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Abstract
Background: Cancers constitute a major non-communica-
ble disease category globally and in the European Union 
(EU). Summary: Alcohol use has been established as a major 
cause of cancer in humans. Principal cancer agencies agree 
that the following cancer sites are causally impacted by al-
cohol: lip and oral cavity, pharynx (excluding nasopharynx), 
oesophagus, colon and rectum, liver, (female) breast, and 
larynx. For all of these cancer sites, there is a dose-response 
relationship with no apparent threshold: the higher the aver-
age level of consumption, the higher the risk of cancer inci-
dence. In the EU in 2016, about 80,000 people died of alco-
hol-attributable cancer, and about 1.9 million years of life 
were lost due to premature mortality or due to disability. Key 
messages: Given the above-described impact of alcohol on 
cancer, public awareness about the alcohol-cancer link 
needs to be increased. In addition, effective alcohol policy 
measures should be implemented. As a large part of alcohol-

attributable cancers are in low and moderate alcohol users, 
in particular for females, general population measures such 
as increases in taxation, restrictions on availability, and bans 
on marketing and advertisement are best suited to reduce 
the alcohol-attributable cancer burden. 

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Cancers constitute a major non-communicable dis-
ease category [1]. It has been estimated that the global 
cancer burden rose to 18.1 million new cases and 9.6 mil-
lion deaths in 2018 [2]. One in 5 men and 1 in 6 women 
worldwide develop cancer during their lifetime, and 1 in 
8 men and 1 in 11 women die from the disease. As cancers 
affect people relatively late in their life-course, their im-
pact is most pronounced in regions with high life expec-
tancy, such as the European Union (EU) [3].

Cancer is affected by the same risk factors as other 
non-communicable diseases: tobacco smoking, alcohol 
use, physical activity, and nutrition [4], and these risk fac-
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tors have also been included in the World Health Orga-
nization’s (WHO’s) monitoring framework for these dis-
eases with concrete targets to be reached by 2025 [5].

This article will focus on alcohol use as a risk factor for 
cancer and will discuss 5 specific points:

 −  Which cancer subtypes are causally affected by alco-
hol?

 −  What are the risk relations between alcohol and cancer 
subtypes?

 −  What is the burden of alcohol-attributable cancer in 
the EU?

 −  What are the trends in alcohol-attributable cancers?
 −  What policy measures can be taken?

Main Text

Which Cancer Subtypes Are Causally Affected by 
Alcohol?
Alcoholic beverages have long been established as be-

ing causally related to the risk of cancer in humans [6–8]; 
ethanol (pure alcohol) is a procarcinogen found within all 

alcoholic beverages [9]. As per the definition of the Inter-
national Agency for Research on Cancer (IARC) [10], the 
procarcinogen label is applied to substances that trans-
form into carcinogens by their metabolism.

As with most other procarcinogens, alcohol affects dif-
ferent subtypes of cancer. Internationally, different orga-
nizations regularly conduct comprehensive reviews on 
the risk factors for cancer, and thus on the subtypes of 
cancer affected by alcohol use as follows:

 −  The IARC [10], part of the WHO, and thus under the 
governance of the United Nations (UN), has estab-
lished a monograph program, where knowledge is 
regularly updated about the carcinogenicity of differ-
ent risk factors using standardized protocols and by 
inviting international experts’ opinions [11]. Alcohol 
use has been central to 2 separate monographs [6, 7] 
and part of a large review covering all lifestyle factors 
[12].

 −  Various publications of the Continuous Update Proj-
ect of the World Cancer Research Fund International 
[13], an ongoing programme which analyses global re-
search on how diet, nutrition, and physical activity af-

Table 1. Summary of the evidence for a causal relationship between alcohol consumption and the risk of various cancer subtypes [7, 12, 
15, 59–67]

Cancer site (ICD-10 code) 
and level of causality

Evidence

International Agency for 
Research on Cancer [7, 12]

World Cancer Research Fund International 
(Continuous Update Project)

L’Institut National Du 
Cancer France [15]

Causally related to alcohol consumption
Oral cavity (C02–06) Sufficient evidence Convincing [59] Convincing
Oropharynx (C01, C09–10) Sufficient evidence Convincing [59] Convincing
Hypopharynx (C12–13) Sufficient evidence Convincing [59] Convincing
Oesophagus (C16) Sufficient evidence –
Oesophagus – adenocarcinoma – Limited – no conclusion [60] Insufficient evidence
Oesophagus – squamous cell carcinoma – Convincing [60] Convincing
Colon (C18) Sufficient evidence Convincing (men)/probable (women) [61] Convincing
Rectum (C19–20) Sufficient evidence Convincing (men)/probable (women) [61] Convincing
Liver (C22) Sufficient evidence Convincing [26] Convincing
Larynx (C32) Sufficient evidence Convincing [59] Convincing
Breast (female) (C50) Sufficient evidence Convincing [62] Convincing

Causality not established
Stomach (C16) – Probable [63] Controversial results
Gallbladder (C23) – Limited – no conclusion [64] Not established
Pancreas (C25) Observed association Limited – suggestive (heavy consumption) [65] Controversial results
Prostate (C61) – Limited – no conclusion [66] Not established – may be 

associated at higher alcohol 
consumption levels

Kidney (C64–65) Evidence suggesting lack of 
carcinogenicity

Probable (for alcohol intake up to 30 g/day) [67] Insufficient data

ICD, International Classification of Diseases.
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fect cancer risk and survival, have examined alcohol 
use as a risk factor for cancer.

 −  In the EU, the French National Cancer Institute [14] 
conducted a comprehensive review on the risk rela-
tionship between alcohol and cancer in 2007 [15].
All 3 of the above review systems converged to a large 

degree on the subtypes of cancer affected by alcohol use, 
and the results can be found in Table 1. Thus, the follow-
ing cancer types will be included in this article as being 
causally related to alcohol: lip and oral cavity, pharynx 
(excluding nasopharynx), oesophagus, colon and rectum, 
liver, (female) breast, and larynx.

What Are the Risk Relations between Alcohol and 
Cancer Subtypes?
Two systematic reviews and meta-analyses provide the 

most comprehensive and comparable overviews on risk 
relations [16, 17], and serve as the basis for the latest com-
parative risk analyses for alcohol (for an overview of com-
parative risk assessments, see [18]). Consistent with the 
use of WHO data for outcomes, we decided to use the 
Bagnardi et al. [16] analyses (except for the risk of liver 
cancer, which was based on [19]). The above-specified 
risk relations were also used in the Global Status Report 

on Alcohol and Health [20] and the World Cancer Report 
[21].

Risk relations can be characterized as follows (while 
figures for all alcohol-attributable cancer types cannot be 
provided, see the exemplary illustrations in Fig. 1, 2; all 
dose-response relationships between levels of alcohol use 
and cancer endpoints can be found in [22, 23]):

 −  All dose-response curves for the cancer types identi-
fied as causal (see above) show no protective effects at 
any level of alcohol use, and there is increasing risk 
with higher levels of consumption. The protective ef-
fect for these cancer types reported in some publica-
tions is likely due to comparisons made to current ab-
stainers, a group which includes former drinkers with 
elevated risk (for cancer, see [19, 24–26]), and lifetime 
abstainers [8]. It should be noted that the effects of al-
cohol use on cancer involve a lag time, usually mod-
elled at 10 years [20, 27].

 −  While there is a clear dose-response relationship, with 
risks reported as lower at lower levels of consumption, 
there is no safe lower limit for alcohol use [7, 8]. For 
breast cancer, biological studies [28], individual and 
aggregate-level meta-analyses based on either cohort 
or case-control studies (individual-level pooled analy-
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Fig. 1. Relative risks and 95% confidence intervals for breast cancer 
among female alcohol users by average volume of drinking (as 
compared to lifetime abstainers). (Source: own calculation based 
on  [16] ).

Fig. 2. Relative risks and 95% confidence intervals for oesophageal 
cancer among alcohol users by average volume of drinking (as 
compared to lifetime abstainers). (Source: own calculation based 
on  [16] ).
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sis: [29]); aggregate level meta-analyses [30, 31]; and 
large-scale individual studies [32] converge: even aver-
age alcohol intake as low as 10 g of ethanol per day or 
lower – the most common size of a standard drink 
globally is 10–12 g of ethanol – is associated with a sig-
nificantly increased risk of breast cancer.

 −  The dose-response curves between levels of alcohol 
use and cancer are relatively flat and almost linear 
(for a further discussion of dose-response curves and 
the different dimensions of alcohol use relevant for 
disease, see [33]), so a large part of the burden occurs 
in light to moderate drinkers [34], especially among 
women. The 2 most frequent cancers in Germany are 
breast cancer and colorectal cancer (see Table 2; cal-
culations for 2018, based on alcohol exposure for 
2008 from [35] and risk relations from [16]). More 
than 20% of the alcohol-attributable cancer cases in 
these categories are seen in women who consume less 
than 2 drinks a day. For men, 8% of all alcohol-attrib-
utable colorectal cancer cases fall into these catego-
ries. This is another example of the so-called preven-
tive paradox [36], which can be characterized by in-

creasing dose-response relationships (the higher the 
alcohol use, the higher the risk of cancer), but still a 
large part  of cancer cases are in relatively low drinking 
categories because there are so many more people 
drinking this way (as illustrated for Germany, this 
mainly concerns women; most of women with alcohol-
attributable breast and colorectal cancers drink less 
than 45 g pure alcohol – or four standard drinks –  
per day). For most other European countries, light 
drinking causes higher proportions of alcohol-attrib-
utable cancers (as Germany has one of the highest 
prevalence of heavy alcohol use in the EU and the 
world). Notably, Table 2 was based on all alcohol be-
ing sold also being consumed. If we base Table 2 on 
alcohol consumption surveys only, the majority of 
alcohol-attributable deaths in female breast or 
colorectal cancers would be below 20 g of average 
drinking. As a consequence of the distribution of al-
cohol-attributable cancer, a population preventive 
strategy is best aimed at reducing the alcohol-attrib-
utable cancer burden [37, 38].

Table 2. Level of drinking and attributable cancers in Germany, 2018 (based on alcohol exposure data for 2008) [16, 35, 68]

Disease condition Drinking category 
[35]

% of 
population

RR 
[16]

Decomposition of 
contributions (for 
formulas, see [68])

Excess risk Contribution to 
excess risk, %

Breast cancer (women) Abstainer 25.5 1.00 0.2549 0 0.0
0–20 g 51.3 1.11 0.5691 0.056 20.0

20–40 g 13.3 1.36 0.1811 0.048 17.2
>40 g 9.9 2.77 0.2736 0.175 62.7

1.2787 0.279 100.0

PAF (whole population) 12.8%

Colon cancer (women) Abstainer 25.5 1.00 0.2549 0 0.0
0–20 g 51.3 1.07 0.5467 0.034 23.1

20–40 g 13.3 1.21 0.1609 0.028 19.1
>40 g 9.9 1.85 0.084 0.084 57.8

1.1455 0.145 100.0

PAF 12.7%

Colon cancer (men) Abstainer 12.1 1.00 0.1209 0 0.0
0–20 g 35.0 1.07 0.3728 0.023 6.5

20–40 g 18.7 1.21 0.2255 0.039 11.0
>40 g 34.3 1.85 0.6345 0.292 82.5

1.3537 0.354 100.0

PAF 26.1%

RR, relative risk (relative to abstainers); PAF, populationattributable fraction. The rows highlighted in bold refer to the proportion 
of all cancers of that type which were caused by alcohol use.
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What Are the Levels of Alcohol-Attributable Cancer in 
the EU?
Based on the analyses of Shield and colleagues [23], 

there were almost 80,000 alcohol-attributable cancer 
deaths in Europe in 2016 (78,985, 95% confidence inter-
val [CI]: 75,498–91,102; women: 22,778, 95% CI: 18,985–
26,622; men: 56,207, 95% CI: 54,142–66,709). In terms of 
the burden of disease in the same year, the estimate was 
almost 1.9 million cancer disability-adjusted life years  
lost (1,880,490, 95% CI: 1,809,078–2,154,084; women: 
531,377, 95% CI: 450,307–614,370; men: 1,349,113, 95% 
CI: 1,306,596–1,591,898). Indeed, alcohol use is one of the 
main known risk factors for cancer in the EU; in a recent 
comprehensive study on risk factors for cancer in France, 
only tobacco smoking was reported to cause higher can-
cer incidence [39].

Figure 3 provides an overview of the burden of disease 
for different categories of alcohol-attributable cancers. 
Colon and rectum, and female breast cancers were the 
highest contributors to this burden.

What Are the Trends in Alcohol-Attributable 
Cancers?
Figures 4 and 5 display the alcohol-attributable age-

adjusted cancer rates since 2000. Rates for both deaths 
and disability-adjusted life years lost have been decreas-

ing, following overall trends in average levels of alcohol 
use in the EU [28, 35]. Note that these trends mirror the 
alcohol use trends between 1990 and 2006, due to the la-
tency period of 10 years.

Lip and oral
cavity cancers

12%

Larynx cancer
6%

Breast cancer
15%

Liver cancer
12%

Other pharynx
cancers

12%

Oesophagus
cancer
14%

Colon and
rectum cancers

29%

Fig. 3. Proportions of different categories of the alcohol-attribut-
able cancer burden, 2016 (total alcohol-attributable disability-ad-
justed life years lost: 1,880,490). (Source: Own calculations based 
on [23]).
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since 2000 and 95% confidence intervals. (Source: Own calcula-
tions based on Shield et al. [23]).
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These trends also reflect secular trends (for trends in 
the overall alcohol-attributable burden of disease, see  
online suppl. Figures A1 and A2; for all online suppl. 
material, see www.karger.com/doi/10.1159/000507017). 
While alcohol-attributable cancer indicators decreased, 
alcohol-attributable cancer harm is still high in the EU 
(see above). However, the downward trend is expected to 
slow down or possibly reverse in the future based on more 
recent trends in both alcohol use [35, 40, 41] and cancer 
mortality [42].

What Policy Measures Can Be Taken?
Although it is well established scientifically that alco-

hol is a procarcinogen and alcohol use can cause cancer 
(see above), this knowledge has still not entered into 
broad public awareness in most countries [43]. Even for 
people who indicated an awareness of such an impact, 
their knowledge was not necessarily specific to alcohol, 
but rather part of a general belief that “everything causes 
cancer” [44]. This indicates an urgent need to inform the 
general population about the alcohol-cancer link.

We can only speculate about the lack of public aware-
ness about the alcohol-cancer link. The fact that media 
coverage of alcohol use has concentrated on the discus-
sion of a cardioprotective effect (for an overview, see [45]) 
seems to have played a role. This coverage has been fu-
elled in part by marketing campaigns by the alcohol in-
dustry, which concentrated on the beneficial potential of 
alcohol use, and tried to put into question some of the 
evidence of an alcohol-cancer link [46]. Finally, while al-
cohol has been identified as the second largest risk factor 
for cancer in a country like France [39], the attributable 
fractions are relatively small and there is no type of cancer 
where alcohol causes the majority of incident cases (e.g., 
[23]), thus making it harder to create a link in the minds 
of the public unlike the recognition of the link between 
alcohol and liver cirrhosis [47] and tobacco and lung can-
cer (see [48] for an overview).

Given the marked risk of usual alcohol intake in most 
societies (see [35] for descriptions of usual intake), one 
way of disseminating this information to communities at 
large would be to use specific cancer-warning labels [49]. 
While there is limited evidence that such labels lead to 
changes in alcohol drinking behaviours (e.g., [50]), the 
fact that alcohol is a procarcinogen needs to be commu-
nicated even if such information does not necessarily lead 
to modified behaviour. Also, current evidence of minimal 
behavioural change in alcohol use resulting from cancer-
warning labels may be due in part to the more general and 
non-specific messaging on the labels used to date on al-

coholic beverages, and to the small size of the labels used 
(for experiences regarding the use of labels in tobacco 
packaging, see [51, 52]). A label containing a message 
such as “alcohol use can cause cancer” may be more ef-
fective, especially if presented along with a picture of an 
oesophageal or other cancer site; however, the only field 
trial of the effectiveness of a specific cancer label had to 
be stopped due to interference from the alcohol industry 
[53]. Effective dissemination of information regarding 
the carcinogenicity of alcohol requires educational mate-
rials to be provided to the public: if alcohol were intro-
duced as a food item today in its usual forms, it would 
likely fail to pass current safety regulations [54, 55]. In 
providing these educational materials, the effects of com-
peting interests, such as pervasive product marketing or 
misinformation by the alcohol industry, should be taken 
into account [46, 56].

In addition, as indicated above, the dose-response re-
lationship between the level of alcohol use and cancer 
suggests that the most important policies would be pop-
ulation-level measures, such as higher taxation of alco-
holic beverages to increase prices and reduce affordabil-
ity, restrictions on availability such as reduced hours of 
sale, and a ban on marketing and advertisement [57]. 
Only increased taxation of alcoholic beverages is men-
tioned in the most recent fact sheet of the EU’s Beating 
Cancer Plan [58].

Conclusion

Alcohol is an established procarcinogen, and alcohol 
use has been established as a major cause of cancer. No ap-
parent threshold exists. Given this situation, population 
awareness of the impact of alcohol use on the risk of cancer 
needs to be established. Furthermore, overall consumption 
of alcohol should be reduced in the EU, which is one of the 
global regions with high per capita consumption.
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