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KEY POINTS

� Oral potentially malignant disorders (OPMDs) present diverse clinical lesions and condi-
tions with a potential risk of malignant transformation.

� Biopsy remains the gold standard for differentiating these lesions and grading epithelial
dysplasia, a predictor of malignant transformation.

� It is essential for general dentists and specialists to maintain current knowledge for effec-
tive early detection and monitoring.

� With appropriate training, adjunctive tools and AI may aid OPMD diagnosis and biopsy
site selection but should complement, not replace, clinical judgment and histopatholog-
ical assessment.
INTRODUCTION

Oral potentially malignant disorders (OPMDs) are clinical lesions and conditions that
have the potential to progress to oral squamous cell carcinoma (OSCC).1 The under-
standing of OPMDs has significantly advanced over the years, improving knowledge
about their nature, risk factors, and mechanisms of malignant transformation (MT).
Early detection and management of these disorders are essential to reduce the prev-
alence of oral cancer, which continues to be a major contributor to morbidity and mor-
tality worldwide.2

This review provides a detailed overview of OPMDs, covering the evolution of termi-
nology, etiology, risk factors, lesion types, risk of MT, effectiveness of diagnostic ad-
juncts, and current management strategies. Through an in-depth discussion, this
review aims to equip general dentists and specialists with the essential knowledge
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Abbreviations

AC actinic keratosis
AI artificial intelligence
CI confidence interval
COE conventional oral examination
MT malignant transformation
NBI narrow band imaging
OL oral leukoplakia
OLLs oral lichenoid lesions
OLP oral lichen planus
OPMDs oral potentially malignant disorders
OSCC oral squamous cell carcinoma
OSF oral submucous fibrosis
PVL proliferative verrucous leukoplakia
VC verrucous carcinoma
WHO World Health Organization
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for the early detection and effective management of these potentially high-risk
disorders.

DEFINITION AND TERMINOLOGY EVOLUTION

The terminology for OPMDs has evolved over the years. Initially, terms such as “pre-
cancer,” “premalignant,” “precancerous lesions,” or “precancerous conditions” were
commonly used to describe these oral mucosal changes. However, these terms were
found to be restrictive and misleading, as not all lesions inevitably progress to cancer,
and some conditions affecting oral tissues contribute to carcinogenesis without pre-
senting as specific lesions.3 Hence, the term “oral potentially malignant disorders”
was introduced to encompass a broad range of lesions and conditions that carry an
increased risk of transformation into OSCC.1,3 This terminology was adopted to pro-
vide a more accurate representation of the risk without implying an inevitable progres-
sion to malignancy. Importantly, the term “potentially premalignant oral epithelial
lesions” has been proposed,4 but it is not preferred due to its limited scope and the
implication that all such lesions are premalignant, which does not align with the current
understanding of the pathobiology of these disorders.3,5 It is critical to note that the
term “potentially malignant” better reflects the inherent risk associated with these le-
sions and conditions, acknowledging that MT is a possibility rather than a certainty.
This shift in terminology helps set realistic expectations for both patients and practi-
tioners, thereby guiding appropriate management strategies and surveillance. None-
theless, future studies on the natural history of OPMDs may support a revised
classification system that categorizes OPMDs based on their varying levels of malig-
nant potential.6 High-risk lesions, such as erythroplakia, nonhomogeneous leukopla-
kia, proliferative verrucous leukoplakia, and actinic keratosis, should be
distinguished from those with lower or undefined risks, such as homogeneous leuko-
plakia, oral submucous fibrosis (OSF), and oral lichen planus (OLP).6

CLINICAL EPIDEMIOLOGY, ETIOLOGY, AND RISK FACTORS

As defined by the World Health Organization (WHO) collaborating center for oral can-
cer, OPMDs include a list of lesions and conditions presented in Box 1. It exhibits
considerable global variations in prevalence and types, heavily influenced by cultural,
lifestyle, and environmental factors. The global prevalence of OPMDs is 4.47%,
ranging from 1% to 5%, with higher rates in regions where risk factors such as
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Box 1

Clinical entities of oral potentially malignant disorders3,17

Proliferative verrucous leukoplakia

Leukoplakia

Erythroleukoplakia

Erythroplakia

OSF

Palatal lesions associated with reverse smoking

Oral lichenoid lesions (OLLs)

OLP

Actinic keratosis (actinic cheilitis)

Oral graft-versus-host disease

Oral lupus erythematosus

Familial cancer syndromes including Fanconi anemia, dyskeratosis congenita, xeroderma
pigmentosum, Li–Fraumeni syndrome, Bloom syndrome, ataxia–telangiectasia, and Cowden
syndrome
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tobacco, alcohol, and areca nut use are prevalent.7 Male individuals were more
frequently affected by these disorders. South and Southeast Asia report the highest
prevalence, particularly due to areca nut chewing, tobacco, and betel quid consump-
tion.7 For example, OSF is notably common in countries like India and Pakistan, where
areca nut is culturally ingrained.8 In contrast, oral leukoplakia (OL) is more frequently
observed in populations with high tobacco and alcohol use, with global prevalence es-
timates ranging from 1% to 4%.7,9 In Western countries, leukoplakia and OLP are the
most frequently encountered OPMDs. OLP affects approximately 0.5% to 2.2% of the
population, particularly middle-aged and elderly women.7

The etiology of OPMDs is multifactorial, with key risk factors including tobacco use,
alcohol consumption, and areca nut chewing.2,8,10 Tobacco and alcohol are particu-
larly significant, often acting synergistically to increase the risk of MT. Heavy tobacco
use (eg, smoking over 20 cigarettes per day) can increase the risk of developing leu-
koplakia by 5 to 10 times compared to nonsmokers.11 Additionally, alcohol consump-
tion exceeding 30 g per day significantly raises the risk of MT in existing OPMDs.11 The
combination of smoking and alcohol use has an additive effect, leading to a markedly
higher risk of developing OPMDs and progression to OSCC compared to using either
substance alone.11 Areca nut, commonly used in parts of Asia, is another major risk
factor, particularly for OSF.10,12 The fibrogenic and carcinogenic properties of areca
nut significantly increase the risk of OSF and subsequent MT.10 In a small subset of
OPMDs, human papillomavirus, especially type 16, has been implicated in the patho-
genesis of OPMDs, although its role is less definitive compared to its established
connection with oropharyngeal cancers.13 A recent study has shown a significant as-
sociation between floor-of-mouth tumors and a history of smoking and alcohol use,
with a 26 fold increase in odds compared to other oral sites. In contrast, tumors in
the gingiva and buccal mucosa were much less likely to be associated with these
traditional risk factors, suggesting a differing etiologic profile for OSCC in these
areas.14

The etiopathogenesis of OPMDs involves a complex interplay of genetic, environ-
mental, and lifestyle factors. Chronic exposure to carcinogens can lead to genetic
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mutations, alterations in cell signaling pathways, and disruption of normal cell cycles.
Tobacco and alcohol metabolites can damage DNA, impair repair mechanisms, and
cause epigenetic changes that promote dysplasia and carcinogenesis. Chronic
inflammation also plays a role in facilitating MT, with inflammatory mediators contrib-
uting to an environment conducive to cancer development.15,16

Other risk factors include genetic susceptibility, poor oral hygiene, and nutritional
deficiencies, particularly of vitamins A, C, and E, which are crucial for maintaining
mucosal integrity and protecting against oxidative stress. Individuals with inadequate
dietary intake of these vitamins, especially when combined with tobacco and alcohol
use, are at increased risk of developing OPMDs.16 Public health efforts should focus
on reducing exposure to known risk factors, promoting early detection, and imple-
menting targeted interventions in high-risk populations to mitigate the burden of
OPMDs.2

TYPES OF LESIONS AND CONDITIONS AND THEIR CLINICAL PRESENTATION

Leukoplakia is the most common OPMD. It presents as a white patch that cannot be
scraped off or attributed to any other diagnosable condition.18,19 OL is a clinical diag-
nosis by exclusion and is classified into different types based on its clinical presenta-
tion, including homogeneous and nonhomogeneous OL (Fig. 1A–D).3 The global
prevalence of OL is 4.11% (95% confidence interval [CI]: 1.98%–6.97%).7 Histopath-
ological examination of OL often reveals hyperkeratosis, characterized by thickened
keratin layers, with or without the presence of (oral epithelial dysplasia [OED]; see
Fig. 1A–D).20 Men are generally more affected than women, primarily due to higher
rates of tobacco and alcohol use. Leukoplakia is most commonly diagnosed in individ-
uals aged over 40 years, with the risk of MT increasing with age, lesion size, and the
presence and grade of dysplasia.5,21 A pooled meta-analysis reported a cumulative
Fig. 1. Oral leukoplakia. (A) Homogenous flat leukoplakia on the left lateral tongue in a
65 year old male patient with a proven biopsy (B) showing hyperkeratosis with mild dysplasia
(low-grade epithelial dysplasia). (C) Nonhomogenous nodular leukoplakia on the left buccal
mucosa, � 120; (D) biopsy showed hyperkeratosis with moderate dysplasia, � 120 (high-grade
epithelial dysplasia).
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MT rate of 8.6% (95% CI: 5.1%–13.0%) and an annual MT rate of 1.56%.5,22 Homo-
geneous OL has a relatively lower MT rate of about 1% to 3%, while nonhomogeneous
types, such as speckled and nodular leukoplakia, carry a higher risk, estimated at 10%
to 30%.22

Homogeneous Leukoplakia

This type appears as a uniformly white, flat, or slightly elevated lesion with a consistent
texture. It is the most common type of leukoplakia and generally carries a lower risk of
MT compared to nonhomogeneous leukoplakia.3 The prevalence of homogeneous
leukoplakia is estimated to be around 1% to 2% in the general population, with a
higher incidence in individuals who smoke.5,12

Nonhomogeneous Leukoplakia

Nonhomogeneous leukoplakia includes speckled, nodular, and verrucous types and is
characterized by mixed white and red areas, surface irregularities, or exophytic
growth. It has a significantly higher risk of MT, with transformation rates reported to
be between 15% and 30%, depending on various factors such as lesion size, location,
and the presence and grade of OED.5,23 This type is more prevalent among smokers
and individuals with a history of alcohol consumption, as these risk factors are known
to increase the likelihood of malignant changes.5 Clinicians should remain vigilant
regarding the MT potential of OL, even when OED is absent. A North American study
revealed that 39.6% of cancers originated from biopsied leukoplakias that displayed
no dysplastic features.5

In evaluating OL, Villa and Woo24 proposed the following points to carefully differ-
entiate it from other lesions across various categories:

� Developmental: Consider congenital conditions such as Cannon’s white sponge
nevus, hereditary benign intraepithelial dyskeratosis, and other genodermatoses
like pachyonychia congenita.

� Reactive or frictional: Conditions like leukoedema, contact desquamation, and
frictional keratosis (eg, morsicatio mucosae oris, BARK) may present similarly.
Tobacco-related lesions, including nicotinic stomatitis and smokeless tobacco
keratosis, are also common considerations, as is hairy tongue.

� Infectious: Common infections mimicking leukoplakia include candidiasis and
Epstein-Barr virus-associated hairy leukoplakia.

� Immune-mediated: Conditions such as lichen planus, lichenoid lesions, and
benign migratory glossitis should be excluded in the differential.

� Autoimmune: Autoimmune diseases like lupus erythematosus and chronic graft-
versus-host disease can present with oral manifestations that may mimic
leukoplakia.

� Metabolic: Metabolic causes such as uremic stomatitis or drug-related hyperker-
atosis (eg, palifermin-induced) may also resemble leukoplakia.

� Malignant and OPMD: Finally, consider potentially malignant disorders and ma-
lignancies, including dysplastic leukoplakia, OSCC or verrucous carcinoma (VC),
and keratosis of unknown significance.

Accurate diagnosis requires thorough clinical assessment and, where necessary,
histopathological examination to guide appropriate management and rule out these
diverse conditions.
Proliferative verrucous leukoplakia (PVL) was first identified by Hansen and col-

leagues in 1985 as a unique subtype of OL. It quickly garnered significant attention
due to its aggressive nature and high MT rate, with approximately 50% of cases
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progressing to OSCC and VC.3 This disorder is notable for its multifocal presentation
and persistent progression, often resisting conventional treatment and demonstrating
a high recurrence rate. Consequently, PVL has become a focus of concern and study
within oral pathology and medicine due to its challenging diagnosis and serious man-
agement; hence, several proposals for diagnosing and classification were made.25,26

PVL predominantly affects older adults, especially women, and is generally unassoci-
ated with traditional risk factors like tobacco and alcohol use.3,5,16 PVL follows a multi-
focal, recurrent progression (Fig. 2A–D), frequently affecting areas like the gingiva
(39.6%) and buccal mucosa (21.6%).27 Early lesions in patients with PVL often
resemble OLP or homogeneous OL, presenting as smooth or fissured/verrucous white
or mixed red-and-white patches, typically without ulceration.28 Characteristic features
include multiple nonadjacent lesions, a single lesion over 40 mm at one site, or a single
lesion over 30 mm spreading across connected sites. A distinct sign of PVL is the
presence of thick, verrucous leukoplakias along the marginal gingiva, especially
when encircling teeth or appearing at multiple locations.28 The pooled MT rate of
PVL is 43.9% (95% CI 5 31.93–56.13). PVL is notably more prevalent in female indi-
viduals (64.02%, 95% CI: 54.9%–72.7%) than male individuals (35.98%, 95% CI:
27.3%–45.1%).27 Diagnosis is retrospective, relying on a detailed clinical history
and histopathological analysis of representative, noninflamed mucosal sites. Sam-
pling should ideally be from junctions with healthy tissue, avoiding ulcerated or
inflamed areas to enhance diagnostic accuracy.
Erythroplakia presents as a red, velvety patch and is considered to have a significantly

higher risk of MT than leukoplakia. However, the prevalence of erythroplakia is much
lower than that of leukoplakia, with estimates of 0.17% (95% CI: 0.07%–0.32%).7

Despite its low prevalence, erythroplakia is of particular concern due to its high MT
Fig. 2. Proliferative verrucous leukoplakia in a 47 year old ex-smoker (30 pack-year)
nondrinker female patient. (A) Irregular corrugated white patch extending on the right ret-
romolar pad to the palatal mucosa opposite #17 and #18 (biopsy showed mild dysplasia). (B)
Irregular verrucous white patch on the lingual mucosa opposite #43 to #46 (Biopsy showed
moderate dysplasia). (C) Irregular verrucous speckled leukoplakia on the left buccal mucosa.
(D) Biopsy showed bulky hyperkeratotic epithelial proliferation with severe dysplasia ( � 60).
This lesion transformed into verrucous carcinoma after 15 months.
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rate, which can be as high as 33.1% (95% CI: 13.6%–56.1%), depending on various
factors such as lesion size, location, and patient demographics.5,22 Erythroplakia is
most commonly found in older adults, typically over 50 years, with a slightly higher inci-
dence in male individuals. The condition is frequently associated with risk factors such
as tobacco and alcohol use, which are known to contribute to its development and pro-
gression. Clinically, erythroplakia presents as a well-demarcated, bright red lesion, often
with a soft or velvety texture (Fig. 3A, B). It is commonly located on high-risk sites such
as the floor of the mouth, the ventral tongue, and the soft palate.29,30

Histologically, erythroplakia often shows severe dysplasia, carcinoma in situ, or
even invasive carcinoma at the time of diagnosis, which underscores the need for
prompt biopsy and definitive management.5,20 The high MT risk necessitates careful
monitoring and early intervention, making erythroplakia one of the most clinically sig-
nificant OPMDs. Due to its high-risk nature, any lesion suspected to be erythroplakia
should be biopsied to determine the appropriate course of treatment.16,31

OLP is a chronic inflammatory disorder of the oral mucosa characterized by
immune-mediated pathology,32–34 and has been extensively studied because of the
controversy of its potential MT.33 OLP is typically diagnosed based on clinical and his-
topathological correlation, where the diagnostic criteria evolved over the years
(Table 1).3,35,36 The classic presentation includes bilateral white striations (Wickham’s
striae) on the buccal mucosa and lateral tongue (Fig. 4A–F). A biopsy is recommended
to confirm the diagnosis and rule out dysplasia or malignancy.35,37 The presence of a
lace-like network of keratotic striae is a key diagnostic feature, while direct immuno-
fluorescence may help differentiate OLP from other vesiculobullous diseases when
required.19 OLP can be classified into several clinical subtypes, including reticular,
papular, plaque, atrophic, erosive, and bullous forms.32,33 The reticular type is the
most frequently encountered, presenting as interlaced, raised white lines forming lat-
tice patterns. Plaque-type OLP resembles leukoplakia but has characteristic keratotic
striae at the periphery. Atrophic, erosive, and ulcerative subtypes may present with
erythematous areas and ulceration, often leading to symptoms like soreness or a
burning sensation, especially when eating spicy foods. The bullous form is rare and
tends to recur, requiring differentiation from pemphigus or mucus membrane pemphi-
goid.18 OLP has an estimated global prevalence of 1.01% (95% CI: 0.74%–1.32%).
Prevalence is lowest in North America (0.47% [95% CI: 0.13–1.02]) and Asia (0.83%
[95% CI: 0.59–1.12]), while higher rates are observed in South-Central America
(1.74% [95% CI: 0.13–5.09]), Africa (1.43% [95% CI: 1.12–1.82]), and Europe
(1.32% [95% CI: 0.74–2.05]).38 This variation may reflect geographic, genetic, or
Fig. 3. (A) Irregular extensive velvety erythroplakia of the right lateral surface of the tongue
in a 39 year old male patient. (B) The biopsy showed severe dysplasia (high-grade epithelial
dysplasia, � 120). ([A] Courtesy Associate Professor Agnieszka Frydrych, The University of
Western Australia.)
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Table 1
Diagnostic criteria for oral lichen planus

Clinical criteria � Presence of bilateral, more or less symmetric white lesions
affecting buccal mucosa, and/or tongue, and/or lip, and/or
gingiva

� Presence of a white papular lesion and lace-like network
of slightly raised white lines (reticular, annular, or linear
pattern) with or without erosions and ulcerations

� Sometimes presents as desquamative gingivitis

Histopathological criteria � Presence of a well-defined band-like predominantly
lymphocytic infiltrate that is confined to the superficial
part of the connective tissue

� Signs of vacuolar degeneration of the basal and/or supra
basal cell layers with keratinocyte apoptosis

� In the atrophic type, there is epithelial thinning and
sometimes ulceration caused by failure of epithelial
regeneration as a result of basal cell destruction. A mixed
inflammatory infiltrate may be found

Adapted from Warnakulasuriya et al. 2021.3
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environmental factors and differences in diagnostic practices and health care access
across regions.38

The diagnosis of OLP is clinically significant because it requires ongoing surveil-
lance due to the risk of MT.33 Although the overall risk of OLP progressing to OSCC
is relatively low (between 0.5% and 2%),22,39,40 the erosive and atrophic subtypes
are associated with a higher risk of MT.39 Patients with OLP, particularly those with
symptomatic lesions, need regular follow-up to monitor for changes indicative of
dysplasia or carcinoma. OLP can also impact patients’ quality of life, particularly
when the lesions are painful or interfere with eating and speaking.3

The differential diagnosis of OLP includes lichenoid reactions, lichen sclerosis,
discoid lupus erythematosus, chronic ulcerative stomatitis, and OL.3,21,36 Biopsy
and histopathological examination are crucial to differentiate OLP from these other
conditions and assess the presence of epithelial dysplasia.37,39

OLLs are inflammatory conditions that resemble OLP both clinically and histopatho-
logically but have a known or suspected external trigger, such as dental materials,
drugs, systemic diseases, or idiopathic.3 OLLs are distinguished from OLP based on
their etiology and the presence of an identifiable causal agent.36 The diagnosis of
OLLs involves a thorough clinical examination and assessment of potential etiologic fac-
tors, includingmedications and dental restorations. Unlike OLP, OLLsmay show amore
unilateral or asymmetrical distribution and are often found adjacent to suspected caus-
ative agents, such as amalgam restorations.3,32 A biopsy with histopathological exam-
ination is necessary to confirm the diagnosis and differentiate OLLs from OLP (see
Fig. 4A–F). Histopathologically, OLLs show similar features to OLP, such as a band-
like inflammatory infiltrate and basal cell degeneration, but they may have more pro-
nounced perivascular inflammation.41 Clinically, OLLs can present in various forms,
including reticular, atrophic, and erosive subtypes (see Fig. 4A–F). The reticular subtype
is characterized by interlacing white striae, similar toOLP, while the erosive subtype pre-
sents with erythematous areas and ulceration. The atrophic and plaque-like subtypes
are less common and may resemble other conditions like leukoplakia or chronic hyper-
plastic candidiasis.21,42 OLLs’ clinical significance lies in their potential for chronicity and
discomfort, as well as their MT risk.36 The risk of MT in OLLs is higher than that reported
for OLP. The pooledMT rate for OLL is estimated at 3.8% (95%CI: 1.6%–7.0%), with an
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Fig. 4. Oral lichen planus, ulcerative type in an 84 year old male patient, bilateral and sym-
metric involvement. (A) Right lateral tongue, (B) left lateral tongue, (C) biopsy showing
typical band-like lymphocytic infiltrate in association with basal cell degeneration ( � 40),
and (D) biopsy showing lack of epithelial dysplasia, apoptotic bodies, and thickened base-
ment membrane ( � 120). (E) Drug-related oral lichenoid reaction in a 75 year old ex-
smoker (50 pack-years) with hypertension and asthma in response to hydrochlorothiazide
and propranolol on the left latero-ventral tongue and (F) biopsy confirmed oral lichenoid
mucositis with a diffuse lymphoplasmacytic infiltrate ( � 120).
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annual transformation rate of approximately 0.57%.22 These figures underscore the
importance of vigilantmonitoring for OLL patients. Though the risk is relatively low annu-
ally, it accumulates over time, highlighting the need for regular follow-up and early inter-
vention in cases of atypical progression, particularly in cases with persistent or erosive
lesions.
OSF is a chronic, progressive, scarring disease of the oral mucosa that leads to

restricted mouth opening and has a high potential for MT.43,44 It is strongly associated
with chewing areca nuts, often mixed with tobacco, which is a common cultural prac-
tice in South and Southeast Asia, particularly in countries such as India, Pakistan, Sri
Lanka, and Taiwan.12,43 The global prevalence of OSF is estimated at 4.96% (95% CI:
2.28%–8.62%).7 OSF primarily affects young adults, often between the ages of 20 and
40 years, with a higher incidence reported in male individuals due to their higher usage
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rates of areca nut and related products.43 Clinically, OSF is characterized by progres-
sive fibrosis of the oral mucosa, leading to symptoms such as a burning sensation,
blanching, and rigidity of the oral tissues, resulting in reduced mouth opening
(trismus).45 The affected mucosa may appear pale and stiff, and palpable fibrous
bands are often present, particularly in the buccal mucosa, soft palate, and lips
(Fig. 5A–C).45 As the condition progresses, it may severely impair mouth opening,
limiting function and quality of life.44,45 Microscopically, in OSF biopsy, the epithelium
initially exhibits hyperplasia, eventually progressing to atrophy and loss of rete ridges.
Early dysplasia manifests with budding rete morphology, while minimal submucosal
changes include increased vascularity, collagen, and inflammatory infiltrates. As
OSF advances, collagen becomes homogenous with juxta-epithelial hyalinization,
reduced vascularity, and dense fibrosis extending into deeper tissues, leading to mus-
cle degeneration.46 Several clinical and histopathological grading systems have been
developed. However, the 2023 WHO Classification of Head and Neck Tumors recom-
mends using the Kerr and colleagues45 staging system for OSF, which categorizes the
disease into 5 grades.46 This staging system provides a detailed framework for
assessing the progression of OSF, aiding clinicians in standardizing diagnosis, man-
agement, and prognosis across different cases. OSF is a potentially malignant disor-
der with a pooled MT rate of 4.2% (95% CI: 2.7%–5.6%).47 Factors such as the
duration and frequency of areca nut use, genetic susceptibility, and the presence of
dysplastic changes influence the risk of transformation. Due to the irreversible nature
of fibrosis, early intervention is crucial to prevent progression.5,43,44 Management pri-
marily involves cessation of areca nut use, medical therapy to alleviate symptoms,
and, in advanced cases, surgical intervention to improve mouth opening.48
Fig. 5. Oral submucous fibrosis. (A) Significantly limited mouth opening in a 55 year old
male patient with pale depigmented right buccal mucosa (B); biopsy showed significant
fibrosis. (C) Teeth and mucosal discoloration associated with extensive leukoplakia in a back-
ground of oral submucous fibrosis in a 47 year old male biopsy showed moderate epithelial
dysplasia (high-grade OED).
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Regular follow-up is essential to monitor for signs of MT, particularly in patients with
long-standing OSF or those who continue to use areca nut products.43

Actinic cheilitis/Actinic keratosis (AC) affects the lips, particularly in individuals with
significant sun exposure.3,49 It is characterized by atrophic, scaly patches, typically
on the lower lip, and is considered a precursor to OSCC.50 AC generally presents as
a poorly defined area of erythema and dryness on the lip, with scales and fissures. It
is often accompanied by a loss of clear demarcation between the lip vermilion and adja-
cent skin (Fig. 6A, B).49 The affected area may exhibit atrophic changes, ulcerations, or
crusting, and there may be areas of hyperkeratosis.3 In advanced cases, patients may
report a burning sensation or discomfort.50 AC is more common in individuals with fair
skin and those who have a history of chronic sun exposure. It is particularly prevalent in
geographic regions with high levels of sunlight, such as Australia, Southern Europe, and
parts of the United States. Farmers, fishermen, and outdoor workers are at an increased
risk of developing this condition due to occupational sun exposure.49 The prevalence of
actinic cheilitis increases with age and is higher in male individuals, likely due to
increased cumulative sun exposure and less frequent use of protective measures
such as lip balms with sunscreen. Mello and colleagues51 reported an overall preva-
lence of 2.08% (95%CI: 0.94%–3.67%).7 AC has an overall MT rate of 3.07%.Manage-
ment typically involves minimizing further sun exposure through behavioral changes,
such as wearing wide-brimmed hats and using lip balms with high SPF. In cases with
severe dysplasia or persistent lesions, treatment options include cryotherapy, laser
ablation, or surgical excision to prevent progression to carcinoma.48

MALIGNANT TRANSFORMATION AND PREDICTIVE FACTORS

Assessing the risk of malignant change in OPMDs involves a comprehensive approach
that includes clinical history, examination, and histopathological evaluation.5 Factors
such as lesion color, texture, location, size, presence, and grade of dysplasia and patient
demographics (eg, age, gender, and smoking status) influence the likelihood of MT.5 For
instance, erythroplakia and nonhomogeneous leukoplakia are considered high-risk le-
sions,whilehomogeneous leukoplakiaandOLParegenerallyassociatedwith lower risk.22

Although histopathological evaluation remains the current standard for assessing
dysplasia and predicting malignant potential,20 a holistic approach that combines clin-
ical history, examination, and biopsy is essential for optimal risk assessment. Clini-
cians should be vigilant for changes in lesion characteristics, such as increased
redness, ulceration, or pain, which may indicate MT. Early rebiopsy and intervention
are crucial for improving patient outcomes.5,48 Hence, the following flowchart has
been proposed to assist clinicians in the risk assessment of OPMDs (Fig. 7).
Fig. 6. Actinic cheilitis in an 82 year old farmer. (A) Note the loss of vermilion border, ulcer-
ation, and crusting on the left lip. (B) Biopsy showed hyperkeratosis with mild epithelial
dysplasia (low-grade OED), dystrophic solar elastosis, and mild inflammatory infiltrate, � 60.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en julio 10, 2025. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Kujan338
EFFECTIVENESS OF DIAGNOSTIC ADJUNCTS

General dental practitioners play a crucial role in the early detection of OPMDs.52 Con-
ventional oral examination (COE) is still the current standard.53 However, studies have
shown adjunctive tools can assist in the detection and risk evaluation of OPMDs.53–55

Diagnostic adjuncts include chemiluminescence, tissue autofluorescence, tissue fluo-
rescence spectroscopy, vital staining, and cytology techniques. The following is the
summary evidence on adjunctive aids for detecting OSCC and OPMDs.53–57

I. COE should remain the primary method for early screening of potentially malignant
lesions. It should be supplemented by a thorough patient history, which includes
identifying high-risk behaviors like smoking and alcohol use. COE is effective as
a frontline detection tool, with adjunctive aids considered supplementary.

II. Adjunctive aids like chemiluminescence and tissue autofluorescence (eg, ViziLite
and VELscope) are valuable for enhancing visual assessment, especially in sus-
picious lesions. However, they should not replace COE and biopsy confirmation.
These tools are associated with subjectivity, variable specificity and sensitivity,
and high false-positive rates. To overcome these limitations, a comprehensive
assessment through COE is essential to validate their findings.

III. Narrow band imaging (NBI) has shown promise, especially for differentiating
grades of intraepithelial papillary capillary loops, which may indicate early malig-
nant changes. NBI can be particularly beneficial in specialist clinics but requires
further training and equipment, making it less ideal for primary care settings
without additional support.

IV. Cytology techniques, including brush biopsies, have demonstrated the highest
diagnostic accuracy among adjuncts for evaluating suspicious lesions,withmoder-
ate sensitivity and high specificity. Thismakes cytologic testing valuable as a nonin-
vasive follow-up for high-risk patients, helping to determine if a biopsy is necessary.

V. While useful, vital staining, such as toluidine blue, should not be the sole diag-
nostic tool due to variable specificity. It is beneficial for highlighting lesion bound-
aries and identifying higher risk areas but must be followed by histologic
confirmation if malignancy is suspected.

VI. Light-based adjuncts like VELscope are commonly used but show significant lim-
itations. Their low specificity often leads to false positives, which may result in un-
necessary biopsies. Light-based tools can aid in visualizing lesion margins and
areas of concern but should be used with clinical judgment and not as diagnostic
replacements.

VII. In addition to aiding in diagnosis, adjunctive tools can help educate patients on
lesion monitoring, especially for individuals with recurrent lesions or risk factors
such as tobacco and alcohol use.

VIII. Evidence suggests that combining COE with adjuncts like cytology and, where
appropriate, vital staining improves diagnostic accuracy. This combination
approach leverages the strengths of each tool, reducing the likelihood of false
negatives and false positives, which are common in light-based methods when
used alone.55,56
FUTURE DIRECTIONS

Advances in molecular biology are paving the way for more targeted approaches to
diagnosing, staging, and managing OPMDs.58–64 Identifying biomarkers that predict
MT could allow for more personalized management strategies focusing on high-risk
individuals.63 Additionally, immunotherapy and other novel treatments are being
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Fig. 7. A proposed flowchart to assist with the risk stratification of oral potentially malig-
nant disorders.
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Fig. 7. (continued).
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explored as potential options for preventing the progression of OPMDs to OSCC.65

New imaging technologies, such as confocal microscopy that can provide live pathol-
ogy evaluation, might assist in the decision-making process for managing OPMDs and
OSCC.66–68 Nonetheless, while these biomarkers, techniques, and tools show prom-
ising potential, they require substantial refinement and validation over the coming
years before they can be widely and reliably applied in clinical practice.
Artificial intelligence (AI) has recently emerged as a powerful tool for diagnosing and

detecting OPMDs and OSCC.69–71 AI, mainly through machine learning and deep
learning algorithms, has shown promise in enhancing diagnostic accuracy, reducing
interobserver variability, and aiding clinicians in decision-making.70–73 AI algorithms,
particularly convolutional neural networks, have been developed to analyze oral lesion
images, including photographs and histopathological slides.70–72 These models can
assist in distinguishing between benign and potentially malignant lesions as they
show promising sensitivity and specificity. Nevertheless, applying AI in the risk stratifi-
cation of OPMDs is challenged by data quality and consistency, model transparency,
integration with clinical workflows, and regulatory and ethical issues.73,74 AI models
require standardized, high-quality datasets, yet data for OPMDs are often inconsistent
across clinical settings. Many AI tools’ opaque “black-box” nature makes their predic-
tions difficult to interpret, limiting clinician trust.71 Additionally, integrating AI seamlessly
into clinical workflows is challenging, as real-time performance and minimal training re-
quirements are essential for widespread adoption.74 Regulatory hurdles also require
models to demonstrate reliability across diverse populations while ensuring data pri-
vacy. Lastly, AI models must generalize well across different demographic and environ-
mental factors, demanding more globally representative datasets.71,74 Tackling these
issues requires collaboration among health care, regulatory, and technical experts.

SUMMARY

OPMDs represent a diverse group of conditions with the potential for MT. Early iden-
tification and appropriate management are crucial to reducing the burden of oral can-
cer. While significant progress has been made in understanding these disorders’
etiology, risk factors, and management, further research is needed to improve diag-
nostic accuracy and develop effective interventions. General dentists, equipped
with knowledge of diagnostic adjuncts and risk factors, are uniquely positioned to
contribute to the early detection and prevention of oral cancer.

CLINICS CARE POINTS

� Always biopsy lesions suspected of OPMDs, histopathology remains the gold standard for
diagnosis and risk stratification.

� Document lesion characteristics (location, size, color, texture) and update regularly.

� Use adjunctive tools judiciously; they support but do not replace COE and biopsy.

� Refer complex or non-resolving cases early to specialists for evaluation.

� Assess and document risk habits such as tobacco, alcohol, and areca nut use.

� Schedule regular follow-up appointments, especially for high-risk lesions like erythroplakia
or PVL.

� Educate patients about their condition, potential risks, and the importance of compliance
with follow-up.

� Use high-resolution intraoral photographs to document lesion progression or resolution.
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