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Abstract

The many diverse terms used to describe the wide spectrum of changes seen in proliferative verrucous leukoplakia (PVL)
have resulted in disparate clinical management. The objective of this study was to produce an expert consensus guideline for
standardized assessment and reporting by pathologists diagnosing PVL related lesions. 299 biopsies from 84 PVL patients
from six institutions were selected from patients who had multifocal oral leukoplakic lesions identified over several years
(a minimum follow-up period of 36 months). The lesions demonstrated the spectrum of histologic features described in
PVL, and in some cases, patients developed oral cavity squamous cell carcinoma (SCC). An expert working group of oral
and maxillofacial and head and neck pathologists reviewed microscopic features in a rigorous fashion, in combination with
review of clinical photographs when available. The working group then selected 43 single slide biopsy cases for whole
slide digital imaging (WSI) review by members of the consensus conference. The digital images were then reviewed in two
surveys separated by a washout period of at least 90 days. Five non-PVL histologic mimics were included as controls. Cases
were re-evaluated during a consensus conference with 19 members reporting on the cases. The best inter-observer diagnostic
agreement relative to PVL lesions were classified as “corrugated ortho(para)hyperkeratotic lesion, not reactive” and “SCC”
(chi-square p=0.015). There was less than moderate agreement (kappa < 0.60) for lesions in the “Bulky hyperkeratotic epi-
thelial proliferation, not reactive” category. There was > moderate agreement (> 0.41 kappa) for 35 of 48 cases. This expert
consensus guideline has been developed with support and endorsement from the leadership of the American Academy of
Oral and Maxillofacial Pathology and the North American Society of Head and Neck Pathologists to recommend the use
of standardized histopathologic criteria and descriptive terminology to indicate three categories of lesions within PVL: (1)
“corrugated ortho(para)hyperkeratotic lesion, not reactive;” (2) “bulky hyperkeratotic epithelial proliferation, not reactive;”
and (3) “suspicious for,” or “squamous cell carcinoma.” Classification of PVL lesions based on a combination of clinical
findings and these histologic descriptive categories is encouraged in order to standardize reporting, aid in future research
and potentially guide clinical management.
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Introduction

Proliferative verrucous leukoplakia (PVL) is a spectrum
disorder of the oral mucosa that shows characteristic, focal
when early, adherent multifocal and multicentric white, usu-
Lester D. R. Thompson and Sarah G. Fitzpatrick share equal ally heterogeneous-appearing and often verruciform pro-
authorship contribution. liferations. The lesions often involve the gingiva adjacent
and sometimes circumferential to the teeth and the mucosa
in other intraoral locations [1]. The lesions tend to pursue
a relentless clinical course with high rates (about 50%) of
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recrudescence and progression to squamous cell carcinoma
(SCC) [24]. Older aged female patients are most frequently
affected, generally demonstrating disease development over
many years, with active and quiescent phases. Any individ-
ual clinical course is variable: most PVL lesions are slowly
progressive and persistent before they demonstrate sudden
rapid growth, while in a previously uninvolved site, a mass
may present de novo as carcinoma. These persistent, mul-
tifocal lesions are resistant to interventions, suggesting a
field cancerization phenomenon [5-7]. Given the diversity
of histologic features seen within the spectrum of PVL, it
has been difficult to determine uniform and reproducible his-
tologic criteria that can be applied by both oral pathologists
who may be knowledgeable clinically about the disorder, and
practicing general pathologists who may not be familiar with
the clinical presentation and course of this unusual disease
[8—10]. While it is imperative to have good clinical descrip-
tions and, ideally, intraoral photographs for documentation,
reliable and reproducible histologic features can still be
identified to support the clinical-pathological correlation
required for a diagnosis of PVL. A great many diverse histo-
morphologic descriptive terms have been applied (including
verruciform/verrucous/papillary hyperkeratosis, verruciform
epithelial hyperkeratosis, verrucous epithelial proliferation/
hyperplasia, papillary keratosis, atypical verrucoid prolif-
eration, and atypical verrucous hyperplasia), such that the
significance of the terminology is diluted or lost, impeding
consistent diagnostic terminology by pathologists, and pos-
ing management challenges for clinicians [8]. This expert
consensus guideline has been developed by members of this
consensus group with support and endorsement from the
leadership of the American Academy of Oral and Maxillo-
facial Pathology (AAOMP) and the North American Society
of Head and Neck Pathologists (NASHNP) in an effort to
provide uniform microscopic criteria and reporting terminol-
ogy that can be applied in daily clinical practice. The intent
is to guide future studies, increase accuracy of diagnosis
by standardized terminology, and aid in developing better
treatment options that match the lesions in each diagnostic
category.

Materials and Methods
Working Group

Approval was obtained from the University of Florida Insti-
tutional Review Board (IRB).

Each representative from the working group was
approved for participation within the IRB. Both board-cer-
tified oral and maxillofacial pathologists and board-certi-
fied pathologists with expertise in head and neck pathology
agreed to participate, based partly on participation in the

inter-observer variability study [8]. Members represented
academic medical centers (SGF, IB, MNI, DMC, MWL,
SBW, NV), an oral pathology private practice (SM), and an
integrated managed care consortium covering 12 geographi-
cally separate medical centers that provided routine clinical
cases (LDRT). The first author of the inter-observer vari-
ability study as preamble to this expert consensus guideline
was also part of the working group (JDU).

Study Cohorts

Each member of the working group selected PVL patients
for possible inclusion in the study based on established PVL
clinicopathologic criteria [1-4]. Patients had to have the fol-
lowing: (1) multifocal lesions which demonstrated clinical
progression or alterations over time with multicentric recur-
rence; (2) multiple biopsies obtained from various different
sites over time showing the spectrum of histologic features
known to be seen in PVL; (3) a minimum of 36 months of
clinical follow-up; and (4) documentation of the develop-
ment of at least one oral SCC during the period of obser-
vation (unless the patient was lost to follow-up or died of
unrelated causes before carcinoma developed). Cases sub-
mitted included: (1) 63 separate biopsies from 23 patients
from University of Florida (SGF, IB, MNI, DMC); (2) 55
separate biopsies from 21 patients from Southern California
Permanente Medical Group (LDRT); (3) 64 separate biop-
sies from 20 patients from Atlanta Oral Pathology (SM);
(4) 86 separate biopsies from 9 patients from University of
Chicago (MWL); (5) 20 separate biopsies from 9 patients
from Brigham and Women’s Hospital (SBW); and (6) 11
biopsies from 2 patients from the University of Texas School
of Dentistry at Houston (NV).

All anonymized and coded hematoxylin and eosin-stained
glass slides were digitized into whole slide images (WSI)
using the Aperio AT2 platform (Leica Biosystems, San
Diego, CA) at 20x magnification to ensure uniform, con-
sistent, and standardized materials for review. There was
no potential for discrepant diagnoses based on different or
deeper levels, as could be created by serial slides section-
ing; no slide breakage; no differences in staining; identical
materials for review independent of time (i.e., all reviews
could be done simultaneously if multiple users were logged
in at the same time). The WSI were placed on a secure,
authentication required server accessible to the group. All
cases were reviewed using either Aperio eSlide Manager or
Aperio ImageScope web-browser-based software to assess
the validity of inclusion, histologic quality of the mate-
rial, scanning technical specifications, fragmented or small
biopsies. As digital pathology is validated and approved for
primary diagnosis and all pathologists participating in the
project are experienced digital pathology users, the fact that
glass slides were not reviewed was considered of no practical
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significance. With significant histologic overlap among the
299 biopsies, the highest technical quality material was
reviewed by members of the working group utilizing a modi-
fied Delphi technique. The Delphi method tries to arrive at
a group opinion or decision by surveying a panel of experts
with several rounds of questionnaires or surveys, from which
the responses are aggregated and shared with the group by a
facilitator (LDRT). While the technique is supposed to main-
tain anonymity, given the small pool from which to draw,
this component was excluded. This process was formally
finalized during an in-person conference held 21 September
2019 in Orlando, Florida. White boards were used to docu-
ment histologic features already published in the literature
on the diagnosis of PVL, with each member of the working
group discussing how these findings were weighted, applied,
or otherwise used to reach a pathologic diagnosis. Eighty
cases were settled upon for potential inclusion based on
including 5 pathologic distractors, an approximately equal
number of cases within each of the 3 categories, recogniz-
ing the potential for interpretation differences, and trying to
include a proportionately weighted case number from each
member’s institution in the final survey material.

Workgroup Histologic Categories

Four categories were created for histologic lesions of PVL,
recognizing they might not represent an arc of development
relative to any one individual lesion’s progression, and no
such continuum should be implied. It is well to recognize
that there is an arbitrary nature to creating categories out of
a histologic spectrum of lesions. The agreed upon categories
included:

1. “Corrugated ortho(para)hyperkeratotic lesion, not reac-
tive;”

2. “Bulky hyperkeratotic epithelial proliferation, not reac-
tive;”

3. “Squamous cell carcinoma;”

4. “Does not fit any above category.”

These categories (see Table 1) are illustrated in the fol-
lowing figures, recognizing variation in each individual
biopsy within a category as well as between categories.

Corrugated Ortho(para)hyperkeratotic Lesion, Not Reactive

Figure 1 includes illustrations of the clinical (Fig. 1a) and
histologic features seen in the corrugated ortho(para) hyper-
keratotic lesion, not reactive category (Fig. 1b-e). Corruga-
tion is seen in either the keratotic surface or the epithelial
compartment, or both. There is wave-like undulation to the
epithelium or to the keratosis and some areas exhibit a ‘bas-
ket-weave’ pattern (Fig. 1b). More prominent crests may
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be seen in some lesions (formerly the term “Christmas tree
keratosis™ or chevrons was applied to this pattern). Alter-
natively, some lesions demonstrate a flat, dense, markedly
thickened layer of orthokeratin and an atrophic underlying
spinous cell layer (conceptually proliferative leukoplakia
rather than proliferative verrucous leukoplakia). This cat-
egory demonstrates disproportionate orthokeratosis, which
in many cases exceeds one half of the epithelial thickness
over which it is identified (Fig. 1c). Hyperparakeratosis may
also be seen, but hyperorthokeratosis is usually dominant.
Shredded, shaggy keratosis with bacterial colonies may
sometimes be seen in these lesions secondary to trauma.
Abrupt transitions from the adjacent contiguous epithelium
are usually evident (Fig. 1d), resulting in a sharp demarca-
tion from the unaffected epithelial tissue (described here as a
histologic feature, it is often also a clinical finding; Fig. 1a).
Other transitions may be present as “skip” segments (i.e.,
normal/abnormal/normal/abnormal), specifically in relation
to mounds of ortho/parahyperkeratosis (Fig. 1e). A promi-
nent granular cell layer often stands out below the orthokera-
tosis. There is usually a loss of rete pegs as compared to
what would normally be seen in the affected anatomic site
(Fig. 1d). Epithelial atrophy relative to the specific site, may
or may not be evident, recognizing that in each intraoral
anatomic subsite there is a characteristic normal epithe-
lial thickness and relationship to the underlying stroma. In
some cases, a prominent band-like inflammatory infiltrate
is present at the interface which can cause confusion with a
lichenoid mucositis. Secondary fungal infection/colonization
is quite uncommon in this type of proliferation.

Bulky Hyperkeratotic Epithelial Proliferation, Not Reactive

Figure 2 includes illustrations of the clinical (Fig. 2a) and
histologic features of the bulky hyperkeratotic epithelial pro-
liferation, not reactive category (Fig. 2b—e). This lesional
category, roughly intermediate between corrugated orthohy-
perkeratosis and SCC, poses the greatest challenge for reach-
ing consensus and reproducibility. In this category, the com-
posite epithelial features are clearly amplified with either or
both exophytic and endophytic proliferations (Fig. 2b and e),
but are not sufficient for rendering a definitive diagnosis of
carcinoma. There is a bulkiness to the epithelial prolifera-
tion: in essence, the epithelial compartment, rather than the
surface hyperkeratosis, accounts for the lesion’s thickness
(Fig. 2c and e). Keratosis overall is not as pronounced and
orthokeratosis is not prominent in this category (Fig. 2c).
The epithelium shows bulbous rete pegs that sometimes coa-
lesce to appear confluent, and artifactual separations may be
noted between the epithelium and superficial lamina propria
(Fig. 2c and e). An inflammatory infiltrate is often seen at
the advancing epithelial front, but without destruction of the
epithelial-stromal interface (Fig. 2c and e). The degree of
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Corrugated orthohyperkeratosis

Disproportionate orthokeratosis

Corrugated epithelium and/or
surface keratosis

. Skip keratosis

Loss of rete pegs

Sharp, abrupt transition

Architectual distortion greater than
cytologic atypia

Fig.1 Corrugated ortho(para)hyperkeratosis, not reactive. a A clini-
cal photograph of a gingival verruciform leukoplakia (white arrow),
adjacent to teeth. b Marked orthohyperkeratosis and epithelial cor-
rugation, with the thickness of the hyperkeratosis> 1/2 of the total
biopsy thickness. ¢ Marked orthohyperkeratosis, about twice the
thickness of the epithelium below. d Corrugated keratosis and corru-
gated (undulating) epithelium, showing an abrupt (black arrow) tran-
sition to the adjacent epithelium showing limited epithelial dysplasia.
e Abrupt, sharp transitions and skip zones of orthokeratosis (black
arrows) are a common finding

cytologic atypia may be modest, yet architectural disorder
is readily identified and it is the architectural abnormalities
that overshadow the cytologic findings. The specific sites of
greatest concern include the gingiva, especially when there
is a thickened “ring around the collar” effect clinically (1),
followed by the palate, floor of mouth, buccal mucosa, and
tongue.

Suspicious for Squamous Cell Carcinoma or Squamous Cell
Carcinoma

Figure 3 includes illustrations of the clinical (Fig. 3a) and
histologic features of the suspicious for SCC or unequivo-
cal SCC category (Fig. 3b-e). This category includes ver-
rucous SCC (VSCC), SCC with papillary architecture (i.e.,
not classic HPV-associated papillary SCC), and in addition,
a unique lesion of PVL also characterized by cumbrous-
appearing epithelium, described frequently as having a
“stuck-on” appearance, without conventional invasive

@ Springer

Bulky hyperkeratotic
epithelial proliferation
Bulky epithelial proliferation in
excess of hyperkeratosis
Verrucous, exophytic, warty
hyperplasia without dysplasia
Proliferation thicker than adjacent
epithelium
Bulbous rete, sometimes fused
Risky sites: gingiva > soft palate

Fig.2 Bulky hyperkeratotic epithelial proliferation, not reactive.
a Diffuse and bulky, heterogeneous white plaque affecting the man-
dibular anterior segment (attached gingiva, alveolar mucosa, lower
labial vestibular, and labial mucosa), contiguous with the posterior
buccal vestibule and buccal mucosa. Note the dry, fissured appear-
ance of the lower left buccal vestibular mucosa. b Low power view
of a mucosal wedge showing the bulky, endophytic proliferative
epithelial pattern of cytologically bland cells with broad, blunted,
downwardly directed rete pegs that markedly increase the top-to-bot-
tom width of the epithelium. The rete pegs appear to merge toward
one another as they attain a uniform depth. The epithelial surface is
slightly undulating with a surface crypt filled with parakeratin. ¢ The
epithelium is bulky and thickened with easily identified hyperkerato-
sis plus expanded, blunt rete pegs. d Low power view of undulating
surface epithelial proliferation with exophytic foci covered by par-
akeratin. The rete pegs are uniform in depth, blunt, and broad. e As a
biopsy sample, the tangential sectioning artifacts affect interpretation
of the endo-exophytic bulky epithelial proliferation showing an undu-
lating surface. The rete pegs are elongated and rounded at their tips,
and together they reach a uniform depth. However, comparison to the
adjacent epithelium cannot be achieved and so carcinoma cannot be
diagnosed

growth (Fig. 3b), although pressure erosion of bone may be
seen (not seen is single discontinuous cell or tumor islands
definitively invading into connective tissue or bone). Aside
from VSCC and SCC with papillary architecture, there are
additional epithelial proliferations that impart the impres-
sion of a barnacle stuck-on a surface, but these proliferations
lack exophytic verruciform or “church-spire” type keratosis
(later introduced herein as “barnaculate carcinoma”). In
these lesions, the epithelium shows a significantly volumi-
nous proliferation with acanthotic, endophytic-appearing
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Squamous cell carcinoma

Substantial, convoluted, complex
epithelial proliferation

>3-4x thickness of uninvolved
adjacent epithelium

Thick, clubby, blunt projections

Focal dysplasia may be present

Intraepithelial microabscesses,
increased intraepithelial
eosinophils

Fig.3 Squamous cell carcinoma. a A clinical photograph of a gin-
gival mass enveloping several teeth, with a pebbly configuration. b
A substantial, convoluted and complex epithelial proliferation much
thicker than the uninvolved adjacent epithelium (black arrow), but
lacking an invasive pattern below the level of the epithelium. ¢ Broad,
pushing border of infiltration displacing muscle and extending below
the adjacent epithelium (black arrow). There are thick, clubby projec-
tions with a complex architecture. d The rete pegs are notably thick-
ened and elongated; there is surface hyperkeratosis with a verrucous
pattern. The rete pegs are 5x the thickness of the adjacent epithelium,
but there is absence of cytologic atypia. e Conventional SCC show-
ing broad islands and nests of destructive infiltration into the stroma.
There are microabscesses present within the deep portions of the epi-
thelium (black arrow)

columns that exhibit complex folding and invaginations
(Fig. 3¢c) to a much greater degree than seen in the bulky
hyperkeratotic epithelial proliferation category. Quantitation
cannot be provided as specimen variation precludes such an
attempt, but the generalized thickness is often more than 3—4
times the thickness of the adjacent uninvolved epithelium
(Fig. 3b and c), which can be used as a guide when present.
There are bulbous, blunt, downwardly-directed rete peg pro-
jections that may or may not extend below the level of the
adjacent epithelium (Fig. 3d). Importantly, in cases clini-
cally consistent with PVL and similar to what is seen in ver-
rucous carcinoma, bulky exophytic (and often endophytic)
epithelial masses that project outward into the lumen of the
oral cavity may lack definitive histopathological evidence
of “invasion,” yet qualify for inclusion as carcinoma. The
basement membrane in some instances may be intact, similar

to VSCC. In other cases, there is blurring of the epithelial-
stromal interface whereby the epithelium appears to trickle
into the markedly inflamed connective tissue, but still lacks
the definitive histopathological evidence of “invasion” that
is seen in conventional SCC. Intraepithelial microabscesses
intimately associated with keratin pearls are histologic indi-
cators of a carcinoma diagnosis (Fig. 3e). Additionally, both
intraepithelial and stromal infiltration by eosinophils may be
seen in these particular carcinomas.

In traditional VSCC, parakeratotic crypting, para- and
orthohyperkeratosis, and church-spire hyperkeratosis are
seen; occasionally, masticatory friction may blunt or eradi-
cate the “church-spire” appearance in some tumors. Mild
cellular atypia is observed in the basal-most epithelial strata
rather than the suprabasal compartment of the epithelium.
In the reviewed cases, PVL-associated carcinomas did
not show cytologic pleomorphism as a prominent feature,
whereas the topographic architectural characteristics of
PVL-associated carcinomas comprise the more impressive
features. In short, the PVL carcinomas are bulkier, lack both
marked pleomorphism and increased mitoses, and are less
likely to demonstrate individual cell invasion into the under-
lying stroma as compared to conventional oral SCCs that do
not arise in PVL. Again, the exact degree of cytologic atypia
cannot be reliably quantified as many findings contribute
to the interpretation. However, if there are easily identified
areas of pleomorphism, the lesion is more likely a conven-
tional SCC than the verrucous, papillary, and barnaculate-
types seen most often in PVL-patients.

Given the very high risk of developing carcinoma bal-
anced against the potential for radical overtreatment, a diag-
nosis of “bulky exo- and endophytic squamous prolifera-
tion, suspicious for SCC” category is a useful designation
for cases that fail to fully satisfy definitive histologic criteria
for carcinoma or exhibit sampling artifacts, tangential sec-
tioning artifacts, or where the stromal interface is artifactu-
ally absent.

Survey Construction

Two surveys were constructed to evaluate criteria that
may be used in establishing diagnoses. Both surveys were
responded to by 19 members of the group (SGF and JDU
constructed the surveys with case selection, randomiza-
tion, and technical considerations and thus did not submit
responses). The first survey contained 50 cases, 5 of which
represented non-PVL diagnoses, sent for evaluation with-
out any clinical data (i.e., patient age, sex, anatomic site,
biopsy location, clinical appearance of the lesion, and clini-
cal photographs were not included). WSI were reviewed at
the pace of the reviewer without any time constraints. A
separately submitted survey form using Qualtrics survey
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tool was completed anonymously by the reviewer for two
respective, independent completion periods: Survey I:
December 2019-February 2020; Survey 2: April-June 2020.
Due to submission requirement deficiencies, two cases were
removed from Survey 2. Additionally, Survey 2 included
clinical data, along with clinical photographs from 27 cases.

Statistical Analysis

Inter-observer variability between pathologists relative to
histologic diagnoses was evaluated by inter-rater agreement
analysis using The R Project for Statistical Computing Ver-
sion 4.0.2. Agreement or kappa (k) score is commonly used
to evaluate reliability of paired agreements against pure
chance agreement [range 0 (random agreement) to 1 (per-
fect agreement) [11]; see Table 2]. Using IBM Statistical
Product and Service Solutions (SPSS) version 25, paired
t-test was used to compare mean agreement scores for cases
between Survey 1 and 2 with normally distributed data, con-
sidering p < 0.05 at 95% confidence intervals as statistically
significant; and Chi-square was used to compare differences
between categorical groups.

Survey Results

Survey 1 had 100% responses from 19 reviewers, while
Survey 2 had complete responses from 17 reviewers; due
to technical reasons, several cases were incomplete for the
remaining 2 reviewers’ evaluations. Inter-rater agreement
analysis (a method of kappa testing) was performed for each
case (Table 2), using standard interpretation agreements.
In general, substantial or moderate agreement was
achieved for the corrugated ortho(para)hyperkeratotic
lesion, not reactive category and the suspicious for SCC
and SCC category, respectively, with a Chi-square of
p=0.015, while there was moderate or lesser agreement for
the bulky hyperkeratotic epithelial proliferation category
(kappa 0.2-0.6). Further, using a paired t-test to compare
the means of kappa agreement from Survey 1 and 2, there
was a mean kappa score of 0.505 for Survey 1 compared to

Table 2 Interrater agreements for surveys 1 and 2

Inter-rater agreement  « value Survey 1 cases  Survey 2 cases
No agreement <0 None None
Slight agreement 0.00-0.20 None None

0.21-0.40 n=13/48 27%) n=13/48 (27%)
Moderate agreement  0.41-0.60 n=23/48 (48%) n=19/48 (40%)
Substantial agreement 0.61-0.80 n=11/48 (23%) n=15/48 (31%)
0.81-1.00 n=1/48 2%) n=1/48 2%)

Fair agreement

Almost perfect agree-
ment

@ Springer

0.520 for Survey 2, yielding a p=0.370 (95% confidence
interval), resulting in no statistically significant difference
in survey interpretation when the clinical photos and/or
site of the sample were included. There were 27 cases with
photographs in Survey 2. Chi-square measuring category of
change (increase, decrease, or no change) between Survey 1
and 2 on comparing cases with photographs and those with
no photographs was p=0.120, showing a lack of statisti-
cal significance. The cases that yielded the highest kappa
statistic of substantial to almost perfect agreement in at
least one of the surveys were 11 cases from the corrugated
ortho(para)hyperkeratotic lesion, not reactive category and
7 cases from the suspicious for carcinoma and carcinoma
category, while only one case from the bulky hyperkeratotic
epithelial proliferation category showed similar agreement.

Anatomic Subsite Designations

All members of the working group agreed that having a
record of the affected oral cavity site(s) was critical, espe-
cially recognizing that in each intraoral anatomic subsite
there is a characteristic normal epithelial thickness and rela-
tionship to the underlying stroma (Fig. 4). Table 3 docu-
ments the oral subsites that must be indicated on surgical
pathology requisition forms and/or included in clinical his-
tory information, in order for multicentric (i.e., multiple
lesions affecting contiguous or adjacent sites) and multifocal
lesions (i.e., multiple topographically separate and distinct
sites) to be adequately documented. Any case with bilateral
involvement was considered multifocal disease. The working
group also noted an increased risk of malignancy based on
certain subsites within the affected oral cavity.

Virtual Consensus Conference

An all-day virtual consensus conference was held 26 July,
2020 via the Zoom cloud platform for video conferencing,
including audio and content sharing, with chat operated
through a paid commercial account using both desktop and
mobile devices, with the session cloud recorded for perma-
nent access. Further, Poll Everywhere virtual polls were
used to live-poll members of the conference in real time,
with results shared instantly upon concluding the poll as it
related to diagnosis of virtual cases being screen shared at
the time. Virtual slides of the cases were reviewed by screen
sharing, using the Leica Systems Aperio ImageScope Ver-
sion 12.4.3.7009. Each member of the consensus conference
(22 participants) was responsible for discussing at least one
case, specifically highlighting their unique approach to case
diagnosis, criteria used to inform their opinion, assessment
of clinical and histologic features, and given the time equal
to others to suggest approaches and criteria to consider in
diagnosis. The following discussion paragraphs summarize
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Fig.4 Normal histology by oral cavity subsite. a Gingiva: Stratified
highly keratinized squamous epithelium with well-formed rete pegs
that extensively interdigitate with the lamina propria to increase the
surface area for epithelial attachment to the connective tissue. b Pal-
ate: Stratified keratinized squamous epithelium with elongate rete
pegs that are composed of 4-8 cells wide that also allow for connec-
tive tissue attachment (fixed epithelium). ¢ Buccal mucosa: A rela-
tively thick stratified squamous non-keratinized epithelium lines the
buccal mucosa and lips, with relatively broad rete (free epithelium).
d Floor of mouth: A relatively thin non-keratinizing squamous epi-
thelium without well-formed rete. e Tongue: Lateral tongue with a
keratinized stratified squamous epithelium. f Dorsal Tongue: a com-
plex epithelium containing papillae (filiform) with narrow bases and
a well keratinizing surface

Table 3 Oral subsites (clarifying contiguous and multifocal or multi-
centric involvement)

Oral anatomic subsite

Site focality

Alveolar or gingiva (gum) mucosa upper jaw
Alveolar or gingiva (gum) mucosa lower jaw
Vestibule of mouth: maxillary

Vestibule of mouth: mandibular
Buccal/cheek mucosa

Dorsum of the tongue

Border/lateral tongue

Ventral tongue surface

Floor of the mouth

Hard palate

Soft palate

Upper lip mucosa, including vermilion border
Lower lip mucosa, including vermilion border

Right, left, midline
Right, left, midline
Right, left, midline
Right, left, midline
Right, left

Right, left, midline
Right, left

Right, left, midline
Right, left, midline
Right, left, midline
Right, left, midline
Right, left, midline
Right, left, midline

the lively exchanges which ultimately led to categorization
of lesions into three related, sometimes overlapping groups.
These categories take a biologic continuum and arbitrarily
try to provide distinct boundaries, recognizing that mother
nature will still confound these attempts in daily practice, but
accepting that initial parameters are likely to require further
refinement over time and with more data.

Discussion
Background

Proliferative verrucous leukoplakia (PVL) is recognized
first and foremost as a clinical-pathological phenomenon. It
is characterized by the progressive, contiguous spread and
multifocality of oral mucosal surface changes that are kera-
totic and often become increasingly textured, heterogeneous,
and in some cases, nodular and possibly indurated over time.
Although “verrucous” is the descriptive term included in the
disease designation, not all PVL lesions exhibit a verrucous
clinical appearance. As such, the term “proliferative leu-
koplakia” has been suggested as a better, all-encompassing
term (including by authors of this manuscript)[12]. However,
the histologic features and taxonomy are already fraught
with inconsistencies, so that it is probably best to leave the
name debate out of this presentation. Of great significance,
PVL lesions have a recognized propensity for development
of SCC [3, 4] in about 50% of patients. Moreover, given the
characteristic multifocality of PVL, carcinomas can arise
in multiple, noncontiguous oral mucosal sites. Addition-
ally, unlike a majority of non-PVL associated SCCs, which
demonstrate a predilection for the classic “oral cancer-prone
sites” (lateral/ventral tongue, floor of mouth, soft palate),
the carcinomas that arise in PVL show preference for other
locations, most significantly the gingiva, alveolar mucosa,
buccal mucosa, palate, and dorsal tongue, with contiguous
extension to or from adjacent oral mucosa. Single, contigu-
ously affected oral mucosal areas, often demonstrate the “life
of the lesion,” as it progresses from a hyperkeratotic plaque
to a frankly malignant mass.

Prior studies have revealed considerable inter-observer
variation among pathologists in histopathologic diagnostic
interpretation of oral lesions [13-22], with a notable paucity
of literature concerning inter-observer variability in diagno-
sis of PVL specifically [8]. The various evolutionary stages
within the condition’s clinical-pathological spectrum render
a definitive diagnosis of PVL based strictly on histopatho-
logic findings challenging. Aside from the historical lack
of specific histopathologic diagnostic criteria for PVL, the
broad diversity in histomorphologic terminology used to
describe microscopic findings is subject to remarkably dif-
ferent interpretations, so that establishing a PVL diagnosis
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can be quite confounding. Clinical interpretation of terms
like “verrucous hyperplasia,” “atypical verrucous lesion,”
and “atypical epithelial lesion” can be perplexing, resulting
in significant diagnostic and management impediments [23,
24]. Clearly, it is imperative to consider both the clinical
presentation and history in concert with the histopathology
of representative specimens in order to establish a PVL diag-
nosis. Importantly, when feasible, it is always best to avoid
obtaining a biopsy in foci where there are ulcerations and
obviously inflamed mucosal sites, focusing on non-inflamed
mucosa and junctions with normal-appearing mucosa as the
best sites for diagnostic material. The PVL consensus group
asked the following questions:

1 What are the important differential diagnostic considera-
tions of PVL?

2 Are there consistent histopathological features that cor-
relate with the range of clinical manifestations of PVL
lesions? If so, what are they and can they be systemati-
cally categorized?

3 Is there a reproducible or predictable clinical-patholog-
ical continuum that characterizes the development of
PVL lesions?

4 Can an individual PVL lesion’s histopathological find-
ings reliably predict progression to carcinoma?

Differential Diagnosis

Clinically, at initial presentation, corrugated ortho(para)
hyperkeratotic lesions, not reactive and bulky hyperkera-
totic epithelial proliferation, not reactive may not be easily
clinically distinguished from benign reactive lesions, oral
lichen planus, traumatic/frictional keratosis, alveolar ridge
(hyper)keratosis, tobacco pouch keratosis, or unifocal leuko-
plakia. It is often, usually after several biopsies over months
to years, that lesions develop multifocality or diffuse spread,
finally allowing for PVL to be recognized. In fact, the diag-
nosis of PVL has been defined by some to require multiple
non-contiguous white lesions or one lesion over 4 cm in
size, which shows progression over time [12]. Although the
clinical appearance of sentinel PVL lesions can vary from
smooth to fissured/verruciform (dry river bed appearance)
or verrucous lesions, and may also encompass erythematous
or ulcerated lesions, several clinical features have been rec-
ognized as potentially worrisome [12].

Not all white mucosal plaques with hyperkeratosis are
PVL. There are several other clinical-pathological entities to
be considered in the differential diagnosis. Some non-PVL
white, adherent plaques may also be distributed multifocally.
The specific entities most appropriate for inclusion in the
differential diagnosis of PVL are the following (Fig. 5).
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Fig.5 Clinical and histologic mimics of PVL. a Clinical photo of delicate
buccal lace-like striations (black arrow) in a case of lichen planus. b A
dense, band-like lymphocytic infiltrate associated with vacuolar degen-
eration of the basal keratinocytes (inset). There is acanthosis and hyper-
keratosis in this case of lichen planus. ¢ A clinical photograph of lateral
tongue keratosis with a shaggy appearance in traumatic hyperkeratosis. d
Traumatic hyperkeratosis showing shaggy keratin with hyperkeratosis and
thickened squamous epithelium. e A clinical photograph of retromolar
pad white plaque clinically consistent with benign alveolar ridge keratosis
(BARK). f This example of BARK shows moderate hyperkeratosis with
a prominent granular layer and elongated, tapered rete pegs, focally coa-
lescing at the base with scant inflammation. g A clinical photograph of
fissured, gray-white leukoplakia along the sulcus in tobacco pouch kera-
tosis. h There is epithelial thickening with thin hyperkeratosis, but neither
significant atypia nor significant hyperkeratosis is seen in this example of
tobacco pouch keratosis. i A clinical photograph of lateral tongue leuko-
plakia. j The histology shows focal hyperkeratosis with a thickened epi-
thelium showing at least low grade dysplasia, with architectural as well as
cellular atypia
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Lichen Planus

Differentiation of corrugated orthohyperkeratotic lesions
from oral lichen planus and associated conditions is often
doubly problematic, as lichenoid type lesions may mimic
PVL both clinically and histologically [25]. Classic oral
lichen planus (OLP), the sine qua non of oral lichenoid
lesions, is a chronic, self-limited, immune-mediated
mucocutaneous disorder that mostly affects middle aged or
older adults. It presents with multifocality as classic bilat-
eral and symmetrical white, lace-like macular reticulations
on the buccal mucosa, gingiva, tongue, and other oral loca-
tions (Fig. 5a). The lesions may very rarely coalesce to form
plaques, often accompanied by erythema, ulceration/erosion,
or atrophy. Other lichenoid conditions may also overlap
with PVL. These include oral lichenoid drug reactions, oral
lichenoid lesions due to dental materials or flavoring agents,
and systemic conditions with a lichenoid profile, such as
graft-versus-host-disease and systemic and discoid lupus
erythematosus. Demographically PVL and OLP both fre-
quently affect similar patient populations, most particularly
women in middle age or older age groups. In addition, the
most frequent clinical locations affected in both conditions
are the gingiva and buccal mucosa [25, 26]. OLP exhib-
its several clinical variants which are white in appearance:
these include the reticular pattern and the papular pattern.
Histologically, parakeratosis or minimal to absent orthoker-
atosis overlies atrophic or acanthotic epithelium. The rete
pegs may be “saw-tooth” or atrophic; the basal keratino-
cytic layer shows vacuolar change with round, eosinophilic,
degenerate keratinocytes (Civatte, colloid, hyaline, or cytoid
bodies) within the epithelium. Characteristically, there is an
interface mucositis with basement membrane obfuscation
and blurring due to a tight band-like, predominantly T-cell,
lymphocytic infiltrate at the stromal-epithelial junction,
intimately intermingled with the basal cells and superficial
lamina propria (Fig. 5b). There may be frank ulceration and
subepithelial separation or clefting in some cases. Epithelial
dysplasia is absent, although in some cases, due to intense
inflammatory influence, reactive atypia can be seen [25, 26].

Traumatic Hyperkeratosis (Frictional Hyperkeratosis,
Benign Reactive Epithelial Hyperplasia)

Traumatic hyperkeratosis results most often from chronic
biting (cheek: Morsicatio buccarum and tongue: morsi-
catio linguarum) and toothbrushing or other sources of
abrasion such as orthodontic appliances, dentures, or
parafunctional habits. Depending on the source of fric-
tional irritation, it is possible for more than one oral site
to be affected. Many lesions arise along the occlusal
plane of the dentition on the buccal mucosa and lateral
tongue. Patients may not be fully aware of the extent of

their habit. Clinically, the mucosal surface may appear
irregular, shaggy, macerated, rough, shredded, and thick-
ened (Fig. 5c), with or without erythema or ulceration.
Histologically, there is acanthosis, and hyperparakeratosis
showing normal maturation and cytology, edema within
keratinocytes, and plasma pooling typical of reactive
lesions. Shaggy or frayed keratin often with bacterial sur-
face colonies may be noted (Fig. 5d). There may or may
not be an inflammatory infiltrate [24, 27-30].

Linea alba is a very specific and commonly encountered
presentation of benign, reactive hyperkeratosis that appears
on one or both buccal mucosae as a uniform, adherent
horizontal white line along the occlusal plane. It is entirely
attributable to friction from the repetitive interdigitation of
the teeth in the course of daily function and is not attribut-
able to a parafunctional habit.

Alveolar Rdge (Hyper)keratosis

Alveolar ridge (hyper)keratosis (also known as benign
alveolar ridge keratosis, or “BARK”) presents as a white
plaque without erythema or ulceration on the retromolar pad
(Fig. 5e) or on the crestal gingiva of an edentulous region
of the alveolar ridge. BARK is analogous to lichen simplex
chronicus of skin. BARK is typically confined to the crest
of the alveolar ridge in edentulous areas where trauma from
mastication occurs. If edentulous ridge areas are involved in
a corrugated orthohyperkeratotic lesion, the changes are gen-
erally not confined exclusively to the crestal area of trauma,
but usually extend to contiguous areas. BARK lesions also
frequently exhibit “fading margins” clinically, lacking the
abrupt demarcation of corrugated orthohyperkeratotic
lesions [30]. Histologically, there is hyperorthokeratosis
and hypergranulosis. The rete pegs are elongated, tapered,
and may coalesce at their bases (Fig. 5f). Inflammation is
insignificant and lesions typically lack plasma pooling or
edema of keratinocytes [30-33].

Tobacco Pouch Keratosis

Tobacco pouch keratosis refers to the epithelial alterations
attributable to habitual snuff or chewing tobacco use. Clini-
cally, there is a soft to leathery, often fissured gray-white
mucosal patch where tobacco is usually placed and held,
typically on the labial or buccal and adjacent vestibular
mucosae (Fig. 5g). The histological findings include acan-
thosis, with characteristic chevron-like ortho- or parakera-
totic epithelial surface peaks (Fig. Sh). The epithelial cytol-
ogy and maturation pattern are often normal. However, in
some cases atypia or dysplasia is evident. Generally, there
is minimal, if any, inflammation [34-36].
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Epithelial Dysplasia, Not Attributable to PVL

Cytologic abnormalities, maturation disarray, and in many
instances, increased surface keratinization are indicative of
epithelial dysplasia, a lesion with potential for progression
to carcinoma. The most common entity associated with epi-
thelial dysplasia in the oral cavity is unifocal leukoplakia.
Unifocal leukoplakia more commonly affects males, while
PVL more commonly affects females. The most common
locations for unifocal leukoplakia (lateral and ventral sur-
faces of the tongue [Figure 5i], floor of mouth, and soft
palate-uvula complex) are different from the most common
sites for PVL (gingiva and buccal mucosa)[12].

Histopathology reveals epithelial architectural distur-
bance with blunt rete pegs, increased width of the basal-most
stratum, premature (i.e., individual spinous cell) keratiniza-
tion (dyskeratosis), and a variable degree of nuclear enlarge-
ment, pleomorphism, and hyperchromasia (Fig. 5j). Mitoses
are frequently increased and may include atypical forms [37,
38]. Frank dysplasia is more frequently found in isolated
leukoplakia than in PVL [12]. The malignant transformation
rate for non-PVL oral leukoplakia has been recently esti-
mated at 9.5%, compared to the much higher rate of about
50% for PVL [39].

PVL Clinical and Histopathology Features

Two of the categories specifically include “not reactive” in
the name to alert the clinician that the lesion does not repre-
sent a reaction to friction, trauma, a topical agent, infection,
or a vesiculo-bullous disorder. Reactive lesions (discussed
below) have a different disease arc that does not bend toward
neoplasia, in contrast to what is true of PVL, where neo-
plastic progression is almost inevitable. Dysplasia is a well
accepted term, with various grades and an often predictable
arc of clinical development. Since the histologic features
in PVL are usually lacking in pleomorphism/dysplasia, this
term was also eschewed. It goes without saying that dyspla-
sia can be seen in PVL-lesions, but it should be emphasized
that it is uncommon. If dysplasia is present, that diagnosis
would be employed instead of any of the categories outlined
herein. There are two “not reactive” categories, which cre-
ates a binary system, but it must be recognized that one
lesion does not necessarily develop into the other and may
resolve, persist, or further develop, while the “carcinoma”
category is a malignant category.

Viewed microscopically, PVL lesions exhibit a wide
range of findings that correlate with clinically apparent
lesional tissue volume, and thus, within some guideposts,
nearly any clinical presentation is possible and described.
But practically, the descriptions included herein cover the
vast majority of lesions and may serve more as an overview
than an exhaustive exhortation on the topic. For example,
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an individual white plaque-type lesion in the corrugated
ortho(para)hyperkeratotic lesion, not reactive category may
demonstrate ortho- or parahyperkeratosis at the surface with
or without a prominent granular cell layer if orthokeratin is
present; there is often an abrupt or sharp demarcation from
the adjacent normal epithelium. The keratin layer may be
half to the same thickness of the underlying epithelial com-
partment in some cases. It may be corrugated with troughs
and crests, or flat and dense, although the latter is not as
common. Similarly, the underlying viable epithelium is cor-
rugated and can vary in width considerably, from atrophic to
acanthotic for that particular oral location. Fungal coloniza-
tion, while possible, tends to be unlikely in this phase of the
disease. Additionally, there may be “skip” segments where
a normal surface keratinization for that anatomic location
alternates with an abnormal quantity and/or quality of sur-
face keratinization. Or, the epithelial maturation and cytol-
ogy can vary such that some lesions may exhibit both a nor-
mal maturation pattern and normal cytology, while in other
lesions cytologic atypia may be evident, alternating abruptly
with foci of cytologic normality. If there is both architec-
tural disturbance plus cytologic atypia of varying degree,
the composite maturation disarray would indicate epithelial
dysplasia. Among the working group there was controversy
with regard to recognizing and grading of epithelial dyspla-
sia. As this topic clearly warrants another consensus confer-
ence, suffice it to say that in general, PVL-associated lesions
may have some atypical cytologic features evident, but the
architectural disarray is the overwhelmingly preponderant
abnormality.

The sentinel lesions of PVL encompass “keratosis of
unknown significance” (KUS) which histologically lacks
overt cytological atypia and is not reactive [30], estimated to
be the initial finding in up to 50% of PVL cases [40]. Addi-
tional architectural disorder is seen as a corrugated surface
pattern, herein referred to as corrugated ortho(para)hyper-
keratotic lesions, not reactive. Terminology currently in use
varies widely and includes verrucous hyperplasia, verrucous
hyperkeratosis, or verruco-papillary hyperkeratosis. These
lesions generally display an abnormal architecture without
significant cytological pleomorphism or any signs of overt
malignancy [24]. The diagnosis of PVL is made by clinical
and pathological correlation, often requiring multiple biop-
sies over extended time, in part due to the unremarkable or
benign appearance on initial biopsy and often slow progres-
sion towards multifocality.

The location is a significant consideration as PVL most
commonly affects the gingiva and alveolar ridge, followed
by buccal mucosa and less frequently, the tongue [9, 12,
41-44]. Areas within the oral cavity subject to frequent
trauma include the buccal mucosa along the occlusal plane,
the lower labial mucosa, and the lateral tongue. Thus, when
unexplained white lesions are present on the gingiva and/
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or alveolar ridge, PVL must be considered. Conventional
unifocal leukoplakia occurs most frequently on the tongue
and floor of mouth [45], not the most common sites of PVL.

An important clinical feature of corrugated orthohyper-
keratotic lesions is a sharp and abrupt demarcation from
the surrounding tissues, a feature not generally observed in
reactive oral lesions [12, 30, 40]. A characteristic, although
not exclusive feature, is clinical fissuring or corrugation
which sometimes correspond histologically to a skip pat-
tern of keratosis [12, 40]. Gingival PVL lesions commonly
exhibit a distinctive linear marginal gingival leukoplakia,
with growth that follows the marginal gingiva of single or
multiple teeth. With time it may progress to a circumferen-
tial lesion surrounding the tooth (“ring around the collar”),
seen in early (non-malignant) lesions of PVL, but also seen
in PVL-associated carcinomas [1]. One as yet unanswered
question is whether all such gingival lesions, regardless of
size (for example, involving only one tooth) should be con-
sidered PVL.

A key feature of the architectural abnormality in cor-
rugated orthohyperkeratotic lesions, not reactive relates to
the normal tissue keratin pattern of the oral cavity. Unlike
skin, normal oral mucosa in most locations does not exhibit
significant orthokeratin, and any basket-weave orthokeratin
is abnormal in the oral cavity (Fig. 4). Site dependent and
specific, the amount of keratin is quite varied. For example,
the hard palatal mucosa is normally covered by a thin layer
of orthokeratin (Fig. 4b) while the floor of mouth is not
keratinized (Fig. 4d), and as such, any keratin in a floor of
mouth lesion is abnormal even in the absence of cellular
atypia (although it could be reactive to trauma, such as from
a denture flange).

PVL lesions may show epithelial atrophy [12]. Inflamma-
tion is often minimal, normal rete peg configuration may be
lost, and trauma-associated plasma pooling or edema of the
keratinocytes is not seen [30].

Cytologic pleomorphism or overt dysplasia is rare in
corrugated orthohyperkeratotic lesions. In a recent litera-
ture review with meta-analysis of 102 patients with PVL,
84% of early stage lesions showed no dysplasia or only mild
dysplasia [41]. If high grade dysplasia or carcinoma in situ
is present in a biopsy from a patient with clinical PVL, it is
not classified as corrugated orthohyperkeratotic lesion, but
rather conventional dysplasia.

The histologic features of OLP may be seen in corrugated
orthohyperkeratotic lesions. In a study evaluating lichenoid
histologic features in 70 cases of oral verrucous hyperpla-
sia, band-like T cell lymphocytic response and basement
membrane degeneration were the most commonly observed
features in approximately one-third of the cases, with
“saw-tooth” rete peg formation, interface stomatitis, and
dyskeratotic keratinocyte formation less frequently found
[46]. Direct immunofluorescence findings are nonspecific;

similar results can be seen in PVL-type lesions and dysplas-
tic lesions with a lichenoid response [47]. Most importantly,
OLP diagnosis requires destruction of the basal cells, a strict
absence of epithelial dysplasia (although reactive atypia may
be present because of inflammation), and an absence of the
verrucous epithelial architectural changes frequently seen
in corrugated orthohyperkeratotic lesions [26]. The distinc-
tion between the two entities is of utmost importance, as
OLP has been generally estimated to have a malignant trans-
formation rate of less than 2%, with oral lichenoid lesions
slightly higher in some studies [39, 48], while PVL may
have an annual malignant transformation rate of up to 10%
for patients affected, with a roughly 50% overall malignant
transformation rate [12, 39, 41].

Bulky Hyperkeratotic Epithelial Proliferation
and Carcinoma Categories

As a PVL lesion assumes a more textured, verruciform, or
exuberant bulky, sometimes barnacle-like character clini-
cally, histopathology reveals a corresponding increased
magnitude of the squamous epithelium (i.e., a bulky hyper-
keratotic epithelial proliferation), with notable architectural
disturbance recognizable as elongated, broad, and blunt
rete pegs, sometimes accompanied by degrees of cytologic
atypia (including premature keratinization), with or without
a corresponding increase in surface keratosis. Concurrent
fungal colonization/infection may be seen, but the degree
of epithelial proliferation is disproportionately greater than
what would be expected for an infectious etiology alone.
Histopathology may reveal either an exophytic or endo-
phytic epithelial proliferation but usually both patterns
coexist. Ultimately, the broadly accepted, key criterion for
classifying a PVL lesion as a carcinoma is when there is
evidence of epithelial invasion into the underlying stroma
or markedly “pushing” encroachment on muscle or other
deep submucosal structures (Fig. 3b—e). However, some
PVL lesions classified within the bulky hyperkeratotic pro-
liferation category generated considerable controversy. As
such, the consensus committee struggled with the features
of more advanced PVL. When verrucous carcinoma or con-
ventional type SCC was seen, there was ready agreement
in diagnosis. The difficulty was with a particular histologic
variant unique in the setting of PVL that does not conform
to the defined parameters of VSCC, SCC with papillary
architecture, or conventional SCC; therefore, some were
reluctant to render a diagnosis of carcinoma. This histologic
variant was first described by Shear and Pindborg in 1980
as verrucous hyperplasia [49], occasionally with attendant
cytologic and architectural atypia. Since that report, the
recognition of PVL has been further defined and refined,
but the pathology community still has not acknowledged
this unusual histologic pattern as cancer. Distinct from
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verrucous SCC, there is a notable bulkiness to the epithelial
proliferation with voluminous acanthotic, exophytic, and
endophytic-appearing columns that exhibit complex fold-
ings and invaginations (Fig. 6a-f). The epithelial thickness
is often more than 3—4 times the thickness of the adjacent
uninvolved epithelium (Figs. 3b, c, 6a, and c). There are
bulbous, blunt, downwardly-directed rete peg projections
that may or may not extend below the level of the adjacent

Fig.6 Features of barnaculate squamous cell carcinoma. a Low
power shows acanthotic epithelium with both an exophytic and endo-
phytic proliferation of complex foldings and invaginations of the epi-
thelium. The epithelial rete pegs are bulbous, with variable keratosis
extending deep into the epithelial folds. b The basement membrane is
poorly demarcated. Other findings include an intraepithelial microab-
scess (white arrow), dyskeratosis, and inflammatory cell exocytosis. ¢
This barnaculate carcinoma shows wide bulbous rete with associated
hyperkeratosis, but is at the level of the adjacent epithelium, appear-
ing “stuck on.” Inflammation is noted at the advancing edge. d The
“stuck-on” appearance is easily identified, with a substantial endo-
and exophytic appearance, but nearly all of the base of the lesion is
at the same level without a significant “invasive” front. There is no
church-spire keratosis, no significant keratosis, and no parakeratotic
crypting. e This is an example of verrucous carcinoma, showing a
predominantly exophytic growth pattern. The keratin plunges down
into the epithelial crypts. This histology correlates well with the clini-
cal presentation of a carpet-like proliferation of verrucous epithelium
with fissuring. f This barnaculate carcinoma is characterized by a
substantial and significant epithelial proliferation showing a nearly
flat surface (rounded) with elongated and bulbous rete that all reach
the same level, and does not show a significant or destructive inva-
sion. In this case, the bulk of the proliferation is exophytic into the
lumen
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unaffected epithelium (Figs. 3¢ and 6¢). The amount of kera-
tosis is variable and parakeratosis rather than orthokerato-
sis is prominent in this category; however, unlike verrucous
SCC, church spire-type hyperkeratosis is generally absent.
The basement membrane in some instances may be intact
similar to what is characteristic of VSCC. In other cases,
there is blurring of the epithelial-stromal interface, whereby
the epithelium appears to trickle into the markedly inflamed
connective tissue, but still lacks definitive histopathological
evidence of the destructive “invasion” seen in conventional
SCC. The degree of cytologic atypia may be modest, yet
architectural disorder is readily identified. Intraepithelial
microabscesses intimately associated with keratin pearls, is
another histologic indicator that favors a carcinoma diag-
nosis (Fig. 6b and d). Additionally, both intraepithelial and
stromal infiltration by eosinophils commonly attends these
particular carcinomas.

Just as Lauren Ackerman in 1948 described verrucous
SCC as a previously unrecognized variant of SCC (Fig. 6e)
[50], now, perhaps 40 years after Shear and Pindborg’s
description of verrucous hyperplasia, the time has come to
recognize a new variant of SCC of the oral cavity that is
strongly associated with PVL. The term barnaculate carci-
noma is suggested to highlight the neoplasm’s similarity to
barnacles: a corpulent, bulky tumor without classical inva-
sion or extension below the adjacent epithelium, showing
numerous broad columns with surface keratin, behaving
as a localized tumor mass but generally lacking significant
metastatic potential. As this term is coined herein, confusion
with other tumor types and names should be averted, recog-
nizing that several different types of SCCs may be seen in
the setting of PVL, but that the particular histologic features
described here and ascribed to this tumor may lead to better
management of the patient. Given the cases included here,
none of them died of disease nor developed lymph node
metastasis (mean 70 months of follow-up after carcinoma
diagnosis). This is certainly preferable to giving the patient
and treating clinician an indeterminate diagnosis, which is
frequently the current practice. Additional research using
the criteria herein provided for barnaculate carcinoma would
provide further support and guidance about management.

It must be emphasized that disease progression is remark-
ably unpredictable. This observation generated debate as to
whether the atypical epithelial findings in the bulky hyper-
keratotic epithelial proliferation category reflect a stage in
the lesion’s evolution to carcinoma or were actually consist-
ent with an unequivocal carcinoma diagnosis. It seems this
“intermediate” category most likely comprises two distinct
subgroups of lesions: one that is primarily exophytic, with
a corrugated or papillated surface and complex “papillary”
lamina propria, in essence topographically barnacle-like
and not obviously invasive; and another that is similar to
verrucous SCC, in that it demonstrates both a verruciform,
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Christmas tree-keratotic surface configuration and markedly
endophytic growth with blunt, downward-directed, occasion-
ally confluent rete pegs, mild cytologic atypia, and plugged
keratotic surface crypts. The latter lesion’s histomorphologic
composite of atypical, “pushing” architectural pattern, and
aberrant keratinization without evidence of invasion by
individual nests or cells may actually represent a form of
carcinoma that does not satisfy the criteria for verrucous car-
cinoma (spire-like hyperkeratosis, broad, bulbous, plunging
rete pegs with parakeratin-filled crypts and clefts), SCC with
papillary architecture, or conventional SCC, but is instead
a carcinoma most likely unique to PVL. Clearly, there are
unique carcinoma patterns described (such as “bluntly inva-
sive well-differentiated SCC”), and so this subtype will rep-
resent an additional one recognized in the category.

Conclusions

In conclusion, it must be stated that no single case in this
exercise was ever diagnosed uniformly in any one particular
category. Thus, these criteria, while carefully considered and
clarified, are recognized as being insufficient to classify all
lesions unequivocally. There will continue to be differences
in interpretation and diagnosis. Still, at the conclusion of
the conference, cases which initially had diagnoses in all
four of the respective categories during the surveys, now
showed substantial to almost perfect agreement with > 80%
concordance in an individual diagnostic category, whereas
previously, the kappa statistic was 0.32 to 0.56. With time,
familiarity with the terms and the features, and with daily
application in practice, it is hoped that these terms can
become better proxies for PVL lesions, and improve diag-
nostic accuracy of pathologists’ diagnosis, and thereby aid
in standardizing patient management of a relentless clinical
disease. While not the focus of this white paper which was
developed to harmonize and standardize diagnostic crite-
ria, it is hoped we have provided the structural scaffolding
for further and on-going investigation into the biologic and
genetic findings of this disorder to potentially guide treat-
ment in the future. It is a glaring admission that with all of
the work achieved thus far, relatively little is reported on
molecular pathways and biologic factors that may be seen
in PVL.
In summary:

1. What are the important differential diagnostic considera-
tions of PVL? The most important lesions include oral
lichen planus, traumatic hyperkeratosis, alveolar ridge
hyperkeratosis, tobacco pouch keratosis, and unifocal
dysplasia.

2. Are there consistent histopathological features that cor-
relate with the range of clinical manifestations of PVL

lesions? If so, what are they and can they be system-
atically categorized? Yes, there are features as detailed
extensively above that should make a pathologist suspi-
cious they are dealing with a PVL lesion, and although it
is impossible in every case to distinctly separate lesions
found on a continuum, these broad categories provide a
good framework.

3. Isthere a reproducible or predictable clinical-patholog-
ical continuum that characterizes the development of
PVL lesions? Within certain limitations, we have shown
architectural findings that often are more important than
atypical cytologic features; they can begin as atrophic
lesions and become bulky as they develop, and can show
a pattern of invasion similar to verrucous SCC with a
broad pushing but not infiltrative front.

4. Can an individual PVL lesion’s histopathological
findings reliably predict progression to carcinoma?
Although the answer is possibly yes at present, with
further genetic and progression studies, we may be able
to more accurately determine a risk progression model
to predict behavior and thereby influence management.
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