched RRs with the exposure category, never smoked cigarettes and non- and infrequentdrinkers, as the referent.
" The matched RRs with never smoked cigarettes as the referent and adjusted for alcohol habit.
c The matched RRs with non- and infrequentdrinkers as the referent and adjusted for cigarette habit.

TabteS
Distribution of HBsAg-negativecases and their controls and the relative rates

according to pack-years of cigarette smoking

Pack-yearsNonsmoker

1-24
25-49
50+Cases16

11
14
10Controls40

2411

22RR"1.0

0.9
2.6
0.8

Total 51 97
* The matched RR adjusted for alcohol consumption.

for chronic HBV carriers compared with noncarriers is very large,
it can be estimated that about one-fifth of HCC in this country is

attributable to the HBV. However, this estimate may be too low,
since HBV-DNA sequences have been detected in the hepato-

cytes of persons with HCC who were negative for serum HBsAg
(23).

The results of this study also suggest a strong association
between alcohol consumption and HCC. Some studies have
reported only a weak or moderate association between alcohol
and HCC. For example, in the case-control study by Trichopoulos

ef a/. (1), moderate and heavy drinkers experienced about a 50%
excess of HCC compared with light and nondrinkers. In a cohort
study of Danish brewery workers believed to be heavy beer
consumers, Jensen observed a standardized mortality ratio for
PLC of 1.5 (24). In another cohort study, Hakulinen found an
standardized mortality ratio for PLC of 1.5 among persons who
had violated state laws concerning alcohol usage (25). On the
other hand, Yu ef a/, found that individuals who drank 80 g or
more of ethanol per day experienced about a 4-fold increase in

HCC risk compared with light or nondrinkers (26).
The results of the present study suggest that moderate alcohol

consumption increases HCC risk. However, people may consid
erably underreport their alcohol use. This type of misclassification
of exposure would tend to produce spuriously high RRs at the
lower levels of alcohol consumption. Nonetheless, the evidence
that alcohol abuse is a cause of HCC is persuasive, and moderate
use may entail some increase in the risk of HCC.

Our findings do not support the hypothesis that cigarette
smoking is a cause of HCC. The overall RR for cigarette smokers
compared with nonsmokers is 1.3, and this RR is reduced to the
null value, unity, after adjustment for alcohol consumption. Even
among HBsAg-negative subjects, the RR for those who had ever

smoked cigarettes compared to those who had not is 1.1 after
adjustment for alcohol. There was no consistent dose-response

relationship between HCC risk and cigarette consumption as
measured by pack-years of cigarette smoking. Furthermore,

among current cigarette smokers, the RR was higher for those

smoking a pack or less per day than it was for those smoking
more than a pack.

The apparent absence of a positive relationship between cig
arette smoking and HCC could be the result of bias. Included
among the controls were 33 persons admitted to the hospital for
cardiovascular diseases. Seventy-six % of these subjects had

smoked cigarettes compared with 60% of the remaining controls.
However, the exclusion of controls with cardiovascular diseases
had very little effect on the RRs relating HCC and cigarette
smoking. For example, among HBsAg-negative subjects, the
matched RR for current smokers compared with lifetime non-

smokers after the exclusion of cardiovascular disease controls
and after adjustment for alcohol habit is 1.5 (95% confidence
limits, 0.6 to 3.8). Lack of association of cigarette smoking and
HCC might also occur if the smoking histories were excessively
error prone. However, we observed the anticipated positive
correlation between smoking and drinking habits. Furthermore,
the observation that a higher proportion of persons with cardio
vascular disease had a history of smoking than did the other
controls also supports the contention that the information ob
tained on smoking habits in the present study is reasonably valid.

Trichopoulos ei a/, reported a RR for current smokers com
pared with nonsmokers of 3.0 (95% confidence limits, 1.4, 6.5,
estimated from published data) among HBsAg-negative subjects.

Although the lower limit of this RR is consistent with a small
cigarette smoking effect on HCC risk, these authors also re
ported a strong and consistent dose-response relationship be

tween cigarette smoking and HCC. It is unlikely that the present
study would have failed because of random variation to detect a
dose-response relationship of this magnitude.

In a case-control study from Hong Kong, Lam ef a/. (27) found
a RR of HCC among HBsAg-negative subjects for cigarette

smokers compared to nonsmokers of 2.9 (95% confidence limits,
0.8 to 10, estimated from published data). This study supports
the findings of Trichopoulos ef a/. However, the study was small,
as evidenced by the wide confidence interval about the RR. Also,
among 87 HBsAg-positive cases and 19 HBsAg-positive con

trols, the RR for cigarette smokers compared with nonsmokers
was 0.3. The overall RR of HCC for cigarette smokers compared
with nonsmokers in this study is 1.1 with 95% confidence limits,
0.4, 2.6 (estimated from published data). These RRs are not
adjusted for alcohol consumption.

In a case-control study from Los Angeles, Yu ef a/, reported

that the matched RR of HCC for persons currently smoking more
than a pack of cigarettes per day compared with nonsmokers
was 2.6 (26). However, this RR was not adjusted for alcohol
habit. It is possible to estimate from their published data the
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corresponding unmatched RR of 2.4, suggesting that the match
ing can be ignored in this study without introducing appreciable
bias. After adjustment for the two alcohol categories displayed
in their Table 1 (less or more than 80 g of ethanol per day), this
RR of 2.4 is reduced to 1.5. This observation suggests that the
matched RR would also be diminished after adjustment for
alcohol. The unmatched RR for all current smokers compared
with nonsmokers, after adjustment for alcohol, is 1.3 with 95%
confidence limits, 0.7 to 2.7.

Information derived from other studies is less specific than the
results described above. None of these other studies distin
guished between HBsAg-negative and -positive persons, and
they pertained to all PLC, not specifically to HCC. In one case-

control study, there was a positive trend, which was not statis
tically significant, between cigarette smoking and PLC (28), while
two other case-control studies found either no or a slightly
negative association between cigarette smoking and PLC (29,
30). On the other hand, follow-up studies have generally found
about a 2-fold increase in the rate of PLC among smokers
compared with nonsmokers (31-33).

In summary, two studies have found a relatively strong effect
of cigarette smoking on HCC among HBsAg-negative persons
but found little or no effect among HBsAg-positive persons. The

present study found neither an overall positive relationship be
tween cigarette smoking and HCC, nor did it find a strong positive
effect among HBsAg-negative persons. The relationship be

tween cigarette smoking and HCC was confounded by alcohol
habit in the present study and in other studies. Overall, the
evidence to date indicates a weakly or moderately positive
relationship between cigarette smoking and HCC. However, the
causality of this association and its relation to the HBV is
uncertain.
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