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Squamous cell carcinoma and
precursor lesions of the oral
cavity: epidemiology and
aetiology

NEWELL W. JOHNSON, PRASANNA JAYASEKARA & A. A. HEMALATHA K. AMARASINGHE

People diagnosed with malignant neoplasms often

feel afraid and alone. However, cancer is largely an

avoidable disease, and studies have shown that more

than two-thirds of cancer deaths may be prevented

through lifestyle modification, early detection and

effective treatment. The World Health Organization

(WHO) estimates that nearly 12.7 million new cases

and 7.6 million cancer deaths occurred worldwide in

2008 (27).

Oral cancers are malignant neoplasms that affect

the structures or tissues of the mouth. They may be a

primary lesion that originated in the mouth, a

metastasis from a distant site, or an extension from

an adjoining site. In quoting detailed epidemiological

data, it is necessary to distinguish between these

origins, and to ascertain which structures are inclu-

ded, e.g. the vermillion borders of the lips are

sometimes included and sometimes not. Globally,

�oral cancer� is the eighth most common cause of

cancer-related deaths, although many people are

unaware of its existence (91). Of these oral cancers,

more than 90% are squamous cell carcinomas arising

in the mucous membranes of the mouth and oro-

pharynx.

Epidemiology of oral cancer

Incidence rates worldwide

Cancer registries play a vital role in monitoring the

incidence of cancers. However, the quality of the data

available in such registries is far from ideal. Fur-

thermore, many parts of the world produce no data at

all, whereas in others (often among the most popu-

lous), the data may come from localized atypical

regions. Hospital-based cancer registries naturally

gather biased information, i.e. only those cases that

present to hospital; thus, in many developing coun-

tries, cases may not come to attention at all, either

because of fear or the inability of poor people to

access hospital services. Data may be even more

unreliable because follow-up, even of treated cases, is

impossible in many developing countries. Death

certification is not always compulsory, and there is

limited international standardization with regard to

the categories for cause of death, nor consistency

among of those signing death certificates.

Figure 1 shows the estimated incidence and mor-

tality rates of the most common cancers by anatomic

site in males and females. For both sexes combined,

cancer of the mouth and pharynx [ICD-10 (C01–C14)]

is placed ninth overall, behind breast, prostate, lung,

colon ⁄ rectum, cervix uteri, stomach, liver and cor-

pus uteri, in that order. In the published data for

2008, oral and pharyngeal sites were the eighth most

common neoplasms within the European Union (28).

However, the mouth and pharynx are the sixth most

common site for malignant disease among men in

developing countries and the eighth most common

site among women. According to the GLOBOCAN 2008

database produced by the International Agency for

Research on Cancer, there were some 399,546 new

cases worldwide of oral cancer (C00–C08) and other

pharyneal cancers (C09–C10, C12–C14) (27). Esti-

mated age-standardized rates for the incidence and

mortality of cancer of the lip and mouth (C00–08) and

the pharynx (C09–C10, C12–C14), excluding the sali-

vary gland, 2008, by sex and geographic area, are
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shown in Fig. 2 (27). The rates range from

< 1 ⁄ 100,000 per annum (for female subjects in parts

of Africa, Eastern Asia and some Pacific Island

nations) to a high of 29.1 ⁄ 100,000 per annum (males

in Melanesia). These rates illustrate the marked

global variability in oral cancer incidence, (136) and
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Fig. 1. Estimated global incidence and mortality rates (standardized to a world population age distribution) of the 14

most common cancers in men (left) and the 15 most common cancers in women (right). Modified from (27). Rates are

standardised to the age structure of the total world population (ASR(W))
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Fig. 2. Estimated age-standardized

rates for the incidence and mortality

of cancers of the lip and mouth
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C12–C14), excluding the salivary

gland, by sex and WHO geographic

area. Values are ASR (W) per 100 000

population (all age groups). Modi-
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are illustrated in Fig. 3 (27). The highest crude rates

in the world are found in Melanesia, Hungary,

France, Sri Lanka and Croatia (27).There are marked

differences between countries in the same geo-

graphical region (77, 78).

The extremely high rates in the relatively small

population of Melanesia are thought to relate to areca

nut (betel) chewing and smoking habits. It has been

apparent for decades that there is a very high inci-

dence of oral cancer in southern Asia and of oral

cavity plus nasopharyngeal cancer in South-East Asia.

In India, Bangladesh, Pakistan and Sri Lanka, the oral

cavity is the most common site for cancer, and

accounts for approximately one-third of all cancers

(104). Even within the sub-continent, there are

striking differences in incidence rates. More than

180,000 cases of oral cancer occur every year in South

and South-East Asia, with poor prospect of survival:

approximately 90% of these cases are attributable to

smoking and chewing habits (142). However, overall

rates in India are showing a decreasing trend in

successive birth cohorts: decreasing trends were

observed for mouth (ICD-10 C03–C06) and tongue

(C01–C02) cancers among females and for tongue

cancers among males between 1982 and 2000 (107),

and these trends are likely to continue as the Indian

economy grows and habits change from betel quid

use to use of other forms of tobacco, especially

smoking. On the other hand, there is growing con-

cern that supply of commercial areca nut and

tobacco products for chewing will contribute to

future increases in the incidence of oral sub-mucous

fibrosis and subsequent oral cancer (38).

Data in Japan show a dramatic increase in oral and

pharyngeal cancer incidence (ICD-10 C01–C14) for

both sexes: a 4.4-fold increase for males and 3.8-fold

increase for females were recorded between 1965 and

1999 in the Osaka Cancer Registry�s database (54). The

estimates of oral cancer for the year 2008 in the USA

indicate that there were 35,310 new cases and 7,590

deaths (54). This represents 1.34% of all deaths due to

cancer in that country. In the USA, The incidence rates

for cancers of the oral cavity and pharynx were stable

or decreased for men and women in most age groups

during the period 1973–2003. Unfortunately, there is

an upward trend for both males and females in

Australia and among the non-Maori population in

New Zealand. Lip cancer in fair-skinned populations,

largely due to ultraviolet light and especially near the

equator, is a growing problem (76). In Europe,

<2.8 <4.2 <7.6 <11.8 <38.7

<1.5 <2.1 <2.6 <3.7 <16.3

Fig. 3. Estimated age-standardized

oral and pharyngeal cancer inci-

dence rates per 100 000 population

throughout the world, showing

marked geographical variation in

incidence. Care is needed in inter-

pretation because some large

groupings disguise marked regional

variation. The top part of the figure

shows the data for males; the lower

part shows the data for females.

Modified from (27).
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Hungary has the highest incidence and mortality of oral

and pharyngeal cancer for both sexes (28). Between

1984 and 1994, the Hungarian mortality rates for oral

cancers increased by 84% and 72% in males and

females, respectively. The mortality rates among

Italian and French males peaked in the 1980s and

decreased after 1990 (126). However, continuing

upward trends have been recorded for Belgium,

Denmark, Greece, Portugal and Scotland (11).

Age distribution

Oral cancer is usually a disease that occurs in males

after the 5th decade of life. The mean age at pre-

sentation is in the fifth and early sixth decades in

Asian populations, compared with the seventh and

eighth decades in the North American population

(14, 23, 53, 61, 62, 118). Statistics in the USA for 2003–

2007 show that the median age at diagnosis for can-

cer of the oral cavity and pharynx was 62 years (2).

Studies have suggested that 4–6% of oral cancers

now occur at ages younger than 40 years (64). An

alarming increase in incidence of oral cancers among

younger people has been reported from many parts

of the world (5, 69, 108, 138), a trend that appears to

be continuing. There was a significant increase in

cancers of the tongue and tonsils among 20–40-year-

olds in the USA between 1973 and 2001 (116). In

Germany, Czechoslovakia and Hungary, there has

been an almost 10-fold increase within one genera-

tion in mortality from oral cancer in men aged 35–44

(113). Robinson & Macfarlane showed a dramatic

increase in incidence for younger males in Scotland

from the 1980s to the 1990s (103), and the increase

has continued in young adults in much of the UK. UK

cancer registries currently show that 6% of all oral

cancers occur in people under the age of 45 years

(138). In the high-prevalence areas of the world,

many patients are < 40 years old, partly owing to

heavy abuse of various forms of tobacco, although

this is not the case in parts of India (25).

A study performed in southern England concluded

that a substantial proportion of cases of oral cancer in

younger people occurred in the absence of, or after a

relatively short duration of exposure to, traditional

risk factors (65). This suggests that factors other than

tobacco and alcohol are implicated in the develop-

ment of oral cancer in a significant minority of cases.

Diets poor in fresh fruits and vegetables were iden-

tified as conferring significant risk in this population.

It has also been suggested that greater attention

should be paid to family history and a possible

hereditary predisposition in younger patients with

oral cancer in younger patients with oral cancer (43).

An increase in incidence of oropharyngeal cancers in

the USA, especially of the tongue base and tonsils,

has occurred in individuals aged 40–45 years: these

tumours are frequently positive for high-risk types of

human papillomavirus, especially type 16 (70).

Sex distribution

Worldwide, the incidence of head and neck cancers

is higher for males than females. According to the

International Agency for Research on Cancer (27), the

mean global age-specific incidence of mouth and

pharyngeal cancer excluding the nasopharynx for

males in 2008 was 8.7 ⁄ 100,000 population, compared

to 3.3 for females. This may be because of the greater

indulgence by men in the most important risk factors,

such as heavy alcohol and tobacco consumption for

intra-oral cancer and sunlight for lip cancer in those

who work outdoors. However, oral cancer in females is

increasing in some parts of the world. For example, a

meta-analysis from Buenos Aires showed the

male ⁄ female ratio to be 1.24:1 for the period 1992–

2000 compared to 7.1:1 for the period 1950–1970, due

to an alarming increase in the number of female cases

(12). The incidence of tongue and other intra-oral

cancers for women is greater than or equal to that for

men in high-incidence areas such as some regions of

India, where betel quid ⁄ areca nut chewing (and

sometimes smoking) are common among women.

Within Europe, the incidence of oral cavity and

pharyngeal cancers (C00–C14 in the most recent

period, i.e. within the GLOBOCAN 2008 database) is

highest among males in Hungary (46.1 ⁄ 100,000 per

annum), and lowest among females in Cyprus and

Greece (1.5 and 2.0, respectively). Between 1990 and

1999, the UK incidence rates for oral cancers

increased in males of all ages from 6.5 to 8.3 ⁄ 100,000

(an increase of 18%) and in females from 2.6 to

3.6 ⁄ 100,000 (an increase of 30%) (16). The male to

female ratio in UK in 2008 was 2.1:1 (28).

In the USA, the death rate due to cancer of the oral

cavity and pharynx per 100,000 population in 2005

was 3.9 for males and 1.4 for females, down from 6.9

and 2.3, respectively, in 1975. This substantial

improvement is not reflected in most of the rest of

the world (2). Apart from the typical risk factors, it

has been suggested that oestrogen deficiency may

influence susceptibility to oral cancer in women: a

significantly younger mean age at menopause and

higher rates of hysterectomy may influence the

higher rates of oral cancer seen among younger

females in the West (122).
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Ethnic variations

Variations by ethnicity may be due to social and

cultural practices, as well as the influence of dietary

and genetic factors. Variations in outcome are also

contributed to by differences in access to healthcare.

Where cultural practices represent risk factors, their

continuation by immigrants from high-incidence

regions to other parts of the world results in com-

paratively high rates in immigrant communities. This

can also influence the sub-sites most commonly

affected (63). The highest age-adjusted oral cancer

rates in USA are found among non-Hispanic black

men (4.86 ⁄ 100,000) followed by non-Hispanic black

women (4.71 ⁄ 100,000), then Asian and Hispanic

populations, with the lowest incidence rates in white

(Caucasian) ethnic groups. Tongue cancer was the

commonest type of oral cancer among every ethnic-

ity. Asians were more likely to develop malignancies

in the buccal mucosa, a reflection of continuing

areca- and tobacco-chewing habits. Another study

showed that American Indians and Alaska Natives

had significantly lower incidence rates overall than

non-Hispanic whites (102). Several studies from the

USA have shown that black patients with oral cancer

have poorer overall and disease-specific survival than

whites, mainly because of their comparatively poor

access to health care (36). This is especially con-

cerning because the incidence of oral plus pharyn-

geal cancer for black men in the USA is so high, and it

is the sixth most common site for malignant disease

amongst this group (121).

The age-adjusted incidence of oral and pharyngeal

cancers is higher for South Asians than non-South

Asians resident in England, particularly among

females (74). Interestingly, south Asian males have

significantly better survival than their non-south

Asian peers in the south-east of England, possibly a

reflection of the slower progress of tobacco ⁄ areca

nut-induced lesions (74).

Mortality rates and trends

Global differences in mortality from oral (C00–C08)

and other pharyneal cancers (C09–C10, C12–C14) in

2008 are illustrated in Fig. 4. According to GLOBOCAN

2008, the highest mortality from oral cancer is found

in Melanesia (16.6 ⁄ 100 000 in men and 6.2 ⁄ 100 000

in women) (27). There was a steady increase in oral

cancer mortality in men from the 1950s to the late

<1.6 <2.4 <3.5 <5.7 <22.6

<0.7 <0.9 <1.2 <1.7 <9.3

Fig. 4. Estimated age-standardized

oral cancer and pharyngeal mortal-

ity rates per 100 000 population. The

top part of the figure shows the data

for males; the lower part shows the

data for females. Modified from (27).
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1980s in most Western European countries (57), but

this trend has since declined, e.g. in France, which

had very high rates in the past. In most countries in

central and Eastern Europe, for example Hungary,

Slovakia, Slovenia and the Russian Federation, oral

cancer mortality in men reached exceedingly high

rates up to the 1990s. Hungary, Ukraine, Estonia and

Bulgaria showed more than 100% increases in

mortality rates for men during the 20-year period

from 1980–2000. There are now the beginnings of a

reversal.

Even though the rates of oral cancer are compar-

atively low among women, there is a steady increase

in some countries in Europe (notably Hungary,

Belgium, Denmark and Slovakia). Hungary also

showed a 98% increase in mortality rates for women

(Available at http://www-dep.iarc.fr/WHOdb/WHOdb.

htm). These disturbing trends are thought to relate to

high levels of drinking and smoking in these societies,

together with poor diet in lower socio-economic

groups. Trends of age-standardized (world popula-

tion) mortality rates from oral or pharyngeal cancer

within selected countries during the period from 1980

to the present are shown in Fig. 5A,B.

The Surveillance Epidemiology & End Results

(SEER) programme in the USA reported an overall

decrease in the mortality from oral and pharyngeal

cancer between 1998 and 2007 of 1.6% per annum.

Table 1 shows a decrease in all mortality rates for oral

and pharyngeal cancer in the USA between 1998 and

2007. The decrease is considerable among both His-

panic and black women (annual percentage changes

of )1.6% and )3.7%, respectively). Furthermore, the

SEER data show better five-year survival rates for

white men (62.2%) and for black men (37.5%) diag-

nosed during the period 1999–2006, than for those

diagnosed during the period 1974–1976 (when rates

for whites and blacks were 55% and 36.3%, respec-

tively) (79). The five-year survival rates in the SEER

registries range from a low of 53.3% in 1975–1977 to a

high of 62.7% in 1999–2006 (2). These striking differ-

ences may be explained by a number of factors,

including socio-economic condition, age, stage at

diagnosis, continued presence or absence of envi-

ronmental risk factors, and access to hospital services.

African-American patients have consistently poorer

survival outcomes (75).

A study in Mumbai, India, (88) indicated a

decreasing trend in oral cancer incidence among

Indian men, which may be due to a decrease in the

use of betel quid ⁄ pan and associated oral smokeless

tobacco over this period (123). However, there con-

tinues to be a high prevalence of smokeless tobacco

use among young adult men and women, especially

in the form of pan parag ⁄ gutka-type products, and

cigarette smoking is increasing. Overall, therefore,

upper aero-digestive tract cancers may not decrease.

Population-based survival rates around the world

show little evidence of improvement over recent

decades, despite vast improvements in the field of

medicine. Cure rates and survival rates have

improved with advances in surgical and other tech-

niques in highly specialized, high-volume treatment

institutions. Regrettably, such highly expert man-

agement is not yet uniformly available, and it will be

many more decades before these results are reflected

in population trends.

Oral potentially malignant
disorders

The term �oral potentially malignant disorders�
(OPMD) was recommended by an international

working group convened by the WHO Collaborating

Centre for Oral Cancer and Pre-Cancer in London in

2005 (137). It indicates that not all disorders thus

described will transform to invasive cancer – at least

not within the lifespan of the affected individual.

Leukoplakia, erythroplakia, oral sub-mucous fibrosis,

lichen planus, palatal lesions in reverse smokers,

actinic keratosis, discoid lupus erythematosus, dys-

keratosis congenita and epidermolysis bullosa are fall

into the broad definition of �oral potentially malig-

nant disorders� (132, 137).

Global prevalence

Estimates of the global prevalence of oral potentially

malignant disorders range from 1–5% (85), although

much higher prevalences are reported from South

East Asia, usually with a male preponderance, e.g. Sri

Lanka (11.3%) (3), Taiwan (12.7%) (15), and some

Pacific countries (Papua New Guinea 11.7%) (128).

Wide geographical variations across countries and

regions are mainly due to differences in socio-

demographic characteristics, the type and pattern of

tobacco use and clinical definitions of disease

(Table 2). In Western countries, the overall preva-

lence is low and a decrease over time is observed.

Petti (93) performed a meta-analysis of 23 primary

studies on oral leukoplakia published between 1986

and 2002. He calculated the point prevalence to be

1.49% (95% confidence interval 1.42–1.56%) or 2.6%

(1.72–2.74%) using a random effects model. Leuko-

plakia was significantly more prevalent among males

6
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Fig. 5. Trends in age-standardized

(world standard population)

mortality rates from oral plus
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male rate, the rate in Hungarian
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(Available at http://www-dep.iarc.fr/

WHOdb/WHOdb.htm).
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(prevalence ratio 3.22). Using these data, he calcu-

lated that the crude annual oral cancer incidence rate

attributable to leukoplakia is between 6.2 and

29.1 ⁄ 100,000, suggesting that the global number of

oral cancer cases may be under-reported.

Age and gender distribution

The age and gender distribution of oral potentially

malignant disorders varies considerably, mainly

dependent on lifestyle and on geographical location

and ethnicity. In the developed world, leukoplakia

is usually found between the fourth and seventh

decades of life, but in the developing world it is

found some 5–10 years earlier (86). Females are less

commonly affected, largely reflecting greater use of

relevant habits in men.

Malignant transformation

The risk of malignant transformation varies from site

to site within the mouth, from population to popu-

lation, and from study to study (95, 100, 119). A classic

study of over 30,000 Indian villagers, performed in the

1970s with follow-up over 7 years, showed transfor-

mation rates between 10 and 24 ⁄ 100,000 per year

(95). Another classic study from the early 1980s, a

hospital-based study in Californian patients with

oral leukoplakia, with a mean follow-up period of

7.2 years, revealed a malignant transformation rate of

17.5% (119). Not surprisingly, rates for hospital-based

studies are consistently higher than for community-

based studies because of sampling bias.

Petti (93) estimated a mean global prevalence of

2.6% for leukoplakia, and a mean global transfor-

mation rate of 1.36% per year (95% confidence

interval 0.69–2.03). These prevalence and transfor-

mation figures suggest an actual incidence of oral

squamous cell carcinoma higher than that currently

reported, possibly due to under-reporting of cases of

oral cancer in the developing world.

Aetiology of oral cancer and oral
potentially malignant disorders

The majority of oral squamous cell carcinomas are

related to tobacco in various forms, areca nut ⁄ betel

quid chewing, heavy alcohol drinking and dietary

micronutrient deficiency. In the developing world,

use of tobacco and areca nut, either alone or in

combination, accounts for the vast majority of oral

cancers and oral potentially malignant disorders (3).

The WHO has classified areca nut, a common com-

ponent of many different chewing habits, as carcin-

ogenic to humans (51). UV radiation is relevant to lip

cancer, and there is now unequivocal evidence for a

role of �high-risk� genotypes of the human papilloma

virus family, especially for tonsillar and other

oro-pharyngeal sites.

Table 1. Mortality rates and trends by race ⁄ ethnicity and sex for oral and pharyngeal cancer in the USA between
1975 and 2007 (2)

Race ⁄ ethnicity Rate 2003–2007 ⁄ 100,000 Trend 1998–2007�

AAPC (%)

Total Males Females Total Males Females

All races 2.5 3.9 1.4 )1.6* )1.6* )2.3*

White Hispanic 1.6 2.5 0.8 )3.0* )3.8* )1.6*

White

non-Hispanic

2.5 3.8 1.5 )1.1* )0.9* )1.9*

Black 3.6 6.3 1.5 )3.7* )3.7* )3.7*

Asian ⁄ Pacific

Islander

2.1 3.1 1.2 )2.6* )2.8* )1.8*

American

Indian ⁄ Alaska

Native

1.9 2.9 1.2 )1.7* )2.4*

The SEER programme covers registries in 17 areas [San Francisco (SF), Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, Atlanta, San Jose-Monterey
(SJM), Los Angeles (LA), the Alaska Native Registry, rural Georgia, California excluding SF ⁄ SJM ⁄ LA, Kentucky, Louisiana and New Jersey). California excluding
SF ⁄ SJM ⁄ LA, Kentucky, Louisiana and New Jersey contributed cases for diagnosis years 2000–2006. The remaining 13 SEER areas contributed cases for the entire
period (1999–2006). Results are based on follow-up of patients into 2007.
AAPC, average annual percentage change.
*The AAPC is significantly different from zero (P < 0.05).
�The 1998–2007 mortality AAPCs are based on a Joinpoint analysis using years of death 1992–2007.
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Betel quid

A betel quid generally contains betel leaf, areca nut

and slaked lime, and may contain tobacco. Other

substances, particularly spices, including cardamom,

saffron, cloves, aniseed, turmeric, mustard or sweet-

eners, are added according to local preference (51).

Betel quid with or without tobacco is considered

carcinogenic to humans, with a risk of developing

oral cancer and oral potentially malignant disorders

(51, 114). Several studies have quantified the risk in

terms of the odds ratio in different regions and

Table 2. Summary of the reported prevalence of oral potentially malignant disorders (OPMD)

References Country (year) Sampling

method

Female ⁄ male

ratio

Age group

(years)

Disease entity Definition

used

Prevalence

(%)

Thomas et al.

(128)

Papua New

Guinea (2008)

Random 0.8 ⁄ 1.0 ‡ 18 Leukoplakia Axell 1984 11.7

Amarasinghe

et al. (3)

Sri Lanka

(2008)

MSSC 0.6 ⁄ 1.0 ‡ 30 OPMD as de-

fined above

WHO 1994 11.3 (weighted

for gender and

geographical

location)

Chung et al.

(15)

Taiwan (2005) Random 0.9 ⁄ 1.0 ‡ 15 OPMD

Leukoplakia

Erythroplakia

Lichen planus

OSF

Not given 12.7

7.4

1.9

2.9

1.6

Scheifele

et al. (109)

USA (2003) MSSC 0.9 ⁄ 1.0 ‡ 20 Leukoplakia Kramer 1978

Kramer 1980

0.5–0.3

Ministry of

Health of Sri

Lanka (73)

Sri Lanka

(2003)

MSSC – 35–44 and 65–

74

OPMD

Leukoplakia

and erythopla-

kia

OSF

WHO 1994 4.1

2.6

0.4

Garcia-Polo

Vallejo et al.

(34)

Spain (2002) Stratified, ran-

dom

0.8 ⁄ 1.0 ‡ 30 Leukoplakia WHO 1978

Axell et al. 1984

1.6

Reichart et al.

(101)

Germany

(2000)

Stratified, ran-

dom

1.0 ⁄ 1.0

0.7 ⁄ 1.0

35–44 and

65–74

Leukoplakia

Leukoplakia

Axell 1976

Zain 1995

WHO-ICD-DA

1.6

1.0

Nagao et al.

(80)

Japan (2000) All invited 0.4 ⁄ 1.0 Male > 40,

female > 20

Leukoplakia

Lichen planus

WHO 1980 0.19

0.21

Zain et al.

(147)

Malaysia

(1997)

Stratified, ran-

dom

0.7 ⁄ 1.0 ‡ 25 Leukoplakia

Erythroplakia

OSF

Lichen planus

WHO 1978

Axell et al. 1984

0.96

0.01

0.06

0.38

Schepman

et al. (110)

The Nether-

lands (1996)

Waiting room 0.9 ⁄ 1.0 13–93 Leukoplakia Axell et al. 1984

Axell 1996

Schepman

1995

0.6

Banoczy

et al. (10)

Hungary (1991) Random 0.7 ⁄ 1.0 All age groups Leukoplakia

Lichen planus

Axell 1984 1.3

0.1

Ikeda et al.

(48)

Japan (1991) Factory work-

ers

0.5 ⁄ 1.0 18–63 Leukoplakia Axell 1984 2.5

Axell et al.

(8)

Sweden

(1987)

Stratified, ran-

dom

Not found ‡ 15 Lichen planus Axell 1976 1.9

Axell et al.

(7)

Sweden (1987) All invited resi-

dents

0.9 ⁄ 1.0 ‡ 15 Leukoplakia Axell 1976 3.6

MSSC, multi-stage stratified cluster; OSF, oral submancous fibrosis.
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countries. Meta-analysis of 10 previous studies indi-

cates that betel quid chewing without tobacco,

adjusted for smoking, has an odds ratio of 3.5 (95%

confidence interval 2.16–5.65) (Table 3) (127).

Betel leaf

The leaves of the Piper betel vine (a member of

the pepper family) contain betel oil, a volatile liquid,

that contains several phenols, including chavicol,

hydroxychavicol, eugenol and betel phenol. These

compounds may to some extent be protective, shar-

ing some of the antioxidant properties of many plant

polyphenols. Vitamin C, a large amount of carotene

and 36 trace elements have also been reported in

betel leaf – clearly beneficial micronutrients (145).

However the presence of such micronutrients does

not justify we (or mastication) of these substances.

Betel inflorescence

Apart from leaf, other parts of the vine such as the

stem, inflorescence (flowers or pods) or catkins are

consumed with areca nut in some cultures. Use of the

inflorescence is common in Melanesia and parts of

Taiwan and mainland China, because of its aromatic

flavour (51). In Papua New Guinea, this is called

�mustard�. Betel inflorescences contain a high

concentration of phenolic compounds, including

hydroxychavicol, eugenol, isoeugenol, eugenol

methyl ester and safrole. Safrole is classified as a

weak carcinogen in rats, and is banned as a food and

Table 3. Meta-analysis of lifestyle factors and oral and pharyngeal cancers ⁄ oral potentially malignant disorders
(OPMD)

Publication Lifestyle factor Oral cancer or

OPMD site

Number of studies

Case ⁄ cohort control

Odds ratio (95%

confidence interval)

Gandini et al. (31) Tobacco smoking Cancer of the

oral cavity

Cancer of the

pharynx

12

8

3.43 (2.37–4.94)

6.76 (2.96–15.98)

Tramacere et al.

(129)

Alcohol

£ 1 drink ⁄ day

‡ 4 drinks ⁄ day

Oral and pharyngeal

cancer

19

29

1

2

1.21 (1.10–1.33)

5.24 (4.36–6.30)

Tramacere et al.

(129)

Alcohol

From 10–125 g

ethanol ⁄ day

Oral and pharyngeal

cancer

43 2 Odds ratios range

from 1.29

(1.25–1.32) to 13.02

(9.87–17.18)

Turati et al. (131) Alcohol

Heavy drinker (‡ 4

drinks ⁄ day equal to

more than 50 ml or

30 g)

Oral cavity cancer

Pharyngeal cancer

Tongue cancer

Oropharyngeal

cancer

Hypopharyngeal

cancer

16

17

5

4

4

1

–

–

–

–

4.64 (3.78–5.7)

6.62 (4.72–9.29)

4.11 (2.64–6.87)

7.76 (4.77–12.62)

9.03 (4.46–18.27)

Thomas et al.

(127)

Betel quid chewing

(not containing

tobacco)

Oral and pharyngeal

cancer

11 – 3.50 (2.16–5.65)

Pavia et al. (92) Fruit and vegetable

intake

Oral and pharyngeal

cancer

15 1 0.50 (0.38, 0.65)

Negri et al. (87) Family history

First-degree

relatives

Siblings

Head and neck

cancer

12 1.7 (1.2–2.3)

2.2 (1.6–3.1)

Syrjänen et al.

(124)

Human papilloma-

viruses

Oral and pharyngeal

cancer

OPMD

NA

NA

3.98 (2.62–6.02)

4.1 (2.3–7.7)

Thomas et al.

(128)

Betel quid (not

containing tobacco)

Oral leukoplakia 6 – 7.9 (4.3–14.6)

NA, not available.
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cosmetic additive by the Food and Drug Adminis-

tration in the USA. However, there is no direct evi-

dence for its carcinogenicity in man.

Areca nut

Areca nut is the seed of the fruit of the oriental palm

Areca catechu. Consumption is common in India, Sri

Lanka, Bangladesh, Myanmar, Taiwan and numerous

islands in the south-western Pacific, especially

Melanesia. It is also popular in parts of Thailand,

Indonesia, Malaysia, Cambodia, Vietnam, Philippines,

Laos and China, and in emigrant communities from

these countries. The tree may be native to Sri Lanka,

west Malaysia and Melanesia. It is used as a masti-

catory substance by approximately 600 million peo-

ple worldwide, an estimated 10–20% of the world�s
population (51).

The major constituents of the nut are carbohy-

drates, fat, proteins, fibre, polyphenols (flavonols and

tannins), alkaloids and minerals. The nuts contain at

least six related alkaloids, of which four (arecoline,

arecaidine, guvacine and guacoline) have been well

characterized (67).

Nitrosamines are produced by nitrosation of the

alkaloids in dried stored nuts, when in the mouth,

and especially in the acid conditions of the stom-

ach, in the presence of nitric oxide generated by

bacteria. Two of these derivatives have been found

to be carcinogenic in animal studies (51), especially

methylnitrosaminoproprionitrile. Endogenous nitro-

sation is significantly higher in subjects with poor

oral hygiene as determined by volumes of dental

plaque (83). On the basis of the availability of

substrates from both areca nut and tobacco, there

is more extensive formation of nitrosamine in

subjects with poor oral hygiene if they also chew

tobacco (13). Moreover, generation of reactive oxy-

gen species, such as the hydroxyl radical (HO), in

the oral cavity by auto-oxidation of polyphenols

contained in areca nut (a process enhanced by the

alkaline pH provided by the slaked lime) has been

reported (51, 84).

Areca nut-based industrial packaged
products

A variety of packaged areca products are now avail-

able. These are mostly manufactured in India and

Pakistan, and exported worldwide where they are

used by existing areca nut habitués and by a new

generation of users. The most common are gutka and

pan masala. Gutka is a dry, relatively non-perishable

preparation containing areca nut, slaked lime, cate-

chu, condiments and powdered tobacco. The same

mixture without tobacco is called pan masala (39).

Slaked lime

Slaked lime (calcium hydroxide) is added to betel

quids in most of South Asia. In coastal areas of Sri

Lanka and islands of the Pacific, it is obtained by

heating sea shells or harvested from corals. In inland

areas, it is quarried from limestone. When added

to betel quids, it causes erosion of oral mucous

membranes, facilitating penetration of betel quid

carcinogens through the mucosa.

Smokeless or chewing tobacco

Tobacco is often added to the quid mixture. Edible

tobacco in the Indian sub-continent is prepared from

sun-dried, partly fermented coarsely cut leaves of

Nicotiana rustica and Nicotiana tabacum without

further processing. Chewing tobacco results in local

exposure of oral mucosa to at least 16 carcinogens,

including tobacco-specific nitrosamines and polycy-

clic aromatic hydrocarbons (94). Unusually high

levels of carcinogenic tobacco-specific nitrosamines

[e.g. N-nitrosonornicotine (NNN) and 4-(methyl-

nitrosamino)-1-(3-pyridyl)-1-butanone (NNK)] were

reported in the saliva of oral snuff users in the Sudan

(47) and tobacco chewers in India (82). NNK is a

potent carcinogen, and human buccal epithelial cells

(in culture) are able to metabolize NNK: the forma-

tion of macromolecular DNA adducts following NNK

metabolism is correlated with carcinogenesis in

animal models (139).

Chewing of betel quid releases large amounts of

reactive oxygen species, especially whilst the quid is

actually present. Both tobacco-specific nitrosamines

and reactive oxygen species are major genotoxic

agents involved in oral cancer associated with use of

chewing tobacco (51). Clear dose–response relation-

ships between quid use and the risk of oral cancer

or potentially malignant oral disorders have been

demonstrated in many epidemiological studies.

Most forms of oral smokeless tobacco, e.g. �snus�
(as consumed in Scandinavia) and oral snuff in

North America, are not flue-cured, and contain rela-

tively low amounts of tobacco-specific nitrosamines.

Although controversial, many of these products are

not highly carcinogenic, and it has been suggested

that they could have a role as nicotine replacement

products, assisting in achieving smoking cessation

(35). However, it is important to remember that there
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is no such thing as safe tobacco: most smokeless

tobaccos have high levels of nicotine and are addic-

tive, and there is evidence that they can be initiators

of smoking (40). Further, they have significant car-

diovascular effects (17), and produce oral mucosal

lesions and local damage to the periodontium (55).

Contaminants

Areca nut may be contaminated with fungi such as

Aspergillus flavus, Aspergillus niger and Rhizopus spp.

Almost 40% of samples of areca nut from India

analysed using thin-layer chromatography contained

aflatoxins (49). These are established carcinogens.

Tobacco smoking

Tobacco has been identified as the leading prevent-

able cause of premature death worldwide. It is esti-

mated that 4.9 million people died of tobacco-related

illness in 2000, and it is thought that this figure will

increase to 10 million deaths per year by 2020, of

which 70% will be in developing countries (139).

Tobacco is a major independent risk factor for

development of oral and pharyngeal cancer and other

malignancies of the upper aero-digestive tract.

Tobacco is consumed in various ways: cigarettes,

cigars, hookah, beedi, reverse smoking and as

smokeless tobacco such as loose dry oral snuff or

moist snuff packed in small pouches. Tobacco smoke

contains more than 60 carcinogenic combustion

products. In particular, NNK, NNN and polycyclic

aromatic hydrocarbons have been causally linked to

upper aero-digestive tract cancer. The activity of

carcinogens is generally exerted through DNA

adducts (42, 50). Tobacco smoking and quid chewing

both cause oxidative stress to tissues, i.e. the sus-

tained presence of reactive oxygen species, which

initiate free radical reactions. Reactive oxygen species

can damage proteins, lipids, carbohydrates and DNA.

Minor DNA damage may result in mutations that

may be part of the causal chain for malignant

transformation, while sustained DNA damage may

result in further perturbations of cell-cycle control

(146).

In addition to extensive literature on the carcino-

genicity of tobacco smoke in cell and animal models,

numerous case–control and cohort studies have

confirmed its key role in human cancer, and the

super-multiplicative synergism with alcohol drinking

(115). A well-controlled meta-analysis has deter-

mined the relative risk for oral cancer in current

smokers to be 3.43 (95% confidence interval

2.37–4.94), and this risk is strongly dose-dependent

(Table 3) (31).

Alcohol

Consumption of alcohol, including so-called �binge

drinking�, is a major public health problem world-

wide. Almost 2 billion adults consume alcoholic

beverages regularly, with an average daily consump-

tion of 13 g ethanol (between one and two drinks per

day) (114). Ethanol and water are the main compo-

nents of most alcoholic beverages, which also contain

volatile and non-volatile flavour compounds. The

major alcohol-metabolizing enzymes are alcohol

dehydrogenase, which oxidizes ethanol to acetalde-

hyde, and aldehyde dehydrogenase, which detoxifies

acetaldehyde to acetate. Acetaldehyde is responsible

for the oral carcinogenic effect of ethanol, due to its

multiple mutagenic effects on DNA. Specific alco-

holic beverages have been shown to contain impu-

rities or contaminants that can also be carcinogenic.

N-nitrosodiethylamine is present in some beer and

whisky, and is associated with an increased risk of

oral cancer (89, 114). Polycyclic aromatic hydrocar-

bons, some of which are considered to be carcino-

genic, are found in many brands of whisky (89, 114).

Alcohol also acts in the following ways to promote

oncogenesis (89). Ethanol damages the phospho-

lipids of cell membranes and increases permeability.

It has been shown to enhance the penetration of

tobacco-specific carcinogens across the oral mucosa

(46). It also impairs DNA repair mechanisms, and

acts as a solvent, allowing the carcinogens from

tobacco to penetrate into tissue, possibly catalysing

their activation. Alcohol is also highly calorific. It

lessens the protective effect of beneficial foods such

as fruits and vegetables by depressing hunger.

Finally, ethanol is hepatotoxic, reducing the

effectiveness of enzyme systems central to the

detoxification of carcinogens, especially the glutha-

thione-S-transferases and cytochrome P450 systems.

Interpretation of epidemiological data on alcohol is

complex. There are many confounders. Most people

drink a variety of beverages, and accurate controlling

for tobacco, diet, socio-economic status and other

variables is challenging. A meta-analysis of 45 studies

found strong dose–response relationships: the risk

ratios were 1.29 (1.25–1.32) for consumption of 10 g ⁄
day, 1.85 (1.74–1.96) for consumption of 25 g ⁄ day,

3.24 (2.89–3.64) for consumption of 50 g ⁄ day, 5.42

(4.58–6.40) for consumption of 75 g ⁄ day, 8.61

(6.91–10.73) for consumption of 100 g ⁄ day, and

13.02 (9.87–17.18) for consumption of 125 g ⁄ day
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(Table 3) (129). In most epidemiological studies it is

the most frequently consumed alcohol in the popu-

lation concerned which is most strongly associated

with risk of oral cancer.

Mouthwashes

There is considerable interest in the possible risks of

head and neck cancer associated with use of alco-

hol-containing mouthwashes, leading some manu-

facturers to use �alcohol-free� as a marketing tool.

Epidemiological findings have not been consistent,

and whether other major risk factors, including

smoking, have been controlled for is not always easy

to ascertain from published work (26). Some reviews

have argued that daily mouthwash use may be an

independent cause of cancers of the head, neck and

oesophagus (37, 71). It is well-established that eth-

anol increases the permeability of the lining mucosa,

allowing carcinogens to penetrate more freely.

Acetaldehyde, the proximal metabolite of ethanol,

can accumulate in the mouth from bacterial action,

and, as explained above, is an established carcino-

gen. However, four case–control studies have shown

non-significant, lower or similar oral cancer risks

among self-reported mouthwash users compared to

non-users (141, 144). The most recent meta-analysis

did not demonstrate excess risk for oral cancer from

alcohol-containing mouthwashes (56, 134). However,

there is a plausible biological basis for risk associ-

ated with alcohol-containing mouthwashes, espe-

cially in smokers, and it is always prudent to

remember that �absence of evidence is not evidence

for absence�.

Diet and nutrition

Dietary factors are estimated to account for approx-

imately 30% of all cancers in Western countries (120).

This proportion is currently thought to be approxi-

mately 20% in developing countries, and is projected

to increase (143). Poor diet is a significant risk factor

for all head and neck cancers (20, 21, 32, 33, 60, 66,

68). A case–control study of laryngeal cancer in Italy

and Switzerland between 1992 and 2000 revealed that

a richness of both amount, and of variety, confers a

decreased risk of laryngeal cancer (33).

The evidence comes from case–control and cohort

studies, and from animal and in vitro experiments.

Protective and unhealthy foods are well understood,

and their avoidance forms the basis of health edu-

cation messages in most countries. The micronutri-

ents that confer benefits are also well understood.

Vitamin A and related carotenoids (in particular

b-carotene), vitamins C and E, and selenium appear

to be particularly protective against most epithelial

cancers (111, 112, 117), and much of the effect is

attributable to their antioxidant activities. Antioxi-

dants act by reducing free radical reactions that can

cause DNA mutations and changes in lipid peroxi-

dation of cellular membranes (135). Other protective

roles of micronutrients include modulation of car-

cinogen metabolism, maintenance of appropriate

cell differentiation, inhibition of cell proliferation

and oncogene expression, maintenance of immune

function and inhibition of formation of endogenous

carcinogens (146).

A recent meta-analysis on oral cancer, based on 15

case–control studies and one cohort study, utilized

diet data from nearly 5,000 subjects. The analysis

estimated that each portion of fruit or vegetables

consumed per day reduced the risk of oral cancer by

around 50% (Table 3) (92). A large prospective study,

published since this meta-analysis, showed a smaller

significant risk reduction for oral cavity cancer of

26% for each additional serving of vegetables, but no

association for fruit intake (30). Similar effects have

been demonstrated for oral potentially malignant

disorders: in a population-based case–control study

in Japan comprising 48 cases of oral leukoplakia and

192 control subjects, serum levels of lycopene and

b-carotene were significantly lower in those with

leukoplakia; logistic regression showed that high

levels of b-carotene were related to lower risk of oral

leukoplakia (odds ratio = 0.16) (81).

Intervention studies are also encouraging in this

respect. In a major double-blind placebo-controlled

trial in Kerala, India (105), up to one third of subjects

showed regression of oral leukoplakias after 12

months of supplementation with oral b-carotene.

Extensive studies from the MD Anderson Cancer

Centre in the USA are progressively identifying the

most effective combinations of antioxidants for

regression of oral potentially malignant disorders and

prevention of recurrences and second primary neo-

plasms in head and neck cancer, although it should

be recognized that these agents do not always pre-

vent progression of oral potentially malignant disor-

ders to overt cancer (90).

There is current interest in the protective effects of

tea, especially green tea, which contains high levels of

polyphenols (130). These are powerful antioxidants

that are able to counteract both initiation and pro-

motion of carcinogenesis (135). Similarly, studies are

being performed using curcumin – the active anti-

oxidant of the common culinary spice turmeric (22).
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Genetic predisposition

There is some evidence for a minor role of inher-

ited, genetic predisposition in upper aero-digestive

tract cancers, related to polymorphisms in carcino-

gen-metabolizing enzyme systems (125). A recent

meta-analysis pooled individual-level data across 12

case–control studies including 8,967 head and neck

cancer cases and 13,627 controls. After adjusting for

confounding by age, sex, education, race ⁄ ethnicity,

tobacco and alcohol, family history of head and

neck cancer in first-degree relatives increased the

risk (odds ratio = 1.7, 95% confidence interval

1.2–2.3). The risk was higher when the affected

relative was a sibling (odds ratio = 2.2, 95% confi-

dence interval 1.6–3.1) rather than a parent (odds

ratio = 1.5, 95% confidence interval 1.1–1.8), and for

more distal head and neck sites (hypopharynx and

larynx). The odds ratio increased to 7.2 (95% con-

fidence interval 5.5–9.5) among subjects with a

family history who were alcohol and tobacco users.

No association was observed for family history of

non-tobacco-related neoplasms and the risk of head

and neck cancer (odds ratio = 1.0, 95% confidence

interval 0.9–1.1) (87). Rare cancer syndromes can

involve the head and neck, such as Cowden syn-

drome, caused by mutations in the tumour sup-

pressor gene phosphatase and tensin homolog

(PTEN), and dyskeratosis congenita, in which white

oral lesions in young people have a risk of malig-

nant transformation (41).

Microorganisms

Microorganisms have been implicated in the aetiol-

ogy of oral leukoplakia for more than a century,

beginning with the classic dorsal leukoplakia of

syphilitic glossitis. Today tertiary syphilis is rare, but

the fungus Candida albicans, a common oral com-

mensal, is frequently found invading the upper epi-

thelium in histological sections of leukoplakia, more

so in the mouth than the pharynx or larynx (19), and

this involvement is associated with a higher risk of

malignant transformation (44). The terms �candidal

leukoplakia� and �hyperplastic candidiasis� have been

used to describe such lesions.

It is now clear that high-risk human papillomavirus

genotypes, particularly human papillomaviruses 16

and 18, are important co-factors, especially in can-

cers of the tonsils and elsewhere in the oropharynx.

The current state of knowledge is covered extensively

elsewhere (4, 18). A meta-analysis by the Fifth

World Workshop on Oral Medicine reviewed 1,121

published studies of oral lesions. The odds ratio for

association with high-risk human papillomaviruses

and oral cancer was 4.0 (2.62–6.02) and that for oral

potentially malignant disorders was 4.1 (2.3–7.7)

(124).

The role of bacteria in the aetiology of upper aero-

digestive tract cancers is currently receiving more

attention (72). Endogenous production of acetalde-

hyde and reduction of nitrate to nitrites by oral flora

is higher in drinkers with poor oral hygiene (45).

Understanding the role of the oral flora is certainly

important in management of the distressing muco-

sitis that is frequently associated with cancer therapy.

Air pollution

Part of the urban ⁄ rural difference in the incidence of

head and neck cancer has been related to atmo-

spheric pollution. For example, mean sulfur dioxide

and smoke concentrations in the atmosphere were

positively correlated with squamous cancer of the

larynx, and, to a lesser extent, the pharynx in data

collected in the West Midland region of England

between 1950 and 1990 (133).

Indoor air pollution resulting from the use of solid

fuels such as wood, crop residue, animal dung and

coal for cooking and heating is a significant health

problem in many developing countries, where a

greater proportion of people use such fuels, fre-

quently in poorly ventilated areas. Many studies have

identified indoor air pollution as a risk factor for head

and neck cancer (24, 106), and a recent monograph

by the International Agency for Research on Cancer

has identified indoor air pollution from burning coal

as a known human carcinogen, with that from other

biomass (primarily wood) being identified as proba-

ble human carcinogens (52). Studies in China and

Brazil have reported exposure to wood smoke as a

risk factor for oral cancer (29), nasopharyngeal cancer

(148) and cancer of the upper aero-digestive tract

(96).

Solar radiation

Prolonged exposure to sunlight represents an

important risk for the development of squamous cell

carcinoma of the lip in people with fair complexions

and those with outdoor occupations. Usually the

lower lip is involved because it receives more direct

sunlight (9). Such evidence comes from many coun-

tries, including those at high latitudes with clean air

through which ultraviolet light penetrates easily, such

as Finland (98) or Sweden (140), and from countries
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closer to the equator with regular long hours of

sunshine such as rural Greece, where lip cancer

accounts for 60% of oral cancers (6), and in India, for

example in fishermen (104), although some protec-

tion may exist in darker-skinned races or individuals.

In Finland, the increased risk for lip cancer is con-

founded by smoking and social class whereas that for

oral cavity and pharynx is not; at these latter sites,

alcohol was a much stronger contributor than

tobacco (99). A study from California shows that the

risk for women is strongly related to lifetime solar

radiation exposure, but lipstick and other sunscreens

are protective (97). There is some concern that

modern cosmetic lip glosses may enhance UV dam-

age to the lips, including increased risk of cancer (97).

Decreases in the incidence of lip cancer have been

interpreted as being due to reduced occupational

exposure to sunlight and reduced pipe and cigar

smoking (1, 58).

Concluding remarks
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