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Chapter 4 
Cancer Epidemiology of Tobacco and Alcohol Co-Use 

Introduction 
Tobacco and alcohol independently cause cancer at numerous sites, and their combined use 
results in additive or multiplicative increases in risk for some types of cancer.1-4 This chapter 
summarizes the epidemiologic research examining associations between the use of tobacco and 
alcohol products with cancer risk, as well as interactions between tobacco and alcohol that 
influence cancer risk, including established synergistic increases in risk for cancers of the 
aerodigestive tract. For tobacco use, this chapter focuses on cigarette smoking because most  
of the extant literature pertaining to the cancer-related risks of combined tobacco and alcohol  
use has focused on this product. This does not diminish the importance of understanding the 
cancer-related risks posed by other tobacco products in the context of alcohol use, and research  
is needed to investigate this area. In this chapter, “alcohol” is used both to refer to alcohol-
containing beverages and to ethanol, the psychoactive ingredient and primary carcinogen 
contained in alcoholic beverages. 

One important motivation for studying tobacco and alcohol co-use is the presence of synergy 
between tobacco and alcohol exposures in risk of aerodigestive tract cancers (and potentially for 
other sites).5-7 Synergy occurs when the interaction between two factors (e.g., tobacco and 
alcohol use) results in a total effect (e.g., cancer risk) that is greater than the sum of the 
individual effects.8,9 Synergy can be assessed with statistical tests for interaction in regression 
models9 and is sometimes examined by calculating a synergy index.5-7,10-12 Further details 
concerning different types of synergy, synergy indices, and statistical approaches to synergy are 
available elsewhere.10 

The strong epidemiological evidence for the presence of synergy makes it especially important to 
address tobacco and alcohol co-use for cancer prevention and control. As discussed in detail in 
chapter 5, plausible mechanisms underlying synergy between tobacco and alcohol include 
increased exposure to acetaldehyde derived both from tobacco smoke and ethanol metabolism, 
alcohol-induced increases in membrane permeability that increase exposure to carcinogens from 
tobacco and alcohol and increased reactive oxygen species and chronic inflammation. 
Furthermore, successful efforts to reduce tobacco and/or alcohol use would be especially 
beneficial in the context of co-use. For example, a 2024 systematic review conducted by Burton 
and colleagues7 aimed to quantify the independent and joint associations of exposure to alcohol 
consumption, cigarette smoking, and excess weight across health outcomes and identify whether 
these associations are synergistic. They reported a synergy index for smoking and alcohol use on 
head and neck cancer death/disease that was 3.78 times greater than the additive effect of each 
exposure (95% confidence interval [CI] = 2.61–5.48). Their findings suggest that true 
population-level risk may be underestimated and that, compared to individuals with one risk 
factor, those with multiple risk factors would experience a greater absolute risk reduction for an 
intervention that targets a single exposure. Tobacco cessation alone is known to reduce cancer 
risk at multiple sites, and reviews published as of 2026 indicate that reduction/cessation of 
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alcohol use also reduces risk of head and neck cancers (see the section “Reduction in Alcohol 
Consumption and Cancer Risk” in this chapter; smoking cessation in the context of alcohol use is 
discussed in detail in chapter 7).  

Major reports and reviews have examined and summarized existing research on the associations 
between alcohol use, tobacco use, and cancer risk, including the 2014 Surgeon General’s report, 
The Health Consequences of Smoking—50 Years of Progress,3 the International Agency for 
Research on Cancer (IARC) Monographs on the Evaluation of Carcinogenic Risks to 
Humans1,2,13-15 and Handbooks of Cancer Prevention,16 and the American Institute for Cancer 
Research (AICR) and World Cancer Research Fund (WCRF) Continuous Update Project.4  
This chapter summarizes research with attention to (1) the scientific evidence on the synergistic 
risk of cancer associated with the use of both tobacco and alcohol products and (2) different 
population subgroups and types of alcohol or tobacco products used. The literature review search 
terms and methods used throughout this chapter are described in Appendix 4A. 

This chapter seeks to identify gaps in the understanding of the cancer epidemiology of tobacco 
and alcohol use in relation to changes in prevalence of use and product types. As previously 
noted, most of the epidemiological research summarized in this chapter examines cigarettes,  
as there are far fewer epidemiological studies of tobacco and alcohol cancer risk for other 
tobacco products. Additionally, over the past 20 years, there have been considerable changes  
in both the tobacco and alcohol marketplaces, with many new products being added to the 
market.17-19 In addition to cigarettes, cigars, and smokeless tobacco products, the tobacco product 
market now includes products such as e-cigarettes, which are available in thousands of flavors; 
nicotine pouches; and heated tobacco products (e.g., IQOS).19,20 Although products such as beer, 
wine, and distilled spirits continue to predominate, the alcohol market has also expanded in the 
past 20 years with the addition of low-calorie options (many of which feature sweeteners like 
stevia and erythritol), craft products, and alcohol-containing seltzers and beer-fruit infusions.21 
Like newer tobacco products, many of these newer alcohol products come in appealing flavors 
and are relatively inexpensive compared to wine and spirits, making them especially attractive  
to young people.22,23 Tobacco and alcohol products also vary in the amount of nicotine and 
alcohol they contain, respectively. For example, FDA-authorized e-cigarette products contain 
nicotine concentrations ranging from 2% to 5% and come in tobacco and menthol flavors,24,25 
but there are many e-cigarette products in the marketplace that come in large capacity cartridges 
with 5% or higher nicotine concentration.17,26 As of 2026, the nicotine concentration in  
FDA-authorized nicotine pouches range from 3 mg to 9 mg, but companies have sought 
authorization for products with nicotine concentrations of up to 12 mg.25,27 With regard to 
alcohol content, beer, hard seltzers, and canned cocktails typically contain 4%–6% alcohol by 
volume (ABV),28,29 but products are available at both higher levels (e.g., canned cocktails with 
>20% ABV)30 and lower levels (e.g., beer with 2%–3% alcohol).28 There are also high-alcohol-
content products that particularly appeal to youth, such as Four Loko.31,32 Alcohol per volume of 
spirits is typically 40%.33 Furthermore, similar to how tobacco products have been marketed for 
decades, the marketing of alcohol products has expanded to more explicitly target specific 
demographic subgroups, such as women and sexual minorities.17-19,34,35 Some alcohol marketing 
has also involved health-related claims concerning calories, gluten, sugar, and health outcomes 
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(including diabetes). In 2022, the U.S. Alcohol and Tobacco Tax and Trade Bureau (TTB) 
released a reminder that “TTB advertising regulations [for alcohol products] prohibit any  
health-related statement that is untrue in any particular or tends to create a misleading impression 
as to the effects of consumption on health.”36  

The internet, social media, mobile apps, and other related technologies have changed consumer 
behavior and increased the capacity for targeted marketing for consumer products, including 
tobacco and alcohol products.37-39 Changes in the product market are accompanied by changes in 
the populations using these products, including the disproportionate use of tobacco products 
(particularly cigarettes) among people in medically underserved communities, the increase and 
substantial prevalence of e-cigarette use among youth and young adults, and changes in the 
alcohol market with significant decreases in alcohol use among adolescents and young adults in 
the past 20 years (see chapter 2).40 Understanding the circumstances and motivations that are 
driving product use changes, such as targeted marketing by the tobacco industry to promote 
cigarette smoking among specific subpopulations41 and increased health consciousness among 
young adults,42 are essential to understanding the patterns of use of these products and their 
association with cancer risk. Addressing the needs of underserved populations is an important 
priority across the medical and research communities, although more research is needed to 
understand and address disparities in health behaviors and in cancer incidence and mortality. 

This chapter does not present new meta-analyses or a formal systematic review. Rather, the main 
aims are (1) to summarize existing literature concerning the associations between tobacco and 
alcohol and cancer and (2) to assess whether synergy between alcohol and tobacco is present for 
a given cancer site. Knowledge of underlying biological mechanisms is critical to interpreting the 
results from epidemiology studies. As such, this chapter uses the mechanisms presented in 
chapter 5 to help interpret the empirical evidence from cancer epidemiology studies and assess 
whether tobacco and alcohol are associated with each cancer site and whether they together pose 
synergistic risk.  

Cancer Epidemiology of Tobacco, Alcohol, and Their Co-Use 
The causal relationship between the use of tobacco and alcohol individually and the risk of 
cancer is well established and includes increased risk for many of the most common cancers 
including lung, colon, female breast, head and neck, and bladder cancer. Although their 
combined effects have not been as well studied, convincing evidence demonstrates synergistic 
increases in the risk of aerodigestive tract cancers with tobacco and alcohol co-use. This section 
reviews the extensive epidemiological evidence regarding the relationship between tobacco and 
alcohol use, separately and together, and the risk of cancer. To further contextualize the 
magnitude of impact that tobacco and alcohol have on population-level health in relation to 
cancer, the incidence rates for cancer sites causally related to tobacco and/or alcohol use are 
presented in Table 4.1. 
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Table 4.1 Rates of Cancer Incidence and Mortality per 100,000 

 
Disease site 

  Cancer incidence (age-adjusted) 
Rate per 100,000 (95% CI), 2018–2022 

    Cancer mortality (age-adjusted) 
Rate per 100,000 (95% CI), 2019–2023 

  

  Overall Female Male Overall Female Male 

Esophagus  4.2  
(4.1, 4.2) 

1.7  
(1.7, 1.8) 

7.1  
(7.0, 7.2) 

3.7  
(3.7, 3.7) 

1.4  
(1.4, 1.4) 

6.5  
(6.4, 6.5) 

Larynx  2.5  
(2.5, 2.6) 

1.0  
(0.9, 1.0) 

4.4  
(4.3, 4.5) 

0.9  
(0.9, 0.9) 

0.3  
(0.3, 0.3) 

1.6  
(1.5, 1.6) 

Oral cavity and 
pharynx  

11.6  
(11.6, 11.7) 

6.6  
(6.5, 6.7) 

17.4  
(17.2, 17.5) 

2.7  
(2.6, 2.7) 

1.4  
(1.4, 1.5) 

4.1  
(4.0, 4.1) 

Colon and rectum  37.1  
(37.0, 37.2) 

32.6  
(32.4, 32.8) 

42.3  
(42.1, 42.5) 

12.9  
(12.8, 12.9) 

10.8  
(10.7, 10.9) 

15.3  
(15.2, 15.4) 

Liver and 
intrahepatic bile 
duct 

9.4  
(9.4, 9.5) 

5.5  
(5.5, 5.6) 

13.9  
(13.8, 14.0) 

6.6  
(6.6, 6.7) 

4.3  
(4.2, 4.3) 

9.4  
(9.3, 9.5) 

Stomach  7.3  
(7.2, 7.3) 

5.7  
(5.6, 5.8) 

9.2  
(9.1, 9.3) 

2.7  
(2.7, 2.7) 

2.0  
(2.0, 2.1) 

3.5  
(3.5, 3.6) 

Urinary bladder  18.0  
(17.9, 18.1) 

7.7  
(7.6, 7.8) 

31.2  
(31.0, 31.4) 

4.1  
(4.1, 4.2) 

2.0  
(2.0, 2.1) 

7.1  
(7.1, 7.2) 

Acute myeloid 
leukemia  

4.3  
(4.2, 4.3) 

3.6  
(3.6, 3.7) 

5.1  
(5.1, 5.2) 

2.7  
(2.7, 2.7) 

2.1  
(2.1, 2.1) 

3.4  
(3.4, 3.5) 

Cervix uteri - 7.7  
(7.6, 7.8) - - 2.2  

(2.1, 2.2) - 

Kidney and renal 
pelvis  

17.5  
(17.5, 17.6) 

12.0  
(11.9, 12.1) 

23.8  
(23.7, 24.0) 

3.4  
(3.4, 3.5) 

2.1  
(2.1, 2.1) 

5.1  
(5.0, 5.1) 

Lung and bronchus  47.8  
(47.7, 48.0) 

43.9  
(43.7, 44.1) 

53.1  
(52.9, 53.4) 

31.5  
(31.4, 31.6) 

27.1  
(27.0, 27.2) 

37.2  
(37.0, 37.3) 

Pancreas  13.8  
(13.7, 13.8) 

12.3  
(12.2, 12.4) 

15.5  
(15.4, 15.6) 

11.3  
(11.2, 11.3) 

9.9  
(9.8, 9.9) 

12.9  
(12.8, 13.0) 

Breast - 130.8  
(130.4, 131.1) 

1.2  
(1.2, 1.3) - 19.2  

(19.1, 19.3) 
0.3  

(0.3, 0.3) 

Note. CI = confidence interval. Rates are per 100,000 and age-adjusted to the 2000 U.S. Standard Population. Cancer sites are listed in the 
same order as in Table 4.3. A dash (-) indicates that data are not available.  
Source: SEER*Explorer.43 

Epidemiology of Tobacco Use and Cancer Risk 
The evidence summarizing the health risks from smoking and the benefits of cessation on cancer 
outcomes are documented in the 2014 Surgeon General’s report, The Health Consequences of 
Smoking-50 Years of Progress3; the 2020 Surgeon General’s report, Smoking Cessation:  
A Report of the Surgeon General44; National Cancer Institute (NCI) Monograph 23: Treating 
Smoking Cessation in Cancer Patients45; and the National Toxicology Program’s 15th Report  
on Carcinogens.46 Conclusive evidence demonstrates that cigarette smoking causes cancers at 
multiple sites, including cancers of the oral cavity, pharynx, larynx, esophagus, lung (including 
trachea and bronchus), stomach, liver, pancreas, kidney and ureter, bladder, cervix, colorectum, 
and blood (acute myeloid leukemia).3 Cigarette smoking is estimated to have caused about 
170,000 cancer deaths, or approximately 28.5% of all cancer deaths, in the United States in 
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2019; it is estimated that in 2019 about 19.3% of incident cancers, or about 350,000 cases, were 
attributable to cigarette smoking.47 Globally, an estimated 2.5 million cancer-related deaths were 
attributable to cigarette smoking in 2019.48 Additionally, cigarette smoking also causes many 
other conditions including cardiovascular disease, respiratory disease, adverse reproductive 
outcomes, and diabetes.3,47 Furthermore, exposure to secondhand smoke causes many diseases, 
as well as increasing the risk of lung cancer among people who do not smoke and asthma among 
youth.3 Tobacco smoke contains thousands of harmful chemicals, including a complex mixture 
of carcinogens, that contribute to the development of many serious health conditions.3,47,49,50 

Tobacco cessation improves health status and quality of life and decreases risks for morbidity 
and mortality at any age.44 The 2020 Surgeon General’s report44 concluded that smoking 
cessation reduces the risk of premature death and can add as much as a decade to life expectancy. 
The report also concluded that quitting smoking reduces the risk of many adverse health effects, 
including adverse reproductive health outcomes, cardiovascular diseases, chronic obstructive 
pulmonary disease, and cancer. Regarding cancer, the evidence is sufficient to infer that smoking 
cessation reduces the risk of cancers of the oral cavity, pharynx, larynx, esophagus, lung 
(including trachea and bronchus), stomach, liver, pancreas, kidney and ureter, bladder, cervix, 
colorectum, and blood (acute myeloid leukemia).44 The 2020 Surgeon General’s report also 
found that evidence is sufficient to infer that the relative risk (RR) of lung cancer decreases 
steadily after smoking cessation when compared to people who continue to smoke. For example, 
at 10 to 15 years after smoking cessation, the lung cancer risk of individuals who quit is about 
half that of individuals of the same age who continue to smoke.44 

Tobacco and Cancer by Demographic Subgroup 
Tobacco use prevalence has slowly trended downward among the general population in the 
United States over many decades (see chapter 2). In 2024, a record low of 9.9% of U.S. adults 
reported current use of cigarettes compared with 20.9% in 2005.51,52 However, many population 
subgroups continue to have a higher prevalence of tobacco use and associated diseases relative to 
the population overall, including people living in rural communities, military veterans, sexual 
minorities, people with lower educational attainment or income level, people without health 
insurance, people who have mental or behavioral health conditions, people with alcohol and 
other substance use disorders, and certain racial and/or ethnic groups, most notably American 
Indian and Alaska Native populations.53 For example, the cigarette smoking prevalence among 
African American and Hispanic populations in 2022 differed by sex compared to White 
populations, with higher prevalence of smoking among African American men compared to 
non-Hispanic White men, but lower prevalence among African American women and Hispanic 
men and women than White women.54  

As described in NCI Tobacco Control Monograph 22, A Socioecological Approach to 
Addressing Tobacco-Related Health Disparities, many factors contribute to the prevalence  
of tobacco use, including the interaction of factors at the individual, interpersonal, 
community/neighborhood, societal, and policy level.55 Tobacco and alcohol industry practices, 
including marketing and product formulation also influence prevalence and product type used by 
different demographic groups.55-57 These factors continue to influence tobacco use prevalence in 
these population groups, helping to maintain higher levels of tobacco use and negative health 
outcomes, and lower rates of decline in prevalence, compared with the general population. 
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Similarly, key indicators of smoking cessation, including quit attempts, receiving advice to quit 
from a health professional, and use of evidence-based cessation therapies, also vary across 
populations, with lower prevalence across certain subgroups defined by educational attainment, 
poverty status, age, health insurance status, race, ethnicity, and geography.44,53,58  

Tobacco and Cancer by Tobacco Product  
Although attention has focused primarily on cigarette smoking, other tobacco products, including 
cigars, cigarillos, pipes, and hookah, contain nicotine and toxic compounds and expose the user 
and the bystander to carcinogens and other harmful constituents. Cigars and pipes are established 
causes of cancer2,3,15 and substantial evidence supports that cigarillo and hookah use are also 
causes of cancer.2,59-61 Hookah smoking was traditionally viewed as a relatively safe form of 
tobacco use,62 but studies demonstrate that hookah use results in exposure to significant levels of 
carbon monoxide63 and many harmful toxicants, including carcinogens.2,3,59,61,64,65 A growing 
body of epidemiological evidence links hookah use to lung, oral, and esophageal cancers.66,67 
Smokeless tobacco products also cause cancer, including cancers of the oral cavity, esophagus, 
and pancreas.3,14,68,69 Research on the cancer risk of alcohol in combination with tobacco 
products other than cigarettes is very limited. 

Surveys from 2013 to 2016 indicated that a substantial proportion of individuals, particularly 
young people, engaged in polytobacco use (i.e., the use of multiple tobacco products).70,71 
Results from the 2024 National Youth Tobacco Survey found that 8.1% of middle and high 
school students in the United States reported current use of any tobacco product; 3.0% reported 
use of multiple tobacco products, and e-cigarettes were the most frequently reported product 
currently used (5.9%).72 The Population Assessment of Tobacco and Health Study in the United 
States found that among participants who smoked cigarettes, polytobacco use was more common 
among youth (12–17 years) and young adults (18–24 years), than among adults 25 years and 
older.70 Mattingly and colleagues (2021)73 examined adult (18 years and older) tobacco use 
patterns using data from the 2014–2015 and 2018–2019 Tobacco Use Supplement to the Current 
Population Survey and the 2015–2019 National Health Interview Survey, 2 nationally 
representative U.S. surveys. They found that both dual use of electronic nicotine delivery 
systems (ENDS) and cigarettes, as well as cigarettes with polytobacco use (ENDS, cigars/ 
cigarillos/little filtered cigars, and pipe or hookah) decreased over time; in contrast polytobacco 
use without cigarettes increased over time. These complex trends also varied by age, sex, and 
race and/or ethnicity. These data are important for understanding tobacco use trends across the 
population; however, as of 2026, little evidence exists concerning the effects of co-use of 
e-cigarettes, or polytobacco use and alcohol, on cancer risk.  

Epidemiology of Alcohol Use and Cancer Risk 
The two major authoritative sources for summary and adjudication of evidence concerning the 
causal and dose–response relationships between alcohol and cancer are IARC and the World 
Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR). IARC develops 
monographs assessing the mechanistic and epidemiological evidence for whether an exposure is   



 
Monograph 24: Tobacco and Alcohol: Understanding Co-Use to Reduce Cancer Incidence and Mortality 

   
 

263  
 

related to cancer.74 IARC monographs do not assess dose–response relationships, though this 
topic is discussed as part of their assessment of causality. By contrast the WCRF/AICR 
Continuous Update Project focuses on the epidemiological evidence and includes meta-analyses 
assessing dose–response relationships.4 

Globally, about 741,000, or 4.1%, of all new cases of cancer in 2020 were attributable to alcohol 
consumption.75 In 2019 in the United States, 96,730 (5.4%) of incident cancers were estimated to 
be caused by alcohol consumption with 42,400 of these in men and 54,330 in women.47 For 
cancer mortality, an estimated 20,216 deaths were attributable to alcohol during 2020–2021,  
with 14,562 in men and 5,654 in women.76 Alcohol is the third leading modifiable risk factor for 
cancer in the United States, after cigarette smoking and excess bodyweight, highlighting the 
importance of efforts to reduce alcohol consumption for cancer prevention.47  

The large body of evidence concerning alcohol and cancer demonstrates that consumption of 
alcoholic beverages causes increased risk for oral and pharyngeal cancer, laryngeal cancer, 
esophageal cancer (specifically, squamous cell carcinoma),77 female breast cancer in women, 
colorectal cancer, and liver cancer.1 WCRF/AICR also judges the evidence linking stomach 
cancer and alcohol to be strong.4 Importantly, the shape of the dose–response curves for alcohol 
and the risk of specific cancers appears to differ by site. For example, very strong evidence of 
increased risk is observed even at low levels of drinking for female breast cancer, one of the 
most common cancers in the United States.78 Evidence is also growing that head and neck cancer 
risk increases with consumption of <1 drink per day79 and a 2023 meta-analysis reports elevated 
risk for colorectal cancer with reported consumption of <1 U.S. standard drink per day.80  

Two meta-analyses of alcohol consumption and liver cancer reported increased risk at one or 
more drinks per day.81,82 In contrast, the WCRF/AICR concluded that risk for liver and stomach 
cancer does not increase until three drinks per day.4 This suggests that low levels of alcohol 
consumption may increase the risk for some, but not all, cancers related to alcohol consumption.1 
A 2021 meta-analysis reported a linear dose–response relationship for stomach cancer and 
alcohol consumption with risk increasing linearly beginning at consumption of 5 grams per day 
of alcohol.83 Finally, a large 2023 meta-analysis found that less than one U.S. standard drink per 
day was associated with increased risk of esophageal, colorectal, and female breast cancers, as 
well as increased risk of other cancers at higher levels of alcohol consumption.6 

Some studies have found an association between alcohol and an increased risk for other cancer 
sites, including ovary, prostate, uterus, and bladder, but the evidence for these associations is 
deemed inconclusive.2 More evidence is needed to understand the mechanisms potentially 
underlying associations between alcohol and increased risk of skin cancers (both melanoma and 
nonmelanoma skin cancers) as well as cancers of the prostate and pancreas. In 2010, the 
evidence linking alcohol and pancreatic cancer was rated as “limited.”2 In 2025, a study that used 
a large, pooled analysis of individual-level data from 30 cohorts with >10,000 incident cases of 
pancreatic cancer found significant increases in risk associated with consumption of  
30–59 grams of ethanol per day and even greater risk at higher levels of consumption.84 
Evidence for associations between alcohol consumption and melanoma also appears to be 
strengthening,85 but the relationship with prostate cancer remains unclear, with meta-analyses 
published in 202086 and 202380 reporting somewhat different results based on alcohol type 
consumed and cancer type. 
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More research is also needed on mechanisms underlying associations between alcohol 
consumption and increased risk for liver and female breast cancer, although major aspects of 
these mechanisms have been identified.87 Alcohol consumption is associated with decreased risk 
of kidney cancer (Strong Evidence/Probable grading by WCRF/AICR)4 and non-Hodgkin 
lymphoma.4,88 Inverse associations with kidney cancer could be related to alcohols’ diuretic 
effects, insulin sensitivity, or perhaps poorly measured or unmeasured confounding; further 
epidemiological studies could help clarify the potential importance of these mechanisms.89-91 
More research is also needed to examine potential mechanisms for an inverse association 
between alcohol use and non-Hodgkin lymphoma.92 Nevertheless, the reduced number of cases 
of kidney cancer and non-Hodgkin lymphoma attributable to alcohol consumption are much 
lower than the increased number of cancers observed at other sites.  

Compared with people who do not drink, regular consumption of about 50 grams of ethanol per 
day is associated with an approximately 3-fold increase in risk for oropharyngeal cancers, a 
2-fold risk for cancers of the larynx and esophagus, and a risk ratio (RR) of 1.5 for female breast 
cancer and 1.4 for colorectal cancer.1 For reference, 50 grams of alcohol per day corresponds to 
about 3.5 U.S. standard drinks per day.1,33 Ten grams of ethanol per day is associated with a RR 
of 1.15 (95% CI, 1.09–1.22) for oral cavity cancer, 1.13 (95% CI, 1.05–1.21) for pharynx cancer, 
1.09 (95% CI, 1.05–1.13) for larynx cancer, 1.07 (95% CI, 1.05–1.08) for colon cancer, 1.04 
(95% CI, 1.01–1.08) for premenopausal female breast cancer, and 1.08 (95% CI, 1.05–1.10) for 
postmenopausal female breast cancer,75 providing further evidence that low level alcohol use is 
carcinogenic. Table 4.2 summarizes results of the 2010 IARC monograph, Monographs on the 
Evaluation of Carcinogenic Risks to Humans: Alcohol Consumption and Ethyl Carbamate 
(Volume 96). Rumgay and colleagues (2021)87 provide a thorough review of the epidemiology 
and biological mechanisms associated with alcohol use and cancer. Their review highlights the 
evolving nature of the evidence linking alcohol and some of the cancer sites, including sparse or 
inconsistent evidence. For example, the WCRF/AICR Continuous Update Project concluded that 
there was limited—but suggestive—evidence that alcoholic drinks increase risk of lung, 
pancreatic, and skin cancers.4 

Trends in Alcohol Use by Demographic Subgroup 
Research on alcohol consumption consistently shows variations in drinking by race and/or 
ethnicity, sex, age, socioeconomic status (SES), and other demographic characteristics. 
Associations between demographic characteristics and alcohol use differ from tobacco in several 
important ways. Most notably, people of higher SES report drinking more alcohol than those of 
lower SES, but those of lower SES who drink tend to report more heavy drinking and greater 
negative alcohol-related consequences.93-95 Patterns of beverage consumption are changing in 
association with reductions in alcohol consumption, the COVID-19 pandemic, and changes in 
types of products available along with marketing practices and price.21,96-100 Detailed descriptions 
of tobacco and alcohol use and co-use for the population overall and for specific demographic 
groups are presented in chapters 2 and 3. 

Secular trends in alcohol consumption in the population overall and by demographic group will 
influence the future incidence of cancers related to alcohol and to the co-use of tobacco and 
alcohol. Efforts at modeling the effects of these changing patterns of use with approaches such as 
those used by the Cancer Intervention and Surveillance Modeling Network (CISNET) project for 
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tobacco and cancer screening would be valuable for understanding future cancer trends and 
developing appropriate cancer control strategies.101 These modeling tools have not yet been 
applied specifically to alcohol and cancer or tobacco and alcohol co-use. 

Alcohol and Cancer by Alcohol Product 
Sufficient evidence demonstrates (1) the consumption of alcoholic beverages is causally related 
to several types of cancer and (2) ethanol in alcoholic beverages and its metabolic product, 
acetaldehyde, are carcinogenic.1 Unlike tobacco products that can have different strengths of 
association with cancer and other diseases (e.g., cigarettes compared with smokeless tobacco), 
cancer risk does not vary by the type of alcoholic beverage consumed (e.g., wine, beer, or 
spirits), with the prime determinant of cancer risk being the amount and frequency of ethanol 
consumed.1 Although some studies report differences in risk for different types of alcoholic 
beverages, these are most often attributed to chance or more commonly to confounding. For 
example, people who report largely or entirely wine consumption are likely to have different and 
healthier dietary intakes as well as reporting higher levels of physical activity than those who 
report largely beer or spirits consumption.102-104 

Table 4.2 Findings From the 2010 International Agency for Research on Cancer Monograph, 
Evaluation of Carcinogenic Risks to Humans: Alcohol Consumption and Ethyl 
Carbamate (Volume 96) 

Findings regarding alcohol consumption and cancer  
There is sufficient causal evidence of an association between 
alcohol consumption and risk for cancer of the— 

• Oral cavity/pharynx 
• Larynx 
• Esophagus 
• Liver 
• Colon and rectum 
• Female breast 

There is insufficient causal evidence of an association 
between alcohol consumption and risk for cancer of the— 

• Stomach 
• Lung 

There is evidence of no increase in risk between— • Consumption of alcoholic beverages and renal-cell cancer 
– In several studies, increasing intake of alcoholic 

beverages was associated with a significantly lower risk 
for kidney cancer. 

There is evidence of an inverse association or no association 
between— 

• Consumption of alcoholic beverages and the risk for non-
Hodgkin lymphoma 
– Most studies of non-Hodgkin lymphoma showed a lower 

risk for drinkers compared with nondrinkers. 
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Table 4.2 (continued) 
There is sparse and/or inconsistent evidence for an 
association between consumption of alcoholic beverages and 
risk for cancer of the— 

• Pancreas 
• Cervix 
• Endometrium 
• Ovary  
• Vulva and vagina  
• Male breast  
• Urinary bladder  
• Prostate  
• Testis  
• Brain 
• Thyroid  
• Skin melanoma 
• Hodgkin disease, leukemias  
• Multiple myeloma 

Source: Adapted from IARC 2010.1 

Reduction in Alcohol Consumption and Cancer Risk 
In 2023, IARC convened a working group of 15 scientists from 8 countries to qualitatively 
evaluate the strength of published epidemiologic evidence on the potential for alcohol reduction 
or cessation to reduce alcohol-related cancer risk. They also evaluated mechanistic evidence on 
the potential effects of alcohol reduction or cessation to reduce alcohol-related carcinogenesis.16 
A summary of this IARC report by the authors105 supports findings from previous IARC and 
WCRF/AICR reports suggesting that sufficient evidence shows that alcohol reduction or 
cessation reduces alcohol-related risk for cancers of the oral cavity and esophagus, while only 
limited evidence exists regarding the impact of alcohol reduction or cessation on reduction of 
risks for cancers of the larynx, colorectum, and female breast, and inadequate evidence exists 
regarding risks for cancers of the pharynx and liver. Differences in the conclusions about the 
effects of alcohol consumption reflect limitations in the available epidemiologic data by cancer 
site. Research on mechanisms linking alcohol and cancer support the idea that cessation or 
reductions in consumption should reduce risk of alcohol-related carcinogenesis across sites. 
However, for some sites, such as colon and rectum, there are few epidemiological studies, some 
of them small, and results are mixed.105  

A 2024 study estimated that 20,216 cancer deaths in the United States in 2020–2021 were 
attributable to alcohol consumption, and 16,800 of these could have been prevented if no adults 
exceeded the 2020–2025 U.S. Dietary Guidelines recommended intake of no more than 1  
(for women) or 2 (for men) drinks per day.76 Worldwide, of 741,000 cancer cases attributable to 
alcohol, approximately 86% are associated with self-reported consumption of 20+ grams per day 
(~1.5 standard drinks).75 Together, these studies support addressing alcohol as a target for cancer 
prevention and show that the greatest reductions in cancer mortality could be achieved by 
preventing consumption of larger amounts of alcohol. 
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Mechanisms of Carcinogenesis for Tobacco and Alcohol 
Detailed review of the extensive literature on mechanisms of carcinogenesis of tobacco and 
alcohol can be found in chapter 5. Briefly, there are many mechanisms by which tobacco 
products cause cancer. These underlying mechanisms vary by the type of tobacco product used, 
with the strongest risks found for combusted tobacco products such as cigarettes, pipes, and 
cigars.50,106 Tobacco smoke contains more than 7,000 compounds and at least 80 carcinogens.107 
These compounds cause cancer via diverse mechanisms including direct exposure to 
carcinogens; DNA damage; oxidative stress; inflammation; and changes in cell proliferation, 
immune response, and cellular metabolism.50 

For alcohol, a primary mechanism for carcinogenesis, particularly for cancers of the 
aerodigestive tract, is the formation of acetaldehyde, a carcinogenic byproduct of alcohol 
metabolism.1,87,108 Other mechanisms thought to contribute to carcinogenesis from alcohol 
include changes in DNA methylation, induction of the cytochrome P450 2E1, and increased 
inflammation and oxidative stress.87,109 Additionally, alcohol consumption affects estrogen 
regulation, which is thought to play a role in the relationship between alcohol consumption  
and female breast cancer.87 

As described in chapter 5, several potential mechanisms have been proposed for how tobacco 
and alcohol act synergistically to cause cancer, including that tobacco and alcohol expose  
users to some of the same carcinogens. Acetaldehyde, the most important of these overlapping 
exposures, is produced by the metabolism of ethanol in alcoholic beverages in the oral cavity  
and elsewhere in the digestive system by alcohol dehydrogenase (ADH) enzymes that are  
found endogenously and in the oral microbiome.110,111 Acetaldehyde is also one of the major 
volatile organic compounds found in tobacco smoke, primarily produced by the combustion of 
polysaccharides.112 Tobacco smoke also contains a wide variety of carcinogenic polycyclic 
aromatic hydrocarbons (PAHs), and some alcoholic beverages also contain PAHs,113 potentially 
increasing exposure among people who both smoke tobacco and drink alcohol. Additionally, 
ethanol might promote cancer development by acting as a solvent for other carcinogenic agents, 
such as chemicals in tobacco and tobacco smoke.87 Lastly, alcohol consumption can increase 
membrane permeability in the aerodigestive system, especially the oral cavity, pharynx,  
larynx, and esophagus increasing uptake of carcinogens from both the alcohol itself and from 
tobacco smoke.114 

Studies of individuals with aldehyde dehydrogenase 2 (ALDH2) deficiency, also known as 
alcohol flushing syndrome, have provided important evidence concerning mechanisms of 
carcinogenesis related to alcohol (see chapter 5). The ALDH2 gene codes for a key enzyme 
involved in the detoxification of acetaldehyde 115 ALDH2 deficiency affects approximately  
8% of the world’s population and is very common in East Asian people, with an allele frequency 
of 35% to 45%.116,117 Alcohol consumption by individuals with ALDH2 deficiency results in 
facial flushing, tachycardia, nausea, and headache, due to a rapid increase in circulating 
acetaldehyde concentrations.115,116 ALDH2 deficiency is associated with increased risk of 
aerodigestive tract cancers, including cancers of the oral cavity, pharynx, larynx, and 
esophagus.116-118 Among those who chronically drink alcohol, ALDH2 deficiency is one of the 
highest risk factors for cancer, with risk increasing with the extent of drinking.116,119  
For example, a meta-analysis and Mendelian randomization approach of six case-control studies 
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by Boccia and colleagues (2009)120 found that, compared with the ALDH2*1/*1 polymorphism 
(rs671), the ALDH2*1/*2 was associated with an increased risk of head and neck cancers among 
people who reported moderate and heavy drinking, but not among people who reported never 
drinking. The authors also noted that substantial increases in blood acetaldehyde levels were 
observed in people heterozygous for ALDH2 with administration of ethanol.120 Further, a 2022 
review indicated that risk for esophageal cancer was significantly higher among those with 
ALDH2 deficiency who consumed alcohol, with the risk increasing 50-fold among those who are 
ALDH2 deficient, drink alcohol, and also smoke cigarettes.116  

The dramatic increase in risk observed for people with the ALDH2 deficiency who consume 
alcohol provides strong evidence for the causal role of acetaldehyde in head and neck 
cancers.117,121 Furthermore, these physiological processes provide a clear mechanism for the 
synergistic effects of tobacco and alcohol on head and neck cancers.122 Thus, established 
biological factors could account for both additive and multiplicative effects of tobacco and 
alcohol on cancer risk. Combined use of tobacco and alcohol in the context of ALDH2 
deficiency could also influence behavioral factors related to risk, such as the probability of binge 
drinking or the specific temporal pattern of co-use.117,121,123,124 More research is needed to 
enhance prevention of cancers of the aerodigestive system addressing behavior, exposure,  
and the biological factors relate to use and co-use of tobacco and alcohol. 

Historically, the unpleasant effects of alcohol consumption have been a deterrent against heavy 
drinking among people with ALDH2 deficiency, resulting in protective effects against heavy 
alcohol use and resulting disease.119 However, influenced by social, cultural, and economic 
factors, alcohol use has become more common among men in some populations that include 
large number of ALDH2 deficient individuals.119 Absent intervention, increased rates of cancers 
and other alcohol-associated disease among people with ALDH2 deficiency who drink can be 
expected in the future. Relatively little research has been carried out in the United States 
addressing alcohol use among people with ALDH2 deficiency125 or the combined effects of 
ALDH2 variants and tobacco use.126 Efforts to improve surveillance of alcohol use in subgroups 
who are at increased risk, such as East Asian communities, could increase awareness and bring 
important public health benefits.127 

Epidemiology of Synergistic Cancer Risk for Joint Tobacco and Alcohol Exposures 
Comprehensive reviews by IARC and WCRF/AICR of the alcohol literature examine the 
question of whether cancer risk is synergistically affected by combined tobacco smoking and 
alcohol exposures.1,2,4 These reports systematically explore combined effects and provide a 
comprehensive assessment of the literature. The WCRF/AICR report, based on epidemiological 
evidence, identified “amplified” risk for tobacco and alcohol exposures for cancers of the oral 
cavity, pharynx, larynx, and esophagus.4 The 2010 and 2012 IARC reports, based on 
epidemiological, animal, and mechanistic evidence, reached similar conclusions and showed that 
the joint effects were multiplicative rather than additive for cancer of the esophagus, larynx,  
and oral cavity.1,2 Other cancer sites, such as lung, produced less clear evidence of synergy.  
A summary of the cancer risk from tobacco smoking, alcohol use, and synergistic cancer risk is 
shown in Table 4.3. 
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Table 4.3 Summary of Literature on Independent and Synergistic Cancer Risk Related to Tobacco 
Smoking and Alcohol 

Disease site  Caused by tobacco Caused by alcohol Evidence of synergy 
Aerodigestive tract Yesa,b Yesc,d Yesb,c,d 

Esophagus (squamous) Yesa,b Yesc,d Yesb,c,d 
Larynx  Yesa,b Yesc,d Yesb,c,d 
Oral cavity and pharynx  Yesa,b Yesc,d Yesb,c,d 

Colon and rectum  Yesa,b Yesc,d - 
Liver  Yesa,b Yesc,d - 
Stomach  Yesa,b Yesd - 
Bladder  Yesa,b - - 
Blood  Yesa,b - - 

Acute myeloid leukemia  Yesa,b - - 
Hodgkin lymphoma  - - - 
Myeloma - - - 
Non-Hodgkin lymphoma - * - 

Cervix  Yesa,b - - 
Kidney and renal pelvis  Yesa,b * - 
Lungs, bronchus, trachea  Yesa,b - - 
Pancreas  Yesa,b - - 
Breast (female) - Yesc,d - 
Endometrium  - - - 
Ovary  - - - 
Prostate  - - - 
Skin  - - - 
Thyroid - * - 

Note. Cancers are presented in order of evidence of synergy (caused by tobacco and alcohol), caused by tobacco but not alcohol, caused by 
alcohol but not tobacco, or caused by neither; they are then listed alphabetically within those clusters. A dash (-) indicates that as of 2026, 
there is no conclusive evidence regarding a causal relationship with tobacco or alcohol use or synergy related to tobacco and alcohol use. 
aUSDHHS 2014,3 bIARC 2012,2 cIARC 2010,1 dWorld Cancer Research Fund/American Institute for Cancer Research 2018.4 
*Inverse associations with alcohol consumption are observed for kidney cancer, non-Hodgkin lymphoma, and thyroid cancer (see sections 
“Epidemiology of Alcohol Use and Cancer Risk” and “Thyroid Cancer” in this chapter). 

Aerodigestive Tract Cancers 
Based on the IARC and WCRF/AICR reports, a synergistic relationship between tobacco use  
and alcohol use and cancer risk on a multiplicative scale has been observed for squamous cell 
cancers of the oral cavity, larynx, pharynx, and esophagus.1,4 A 2009 pooled analysis of 18  
case-control studies, with 11,221 cases and 16,168 controls, reported greater than multiplicative 
joint effects of tobacco smoking and alcohol for head and neck cancers overall and separately for 
cancers of the oral cavity and pharynx.5 Results were positive but not statistically significant for 
the larynx. These interactions are illustrated in Figure 4.1. 
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Figure 4.1 Risk of Cancer at Different Sites for Alcohol, Tobacco, and Combined Use 

 

Note. Adjusted odds ratios are the results of random effects logistic regression models comparing ever use of tobacco and/or alcohol compared 
to never use of tobacco and/or alcohol, adjusted for age, sex, education, race/ethnicity, and study center. 
Source: Hashibe et al. 2009.5  

An important early study examining levels of tobacco smoking and drinking in a population with 
a wide range of consumption levels showed much more dramatic increases in risk of esophageal 
cancer for those who smoked and drank heavily, providing evidence of synergistic effects on 
cancer risk.128 Castellsagué and colleagues (1999)128 analyzed risk of esophageal cancer in 
5 hospital-based, case-control studies of 830 cases and 1,779 controls in Argentina, Brazil, 
Paraguay, and Uruguay. The study was coordinated by IARC, and the 5 studies took place from 
1986 to 1992. Compared with men who reported never smoking or drinking, men who reported 
using 1–7 cigarettes per day and 1–24 ml of ethanol per day had an adjusted odds ratio (aOR) of 
4.15, whereas men who reported use of ≥25 cigarettes per day and ≥150 ml of ethanol had an 
aOR of 50.85 (95% CI, 22.80–113.39). The interaction between tobacco and alcohol use for 
esophageal cancer risk was not statistically significant, likely reflecting the modest sample sizes 
for the highest levels of exposure. 

Most past research on interactions between tobacco and alcohol use and cancer risk has focused 
on combusted tobacco products, especially cigarettes. A systematic review and meta-analysis of 
2 cohort studies and 31 case-control studies examined the risk of oral squamous cell carcinoma 
in people who used smoked tobacco, smokeless tobacco, and alcohol.129 An elevated risk of oral 
squamous cell carcinoma was found for both co-use of smoked tobacco and alcohol (odds ratio 
[OR] = 4.74, 95% CI = 3.51–6.40) as well as co-use of smokeless tobacco and alcohol 
(OR = 7.78, 95% CI = 2.86–21.14). The highest relative risk of oral squamous cell carcinoma 
was observed for combined use of alcohol, smoked tobacco, and smokeless tobacco of 
(OR = 16.17, 95% CI = 7.97–32.79). Elevated risks for oral squamous cell carcinoma were also 
observed for use of each of the three products separately. Formal tests for interaction between 
products were not presented. Given the growing global market for smokeless tobacco products, 
further studies of interactions between smokeless tobacco and alcohol use are urgently needed. 
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Overall, these synergistic increases in risk observed in many studies of head and neck cancers 
strongly support efforts to address tobacco and alcohol co-use for cancer prevention. 

A few studies have examined potential for differential cancer risk among those who consume 
tobacco and alcohol products by demographic factors. Three studies examined key differences 
for specific oral cancers by several factors, including sex, race, age, geographic region, and 
human papillomavirus (HPV) status (Table 4.4). In a narrative review of studies conducted in the 
Americas, Europe, and Asia, Pelucchi and colleagues (2006)130 concluded that the evidence 
supported the presence of synergistic increases in risk of oral, laryngeal, and esophageal 
squamous cell cancer associated with co-use of tobacco and alcohol. For liver cancer they 
concluded that tobacco and alcohol use appeared to be independent risk factors. 

Hashibe and colleagues (2009),5 in a pooled analysis of case-control studies, evaluated 
differences between esophageal and head and neck cancers, respectively, by tobacco and alcohol 
use. They reported multiplicative joint effects for cancer risk among male and female 
participants who used both tobacco and alcohol (multiplicative interaction parameters for men: 
2.36 [95% CI, 1.66–3.36] and women: 2.05 [95% CI, 1.35–3.11] ) and in different age groups 
(multiplicative interaction parameters for <45 years = 2.93 [95% CI, 1.42–6.02],  
45–60 years = 1.93 [95% CI, 1.40–2.66], >60 years = 2.19 [95% CI, 1.46–3.29]). Brown and 
colleagues (1994)131 conducted a case-control study of 373 patients with squamous cell 
esophageal cancer (124 White men; 249 Black men) and 1,364 control subjects (750 White men; 
614 Black men) to explore racial disparities in rates of squamous cell esophageal cancer.  
At every level of tobacco-alcohol co-use, the aOR for esophageal squamous cell carcinoma was 
higher among Black men than among White men. At the highest levels of exposure to tobacco 
and alcohol, the aORs for esophageal squamous cell carcinoma (adjusted for age, geographic 
area, and income) were 149.2 (95% CI, 39.2–367.4) among Black men, compared to 35.4 
(95% CI, 10.0–125.5) among White men. The authors suggested that these differences in risk 
may be attributed to qualitative differences in alcohol consumption, differences in other 
environmental exposures, or genetic differences in susceptibility to these factors. 

Examination of the development of head and neck squamous cell carcinoma and interactions 
between established risk factors, including tobacco smoking, alcohol drinking, and human 
papillomavirus (HPV) in a modest sized case-control study (N = 145 cases), suggested that the 
effects of tobacco, alcohol, and their interaction could be weaker in patients positive for high-risk 
HPV genotypes than in patients negative for high-risk HPV genotypes.132 When stratified by 
high-risk HPV status, the effect estimates for tobacco smoking, alcohol drinking, and their 
additive and multiplicative interactions were consistently smaller and non-significant in the  
high-risk HPV-positive subsample, whereas patients positive for HPV but negative for high-risk 
HPV had significant, positive effect estimates for tobacco and alcohol effects and for the additive 
interaction. This may be related to the observation that HPV is a strong initiator of 
carcinogenesis in oropharyngeal squamous cell carcinoma via a specific molecular mechanism 
independent of alcohol or tobacco. However, alcohol consumption can increase the probability  
of risky sexual behavior, thus increasing the likelihood of HPV infection.133-137 
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Table 4.4 Evidence From Selected Studies of Differences in Synergistic Effect by Demographics 

Cancer type Study Study design Sample Results 
Key demographic 
differences 

Squamous cell 
esophageal cancer 

Brown et al. 1994131 Population-based, case-
control study 

U.S. adult male 
participants from 
3 geographic areas; 
124 White and 249 Black 
male cases; 750 White 
and 614 Black male 
controls 

• aOR for esophageal squamous cell carcinoma 
was higher among Black men (aOR = 149.2, 
95% CI = 39.2–567.4) and White men 
(aOR = 35.4, 95% CI = 10.0–125.5) who 
reported heavier tobacco and alcohol use 
compared with men of those racial groups who 
reported no or light amounts of tobacco and 
alcohol use. 

Race 

Head and neck Hashibe et al. 20095 Pooled analysis, case-
control studies 

International Head and 
Neck Cancer 
Epidemiology 
(INHANCE) consortium; 
Since 2004; 18 studies; 
12,282 cases and 
17,189 controls 

• A greater than multiplicative joint effect between 
ever-tobacco and -alcohol use was observed for 
head and neck cancer risk.  

• Multiplicative joint effects for cancer risk 
estimated for men and for women (multiplicative 
interaction parameters of 2.36 [95% CI,  
1.66–3.36] and 2.05 [95% CI, 1.35–3.11] 
respectively) and differences by age 
(multiplicative interaction parameters for 
<45 years = 2.93 [95% CI, 1.42–6.02],  
45–60 years = 1.93 [95% CI, 1.40–2.66], 
>60 years = 2.19 [95% CI, 1.46–3.29]) 

Sex (male/female); age 
(<45/45–59/60+); 
geographic region 
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Table 4.4 (continued) 

Cancer type Study Study design Sample Results 
Key demographic 
differences 

Head and neck 
squamous cell 
carcinoma 
(HNSCC) 

Auguste et al. 2020132 Population-based case-
control study 

145 cases and 
405 controls 

• Current smoking (aOR = 11.6, 95% CI =  
6.7–20.1), drinking >5 glasses of alcohol per day 
(aOR = 2.4, 95% CI = 1.2–4.7), and oral 
infection with high-risk HPV (aOR = 2.4,  
95% CI = 1.1–5.0) were significantly associated 
with HNSCC. 

• The combined exposure to tobacco and alcohol 
produced a significant additive synergistic effect 
on the incidence of HNSCC (RERI = 9.8 
[95% CI, 3.2–16.6]), but the multiplicative 
synergistic effect was not significant 
(multiplicative interaction parameter = 2.0 
[95% CI, 0.8–5.4]). 

• The effects of tobacco, alcohol, and the 
combined exposure of tobacco and alcohol on 
HNSCC were consistently lower in high-risk 
HPV-positive than in high-risk HPV-negative 
individuals, though the three-way interaction of 
tobacco, alcohol, and high-risk HPV status was 
not explicitly tested. 

HPV-positive versus  
HPV-negative HNSCC 

Note. aOR = adjusted odds ratio; CI = confidence interval; HPV = human papillomavirus; RERI = relative excess risk due to interaction. 
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Synergistic Effects Between Tobacco and Alcohol Use for Other Cancer Sites 
Convincing evidence supports the presence of synergistic interactions between tobacco  
and alcohol use and cancers of the aerodigestive system. Epidemiological evidence for these 
interactions is also supported by strong mechanistic evidence (see chapter 5). This section 
reviews evidence of a synergistic tobacco/alcohol exposure relationship with cancer sites not 
already identified by IARC or WCRF/AICR. Separate subsections address studies of cancers of 
the lung, liver and colon, female breast, thyroid and other sites. This section focuses on studies 
with more rigorous designs; however, a formal quality or risk of bias assessment was not 
conducted. Further details of the literature search are described in Appendix 4A, and selected 
studies are summarized in Appendix 4B. Overall, literature published since the 2010 and 2012 
IARC reports and the 2018 WCRF/AICR report suggest additional potential examples of synergy 
between tobacco and alcohol consumption and cancer risk. 

This section further describes evidence of differential synergistic relationships across population 
subgroups (e.g., sex, race, and ethnicity) for any cancer site, although few studies by population 
subgroup were identified. As noted previously, this chapter seeks to identify studies that assessed 
synergistic relationships by exposure to specific types of tobacco products (i.e., cigars,  
e-cigarettes, smokeless tobacco) or specific alcoholic beverages (i.e., wine, liquor, beer). 
However, few studies by tobacco product type or alcoholic beverage type were identified.  
The studies reviewed primarily address cigarettes and other combusted tobacco products. 
Research has also focused on the combined effects of smokeless tobacco products and alcohol 
use on head and neck cancer risk, because smokeless tobacco is associated with increased risk  
of these cancers.  

Lung Cancer 
Brenner and colleagues (2019)138 published a pooled analysis examining the potential effect  
of alcohol consumption on lung cancer risk, using data from the International Lung Cancer 
Consortium and Synergy Consortium Studies. Their study included 21 case-control studies and 
1 cohort study from North America (11), Europe (8), and Asia (3) with data on participants’ 
alcohol intake. The interaction analysis between tobacco smoking and drinking, including 
19,149 cases and 362,340 controls, suggested lung cancer risk was associated with higher levels 
of tobacco consumption (i.e., pack years), with an interaction observed for those in the highest 
tobacco and alcohol consumption groups. The effect estimate deviated from that expected on the 
additive scale among those who consumed ≥20 grams/day of alcohol and ≥10 pack years of 
tobacco (OR = 11.23, 95% CI = 10.29–12.26). The test for a multiplicative interaction between 
alcohol consumption and smoking intensity was also significant (p < .001). This study found an 
overall positive interaction between high pack years of smoking and elevated levels of drinking. 
However, the authors of the study noted: 

This may reflect some type of biological interaction of the combination of the two 
exposures, or it may also reflect a different exposure profile across drinking categories, 
where those at higher levels of both tobacco and alcohol consumption may be exposed to 
other factors, such as second-hand smoke from time spent in bars.  
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Furthermore, analyses from the Alberta’s Tomorrow prospective cohort of 26,607 adults did not 
find evidence for an alcohol effect on lung cancer or interactions with tobacco use.139 Further 
mechanistic research could help determine whether these epidemiological results are replicable 
and if they reflect a biological interaction related to carcinogenesis rather than unmeasured 
aspects of exposure.  

Overall, there is inadequate evidence to support an association between alcohol consumption and 
lung cancer risk.1 Ongoing epidemiological research has had mixed results,140 with some studies 
suggesting an increased risk of lung cancer associated with drinking alcohol141 and others 
reporting protective effects.142 

Hepatocellular Carcinoma 
Marrero and colleagues (2005)143 examined the associations between cigarette smoking and 
alcohol use on hepatocellular carcinoma (HCC) in a case-control study of 70 patients with HCC, 
70 patients with cirrhosis, and 70 patients without liver disease. Patients with cirrhosis and those 
without liver disease were included because cirrhosis is among the most important risk factors 
for development of HCC.144 This study found that both tobacco and alcohol use were 
independent, dose-dependent risk factors for HCC.143 When patients with hepatocellular 
carcinoma were compared to patients with cirrhosis, HCC risk increased nearly 6-fold for more 
than 1,500 grams of alcohol consumed per year (aOR = 5.7, 95% CI = 2.4–13.7), and nearly 
5-fold for more than 20 pack years of smoking (aOR = 4.9, 95% CI = 2.2–10.6). Adjusted odds 
ratios for smoking and alcohol were far higher when patients with HCC were compared with 
patients without liver disease. The study also looked for an interaction effect between exposure 
to smoking and alcohol on HCC risk. When patients with HCC were compared to patients with 
cirrhosis, the risk for HCC was higher when patients were exposed to both cigarette smoking and 
alcohol (aOR = 7.2, 95% CI = 2.2–14.1), with a synergistic index >1, compared with exposure to 
cigarette smoking alone (aOR = 2.5, 95% CI = 1.7–15.0). or alcohol alone (aOR = 1.4, 95% CI = 
1.1–4.0). The study concluded that alcohol and smoking are independent risk factors for HCC, 
and they also interact synergistically.143  

A further study in 2000 reported an interaction between tobacco and alcohol consumption for 
liver cancer in a case-control study in Greece of 333 patients with cancer and 360 controls.145 
More recently, a 2024 case-control study in Korea of 15,352 patients with liver cancer and 
92,112 matched controls reported a synergistic interaction between light-to-moderate alcohol 
consumption and heavy smoking with a significant synergy index (2.75, 95% CI = 1.85–3.66).146 
Despite its importance, few studies have addressed the combined effects of tobacco and alcohol 
use on liver cancer. These analyses are complicated by the fact that patients with a diagnosis of 
cirrhosis of the liver, a common precursor to liver cancer, are strongly advised to abstain from 
alcohol consumption,147,148 highlighting the need for more detailed assessments of alcohol 
consumption over the life course, especially where circumstances are likely to lead to changes  
in consumption. 

A 2025 study assessed the individual and interactive effects of cigarette smoking and alcohol 
consumption on HCC risk, using a nested case-control analysis of 108 HCC cases and 108 
matched controls.149 The analysis found a positive relationship between serum smoking 
biomarkers and HCC risk, serum alcohol biomarkers and HCC risk, smoking and HCC risk, and 
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alcohol use and HCC risk.149 However, there was no evidence of synergistic effects between 
smoking and alcohol use on HCC risk, as interactions between self-reported smoking and alcohol 
use (synergy index = 1.27, 95% CI = 0.98–1.66), and interactions between smoking and alcohol 
biomarkers were not significant in predicting HCC (synergy index for 2-hydroxy-
3-methylbutyric acid and cotinine = 1.59, 95% CI = 0.58–4.33; synergy index for 2-hydroxy-
3-methylbutyric acid and nicotine = 1.36, 95% CI = 0.60–3.10).149  

Female Breast Cancer 
Alcohol use causes female breast cancer. IARC has concluded that the “occurrence of malignant 
tumors of the female breast is causally related to the consumption of alcoholic beverages,”1 and 
the WCRF/AICR review concluded that alcohol consumption is a “probable cause” for 
premenopausal and a “convincing cause” for postmenopausal breast cancer.4 Furthermore, 
alcohol alters some hormone levels that are associated with breast cancer risk, providing a 
plausible biological mechanism for the association (see chapter 5).87,150,151 Risk of breast cancer 
related to alcohol use may be increased for estrogen receptor positive women. Some research on 
the association between alcohol consumption and breast cancer also suggests that the time 
between menarche to first pregnancy may represent a period when breast tissue is particularly 
susceptible to carcinogens.150  

The potential for an association between active smoking, passive smoking (i.e., exposure to 
secondhand smoke), and female breast cancer has been addressed in several previous Surgeon 
General’s reports.3,152,153 The 2014 Surgeon General’s report reviewed epidemiologic studies and 
studies of biological mechanisms to understand associations between exposure to tobacco smoke 
and female breast cancer. This report concluded that the evidence was suggestive but not 
sufficient to infer a causal relationship between tobacco smoke and female breast cancer or 
between active smoking and female breast cancer and between exposure to secondhand tobacco 
smoke and female breast cancer.3 Similar conclusions were reached by a 2012 IARC review.2  

However, some recent studies suggest a potential association. For example, a 2023 meta-analysis 
of 169 case-control or cohort studies of the relationship between cigarette smoking and female 
breast cancer reported a pooled RR of 1.07 (95% CI, 1.05–1.10) for women who currently 
smoked, compared with women who never smoked.154 These authors also found that breast 
cancer risk increased with both the intensity of cigarette smoking (i.e., number of cigarettes 
smoked per day) and with increased duration of smoking.154 The authors concluded, “this  
meta-analysis convincingly supports the contention that cigarette smoking is a risk factor for 
breast cancer.”154 However, concerns remain in the field regarding possible poorly measured  
and unmeasured confounding, the timing of exposure, and the possibility of etiologic differences 
across the major subtypes of breast cancer.155 Even after decades of study, further large  
and robust studies are needed to resolve the relationship between tobacco use and female  
breast cancer.  

Moderate and heavy alcohol consumption during the developmental window between menarche 
to first pregnancy could potentially increase the lifelong risk of breast cancer.156,157 Such 
windows of susceptibility may also be present for smoking, as research examining the 
mechanism for smoking increasing female breast cancer risk suggests a potential increase in risk 
among women who initiated smoking before first childbirth.158 However, this association was 



 
Monograph 24: Tobacco and Alcohol: Understanding Co-Use to Reduce Cancer Incidence and Mortality 

   
 

277  
 

only noted when the analyses did not adjust for age at first pregnancy and was attenuated by 
adjustment for pack years of smoking. The 2014 Surgeon General’s report concluded that there 
was not clear evidence for a greater risk of female breast cancer associated with initiating 
smoking during adolescence or young adulthood than with initiating smoking at an older age.3  

Several studies have reported significant multiplicative interactions for cigarette smoking and 
drinking alcohol in relation to female breast cancer risk,139,155,159,160 but in other studies, apparent 
interactions were not significant or not tested directly.158,161 Gaudet and colleagues (2017)155 
conducted a pooled analysis of 14 cohort studies that included 36,060 invasive female breast 
cancer cases and reported statistically significant positive interactions between alcohol 
consumption and several measures of smoking, including smoking status, cigarettes per day and 
years of smoking among those who currently smoked, and years of smoking and years since 
quitting in those who formerly smoked. The large sample size in this study is a notable strength. 
Zeinomar and colleagues (2019)161 found a significant 3-way multiplicative interaction between 
familial risk profile, alcohol consumption, and cigarette smoking (p = .005), primarily driven by 
women with very high familial risk profile, who saw a 30% increase in overall breast cancer risk 
compared to women who never smoked. Similarly, Li and colleagues (2020)160 reported a 
significant synergistic increase in breast cancer risk for carriers of the BRCA2 mutation in a 
retrospective analysis among women who consume alcohol and who also smoke cigarettes (i.e., 
at least 1 glass per month for 1 year plus at least 1 pack of cigarettes per month for 1 year; 
aHR = 1.43, 95% CI = 1.13–1.81; p = .003). Additionally, Viner and colleagues (2019)139 found 
a “U-shaped curve” for the association with breast cancer, observing a lower cancer incidence 
among those who reported moderate alcohol consumption and minimal cigarette smoking, 
changing to a multiplicative interaction with increased consumption of cigarettes and alcohol, 
compared to people who did not smoke or drink. 

Other studies have not found a synergistic relationship between alcohol consumption, smoking, 
and female breast cancer risk.162-164 As with other cancer sites, this may be due in part to 
differences in definitions of tobacco and alcohol use and measurement, as well as differences in 
specific outcome measures. Additional studies are needed to clarify the role of tobacco and 
alcohol in female breast cancer risk, with attention to the potential role of genetics and family 
history. Increases in alcohol-induced deaths among women in the United States emphasizes the 
importance of this area of research.165 

Thyroid Cancer 
The relationship between cigarette smoking, alcohol consumption, and thyroid cancer risk is 
unclear. A pooled analysis in the United States166 and a large study in Korea167 examined the 
individual and combined risk of these substances on thyroid cancer risk. The pooled analysis  
of 5 U.S.-based cohort studies by Kitahara and colleagues (2012)166 included more than  
740,000 participants and 1,000 incident cases of thyroid cancer and was conducted to examine 
the association between cigarette smoking, alcohol consumption, and the risk of thyroid cancer. 
This study found that current smoking was associated with a significantly reduced risk of thyroid 
cancer (adjusted hazard ratio [aHR] = 0.68, 95% CI = 0.55–0.85) compared with never smoking.   
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Furthermore, the risk of thyroid cancer decreased with greater smoking intensity and duration. 
Among people who formerly smoked, the risk was lowest among those who quit more recently 
(<5 years), but not as low as for people who currently smoked. The risk for people who quit 
smoking 5 or more years ago was similar to people who never smoked.166  

Kitahara and colleagues also found that alcohol consumption was associated with a significant 
reduction in thyroid cancer risk, which was highest among those who consumed ≥7 drinks/week 
(aHR = 0.72, 95% CI = 0.58–0.90).166 Additionally, compared to never smoking and 
nondrinking, current smoking and consumption of ≥1 drinks per week was associated with 36% 
reduced risk of thyroid cancer (joint aHR = 0.64, 95% CI = 0.47–0.86). The joint aHR for 
current smoking among participants who did not drink alcohol was weaker (aHR = 0.46, 
95% CI = 0.29–0.73), while the joint aHR among participants who reported never smoking and 
reported ≥1 drink per week was similar (aHR = 0.70, 95% CI = 0.56–0.87). Overall, the reduced 
risk for current smoking was most pronounced among people who never drank, while the 
reduced risk for alcohol drinking was most pronounced for people who never smoked. The 
authors characterize the joint association of smoking and alcohol with thyroid cancer as 
submultiplicative (p for interaction = .004).166  

Yeo and colleagues (2022)167 conducted a retrospective cohort study using data from the Korean 
National Health Insurance database (N = 9,699,104 participants). After a mean follow-up period 
of more than 8 years, there were ~90,000 cases of thyroid cancer (0.9%) among participants. 
These authors identified an inverse association between cigarette smoking and the risk of thyroid 
cancer, as well as an inverse association between alcohol consumption and thyroid cancer. The 
risk of thyroid cancer was significantly lower among participants who currently smoked 
(aHR = 0.74, 95% CI = 0.72–0.76), compared with participants who never smoked, using a 
model controlling for multiple covariates, including alcohol consumption. Adjusted hazard ratios 
for thyroid cancer among those who never smoked were 0.91 (95% CI, 0.89–0.92) among those 
with mild drinking, 0.80 (95% CI, 0.76–0.84) among those with moderate drinking, and 0.80 
(95% CI, 0.74–0.86) among those with heavy drinking. The lowest risk of thyroid cancer was 
observed in participants reporting the highest levels of both drinking and smoking; among people 
reporting current smoking and drinking >30 g of alcohol per day the adjusted hazard ratio was 
0.62 (95% CI, 0.59–0.66). Analyses of the risk of thyroid cancer for combined use were 
statistically significant (p for interaction < .001).  

The submultiplicative effects of cigarette and alcohol co-use observed by Kitahara and 
colleagues as well as Yeo and colleagues report could be related to lower thyroid hormone and 
thyroid stimulating hormone levels, as well as lower prevalence of thyroid autoantibodies. This 
further suggests that there may be related, or common, biological pathways involved in observed 
reductions in thyroid cancer risk related to tobacco and alcohol use separately. However, a 2023 
study using data from the NIH-AARP Diet and Health Study reported that associations between 
thyroid cancer and cigarette smoking and alcohol drinking were restricted to thyroid cancers at 
low risk for recurrence or mortality (“low-risk” thyroid cancers); no associations were observed 
for high-risk thyroid cancers.168 Thus, these inverse associations may be due in whole or part to   
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detection bias (i.e., individuals who currently smoke or drink more heavily are less likely to 
undergo thyroid cancer surveillance or screening).168 Furthermore, Kitahara and colleagues 
report a lower risk of thyroid cancer for people who report cigarette smoking but no alcohol use 
than for people who currently smoke and report one or more drinks per day.166 This is consistent 
with the possibility of common biological pathways for tobacco and alcohol but their effects on 
such pathways may differ. 

Cohort Studies of Cancer at Multiple Sites 
A prospective cohort analysis by Pirie and colleagues (2013)169 examined combined effects of 
alcohol and cigarette smoking on mortality in the Million Women Study cohort of 1.3 million 
women in the United Kingdom recruited between 1996 and 2001 and followed until January 1, 
2011. The study authors conducted sensitivity analyses among women who did not drink or who 
consumed fewer than 3 units of alcohol (30 ml of ethanol or 1.67 U.S. standard drinks) per week. 
Compared to risk ratios for smoking-related mortality among the entire sample, sensitivity 
analyses found modest reductions in adjusted risk ratios from 4.38 in the entire sample to  
3.76 (95% CI, 2.65–5.31) in the sensitivity analysis for cancer of the mouth, pharynx, larynx, 
nasal cavity, or sinuses; from 3.10 in the entire sample to 2.74 (95% CI, 2.27–3.30) in the 
sensitivity analysis for esophagus cancer; from 1.52 in the entire sample to 1.43 (95% CI, 1.11–
1.85) in the sensitivity analysis for liver cancer; and from 1.13 in the entire sample to 1.06 (95% 
CI, 0.95–1.18) in the sensitivity analysis for breast cancer.169 

These results do not examine interactions between tobacco and alcohol use and cancer risk 
directly, highlighting the need for formal tests of interaction. Viner and colleagues (2019)139 
examined individual and combined effects of cigarette smoking and alcohol use on cancer risk 
among participants (N = 26,607) in Alberta’s Tomorrow Project. Results suggested additive 
effects of tobacco and alcohol on risk of all cancers, colon, and prostate cancer. 

All together, these studies highlight the need for further pooled analyses of epidemiological 
studies addressing the combined effects of tobacco and alcohol on cancer risk at multiple sites 
along with further mechanistic research. Additionally, efforts are needed to examine age specific 
patterns of tobacco and alcohol use and co-use, particularly in relation to female breast and liver 
cancer where developmental windows of susceptibility or behavior change related to 
precancerous effects may be relevant. 

Measurement and Analysis 
This section discusses considerations for measuring exposure to tobacco and alcohol, including 
biomarkers of tobacco and alcohol use. The results of the epidemiological studies reviewed in 
this chapter and in chapters 2 and 3 emphasize the importance of measurement. Careful 
consideration of intended analyses, sources of bias, and fitness for purpose are needed for 
measure selection.170 As discussed in chapter 2, surveillance or surveillance epidemiology 
focuses on the ongoing collection of data for planning, implementation, and evaluation of public 
health programs and action.171 In contrast, measurement of behavior for etiological studies 
focuses on estimating potential causal relationships between aspects of exposure and outcomes 
as well as controlling for potential confounding in the assessment of such relationships.172  
Thus, longitudinal cohort studies could well include measures of tobacco and alcohol use 
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patterns, including those at different stages of the life course and correlates of tobacco and 
alcohol use, that may not be of immediate interest to surveillance epidemiology unless or until 
they are demonstrated to be critical determinants of future disease burden. 

The amount, frequency, and duration of tobacco and alcohol use, as well as cessation of use,  
can affect cancer risk; for this reason, epidemiologic analyses should consider frequency of use, 
intensity of use, frequency of heavy use days, and variability of use over the life course.  
The most commonly used measures of alcohol consumption include quantity/frequency (QF)  
and graduated frequency (GF) approaches. The QF approach addresses the number of days 
drinking during some specified period (e.g., past year) and the average number of drinks on such 
days. The GF approach specifies categories of standard drinks consumed (e.g., 1–2 drinks) and 
facilitates comparisons across groups at the expense of some detail.173 Table 4.5 lists examples  
of tobacco and alcohol use measures that are relevant or potentially relevant to assessing  
cancer risk.  

Table 4.5 Selected Tobacco and Alcohol Use Measures Useful for Epidemiological Studies 
Measure type Tobacco Alcohol 
Current use • Current use (not at all, some days, or every day) or 

use on at least 1 day in the past 30 days 
• Past-month use or use in the last 30 days 
• Past-year use 

Use frequency and 
intensity, including QF 
or GF approaches 

• Cigarettes per day or other tobacco and nicotine 
products per day  

• Daily/nondaily use (cigarettes or other  
tobacco products) 

• Days per month used (cigarettes or other  
tobacco products) 

• Number of days of [tobacco product] use in the past 
30 days 

• Number of cigarettes per day or other products on 
days when the respondent smokes 

• Ever daily smoking among those who smoke nondaily  

• Frequency of alcohol consumption  
• Quantity of standard drinksa,b per occasion 
• Volume consumed in the past month and 

past year (overall and by beverage type) 
• Frequency heavy episodic drinking or 

binge drinking (≥4 drinks for women or 
≥5 drinks for men on an occasion) 

• Frequency of high-intensity drinking: 
8+,10+, 12+, or 15+ drinks per day  
or occasion 

• Maximum drinks consumed in 1 day in the 
past month and past year 
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Table 4.5 (continued) 
Use history and lifetime 
use patterns 

• Ever use (having ever smoked even a puff of a 
cigarette and having ever smoked 100 or more 
cigarettes in one’s lifetime) 

• Age of initiation 
• Cigarettes per day during periods of regular use 
• Number of quit attempts resulting in abstinence for at 

least 24 hours (“Serious” quit attempts) 
• Age at longest successful quit attempt 
• Duration of smoking abstinence for longest  

quit attempt 
• Pack years (based on years smoked and average 

number of cigarettes per day) 
• Use of other tobacco products, including duration, 

frequency, and intensity 
• Time to first cigarette or first tobacco use  

• Lifetime abstinence (cumulative periods of 
abstinence in one’s lifetime) 

• Age of initiation 
• Age at which began regular drinking (for 

example, at least once a month for 
6 months) 

• Former drinking 
• Age of cessation 
• Lifetime accumulated number of drinks 
• Frequency of lifetime heavy episodic 

drinking or binge drinking and during 
specific time periods/decades 

• If quit, reason for quitting 

Note. GF = graduated frequency; QF = quantity/frequency.  
aOne U.S. standard drink contains 0.6 fluid ounces or 14 grams of ethanol. A standard drink is equivalent to 12 fluid ounces of beer at 5% 
alcohol by volume, 5 fluid ounces of wine at 12% alcohol by volume, and 1.5 fluid ounces of distilled spirits at 40% alcohol by volume. 
bModerate drinking is defined as up to 2 standard drinks/day for men and up to 1 standard drink/day for women.174  

Measurement of Frequency of Use, Intensity of Use, and Simultaneous Use 
Research as of 2026 indicates a need for further efforts related to several aspects of tobacco and 
alcohol use including measures of drinking intensity, especially high intensity drinking, and 
lifetime patterns of tobacco and alcohol co-use, along with more detailed data on the 
characteristics and temporality of co-use. For example, near simultaneous co-use might have 
different exposure consequences than co-use on different occasions during the same day, week, 
or month, as well as high intensity drinking during different developmental stages of the life 
course (e.g., adolescence, pre- or post-menopause). 

Measures of high intensity drinking days/occasions, intended to capture higher levels of 
impairment relevant to acute consequences of drinking, may also be relevant to cancer and other 
chronic disease risks. For example, a meta-analysis of case-control studies found that alcohol use 
intensity (drinks per day) was a greater risk factor for head and neck cancers than duration of 
alcohol use,79 emphasizing the importance of measuring heavy episodic drinking, high intensity 
drinking, and maximum drinks in a day for cancer risk assessment. Many standardized surveys 
and other health studies do not consider changes in the number of cigarettes per day over time. 
However, diary and ecological momentary assessment studies suggest the number of cigarettes 
smoked per day varies from day to day.175 Longitudinal studies also suggest that at least some 
individuals change their smoking patterns and the amount that they smoke over time, which may 
affect cancer risk.175-177 A growing literature on patterns of smoking examines those who smoke 
intermittently and fewer cigarettes, different cessation characteristics, and other aspects of 
smoking trajectories.178-183 For example, in a study of 24,613 men ages 50–69 who smoked and 
participated in a alpha-tocopherol and beta-carotene cancer prevention trial, reducing smoking 
intensity at an average 5 cigarettes per day per intervention year reduced lung cancer risk 
compared with smoking 20 cigarettes a day, but cessation had the largest reduction in risk.184 
More efforts are also needed to incorporate such patterns into etiological analyses and modeling 
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of population-level tobacco use and its consequences. For alcohol, a 2021 Australian prospective 
cohort study (N = 226,162) found a marginally increased risk of female breast cancer when 
alcohol intake was concentrated over time (i.e., the same amount of alcohol was consumed in  
1–3 days versus 4–7 days).185  

Measures of simultaneous use of tobacco and alcohol could also be helpful for understanding 
cancer risk, particularly for upper aerodigestive tract cancers, for which a synergistic effect of 
these two substances is well documented. Broadly speaking, simultaneous use is defined as use 
at the same time; during simultaneous use, the effects of both substances could overlap and 
interact in important ways. However, the time periods involved, and the specific behaviors 
associated with “simultaneity” have not received much attention. Simultaneous use questions 
have rarely been included in epidemiologic studies, perhaps because researchers assume that 
alcohol drinking and tobacco smoking typically occur at the same time or in close time 
proximity. A study of 217 college students found that many people who smoke nondaily only 
smoke when drinking and that smoking is more appealing to them when drinking with greater  
re-enforcement of smoking and less attention to negative consequences.186 One study of people 
who smoke nondaily (N = 183), grouped by those who reported long-term occasional smoking, 
early occasional smoking, and former daily smoking, found that these groups did not differ in 
alcohol co-use patterns.187 Less than one-third of smoking sessions involved drinking, and 42% 
of drinking sessions involved smoking, with greater use amounts of both during co-use sessions. 
This indicates that attention is needed to co-use occurring on different time scales from 
simultaneous use to co-use over longer time scales such as in the same day, week, month,  
or year. 

Measurement of Lifetime Exposure and Use Patterns 
Life course measures of tobacco and alcohol co-use are also important for understanding cancer 
risk. Lifetime measures of tobacco use include the age of initiation, use frequency, use quantity 
per day/occasion in relevant periods of life (e.g., age decades or period of highest consumption), 
and aspects of cessation (e.g., age at cessation or longest successful cessation). These lifetime 
measures can be used to create estimates of accumulated use, such as pack years of cigarette 
smoking, calculated by multiplying the typical number of cigarette packs smoked in a day by the 
number of years the person has smoked. Identification of never drinking is also important for 
determining appropriate control groups. However, self-report of lifetime abstention from alcohol 
is not perfect and misclassification based on self-report can be significant.188,189 Additionally, 
people who report lifetime abstention from alcohol are known to have specific demographic  
and health related characteristics, which can result in bias if lifetime abstainers are used a 
reference group.190 

Lifetime measures of accumulated alcohol intake are available in some prospective cohorts191; 
however, such data have not been used very widely in analyses of associations between tobacco 
and alcohol co-use and cancer risk. Some of these studies involve repeated measures over time, 
potentially improving validity, but others collect alcohol consumption in prior decades 
retrospectively.192 The latter format could result in recall bias and greater measurement error for 
more distally retrospective decades. More research is needed on the validity and reliability of 
such recalls and how to improve them, including by using electronic health record systems to 
document use. 
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Often, current drinking during the month or year of assessment is used to classify long-term 
drinking patterns, under the assumption that adult drinking patterns are stable over time.193,194 
The past-year timeframe is typically preferred for measuring current alcohol use in prospective 
studies of alcohol-related outcomes, as this timeframe is thought to describe average drinking 
over seasons and other short-term variations and repeated assessments may not be feasible. 
Studies have shown that changing patterns commonly occur seasonally195 and on a year-to-year 
basis,194 with aging,196-198 due to life events,199 and as a result of alcohol policy changes.200 More 
longitudinal studies with repeated assessment of alcohol use are needed. 

By contrast, smoking behavior has been found to be relatively stable over time among those who 
smoke daily, but the literature regarding those who smoke less than daily is mixed regarding 
stability of smoking behavior.201,202 People who report nondaily smoking are an important group 
as they have the highest prevalence of alcohol use, including high-risk drinking behavior, 
compared with people who do not smoke (see chapters 2 and 3). In a study of 579 California 
young adults who smoked nondaily, alcohol use was associated with lower odds of abstinence.203 
Moreover, it is important to note that adolescence to young adulthood is a period of 
experimentation and escalation of tobacco use, so the patterns of use can be unstable.203-206 These 
patterns may also be changing as the types of tobacco products available come into or out of the 
marketplace and with changes in regulation of where smoking is permitted and/or acceptable. 
Importantly, few studies have included lifetime measures for both tobacco and alcohol. 

Measurement of Product Characteristics 
Even more granular measures of tobacco and alcohol co-use may also be relevant to the 
influence of co-use on carcinogenesis. As discussed in chapter 5, all types of alcohol beverages 
contain ethanol, the major factor related to alcohol-related carcinogenesis, and the amount of 
ethanol consumed largely determines cancer risk. As discussed previously in this chapter, ABV 
can vary widely across alcohol products.207,208 Measures that identify the volume of beer, wine, 
and spirits consumed, as well as subtypes of higher percentage ABV beverages—such as malt 
liquor, strong beer, fortified wine, strong cocktails, shots, and straight spirits—could be 
informative. Under-reporting of total alcohol consumption could be greater for those at the 
highest levels of consumption of spirits; observational studies are more difficult because many 
people with higher levels of consumption consume several types of alcoholic beverages. 

Despite the key role of ethanol in carcinogenesis, considerable research has examined the type  
of alcoholic beverage consumed and cancer risk, particularly for certain cancers. For example, 
the combined effects of tobacco and alcohol on risk could be sensitive to the type of alcohol 
consumed and to the precise timing of use, as these may influence salivary acetaldehyde levels 
and the oral microbiome.108 Similarly, a study of esophageal cancer and alcohol consumption 
from France suggests additional risk related to consumption of apple brandy.209 However, all 
alcohol products cause increased risk of cancer and there does not appear to be a consistent 
difference in cancer risk based on the type of alcoholic beverage consumed (see also 
chapter 5).210-213 
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Methods and Measurement of Tobacco and Alcohol Consumption Across the Life Course 
Epidemiological studies as well as health surveillance systems are deeply challenged by the  
need to consider respondent burden. This is a particular problem for studies that assess complex 
behaviors such as drinking and smoking. Greater efforts could be made to improve survey 
instruments for collecting lifetime consumption data, such as the use of graphical interfaces  
for online or smartphone-enabled data collection. Additionally, higher compensation for study 
participants or greater use of targeted cohorts focusing on specific exposures could reduce 
respondent burden by addressing only a few exposures in detail and including assessment of only 
the most critical covariates. 

Study designs using detailed daily diaries that include timing of use, such as ecological 
momentary assessment studies which provide for real time assessment of the behaviors, could be 
used to measure simultaneous use. In addition, surveys can include follow-up questions on the 
use frequency of one substance (e.g., alcohol) about how often that substance was used together 
with the other substance (e.g., cigarettes) that the respondent had previously reported currently 
using. These follow-up questions have become more common in studies of alcohol and cannabis 
use and could be adapted for tobacco and alcohol.214  

Despite considerable efforts to develop reliable and valid measures of lifetime tobacco and 
alcohol use, there are inherent limitations to self-reported behavior, particularly if the behaviors 
occur less regularly, change over time, or must be recalled from the more distant past. All these 
factors are relevant to both tobacco and alcohol use, especially as intermittent and multiple 
tobacco product use has become more common, and levels of tobacco and alcohol use can 
change over time.  

There have also been substantial efforts to identify biomarkers of longer-term exposure, 
including biochemical adducts,215 DNA methylation,216-218 mosaic Y-chromosome loss,219  
and somatic mutation signatures.220 These integrative biomarkers reflect the molecular and 
physiological effects of exposure and thus can be considered to be both biomarkers of acute and 
long-term exposure and also intermediate markers of carcinogenesis and other disease processes. 
Such biomarkers are agnostic in that they do not rely on self-report and have been shown to be 
useful for assessing both current and former tobacco use. However, whether biomarkers can be 
widely deployed to overcome the limitations of self-reported assessment remains to be 
determined and is an active research area. 

Biomarkers of Exposure to Tobacco 
Cotinine, a by-product of nicotine metabolism which can be measured in blood, urine, or saliva, 
is the most commonly used biomarker of tobacco use. The half-life of cotinine averages 16 hours 
and thresholds have been established to detect active smoking (3–10 ng/ml for plasma) as well as 
for secondhand smoke exposure.221,222 Another commonly used biomarker of short-term 
exposure to tobacco smoke is the concentration of carbon monoxide (CO) in exhaled breath  
(or carboxyhemoglobin in blood). The half-life of CO is influenced by various factors but is 
typically in the range of about 4 hours. A cutpoint of 5–6 ppm in exhaled CO is typically 
recommended to distinguish a person who smokes from someone who is abstinent from 
smoking.221 However, there is a limitation of using exhaled CO as a biomarker—it is not specific 
to tobacco smoking and may reflect exposure to other combustion products, such as cannabis 
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smoke, and common air pollutants, such as auto exhaust. Nicotine, a highly specific biomarker of 
tobacco use, can be measured directly in blood plasma; because of its short half-life (~2 hours) it 
is useful only for assessing short-term exposure.221 

The tobacco-specific biomarker, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL),  
a primary metabolite of the tobacco-specific nitrosamine NNK, is a biomarker of potential harm 
from tobacco. NNAL remains in the urine far longer than cotinine (NNAL half-life: 26–45 days; 
cotinine half-life: 16–18 hours) and is indicative of tobacco exposure from cigarettes, other 
tobacco products (e.g., smokeless tobacco, heated tobacco products) and secondhand smoke 
exposure.223-225 Other biomarkers of potential harm that assess exposure to specific carcinogens 
or carcinogenic processes, such as inflammation or oxidative stress, are also widely used in 
environmental epidemiology, tobacco regulatory science, and other fields.224,226 However, unlike 
NNAL, these biomarkers are not specific for tobacco. The minor tobacco alkaloids anabasine 
and anatabine are derived from tobacco leaf and can be used to determine exposure to products 
containing tobacco (e.g., cigarettes, cigars, smokeless tobacco, and others) in people using 
nicotine replacement therapy or using nicotine-containing ENDS to distinguish between 
exposure to products that do and do not contain tobacco.221  

Biomarkers of Exposure to Alcohol 
Biomarkers currently in clinical and research use are sensitive to different levels of alcohol use 
and use over different time windows, ranging from the presence of ethanol itself in blood via 
blood alcohol concentration tests or exhalations to various biomarkers related to alcohol, such as 
phosphatidyl ethanol (PEth) and fatty acid ethyl ester (FAEE).227 FAEE is not correlated with 
level of use but can detect alcohol use within the past 24–99 hours. PEth is sensitive to 
consumption of about 50 grams ethanol per day up to 3 weeks after consumption ceases.  
Such tests have been used in randomized controlled trials228 and could potentially be useful in a 
clinical setting or to monitor adherence to cessation regimes. Shorter term measures of 
consumption may also be useful to validate self-reports. For example, a 2025 nested case-cohort 
study of Spanish men ages 55–80 and women ages 60–80 in the PREDIMED trial used urinary 
tartaric acid to validate self-report of wine consumption from food frequency questionnaires.229 
However, more research is needed to identify more effective biomarkers.  

For epidemiological studies, long term biomarkers of total alcohol consumption that are sensitive 
to lower levels of consumption are also needed to reduce measurement error related to self-report 
and refine estimates of risk at lower levels of alcohol consumption. Measures of liver enzymes 
such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are elevated with 
heavy drinking, but the degree of elevation is dependent on other aspects of the liver’s response 
to alcohol and is reduced with reduced drinking.227,230 Biomarkers of long-term alcohol use 
might be found in genetic or epigenetic changes associated with exposure to alcohol and its 
metabolites, although more research is needed in this area.231 The majority of research on 
biomarkers of alcohol use has involved short term markers such as metabolites of alcohol and 
alcohol related enzyme levels,232,233 and at the group level, several of these markers can 
distinguish between lower and higher levels of intake. However, none of these can distinguish 
between people who do not drink and sporadic or low daily intake consumers and none are able   
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to capture total consumption over multiple years. More research is needed to identify and 
validate markers of lifetime alcohol consumption, especially markers that are sensitive to  
lower levels of consumption. Such studies could be carried out in prospective cohort studies that 
included multiple self-report measures of alcohol consumption over time and recently collected 
blood or other biological samples. 

Mendelian Randomized Studies of Alcohol and Tobacco 
Genetic studies have also been used to evaluate whether tobacco or alcohol consumption are 
causally related to cancer risk at various sites.234-240 Such Mendelian randomization studies 
leverage genetic variants as tools in an attempt to causally evaluate whether exposures, such as 
tobacco and alcohol use, are independently associated with disease outcomes. In traditional 
observational epidemiologic studies, reverse causation, bias, and confounding are of substantial 
concern. In contrast, Mendelian randomization studies leverage Mendel’s laws of inheritance, 
namely that genetic alleles are randomly assorted at conception, which is analogous to the 
randomization process of a clinical trial.241 In Mendelian randomization studies, researchers aim 
to create genetic instrumental variables are created by identifying genetic variants that are 
specifically associated with exposures of interest242 (e.g., tobacco use and alcohol intake). 
Associations of these instrumental variables and disease endpoints of interest are then evaluated. 
Mendelian approaches could be informative for clarifying unresolved associations, such as 
whether alcohol intake increases risk of lung cancer or whether smoking increases the risk of 
breast cancer. However, Mendelian randomization studies themselves require a number of 
assumptions, not all of which can be directly testable, and thus can also be affected by bias.  
To date, Mendelian randomization studies of alcohol consumption and lung cancer234-238 and 
smoking and breast cancer have been inconclusive,243,244 perhaps reflecting limited statistical 
power. Future research in this area is needed.  

Measurement Needs Related to Health Disparities 
High levels of tobacco and alcohol use as well as disparities in cancers related to tobacco and 
alcohol have been observed in some demographic groups such as American Indian or Alaska 
Native individuals and sexual minorities.53,245-248 However, great care must be taken not to 
interpret these studies as suggesting that all or most of the people in a demographic group have 
high levels of consumption (see chapter 3). These observations also highlight the importance of 
valid and reliable measurement of tobacco and alcohol use across diverse populations. Language, 
values, and social factors may influence self-report of tobacco and alcohol use behaviors.249,250 
For example, in a cross-sectional study of 2,520 individuals analyzing data from the 1999–2002 
National Health and Nutrition Examination Surveys, Everhart and colleagues (2009)249 reported 
that misclassification of tobacco use status was associated with both sex and acculturation status 
in Hispanic adults in the United States with greater levels of misclassification for men with lower 
levels of acculturation (almost 5%) compared to women with lower levels of acculturation 
(~1%). For alcohol use, prior use of alcohol and other substances was strongly related to 
disagreement between retrospective and prospective reporting of alcohol onset measures in a 
sample of 1,044 adolescents in Chicago.251 Black and Hispanic military veterans are more likely 
to be diagnosed with alcohol use disorder compared to White veterans, even at the same reported 
levels of alcohol consumption252; such misclassification could bias epidemiological analyses 
relying on medical records. In addition, willingness to respond to surveys, ability to recall past 
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substance use (e.g., among older adults), and survey-specific factors leading to measurement 
error may differ by population group. More research is needed to identify and avoid differential 
misclassification of tobacco and alcohol use for epidemiological studies. 

Worldwide, a 2010 report by the World Health Organization (WHO), Equity, Social 
Determinants, and Public Health Programmes,253 found that certain groups, including those of 
lower SES, had a higher prevalence of the use of tobacco products and experienced a higher 
burden of disease from that use. The report also found that, when looking at a macro-level at the 
relationship between alcohol and disease that, although populations with higher SES had higher 
percentages of people who drink, those with lower SES had a higher percentage of people who 
report heavy episodic drinking.253 Together these observations highlight the need for valid and 
reliable measurement of both consumption and health outcomes in different demographic groups. 

Alcohol Harms and Socioeconomic Status 
Several studies have examined the harm of alcohol in relation to SES. For example, Smith and 
colleagues (2024)254 examined associations of education and alcohol use with alcohol 
attributable hospitalization or death in a large (N = 199,125) cohort study in Canada. Levels of 
heavy alcohol consumption and alcohol volume were similar for people with lower and higher 
levels of education—but levels of hospitalization or death were disproportionately higher for 
people with lower SES and higher levels of consumption. This observation that people with 
lower SES exhibit greater harms from alcohol than those at higher SES with the same 
consumption levels has been called the alcohol harm paradox, and a growing number of studies 
have reported this pattern for several measures of SES and various health outcomes related to 
alcohol.255 For alcohol and cancer, very few studies have examined interactions between SES 
and alcohol; more analyses are needed.256 

The synergistic effects of tobacco and alcohol in subpopulations were not addressed in the 2010 
WHO report or in most studies of alcohol harms in relation to SES. These findings confirm the 
importance and need to accurately measure precise amounts of tobacco and alcohol consumed,  
as well as types of tobacco and alcohol products consumed, frequency, timing of consumption, 
and duration at a more granular level and over time to fully understand patterns of use of each 
product and to better understand how they relate to disease risk and how they interact with SES 
and its correlates. 

Chapter Summary 
Cigarette smoking has been causally linked to the development of cancer at multiple sites, 
including the oral cavity, pharynx, larynx, esophagus, lung (trachea and bronchus), stomach, 
liver, pancreas, kidney and ureter, bladder, cervix, colorectum, as well as acute myeloid 
leukemia. Currently, evidence also suggests an association between cigarette smoking and 
female breast cancer, however, consensus on this relationship has not been reached. The 
carcinogenicity of combusted tobacco products (e.g., cigarettes, cigars, and pipes) is attributed to 
the presence of more than 7,000 compounds, including more than 80 carcinogens, in tobacco 
smoke. The prevalence of cigarette smoking has been decreasing for decades; in 2024, 9.9% of  
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U.S. adults reported current use of cigarettes. However, youth and adult tobacco use now reflects 
the diversity of the tobacco product marketplace and polytobacco use has become increasingly 
common, especially among youth.  

Alcohol consumption is the third most important modifiable risk factor for cancer in the United 
States. Conclusive evidence shows that alcohol consumption is causally linked to an increased 
risk of cancers of the oral cavity, pharynx, larynx, esophagus, colorectum, and liver, as well as 
female breast cancer; studies of a potential causal role for alcohol for other cancer sites is sparse 
or inconsistent. Alcohol consumption is also associated with a lower risk of kidney cancer and 
non-Hodgkin lymphoma. However, the potential benefit of this lower risk is vastly outweighed 
by alcohol’s causal role in other cancers and other serious diseases. Ethanol, contained in all 
alcohol products, is the leading determinant of their cancer risk, although some differences in 
risk have been reported by specific alcohol products. The risk of alcohol-related cancers is 
substantially increased in people with aldehyde dehydrogenase deficiency, a genetic condition 
common in some populations, including people of Asian ancestry. As described in more detail in 
chapters 2 and 3, alcohol consumption differs significantly between men and women, and by 
other demographic factors such as race, age, and socioeconomic status. 

Numerous studies have examined the potential for synergy between tobacco and alcohol and 
cancer risk (defined here as when the total effect is greater than the sum of the individual effect). 
Conclusive evidence for synergy between cigarette smoking and alcohol use has been shown for 
cancers of the aerodigestive tract (i.e., cancers of the oral cavity, pharynx, larynx, and 
esophagus). Few studies have addressed the potential for synergy between other tobacco 
products (e.g., smokeless tobacco, e-cigarettes) and alcohol use on cancer risk. Similarly, few 
studies have examined the potential for synergy between tobacco and alcohol use by 
demographic factors (age, sex, race, and/or ethnicity) and relevant health factors. For example, 
studies have shown that infection with human papilloma virus (HPV) weakens the synergy 
between tobacco and alcohol use and risk of oropharyngeal cancer. In addition, studies have 
examined the potential for synergy between tobacco and alcohol use for other cancer sites. For 
example, some studies suggest a possible synergistic interaction between tobacco and alcohol for 
cancer of the lung, liver, and female breast. Measurement is a critical component of studies to 
address the epidemiology of tobacco- and alcohol-associated cancer risk. Widely used measures 
of tobacco and alcohol use typically address frequency, intensity, duration, and cessation of use. 
Additional areas of special interest to studies of cancer risk include measuring simultaneous use 
of tobacco and alcohol, understanding lifetime substance consumption, and assessing how 
patterns of use may change over the lifespan. Given the wide range of alcoholic beverages and 
their variable alcohol content, measuring the volume of alcohol consumed is also important. 
Additionally, as the tobacco product marketplace continues to diversify, measures will be needed 
to assess the broad range of tobacco products.  

Most surveys and epidemiologic studies rely on self-reported measures. However, self-reported 
measures have well known challenges, including the potential for research participants to be 
unwilling or unable to accurately report tobacco and/or alcohol use, which are stigmatized 
behaviors. Misclassification is a particular concern for case-control studies where people  
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diagnosed with cancer may recall their use more or less accurately than participants without 
cancer, but misclassification can also affect prospective cohort studies. Several biomarkers of 
tobacco and alcohol use are available to supplement or replace self-report; each of these 
biomarkers has limitations, and the field would benefit from additional tools to assess use. 
Finally, measures need to be valid and reliable across diverse populations, given the need to 
understand and address disparities in tobacco and alcohol use and cancers caused by tobacco and 
alcohol use. 

Research Needs 
Research needs concerning the relationship between tobacco and alcohol co-use and cancer 
risk involve a combination of measurement and analytical issues. For etiological studies of 
alcohol alone and tobacco and alcohol co-use, alcohol use is most commonly measured using 
quantity/frequency and graduated frequency approaches to estimate volume of alcohol intake. 
Fewer studies have examined patterns and changing patterns of alcohol intake from initiation 
throughout the life course, which is particularly important for cancers that may have 
developmental windows of susceptibility, such as female breast cancer.157 Measures of tobacco 
and alcohol use over the life course increase respondent burden, a key cause of loss to follow-up 
or nonresponse in cohort studies257 as well as noncompletion of health surveys.258,259 For this 
reason, work is needed to further develop and refine a package of measures encompassing 
patterns of use and nonuse that minimize respondent burden and address both tobacco and 
alcohol. A few studies suggest that instruments such as the Lifetime Drink History Survey can 
capture data concerning alcohol use initiation and subsequent patterns of drinking over the life 
course.260-262 However, more work is needed to refine such instruments and to understand their 
potential for bias and measurement error associated with different patterns of lifetime behavior 
as well as detailed aspects of co-use, such as simultaneous smoking and drinking. 

Continued efforts to combine results from different cohorts and to harmonize estimates of 
tobacco and alcohol use for metanalytic or pooled analyses of associations between co-use 
and cancer risk are needed. Past analyses have often addressed tobacco and alcohol co-use and 
aerodigestive tract cancers because of the larger relative risks and population-attributable 
fractions for these cancers associated independently and synergistically with these exposures. 
Where relative risks and population-attributable fractions are lower, power to identify an 
interaction between tobacco and alcohol co-use and cancer can be limited because of the 
exceptionally large sample sizes needed for such analyses. Very large initiatives are needed, such 
as the Our Future Health study that aims to recruit 5 million participants in the United 
Kingdom,263 and pooling projects such as a 2025 study that examined the association of alcohol 
and pancreatic cancer pooled across 30 cohorts.84 

There are significant gaps in the literature concerning specific populations 
disproportionately affected by tobacco and alcohol co-use and relationship to cancer risk. 
Further research on the epidemiology of tobacco and alcohol co-use is needed in key populations 
including sexual minorities, Hispanic populations, American Indian and Alaska Native 
populations, and other demographic groups. Creative new approaches are needed for this work  
as sampling and other considerations related to small populations create significant study  
design challenges.264 
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More research is needed to address cancer risks associated with lower levels of alcohol 
consumption and intermittent (i.e., nondaily) cigarette smoking. The risks of nondaily 
smoking and lower levels of alcohol consumption are lower than the risks associated with daily 
cigarette smoking or heavier alcohol consumption, but they can still be substantial.265 Such 
studies could benefit from new analytical approaches as well as continued efforts at pooling 
studies to increase power. 

Studies are needed to determine whether the use of e-cigarettes interacts with alcohol 
consumption to increase risk. Studies of e-cigarettes and alcohol in relation to cancer risk were 
not identified, and only a few studies have examined co-use of smokeless tobacco and alcohol in 
relation to cancer risk. Because of the large number of young people and adults co-using 
e-cigarettes and alcohol, and the wide variety of patterns of e-cigarette use, this is an important 
area for further research. 

Studies are needed to better understand the potential cancer risk of co-use of smokeless 
tobacco and alcohol. Studies of co-use of smokeless tobacco and alcohol may benefit from 
being conducted among populations and/or countries where use of both smokeless tobacco and 
alcohol is common.  

More experimental and epidemiological studies are needed to understand the effects of 
tobacco cessation and alcohol cessation or reduction, separately or together, on cancer risk. 
These could also inform the understanding of mechanisms linking increased risk associated with 
use. Such studies could also examine biomarkers of risk given the long latency of tobacco and 
alcohol caused cancer. 

In addition, more epidemiological studies that examine associations between co-use of 
specific alcohol/tobacco product types are needed. This is especially important as new product 
types are introduced to the market and where aspects of their formulation or patterns of use 
might influence risk. 

Concerning measurement, more efforts are needed to improve biomarkers, especially of 
long-term use, and to harmonize measures across cohort studies. Further research on 
biomarkers of exposure over longer time periods could strengthen epidemiological studies of 
tobacco and alcohol co-use. Behavioral and etiological studies are needed in subpopulations that 
experience health disparities or are most vulnerable to co-use of tobacco and alcohol. 
Identification of additional biomarkers of exposure, especially markers related to long term 
alcohol consumption, could strengthen etiological studies and evaluation of interventions. 
Biomarkers of tobacco and alcohol exposure are an important adjunct to self-report. For tobacco 
use, the availability of serum markers of current or recent tobacco exposure has strengthened 
exposure assessment and inference. Short-term (current blood alcohol content) and medium-term 
(consumption over the past weeks) biomarkers of alcohol consumption are available,227 but 
markers of lifetime consumption such as epigenetic changes, especially those relevant for lower 
levels of drinking, could potentially improve risk estimates.  
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Conclusions 
1. Tobacco and alcohol use independently cause multiple types of cancer, and even low 

levels of use increase the risk for specific cancers. Smoking one or fewer cigarettes per 
day is known to increase the risk of numerous cancers. For alcohol, the risk of female 
breast cancer increases at less than one drink per day, and head and neck cancer risk 
increases with one drink per day and possibly at lower levels of consumption.  

2. Strong evidence exists for a synergistic increase in risk of squamous cancers of the 
head, neck, and esophagus caused by tobacco and alcohol co-use. Numerous studies 
conducted in several countries over many years find that co-use of tobacco and alcohol, 
especially when use levels are high, results in synergistic increase in risk of head and 
neck and esophageal cancers. Limited evidence is available to determine whether there is 
a synergistic increase in cancer risk due to tobacco and alcohol co-use for several other 
cancer sites. For example, there have been mixed results for studies examining 
synergistic effects of tobacco and alcohol exposures on female breast cancer risk.  

3. Increased risk of head and neck cancers caused by alcohol use in people with 
aldehyde dehydrogenase 2 (ALDH2) deficiency, an autosomal recessive disorder 
that reduces the rate of metabolism of acetaldehyde, provides strong evidence for 
the causal relationship and underlying biological mechanism linking alcohol to head 
and neck cancers. ALDH2 deficiency is especially common in people of East Asian 
ancestry, resulting in the alcohol flushing syndrome. Continued high prevalence of 
alcohol use in East Asian populations, especially among men, leads to a strong 
opportunity for intervention at the clinical and population level.  

4. Improved measurement would strengthen studies of the effect of tobacco and 
alcohol co-use on cancer risk. Improving and implementing standardized measures of 
lifetime tobacco and alcohol exposure (including measures of frequency and duration of 
use, initiation, cessation, and product types used) are needed to strengthen the evidence 
base. Developing longer-term biomarkers of exposure and effect for tobacco and alcohol 
is also a significant gap in the currently available research tools; such biomarkers will 
advance understanding of co-use risks.  

5. Tobacco cessation reduces the risk of numerous cancers, and alcohol reduction or 
cessation reduces the risk of cancers of the aerodigestive tract. As of 2026, few 
studies have addressed the effects of quitting or reducing both tobacco and alcohol use on 
cancer risk. Overall, the synergistic increases in risk of head, neck, and esophageal 
cancers and the potential for synergistic increases in risk for other cancers provide strong 
support for further developing and implementing interventions to address the co-use of 
tobacco and alcohol.  
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Appendix 4A Literature Search Strategy 
The literature search included three phases: (1) identify cancer types causally associated with 
tobacco, (2) identify cancer types causally associated with alcohol, and (3) identify synergy 
between tobacco and alcohol in the causal pathways of the identified cancer types in phases one 
and two. To identify studies since 2010 (since the publication of IARC monographs in 2010 and 
2012),1,2 searches were conducted in PubMed in 2023 to identify studies of the synergy between 
alcohol, tobacco, and the following cancer sites: oral cavity, pharynx, esophagus, stomach, 
colorectal, liver, pancreas, larynx, lung, bronchus, skin melanoma, female breast, cervix uteri, 
corpus uterus, ovary, prostate, testis, urinary bladder, kidney, renal pelvis, brain, thyroid, 
Hodgkin lymphoma, non-Hodgkin lymphomas, myeloma, and leukemias. These sites were 
chosen based on specific cancer sites examined in the IARC reports.1,2 Search strings used terms 
for each cancer site in combination with the following search terms: [tobacco or nicotine or 
cigarette] and [alcohol or “alcohol use” or drink*] and [synergy OR synergistic OR “interaction” 
OR “joint effect” OR “joint effects” OR “multiplicative effect” OR “amplified effect” OR 
“synergistic”] and [cancer OR neoplasm*]. Reference lists of relevant articles were also 
reviewed to identify important studies published before 2010. Relevant articles (including 
notable studies published prior to 2010) are described in a narrative format in the chapter and in 
Table 4.4 and Appendix 4B. Additional studies published after 2023 were incorporated into the 
chapter based on their relevance. 
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Appendix 4B Select Studies Examining Synergy Between Tobacco and Alcohol Use and Cancer 
Cancer type Study Study design Sample Results 

Lung Brenner et al. 2019138 Pooled analysis Data from International Lung 
Cancer Consortium and Synergy 
Consortium Study. 22 
participating studies: North 
America (11), Europe (8), 
Asia (3), and European 
Prospective Investigation into 
Cancer; 19,149 cases, 362,340 
controls 

• Interaction analysis between smoking and drinking suggested lung cancer risk 
was associated with higher levels of smoking, with an interaction observed for 
those in the highest smoking and alcohol consumption groups: effect estimate 
deviated from that expected on the additive scale (aOR = 11.23, 95% CI = 
10.29–12.26, ≥20 grams/day alcohol, ≥10 pack years). 

• Test for multiplicative interaction between alcohol consumption and smoking 
intensity was also significant (p < .001). 

• Positive interaction between high pack years of smoking and elevated levels  
of drinking. 

Lung Viner et al. 2019139 Cohort study Alberta, Canada; 2001–2017; 
6,607 participants (2,370 cancer 
cases, of which 210 were lung 
cancer) 

• Lung cancer risks were significantly elevated compared to non-smokers for 
men (aHR = 10.16, 95% CI = 4.29–24.04) and women (aHR = 20.05, 95% CI = 
10.92–36.70) who smoked 20 pack years or more, but there was no significant 
synergistic interaction between tobacco and alcohol use on lung cancer risk 
(p = .81) 
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Appendix 4B (continued) 
Cancer type Study Study design Sample Results 

Liver Aglago et al. 2025149 Nested  
case-control 

10 European countries; recruited 
1992–2000; 450,112 participants 
(255 liver cancer cases; 108 used 
in analysis) 

• Positive relationship between smoking and HCC risk: Log-transformed 
cotinine, one standard deviation increments: aOR = 1.35, 95% CI = 1.11–1.63. 
Log-transformed nicotine, one standard deviation increments: aOR = 2.13, 
95% CI = 1.28–3.56. Self-reported current versus never smoking: aHR = 2.46, 
95% CI = 1.77–3.43. Self-reported former smoking versus never smoking: 
aHR = 1.31, 95% CI = 0.93–1.83. 

• Positive relationship between alcohol and HCC risk: Log-transformed 
2-hydroxy-3-methylbutyric acid, one standard deviation increments: 
aOR = 3.04, 95 CI = 1.31–7.04. Compared with self-reported light drinking: 
self-reported never drinking aHR = 1.35, 95% CI = 0.59–3.10; moderate/never 
heavy drinking aHR = 0.94; 95% CI = 0.56–1.59; former drinking aHR = 3.20, 
95% CI = 1.70–6.03; periodic heavy drinking (based on lifetime intake of 
>40 grams/day in women, 60 grams/day in men, reported at 1 or more 
assessment points) aHR = 1.98, 95% CI = 1.11–3.54; always heavy drinking 
(based on lifetime intake of >40 grams/day in women, >60 grams/day in men, 
reported at all assessment points)(M. Jenab, Ph.D., personal communication, 
September 2, 2025) aHR = 5.51, 95% CI = 2.39–12.7; unknown aHR = 1.79, 
95% CI = 0.80–4.03.  

• Synergy indices for self-reported smoking and alcohol use behaviors (synergy 
index = 1.27, 95% CI = 0.98–1.66), and smoking and alcohol biomarkers 
(synergy index for 2-hydroxy-3-methylbutyric acid and cotinine = 1.59,  
95% CI = 0.58–4.33; synergy index for 2-hydroxy-3-methylbutyric acid and 
nicotine = 1.36, 95% CI = 0.60–3.10), were not significant. 

Liver Bui et al. 2024146 Case-control South Korea; 2009–2019; 15,352 
cancer cases (92,112 controls) 

• Among men, there was an additive effect for current smoking and current 
alcohol consumption on liver cancer risk, relative excessive risk due to 
interaction (RERI = 0.28 [95% CI, 0.15–0.40]), and a multiplicative interaction 
(multiplicative aOR = 1.20 [95% CI, 1.07–1.34]). When examining by smoking 
and alcohol use intensity, there was an additive effect for light-to-moderate 
drinking (0.1–0.28 grams/day) and heavy smoking (>20 pack years), on liver 
cancer risk, RERI = 0.34 (95% CI, 0.16–0.51) and a multiplicative interaction 
(synergy index = 2.75 [95% CI = 1.85–3.66]; multiplicative aOR = 1.28  
[95% CI = 1.11–1.49]). 

• Among women, there was no significant interaction between smoking and 
alcohol consumption on liver cancer risk. 
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Appendix 4B (continued) 
Cancer type Study Study design Sample Results 

Liver Kuper et al. 2000145 Case-control Athens, Greece; 1995–1998; 333 
cancer cases (360 controls) 

• Positive, dose–response relationship between smoking and liver cancer risk 
(aOR for <2 packs/day = 1.6 [95% CI, 0.8–2.9]; aOR for ≥2 packs/day = 2.5 
[95% CI, 1.1–5.5]; trend p = .03). 

• Alcohol consumption of >40 glasses per week had a positive but nonsignificant 
association with liver cancer risk (aOR = 1.9, 95% CI = 0.9–2.9). 

• Heavy smoking (≥2 packs/day) and heavy drinking (≥40 glasses/week) had a 
multiplicative association with liver cancer risk (aOR = 9.6 for both exposures 
[95% CI, 3.4–27.5]). 

Liver Pirie et al. 2013169  Cohort study United Kingdom; 1996–2011; 
1.2 million women 

• Among women who smoked versus those who never smoked, sensitivity 
analyses to examine those who did not drink alcohol or consumed <3 units of 
alcohol per week: Liver cancer mortality adjusted RR = 1.43  
(95% CI 1.11–1.85). 

• Alcohol consumption attenuated the association between tobacco use and 
liver cancer, but association remained significant. 

Liver Marrero et al. 2005143 Case-control United States; 2002–2003; 
70 cancer cases (70 cirrhosis 
controls and 70 controls with no 
liver disease) 

• Hepatocellular cases (HCC) compared to cirrhosis controls: Cigarette smoking 
of ≥20 pack years was associated with increased risk of HCC (aOR = 4.9, 
95% CI = 2.2–10.6) compared to never smoking. 

• HCC cases compared to cirrhosis controls: Alcohol consumption of 
≥1,500 grams per year was associated with increased risk of HCC (aOR = 5.7, 
95% CI = 2.4–13.7) compared to never alcohol use. 

• HCC cases compared to cirrhosis controls: Exposure to both smoking and 
alcohol was associated with increased risk of HCC (aOR = 7.2, 95% CI =  
2.2–14.1) compared to smoking alone (aOR = 2.5, 95% CI = 1.7–15.0) or 
alcohol alone (aOR = 1.4, 95% CI = 1.1–4.0), with a synergistic index of 3.3 
(95% CI, 1.8–5.7). 

• HCC cases compared to cirrhosis controls: The presence of 3 risk factors 
(alcohol, smoking, and obesity), compared to only 2 risk factors, was 
associated with increased risk of HCC (aOR = 7.4, 95% CI = 2.1–14.6), with a 
synergistic index of 1.6 (95% CI, 1.1–4.3). 
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Appendix 4B (continued) 
Cancer type Study Study design Sample Results 

Breast 
(female) 

Gaudet et al. 2013162 Cohort study United States; 1992–2007; 
73,388 women (3,721 invasive 
breast cancer cases) 

• Alcohol consumption did not confound associations with smoking status, 
although neither current nor former smoking were associated with risk among 
those who reported never drinking (p for interaction = .11). 

• Association between active smoking and breast cancer incidence was not 
attenuated by the inclusion of alcohol intake in the multivariate model. 

• Association was statistically significant only in those who reported current and 
formers drinking in analyses that stratified on alcohol consumption, although 
the CIs for the association in those who reported never drinking were wide. 

• No synergistic effect reported. 

Breast 
(female) 

Gaudet et al. 2017155  Pooled analysis 14 cohort studies; 934,681 
(36,030 invasive breast  
cancer cases) 

• People who currently drank 2 or more drinks per day and who formerly 
smoked (aHR = 1.33, 95% CI = 1.19–1.49) or currently smoked (aHR = 1.32, 
95% CI = 1.16–1.49) were at slightly greater risk than expected under a 
multiplicative model (expected aHRs = 1.22 and 1.22, respectively). 

• People who currently drank ≥3 drinks per day and smoked >10 years prior to 
first birth (aHR = 1.85, 95% CI = 1.55–2.21) were at noticeably greater risk 
than expected under the multiplicative model (expected aHR = 1.43).  

• Results support a synergistic relationship between smoking initiation and adult 
alcohol drinking and increased breast cancer risk. 

Breast 
(female) 

Gram et al. 2005163 Cohort study Norwegian/Swedish Cohort 
Study; 1991–2000;  
102,098 women 

• Study found that women who initiate smoking prior to menarche or a first birth 
and continue to smoke for at least 20 years have a small increase in breast 
cancer risk relative to never smokers. 

• People who did not drink experienced a similar increase in risk as people  
who drank. 

• No synergistic effect reported. 

Breast 
(female) 

Hamajima et al. 2002164 Collaborative 
reanalysis 

Global; Collaborative Group on 
Hormonal Factors in Breast 
Cancer; 58,515 cases with 
invasive breast cancer;  
95,067 controls 

• Relationship between smoking and breast cancer was confounded by alcohol: 
when comparing 22,255 women with breast cancer and 40,832 controls who 
reported drinking no alcohol, smoking was not associated with breast cancer 
(versus never smoking, adjusted RR for ever-smoking = 1.03, 95% CI =  
0.98–1.07, and for current smoking adjusted RR = 0.99, 95% CI = 0.92–1.05). 

• No synergistic effect reported. 

Breast 
(female) 

Jones et al. 2017158 Longitudinal 
cohort study 

United Kingdom; 2003–2013; 
102,927 women (1,815 breast 
cancer cases) 

• No significant interaction between smoking and drinking on breast cancer risk 
(p = .41) 
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Appendix 4B (continued) 
Cancer type Study Study design Sample Results 

Breast 
(female) 

Knight et al. 2017159 Case-control 
study 

United States, Canada, 
Denmark—Women's 
Environmental, Cancer, and 
Radiation Epidemiology Study; 
2001–2004, 2009–2012; 1,521 
cases (contralateral breast 
cancer); 2,212 controls (unilateral 
breast cancer) 

• Interaction between current drinking and smoking was statistically significant 
(p = .008), whereas the interaction between any drinking and smoking history 
was not (p = .76). 

• The consumption of cigarettes and alcohol at the time of first diagnosis had  
the strongest association with increased contralateral breast cancer risk. 

• Women who drink and smoke following diagnosis continue to be at  
increased risk. 

Breast 
(female): 
BRCA, 
BRCA2 
mutations 

Li et al. 2020160 Prospective and 
retrospective 
cohort analyses 

21 centers in Western countries; 
9,845 women (9,232 for 
retrospective and 3,886  
for prospective) 

• In the retrospective analysis, ever alcohol and ever smoking (i.e., at least 
1 glass per month for 1 year  and at least 1 pack of cigarettes per month for 
1 year; aHR = 1.43, 95% CI = 1.13–1.81; p = .003) was associated with 
increased synergistic breast cancer risk for BRCA2 mutation carriers. 

Breast 
(female) 

Pirie et al. 2013169 Cohort study United Kingdom; 1996–2011; 
1.2 million women 

• Among women who smoked versus those who never smoked, sensitivity 
analyses to examine those who did not drink alcohol or consumed <3 units of 
alcohol per week: Breast cancer mortality RR: 1.06 (95% CI, 0.95–1.18) 
among women who consumed little to no alcohol. 

• Alcohol consumption attenuated many associations between cigarette smoking 
and breast cancer (no longer significant). 

Breast 
(female) 

Viner et al. 2019139 Cohort study Alberta, Canada; 2001–2017; 
26,607 participants (2,370 cancer 
cases, of which 483 were  
breast cancer) 

• A "U-shaped" multiplicative interaction was observed for breast cancer 
(p = .05) when cigarettes and alcohol were used in combination—moderate 
alcohol consumption and minimal cigarette smoking were associated with 
lower cancer incidence. 

• This interaction rapidly changes in a multiplicative fashion when alcohol 
consumption and pack years increase. 
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Appendix 4B (continued) 
Cancer type Study Study design Sample Results 

Breast 
(female) 

Zeinomar et al. 2019161 Secondary data 
analysis of cohort 
study 

United States, Canada, Australia; 
10.4 years; 17,435; 1,009 incident 
breast cancer cases 

• Significant 3-way interaction between familial risk profile, alcohol consumption, 
and cigarette smoking (interaction p = .01). 

• Among women who were regular drinkers, there was a significant multiplicative 
interaction (p = .005) between familial risk profile and smoking status (current 
versus never) on breast cancer risk (aHR = 1.39, 95% CI = 1.13–1.71), largely 
driven by women with a very high familial risk profile. 

• 30% increased overall breast cancer risk for women at the 95th percentile of 
familial risk profile (5-year BOADICEA > 6.55%) who reported currently 
smoking at baseline and regularly drinking (aHR = 1.30, 95% CI = 
0.99–1.71). 

Thyroid Kitahara et al. 2012166 Pooled analysis, 
5 prospective 
studies 

United States; 746,097 people at 
baseline; 89,527 incident  
thyroid cases 

• Compared to never smoking and nondrinking, current smoking and drinking 
one or more drinks per week was associated with 36% reduced risk (joint aHR 
= 0.64, 95% CI = 0.47–0.86).  

• The joint aHR was slightly weaker than the aHR for current smoking among 
people who did not drink alcohol (aHR = 0.46, 95% CI = 0.29–0.73) and similar 
to that observed for people who reported never smoking and reported ≥1 drink 
per week (aHR = 0.70, 95% CI = 0.56–0.87).  

• The relationship for the joint association of smoking and drinking appears sub-
multiplicative (p for interaction = .004). 

Thyroid Yeo et al. 2022167 Cohort study Korea; 2009; 9,699,104 people • Statistically significant interaction found between smoking and alcohol 
consumption on thyroid cancer risk (p interaction < .001), with differences in 
risk by current smoking (never/former/current) and levels of alcohol 
consumption (none/mild/moderate/heavy), range of aHRs (versus never 
smoking and nondrinking) = 0.62–0.92. 

• Findings suggested a submultiplicative interaction slightly lower than expected 
from the independent effects from tobacco or alcohol use. 

Prostate Viner et al. 2019139 Cohort study Alberta, Canada; 2001–2017; 
26,607 participants (2,370 cancer 
cases, of which 401 were  
prostate cancer) 

• 3-way interaction model showed an additive, not a synergistic, effect between 
alcohol as a continuous variable (grams/day) and pack years consumed for 
prostate cancer. 

• Differences were significant for men (aHR = 10.16, 95% CI = 4.29–24.04) and 
women (aHR = 20.05, 95% CI = 10.92–36.70) among those who smoked 
20 pack years or more. 

Note. aHR = adjusted hazard ratio; aOR = adjusted odds ratio; CI = confidence interval; HCC = hepatocellular carcinoma; RERI = relative excess risk due to interaction; RR = risk ratio. 
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