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Tobacco and alcohol and the risk of head and neck cancer

H. Maier?, A. Dietz!, U. Gewelke!, W.-D. Heller?, and H. Weidauer!

! Hals-Nasen-Ohren-Klinik der Universitit Heidelberg

2 Institut fiir Statistik und mathematische Wirtschaftstheorie der Universitit Karlsruhe

Summary. We carried out two case-control studies
on the relative risk of head and neck cancer in
association with tobacco and alcohol consump-
tion. The first study carried out at the ENT De-
partment of the University hospitals of Heidelberg
and Giessen (FRG) comprised 200 male patients
with squamous cell cancer of the head and neck
and 800 control subjects matched for sex, age, and
residential area (1:4 matching design). Of the tu-
mour patients, 4.5% had never smoked, in contrast
to 29.5% of the control group. The average tobac-
co and alcohol consumption of the patients was
approximately twice as high as in the control sub-
jects. The highest alcohol and tobacco consump-
tion was observed in patients suffering from oro-
pharyngeal cancer. Tobacco and alcohol increased
the risk of head and neck cancer in a dose-depen-
dent fashion and acted as independent risk factors.
In heavy smokers (> 60 pack-years) a relative risk
of 23.4 (alcohol adjusted) was calculated. Com-
bined alcohol and tobacco consumption showed
a synergistic effect. The risk ratio increased more
in a multiplicative than in an additive manner. Oral
and laryngeal cancer were associated with the high-
est tobacco-associated risk values. The highest eth-
anol-associated risk values were associated with or-
opharyngeal and laryngeal cancer. The second
study was carried out at the ENT Department of
the University of Heidelberg on 164 males with
squamous cell carcinoma of the larynx and 656
control subjects matched for sex, age and
residential area (1:4 matching design). Of the
cases, 4.2% had never smoked, compared with
28.5% of the control subjects. The risk of laryngeal
cancer by tobacco consumption was dose depen-
dent, reaching a maximum value of 9.1 (adjusted
for alcohol) for a consumption of more than 50
tobacco-years (TY). The relative risk of laryngeal
cancer associated with alcohol intake was also dose

dependent, reaching a value of 9.0 (adjusted for
tobacco) for a mean daily consumption of more
than 75 g alcohol. An analysis of subsite specific
risks showed that heavy smokers (> 50 TY) carried
a nearly ten times higher risk of supraglottic cancer
than of glottic cancer. The risk of supraglottic can-
cer from alcohol consumption was also higher than
that of glottic cancer.
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The pathogenesis of approximatelly 90% of squa-
mous cell carcinomas of the head and neck is firm-
ly linked to environmental risk factors. A consider-
able amount of epidemiological evidence has been
built up over decades to implicate occupation, so-
cial status, diet, smoking and chronic consumption
of alcohol in the aetiology of head and neck cancer.

Tobacco smoking and alcohol consumption
have been identified as the strongest determinants
in a great number of epidemiological studies con-
ducted in many countries all over the world. It
is surprising that in Germany until recently no stu-
dies investigating the tobacco- and/or alcohol-as-
sociated risk for this type of cancer had been per-
formed.

We report on the first case-control studies on
the role of smoking and drinking in the aetiology
of squamous cell carcinoma of the head and neck
conducted in a German population.

Methods and materials

The first case-control study was performed at two
centres, the departments of ENT of the Universi-
ties of Heidelberg and Giessen. The number of



cases in each centre was limited to 100 subjects
with histologically confirmed squamous cell carci-
noma of the oral cavity, the oropharynx, the hypo-
pharynx or the larynx, resulting in a total number
of cases of 200. Females cases were few in number
and therefore excluded. We attempted to recruit
all patients who attended the centres for treatment
or follow-up examination between 1 September
1987 and 31 December 1987 (Giessen) and 1 Feb-
ruary 1988 and 30 May 1988 (Heidelberg). In order
to reduce the possibility of selection and/or bias
only patients in whom the interval between diagno-
sis of the tumour and interview was not longer
than 3 years were eligible.

A total of 800 male subjects without known
cancer served as controls. The control subjects
were selected within the same time periods from
the outpatient clinics of the department of ENT
(n=200) and internal medicine (200) of each study
centre. Cases and controls were matched for age
and residential area using a 1:4 matching design.

All interviews were conducted in the above-
mentioned hospitals by the same interviewer
(A.D.), using a structured questionnaire. The inter-
view took approximately 30-60 minutes and cov-
ered, besides smoking and drinking habits, occupa-
tional history, dietary habits, social status, prior
medical conditions, use of certain drugs and family
history of certain diseases. In the present paper
we want to focus exclusively on tobacco and alco-
hol consumption. Tobacco consumption was de-
scribed by the term ‘tobacco year’ (TY) which was
defined as a daily consumption of 20 cigarettes,
four cigars or five pipes for 1 year. Alcohol con-
sumption was described as total intake of ethanol
(g/day). The calculation of this value was based
on an average ethanol content of 4 vol% in beer,
10 vol% in wine and 40 vol% in spirits.

The second case-control study was conducted
in 164 male subjects with histologically proven
squamous cell carcinoma of the larynx who at-
tended the ENT-clinic of the University of Heidel-
berg for treatment or follow-up examination be-
tween 1 February 1988 and 30 May 1988 and be-
tween 1 November 1988 and 1 May 1989. In order
to reduce the possibility of selection and/or bias,
again only patients in whom the interval between
diagnosis of the tumour and interview was not lon-
ger than 3 years were eligible. A total of 656 con-
trol subjects were selected within the same time
periods from the out-patient clinics of the depart-
ment of ENT (n=328) and internal medicine (328)
of the University of Heidelberg using identical se-
lection criteria as in the first study. In view of our
experience in the first study, the occupational part
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of the questionnaire was redesigned, but the alco-
hol and tobacco part remained unchanged.

The analysis of the questionnaire data was per-
formed by means of the statistical package SAS
using the procedures LOGIST and MCSTRAT
[33, 39]. Risk estimates and corresponding confi-
dence intervals were calculated by means of logistic
models of regression.

Results

Case-control study on squamous cell carcinoma
of the head and neck

The mean age of the cases was 57.5 years (range
33-89 years). The most frequent cancer site was
the larynx (44.5%), followed by the oropharynx
(24.5%), the oral cavity (23%), and the hypophar-
ynx (8%). Only 4.5% of the cases had never
smoked in contrast to 29.5% of the controls. Pre-
vious smokers were 48.5% of the cases and 44.5%
of the controls, and active smokers were 47% of
the cases and 27% of the controls. The mean to-
bacco consumption calculated for the cases
amounted to 43.2+27.9 TY compared with 20.1 +
26.7 TY in the controls (P<0.0001). In Table 1
the mean tobacco consumption for patients with
various tumour sites is listed. The highest con-
sumption was found in patients with oropharyn-
geal cancer (51.2+28.8 TY). The risk ratios asso-
ciated with tobacco consumption are shown in Ta-
ble 2. Since only nine cases had never smoked,
the referent category included smokers with less

Table 1. Consumption of tobacco (in tobacco-years) in patients
with tumours at various sites

Oral cavity Oropharynx Hypopharynx Larynx
(n=47) (n=46) (n=12) (n=95)
Patients

40.0+19.3 51.2+28.8 36.3+24.7 41.9430.9
Controls

18.74+36.6 21.34+24.8 17.1£16.9 20.61+22.6

Table 2. Tobacco-associated risk of head and neck cancer (ad-
justed for alcohol) (n=200)

Tobacco-years RR P value 95% C.I.
< 5 1.0
5-20 1.9 <0.12 0.8; 4.3)
20-40 10.6 <0.0001 (5.5;20.4)
40-60 13.0 <0.0001 (6.4;26.4)
>60 23.4 <0.0001 (11.0; 49.9)
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Table 3. Tobacco-associated risk of cancer (expressed as risk ratios) for different sites of the head and neck (adjusted for alcohol)

Tobacco years Oral cavity Oropharynx Hypopharynx Larynx
(n=47) (n=46) (n=12) (n=95)
<5 1.0 1.0 1.0 1.0
5-50 17.1 (3.4-85.3) - - 5.4 (2.2-13.0)
>50 77.5 (11.0-545.6) — — 11.9 (4.3-32.8)

Values in parentheses are 95% confidence intervals, — Number of cases too small for calculation of risk

Table 4. Consumption of alcohol (g/day) in patients with tu-
mours at various sites

Table 5. Alcohol-associated risk of head and neck cancer (to-
bacco adjusted) (n=200)

Oral cavity Oropharynx Hypopharynx Larynx Alcohol Risk ratio P value 95% C.1.

(n=47) (n=46) (n=12) (n=95) (g/day)

Patients <25 1.0

66.1460.5  80.5+79.2 69.9435.9 65.14+46.1 25-50 17 <0.04 (1.0:2.7)
50-75 6.7 <0.0001 (3.9:11.3)

Controls 75-100 16.2 <0.0001 (7.1; 36.8)

28.9429.3 31.2430.1 30.8427.9 29.4425.2 >100 21.4 <0.0001 (11.2; 40.6)

Table 6. Alcohol-associated risk of cancer (expressed as risk ratios) for different sites of the head and neck (adjusted for tobacco)

Alcohol consumption Oral cavity Oropharynx Hypopharynx Larynx
(g/day) (n=47) (n=46) (n=12) (n=95)
<25 1.0 1.0 1.0 1.0

25-75 2.8 (1.1-7.0) 0.9 (0.3-2.3) 2.9 (0.4-22.9) 3.5(1.9-6.4)
>75 14.9 (4.2-53.7) 12.5(3.2-49.3) - 15.7 (6.6-37.3)

Values in parentheses are 95% confidence intervals, — Number of cases too small for calculation of risk

than 5 TY. There was a clear dose response rela-
tionship displaying a 23-fold increase in risk (ad-
justed for alcohol consumption) for heavy smokers
(>60 TY). Because of small sample sizes in this
study the tobacco associated risk could be calculat-
ed only for two different tumour sites (oral cavity
and larynx) (Table 3). The risk of oral cancer in-
creased 77-fold (P<0.0001) and of laryngeal can-
cer 12-fold (P<0.0001) in heavy smokers (>50
TY).

Regular, consumption of alcohol was admitted
by 89% of the cases and by 88% of the controls.
The total daily intake of ethanol differed signifi-
cantly between groups. The cases averaged 69.2+
58.1 g/day in contrast to 29.8+27.5 g/day (P<
0.001). Table 4 displays the mean alcohol con-
sumption for patients with various tumour sites.
The highest consumption was found in patients
with oropharyngeal cancer (80.5+79.2 g). The risk
ratios associated with alcohol consumption are
shown in Table 5. Since only 12 patients did not
report a regular alcohol consumption, the referent
category included subjects with a daily consump-

tion of less than 25 g/day. There was a clear dose-
response relationship displaying a 21-fold increase
in risk (adjusted for tobacco consumption) for
heavy drinkers (> 100 g/day).

The alcohol-associated risk for different tu-
mour sites is shown in Table 6. After adjustment
for tobacco consumption the risk of oral cancer
increased 15-fold (P<0.0001), of oropharyngeal
cancer 12-fold and of laryngeal cancer 16-fold (P <
0.0001) in heavy drinkers (> 75 g/day).

Combined consumption of alcohol and tobac-
co increased the risk more in a multiplicative than
in an additive manner (Table 7). The relative risk
of head and neck cancer associated with a daily
ethanol consumption of 75 g or more and a tobac-
co consumption of more than 50 TY was 146 times
greater than the referent group.

Case-control study on squamous cell carcinoma
of the larynx

The mean age of the cases was 58.15 years (range
39.9-85.8 years). Of the cases, 4.2% and of the
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Table 7. Interaction of alcohol and tobacco on the risk of head and neck cancer expressed as risk ratios (95% C.1.). Patient/control

numbers in each category are shown beneath the risk ratios values

Tobacco years

Alcohol consumption (g/day)

<25 25-75 >75
<5 1.0 2.3 (0.6; 8.8) 10.3 (1.9 55.8)
(5/178) (5/97) (3/10)
5-50 5.7(1.9;17.3) 14.6 (4.8; 43.9) 153.2 (4.1, 532)
(27/246) (50/180) (44/19)
>50 23.3 (6.6; 82.5) 52.8 (15.8; 176.6) 146.2 (37.7; 566)
(14/33) (27/28) (25/9)

Table 8. Consumption of tobacco (expressed as tobacco years)
by patients with laryngeal cancer and control subjects

Table 9. Alcohol- and tobacco-associated risk of laryngeal can-
cer (adjusted for tobacco and alcohol) (n=164)

Laryngeal cancer Controls
(n=164) (n=656)
Min 0 0
Max 173.3 141.3
Mean 44.2 222
25% quantile 26.2 0
50% quantile 38.9 14.0
75% quantile 64.3 352

control subjects 28.5%, had never smoked. Pre-
vious smokers and active smokers were 95.8% of
the cases and 71.5% of the control subjects. Ciga-
rette smokers were 96.5% of the cases and 91.5%
of the controls. Of the cigarette smokers in the
tumour group 70%, and in the control group
87.8%, preferred filter-tipped cigarettes.

The tobacco consumption of the cases and the
control subjects is listed in Table 8. The mean to-
bacco consumption calculated for the cases
amounted to 44.2 TY compared with 22.2 TY for
the controls (P < 0.0001). The risk of laryngeal can-
cer associated with tobacco consumption is shown
in Table 9. The referent category included smokers
with less than 5 TY. There was a clear dose-re-
sponse relationship displaying a nine-fold increase
in risk (adjusted for alcohol consumption) for
heavy smokers (> 50 TY). The tobacco-associated
risk was different for supraglottic and glottic can-
cer (Table 10) and increased fourfold (P<0.005)
for glottic cancer and for supraglottic cancer 33-
fold (P <0.0001) in heavy smokers (> 50 TY).

The alcohol consumption of the cases and the
control subjects is listed in Table 11. The mean
alcohol consumption calculated for the cases
amounted to 64.1 g/day compared with 29.2 g/day
in the control group (P <0.0001). The risk of laryn-
geal cancer associated with alcohol consumption
is shown in Table 9. The referent category included

Alcohol RR 2.6

25-75 g/day P 0.0001
CL 1.63-3.99

Alcohol RR 9.0

>75 g/day p 0.0001
C.L 5.21-15.53

Tobacco years RR 5.6

5-50 P 0.0001
C.L 2.87-10.93

Tobacco years RR 9.1

>50 P 0.001
C.L 4.46-18.71

RR, risk ratio

Table 10. Alcohol- and tobacco-associated risk of supraglottic
and glottic cancer (adjusted for tobacco and alcohol)

Glottic cancer  Supraglottic cancer

(n="72) n=73)

Alcohol RR 36 1.6
25-75 g/day P 0.0002 0.16

C.IL 1.83-7.05 0.83-3.13
Alcohol RR 792 11.76
> 175 g/day P 0.0001 0.0001

Cl  3.53-17.77 4.48-29.58
Tobacco years RR 23 20.2
5-50 P 0.04 0.0001

CI  1.83-7.05 4.48-91.49
Tobacco years RR 3.7 327
> 350 P 0.005 0.0001

CIL 14990 6.88—155.56

RR, risk ratio

alcohol consumers of less than 25 g/day. There was
a clear dose-response relationship displaying a
ninefold increase in risk (adjusted for tobacco con-
sumption) for heavy drinkers (>75 g/day). The al-
cohol-associated risk was slightly different for su-
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Table 11. Consumption of alcohol (expressed as g/day) by pa-
tients with laryngeal cancer and control subjects

Laryngeal cancer Controls

(n=164) (n=0656)
Min 0 0
Max 261.4 188.5
Mean 64.1 29.2
25% quantile 24.3 4.3
50% quantile 5241 20.4
75% quantile 93.9 41.0

praglottic and glottic cancer (Table 10) and in-
creased eightfold (P<0.0001) for glottic cancer
and, for supraglottic cancer, 12-fold (£ <0.0001)
in heavy drinkers (> 75 g/day).

Discussion

Clinically a link between chronic consumption of
tobacco and/or alcohol and head and neck cancer
has been observed for many years. This observa-
tion has been supported by numerous epidemiolog-
ical studies indicating that heavy smoking or drink-
ing, and especially the combination of the two,
increases the risk of squamous cell carcinoma of
the oral cavity, the pharynx and the larynx [2, 5,
6, 8, 10, 28, 29, 31, 32, 37, 40, 45, 46, 47]. The
tobacco-associated cancer risk has been explained
by the fact that tobacco smoke contains more than
30 different carcinogenic compounds, for example
polycyclic aromatic hydrocarbons, and tobacco-
specific nitrosamines some being capable of local
carcinogenic action [12]. While there has been gen-
eral agreement that tobacco is the major risk factor
for this type of cancer, the role of chronic alcohol
consumption has been underestimated for a long
time. Alcohol per se is not a carcinogen, but acts
as a co-carcinogen [14, 36]. It is capable of affect-
ing carcinogenesis at different stages during initia-
tion and promotion [36]. More than 90% of envi-
ronmental carcinogens occur in their procarcino-
genic form and require further activation by micro-
somal cytochrome P-450-dependent enzymes [43].
Chronic ethanol consumption increases procarcin-
ogen-activating enzyme activities [9, 11]. In animal
experiments it has been shown that alcohol may
affect carcinogenesis via an inhibition of DNA re-
pair [26]. The upper digestive tract is exposed to
ethanol concentrations several times higher than
other tissues, thus leading to direct cell alterations
there. Such cellular injury is usually answered by
cellular hyper-regenerativity, a state in which tis-
sues exhibit an increased sensitivity toward chemi-

cal carcinogens [44]. Further, alcohol acts as a sol-
vent for certain carcinogens, thus increasing their
cellular uptake [36]. Acute and chronic ethanol ad-
ministration decreases the production and secre-
tion of saliva [15, 18, 19]. This may result in higher
local concentrations of procarcinogens or carcino-
gens and a reduced clearance of the mucosal sur-
face. Besides alcohol beverages may contain a vari-
ety of procarcinogens [16, 23, 38]. Finally alcohol-
ism is often associated with malnutrition and defi-
ciencies in vitamins (A, B;, B,, Bg, E, folic acid)
and trace elements (Mg, Zn, Fe) [16, 22, 24, 34,
35, 36].

In the present investigation, for the first time
in a German population the relative risk for head
and neck cancer associated with tobacco and alco-
hol consumption has been evaluated. Since tobac-
co and alcohol consumption are positively corre-
lated, it was necessary to examine the effects of
smoking unconfounded by alcohol and vice versa.

Most, but not all, of the cancer patients en-
rolled into the studies were active or previous
smokers (95.5% in the first, and 95.8% in the sec-
ond, study). Among the control subjects, the per-
centage of active or previous smokers was also
rather high (70.5% in the first, and 71.5% in the
second, study). It is remarkable that a regular con-
sumption of alcohol was admitted by 89% of the
cases and also by 88% of the controls. However,
the tobacco as well as the alcohol consumption
of the cancer patients in both studies was twice
that of the control subjects. This in itself indicated
a possible dose-response relationship between to-
bacco consumption, as well as alcohol consump-
tion, and cancer risk. The calculation of relative
risks for head and neck cancer in general, associat-
ed with tobacco consumption, confirmed this first
impression: compared with the referent category
(<5 TY) there was a significant dose-response re-
lationship displaying a 23-fold increase in the risk
for heavy smokers (> 60 TY; adjusted for alcohol).
A similar situation was observed for the alcohol-
associated risk: compared with the referent catego-
ry (<25 g/day) there was a significant dose-re-
sponse relationship displaying a 21-fold increase
in the risk for heavy drinkers (> 100 g/day; ad-
justed for tobacco).

There is general agreement that tobacco con-
sumption acts as an independent risk factor for
head and neck cancer [2, 5, 6, 28, 29, 40]. This
was confirmed in the present study. Concerning
alcohol, there is some disagreement. In most pre-
vious studies alcohol has been described as a risk
enhancer in smokers, but not as an independent
risk factor [45, 46]. On the contrary, most recent



investigations [2, 6, 13, 40], and also both of our
case-control studies, provide strong evidence that
alcohol acts as an independent risk factor of head
and neck cancer.

Since most of the patients suffering from head
and neck cancer smoke and drink heavily it is im-
portant to investigate the joint effect of tobacco
and alcohol on the cancer risk. Attempts have been
made to describe the interaction of both in terms
of an additive or multiplicative model. In one of
the first studies analysing this question, Wynder
et al. [47] found an additive effect. However, sever-
al other more recent studies have described a
greater than additive effect [2, 5, 6, 10, 28, 29,
32, 40]. The present study also provides evidence
that alcohol and tobacco act in a synergistic man-
ner: the relative risk associated with combined
heavy alcohol and tobacco consumption was 146
times higher compared with the referent group.
However, this risk value has been established on
data from only 200 cases, and thus should be inter-
preted cautiously. For a detailed description of the
interaction of alcohol and tobacco on the risk for
head and neck cancer a greater number of cases
than 200 is recommended [3, 4].

Several case-control studies have provided evi-
dence that tobacco- as well as alcohol-associated
cancer risk varies for different anatomical sites in
the head and neck region [2, 5, 6, 40]. Similar ob-
servations were made in our studies: the risk (ad-
justed for alcohol) of oral cancer increased 77-fold
(P <0.0001), and of laryngeal cancer 12-fold (P<
0.0001), in heavy smokers (>50 TY). While the
relative risk value calculated for laryngeal cancer
is in agreement with the risk values reported by
other authors, the value for oral cancer was sur-
prisingly high. The site-dependent risks from alco-
hol of head and neck cancer were only slightly
different. After adjustment for tobacco consump-
tion, the relative risk of oral cancer increased 15-
fold (P <0.0001), of oropharyngeal cancer 12-fold
and of laryngeal cancer 16-fold (P<0.0001), in
heavy drinkers (>75 g/day). However, it should
be mentioned that the latter values were derived
from a small number of cases and need to be con-
firmed, as we have done in our second study, con-
cerning laryngeal cancer.

Again there was a clear dose-dependent in-
crease in risk, reaching a value of 9.1 for heavy
smokers (> 50 TY) and for heavy drinkers (>75 g/
day). One has to recognise that laryngeal cancer
includes cancers arising from different parts of the
larynx. The most common types of laryngeal can-
cer are glottic cancer, which arises from the vocal
fold, and supraglottic cancer, which arises above
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the vocal fold. In our study the tobacco-associated
risk of glottic cancer showed a moderate dose-de-
pendent increase reaching a value of 3.7 for heavy
smokers (adjusted for alcohol). The risk ratio cal-
culated for supraglottic cancer, however, was near-
ly ten times higher, reaching a value of 32.7 for
heavy smokers (>50 TY; adjusted for alcohol).
The subsite-specific risks from alcohol consump-
tion were only slightly different. The alcohol-asso-
ciated risk of glottic cancer reached a value of 7.9
and of supraglottic cancer, 11.8 for heavy drinkers
(adjusted for tobacco). Similar subsite-specific rel-
ative risks from tobacco as well as from alcohol
consumption have been reported by other authors
[2, 6, 8, 40]. The high subsite-specific risk from
tobacco consumption for supraglottic cancer is
surprising since the exposure to tobacco smoke is
similar for both the supraglottic and glottic region.
It therefore appears likely that the mucosa of the
supraglottic structures, like the epiglottis or the
aryepiglottic folds, are rendered more susceptible
to the carcinogenic effect of certain tobacco smoke
compounds by other noxae, for example alcohol.
While glottic mucosal structures are normally ex-
posed only to alcohol via the blood stream or ex-
pired air — i.e. to low concentrations — the supra-
glottic structures mentioned may be in direct con-
tact with alcoholic beverages while these are in-
gested.

In confirmation of previous epidemiological in-
vestigations, the two case-control studies presented
in this paper provide strong evidence for a major
role of tobacco and alcohol consumption as risk
factors of head and neck cancer in general, and
of laryngeal cancer in particular. However, one
should keep in mind that the aetiology of head
and neck cancer is multifactorial. It is noteworthy
that comparatively few smokers and drinkers de-
velop this disease, although tobacco and alcohol
consumption are rather common habits among the
adult German population. There are additional as-
pects to the causation of head and neck cancer
that science is just beginning to unravel, for exam-
ple poor diet [1, 17, 25, 27, 30], occupational expo-
sure to carcinogens [20, 21], social status [7, 8],
viral infections [41] and genetic predisposition [42].
Further investigations of these risk factors in the
field of epidemiology, toxicology, and especially
molecular biology, are necessary for a better un-
derstanding of the pathogenesis of head and neck
cancer.
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