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Abstract

Background—Cigarettes are well known to cause cancer, but less is known about the risks of
other tobacco products and use of more than one product.

Methods—We examined cancer incidence in relation to exclusive use of six tobacco products
(cigarettes, other combustibles (pipe, cigar, cigarillo), and smokeless tobacco (chewing tobacco,
snuff)) in the Agricultural Health Study. We also examined the added cancer risks associated with
use of cigarettes and other tobacco products.

Results—In our study population of 84,015, ever use of smokeless tobacco was higher than the
general United States population, while cigarette use was lower and other combustible product use
was about the same. The strongest associations for exclusive ever use were for lung cancer
(cigarettes hazard ratio (HR)=15.48, 95% confidence interval (Cl): 11.95, 20.06; other
combustible tobacco HR=3.44, 95% CI: 1.53, 7.71; smokeless tobacco HR=2.21, 95% ClI: 1.11,
4.42). Compared to exclusive cigarette smokers, cigarette smokers who additionally ever-used
another combustible product had higher risks of smoking related cancers (HR=1.16, 95% CI: 1.04,
1.30), especially among those who smoked cigarettes for more than 15 years.

Conclusion and Impact—Cigarette smokers who additionally ever used smokeless tobacco
had cancer risks similar to exclusive cigarette smokers. Users of cigarettes and other combustible
tobacco may have higher risks of certain cancers than exclusive cigarette users.
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Novelty and Impact: In the Agricultural Health Study the prevalence of smokeless tobacco use is higher than the general U.S.
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evaluate cancer incidence in relation to exclusive and dual use of multiple types of tobacco products.
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INTRODUCTION

Cigarettes are the most common type of tobacco used in the United States (U.S.), followed
by non-cigarette combustible products (e.g., pipe, cigar, cigarillo), and smokeless tobacco
(e.g., chewing, snuff, snus) (1,2). However, there is some variation in tobacco use by
geographical region (1-3). For example, use of smokeless tobacco among U.S. adults is
more than twice as common in rural and agricultural populations compared to urban
populations (3). Furthermore, use of more than one tobacco product, either at the same time
or sequentially, has been estimated to constitute a considerable proportion of tobacco users
(4). For example, based on a 2008 nationally representative survey, approximately 40% of
smokeless tobacco users reported also smoking cigarettes (4).

Tobacco is one of the leading causes of cancer, accounting for approximately 16% of all
cancer diagnoses and 30% of all cancer deaths in the U.S. (5-7). In 2009, the International
Agency for Research on Cancer reassessed the carcinogenicity of combustible and
smokeless tobacco. They found sufficient evidence linking cigarettes and non-cigarette
combustible products with oropharyngeal, stomach, colorectal, liver, pancreas, nasal cavity,
lung, cervix, ovary, bladder, kidney, ureter, and myeloid leukemia (8). They also reported
sufficient evidence linking smokeless tobacco with cancer of the oral cavity, esophagus, and
pancreas, but did not have sufficient evidence for lung cancer (8). Despite this determination,
less is known about the cancer risks associated with individual non-cigarette combustible
and smokeless tobacco products, as well the risks associated with more than one type of
tobacco product.

In this study we examine the risks of cancer associated with exclusive use of cigarettes,
pipes, cigars, cigarillos, chewing tobacco, and snuff, as well as the use of cigarettes and at
least one additional tobacco product. This analysis is conducted within the Agricultural
Health Study (AHS), a prospective cohort of participants recruited in lowa and North
Carolina (9). Previous studies in the AHS cohort have reported lower risks of lung cancer
compared to the general U.S. population, which has been attributed partially to the lower
prevalence of cigarette smoking compared to the general U.S. population (10,11). This is the
first study to evaluate the use of cigarettes, other combustible tobacco and smokeless
tobacco and cancer risk in the AHS cohort.

MATERIALS AND METHODS

The AHS is a prospective cohort study of 89,655 participants, including licensed private
pesticide applicators and their spouses recruited in lowa and North Carolina, as well as
commercial pesticide applicators recruited in lowa. Participants were enrolled between 1993
and 1997; 82% of applicators seeking pesticide licensing and an estimated 75% of spouses
of private applicators chose to participate in the study. A more detailed description of the
study and the population has been previously published (9).

Cancer cases were identified using population-based state cancer registries. Incident cancer
cases diagnosed between enrollment and 2010 in North Carolina and 2011 in lowa were
included. Tobacco use, as well as demographic, lifestyle, and occupational data were
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ascertained by self-completed questionnaire. Participants were considered to be former
smokers if they reported using at least 100 cigarettes during their lifetime but were not
smoking at enrollment. Participants were considered current smokers if they reported using
at least 100 cigarettes during their lifetime and were smoking at enrollment. Former and
current smokers reported cigarette smoking duration and number of cigarettes smoked per
day, which we used to calculate pack-years. For tobacco products other than cigarettes,
participants were asked if they used pipes, cigars, cigarillos, chewing tobacco or snuff on a
regular basis for six months or longer. Information on status (former, current), frequency,
and duration of use was not collected for non-cigarette tobacco products.

Statistical Analysis

Our analysis included 84,015 AHS participants who were cancer-free at enrollment and had
complete information on cigarette smoking use. We excluded 3,730 participants with
missing information on cigarette smoking and 1,911 with prevalent cancers at enrollment.
We calculated the prevalence of ever using any tobacco, which was based on use of
cigarettes, pipes, cigars, cigarillos, chewing tobacco, or snuff. We also calculated the
prevalence of ever using each of these products, using only one of these products (exclusive
product use), as well as using cigarettes and at least one additional product (dual product
use). In this paper we refer to dual tobacco users as person who ever smoked cigarettes
(former or current) and ever users of another type of tobacco product.

Potential confounding factors for each cancer site evaluated were identified based on a
review of the literature. We compared tobacco and non-tobacco users by gender, age at
enrollment (<30, 30-39, 40-49, 50-59, 60-69, 70+), state of residence (1A, NC), race
(white, black, other), education (less than high school, high school or more, other), BMI
(<18.5, 18.5-24.9, 25-29.9, 30+ kg/m?), alcohol consumption in the year prior to enroliment
(never, ever), usual number of alcoholic drinks in the year prior to enroliment (none, <3 per
month, 1-4 per week, =5 per week), and fruit and vegetable intake in the year prior to
enrollment (<1, 1-2, =3 servings per day). We also examined the distribution of these
characteristics among exclusive and dual product users, and between participants with and
without cancer. We computed average cigarettes per day, years smoked, and cigarette pack-
years adjusted for age, gender, race, state of residence, education and alcohol frequency for
exclusive and dual product users.

We examined associations of exclusive and dual product use with total cancer and tobacco-
related cancer incidence. Tobacco-related cancers included bladder, colon, cervix,
esophagus, kidney, larynx, lip, liver, lung, myeloid leukemia, nasal and sinus, oral cavity,
pancreas, pharynx, rectum, stomach, tongue, ureter, and uterus (5,6,8). Due to the small
number of exposed cases for some cancer sites, we evaluated the following sites in groups:
gastrointestinal (colon, esophagus, liver, pancreas, rectum, stomach), urinary (bladder,
kidney, ureter), and head and neck (larynx, lip, nasal and sinus, oral cavity, pharynx,
tongue). Hazard ratios (HR) and 95% confidence intervals (95% CI) for cancer incidence
were calculated using Cox proportional-hazard regression models with person-years
participating in the study as the time-dependent variable. Person-years were censored at the
earliest of the following: cancer diagnosis, death, movement out of state, or end of follow-up
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(December 31, 2010 or 2011 in NC or IA, respectively). Models were adjusted for age,
gender, race, state of residence, education, alcohol frequency, cigarettes per days, and years
smoked cigarettes. Since this is an agricultural cohort we evaluated the potential impact of
pesticide use on outcomes by further adjusting for individual pesticides that have been
previously found to be associated with cancer in the AHS. Because of differences in usage
patterns, we also examined cancer risk stratified by gender, state of residence, and cigarette
smoking status, duration and frequency. HRs based on fewer than four exposed cases were
not reported. SAS version 9.1 (Cary, NC) and the AHS data release PLREL201209 were
used to conduct all analyses.

RESULTS

Of the 84,015 study participants, 38,810 (46.2%) reported ever using at least one of the six
tobacco products we evaluated. Fifty-six percent of the 53,071 male participants, and 29% of
the 30,944 female participants ever used tobacco. Fifty-eight percent of the 28,266 North
Carolina residents, and 40% of the 55,749 lowa residents ever used tobacco. In both men
and women, there was a higher prevalence of tobacco use among participants who lived in
North Carolina, had less than a high school education, ever drank alcohol, or had a lower
intake of fruit and vegetables (Table 1).

The most commonly used tobacco product among men who used any tobacco was cigarettes
(84.9%), followed by chewing tobacco (27.3%), cigars (14.2%), cigarillos (11.4%), pipes
(9.2%), and snuff (8.1%) (Supplemental Table 1). The patterns were slightly different among
women who used any tobacco, with nearly all using cigarettes (98.6%), followed by
cigarillos (3.1%), chewing tobacco (1.6%), snuff (1.5%), cigars (1.0%), and pipes (0.3%).
Fifty-six percent of tobacco users were exclusive users of cigarettes (men: 45.0%, women:
93.4%). Sixty percent of exclusive cigarette smokers were former smokers. Nine and a half
percent of tobacco users were exclusive users of smokeless tobacco (men: 12.0%, women:
1.2%), and 2% were exclusive users of other combustible products (2.5%, women: 0.1%).
Twenty-five percent of tobacco users were users of cigarettes and at least one other non-
cigarette product in their lifetime (men: 30.5%, women: 4.7%). Sixty-six percent of dual
users were former cigarette smokers. Use of cigarettes and combustible products (16.3%,
men: 20%, women: 3.8%) was higher than use of cigarettes and smokeless tobacco (11.5%,
men: 14.6%, women: 1.2%). The highest dually used products were cigarettes and chewing
tobacco among men (10.9%), and cigarettes and cigarillos among women (2.9%).

Adjusted mean cigarettes per day, years smoked cigarettes and cigarette pack-years among
exclusive cigarette and dual tobacco users are shown in Supplemental Table 2. Among
exclusive cigarette smokers, mean cigarettes per day did not differ considerably between
current (14.6 cigarettes per day) and former (14.1 cigarettes per day), but current smokers
(21 years) smoked for a longer duration than former smokers (12.5 years). Among the dual
tobacco users, current cigarette smokers smoked fewer cigarettes per day but for a longer
duration (11.9 cigarettes per day, 19.8 years) than former cigarettes smokers (13.3 cigarettes
per day, 12.8 years). There was some variation by type of tobacco product. For example,
among the dual cigarette-pipe smokers, former cigarette smokers smoked on average 21.7
cigarettes per day for 16 years, while current cigarette smokers smoked 5.5 cigarettes per
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day for 23.7 years. Among the dual cigarette-cigar smokers, former cigarettes smokers
smoked on average 8.4 cigarettes per day for 9.6 years, while current smokers smoked 11.4
cigarettes per day for 24 years. Comparing exclusive cigarette smokers to dual users of any
tobacco, there was minimal difference in cigarette frequency and duration.

Exclusive Product Use and Cancer Risk

During the follow-up period (median of 8 years), 9,134 incident cancer cases were
diagnosed. Of these, 3,401 cases occurred in smoking-related sites: 1,368 gastrointestinal,
789 lung, 645 urinary and 236 head and neck. Exclusive ever-use of cigarettes was
associated with increased risks of all cancer sites examined compared to never-use of
tobacco (Table 2). For example, ever cigarette smokers compared to never-tobacco users had
an increased risk of total (HR 1.51, 95% CI 1.39,1.63) and smoking-related cancers (HR
2.89, 95% CI 2.60,3.25), with the highest relative risk observed for lung cancer (HR 15.48,
95% CI 11.95,20.06), followed by head and neck (HR 2.47, 95% CI 1.55,3.95), urinary (HR
2.30, 95% CI 1.75,3.02), and gastrointestinal cancers (HR 1.64, 95% CI 1.33,2.03). About
70% of the head and neck cancers were oral cavity cancers (HR 1.60, 95% CI 0.85,2.85). Of
the urinary cancers, 63% were bladder (HR 3.75, 95% CI 2.64,5.33) and 36% were kidney
cancers (HR 1.09, 95% CI 0.67,1.79). Of the gastrointestinal cancers, 44% were cancers of
the colon (HR 1.15, 95% CI 0.82,1.61), 18% rectum (HR 1.42, 95% CI 0.89,2.27), 14%
pancreas (HR 2.73, 95% CI 1.62,4.57), 11% stomach (2.93, 95% CI 1.43,5.97), 9%
esophagus (HR 4.78, 95% Cl 2.36,9.69). For every cancer site or group evaluated, the risks
were higher for current than former cigarette smokers. For example, current smokers had a
23-fold risk (95% CI 17.34,30.59) of lung cancer, while former smokers had a 9.3-fold risk
(95% CI 6.56,13.18). This may in part be due to the longer duration of cigarette smoking
among current (21.0 years) than former smokers (12.5 years). We also found that that cancer
risks were generally higher among those who ever smoked for more than 15 years than those
who ever smoked less than 15 years after adjusting for cigarette smoking status. However,
the associations were not considerably different when stratified by the mean cigarette
smoking frequency (< 15, >15 cigarettes per day).

Exclusive ever-use of other combustible tobacco products (cigars, cigarillos, or pipes) was
significantly associated with total (HR 1.32, 95% CI 1.10,1.59) and smoking-related cancers
(HR 1.68, 95% CI 1.21,2.32), including lung cancer (HR 3.44, 95% CI 1.53,7.71) compared
to never-use of tobacco (Table 3). For the combustible tobacco products, we observed an
increased risk for exclusive ever-cigar use with total (HR 1.51, 95% CI 1.20,1.90) and
smoking-related cancers (HR 1.87, 95% CI 1.24,2.82), including urinary cancer (HR 2.50,
95% CI 1.27,4.93). Of the nine urinary cancer cases, 5 were bladder (HR 3.01, 95% CI
1.20,7.55) and 4 were kidney cancer (HR 2.12, 95% CI 0.77,5.83). Exclusive ever-use of
pipes was associated with a higher, although not statistically significant, risk of smoking-
related cancer (HR 1.67, 95% CI 0.92,3.04).

Exclusive ever-use of smokeless tobacco (chewing tobacco or snuff) was significantly
associated with smoking-related cancers (HR 1.27, 95% CI 1.00,1.62), including lung (HR
2.21, 95% CI 1.11,4.42) and gastrointestinal (HR 1.38, 95% CI 1.00,1.92) compared to
never-use of tobacco (Table 4). Of the 41 smokeless tobacco users with gastrointestinal
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cancers, 19 were cancers of the colon (HR 1.33, 95% CI 0.82,2.16), 10 rectum (HR 1.37, 9%
% CI1 0.70,2.71), 4 pancreas (HR 1.18, 95% CI 0.41,3.36), 4 liver, 3 stomach and 1
esophagus. Of the 9 head and neck cancers, 8 were oral cavity (HR 1.54, 95% 0.68,3.46). By
smokeless tobacco product, exclusive ever-use of chewing tobacco was associated with
smoking-related cancer, including lung (HR 2.20, 95% CI 0.98,4.98) and head and neck
cancers (HR 2.08, 95% CI 0.97,4.47). Exclusive ever-use of snuff was associated with
gastrointestinal cancer (HR 2.09, 95% CI 1.20,3.64). Exclusive smokeless tobacco use was
not associated with urinary cancers.

Dual-Product Use and Cancer Risk

Compared to exclusive cigarette smokers, ever cigarette smokers who additionally used
another combustible tobacco in their lifetime had higher risks of smoking related cancers
(HR 1.16, 95% CI 1.04,1.30), including lung cancer (HR 1.32, 95% CI 1.09,1.60) (Table 5).
Risks did not appear to differ for former or current cigarette smokers. Stratified by cigarette
smoking duration, there were significant increases in risk among those who ever smoked
cigarettes for more than 15 years: total cancers HR 1.11, 95% CI 1.00,1.22, smoking related
cancers HR 1.19, 95% CI 1.04,1.36, lung cancer HR 1.29, 95% CI 1.05,1.58) and
gastrointestinal cancers HR 1.27, 95% CI 1.01,1.61 (Table 6). Of the gastrointestinal
cancers, 42% were colon cancers (HR 1.39, 95% CI 1.00,2.01) and 16% were pancreatic
cancer (HR 1.80, 95% CI 0.97,3.32). Among the combustible products, dual cigarette-
cigarillo users had the highest and most consistent risks, which were stronger risk among
those that smoked cigarettes for more than 15 years. In contrast, dual cigarette-pipe users
had a higher risk of cancer among former cigarette smokers and participants that smoked
cigarettes for less than 15 years. There were no discernable patterns for dual cigarette-
combustible tobacco use when stratified by cigarettes per day. Dual cigarette-smokeless
tobacco users generally had cancer risks similar to exclusive cigarette smokers regardless of
cigarette smoking status, cigarette smoking duration or frequency.

DISCUSSION

In this large U.S.-based agricultural cohort, exclusive users of cigarettes, other combustible
tobacco and smokeless tobacco had higher risks of lung and other cancer compared to non-
tobacco users. Participants who ever smoked cigarettes and at least one other combustible
tobacco product in their lifetime had higher total and smoking-related cancer risks than
exclusive cigarette smokers, with the strongest additional risk among those who smoked
cigarettes for more than 15 years.

Our findings for exclusive cigarette smoking are consistent with the extensive published
literature identifying cigarette smoking as one of the primary causes of cancer (8, 12). The
higher risks among current exclusive cigarette smokers seem to be linked to the longer
average smoking duration among current (21 years) versus former (12.5 years) smokers,
rather than to differences in the number of cigarettes smoked per day. This is consistent with
previous epidemiological and laboratory studies reporting cigarette smoking duration to be a
stronger predictor of cancer risk than smoking frequency (13-16).
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Exclusive use of other combustible tobacco products was most strongly associated with lung
cancer. This is in line with results from a multicenter case-control study in Europe that
reported 8 to 9 fold risks of lung cancer for exclusive use of pipes and cigars/cigarillos,
respectively (17). It was also reported that lung cancer risk is higher among cigar smokers
who report inhaling the smoke than not inhaling, and higher among cigar smokers who
previously smoked cigarettes than among those who only smoked cigars (18). Our finding
for an association between exclusive cigar use and urinary cancers (bladder, kidney) are
consistent with a pooled study among European men that found a significant 2-fold risk in
bladder cancer among exclusive cigar smokers (19), and the European Prospective
Investigation into Cancer and Nutrition (EPIC) that found a non-significant 1.5-fold bladder
risk (20). The EPIC study also reported a non-significant 1.2-fold risk for cigar smoking and
kidney cancer (20). Studies specifically examining exclusive use of non-cigarette
combustible products are limited.

The strongest association for exclusive use of smokeless tobacco was also for lung cancer.
This finding is biologically plausible given that tobacco specific nitrosamines (TSNA) are
found in smokeless tobacco at high concentrations (21-23). In a study of 182 U.S. male
smokeless tobacco users, Hecht et. al. showed that urinary levels of the nitrosamine 4-
(methylnitrosamino)-1-(3—pyridyl)-1-(butanol) (NNAL) were higher in smokeless tobacco
users than in cigarette smokers (23). Laboratory studies have shown that treatment of rats
with TSNA by injection or administration in the drinking water can cause lung cancer.
Particularly, (methylnitrosamino)-1-(3—pyridyl)-1-(butanone) (NNK), which is found in
smokeless tobacco, and its major metabolite, NNAL, are lung carcinogens in rats (24-26).
Epidemiologic data on smokeless tobacco and lung cancer are somewhat inconsistent. For
example, a previous study conducted using The National Health and Nutrition Examination
Survey (NHANES), found a significant association between exclusive smokeless tobacco
use and lung cancer among women, but not men (27). In the American Cancer Society
cohorts, smokeless tobacco was linked to lung cancer mortality in the Cancer Prevention
Study (CPS)-I1, but not CPS-I (28). Two studies of snus (moist form of snuff) use in Europe,
reported null associations between smokeless tobacco and lung cancer after accounting for
cigarette smoking (29,30), as did a case-control study of moderate or heavy chewing tobacco
or snuff (31). Reasons for the inconsistent findings for smokeless tobacco are unclear, but
may be linked to variations in the prevalence of smokeless tobacco use in the population,
frequency and duration of use, as well as use of other tobacco products and unmeasured
confounding. In their last review, IARC reported insufficient evidence for an association
between smokeless tobacco and lung cancer, but did report sufficient evidence linking
smokeless tobacco with cancers of the pancreas, oral cavity, and esophagus (8,32).

In this study, we also found increased risks of gastrointestinal (colon, rectum, pancreas) and
head and neck (oral cavity) cancers with exclusive smokeless tobacco use. Several studies
have reported associations between smokeless tobacco and pancreatic cancer (33-37), and
laboratory studies that have shown associations TSNA and pancreatic tumors in rats (24—
26). To our knowledge, only one previous study has reported a link between high snus use
and left-sided colon cancer in a Swedish male population (38). Some of the strongest
reported associations for smokeless tobacco have been with oral and pharyngeal cancers. For
example, Boffetta et. al. reported a significant relative risk of 1.8 pooled from 11 studies
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(36), and Lee et. al. reported a significant 1.4 relative risk pooled from 40 studies (37).
Consistent with these epidemiologic finding, laboratory studies have suggested that TSNAS,
in particular A~nitrosonornicotine (NNN), are responsible for cytogenic damage in oral
epithelial cells (22, 39, 40).

For dual tobacco product use, our results indicate that ever users of cigarettes and other
combustible tobacco products had higher risks of total and certain smoking-related cancers
compared to exclusive cigarette smokers. In contrast, ever users of cigarettes and smokeless
tobacco had risks similar to exclusive cigarette use. This is consistent with a previous review
paper that concluded there was no additional cancer risk for dual cigarette-smokeless
tobacco use compared to exclusive cigarette use, although the epidemiologic data to evaluate
this was limited (41). Reasons for the different cancer risks between the dual cigarettes-
combustible and cigarette-smokeless tobacco is unknown, but may be related to observed
differences in cigarette smoking patterns. Also, current/former status, duration and
frequency of use of the non-cigarette products may also play a role, but since we did not
have these data for non-cigarette products, we could not determine if dual use was
concurrent or sequential. Also, factors related to nicotine addiction (e.g. time-to-first
cigarette), tobacco cessation (e.g. duration since cessation, number of times tried to quit), or
changing the type of tobacco product could also be linked to differences in cancer risks.

In this U.S. agricultural population, the prevalence of cigarette smoking at enrollment
(1993-1997) was somewhat lower (40.7% ever, 14.6% current) than the general U.S.
population (47% ever, 25% current) (42). AHS smokers also smoked somewhat less (~14
cigarettes per day) than the average U.S. smoker in mid-1990’s (~18 cigarettes per day) (43).
Use of non-cigarette combustible products in the AHS was about the same as the U.S.
population in the mid-1990s (~8% of males) (18). In contrast, the use of smokeless tobacco
was higher in the AHS (11.8% ever use of chewing tobacco/ snuff) than the general U.S.
population (3—6% ever use of chewing tobacco/snuff/dip) (44). Higher use of smokeless
tobacco in rural/agricultural populations has been noted, particularly among men (3). Since
the participants in this occupational cohort are predominantly male and white, and tobacco
use is almost 50% higher among men than women, we could not examine associations
among women or non-whites with adequate statistical power.

This is one of the first studies to evaluate cancer incidence in relation to exclusive and dual
use of multiple types of tobacco products. Smokeless tobacco use is often understudied
compared to other tobacco products due to its lower prevalence of use; however, in this U.S.
agricultural study population the prevalence of smokeless tobacco use was higher than the
general U.S. population, thus we had a sufficient number of exposed cases to evaluate its
exclusive use and dual use with cigarettes. However, our analysis of non-cigarette tobacco
products was limited to ever versus never for both exclusive and dual use. Therefore, we
could not analyze their duration or frequency of use, nor could we determine if they were
used concurrently with cigarettes.

We found that exclusive use of smokeless tobacco as well as cigarettes and other
combustible tobacco was most strongly associated with lung cancer. In addition, we found
that dual users of cigarettes and other combustible products had higher cancer risks than
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exclusive cigarette users, while dual users of cigarettes and smokeless tobacco generally had
similar risks to exclusive cigarette users. Future studies designed to evaluate the frequency,
duration and other characteristics of smokeless tobacco and non-cigarette combustible
tobacco use are needed to better evaluate their associations with cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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