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1. ORAL CANCER AND ORAL POTENTIALLY
MALIGNANT DISORDERS

1.1 Anatomy of the oral cavity and
the oropharynx

1.1.1 Anatomy of the oral cavity

The oral cavity is the entrance to the gastroin-
testinal tract. It is bounded anteriorly by the lips,
posteriorly by the faucial arches anterior to the
tonsils, laterally by the cheeks (buccal mucosae),
superiorly by the palate, and inferiorly by the
muscular floor. The space between the labial
mucosae of the lips or the buccal mucosae of the
cheeks and the teeth is defined as the oral vesti-
bule (labial or buccal vestibule) (Fig. 1.1).

The oral mucous membrane is covered by the
stratified squamous epithelium, which comprises
four different layers and protects the inside of the
oral cavity. The oral mucosa is subdivided into
masticatory mucosa (keratinized), lining mucosa
(non-keratinized), and specialized mucosa. The
mucosa has the capacity to undergo constant
regeneration (Sinnatamby, 2011; Nanci, 2017
Berkovitz et al., 2018; Standring, 2020).

The subsites of the oral cavity are described
below according to the International Clas-
sification of Diseases for Oncology (ICD-O)
coding: lip (C00), tongue (C02), gingivae (C03),
floor of the mouth (C04), palate (C05), and buccal
mucosa and oral commissures (C06).

(a) Lips

The lips surround the oral aperture, marking
the external boundary of the mouth, and are
used for speech, mastication, swallowing, and
controlling the size of the oral aperture.

The upper lip extends from the inferior
border of the nose and laterally up to the naso-
labial grooves. The lower lip is bordered by the
labiomental groove. The upper and lower lips
meet at the oral commissures.

The lips are composed of a muscle that
is covered externally by skin and internally
by non-keratinized labial mucosa, with the
vermilion zone in between. The vermilion zone
has keratinized epithelium and is highly vascu-
larized and densely innervated. Numerous
mucous glands are present on the labial mucosa.
The lymphatic drainage of the lips is primarily to
the submandibular lymph nodes and to a lesser
extent to the submental, intraparotid, or internal
jugular lymph nodes (Sinnatamby, 2011; Nanci,
2017; Berkovitz et al., 2018; Standring, 2020).

(b) Tongue

The tongue is a muscular organ that occu-
pies the floor of the mouth. It is attached to the
mandible (lower jawbone) and the hyoid bone by
the root. The anterior two thirds of the structure
is free to move.

The dorsum is divided into an anterior oral
part and a posterior pharyngeal part, which
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Fig. 1.1 Anatomy of the oral cavity
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forms the base of the tongue. The anterior two
thirds of the dorsum is covered by specialized
mucosa that contains numerous papillae, some of
which bear taste buds. The posterior third slopes
down towards the epiglottis and has a nodular
appearance because of the underlying lingual
tonsils. Two other important anatomical areas of
the tongue are the lateral borders and the ventral
surface (undersurface) of the tongue.

The extrinsic muscles stabilize and move
the tongue, and the intrinsic muscles maintain
its shape. The main functions of the tongue are
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mastication, swallowing, speech, oral cleansing,
and taste.

The tongue is highly vascularized; lingual
veins are visible on the inferior surface. The
anterior two thirds of the tongue drains into
the submental and submandibular nodes, which
empty into the deep cervical lymph nodes. The
posterior third of the tongue drains directly into
the deep cervical lymph nodes. The lymphatic
drainage is significant because some areas of the
tongue drain into bilateral cervical lymph nodes
(Sinnatamby, 2011; Nanci, 2017; Berkovitz et al.,
2018; Standring, 2020).
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(c)  Gingivae (gums)

The gingiva is the highly keratinized mucosa
that immediately surrounds the neck of an
erupted tooth and is firmly attached to the alve-
olar margins of the jaws. At the gingival crest,
the epithelium slopes towards the tooth to form
a sulcus and is attached to the tooth surface.
The part of the gingiva facing the oral cavity is
masticatory mucosa, and the change from alve-
olar mucosa to gingival mucosa is identifiable by
an abrupt colour change of the tissue. Healthy
gingiva has some stippling on its surface. The
lymphatic drainage of the gingivae is to the
submandibular lymph nodes. In addition, the
lower anterior gingiva drains into the submental
nodes (Sinnatamby, 2011; Nanci, 2017; Berkovitz
et al., 2018; Standring, 2020).

(d)  Floor of the mouth

The floor of the mouth is a horseshoe-shaped
region situated between the movable part of the
tongue and the mylohyoid muscles. The lingual
frenulum is a mucosal fold that arises near the
base of the tongue and extends onto the infe-
rior surface of the tongue. The protuberance
at the anterior floor of the mouth is called the
sublingual papilla or caruncle; this is where the
submandibular salivary ducts open into the oral
cavity. On either side laterally and backward are
the sublingual folds, which cover the subman-
dibular ducts and the sublingual salivary glands.
The covering epithelium is non-keratinized and
is much thinner than for other subsites of the
oral cavity. The lymphatic drainage is mainly
to the submandibular lymph nodes; the ante-
rior part drains into the submental nodes
(Sinnatamby, 2011; Nanci, 2017; Berkovitz et al.,
2018; Standring, 2020).

(e)  Hard palate

The palate forms the roof of the oral cavityand
consists of two parts: the hard palate and the soft
palate. The hard palate is part of the oral cavity,
and the soft palate is part of the oropharynx.

The palatine processes of the maxillae (upper
jawbone) and the horizontal plates of the palatine
bones form the hard palate, which is bounded
anteriorly by the maxillary teeth (upper teeth)
and continues posteriorly to the soft palate. The
palatine raphe extends anteroposteriorly in the
midline, and an irregular set of rugae radiates
from it in the anterior part of the hard palate.
The incisive papilla lies at the anterior end of
the hard palate, which contains the opening of
the incisive canal. The hard palate has a thick
keratinized mucosa, which is tightly bound to
the periosteum anteriorly and contains minor
salivary glands in the posterior submucosa.
The lymphatic drainage is primarily to the deep
cervical lymph nodes (Sinnatamby, 2011; Nanci,
2017; Berkovitz et al., 2018; Standring, 2020).

(f)  Buccal mucosa

The buccal mucosa is the mucosal lining of
the cheeks, extending from the line of contact
of the opposing lips to the pterygomandibular
raphe. It extends to the line of attachment of the
alveolar mucosa superiorly and inferiorly, which
forms the anterolateral boundary of the oral
vestibule. The buccal mucosa has a non-kerati-
nized epithelium and is firmly attached to the
underlying muscle. The submucosa contains
minor salivary glands. A white line coinciding
with the occlusal plane, called the linea alba, may
be present. The parotid ducts of the parotid gland
on either side pierce the buccal mucosa opposite
the second maxillary molar tooth and present
as the parotid papillae. The lymphatic drainage
is primarily to the submandibular lymph nodes
(Sinnatamby, 2011; Nanci, 2017; Berkovitz et al.,
2018; Standring, 2020).
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Fig. 1.2 Anatomy of the pharynx

Nasopharynx

Pharynx —

Hypopharynx !

Trachca ————e

Oral cavity

© Nicolas Primola/Shutterstock.com

1.1.2 Anatomy of the oropharynx and the
soft palate

The oropharynx is a tube-shaped fibromus-
cular structure behind the oral cavity, contin-
uous with the nasopharynx superiorly and the
hypopharynxinferiorly (Fig. 1.2). The oropharynx
has functional roles in both the respiratory
system and the digestive system. It extends from
the lower surface of the soft palate to the upper
border of the epiglottis and communicates
with the oral cavity anteriorly. The posterior
wall of the oropharynx is formed by the three
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constrictor muscles. The palatine tonsils project
into the lateral wall of the oropharynx from the
tonsillar fossa. The oropharynx is covered by a
non-keratinized stratified squamous epithelium
(Sinnatamby, 2011; Nanci, 2017; Berkovitz et al.,
2018; Standring, 2020).

The soft palate is a mobile flap that extends
backward from the hard palate and fuses with
the lateral wall of the oropharynx. It is made
up of five paired muscles and an aponeurosis.
The soft palate can be raised to make contact
with the posterior wall of the oropharynx to
close off the nasopharynx during swallowing.
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The non-keratinized mucosa covers the oral
side and the posterior part of the nasal side,
and the respiratory mucosa covers the anterior
part of the nasal side. The submucosa of both
surfaces contains mucous glands and taste buds.
Lymphoid follicles are scattered on the oral
surface. The uvula hangs down at the midline
of the posterior end of the soft palate and helps
in phonation (Sinnatamby, 2011; Nanci, 2017
Berkovitz et al., 2018; Standring, 2020).

1.2 Global burden of oral cancer,
oropharyngeal cancer, and oral
potentially malignant disorders

1.2.1 Oral cancer and oropharyngeal cancer

(a)  Global incidence and mortality

Oral cancer, along with oropharyngeal
cancer, is among the most common cancer types
globally.

In 2020, there were an estimated 377 713
new cases of oral cancer worldwide, with global
age-standardized incidence rates (ASIR) of 6.0
per 100 000 men and 2.3 per 100 000 women.
There were an estimated 177 757 deaths from oral
cancer, with global age-standardized mortality
rates (ASMR) of 2.8 per 100 000 men and 1 per
100 000 women.

In 2020, there were an estimated 98 412 new
cases of oropharyngeal cancer worldwide, with
global ASIR of 1.8 per 100 000 men and 0.4 per
100 000 women. There were an estimated 48 143
deaths from oropharyngeal cancer, with global
ASMR of 0.89 per 100 000 men and 0.17 per
100 000 women (Ferlay et al., 2020).

For both oral cancer and oropharyngeal
cancer, the incidence increases with age (Fig. 1.3).

(b)  Geographical variations in incidence and
mortality

In 2020, the incidence rates of oral cancer
(including lip cancer) were highest in Melanesia
and South Asia (Ferlay et al., 2020; Miranda-
Filho and Bray, 2020). The rates (ASIR, per
100 000, in both sexes) were highest in Papua
New Guinea (21.2), followed by Pakistan (10.1),
India (9.8), Sri Lanka (9.7), and Bangladesh (9.5)
(Ferlay et al., 2020). For oral cancer mortality
rates, the pattern was similar. The rates (ASMR,
per 100 000, in both sexes) were highest in Papua
New Guinea (8.3), followed by Pakistan (6.4),
Bangladesh (5.6), India (5.4), and Sri Lanka (4.5)
(Ferlay et al., 2020) (Fig. 1.4).

Both ASIR and ASMR were consistently
higher in men than in women across the world
(Ferlay et al., 2020; Miranda-Filho and Bray,
2020).

In 2020, the incidence rates of oropharyn-
geal cancer were highest in Europe. The rates
(ASIR, per 100 000, in both sexes) were highest in
Denmark (5.0), France (4.3), and Romania (4.3).
For oropharyngeal cancer mortality, the rates
(ASMR, per 100 000, in both sexes) were highest
in Slovakia (2.5), followed by the Republic of
Moldova (2.3) and Romania (2.3) (Ferlay et al.,
2020).

(c) Socioeconomic status

For oral cancer (including lip cancer), the
ASIR and ASMR were highest in countries with
medium levels of the Human Development
Index (HDI); for oropharyngeal cancer, the
ASIR was highest in countries with very high
HDI, and the ASMR was highest in countries
with medium HDI (Ferlay et al., 2020) (Fig. 1.5).
HDI was found to be negatively associated with
the annual percentage change in the ASIR and
ASMR for oral cancer (Ren et al., 2020).

A meta-analysis of 41 case—control studies
revealed that low socioeconomic status increased
the risk of oral cancer (pooled adjusted odds
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Fig. 1.3 Age-specificincidence curves in the world population for oral cancer (A) and

oropharyngeal cancer (B), 2020
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From Ferlay et al. (2020).

ratio [OR], 3.41; 95% confidence interval [CI],
2.14-5.44; n = 2), as did low occupational
social class (pooled adjusted OR, 1.41; 95% CI,
1.10-1.79; n = 4) and low educational attainment
(pooled adjusted OR, 1.74; 95% CI, 1.33-2.27;
n = 17) (Conway et al., 2008). A large pooled
analysis by the International Head and Neck
Cancer Epidemiology (INHANCE) consortium
found an association between low educational
attainment and increased risk of oral cancer
(OR, 1.33;95% CI, 1.02-1.75) and oropharyngeal
cancer (OR, 1.88;95% CI, 1.23-2.88), independent
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of age, sex, centre, cigarette smoking, and alcohol
consumption (Conway et al., 2015).

(d) Time trends in incidence

During the past two decades, incidence rates
of oral and oropharyngeal cancers combined
have decreased in several countries in North
America, South-East Asia, and Europe, espe-
cially in males. However, in females, incidence
rates have increased mainly in the European
countries, and in males, incidence rates have
increased in the United Kingdom, Japan, and
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Fig.

1.4 Global distribution of estimated age-standardized (World) incidence rates (A) and

mortality rates (B) per 100 000 for oral cancer in both sexes, 2020
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Fig. 1.5 Estimated age-standardized (World) incidence and mortality rates per 100 000 for oral
cancer (A) and oropharyngeal cancer (B), by Human Development Index (HDI) level, 2020
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Fig. 1.6 Time trends in age-standardized (World) incidence rates per 100 000 for oral cancer and
oropharyngeal cancer combined, by country, in males (red) and females (green)
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Fig. 1.6 (continued)
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Czechia (Fig. 1.6; Bosetti et al., 2020; Ferlay et al.,
2020; Lin, 2020). Incidence rates of oropharyn-
geal cancer specifically have increased in several
countries in the Americas, Europe, and Asia,
especially in males (Bosetti et al., 2020; Menezes
et al., 2021).

In most countries, incidence rates of can-
cer of the oral cavity (excluding the lip and
the tongue) have decreased more in males
than in females. In females, incidence rates
have decreased in Thailand, Colombia, and
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India (Fig. 1.7; Miranda-Filho and Bray, 2020).
Incidence rates of tongue cancer have increased
in the USA and Thailand (Argirion et al., 2019;
Kim and Kim, 2020).

(e)  Projections of incidence and mortality

Table 1.1 shows estimates of the incidence
and mortality for oral cancer and oropharyn-
geal cancer in 2020 and projected to 2040, by
HDI category and overall. Globally, the projected
increase from 2020 to 2040 in the estimated
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Fig. 1.7 Estimated annual percentage change (EAPC) of the trends in age-standardized rates of
mouth cancer in selected registry populations by sex, in 1998-2012, sorted in descending order

according to EAPC in men
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number of new cases per year is 49.6% for oral
cancer and 40.2% for oropharyngeal cancer. For
both oral cancer and oropharyngeal cancer, the
highest increases by 2040 in the numbers of new
cases and deaths are expected to occur in coun-
tries with low HDI (Table 1.1) (Ferlay et al., 2020).

(f)  Lip cancer

Incidence rates of lip cancer are relatively
high in certain parts of the world as a result

of excessive exposure to ultraviolet radiation
from sunlight. The incidence rates are highest
in Australia in both sexes, followed by Spain
and Poland in males and the Netherlands and
Norway in females (Fig. 1.8A). Although inci-
dence rates of lip cancer have decreased in most
countries, incidence rates have increased in
females in Germany, the Netherlands, Norway,
China, Slovakia, and Japan and in males in
India (Fig. 1.8B; Miranda-Filho and Bray, 2020).
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Table 1.1 Global burden of oral cancer and oropharyngeal cancer: estimated annual numbers of
incident cases and deaths, by HDI category and overall, in 2020 and projected to 2040

HDI category® Population in 2020 Number of new cases Increase Number of deaths Increase
(millions) (%) (%)
2020 2040 2020 2040
Oral cancer
Very high HDI 1564 118 036 147 172 24.7 37 048 48 590 31.2
High HDI 2909 72 418 112 182 54.9 34765 57 958 66.7
Medium HDI 2327 177 018 285228 61.1 99 662 161 437 62.0
Low HDI 990 10 126 20 163 99.1 6251 12 554 100.8
World 7791 377 598 564 745 49.6 177 726 280 539 57.8
Oropharyngeal cancer
Very high HDI 1564 47 971 56 233 17.2 18 592 23522 26.5
High HDI 1564 20 614 30 097 46.0 11 248 17 532 55.9
Medium HDI 2327 27932 47 869 71.4 17 053 29 241 71.5
Low HDI 990 1839 3727 102.7 1230 2510 104.1
World 7791 98 356 137 926 40.2 48 123 72 805 51.3

HDI, Human Development Index.

a The four tiers of HDI are: low (< 0.55), medium (= 0.55 to < 0.7), high (= 0.7 to < 0.8), and very high (= 0.8).

Created using data from Ferlay et al. (2020).

1.2.2 Oral potentially malignant disorders

An oral potentially malignant disorder
(OPMD) is defined as any oral mucosal
abnormality that is associated with a statisti-
cally increased risk of developing oral cancer
(Warnakulasuriya et al., 2007). OPMDs share
common risk factors with invasive carcinoma
of the oral cavity. OPMDs include leukoplakia,
erythroplakia, oral submucous fibrosis, oral
lichen planus, actinic keratosis (actinic cheilitis),
palatal lesion in reverse smokers (in reverse
smoking, the smoker places the lit end of the
cigarette, rather than the unlit end, into their
mouth and inhales the smoke), oral lupus erythe-
matosus, dyskeratosis congenita, oral lichenoid
lesion, and oral graft-versus-host disease (Warna-
kulasuriya and Greenspan, 2020).

The overall global prevalence of OPMDs is
4.47% (95% CI, 2.43-7.08%), with geographical
variations; the highest prevalence is observed in
Asia (10.54%; 95% CI, 4.60-18.55%), followed by
South America and the Caribbean (3.93%; 95%
CI, 2.43-5.77%), the Middle East (3.72%; 95%
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Cl, 2.91-4.67%), and Europe (3.07%; 95% CI,
1.64-4.93%) (Mello et al., 2018).

Globally, the highest prevalence is observed
for oral submucous fibrosis (4.96%; 95% CI,
2.28-8.62%). Other common OPMDs include
leukoplakia (4.11%; 95% CI, 1.98-6.97%), actinic
cheilitis (2.08%; 95% CI, 0.94-3.67%), erythro-
plakia (0.17%; 95% CI, 0.07-0.32%) (Mello et al.
2018), and oral lichen planus (1.01%; 95% CI,
0.74-1.32%) (Gonzalez-Moles et al., 2021).

1.3 Oral neoplasia

1.3.1 Classification and natural history of
OPMDs and oral cancer

Oral cancer includes cancers of the lip, other
and unspecified parts of the tongue (excluding
the lingual tonsils), gum, floor of the mouth,
palate, and other and unspecified parts of the
mouth (Conway et al., 2018).

The term OPMD was introduced in 2005,
replacing the terms “oral precancerous/premalig-
nant lesions and conditions” (Warnakulasuriya
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Fig. 1.8 (A) Bar chart of age-standardized incidence rates of lip cancer in selected countries, by
sex, all ages, in 2008-2012. (B) Estimated annual percentage change (EAPC) of the trends in age-
standardized rates of lip cancer in selected registry populations by sex, in 1998-2012, sorted in

descending order according to EAPC in men
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et al., 2007). OPMDs comprise a wide range of
disorders (Box 1.1) with varying rates of malig-
nant transformation into oral cancer, of which
oral squamous cell carcinoma (OSCC) is the most
common type (Holmstrup et al., 2006; Speight
etal., 2018; Farah et al., 2019). In 2020, the World
Health Organization (WHO) Collaborating
Centre for Oral Cancer recommended a list of
OPMDs, which include leukoplakia, prolifera-
tive verrucous leukoplakia (PVL), erythroplakia,
oral submucous fibrosis, oral lichen planus
(OLP), actinic keratosis (actinic cheilitis), nico-
tinic stomatitis in reverse smokers, oral lupus
erythematosus, and dyskeratosis congenita. Oral
lichenoid lesion and oral graft-versus-host dis-
ease were added to the list on the basis of the avail-
able evidence on their malignant potential (de

Aradtjo et al., 2014; Gonzalez-Moles et al., 2019;
Warnakulasuriya and Greenspan, 2020). The
diagnosis of an OPMD significantly increases
the risk of developing oral cancer during a life-
time (Warnakulasuriya et al., 2007; Reibel et al.,
2017; Speight et al., 2018; Warnakulasuriya and
Greenspan, 2020).

(a)  Clinical presentation of OPMDs

Leukoplakia is a predominantly white plaque
of questionable risk having excluded other
known diseases that carry no increased risk
of cancer (Warnakulasuriya et al., 2007). This
OPMD has a wide range of clinical appear-
ances, ranging from homogeneous to non-ho-
mogeneous, including nodular leukoplakia,
verrucous leukoplakia, and erythroleukoplakia
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Box 1.1 Classified oral potentially malignant disorders (OPMDs)

Erythroplakia

Erythroleukoplakia

Leukoplakia

Proliferative verrucous leukoplakia
Oral submucous fibrosis

Palatal lesion associated with reverse smoking
Oral lichenoid lesion®

Oral lichen planus

Actinic keratosis (actinic cheilitis)
Smokeless tobacco keratosis®

Oral graft-versus-host disease

Oral lupus erythematosus

Familial cancer syndromes including Fanconi anaemia, dyskeratosis congenita, xeroderma pigmentosum, Li-Fraumeni
syndrome, Bloom syndrome, ataxia—telangiectasia, and Cowden syndrome

b Risk varies with tobacco type.

2 Oral lesion resembling lichen planus but lacking typical clinical or histopathological appearances.

Adapted from WHO Classification of Tumours Editorial Board (2023).

(Warnakulasuriya and Greenspan, 2020). Several
other white lesions should be excluded to arrive
at the clinical diagnosis of leukoplakia, such as
white sponge naevus, acute pseudomembranous
candidiasis, frictional keratosis, OLP, chronic
hyperplastic candidiasis, leukoedema, chem-
ical injury, uremic stomatitis, nicotinic stoma-
titis, skin grafts, and oral hairy leukoplakia
(Warnakulasuriya, 2018).

Proliferative verrucous leukoplakia presents
as multiple white patches at different sites in the
oral cavity (usually on the gingiva, palate, and
alveolar mucosa), with a preponderance in elderly
women. PVLs start as flat lesions, and most of
them progress to a verrucous appearance. In the
early stages, PVL may mimic OLP clinically and
histologically (McParland and Warnakulasuriya,
2021; Thompson et al., 2021).

Erythroplakia is a predominantly fiery red
patch that cannot be characterized clinically
or pathologically as any other definable disease
(Warnakulasuriya et al., 2007). Other definable
red lesions should be excluded to arrive at the
clinical diagnosis of erythroplakia, such as
erythematous candidiasis, inflammatory condi-
tions, denture-induced stomatitis, erythema
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migrans, desquamative gingivitis, erosive OLP,
oral lupus erythematosus, and vesiculobullous
disorders (Reichart and Philipsen, 2005).

Most lesions of oral lichen planus present as
white striae (reticular or annular) or plaques;
some have papular, atrophic, erosive, bullous, or
ulcerative features. The lesions are usually present
bilaterally (Warnakulasuriya and Greenspan,
2020). Incipient PVL often mimics OLP lesions
both clinically and histologically (Gilligan et al.,
2021); this leads to diagnostic challenges.

Common signs and symptoms of oral
submucous fibrosis are a burning sensation
when eating spicy food, diffuse blanching of oral
mucosa, and restricted mouth opening. In addi-
tion, restriction in tongue movement, palpable
fibrous bands, a leathery feeling of the mucosa,
depapillation of the tongue, shrunken uvula, and
sunken cheeks are present to various degrees
(Tilakaratne et al., 2006).

(b)  Histopathological spectrum of OPMDs

Histopathological features vary depending
on the type of OPMD. However, the presence of
variable levels of epithelial dysplasia is the most
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important histopathological feature common to
all OPMDs, and this is a fairly reliable biological
marker, which guides treatment stratification
based on the risk of malignant transformation.
Epithelial dysplasia in the oral mucosa is graded
into three categories: mild, moderate, and severe.
Grading of epithelial dysplasia using this scale is
subjective and leads to significant intra-examiner
and inter-examiner variability (Tilakaratne etal.,
2019). In 2017, the fourth edition of the WHO
Classification of Head and Neck Tumours intro-
duced a new binary grading system: low-risk and
high-risk epithelial dysplasia (Reibel et al., 2017).

The histopathological spectrum of leuko-
plakias varies from cases of keratosis without
dysplasia to mild, moderate, or severe dysplasia.
Erythroplakia is a high-risk lesion because most
cases at diagnosis are either severe epithelial
dysplasia or in situ OSCC. PVL is a lesion with
minimal dysplasia, although about 50% of PVLs
transform into OSCC. Early cases of PVL have
histopathological features similar to those of
OLP, which maylead to misdiagnosis (Thompson
et al., 2021). OLP has orthokeratinized or para-
keratinized surface epithelium with a band-like
lymphocytic infiltrate in the upper corium and
associated basal cell destruction and apoptosis.
Epithelial dysplasia may be present in a minority
of OLP lesions, and this feature increases the
risk of malignant transformation. Oral submu-
cous fibrosis has characteristic histopathological
features, such as atrophy of the surface epithelium
and hyalinization and fibrosis of the submucosa,
which extend deep into the underlying connec-
tive tissue and muscle as the disease progresses.
Atrophic surface epithelium may have features of
epithelial dysplasia in some cases (Utsunomiya
et al., 2005).

(c)  Malignant transformation of OPMDs

OPMDs are a heterogeneous group of lesions,
and the rates of transformation to cancer vary
from 1.4% to 49.5% (locca et al., 2020). Rates
of malignant transformation of OPMDs vary

substantially depending on the study population,
risk habits, and site in the oral cavity, and from
study to study (Reibel, 2003; Bouquot et al., 2006;
Napier and Speight, 2008).

PVL and erythroplakia have the highest
malignant transformation rates (30-50%), and
OLP has the lowest (~1-2%) (Warnakulasuriya
and Greenspan, 2020). The risk of transforma-
tion of leukoplakia depends on the clinical type
and grade of epithelial dysplasia (Mehanna et al.,
2009). Globally, the malignant transformation
rate for leukoplakia was reported as 1.36% per
year (95% CI, 0.69-2.03%) by Petti (2003) and as
9.8% (95% CI, 7.9-11.7%) in the systematic review
and meta-analysis by Aguirre-Urizar et al.
(2021) based on 5-year data. The natural history
of leukoplakia is a dynamic rather than a static
process with respect to malignant transforma-
tion. The malignant transformation rates of oral
submucous fibrosis vary widely across studies,
ranging from 7% to 13% (Tilakaratne et al., 2006;
Ekanayaka and Tilakaratne, 2016).

Over time, OPMDs may persist unchanged,
increasein size, regressin size, or even completely
resolve (Fig. 1.9), which has been shown in many
follow-up studies (Mehta et al., 1972; Gupta et al.,
1980; Silverman et al., 1984; Holmstrup et al.,
2006; Speight et al., 2018; Farah et al., 2019). Even
in the absence of significant epithelial dysplasia,
some OPMDs can progress to OSCC with time;
therefore, lifetime clinical follow-up is highly
recommended (Villa et al., 2019).

(d)  Clinical features of oral cancer

The clinical features of oral cancer vary
depending on the site and the stage of clinical
presentation (Bagan et al., 2010; Dissanayaka et

al., 2012). The two most common sites for oral
cancer are the tongue and the buccal mucosa.
Other sites of involvement are the floor of
the mouth, the gingivae, and the palate
(Warnakulasuriya, 2009). The lesions have a
variable size, ranging in diameter from a few
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Fig. 1.9 Natural history of oral potentially malignant disorders and oral cancer
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Fig. 1.10 Molecular events in the natural history of oral cancer
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millimetres to several centimetres in advanced from an OPMD. The base of ulcerated tumours

cases. is indurated, and the surrounding mucosa has
In the initial stages, oral malignant lesions everted margins because of proliferation of the
present as well-demarcated erythroleukoplakic epithelium. Early cancers are asymptomatic, but
lesions consisting of red, white, or red and advanced tumours can be very painful. Tongue
white areas with a slight roughness along with cancer causes difficulty in swallowing and
reduced elasticity or induration of the soft tissue. ~ speaking, and restricted movements. Cancer of
As the disease advances, there is ulceration and/  the buccal mucosa can lead to severe trismus
or nodularity and fixation to underlying tissues. ~ when it has invaded into muscles. Enlarged and
The tumours can be either exophytic or endo- fixed cervical lymph nodes due to locoregional
phytic, and many of them may have residual spread is alate presentation of the disease (Bagan
red and white areas or a nodular and/or gran- et al., 2010).
ular appearance, indicating their possible origin
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(e)  Histopathology of oral cancer

The histopathological hallmark of OSCC is
the invasion of malignant epithelial cells into the
underlying connective tissue. When the tumour
cells resemble the surface normal squamous
epithelium, with marked keratin formation,
the cancer is categorized as well-differentiated
OSCC. At the other end of the spectrum, when
the tumour cells do not bear any resemblance
to the squamous cells and there is no evidence
of keratin formation, the cancer is categorized
as poorly differentiated OSCC. The tumours in
between these two extremes are categorized as
moderately differentiated OSCC. In addition to
the conventional types, some subtypes of OSCC
have also been described; these include basaloid,
adenoid (acantholytic), adenosquamous, papil-
lary, spindle cell, cuniculatum, and verrucous
carcinoma.

Histopathological parameters that must
be contained in a pathology report include the
level of differentiation, vascular and perineural
invasion, pattern of invasion, depth of invasion,
and immune response. In addition, the clearance
distance of excision margins and lymph node
status should be included in a report of surgical
excision of the primary tumour with neck dissec-
tion (i.e. removal of the lymph nodes in the neck).
Numerous molecular events have been described
with respect to oral carcinogenesis (Dionne et al.
2015; Nikitakis et al., 2018; Farah, 2021; Fig. 1.10).

(f)  Prognosis of oral cancer

Prognosis of oral cancer depends on multiple
factors, including tumour-, host-, and treat-
ment-related factors. The most significant prog-
nostic factors are the stage of disease, depth of
invasion, pattern of invasion, lymphovascular
invasion, nodal status, and distant metastases
(Dissanayaka et al., 2012; De Silva et al., 2018).
The stage at diagnosis and the mortality rate vary
according to the primary site of the tumour; for
example, cancer of the lower lip is often diagnosed
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at an early stage, and the highest mortality rate is
reported in patients with tongue cancer (Suetal.,
2019). Positive regional lymph nodes, particu-
larly with extracapsular spread, have a direct
negative effect on prognosis (Abdel-Halim et al.,
2021). Although the 5-year survival rate of OSCC
is reported to be about 50%, recent data show an
improvement to 66% in some centres (Liu et al.
2021).

1.3.2 Stage at diagnosis and stage-related
survival

Prognosis of cancers of the lip, oral cavity,
and oropharynx depends mainly on the stage of
the disease at diagnosis. Table 1.2 shows survival
rates for these cancer types by country or terri-
tory in five continents in 2006-2014 (IARC,
2022). Heterogeneity across countries is high;
5-year survival rates range from 0% to 64%
(median, 39%) for patients with cancer of the lip
or oral cavity and from 0% to 67% (median, 32%)
for patients with oropharyngeal cancer.

The extent of the disease can be classified
as localized (tumours confined to the organ of
origin without invasion into the surrounding
tissue or organs and without involvement of
any regional or distant lymph nodes or organs),
regional (tumours invading the surrounding
tissue or organs, with or without the involvement
of the regional lymph nodes, but not involving
non-regional lymph nodes or organs), or with
distant metastasis (spreading to the non-regional
lymph nodes or distant organs; or unknown)
(WHO Classification of Tumours Editorial
Board, 2023). Overall, cancer of the lip or oral
cavity is more frequently diagnosed with local-
ized stage, compared with oropharyngeal cancer,
which is more frequently diagnosed with regional
disease. [Limitations of the study are significant,
including a high proportion of unclassified
cancers (~10% to 50%) and the variability in the
number of patients analysed per country, which
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Table 1.2 Survival (at 1 year, 3 years, and 5 years) of oral cancer and oropharyngeal cancer, by
country or territory in 2006-2014, for both sexes combined

Country or territory

Survival (%)

Oral cancer

Oropharyngeal cancer

1 year 3 years 5 years 1 year 3 years 5 years
Algeria 94 31 0 50 0 0
Argentina 62 42 35 57 38 34
Bahrain 71 52 52 75 75 38
Brazil 77 55 49 58 39 31
Chile 61 43 34 52 36 29
China 72 53 47 54 35 30
Colombia 56 39 39 50 0 0
Costa Rica 73 57 52 67 49 42
Ecuador 65 50 45 80 46 31
India 71 47 40 61 32 24
Israel 82 66 58 85 63 55
Republic of Korea 80 62 57 81 65 58
Malaysia 58 36 31 68 53 47
Martinique, France 65 45 39 71 41 41
Peru 65 45 37 72 57 44
Puerto Rico, USA 65 27 16 60 27 15
Saudi Arabia 81 64 64 100 67 67
Seychelles 45 29 19 N/A N/A N/A
South Africa 49 29 18 44 31 31
Thailand 51 32 26 49 28 23
Turkey 83 68 59 74 51 40
Uruguay 60 37 31 56 38 32

N/A, not available.
Compiled from IARC (2022).

is very small in some cases (ranging from 13 to
3453).]

The Surveillance, Epidemiology, and End
Results (SEER) database tracks 5-year relative
survival rates for oral cancer and oropharyngeal
cancer in the USA. In patients with oral cancer,
based on different anatomical subsites (lip,
tongue, or floor of the mouth), the 5-year relative
survival rates were 73-94%, 42-70%, and 23-41%
for localized, regional, and distant disease,
respectively; survival was worse for patients with
cancer of the floor of the mouth than for those
with tongue cancer. In patients with oropharyn-
geal cancer, the 5-year relative survival rates were
59%, 62%, and 29% for localized, regional, and

distant disease, respectively (American Cancer
Society, 2023).

The treatment of cancer of the lip, oral cavity,
and oropharynxis driven mainly by staging of the
disease. Since its conception in 1959, the Union
for International Cancer Control/American Joint
Committee on Cancer (UICC/AJCC) tumour-
node-metastasis (TNM) staging system has
become the main modality of tumour staging
and is used to tailor the treatment of patients
(Tirelli et al., 2018a). New editions of the AJCC
TNM staging system are regularly published to
improve the ability to predict patient outcomes.
The eighth edition, which was published in 2017
(AJCC, 2017), had two major changes in TNM
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Table 1.3 Tumour-node-metastasis staging system for carcinomas of the oral cavity

Primary tumour (T) Clinical N (cN) Pathological N (pN) Distant metastasis (M)
T T criteria® N N criteria N N criteria M category M criteria
category category® category®
X Primary tumour  NX Regional lymph nodes NX Regional lymph nodes cannot be assessed No distant
cannot be cannot be assessed MO metastasis
assessed
TO No evidence of NO No regional lymph node NO No regional lymph node metastasis M1 Distant
primary tumour metastasis metastasis
Tis Carcinoma in situ N1 Metastasis in a single N1 Metastasis in a single ipsilateral lymph node,
ipsilateral lymph node, < 3 cm in greatest dimension and ENE(-)
< 3 cm in greatest
dimension and ENE(-)
T1 Tumour <2 cm N2 Metastasis in a single N2 Metastasis in a single ipsilateral lymph node
with DOI < 5 mm ipsilateral lymph node < 3 cm in greatest dimension and ENE(+); or
>3 cmand <6 cmin Metastasis in a single ipsilateral lymph node
greatest dimension and >3 cmand < 6 cm in greatest dimension and
ENE(-); or ENE(-); or
Metastases in multiple Metastases in multiple ipsilateral lymph
ipsilateral lymph nodes, nodes, none > 6 cm in greatest dimension,
none > 6 cm in greatest and ENE(-); or
dimension, and ENE(-); or Metastases in bilateral or contralateral lymph
Metastases in bilateral or node(s), none > 6 cm in greatest dimension,
contralateral lymph nodes, and ENE(-)
none > 6 cm in greatest
dimension, and ENE(-)
T2 Tumour <2cm,  N2a Metastasis in a single N2a Metastasis in a single ipsilateral lymph node
with DOI > 5 mm ipsilateral lymph node <3 cm in greatest dimension and ENE(+); or
and < 10 mm; or >3 cmand <6cmin Metastasis in a single ipsilateral lymph node
Tumour > 2 cm greatest dimension and >3 cm and < 6 cm in greatest dimension and
and < 4 cm, with ENE(-) ENE(-)
DOI' <10 mm
T3 Tumour > 2 cm N2b Metastases in multiple N2b Metastases in multiple ipsilateral lymph

and < 4 cm with
DOI > 10 mm; or
Tumour > 4 cm
with DOI

<10 mm

ipsilateral lymph nodes,
none > 6 cm in greatest
dimension, and ENE(-)

nodes, none > 6 cm in greatest dimension,
and ENE(-)
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Table 1.3 (continued)

Primary tumour (T) Clinical N (cN) Pathological N (pN) Distant metastasis (M)
T T criteria® N N criteria N N criteria M category M criteria
category category® category®
T4 Moderately N2c Metastases in bilateral or N2c Metastases in bilateral or contralateral lymph
advanced or very contralateral lymph nodes, node(s), none > 6 cm in greatest dimension,
advanced local none > 6 cm in greatest and ENE(-)
disease dimension, and ENE(-)
T4a Moderately N3 Metastasis in a lymph N3 Metastasis in a lymph node > 6 cm in greatest
advanced local node > 6 cm in greatest dimension and ENE(-); or
disease dimension and ENE(-); or Metastasis in a single ipsilateral lymph node
Tumour >4 cm Metastasis in any lymph >3 cm in greatest dimension and ENE(+); or
with DOI node(s) and clinically overt Metastasis in multiple ipsilateral,
> 10 mm; or ENE(+) contralateral, or bilateral lymph nodes, any
Tumour invades ENE(+); or
adjacent Metastasis in a single contralateral lymph

structures only

node of any size and ENE(+)

L6

(e.g. through
cortical bone of
the mandible

or maxilla, or
involves the
maxillary sinus or
skin of the face)
Note: Superficial
erosion of bone/
tooth socket
(alone) by a
gingival primary
is not sufficient to
classify a tumour
as T4.

T4b Very advanced N3a
local disease
Tumour invades
masticator space,
pterygoid plates,
or skull base
and/or encases the
internal carotid
artery

Metastasis in a lymph N3a
node > 6 cm in greatest
dimension, and ENE(-)

Metastasis in a lymph node > 6 cm in greatest
dimension and ENE(-)
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Table 1.3 (continued)

Primary tumour (T) Clinical N (cN) Pathological N (pN) Distant metastasis (M)
T T criteria® N N criteria N N criteria M category M criteria
category category® category®
T4b N3b Metastasis in any lymph N3b Metastasis in a single ipsilateral lymph node
(cont.) node(s) and clinically overte >3 cm in greatest dimension and ENE(+); or
ENE(+) Metastasis in multiple ipsilateral,
contralateral, or bilateral lymph nodes, any
ENE(+); or

Metastasis in a single contralateral lymph
node of any size and ENE(+)

AJCC, American Joint Committee on Cancer; DOI, depth of invasion; ENE, extranodal extension; TNM, tumour-node-metastasis.

*DOI is depth of invasion and not tumour thickness.

" A designation of “U” or “L” may be used for any N category to indicate metastasis above the lower border of the cricoid (U) or below the lower border of the cricoid (L). Similarly,
clinical and pathological ENE should be recorded as ENE(-) or ENE(+).

¢ The presence of skin involvement or soft tissue invasion with deep fixation or tethering to underlying muscle or adjacent structures or clinical signs of nerve involvement is classified as
clinical ENE.

Adapted from AJCC (2017). The original source for this information is the AJCC cancer staging manual, 8th edition, published by Springer International Publishing. Corrected at 4th
printing, 2018.
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Table 1.4 Tumour-node-metastasis staging system for carcinomas of the oral cavity: prognostic

stage groups

T category N category M category Stage group
Tis NO MO Stage 0
T1 NO MO Stage I
T2 NO Mo Stage IT
T3 NO Mo Stage I1I
T1, T2, T3 N1 MO Stage III
T4a NO, N1 MO Stage IVA
T1, T2, T3, T4a N2 Mo Stage IVA
Any T N3 MO Stage IVB
T4b Any N Mo Stage IVB
Any T Any N M1 Stage IVC

Adapted from AJCC (2017). The original source for this information is the AJCC cancer staging manual, 8th edition, published by Springer

International Publishing. Corrected at 4th printing, 2018.

categorization compared with previous editions
(Amin et al., 2017) (Table 1.3 and Table 1.4):
inclusion of the depth of invasion (DOI) of
the tumour (< 5 mm, 5-10 mm, and > 10 mm)
affects the T categorization, and inclusion of the
extranodal extension (ENE) affects the N cate-
gorization. The T1-3 but not the T4 classification
is dependent on both the size of the tumour and
the DOI. Also, extrinsic muscle involvement has
been excluded as a criterion for T4 staging of
tongue cancer. Finally, the absence of ENE is a
prerequisite to classify N stage as N1, N2, or N3a
disease, except if there is ENE of less than 3 cm
in diameter in a single node (pN2a) (Zanoni and
Patel, 2020).

Based on data from the United States
National Cancer Database and staging with
the eighth edition of the TNM staging system,
the 5-year overall survival rate of patients with
oral cancer who received treatment was 78.8%
(median survival not reached) for stage 0, 72.2%
(median survival not reached) for stage I, 57.5%
(median survival, 5.70 years) for stage II, 55.1%
(median survival, 5.59 years) for stage 111, 39.7%
(median survival, 3.08 years) for stage IVA, 27.1%
(median survival, 1.45 years) for stage IVB, and
15.8% (median survival, 1.27 years) for stage IVC
(Cramer et al., 2018).

Besides disease staging, many other factors
may affect the prognosis of individual patients:
access to specialized care, associated comorbidi-
ties, and the quality of treatment planning, which
is multidisciplinary in nature and is strongly
linked to the experience of the team (Hansen
et al., 2020). Finally, it is important to note that
one quarter to one third of deaths in patients
with head and neck squamous cell carcinoma
are attributable to a second primary malignancy
in the field of cancerization; this may affect the
upper aerodigestive tract again, the oesophagus,
or the lung, which are among the most frequent
anatomical sites (Braakhuis et al., 2002; Baxi
et al., 2014).

1.3.3 Treatment and management of OPMDs
and oral cancer

(a) Treatment and management of OPMDs

OPMDs are heterogeneous in their clinical
presentation. Some OPMDs remain stable for
many years or even regress; some eventually
transform into oral cancer (see Section 1.3.1).
Therefore, one of the main challenges of clinical
management is to identify such high-risk lesions
(Lingen et al., 2017).
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After the clinical diagnosis of an OPMD
(Warnakulasuriya et al., 2021), a biopsy is recom-
mended for histopathological diagnosis, which is
the current reference standard for confirmation
of diagnosis, treatment guidance, and prognos-
tication (Lingen et al., 2017). The histopatholog-
ical diagnosis of oral epithelial dysplasia, which
is routinely classified by grade (mild, moderate,
and severe), has both intra-rater and inter-rater
variability, which is linked to pathologists’
training and experience. Patients with OPMDs
that harbour high-grade dysplasia are at a
greater risk for development of OSCC than are
patients with OPMDs with low-grade dysplasia.
Different in vivo optical imaging techniques may
reduce diagnostic variability, but they have not
been thoroughly evaluated (see Section 4.1.6).
Predictive biomarkers, such as loss of heterozy-
gosity (LOH) at specific chromosomal sites and
aneuploidy, have been suggested, but none has
entered routine clinical use (William et al., 2009;
Woo, 2019; Vermorken et al., 2021).

There is no evidence-based international
consensus on management algorithms for
OPMDs. After diagnosis, the management of
OPMDs may include one or more strategies,
depending on the grade of dysplasia and other
clinical factors. These include preventive strate-
gies (e.g. lifestyle risk modification: cessation of
tobacco use and/or alcohol consumption and/or
use of areca nut, improvement of diet), disease
monitoring or surveillance (ie. a watchful
waiting approach), medical interventions (i.e.
use of topical or systemic agents, chemopre-
vention), surgical management, and others
(Warnakulasuriya, 2020; Kerr and Lodi, 2021;
Birur et al., 2022). Consensus guidelines for
clinical management of patients with OPMDs,
focusing on leukoplakia or erythroplakia, oral
submucous fibrosis, and OLP, have recently been
proposed (Birur et al., 2022). For low-risk lesions,
clinical management may be limited to lifelong
close surveillance, as an alternative to potentially
morbid, repeated, multistep surgical treatments,
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such as excision or ablation using various tech-
niques, including cold blade or electrocautery;,
laser, cryotherapy, and photodynamic therapy
(Birur et al., 2022). Surgical excision was shown
to decrease the rate of malignant transforma-
tion of oral dysplasia but not totally eliminate it
(Mehanna et al., 2009).

(b)  Treatment and management of oral cancer

The different modalities of treatment of oral
cancer are surgery, radiotherapy, chemotherapy,
and immunotherapy. Treatment planning is
done at a multidisciplinary level; the patient is
evaluated by a surgeon, a radiation oncologist,
and a medical oncologist.

Patients with early-stage and locally
advanced oral cancer (stage I and stage II) are
typically offered surgical resection. Ipsilateral
and sometimes bilateral neck dissection may
be recommended. Depending on the depth of
invasion and the presence of lymphovascular or
perineural invasion, postoperative radiotherapy
to the primary site and the neck (unilateral or
bilateral) may be recommended.

Management of locoregionally advanced
oral cancer (stage III and stage IVA-B) requires
multimodality treatment: surgical resection
of the primary tumour and neck dissection,
followed by postoperative radiotherapy or che-
moradiotherapy (Pignon et al., 2000; Shaw et al.,
2020). Patients who experience recurrent disease
despite these treatments may be candidates for
targeted anti-epidermal growth factor receptor
(anti-EGFR) monoclonal antibodies and,
more recently, immunotherapy (Bernier, 2016;
Vermorken et al., 2021).

Certain adjunct methods used in secondary
prevention of oral cancer may also have utility
for tertiary prevention. In some studies, auto-
fluorescence and narrow-band imaging (see
Section 4.1.3) have demonstrated utility to guide
surgical margin assessment for the excision of
oral cancer (Farah et al., 2016; Poh et al., 2016;
Farah, 2018; Guillaud et al., 2018; Tirelli et al.,
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2018b; Schorn et al., 2020). Among vital staining
techniques (see Section 4.1.3), toluidine blue and
Lugol’s iodine have demonstrated utility in the
surveillance of patients with a history of oral
cancer, when used by experts for tertiary preven-
tion (Epstein et al., 2003; Simdes et al., 2017).
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