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Alcohol and cancer 
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Alcohol is one of the very few examples of a chemical which has never been shown to 
cause cancer in experimental animals but which is nevertheless clearly implicated in the 
causation of certain human cancers. 

The experimentalfindings. Despite repeated attempts to produce cancer in mice, rats 
and hamsters by the administration of pure ethanol or of alcoholic beverages, it has 
never been possible to increase significantly the production of tumours in these animals. 
By using alcohol together with some known carcinogens such as 3-4-benzpyrene (Horie 
er al. 1965) or selected nitrosamines (Griciute et al. 1982, 1987) some experimentalists 
have observed an enhancement of the incidence of certain tumours. sometimes at sites 
comparable to those affected in man. 

The evidence in man. This, by contrast, is so obvious that clinicians, particularly ENT 
surgeons, incriminated alcohol long before epidemiological investigations confirmed 
their observations and demonstrated the association. Over the last 30 years, evidence of 
the causal relationship between alcohol consumption and cancer of the mouth, larynx, 
hypopharynx and oesophagus has accumulated and a relationship is suspected for several 
other sites (International Agency for Research on Cancer, 1988). Both cohort studies 
and case-control surveys on selected cancer sites have confirmed an excess risk related to 
intake of alcoholic beverages, more convincingly than simpler observational studies on 
population groups. 

When the distribution of oesophageal cancer mortality throughout the French 
‘departements’ was compared to that of cirrhosis and alcoholism, a significant correlation 
was observed, suggesting a common causal agent: alcohol (Tuyns, 1970). Mortality from 
rectal cancer was also found to be correlated with per capita consumption of beer in the 
USA and in European cqmtries (Breslow & Enstrom, 1974). In a correlation study on 
laryngeal cancer, mortality from this cancer was noted to correlate better with alcohol 
than with tobacco consumption (Tuyns, 1982). 

More demonstrative was the observation of a reduced risk for certain cancers among 
religious groups known or reputed to abstain from alcohol such as Mormons (Enstrom, 
1980) or Seventh-Day Adventists (Phillips et al. 1980). 

C O H O R T  S T U D I E S  

Several authors have studied the mortality of groups of people who had been treated for 
alcohol-related diseases in various European countries (Sundby, 1967; Hakulinen et al. 
1974; Nicholls et al. 1974), in the USA (Klatsky et (11. 1981) and in Canada (Schmidt & 
Popham, 1981). All these studies have constantly shown an overall excess of cancer 
deaths due to greater numbers of cancers of the upper aerodigestive tract. When studies 
of a similar design were carried out on groups of people with presumably high exposure, 
such as brewery workers in Denmark, an excess of cancers of the same sites was again 
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Table 1. Relative risks* for  oral cavity and pharyngeal cancer according to level of 
exposure to smoking and alcohol (from Rothman, 1976) 

Smoking (cigarette equivalcntsld) 

Ethanol (g/d) 0 <20 20-39 >40 

0 1.0 1.6 1.6 3.4 
<9.5 1.7 I 4 3.3 3.4 

9.5-35 1.9 4.9 4.8 8.2 
>37 2.3 4.8 10.0 15.6 

Caseskontrols 26/85 66/97 24811 97 143168 

* h s k s  are expressed relative to a risk of 1.0 for persons who neither smoked nor drank. 

observed. With respect to cancers thus related to alcohol consumption, it is remarkable 
that so many cohort studies have consistently provided the same picture: an excess risk 
for cancer of the mouth, larynx, hypopharynx and oesophagus. 

CASE-CONTROL STUDIES 

These associations were eventually confirmed by ad hoc case-control studies which had 
the advantage of recording information not only on alcohol but also on other exposures 
such as smoking or diet, known or suspected to be additional risk factors. This was 
particularly rewarding in so far as tobacco certainly, as well as some dietary deficiencies, 
were found to combine their effects with that of alcohol. 

Cancer oj-the mouth. This was investigated as early as 1957 by Wynder et al. (1957) 
who found that the risk was directly and proportionally related to the number of 
drinks/d, even after adjustment for smoking. Later studies in the USA (Graham et a f .  
1977) confirmed this finding. In another more recent study in British Columbia, Canada 
(Elwood etal.  1984), alcohol and smoking were again found to be the major risk factors, 
the association being the strongest for the former. 

Cancer o j  the hypopharynx. Most of the few studies on hypopharyngeal cancer also 
included either the mouth (Rothman & Keller. 1972) or larynx (Tuyns et al. 1988). When 
Rothman (1976) recalculated relative risks according to amount of alcohol and tobacco 
consumed daily (Table l ) ,  he noted that risk increased with alcohol consumption within 
each tobacco consumption category and vice versa for smoking, the combination of the 
two factors suggesting a multiplicative effect, which was also found later in a study 
carried out in research centres in France, Italy, Spain and Switzerland (Tuyns et al. 
1988). 

Cancer of the larynx. Laryngeal turnours occur much more frequently in males than in 
females. Within Europe, male mortality rates are highest in Spain, Italy and France, in 
contrast to the distribution of lung cancer, which predominates in the UK and the 
Benelux countries (Tuyns, 1982). 

When Wynder et al. (1976) investigated 200 cases of laryngeal cancer in the USA, they 
noted that consumption of alcohol considerably increased the risk of disease among 
smokers but not in non-smokers; they concluded that the main causal factor was tobacco, 
alcohol acting only in the presence of tobacco. Later studies in Canada (Burch et a f .  
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Table 2. Relative risks for cancer of the endolarynx according to level of exposure to 
smoking and alcohol (from Tuyns et al. 1988) 

Cigarettes (d) 

Ethanol (g/d) 0-8 8-15 1 6 2 5  >26 

0 4 0  
41-80 
81-120 
3121 

~~ ~~ 

1.0 6.7 12.7 11.5 
1.7 5.9 12.2 18.5 
2.3 10.7 21 .o 23.6 
3.8 12.2 31.6 43.2 

Total no. of cases 50 147 357 173 

Table 3. Combined effect of alcohol and tobacco on relative risks* for cancer of the 
oesophagus (from Tuyns et al. 1977) 

Tobacco consumption (g/d) 

Ethanol (g/d) 0-9 10-19 320 

0-40 1 .o 3.4 5.1 
4 1-80 7.3 8.4 12.3 
381 18.0 19.9 44.4 

Total no. of cases 78 58 64 

* Risks are expressed relative to a risk of 1.0 for persons smoking < l o  g/d and drinking 4 Q  g/d. 

1981; Elwood et al. 1984), however, found increased risks among drinkers who were 
life-long non-smokers; a study in south-west Europe (Tuyns et al. 1988) came to the same 
conclusion. In the study, a multiplicative model provided an adequate description of the 
findings (Table 2). 

Cancer of the oesophagus. This is probably the cancer site for which the widest range of 
incidence values has been reported (Day & Muiioz, 1982) under the most varied 
environmental conditions. In the Western world, the association with both alcohol and 
tobacco consumption was identified in the USA by Wynder & Bross (1961) and a few 
years later in Puerto Rico (Martinez, 1969); several studies later confirmed these 
associations. 

In Europe, very high mortality rates in males have been found in France, in the 
provinces of Brittany and Normandy (Tuyns, 1970). Advantage was taken of the 
existence of a high average level of alcohol intake in these provinces to investigate the 
risk of developing oesophageal cancer in relation to alcohol consumption. The first study 
carried out in Ille-et-Vilaine (Brittany) showed a clear dose-response relationship with 
daily alcohol intake, adjusting for tobacco (Tuyns et al. 1977). The combination of 
alcohol and tobacco exposures resulted in risks described as multiplicative (Table 3). 

A subsequent larger study in Calvados provided similar results. The number of cases 
was large enough to permit the calculation of risk of disease related to alcohol intake 
among life-long non-smokers (Tuyns, 1983). There was a similar dose-response re- 
lationship both in males and in females (Table 4). This observation was of particular 
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Tablc 4. Relative rihks (RR)  for  oesophageal cancer in relation to average daily alcohol 
consumption by non-smoking males and females in Normandy, France (from 

Tuyns, 1983) 

Malt\ Fcmalc\ 

No of No. of 
Ethanol (dd)  CdSCS RR cases R R  

0-10 7 1.0 25 1 .0 
4 1 -8n 15 3.8 8 5.6 
81-120 9 10.2 3 11.0 
3 121 8 101.0 - .- 

Table 5.  Relative risks of oesophageal cancer for  combined levels of dietary score and 
alcohol consuinption 

(Confidence limits in parentheses) 
-~ 

Alcohol consumption (ethanol g/d) 

Dietary score 0-40: 40-80 80- 120 > 120 

HHH, HHM, HhlM 1 3.7 15.8 1.1.6 

HHL, HML, MMI, 4.1 10.2 32.0 147.0 
(1.1-12.6) (4.3-58.1) (8.3-136.6) 

(1.1-15.4) (2.9-35.6) (0.1-1 11.9) (39.1-557.2) 
HLL, MLL, LLL 16.3 38.8 11 .h 89.3 

(4.5-58.4) ( 11'2-135. I )  (1 l.8-1J7.1) (25.0-.320.5) 

H, high; M, modcrate; I., low consumption of fresh meat, citrus fruits, and oils respectively. 
* Adjusted for age, area of residence. and tobacco smoking. 
f 40 g equals approximately 1.4 oz; 1 ml alcohol weighs 0.8 g. 

interest in view of the unusually high sex ratio (over 20) in the province, the lower female 
rate resulting from a Considerably lower average consumption of alcohol and of tobacco. 
Additional investigations o n  the role of diet in the same study group indicated that, in 
addition to alcohol and tobacco, insufficient intake of meat, oils and citrus fruit was also 
a risk factor (Table 5 ) ,  again with a combination of effects suggesting a multiplicative 
model (Tuyns et al. 1987). 

Primury liver cancer. This cancer is often associated with liver cirrhosis, which may be 
induced by a variety of agents, of which alcohol is probably the most frequent in many 
European countries. The impact of alcohol on primary liver cancer is difficult to measure 
because of the existence of other agents, in particular hepatitis B. which has already been 
shown to be responsible for the very high incidence of primary liver cancer in Africa and 
Asia. I n  one large cohort of 8646 blood donors in Japan who wcre carriers of hepatitis B 
surface antigen (Oshima et al. 1984), the risk of developing primary liver cancer was 
considerably increased for alcohol consumers, and this was dose-dependent. 

Other cancers. Since canccr of the rectum has bcen correlated with sales of beer 
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(Breslow & Enstrom, 1974), two retrospective cohort studies were undertaken on 
brewery workers, one in Dublin and one in Denmark. An excess of rectal cancer cases 
was observed in the former (Dean et al. 1979) but not in the latter (Jensen, 1979). The 
results of various case-control studies were equally divergent. No  firm conclusion can be 
drawn as to the association (International Agency for Research on Cancer, 1988). 

Cancer of the breast is widely distributed throughout the world, and its causation is 
still far from being understood. When several large, well-conducted cohort studies 
(Schatzkin et al. 1987; Willett et al. 1987) simultaneously described an increased risk 
among women drinkers, this caused some consternation. The increased risks observed, 
however, are modest (about 1.5). Even though the known confounding factors were 
taken into account, the possibility of confounding by some other as yet unknown factor 
cannot be ruled out. Again, no firm conclusion can be formulated on the basis of the facts 
at our disposal (International Agency for Research on Cancer, 1988). 

For a few more sites an association with alcohol has occasionally been suspected, but 
never with the strength and consistency as for cancers of the upper aerodigestive tract. In 
some cases an excess risk was observed for a cancer related to another factor which was 
itself closely associated with alcohol, such as smoking. The clearest example is the excess 
of lung cancer noticed among drinkers (Jensen, 1979). However, whenever the risk could 
be adjusted for smoking the effect of alcohol disappeared. 

T H E  CASE OF ALCOHOL AND T H E  M O R E  G E N E R A L  PROBLEMS O F  CANCER 
CAUSATION 

The clearcut role in alcohol in the causation of certain cancers is instructive in many 
respects. It is often associated with other factors - smoking, dietary deficiencies - which 
may in themselves be important causal agents. The most illustrative example of this is the 
unusual geographic distribution of oesophageal cancer throughout the world. In the 
Western world it is obviously mainly caused by alcohol, but it is also highly prevalent in 
regions where drinking is not so widespread and where dietary deficiencies are probably 
the causative factor. 

If the principle of such a multiplicity of interacting causal factors were more widely 
accepted, it might perhaps be easier to understand why our investigations on single 
dietary factors in relation to other digestive cancers sometimes produce divergent results. 
When we deal with diet, we are certainly playing with the most intricate combination of 
factors. 

Summary. Although alcohol is not a chemical carcinogen which produces cancer in 
experimental animals, there is overwhelming evidence that consumption of alcohol 
increases the risk of cancer. 

When a large group of experts met in Lyon, France, at the invitation of the 
International Agency for Research on Cancer, in order to review thoroughly the 
literature on the subject, they concluded that the ‘occurrence of malignant tumours of 
the oral cavity, pharynx, larynx, oesophagus and livcr is causally related to the 
consumption of alcoholic beverages’. Such groups of experts weigh their words and tend 
to be rather conservative in their written conclusions. Their last sentence was ‘Alcoholic 
beverages are carcinogenic lo humans’ (International Agency for Research on Cancer, 
1988). 
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