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Introduction

Oral mucosal leukoplakia is a type of potentially malignant

oral cavity lesion [1].

Among oral leukoplakias, there is a distinct pathological en-

Abstract

Objectives: Proliferative verrucous leukoplakia was first de-
scribed by Hansen et al. in 1985. It is a rare form of oral leukoplakia
with a high risk of malignant transformation.

A review of the scientific literature indicates that there is no
consensus on the management and follow-up of proliferative ver-
rucous leukoplakia.

This article aims to provide an update on the epidemiological,
clinical, histological and immunohistochemical, diagnostic, treat-
ment and follow-up data on the disease.

Materials and Methods: We performed a narrative review by
searching the Pubmed and Google Scholar databases using key-
words.

Results: 93 out of 446 selected articles were selected for analy-
sis.

The majority of affected patients are women. The lesions are
multifocal and usually occur on the gingiva and alveolar mucosa.
The aetiology is idiopathic. The diagnosis is retrospective and based
on the history of the disease. Apart from mapping the lesions using
repeated biopsies to detect a malignant area progression, there is
no recommended treatment to cure the disease.

Conclusion: The current understanding of this entity is based on
the analysis of retrospective studies with weak scientific evidence.
Expert recommendations regarding follow-up and management
would facilitate better control of recurrence and malignant trans-
formation rates.

Keywords: Multifocal verrucous leukoplakia ; Oral leukoplakia;
Proliferative verrucous leukoplakia; Verrucous carcinoma

Diagnosis is usually retrospective and depends on the clini-
cian’s ability to recognise its progressive clinical-pathological
stages, envisaged as a continuum of diseases from simple oral
leukoplakia to squamous cell carcinoma after several years.

tity first described by Hansen et al. in 1985: proliferative ver-
rucous leukoplakia (PVL), previously referred to as Oral Florid
Papillomatosis (OFP) [2].

The lesions are slow growing, persistent and irreversible with
a tendency to be multifocal and almost inevitably proliferate.

In addition to the lack of specific histopathological diagnostic
criteria, the wide variety of morphological terminology used to
describe the microscopic findings is subject to different inter-
pretations, thus making its diagnosis difficult.

The malignant transformation rate is the highest of all poten-
tially malignant lesions in the oral cavity [3].

A review of the scientific medical literature indicates that
there is no consensus on the management and follow-up of this
condition. The literature describes several treatments: from
simple monitoring to invasive surgical treatment, laser excision
or non-surgical treatments (medication, chemotherapy, photo-
therapy, radiotherapy) but there is no gold standard in terms of
their efficacy.
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In 2007, the World Health Organization (WHO) expert group
proposed recommendations on precancerous lesions (1) and in
2020, the WHO updated this classification of potentially malig-
nant lesions, still focused almost exclusively on their clinical fea-
tures [4]. Despite the imperfection of the term PVL, the work-
group recommended that it continued to be used.

In 2021, a new group of experts, from the American Acade-
my of Oral and Maxillofacial Pathology (AAOMP) and the North
American Society of Head and Neck Pathologists (NASHNP),
recommended the use of standardised histopathological crite-
ria and appropriate descriptive terminology [5]. However, these
criteria have not yet been widely evaluated, particularly in a
clinical context.

The rationale for this work is the lack of national or interna-
tional guidelines on the management of proliferative verrucous
leukoplakia from the learned societies of dermatology, oral sur-
gery or maxillofacial surgery.

The purpose of this article is to propose a narrative synthesis
on PVL focusing on five themes: (1) epidemiology, (2) clinical,
histology and immunohistochemistry, (3) diagnostics, (4) treat-
ment and (5) follow-up.

Materials and Methods
Research Strategy

We performed the literature search by searching the
MEDLINE database (Pubmed) and the Google Scholar search
engine. The last search was conducted on February 13t 2023.
The keywords entered were: proliferative, verrucous, multifo-
cal, leukoplakia and leucoplakia.

The common limits of the queries were as follows:

- Only complete articles written in English and French
were selected;

- The publication year of the articles ranged from Sep-
tember 1985 to January 2023;

The articles were selected based on the title and abstract
and then on the availability of the full text. We also performed
additional manual searches using the references of the selected
articles.

Results
Screening of Studies

The research strategy yielded 446 publications and article
abstracts. 329 were left after removing duplicates. At the end of
this procedure, 93 articles were selected for analysis. The flow
chart in Figure 1, created according to the PRISMA recommen-
dations, summarises the selection process [6].

Epidemiology

Profile of affected patients (sex, age)

Patients suffering from PVL are over 60 years old (Table 1).
Most authors estimate a ratio of women to men of 4:1.

Ramos-Garcia et al. (7) and Abadie et al. (8) demonstrate no
significant association between age, sex of patients and the rate
of malignant lesion transformation.
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Table 1: Summary of epidemiological characteristics of systematic reviews of PVL (X = data not available).
Localisation of lessions
Author Year of publication Age Sex Gingiva/Al B | - ‘ Tobacco | Alcohol | HPV
ngiva veo- ucca oor O
(years) | (%) g Tongue  Palate Lip (%) (%) (%)
lar mocusa mucosa mouth
Abadie 2015 63,9 66,9 52 50,6 34,8
Lafuente Ibanez
2021 >60 | 67,4 57,8 44,8 32,9 | 22,4 12,1 7,4 39,3 23,2
de Mendoza
Palaia 2021 64,9 | 59,5 40,1 26,2
Pentenero 2014 62 69,1 61,7/11,2 56,9 47,3 | 36,7 26,6 12,8 35,3 21
Proano 2021 62,34 62,5 51,2 19,5 7,3 2,43 9,8 9,8 29,7 6,8 14,6
Ramos Garcia 2021 33-88 | 64,02 39,6 21,6 0-70 | 9,8-56
Soft:
Torrejon Moya 2020 67,4 67 50,9 44,9 406 o 25,4 13,3 37 31,4
Average 63,5 65,2 35,9
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Figure 2: Histopathological continuum of PVL adapted from Han-
sen et al. and modified.

Conversely, Palaia et al. (9) found that women with PVL were
1.7 times more likely to experience malignant transformation
and transformation to squamous cell carcinoma is estimated to
be 3 times higher for women than for men.

Clinical Distribution of Lesions

The literature reports that PVL lesions are most commonly
located in the gums and alveolar mucosa, followed by the jugal
mucosa, the tongue, the palatal mucosa, the floor of the mouth
and the lips.

Oral anatomical sites at high risk of malignant transforma-
tion are generally the tongue and floor of the mouth, whereas
for PVL, it is the gingiva and jugal mucosa [10-12].

Carcinomas resulting from PVL are most likely to be located
on the masticatory mucosa, particularly on the gingiva (squa-
mous cell carcinomas) and on the hard palate (verrucous carci-
nomas) with a lower prevalence on the tongue (particularly the
lateral border of the tongue).

There is a sub-type of PVL called gingival PVL, which occurs
around the marginal gingiva of teeth and is particularly com-
mon in the anterior region.

The literature indicates that these lesions are multifocal in
almost all patients. The number of lesions per patient differs in
the retrospective studies: 8.2 for Zakrzewska et al. [13], 4.4 for
Garcia-Chias et al. [14] and 2.6 for Silverman et al. [15]. This
number is difficult to define for lesions involving the marginal
gingiva of several adjacent teeth, the simplest way would be to
consider them as non-contiguous sites [16].

The systematic review by Ramos Garcia et al. reports 1 to 17
leukoplakic lesions per patient [7].

Risk Factors (Smoking, Alcohol, Human papillomavirus)

Most authors mention smoking habits in their cohort but
seem to exclude smoking as a risk factor for developing PVL.

Smoking doesn’t seem to be involved in the carcinomatous
transformation of PVL either.

Similarly to smoking, alcohol plays a major role in the car-
cinogenesis of the oral mucosa with a “dose-effect” relation-
ship. Alcohol consumption combined with smoking increases
the risk of cancer, particularly by promoting the passing of pro-
carcinogenic substances through the mucosa or by activating
cytochromes P450.

The few studies reporting alcohol consumption in their pa-
tients agree it should be excluded from the etiological factors
for the occurrence of PVL.

Papillomaviruses are strictly human double-stranded circular
DNA viruses belonging to the Papillomaviridae family. Most au-
thors do not describe human papillomavirus as an aetiological
factor in the development of PVL. However, it is difficult to draw
conclusions due to the different detection methods, sensitivi-
ties and lack of control groups. There is a need for further stud-
ies that comply with standardised selection criteria and detec-
tion methods.

Clinical, Histology and Immunohistochemistry
Clinical

The abnormality of this lesion is its macroscopic variability
according to its clinical stage and location. The different devel-
opmental stages of this disease can be observed at the same
time, in the same patient and at different sites.

The lesions tend to go through 4 main clinical stages. In the
initial stages, we see an isolated, homogeneous leukoplakia
that is predominantly white or inhomogeneous, possibly with
erythematous halo-like margins, thin or thick, with a smooth
surface, non-protuberant, soft on palpation or verrucous and
often asymptomatic. It does not disappear after removal of
apparent traumatic causes, is persistent and does not detach
when scraped.

Gradually, the lesions multiply and become thick, exophytic,
papillomatous and/or verrucous and hard upon palpation
[8,17]..

Hansen et al. (2) describe PVL as a continuum of diseases
ranging from simple hyperkeratosis to squamous cell carcino-
ma. The lesion may initially be classified at any point on the
continuum, not develop further for an indefinite period of time,
or progress more or less rapidely into a carcinoma.

They consider verrucous hyperplasia (VH) to be one of the
intermediate stages of the disease. It was first described by
Shear and Pindborg et al. [18].

However, the terminology “proliferative verrucous leukopla-
kia” and “proliferative verrucous hyperplasia” are not clinically
or histologically interchangeable.

PVL should be seen as a clinical diagnosis while VH as a his-
tological diagnosis.

First defined by Ackermann in 1948, Verrucous Carcinoma
(VC) begins as a thin, well-defined white keratotic plaque that
subsequently thickens and develops a papillomatous surface
with rounded ends or verrucous surface with pointed ends.
The lesion then becomes clinically indistinguishable from a ver-
rucous carcinoma. Over time, new tumours appear, often with
squamous cell carcinoma being the final stage. The exophytic
proliferation of the verrucous carcinoma becomes endophytic
and hard on palpation.

Verrucous carcinoma is considered a low-grade, slow-grow-
ing, well-differentiated tumour with extremely low metastatic
potential. VH and VC can share overlapping histological and
clinical features and are often indistinguishable.

Histology
There is no precise histological diagnosis for this lesion.

The high tendency for recurrence suggests that PVL is associ-
ated with diffuse microscopic changes within the oral mucosa,
described as “field cancerisation”.
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Hansen et al. proposed a microscopic PVL classification scale
from 0-10 where the main grades are: 0 = normal mucosa,
2=hyperkeratosis with little or no dysplasia, 4=verrucous hyper-
plasia, 6=verrucous carcinoma, 8=papillary squamous cell car-
cinoma and 10=poorly differentiated squamous cell carcinoma.
The idea of there being a histological continuum is clear, with
lesions slowly progressing to the higher grade, while regression
to the lower stage is unusual.

Decades passed before Batsakis et al. [19] simplified this
classification by removing the intermediate grades and retain-
ing only 4 main grades: simple leukoplakia, verrucous hyperpla-
sia, verrucous carcinoma and squamous cell carcinoma.

Figure Il below, adapted from the Hansen et al. [2] continu-
um, summarises the clinical-histological data.

Immunohistochemistry

Studying immunological markers in potentially malignant le-
sions such as PVL could help to detect which lesions are likely
to undergo malignant transformation when histology is not a
contributing factor.

Studies showed high levels of some tumour growth and pro-
liferation markers (P53 protein [20,21], Ki-67 antigen [20,22],
minichromosome maintenance protein complex (MCM)
[23,24]), aberrations in cell cycle regulatory genes with dele-
tions, loss of heterozygosity and mutations (DNA ploidy [24-
26]) or oral microbial diversity in some PVL samples [27]. Oth-
ers found the presence of interleukin-6 [28], interleukin-5,
interleukin18, transforming growth factor alpha [29], cell cycle
regulatory genes p16INK4a and p14ARF [30], INSR + cancer-as-
sociated endothelial cells and ASPN+ [31].

However, no biomarker has yet met the reference criteria for
risk stratification of malignant transformation in oral leukopla-
kia and PVL [32].

Even though there is an emerging body of evidence charac-
terising the genomic and transcriptomic signature of PVL, this
requires further research and should be investigated as part of
an expert consensus proposal [33].

Also, artificial intelligence could be used in the future as an
additional tool to support diagnosis [34].

Diagnosis

Various authors have proposed different diagnostic criteria:
Hansen et al. [2]; Gandolfo et al. [11]; Ghazali et al. [35]; Ce-
rero-Lapiedra et al. [36]; Carrard et al. [37]; Garcia-Chias et al.
[14]; Ghosh et al. [38]; Garcia Pola et al. [39]; Villa et al. [40];
Thompson et al. [5]; Gonzalez-Moles et al. [41]; Lafuente Ibanez
De Mendoza et al. [42]. Only the criteria set by Cerero-Lapiedra
et al. [36] have been evaluated in retrospective studies [38,39].

In 2010, Cerero-Lapiedra et al. [37] proposed the following
diagnostic criteria:

Major criteria:
A.  Lesion with at least 2 different sites in the oral cavity
B. Presence of a verrucous area

C. Changes in lesion size during the development of the
disease

D.  Recurrence in a previously treated area

In terms of histopathology, it could be simple epithelial hy-
perkeratosis, verrucous hyperplasia, verrucous carcinoma or
squamous cell carcinoma, in situ or infiltrating.

Minor criteria:

A.  An oral leukoplakia lesion occupying at least 3cm?
when adding all areas together

B. Female patient

C. Non-smoking patient (male or female)

D. Disease evolution longer than 5 years

The diagnosis of PVL is clearly established when:

- 3 major criteria are met (including criterion E)

- Or 2 major criteria (including E) and 2 minor criteria
are met

Some forms of PVL can mimic Oral Lichen Planus (OLP) or
Oral Lichenoid Lesions (OLL) [43-48].

The presence of striae and erythroplakia with multifocal
white lesions may confuse the clinician. There is still debate
surrounding whether a subset of PVLs can be presented as the
evolution of an OLP or an OLL, or the continuum of the same
potentially malignant lesion in a field cancerisation scenario.

Oral verrucous hyperplasia and verrucous carcinoma can be
one of the intermediate stages of PVL but can also occur in iso-
lation.

Therapeutic Management

There is currently no gold standard treatment for PVL. The
available treatments essentially limit the progression of the dis-
ease without curing it. A distinction is made between surgical
removals with a cold blade, surgical removal with a laser, local
or systemic application of medicinal agents: retinoids, corticos-
teroids, methisoprinol, phototherapy, chemotherapy and radio-
therapy. The latter two treatment options should only be used
in the case of proven malignant lesions.

Surgical removal with a cold blade seeks to totally remove
lesions, which is rarely possible given the multifocality of the le-
sions and the tissue loss that this procedure involves. Mapping
with multiple and frequent biopsies is essential to detect areas
where high-grade lesions may develop.

Even in the case of taking a simple biopsy, the choice of the
area to be removed is tricky when the lesion is wide.

It has also been suggested that large mucosal lesions with
mild to moderate dysplasia should be treated surgically [49].

This procedure may often require additional treatments,
such as laser excision/vaporisation, advanced surgical treat-
ments with tissue flaps or skin grafts that cannot guarantee
eradication of the disease can at least allow for histological
monitoring.

Despite high recurrence rates, surgery is unavoidable to his-
tologically classify the disease and detect its malignant transfor-
mation as early as possible.

There is insufficient scientific evidence to conclude that any
treatment strategy is capable of reducing PVL recurrence rates.
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Follow-up
Malignant Transformation and Recurrence Rates

Recent systematic reviews were performed to determine the
malignant transformation rate of PVL, Palaia et al. [9] (46.5%)
and Lafuente Ibanez De Mendoza et al. [42] (65.8%).

These figures should be interpreted with caution as they are
significantly influenced by the low methodological quality.

locca et al. [3] found a malignant transformation rate of
49.5% for PVL, the highest rate out of erythroleukoplakia, oral
leukoplakia, oral submucosal fibrosis, oral lichenoid lesions and
oral lichen planus. The annual malignant transformation rate of
PVL is 9.3%, well above the above-mentioned potentially ma-
lignant lesions. These authors also demonstrated a significant
negative correlation between the PVL transformation rate and
the year of the published study (1985 to 2019). Therefore, it
would be reasonable to assume that since the initial definition
was proposed in 1985, more attention has been given to the
condition and this has led to better management, which has in
turn allowed the rate of malignant transformation to be moni-
tored over the years.

Proano et al. [50] investigated recurrence after treatment
and estimated it at 67.2%. While we have a good understand-
ing of the sites at high risk of recurrence, no correlation has yet
been shown regarding the size or histological type of the lesion.

According to Palaia et al. [9] patients with PVL who progress
to oral cavity cancer develop at least one second tumour at a
different intraoral site in 46.5% of cases.

It has been estimated that the total number of malignant
tumours varies from 1 to 14, and the average number of can-
cers per patient varies from 1.2 to 3.15 [7]. The time intervals to
transformation fluctuate drastically between studies: from 1 to
210 months on average.

Studying 33 patients who had developed at least 2 SCCs re-
sulting from a PVL, Bagan et al. demonstrated that the time to
recurrence of a new malignant lesion decreased between each
successive SCC (from 40.79 +/- 36.02 months from the first to
the second cancer and from 16.67 +/-12.01 from the fourth to
the fifth cancer).

Squamous cell carcinoma resulting from PVL can be a distinct
entity with smaller tumours and no regional or distant metas-
tases. Patients who died after a long history of tumour recur-
rence had an average disease duration of 70 months compared
to 7.75 months for those who died of conventional squamous
cell carcinoma [12].

Meta-analysis conducted by Gonzales Moles et al. [41] re-
vealed that 33.6% of patients with PVL developed verrucous
carcinomas while 72.2% developed squamous cell carcinomas.
These authors found that prolonged follow-up of patients after
treatment is not associated with a higher mortality rate. Lastly,
the mortality rate is not affected by the multiplicity of lesions.

Monitoring time Frame and Evaluation Methods

The majority of authors recommend regular follow-up every
6 months [51], every 3 to 6 months [50] or even every 2 months
[49].

This follow-up should be both clinical (rigorous clinical exam-
ination, photography) and histological (biopsy mapping). Pho-

tographs and histological analysis should be compared at each
follow-up to detect any macroscopic and microscopic changes
in the lesions. Sharing photographs with pathologists is also en-
couraged [40,49].

It is important to establish objective evaluation criteria dur-
ing follow-up, such as a specific disease score, or subjective cri-
teria such as a pain and quality of life questionnaire. Educating
the patient about self-examination of their lesions would help
reduce the time to consultation in case of lesion changes.

Discussion

The current understanding of this entity is based on the
analysis of retrospective studies with reported weak scientific
evidence. Patient samples rarely exceed 50 patients with PVL,
the largest cohort being Bagan et al. [10] with 63 patients.

According to Hansen’s histopathological continuum, the di-
agnostic and treatment approach to the disease is known at the
extreme stages of the disease, i.e. stages 2 (oral leukoplakia), 8
(papillary squamous cell carcinoma) and 10 (poorly differenti-
ated squamous cell carcinoma).

Oral leukoplakia has been the subject of expert panel discus-
sions, classification and grading, and treatment recommenda-
tions in the form of treatment decision trees [1,52,53].

Oral squamous cell carcinoma is subject to a strict pre-treat-
ment assessment and an approved treatment based on the
TNM (Tumour, Node, Metastasis) classification and validated in
a Multidisciplinary Consultation Meeting (MCM).

However, in the intermediate stages of the disease, from 3
to 7 (grade 4: verrucous hyperplasia, grade 6: verrucous carci-
noma), there is no consensus on either diagnostic or treatment.
The line between VC as an intermediate stage of PVL and “pri-
mary” VCis difficult to draw but it seems important to make the
distinction because of the difference in prognosis between both
entities. Is this difference related to a real histological-morpho-
logical difference or to the treatment-resistant and recurrent
nature of PVL?

Surgery is most commonly used to treat VCs either on its
own or in combination with radiotherapy. Some authors treat
VCs as SCCs (complete removal approach). Primary radiother-
apy remains controversial. Even at an earlier histological stage
of the continuum, should PVL be treated in the same way as
“primary” VC, i.e. through conservative or complete removal
surgery with wide, monobloc excision and macroscopic margins
of 10 mm? There is no data available in the literature for PVL
regarding the size of these margins. Could a systematic inves-
tigation into these margins play a key role in the recurrence of
lesions?

Should all lesions be treated in the same way, even though
they are at different histological stages, or should treatment be
adapted to consider each lesion individually in the same pa-
tient?

Another problem is the multifocal nature of PVL from one
anatomical site to another in the oral cavity. In these cases, the
surgical treatment is substantial from a tissue removal point of
view and can make post removal reconstruction difficult.

It is clear that, in view of the chronicity of such lesions, the
diagnosis, the first-line treatment and the frequency of follow-
up should be key points for consideration in MCM related to
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this condition, which almost inevitably undergoes malignant
transformation at present.

Conclusion

While PVL is better understood than when the original defi-
nition was proposed in 1985, it remains the potentially malig-
nant oral cavity condition with the highest risk of malignant
transformation. The current data in the literature helps clarify
the epidemiology and to make a clinical and histological diag-
nosis, albeit retrospectively, of this condition. However, the lack
of specific histological terminology means that many lesions
potentially consistent with PVL are currently under-diagnosed.

Further research into its etiopathogenesis and immunohisto-
chemical markers may facilitate early detection of carcinogen-
esis sites or anticipation of aggressive lesion behaviour.

In the absence of good practice recommendations for fol-
low-up and treatment, recurrence rates and malignant trans-
formation will remain difficult to control. This is the key issue
with this condition, in which the line is particularly fine between
verrucous or squamous cell carcinoma.
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