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Introduction

Head and neck cancer (HNC) is the seventh most common
cancer worldwide [1], with 887,659 new cases in 2018 [2].
The time trends in HNC rates from 1983 to 2002 vary by geog-
raphy [3]. The 2018 age-standardized rate of oral cavity varies
from 1.2 per 100,000 in Western Africa to 12.9 in Southeast
Asia [2]. The major risk factors are tobacco and alcohol for
all HNC subsites, except for HPV infection which is likely the
major cause of oropharyngeal cancer in developed countries.

The rapid emergence in the use of electronic cigarettes
(e-cigarettes) could dramatically affect the risk for the devel-
opment of oral cancer. Among middle and high school stu-
dents in the United States (U.S.), the prevalence of e-cigarette
use was 78% in 2018 [4]. In a survey of 45,971 U.S. adults and
youth, a flavored e-cigarette was their first tobacco product
[5]. Many who first used an e-cigarette for the first time con-
tinued to smoke them at least monthly [6].

Electronic cigarettes do not contain carcinogens present
in combustible tobacco, and are considered substantially less
toxic and less carcinogenic. While research has increased to
understand the potential adverse health effects of e-ciga-
rettes, its effects on oral cancer are unknown. There has been
no specific research agenda established to systematically
understand how e-cigarette use may affect oral cancer, and
make recommendations about how such risks may be miti-
gated. Previous reviews have summarized the literature on
e-cigarettes and non-malignant oral disease [7]. In the current
paper, we discuss what is known about the possible effects of
e-cigarettes on oral cancer and lay out future research goals.

Epidemiology of e-cigarettes and Oral Cancer

A starting point for understanding e-cigarettes and oral
cancer would be the epidemiology of e-cigarette use and
oral cancer. Because e-cigarettes have been used primarily in
young individuals and for relatively short durations, case-con-
trol and cohort data are unavailable for informing on the risk.
Such data may become available in the future. If e-cigarettes
become a preferred method for smoking cessation, it would
be feasible to study the risk of oral cancer in smokers who
switched to e-cigarettes compared to smokers who contin-
ue to use combustibles. It may take decades of work to un-
derstand if there is a risk-reduction, are there dose-response

effects, do effects vary by e-cigarette characteristics, flavors
and population subgroups. It will be necessary to determine
the moderating and mediating effects of confounders like
combustible cigarettes. Alternatively, cohort studies in mid-
dle aged smokers might elucidate the effects of e-cigarettes
on oral cancer. Such studies will likely require multiple expo-
sure assessments over the years in anticipation of changing
smoking/vaping habits and changes in types of products. Due
to the large expense in conducting epidemiologic studies, the
short duration of exposure to e-cigarette vapor among its us-
ers, and that most users are relatively young, it may be years
before epidemiologic data are available to assess the risks of
oral cancer.

In developing countries, the epidemiology of e-cigarettes
and oral cancer might be expected to be quite different. The
use of oral tobacco is endemic in many parts of Southeast
Asia and Africa. The types of oral tobacco used also varies by
region as well as how it is used. One common form is betel
quid, which causes a much higher risk than chewing tobac-
co used in developed countries. Sometimes oral tobacco is
used in conjunction with cigarettes. Further, the types of cig-
arettes used in developing countries also differ than in devel-
oped countries. Bidis are cigarettes of hand-wrapped tobacco
in plant leaf and are commonly used in parts of South and
Southeast Asia. They are often fruit-flavored. Bidis cause OC
[8], HC and LC [9]. Bidis are generally unfiltered and therefore
may have a greater carcinogenic potential than filtered ciga-
rettes. Similar to the consideration of studies of e-cigarettes
and oral cancer in developed countries, it may be decades
before epidemiologic data are available to assess the risks of
oral cancer in developing countries. Such studies will need
to account for the various forms of oral tobacco used. The
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conduct of such studies will depend on whether future use
of e-cigarettes becomes common in these countries. For ex-
ample, e-cigarettes containing nicotine have been banned in
Japan since 2010. E-cigarettes without nicotine are available,
and are less toxic than cigarettes and possible nicotine-con-
taining e-cigarettes.

Future ecologic studies might be able to assess the effects
of nicotine-free e-cigarettes on oral cancer compared to e-cig-
arettes with nicotine. More critically, smoking rates continue
to be very high in Japanese men. Like in Western countries, it
may be possible to conduct simple epidemiologic studies us-
ing birth cohorts or other measures on the rates of oral can-
cer. The best methods though, as well as the most important
public health question is to assess whether e-cigarettes that
are used to facilitate smoking reduction or cessation reduces
the subsequent risk of oral cancer. Since e-cigarettes contain
numerous oxidants that have promotional effects on cancer,
at levels not much lower than cigarettes [10], switching from
cigarettes to e-cigarettes may have less of a benefit on oral
cancer risk than is currently realized. Epidemiologic stud-
ies and animal model systems will be needed to determine
whether e-cigarettes reduce oral cancer risk after cessation
of tobacco smoke exposure.

Effects of e-cigarettes on Human Oral Micro-
biome

Studies of the oral microbiome on oral health have been
limited to the most part on their potential effect on periodon-
tal disease, dental carries and mouth effects, which itself are
possible but un-established risk factor for oral cancer, and
possibly mediated by the effects from cigarette smoking.
There are few studies on whether e-cigarettes are risk fac-
tors for periodontal diseases and dental caries. In one study,
of 119 participants, the abundance of bacteria Porphyro-
monas and Veillonella was higher in e-cigarette users com-
pared with conventional cigarette smokers or never smokers
[11]. Another study found an increase in gingival inflamma-
tion in smokers switching to e-cigarettes although cytokine
analysis indicated the findings were inconclusive [12]. In con-
trast, a larger study found higher levels of oral inflammation
in cigarette-smokers compared with never-smokers but no
differences between e-cigarette users and never-smokers
[13].

In-vitro studies

In the absence of human data, in-vitro studies offer the
potential to inform on the effects of e-cigarettes. To date, no
studies have examined carcinogenic endpoints or process-
es in transformed oral cells. The OECM-1 human oral cavity
squamous cell carcinoma cell line is an established model for
squamous cell carcinoma and is characterized by a mutation
in the p53 tumor suppressor [14]. Whether this cell line is
suitable for studying the toxicity of e-cigarette vapor will need
to be determined. In the absence of carcinogenic models, tox-
icity studies might be helpful to study the effects of e-ciga-
rettes. There have been few toxicity studies to date. Exposure
to e-cigarette vapor induced morphological changes in ginigi-
va cells, and increased L-lactate dehydrogenase activity and

apoptosis [15]. Another study found that different e-cigarette
flavorings had differential effects on gingiva inflammatory re-
sponse [16].

These studies suggest possible effects on peridontal dis-
ease rather than oral cancer per se. Periodontitis is a possi-
ble risk factor for oral cancer but this has not been fully es-
tablished [17,18]. One study examined the in vitro toxicity in
oral cells from a third-generation electronic cigarette [19].
Aerosols were used to measure oxidative stress in human
oral cells. The study found that e-cigarette aerosols produced
formaldehyde, acetaldehyde, and acrolein, but did not con-
tain detectable levels of free radicals. Only one of the eight
liquids tested using a customized atomizer induced cytotoxic-
ity against two human oral cells in-vitro.

Treatment of oral cells with the cytotoxic e-cigarette
aerosol increased intracellular oxidative stress. Further, the
effects depended on the age of the atomizer, where repeat-
ed use increased production of radical emissions and cyto-
toxicity. Overall, these results suggest that third-generation
e-cigarettes may cause adverse effects in the oral cavity and
normal e-cigarette use, which involves repeated use of the
same atomizer to generate aerosol, may enhance the poten-
tial toxic effects of third-generation e-cigarettes. This study
represents the challenges of in-vitro studies. Numerous fac-
tors may affect toxicity including the type of e-cigarette, the
type of atomizer, the extent to which it is used, and the type
of e-cigarette liquids.

In-vivo studies

Preclinical animal models have been used to study oral
squamous cell cancer. These types of studies also offer the
opportunity to study the effects of e-cigarette vapor. There
are many kinds of oral cancer animal models [20], and estab-
lishing the ones that would be most informative for studying
e-cigarettes represents an intriguing challenge.

Nevertheless, models could be used to establish short-
term exposure in naive animals and those pre-exposed to
cigarette smoke. The specific impact of vapor components
could be studied including flavorants, free radicals and alde-
hydes present in e-cigarette vapor. Outcomes may include
biomarkers of oxidative stress and oxidative damage, mark-
ers of inflammation, and oral cancer pathways. These models
can reflect human exposure conditions including the absolute
effect of e-cigarette exposure, dual use with tobacco smoke
exposure, and post-initiation studies that might model the
potential effects of e-cigarette on HNC for former cigarette
smokers.

Conclusion

In this review, we suggest that the use of e-cigarettes may
have a significant effect on the risk of head and neck cancer,
one of the leading causes of cancer worldwide. Few studies
have been conducted to measure these effects and while this
represents a considerable gap in data that support or refute
the use of e-cigarettes for harm reduction, it also demon-
strates considerable opportunities for further research in
both in-vitro, in-vivo and epidemiological sciences.
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