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ABSTRACT

A case-control study of oral and pharyngeal cancer conducted in four

areas of the United States provided information on the tobacco and
alcohol use of 1114 patients and 1268 population-based controls. Because

of the large study size, it could be shown that the risks of these cancers
among nondrinkers increased with amount smoked, and conversely that
the risks among nonsmokers increased with the level of alcohol intake.
Among consumers of both products, risks of oropharyngeal cancer tended
to combine more in a multiplicative than additive fashion and were
increased more than 35-fold among those who consumed two or more

packs of cigarettes and more than four alcoholic drinks/day. Cigarette,
cigar, and pipe smoking were separately implicated, although it was
shown for the first time that risk was not as high among male lifelong
filter cigarette smokers. Cessation of smoking was associated with a
sharply reduced risk of this cancer, with no excess detected among those
having quit for 10 or more years, suggesting that smoking affects pri
marily a late stage in the process of oropharyngeal carcinogenesis. The
risks varied by type of alcoholic beverage, being higher among those
consuming hard liquor or beer than wine. The relative risk patterns were
generally similar among whites and blacks, and among males and females,
and showed little difference when oral and pharyngeal cancers were
analyzed separately. From calculations of attributable risk, we estimate
that tobacco smoking and alcohol drinking combine to account for ap
proximately three-fourths of all oral and pharyngeal cancers in the United

States.

INTRODUCTION

Tobacco and alcohol are regarded as the major risk factors
for oral and pharyngeal cancer in North America and in Euro
pean countries (1). It has been difficult to distinguish the
separate effects of these agents, however, since drinkers of
alcoholic beverages tend to be smokers, and vice versa. There
fore, large epidemiolÃ³gica! investigations are required to eval
uate risks among persons exposed to only one of the two,
precisely quantify the risk of one substance while adjusting for
the other, and contrast effects according to the type of product
and level of exposure. Herein is a report from such a study, a
population-based case-control investigation of oropharyngeal
cancer conducted over the past few years in four areas of the
United States.

METHODS

Incident cases of pathologically confirmed primary oral and pharyn
geal cancer (International Classification of Diseases, 9th Revision; ICD
141-149), excluding cancers of the salivary gland (ICD 142) and
nasopharynx (ICD 147), diagnosed during the period January 1, 1984
to March 31, 1985, were identified from the population-based cancer
registries covering metropolitan Atlanta, Los Angeles, Santa Clara and
San Mateo counties south of San Francisco-Oakland, and the state of
New Jersey. All cases among white and black residents in these areas
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between the ages of 18 and 79 were eligible and sought for interview
after obtaining physician consent.

Controls in each area were selected from two population sources.
Controls under age 65 years were identified by the random-digit-dialing
technique for sampling households with telephones (2). Over 90% of
the households in these areas are estimated to have telephones (3). For
each residential phone number contacted, a household census was taken
listing the age of occupants in the 18-64 years age range. Sufficient
numbers of individuals were then selected so that the age (in 5-year
groups), sex, and race (black, white) distribution of the controls was
similar to the expected age-sex-race distribution of the cases. The
control selection process was sex specific, so that only a male or female
(not both) was selected from any individual household. Controls age 65
years and over were systematically selected after a random start from
rosters of residents in each area provided by the Health Care Financing
Administration. Registry data on oropharyngeal cancer from prior years
were used to determine the age (5-year groups), sex, and race distribu

tion of the controls.
Interviews were sought with all eligible cases and controls and usually

took place in their homes. For cases too ill, incapacitated, or deceased,
interviews were sought with proxy respondents, first a spouse and then
another first-degree relative if the spouse was unavailable. Trained
interviewers used a structured questionnaire specifically designed for
this investigation. The questionnaire sought histories of tobacco and
alcohol intake, dietary habits, residence, occupation, medical condi
tions, and other variables. The tobacco questions included screening
questions to identify smokers as those who had smoked a total of 100
or more cigarettes or who had smoked cigars or pipes for 6 months or
more, and drinkers as those who had drunk at least 20 beers, 20 drinks
of wine, or 20 drinks of hard liquor over their entire lifetime. For those
responding positively to a tobacco or alcohol screening question, a
series of questions concerning age started use and usual amounts
consumed were then asked. For alcohol consumption, usual intake on
weekends and weekdays was ascertained and then summed to obtain
weekly consumption.

The measure of association between oropharyngeal cancer risk and
tobacco and/or alcohol intake used in this analysis is the odds ratio.
Point estimates and 95% confidence intervals of summary (adjusted)
OR2 were calculated using logistic regression analyses (4, 5). We also

used logistic models to conduct formal tests of interaction between
tobacco and alcohol. To determine whether the two agents combined
more in an additive or multiplicative fashion, we fit models containing
a parameter representing a transition from a subadditive to a supra-
multiplicative combination of risks (6, 7). All analyses were adjusted
for age, race, study location, and respondent status (self versus next-of-
kin interview). Some analyses were adjusted also for education and diet
(quartile level of consumption of fruits and vegetables); however, these
2 variables showed only minimal confounding and adjustments for
them left the OR estimates essentially unchanged. Adjustments for
smoking and drinking used the categories shown in Table 4 (males) or
5 (females). Population attributable risk estimates were also calculated
as measures of the proportion of all oropharyngeal cancers due to
tobacco smoking and alcohol drinking (8). Excluded from the tables in
the text are individuals with unknown values for the variable under
study; hence the table totals are not always identical. We also conducted
analyses using information only from interviews from the cases and
controls themselves (i.e., excluding next-of-kin interviews: 22% of cases,
2% of controls), but results were essentially the same and thus not
presented in the text.

2The abbreviations used are: OR, odds ratio; CI, confidence interval.
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RESULTS

Interviews were completed for 1114 oropharyngeal cancer
cases and 1268 controls; these numbers represent, respectively,
75% of all incident cases in the study areas and 76% of the
interview-eligible controls. The response rate for controls under
age 65 years was 79% at the household screening phase and
73% at the field interview phase. Of controls 65 years and older,
76% were interviewed.

Table 1 shows the distribution of the interviewed cases and
controls by sex, race, and age. Most cases were male (68%) and
white (83%). Among the white patients, 5% were of Hispanic
origin. The median age at diagnosis of the patients was 63
years, with 61% age 60 years or over. New Jersey and Los
Angeles contributed the largest numbers of cases (82% of the
total). The percentages of controls by sex, race, and age were
similar, although a somewhat higher proportion of controls
than cases was selected in the West Coast study locations.

Few (4%) cases among whites under age 65 years did not
have a telephone in their households (a selection criterion for
controls under age 65 years), but the corresponding figure
among black cases was 16%. Only 2% or less of white and black
cases age 65 years and older did not have Social Security
numbers (a requirement for controls in this age group). Anal
yses were conducted deleting those under age 65 years without
phones and those age 65 years and over without Social Security
numbers, but results were essentially unchanged so only the
analyses on the total sample are presented below.

Tobacco. Nearly all the oropharyngeal cancer patients (93%
males, 85% females) had been tobacco smokers, whereas the
corresponding percentages for controls were significantly less
(78% males, 53% females). Among the patients who were
smokers, nearly all (95% males, 91% females) had also been
consumers of alcoholic beverages.

As shown in Table 2, the risks of oropharyngeal cancer,
adjusted for alcohol consumption (and age, race, study location,
and respondent status), rose with the number of cigarettes
smoked per day and the duration of cigarette smoking, showed
little trend with age started smoking, and declined following
cessation of smoking. Although not shown, the OR associated
with increasing intensity (number of cigarettes usually smoked
per day over the individual's smoking lifetime) rose within each

duration category, and positive trends with duration were also
seen in each intensity category. Although cessation, duration,
and age started are colinearly related in this age-matched study

Table 1 Numbers of interviewed oropharyngeal cancer patients and controls
according to sex, race, age, and study location

IndicatorSex

Male
FemaleRaceWhite

BlackAge

<50
50-59
60-69

70+Location

New Jersey
Atlanta
Los Angeles
SanFranciscoTotalNo.

of cases(%)762

(68)
352(32)920

(83)
194(17)147(13)

288 (26)
414(37)
265(24)492

(44)
135(12)
420 (38)

67(6)1114No.

of controls(%)837

(66)
431(34)1065

(84)
203(16)189(15)

333 (26)
463 (37)
283(22)464

(37)
138(11)
525(41)
141(11)1268

(with long-term quitters necessarily having shorter durations of
smoking), the decline in risk following cessation was particu
larly rapid and marked. In contrast to an OR of 3 to 5 among
current smokers, little or no elevation in risk was found among
those who had quit smoking cigarettes for 10 or more years;
for those who had quit smoking for 20+ years, the OR was
actually below 1.0, although the confidence intervals at this
level of cessation were wide. The strong trends of declining risk
with cessation persisted after adjusting for amount smoked per
day.

Increased risks of oropharyngeal cancer were found regard
less of type of cigarette smoked, although among males the
excess was small for lifelong filter smokers. After adjusting for
age, duration and usual amount smoked, and alcohol consump
tion, males who smoked only filter cigarettes (11% of all
cigarette smokers among controls) experienced 50% (95% CI
= 30-80%) of the risk of smokers of only nonfilter cigarettes
(34% of all smokers), while mixed filter and nonfilter smokers
experienced 80% (95% CI = 60-140%) of the risk compared
to pure nonfilter smokers. Little or no reduction in risk asso
ciated with filter smoking was observed among females: after
adjusting for duration and usual amount smoked, filter and
mixed smokers, respectively, experienced 120% (95% CI = 60-
280%) and 90% (95% CI = 40-180%) the risk of nonfilter
smokers.

Sufficient numbers of men who had smoked cigars and/or
pipes but not cigarettes were available for analysis of risks
associated with these products. Oropharyngeal cancer risks was
significantly elevated among those exclusively smoking cigars
and/or pipes (OR = 1.9, 95% CI = 1.1-3.4, after adjusting for
alcohol intake), with a positive trend associated with increasing
numbers of cigars/pipes smoked. After adjusting for alcohol
consumption among these noncigarette smokers, the OR rose
to 16.7 (95% CI = 3.7-76.7) for men who smoked 40 or more
cigars/week (14 cases, 1 control), and to 3.1 (95% CI = 1.1-
8.7) for those consuming 40+ pipefuls/week (12 cases, 7 con
trols.).

Six % of cases and 7% of controls among males had used
smokeless tobacco (primarily chewing tobacco), but nearly all
were also smokers. Smokeless tobacco use was less common
among females (3% cases, 1% controls), but users (primarily of
snuff) generally were nonsmokers. Among nonsmoking fe
males, the OR was 6.2 (95% CI = 1.9-19.8) for users of
smokeless tobacco (6 cases, 4 controls). All 6 cancers occurred
in the oral cavity.

Alcohol. Nearly all the cancer cases (94% males, 82% females)
had been drinkers of alcoholic beverages, with significantly
lower percentages among the controls (83% males, 60% fe
males). Among the cases who consumed alcoholic beverages,
nearly all (95% males, 94% females) had also smoked tobacco.

Table 3 shows that the OR for oropharyngeal cancer, con
trolled for smoking, rose with increasing total alcohol con
sumption and with increasing intake of hard liquor and beer.
Over one-half of the male cases were heavy drinkers (30 or
more drinks/week), compared to only 14% of the male controls.
About one-fourth of the female patients drank this heavily,
compared to 2% of the female controls. The smoking-adjusted
excess risk associated with high consumption among both men
and women was approximately 9-fold. The risk was relatively

small among both men and women when alcohol intake was
moderate (1-14 drinks/week).

The risk of oropharyngeal cancer differed according to the
type of alcoholic beverage consumed. The trends were strongest
for beer and hard liquor consumption and persisted after the
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Table 2 Odds ratios for oropharyngeal cancer associated with smoking

Males Females

ExposureindexNever

smokedCigar
or pipe only

Cigarette smokerNo.

ofcases5052

659No.

ofcontrols18556

593OR"1.01.91.995%

CI1.1-3.4

1.3-2.9No.

ofcases540

298No.

ofcontrols2020229ORÂ°1.03.095%
CI2.0-4.5

No. of cigarettes/day
1-19
20-39
40+

Years of cigarette smoking
1-19
20-39
40+

Age started smoking
<17
17-24
25+

Years since stopped smoking cigarettes
0 (never quit)
1-9
10-19
20+

80
312
262

45
286
313

325
279

38

485
64
56
43

173
288
130

138
281
171

258
285

47

239
98

114
141

1.2
2.1
2.8

0.8
1.9
3.6

2.1
1.8
1.8

3.4
1.1
1.1
0.7

0.7-1.8
1.4-3.1
1.8-4.4

0.5-1.3
1.2-2.8
2.3-5.6

1.4-3.2
1.2-2.7
0.9-3.3

2.3-5.1
0.7-1.9
0.7-1.9
0.4-1.2

60
145
93

15
127
153

89
153
54

258
24
10
4

104
94
31

59
105
64

59
116
54

129
39
35
26

1.8
3.6
6.2

1.0
2.9
5.0

2.9
3.1
2.8

4.7
1.8
0.8
0.4

1.1-2.9
2.3-5.8
3.6-11.3

0.5-1.9
1.8-4.6
3.0-8.3

1.7-4.9
2.0-4.9
1.6-4.8

3.0-7.3
0.9-3.6
0.4-1.9
0.1-1.4

1All OR adjusted for alcohol consumption, age, race, study location, and respondent status.

Table 3 Odds ratios for oropharyngeal cancer associated with drinking

Males Females

Type of No. of
alcoholdrinks/wkAll

<11-45-1415-2930+Hard

liquor<11-45-1415-2930+Beer

<11-45-1415-2930+Wine

<11-45-1415-2930+No.

of
cases407199154389173134138118179146130141134195497114703135No.

of
controls13920621915011833724016556313332311616244490205110216OR"1.01.21.73.38.8Vf1.01.32.65.51.0e1.21.73.44.71.0"0.70.70.92.595%CI0.7-2.01.0-2.72.0-5.45.4-14.30.7-1.30.9-1.81.7-3.93.4-9.10.8-1.71.2-2.42.7-5.13.0-7.30.5-1.00.4-1.00.5-1.80.9-6.5No.

of
cases637572558713578653241180734824272306041713No.

of
controls171129932992789550533436020712731094171ORÂ°1.01.21.32.39.11.0*1.31.54.97.81.0e2.22.92.318.01.0"0.60.80.51.695%CI0.7-1.90.8-2.11.2-4.53.9-21.00.9-2.10.9-2.51.6-14.32.1-29.21.4-3.61.5-5.60.9-6.52.1-1590.4-1.00.4-1.40.1-2.30.2-13.6

" OR adjusted for smoking, age, race, study location, and respondent status.
0 OR also adjusted for intake of beer and wine.
' OR also adjusted for intake of hard liquor and wine.
'' OR also adjusted for intake of hard liquor and beer.

adjustment of one for the other. There was little or no excess
risk for wine drinking, reported by about one-third of both male
and female patients, after controlling for liquor and beer intake,
except when consumption exceeded 4 drinks/day.

There were few clear or consistent trends in risk with either
age started drinking or duration of drinking hard liquor, beer,
or wine. Differences in risk, e.g., between those starting con
sumption before age 20 years compared to age 30 years or after
were typically on the order of 20% or less. There was evidence
of a linear trend of rising risk with increasing years of beer
drinking, but only among males, with little gradient with du
ration of wine or liquor drinking among either sex. The ques
tionnaire did not obtain information necessary to calculate an
OR associated with cessation of drinking.

Smoking and Drinking Interrelations. Tables 4 (males) and 5
(females) show that the increasing trends in risk with smoking
were seen across all alcohol categories, including nondrinkers.
Conversely, the increasing trends with alcohol consumption
were seen across all smoking categories, except for female
nonsmokers, among whom few women (either cases or controls)
were heavy drinkers. In combination, heavy smoking and drink
ing resulted in very large increases in oropharyngeal cancer
risk, with an OR of 38 among males and exceeding 100 among
females.

We examined interaction (on a multiplicative scale) by fitting
logistic regression models containing the smoking and alcohol
categorical variables of Tables 4 and 5 as well as their cross-
products. Global multiple degree of freedom tests uncovered a
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SMOKING, DRINKING, AND OROPHARYNGEAL CANCER

Table 4 Odds ratios for oropharyngeal cancer among males according to amount of smoking and drinking
All OR adjusted for race, age, study location, and respondent status.

No. of alcoholicdrinks/wkSmoking

statusNonsmoker

Short duration or tonner'
1-19/day for 20+ yr
20-39/day for 20+ yr
40+/day for 20+ yr
Pipe/cigaronlyTotal''95%

Cl<11.0(12,66)*

0.7 (8, 42)
1.7(2,6)
1.9(8, 17)
7.4 (9, 4)
0.6(1,4)1.0(40,

139)1-41.3(12,52)

2.2(24,61)
1.5(7,21)
2.4(17,34)
0.7(6, 14)
1.0 (5,24)1.2(71,206)0.7-2.05-141.6(15,39)

1.4(21,90)
2.7(8, 18)
4.4 (28, 40)
4.4(19, 19)
3.7(8,13)1.7(99,219)1.0-2.715-291.4(5,21)

3.2 (25, 49)
5.4(16, 18)
7.2 (52, 42)

20.2(43, 11)
4.7(13,9)3.3(154,

150)2.0-5.430+5.8

(6, 7)
6.4 (43, 37)
7.9 (22, 14)

23.8(145,33)
37.7(148,21)
23.0(25,6)8.8(389,

118)5.4-14.3Total"1.0(50,

185)
1.1 (121,279)
1.6(55,77)
2.8(250, 166)
4.4 (225, 69)
1.9(52,56)95%

CI0.7-1.7

0.9-2.7
1.8-4.3
2.7-7.2
1.1-3.4

* OR adjusted for drinking and relative to nonsmokers.
b Parentheses, numbers of cases and controls.
' Quit smoking cigarettes for 10 or more years or smoked for less than 20 years. Over 85% of these individuals were ex-smokers for 10+ years.
J OR adjusted for smoking and relative to those who drank less than 1 alcoholic drink/week.

Table 5 Odds ratios for oropharyngeal cancer among females according to amount of smoking and drinking
All OR adjusted for race, age, study location, and respondent status.

No. of alcoholicdrinks/wkSmoking

statusNonsmoker

Short duration or former'
1-19/day for 20+ yr
20-39/day for 20+ yr
40+/day for 20+yrTotal''95%

CI<11.0(36,

112)*

1.0(7,27)
0.9 (4, 13)
2.2(12, 19)

~(4,0)1.0(63,171)1-40.7(11,62)

1.6(8,21)
5.1 (22, 15)
2.7 (20, 25)
9.3(14,6)1.2(75,

129)0.7-1.95-141.3(7,23)

0.4 (4, 30)
2.8(11, 15)
6.9(35, 18)
7.8(15,7)1.3(72,93)0.8-2.115-290.0

(0, 3)
1.1 (3, 10)
4.6 (3, 3)

12.4(31.9)
18.0(18,4)2.3

(55,29)1.2-4.530+0.0

(0, 2)
~(3, 0)

11.0(9,3)
46.0 (38, 3)

107.9(37,1)9.1

(87,9)3.9-21.0Total"1.0(54,202)

1.0(25,88)
3.0 (49, 49)
4.4(136,74)

10.2(88, 18)95%

CI0.5-1.8

1.9-5.22.7-7.2

5.2-20.4

" OR adjusted for drinking and relative to nonsmokers.
* Parentheses, numbers of cases and controls.
'Quit smoking cigarettes for 10 or more years or smoked for less than 20 years. Approximately two-thirds of these individuals were ex-smokers for 10+ years.
'' OR adjusted for smoking and relative to those who drank less than 1 alcoholic drink/week.

significant interaction for males (x2 with 20 degrees of freedom
= 32, P = 0.05) but not females, due mainly to an exceptionally
strong effect of alcohol among pipe and cigar smokers.

We also contrasted additive versus multiplicative relative risk
models. The additive models among both males and females fit
the data rather poorly and could be discarded. The multiplica
tive effect (and departure from additivity) is exemplified by the
risks associated with the highest levels of exposure in Table 4.
The OR of 37.7 among heavy smokers-heavy drinkers is close
to the multiple of the OR values of 5.8 and 7.4 associated with
heavy exposure to one substance in the absence of the other.

Attributable Risks. Since smoking and drinking habits are
highly correlated, with few abstainers of one product among
consumers of the other, we calculated estimates of the popula
tion-attributable risk of oropharyngeal cancer due to smoking
and/or drinking rather than due to each separately. The popu
lation-attributable risks were 80% for males, 61% for females,
and 74% overall. When we partitioned the sample according to
amount of tobacco and alcohol consumed, it was found that
among the smoking- and alcohol-related tumors (representing
74% of all cases) approximately two-thirds could be attributed
to heavy consumption (i.e., smoking 2 or more packs/day for
20 or more years and/or drinking 30 or more alcoholic bever
ages/week).

Racial Differences. Although not shown in the tables, the
patterns of risk among drinkers and smokers were generally
similar for blacks and whites. The prevalence of drinking and
smoking, however, differed. Among male controls, the percent
ages of moderate to heavy drinkers and/or smokers were higher
for blacks (73%) than whites (55%). Much of the racial discrep
ancy was accounted for by a considerably higher prevalence of
heavy drinking among the black (22%) than white (13%) general

population, with smoking differentials not as great. The higher
prevalence of exposure among blacks was not observed among
females, of whom only 2% of the black and 7% of the white
controls were heavy smokers or drinkers. Smoking and drinking
were also less prevalent and less strongly related to oropharyn
geal cancer risk among Hispanics, but data were sparse.

Anatomic Sites. Calculations were conducted separately for
tongue cancer (ICD 141), other oral cancer (ICD 143-145),
and pharyngeal cancer (ICD 146, 148, and 149), comprising,
respectively, 28%, 38%, and 34% of the cancer cases. As shown
in Table 6, smoking (after adjusting for alcohol intake) and
drinking (after adjusting for smoking) were significantly related
to each site of cancer. The trends with smoking and drinking
were slightly weaker for tongue cancer than other sites among
men. Among females the effects of smoking and drinking
tended to be stronger for pharyngeal cancer than oral cancer.
Pipe and cigar smoking was more closely associated with other
oral cancer (including cancers of the floor of the mouth and
buccal mucosa) than either tongue or pharyngeal cancer.

DISCUSSION

Tobacco and alcohol have long been implicated as risk factors
for oropharyngeal cancer. Reports early in this century de
scribed smoking and drinking as unusually common among
oral cancer patients (9). It was not until the late 1950s and
early 1960s, however, that epidemiolÃ³gica! studies began to
depict the association in quantitative terms. The initial cohort
studies of smokers showed 4-fold or greater oropharyngeal
cancer death rates among smokers compared to nonsmokers
(10-12). Case-control studies in several areas of the United
States (13-15) documented an elevated risk of oral cancer
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Table 6 Odds ratios for oropharyngeal cancer subsites associated with smoking
and drinking by sex

Males Females

Other Other
Tongue oral Pharynx Tongue oral Pharynx

Amountsmoked"NonsmokerLight

orformerl-19/dayfor20+20-39/day

for20+
yr40+/day

for20+yPipe/cigar

onlyNo.

ofalcoholicdrinks/wk*<11-45-1415-2930+Total

no. of casesbysite1.00.81.41.93.21.91.00.71.32.46.02161.01.21.83.85.22.71.01.82.44.312.32721.01.51.53.45.81.61.01.41.74.310.42731.01.32.62.88.11.01.21.12.011.01041.00.82.04.69.71.01.01.52.86.61511.01.69.714.336.71.01.61.43.515.0100

" OR adjusted for race, age, study location, respondent status, and drinking.
'' OR adjusted for race, age, study location, respondent status, and smoking.

associated with drinking as well as smoking, although adjust
ment for one factor by the other was generally not made.

Although recent studies have confirmed that alcohol and
tobacco are important causes of oropharyngeal cancer (16),
questions remain about the relative impact of drinking com
pared to smoking, the effects of different types of alcohol and
methods of smoking, and the interrelationship between these
risk factors. The data presented in this report, derived from the
largest population-based case-control investigation of oropha
ryngeal cancer, help resolve these etiological issues.

We found that tobacco smoking and alcohol drinking sepa
rately increase the risk of oral and pharyngeal cancer. Strong
dose-response relationships were observed for each substance
after tightly controlling for exposure to the other. Noteworthy
were trends of increasing risk with smoking among nondrinkers
and with drinking among both nonsmokers and short duration
and former smokers. Although similar effects have been re
ported previously (17-19), the larger study size available to us
provides reliable confirmation of the excess risks associated
with one substance in the absence of the other.

Because of the population-based nature of the study, we could
calculate population-attributable risk estimates. In total we
estimate that approximately three-fourths of all oral and pha
ryngeal cancers in the study areas, and probably in the United
States, are caused by smoking and drinking, with most of the
cancers due to heavy consumption. We did not attempt to
assign attributable risk percentages separately to alcohol and
tobacco since nearly all male patients and most female patients
used both products. Among males the adjusted OR values
shown in Table 4 for moderate (3.3) and heavy (8.8) drinking
were somewhat higher than for moderate (2.8) and heavy (4.4)
smoking, as were the prevalences of these habits in the general
population (32% of the controls were moderate/heavy drinkers
and 25% moderate/heavy smokers), so that drinking seems to
contribute more than smoking to oropharyngeal cancer risks.
However, among females the effect of smoking appeared some
what more pronounced than drinking. Some investigators (17,
19) have noted roughly comparable effects, while others have
described alcohol (18, 20-22) or tobacco (23) as the more
important risk factor.

We found an increased risk of oropharyngeal cancer among

both filter and nonfilter smokers. Among males, however, life
long filter smokers experienced only one-half the risk of lifelong
nonfilter smokers. Filter smoking also has been associated with
a reduced risk of lung cancer (24), but to our knowledge this is
the first report of a lowered risk of oropharyngeal cancer.
Smoking only pipes or cigars increased risk nearly as much as
cigarettes, particularly when intake was heavy. Hence it appears
that any smoked tobacco can cause these cancers. Smokeless
tobacco is also a strong risk factor for oral cancer (25). The
prevalence of snuff dipping or tobacco chewing in the study
population was low, with nearly all male users of smokeless
tobacco also being smokers, but a significant excess oral cancer
risk was detected among nonsmoking women who used snuff,
consistent with findings of other studies (25).

The sharp declines in risk of oropharyngeal cancer following
cessation of smoking were remarkable. Indeed, after 10 years
both male and female quitters experiences no increase in risk
relative to nonsmokers. The drop in risk in such a relatively
short time suggests that smoking primarily affects the late
stages of oral carcinogenesis. A reduction in risk of oral cancer
following cessation has been observed elsewhere (19), and a
rapid decline among ex-smokers was also reported recently for
bladder cancer (26). Similar findings for lung cancer (16) un
derscore the importance of smoking cessation as a means of
preventing various types of cancer. Among long-term quitters,
however, there was still a marked gradient in risk associated
with alcohol intake, so that reduction in use of both products
appears required to approach the low baseline risk of oropha
ryngeal cancer among abstainers of tobacco and alcohol.

Increased risks of oropharyngeal cancer were associated with
heavy consumption of each type of alcohol (hard liquor, beer,
and wine), suggesting a role for ethanol, the common ingredient
in these beverages. Experimental studies have not implicated
alcohol itself as a carcinogen, although it may promote carci
nogenesis by a variety of mechanisms, including nutritional
deficiencies associated with heavy drinking, the effects of con
taminants and congeners in alcoholic beverages, the induction
of microsomal enzymes that enhance the metabolic activation
of tobacco or other carcinogens, and the capacity of alcohol to
solubilize carcinogens or enhance their penetration in oropha
ryngeal tissues (27, 28). Our questionnaire did not obtain
information on age at cessation of drinking, so we could not
calculate risks for current versus former drinkers to directly
evaluate the promotional effect of recent alcohol exposure, but
the absence of clear trends with age started or duration of
drinking argues in favor of a late- rather than early-stage effect
of alcohol. We did find that drinking was interrelated with
smoking, one enhancing the effect of the other, with the excess
risk greatest among heavy consumers of both products; how
ever, we also detected a deleterious effect of heavy alcohol
consumption among nonsmokers, indicating that tobacco is not
a requisite cofactor for alcohol-related cancer. Further studies
are needed to determine whether alcohol promotes the effects
of other exposures, such as human papillomaviruses (29), that
remain to be clarified as risk factors for oropharyngeal cancer.
In addition, heavy intake of alcoholic beverages is correlated
with nutrient deficiency (30), which appears to contribute in
dependently to oral carcinogenesis (31-33).

Although heavy consumers of all types of alcohol were at
increased risk of oropharyngeal cancer, the risks were greatest
for hard liquor and beer and least for wine drinkers. Reasons
for the differential in risks are not clear, but it is possible that
ingredients in alcoholic beverages other than ethanol are in
volved, for example, nitrosamines and polycyclic hydrocarbons
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in beer and whiskey (34). In our study, after adjusting for
smoking and for consumption of liquor and beer, there was
actually some deficit in risk among light and moderate wine
drinkers. This may be due to factors associated with wine
drinking, although adjustments for education (i.e., social class)
and diet still did not eliminate the lowered risk. It is noteworthy
that the dose-response relationship for wine consumption fol
lowed a curvilinear form, with no increases at up to 2 drinks/
day, but sharply rising risks thereafter. In contrast, risks rose
nearly linearly with increasing consumption of beer and liquor,
and were elevated at nearly all levels of intake.

National incidence and mortality date in the United States
show higher rates of oropharyngeal cancer among blacks than
whites, particularly for males (35). Applying the risk estimates
derived herein to the percentages of drinkers observed among
the controls in our population-based study, the greater preva
lence of drinking among black males would account for about
one-half of their 40-50% higher rates of oropharyngeal cancer
compared to white males in the 1970s. Reasons for the remain
ing excess among black men and the 20% higher rates among
black than white women will be explored in a separate report.
Similar conditions indicate that most of the more than 2-fold
higher incidence of oropharyngeal cancer among males is due
to higher levels of tobacco and alcohol consumption compared
to females.

In summary, this large population-based case-control study
implicates tobacco smoking and alcohol drinking as the major
determinants of oral and pharyngeal cancer. The strong dose-
response relationships leave little doubt that either product
alone can induce these cancers, although most cases result from
the combined effect of smoking and drinking. Thus, measures
to prevent oral and pharyngeal cancer should be aimed at
reducing intake of both alcohol and tobacco. The study also
provides new leads regarding differential effects by type of
product, including the lower risks associated with filter ciga
rettes and with intake of wine compared to beer or liquor.
Furthermore, etiological mechanisms were suggested by a
sharply reduced risk following smoking cessation, indicating
that smoking, like drinking, probably affects a late stage in oral
carcinogenesis.
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