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In 2020, cancer of the lip and oral cavity was
estimated to rank 16th in incidence and mortal-
ity worldwide and was a common cause of can-
cer death in men across much of South and
Southeast Asia and the Western Pacific! (Fig. 1).
A wide range of genetic, environmental, and
behavioral factors contribute to the risk of oral
cancer.? Risks are dominated by tobacco, both
smoked and smokeless, and heavy alcohol con-
sumption. In Southeast Asia and the Western
Pacific Islands, where the incidence of oral can-
cer is high, the major risk factors are use of
smokeless tobacco and areca nut products (in-
cluding betel quid)® (Table 1).* A small percent-
age of oral cancer worldwide (approximately 2%)
is caused by human papillomavirus infection,
primarily HPV16.°

From September through December 2021, the
International Agency for Research on Cancer
(IARC) convened a working group of 25 scien-
tists (all of whom are coauthors of this article)
from 14 countries to evaluate the body of evi-
dence on primary and secondary prevention of
oral cancer. The working group reviewed all
relevant published studies and evaluated the evi-
dence according to the updated preambles of the
IARC Handbooks of Cancer Prevention.® The pream-
bles describe the objectives and scope of the
program, general principles and procedures, and
scientific review and evaluations. In addition, to
strengthen the current published evidence with
respect to areca nut products, the working group
performed primary analyses of unpublished data
from large studies. Presented here is a brief over-
view of the studies that were reviewed and the
outcomes of the evaluation process (Table 2).

PRIMARY PREVENTION: CESSATION
OF EXPOSURE TO RISK FACTORS

TOBACCO SMOKING

In 2007, the IARC concluded that “the risk of
oral cancer is lower in former smokers than in
current smokers” and that “the reduction in the
risk...increases with increasing duration of ab-
stinence.” The results of several additional stud-
ies on smoking cessation and oral cancer risk
have since been published and reinforce this
conclusion. These include two cohort studies,'!
two case—control studies,'*!* and one meta-analy-
sis of 17 case—control studies,** all of which
consistently showed a progressive reduction of
oral cancer risk with an increasing duration of
abstinence, findings that were significant in three
studies. In the meta-analysis, reductions in the
incidence of oral cancer among former smokers
as compared with current smokers were detected
within 4 years after cessation (35% reduction);
risks approached those in never-smokers after
20 years or more of cessation (odds ratio, 0.19;
95% confidence interval [CI], 0.15 to 0.24).*
Studies have also suggested that the risk of oral
potentially malignant disorders, particularly leuko-
plakia, decreases after smoking cessation (Ta-
ble 3)."° In a large cohort study, the incidence of
leukoplakia decreased by 85% after cessation of
smoking of bidis (thin, hand-rolled cigarettes).’® In
another large study in India, former smokers had
a lower risk of leukoplakia than current smokers
(relative risk, 1.7% vs. 3.4%)."” There was sufficient
evidence that quitting tobacco smoking decreases
the risk of oral cancer and that the risk decreases
with increasing time since smoking cessation.
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Figure 1. Estimated Age-Standardized Incidence of Lip and Oral Cavity Cancers (2020).

Data are from GLOBOCAN 2020 of the International Agency for Research on Cancer (IARC) (http://www.iarc.fr) of the World Health Or-
ganization (WHO). Shown are data for both sexes and all ages. The designations of geographic locations on the map do not indicate the
expression of any opinion regarding legal status or boundaries by the agency. Dotted and dashed lines and the gray-colored regions on
the map represent approximate borders for which there may not yet be full agreement.
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SMOKELESS TOBACCO USE
The working group found no studies that reported
the risk of oral cancer according to the time since
the cessation of smokeless tobacco use. Six studies
examined oral cancer risk in current and former
users as compared with never-users: two large co-
hort studies in Sweden!® and Norway'® and four
case—control studies, three in Sweden?*?? and one
in Yemen.” These studies had major limitations
and minimal geographic diversity, with no studies
from South Asia. Eight studies examined associa-
tions between current and former use of smokeless
tobacco and the risk of oral potentially malignant
disorders, with never-users as the reference group.
Although the findings were inconsistent, a meta-
analysis conducted by the working group showed
that former users of smokeless tobacco had a lower
pooled risk of oral potentially malignant disorders
(particularly leukoplakia) than current users. How-
ever, there was inadequate evidence that cessation of
smokeless tobacco decreases the risk of oral cancer.

CHEWING ARECA NUT PRODUCTS WITH
OR WITHOUT TOBACCO

The working group based its evaluations of are-
ca nut products on data from published studies
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and from primary analyses, in which they used
evidence regarding the time since cessation and
supportive evidence regarding the age at the
time of cessation for former users. Particular
attention was given to adjustment for confound-
ers and to precision of risk estimates.

One case—control study* combined with pri-
mary data analyses of three large cohort studies
and one case—control study (all conducted in Tai-
wan) showed that the risk of oral cancer decreased
significantly with increasing time since cessation
of the use of areca nut products without tobacco.
Risk reductions were 2.3 to 6.7% per year after
cessation and 17 to 51% for long-term cessation
(210 years). For cessation of the use of products
containing areca nut with tobacco, published
studies had inconsistent results. However, primary
analyses from one cohort study and a case—con-
trol study, both of which were performed in India,
showed a reduction in the risk of oral cancer with
increasing time after cessation of 2 to 3% (95%
Cl, 1 to 5) per year of cessation. A recently pub-
lished meta-analysis confirmed risk reversal for
oral cancer with long-term cessation.”®

The working group also evaluated the effect
of cessation on the risk of oral potentially ma-
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lignant disorders on the basis of the above-men-
tioned studies. Risk reductions were observed
with increasing time since cessation of chewing
products containing areca nut without tobacco.
A primary intervention study showed strong re-
ductions in the incidence of leukoplakia 5 years
after the intervention for cessation of chewing
areca nut with tobacco: 49% (95% CI, 7 to 72) in
men and 81% (95% CI, 70 to 89) in women.?®

There was sufficient evidence that the cessa-
tion of use of areca nut products with or without
tobacco decreases the risk of oral cancer. Cessa-
tion of the use of areca nut products with or
without tobacco also decreases the risk of oral
potentially malignant disorders.

ALCOHOL CONSUMPTION

Published evidence that the cessation of alcohol
consumption was associated with a reduction in
the risk of oral cancer consisted of two cohort
studies involving current and former drinkers as
compared with never-drinkers and one meta-
analysis of 13 case—control studies and three
additional case—control studies that showed risk
estimates according to the time since cessation.
In the international meta-analysis,* the risk of
oral cancer decreased significantly with increas-
ing time since cessation, with an odds ratio of
0.43 (95% CI, 0.28 to 0.67) for former heavy
drinkers (>3 drinks per day) after more than 20
years since cessation as compared with current
drinkers. The working group did not identify
any studies that evaluated the time since alcohol
cessation with respect to the risk of oral poten-
tially malignant disorders. In seven case—control
studies, the risk of oral potentially malignant
disorders (particularly leukoplakia and erythro-
plakia) was generally lower among former drink-
ers than among current drinkers.”?” There was
sufficient evidence that quitting alcohol consump-
tion decreases the risk of oral cancer and that the
risk decreases with increasing time since quitting.

PRIMARY PREVENTION: CESSATION
INTERVENTIONS

Interventions for cessation of smokeless tobacco
or areca nut use include behavioral interven-
tions, pharmacologic interventions, and a com-
bination of both. Of the 33 studies that were
reviewed, 70% had been performed in the Unit-
ed States; five had been done in India, two in
Sweden, and one each in Norway and Taiwan.
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Table 1. Most Common Smokeless Tobacco and Areca Nut Products Worldwide.*

Product Type

Smokeless tobacco alone

Chewing tobacco (loose-leaf, plug, twist, or roll)
Snuff (moist, dry, or creamy)

SnusT

Areca nut with tobacco

Betel quid (pan or paan)i

Gutkhaf§

Tombol€q

Areca nut alone

Betel quid without tobacco (pan or paan, lao-hwa quid, and stem quid)
Areca nut (fresh, dried, roasted, or unripe)

Pan masala|

NEJM.ORG

* Data are from the International Agency for Research on Cancer (IARC)? and
the World Health Organization Framework Convention on Tobacco Control
Knowledge Hub on Smokeless Tobacco.*

 Snus is a mixture of tobacco, moisturizers, sodium carbonate, salt, sweeten-
ers, and flavoring.

I Betel quid typically contains betel leaf, areca nut, and slaked lime (calcium
hydroxide) and may contain tobacco. Other substances — particularly, spices
such as cardamom, saffron, cloves, and sweeteners — are added according to
local preferences.

§ Gutkha is a commercial preparation of areca nut and powdered tobacco,
slaked lime, catechu (an extract of acacia trees), and other ingredients.

9§ Tombol is a preparation of tobacco, areca nut, noura (alkaline agent), slaked
lime, catechu, tombol leaf, powdered khat, and other flavoring ingredients.

| Pan masala is a dry, relatively nonperishable commercial preparation contain-
ing areca nut, slaked lime, catechu, and condiments.

Nine studies — seven randomized clinical
trials and two cohort studies?®? — assessed
behavioral interventions for cessation in adults.
Only one study, which was performed in India,
involved users of areca nut with tobacco?®; all the
other studies involved populations using smoke-
less tobacco alone. One or more of various types
of interventions were provided. All the studies
showed a positive effect of cessation, which was
significant in six studies,”®* with estimates of
relative risk in the control group as compared
with the intervention group ranging from 1.28 at
6 months of follow-up to 25.70 at 60 months. It is
worth noting that in two of those studies,*** the
control group also received some form of inter-
vention. There was sufficient evidence that behav-
ioral interventions in adults are effective in induc-
ing cessation in the use of smokeless tobacco.

Five studies — four randomized clinical trials
and one cohort study — assessed behavioral in-
terventions for cessation in youth. Only one study,
which was performed in the United States, showed
a significant effect on cessation at 12 months of
follow-up, with a relative risk of 1.70 (95% CI,
1.50 to 1.806) in the control group as compared
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Table 2. Evaluation of the Evidence of Interventions and Strategies
for the Prevention of Oral Cancer.

Intervention Evaluation
Primary prevention*
Cessation of exposure to risk factor
Tobacco smoking Sufficient
Use of smokeless tobacco Inadequate
Use of areca nut (including betel) with or Sufficient
without tobacco
Alcohol consumption Sufficient

Cessation intervention for smokeless tobacco

Sufficient in adults;
limited in youths

Behavioral intervention

Pharmacologic intervention Limited
Combined behavioral and pharmacologic Limited
interventions
Secondary preventiony
Clinical oral examination in high-risk populations Group B

* According to the criteria described in the preamble of the IARC Handbooks
for primary prevention,” “sufficient evidence” indicates that a causal preven-
tive association between the intervention and cancer in humans has been
established; “limited evidence” indicates that a causal preventive association
between the intervention and cancer in humans is plausible; “inadequate evi-
dence” indicates that the current body of evidence does not enable a conclu-
sion to be drawn about the presence or absence of a preventive association
between the intervention and cancer in humans.

According to the criteria described in the preamble of the IARC Handbooks for
secondary prevention,® Group B indicates that a causal preventive association
between the use of the screening method and cancer incidence or death is
credible, but chance, bias, or confounding as explanations for the association
could not be ruled out with reasonable confidence.

with the intervention group.** Another U.S. study
showed a significant positive effect of the inter-
vention in preventing the initiation of using smoke-
less tobacco (relative risk, 0.58; 95% CI, 0.35 to
0.99).> There was limited evidence that behav-
ioral interventions in youth are effective in induc-
ing cessation in the use of smokeless tobacco.

In three randomized clinical trials, investiga-
tors assessed the effectiveness of nicotine gum
in cessation in the use of smokeless tobacco and
betel quid without tobacco in India,*® the effec-
tiveness of nicotine lozenges in cessation in the
use of smokeless tobacco in the United States,*
and the effectiveness of antidepressants in the
cessation of areca nut use in Taiwan.® Some
positive associations were seen, but the studies
were of limited informativeness. There was lim-
ited evidence that pharmacologic interventions
with nicotine replacement therapy or antidepres-
sants are effective in inducing cessation in the
use of smokeless tobacco or areca nut products.

Of 16 randomized clinical trials assessing com-
bined pharmacologic and behavioral interventions,
only one study assessed the use of areca nut prod-
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ucts with tobacco; all the others evaluated smoke-
less tobacco cessation. Although positive effects
of the intervention on cessation rates were ob-
served in 13 of 16 studies, the difference with
control was significant in only two studies involv-
ing smokeless tobacco users, one in the United
States®” and one in Sweden.* There was limited
evidence that combined pharmacologic and be-
havioral interventions were effective in inducing
cessation of smokeless tobacco use.

PRIMARY PREVENTION POLICIES

The Framework Convention on Tobacco Control
(FCTC) of the World Health Organization (WHO)
was established in 2005 with a set of demand-
and-supply reduction measures.”® However, the
actions that have been taken have been variable,
and few outcome data are available about smoke-
less tobacco use. In one U.S. study, investigators
found that tobacco taxation had reduced the
prevalence of smokeless tobacco use in youth.*
One study in Bangladesh* and three in India®*%
estimated that higher prices would reduce the use
of smokeless tobacco. Combinations of evidence-
based FCTC policies appear to be more effective.
Policies to control the use of areca nut are
still relatively new, and the working group could
find no published data on their effects. Such
policies have been implemented in areas — in-
cluding Bhutan, India, Myanmar, Papua New
Guinea, Guangzhou (China), and Taiwan — that
have a high prevalence of oral submucous fibro-
sis and of oral cancer. The most common policy,
which was implemented in five countries, is a
ban on spitting in public places. Authorities are
urged to enhance surveillance of smokeless to-
bacco and areca use across the globe and to
promote cessation policies for these products.

SECONDARY PREVENTION:
SCREENING FOR ORAL CANCER

Clinical oral examination is the only screening
method that is routinely used for the detection
of oral cancer and oral potentially malignant dis-
orders. Clinical oral examination consists of a
white-light visual examination and palpation of
the oral cavity mucosa and the external facial
and neck regions. The sensitivity of clinical oral
examination for the detection of oral cancer and
oral potentially malignant disorders ranges from
50 to 99%, with a specificity of 75 to 99%.* The
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importance of the role of well-trained health
care workers in the performance of clinical oral
examinations was noted.

In a randomized clinical trial that was con-
ducted in India with 15 years of follow-up, inves-
tigators found that clinical oral examination was
associated with a significant reduction in the in-
cidence of advanced oral cancer (by 21%; 95% CI,
5 to 35) and in the risk of death from oral cancer
(by 24%; 95% CI, 3 to 40) among high-risk per-
sons (i.e., users of tobacco, alcohol, areca nut
products, or all three).”” Two cohort studies that
involved the same screened cohort in Taiwan and
one case—control study in Cuba*®*° showed that
clinical oral examination was associated with re-
ductions of 21 to 22% in the incidence of ad-
vanced oral cancer and reductions of 24 to 26% in
the risk of death; the differences were significant
in the cohort studies.**® However, these studies
had several limitations, including low compliance
of screening-positive cases with further assess-
ment,” selection bias for those screened, possible
contamination of controls,”* lack of statistical
power, and low coverage of the program.* Studies
did not indicate whether any primary prevention
interventions were being conducted in the popula-
tion*~° or provide data on the proportion of high-
risk members in the control group.”® The working
group concluded that screening of high-risk per-
sons by clinical oral examination may reduce
mortality from oral cancer.

DISCUSSION AND CONCLUSIONS

In this first evaluation of oral cancer prevention
by the IARC Handbooks program, the working
group found that tobacco smoking and alcohol
consumption are the main drivers of oral cancer
in most countries. However, the use of smokeless
tobacco and chewing of areca nut products are
the leading causes in many countries, especially
in South and Southeast Asia and in the Western
Pacific Islands. In these areas, the use of products
(which may contain smokeless tobacco only, are-
ca nut only, or both) vary widely in their nature
and toxicity profile. In the available studies, a lack
of detail regarding the composition of these prod-
ucts posed a challenge for the interpretation and
evaluation of the current evidence.

Cessation of tobacco smoking and alcohol
consumption has a preventive effect on the inci-
dence of oral cancer and probably also decreases
the risk of oral potentially malignant disorders.

Table 3. Definitions of the Most Common Oral Potentially Malignant Disorders.*

Disorder Definition

nant disorder

definable disease
Submucous fibrosis

along with epithelial atrophy
Lichen planus

Lichenoid lesions

Oral potentially malig-  Any oral mucosal abnormality that is associated with
a significantly increased risk of oral cancer

Leukoplakia A predominantly white plaque of questionable risk
after the exclusion of other known diseases or
disorders that carry no increased risk of cancer

Erythroplakia A predominantly fiery red patch that cannot be char-

acterized clinically or pathologically as any other

A chronic disease affecting the oral mucosa that ini-
tially results in loss of fibroelasticity of the lamina
propria and can result in fibrosis of the lamina
propria and the submucosa of the oral cavity,

A chronic inflammatory disorder of unknown cause
(with characteristic relapses and remissions) that is
manifested as white reticular lesions, accompanied
or not by atrophic, erosive, or ulcerative plaque-type
areas; frequent bilaterally symmetric lesions in
which desquamative gingivitis may be a feature

Oral lesions with lichenoid features but lacking the
typical clinical or histopathological appearances of
oral lichen planus (i.e., may show asymmetry or are
reactions to dental restorations or certain drugs)

* Data are from Warnakulasuriya et al.®

In addition, smoking cessation has many other
health benefits. Given that the combined effect
of tobacco smoking and alcohol consumption is
greater than multiplicative, smoking cessation
reduces the risk of oral cancer in persons who
continue drinking alcohol.

Similarly, the benefits of cessation in the use
of areca nut products with or without tobacco
have been established. In reaching these conclu-
sions, the working group considered that prod-
ucts vary substantially in composition, both
within and among countries, and elected to
evaluate jointly all products containing areca nut.
Given interaction effects, large risk reductions
would also be expected after smoking cessation
in users of these products. Evidence for the ben-
efits of cessation in the use of smokeless to-
bacco alone was inadequate because of the lack
of studies in relevant geographic areas.

The effect of primary interventions for cessation
of use of these products is specific to the country,
culture, age, and sex of the target population. Very
few studies were available in populations that
commonly use areca nut with tobacco; therefore,
the evaluations were limited to cessation of
smokeless tobacco alone. As compared with
adults, youth who initiate the use of smokeless
tobacco often do not perceive tobacco as harmful
and have high receptivity to tobacco advertising.
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Thus, it is important that education about harms
of using these products focus on youths.

Clinical oral examination enables detection of
oral cancer and oral potentially malignant disor-
ders relatively early in their evolution. Currently,
no better screening alternative exists, although
research into biomarkers in saliva, blood, and
breath is burgeoning. The highly variable natural
history of oral potentially malignant disorders at
the individual level poses a challenge in extrapo-
lating data to important end points such as mor-
tality. Evidence is still lacking with respect to
whether adjunctive optical techniques or biomark-
ers can reduce false positive screening results.*!

Our evaluation of the potential for clinical oral
examination to reduce oral cancer mortality applies
to high-risk persons only. Its effect in the general
population cannot be established on the basis of
current evidence.” Screening performed by trained
primary health care workers in low-resource set-
tings has shown good results on early disease de-
tection. Opportunistic screening in dental practices
in locations where health care resources are high
may also be effective, although the evidence is
scarce.” The use of risk-based models for screening
could be an appropriate approach for communities
with a high incidence of oral cancer, with the ac-
knowledgment that selection of participants is
challenging from a programmatic perspective.

This review highlighted the paucity of data in
the area of oral cancer prevention and calls for
additional research in all aspects of such preven-
tive work. Nonetheless, the working group estab-
lished that cessation of tobacco smoking, alcohol
consumption, and areca nut use will contribute to
significant reductions in the risk of oral cancer.
Such measures will also contribute to the overall
objective of the resolution on oral health adopt-
ed by the World Health Assembly in May 2021 to
control and prevent oral diseases, including oral
cancer, by 2030.>
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