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Abstract

Objectives: To investigate the potential of image-based DN#dy analysis to
predict malignant transformation in patients withldichen planus (OLP).

Study design: DNA ploidy analysis was performed on biopsy samsgltom 14
patients with OLP who underwent malignant transfation. As controls, 42 OLP
lesions showing unusual clinical features sugggsitransformation risk and 68
samples of clinically and histologically typical ®lwere included. Cases with
dysplasia on initial biopsy were excluded. Eighibyoepithelial polyps acted as
methodological controls. Epithelial nuclei werelated from formalin-fixed paraffin
embedded biopsy samples and monolayers stainedreitlyen for automated image
cytometry to establish DNA content. Ploidy statussworrelated to outcome using
Kaplan-Meier analysis and Log rank Mantel-Cox tests

Results: All controls and typical OLP were diploid and monnderwent malignant
transformation in mean follow-up of 14 years (10y#&&rs). One unusual OLP
developed carcinoma and all were diploid. The It#epts with transformation
developed 21 carcinomas. In the 11 patients whlcaharior biopsy, 4 were
aneuploid.

Conclusion: DNA ploidy analysis predicted malignant transfatian in over one
third (36.4%) of patients with OLP with a precedlrigpsy (n=11). This
premalignant nature could not have been diagndsadadly or by histological
dysplasia assessment.

Keywords: oral lichen planus, malignant transfoiioratoral cancer, DNA ploidy,
image-based cytometry



Introduction

Lichen planus is an idiopathic inflammatory mucacigous disease,

a cell-mediated autoimmune reaction against keveyites, extrinsic antigens or their
metabolites bound to or expressed by keratinoty@sl mucosa is affected in
approximately 50% of patients with skin lesions b of all patients have oral
lesions only?. The prevalence of oral lichen planus (OLP) vaciessiderably
between studies, ranging from 0.02% in IAd@2.4% in Europ&® with a likely
overall age standardised prevalence of 1.37¥he best estimate for the UK is 1.4%

based on clinical examinatith

Despite decades of controversyf, any temporal or spatial relationship between
squamous carcinoma and OLP remains unclear aridulliffo investigat®®. Patients
with OLP are at increased risk of developing ogalaanous carcinomid but the risk
assessed in a recent hospital series of &.5%6bably overstates the risk. This
proportion would be inconsistent with the low oVkirecidence of oral carcinomas,

most of which do not develop in lichen planus.

Difficulty arises because there are no completpbcgic diagnostic features of oral
lichen planus and diagnosis requires clinical aistbtogical feature$. The clinical

features overlap with those of lichenomhtact or drug reactions and leukoplakia.
The histological features overlap with dysplasiajol often elicits a cell-mediated

immune response easily confused with &LP

There is no reliable marker to predict malignaahsformation in oral potentially
malignant disorders (OPMD) of any tyfé° whether OLP, oral lichenoid lesions,
leukoplakia or other conditions with dysplasia dlisgically. However, total nuclear
DNA content, as measured by image-based DNA plaithlysis, has shown a good
association with transformation in case seriescase-control studié%* and in
dysplastic lesiorf§ and proliferative verrucous leukoplaklan our recent large scale
outcome study in patients with all types of OPMINMploidy analysis performed at
least as well as dysplasia grading and identifi@adsformation risk in mucosa with



mild dysplasia or normal histologfy Routine dysplasia grading - currently the
accepted standard method in clinical practicepoisrly standardized® and poorly
predictive of malignant transformation in seveeabk-scale studi&s*®. DNA ploidy
analysis has potential to become the referencelatdrest to predict malignant

transformatiofi*.

Studies on allelic imbalances (A1’ and loss of heterozygozity (LOfhhave
demonstrated a difference between dysplastic lssaod OLP, with losses at the 3p,
9p and 17p in the former, increasing in number \séterity of the dysplasia.
Additional LOH at 3p has been detected in OLP by group$>?® These show that
lichen planus can harbour genetic changes.

The aim of this study was to apply image-based OuNAdy analysis as a predictive
test for malignant transformation in a retrospexgeries of patients with OLP, some
of whom had subsequently developed oral squamdusaceinoma (OSCC). As
convincing cases of transformation in OLP are radeljtional clinically suspicious
cases were also analysed in an attempt to invéstigsions that might lie in the
overlap between OPMD and OLP.

Materials and methods

The study was approved by the Guy's Hospital Rekeathics Committee and the
use of material and data by the UK Patient InforomAdvisory Group (reference
PIAG 4-09(f)2003).

Patient selection

Two test groups of patients were selected. Tisé dmmprised fourteen
patients with a clinico-pathological diagnosis adldichen planus, who subsequently
developed carcinoma at the same site or in an edjgart of the oral cavity. All
were under long-term follow-up at the Oral Medicali@ic at Guy’s Hospital,

London, eleven for periods preceding their carciaofrhe clinical diagnosis of lichen
planus in these patients had been made on thedfdgscal features: bilateral and

symmetrical reticular striae or papules affectinignarily the buccal mucosa, with or



without involvement of lateral tongue and gingivadavith or without atrophic
(‘erosive’) areas. Many had had either a rashigiohy of a typical rash of pruritic
papules affecting wrists or shins, with or withadtitional genital involvement. All
patients had at least one biopsy histologicallysgsient with oral lichen planus and
without epithelial dysplasia. Patients that preséntith overlapping features
suggesting proliferative verrucous leukoplakia (Bdh presentation were
excluded™ Some patients developed dysplasia and some hadegslam addition to
more typical features of OLP in subsequent biopdigsg the evolution of their
malignant disease. There are no absolute hist@bdiagnostic criteria for lichen
planus and the diagnosis is made partly by exahydiat all patients met published
criteria® on presentation and first biopsy, exceeding thiegegncy applied in other
published serié§, as this study required both classical clinical histological
features. Cases were only accepted as casesighardltransformation in lichen
planus after review of clinical records, imageaviéilable, and biopsy. Clinical

features are shown in table 2.

Unusual lichen planus group: This comprised 42 patients with lichen prboth
clinically and histologically, as for the classitighen planus, except that unilateral
lesions were accepted, together with additionabualfeatures that might suggest a
predisposition to malignant transformation. Thes®#uded an older age at first
diagnosis, a history of smoking, lesions at unusuall sites (e.g. the floor of the
mouth, soft palate), absence of skin lesions, moaninent erosive component.
Patients were excluded if there was any histogyadéntially causative drugs or

contact lichenoid lesions.

Two groups of patients were selected as controtsyhom follow-up data confirmed

that they had not developed oral squamous carcirsuinsequent to diagnosis.

Classical lichen planus group: This comprised 68 patients who were diagdagth
oral lichen planus using criteria described by Hsthup and co-worketd These
were patients with mean age of 55.6 (+ 9.9) yedtts bilateral and symmetrical
white striae in the buccal mucosae and possiblearaitant cutaneous lesions, who
were non-smokers and were not taking potentiatlydnoid reaction-inducing drugs.

Histologically, all showed a band-like lymphocyindiltrate, interface stomatitis with



basal cell apoptosis and basal cell loss, chamgegiihelial thickness and
keratinisation, but not dysplasia. Cases were ebecluf the lichenoid inflammatory
infiltrate contained a prominent macrophage orremqshil component, or there were
deep perivascular infiltrates of any cell type.

Methodological control group: This comprised tissue from 80 fibroepithelial gudy
from 80 patients who were non-smokers matched by gediagnosis to the range
and year distribution of test samples to allow eglaint follow-up and control for any

archival tissue degradation.

Tissue preparation for ploidy analysis

Specimen preparation and ploidy analysis were padd according to Diwakar et al.
2005°,

Mucosa for analysis was selected on haematoxylineasin stained sections.
Epithelium was microdissected by scoring the blsakace, from which 50m
sections were taken, deparaffinized in xylene, defited in ethanols to PBS, and
incubated in 2 mL 0.05% protease type XXIV (Sigaa37°C for 90 minutes in a
shaking waterbath. The suspension was filteredutiir@ 60pm nylon mesh
(Millipore NY6000010) to separate debris and thelauwere centrifuged as

dispersed monolayers on microscope slides (CytagpBhandon).

Image-based ploidy analysis

Nuclear monolayers were stained with Feulgen—Selmdf DNA content was
measured using a Fairfield ploidy system (Mediadufons), an automated scanning
Zeiss Axioplan Il microscope (Zeiss), black and teldigital camera (Hamamatsu
Photonics, model C4742-95), and a 546 nm greesr fiitving an estimated resolution
of 170 nm per pixel in a 1,024 x 1,024 pixel field.

DNA ploidy classification criteria



Nuclei from lymphocytes, keratinocytes and fibratéawere classified automatically
based on a custom rules file. All classificatioreyevsubsequently reviewed by a
diagnostic histopathologist (EWO). A lesion wasssléied as diploid if epithelial
nuclei formed one peak at 2c and if the numbenatfer at any 4c peak did not
exceed 10% of the total. Any sample with aneuppadks (outside diploid index of
1.8-2.2c and 3.6—4.4c) containing more than 10%egpithelial nuclei or with
more than 1% epithelial nuclei with DNA content eb&c was classified as
aneuploid. Samples were classified as tetraploienvithere were more than10% of
the total epithelial nuclei in a 4c peak, but nleestabnormality. A minimum of 300
epithelial nuclei were assessed and samples vdiplaid peak coefficient of
variation of greater than 5% were excluded fromahalysis, unless below 6% and
grossly multiploid and with a high 5c exceedingradthese criteria met those

recommended by the ESACP consensus réport

Outcome and statistical analysis

Outcome for malignant transformation was obtaimedhfthe Health and Social Care
Information Centre and confirmed against local pltty and clinical records. The
FEP lesions had a mean follow-up of 13 years (1IBtgears), both classical and
unusual LP lesions had 14 years (10 to 18) andritngp that underwent malignant
change 24 years (10 to 38). Malignant transformgpimbability was calculated using
the Kaplan-Meier method and differences betweeng@lopa and diploid lesions were
analysed by log-rank test (SPSS 15.0 software, IBBA).

RESULTS

In the series of 14 patients who developed cancay@®1 individual oral
carcinomas were diagnosed, 4 of which were precbgesh aneuploid lesion
(patients 1,2,3 and 7) and 16 by one or more digksions, with a mean
transformation time of 18.7 months following thesfilesion sampled (fig 1 and 2).
Additional clinical information regarding this coti@f patients is displayed in table

2. One patient from the 42 in the unusual lichemps group underwent subsequent



malignant change (Table 1). All of the unusualgrBup lesions and all of the

methodological control tissues were diploid.

Kaplan Meier analysis of time to malignant transfation revealed no
significant difference between diploid and aneuplmiecursor lichen planus
lesions (p=0.347).

Three of the patients in the OLP-OSCC group weagrmbbsed with an OSCC
on first presentation to the department (patie@td4), which was treated surgically
and the patients placed on long-term follow-up. @lagnosis of lichen planus
previously made in other centres could not be cor@d histologically as material
was not available, but at presentation and durmtigW-up they had or developed
further lesions that fitted the criteria for OLPtibelinically and histopathologically,
without dysplasia orally and with or without skaslons. One of these patients did
not present with further OLP-like lesions withiretfollow-up period (patient 14),
however the margins of the excised tumour withgspthasia had histological
features typical of OLP and the clinical preseptatvas sufficiently typical to accept

the diagnosis for the purposes of this study.

From the series of 14 patients, 3 had consecutofsles from exactly the same site
(patients 5, 7 and 10, Fig 1 and Table 2). The neimg 2 patients, despite having an
aneuploid OSCC, had pre-existing diploid lesionthatsame site, however, in these
latter patients, time to transformation was lond€& and 64 months) than in the
patient with an aneuploid lesion (9 months).

Fifteen biopsy specimens taken subsequent to camzirdevelopment were analysed

and only one produced an aneuploid result (Fig 1).

DISCUSSION

Oral lichen planus was classified as premaligngrthb WHO in 1977 and its status
remains unchanged in the recent WHO classificasfd@PMD®. However, the risk



of OLP and lichenoid lesions transforming to canaiva remains unclear. Lichen
planus is not a specific disease but appears odet of common clinical and
histopathological features produced by differeigigiers of epithelial damage. Drugs
and topical agents are well enough establishedesaosbe classified separately as
lichenoid drug reactions, but mild dysplasia catuire the same pathogenic
mechanisms and produce similar or indistinguishalhécal and histological
feature$®. Identifying mild degrees of dysplasia histolatig in a background of
lichenoid immune reponse is extremely difficult,tbat accurate differentiation of
lichen planus from dysplastic lesions is challeggiin this study we have therefore
tested DNA ploidy analysis separately on patienth wvlassical OLP, meeting strict
diagnostic criteria, listed above, none of whomedeped carcinoma, and on a series
of patients who had lesions that strongly resemBleB but whose clinical or
histological features might suggest a risk of ttamsation. These included lichen
planus-like lesions in smokers, plaque-type OLBs#hwith onset at an age older than
typical, lesions at unusual oral sites such asltioe of the mouth and soft palate,
absence of rash, unilateral lesions, or a predamg@sive component. Many
patients exhibited more than one of these unusaalifes but only one patient from
this group developed OSCC. In defining the expental groups in this way, we
attempt to analyse separately classical lichenysl@amd conditions that might be
mistaken for it either clinically or histologicallyecognising that these cannot be

well-defined experimental groups.

In identifying the patients in whom OLP apparemqtfggressed to carcinoma,
we have done our best to eliminate all other OBMBII included cases met strict
clinical and histological criteria at diagnosis amdy half of the suspected cases of
transformation in OLP in our institution over thime period were accepted for this
study. No dysplasia was accepted at initial diagoThree patients were accepted
without a preceding history only on the basis @f shme criteria (patients 12-14).
Although histological assessment was not possibtaase individuals prior to
carcinoma, they either developed further lesionymtal OLP (patients 12 and 13)
without dysplasia or presented initially with fesi typical of OLP clinically to and
histologically (patient 14).



There have been several previous similar studiedld?, two of which
applied a less senstive Feulgen-stained wholeossestatic cytometric method.
Femiano and Sculfy assessed 25 erosive and 20 reticular lichen plaiopsy
samples, finding two erosive lesions to be anedpoid all reticular specimens to be
diploid. However, one of the two aneuploid samp¥as considered to show mild
dysplasia, which would have excluded it from ourdst Mattila and coworkef$
studied 80 samples from 70 patients, all with dtroferosive lichen planus, and
found 41% of samples to be aneuploid. In this staldg, many samples were
considered dysplastic and the transformation raig eorrespondingly high at 7%.
Hosni and co-workefé found 13 of 39 lichen planus cases to be aneup¥@cbm
and coworker® used a combination of Giemsa cytometry anéhaitu hybridisation
assay against chromosomes 2, 8 and 9 concluded8#abf 16 cases showed
aneuploidy, though with numerous aneuploid celistbin controls. In all these
studies and on the basis of our previously caledlgredictive values for malignant
transformatiofi’, these rates of aneuploidy reported in OLP apeshigh and are
incompatible with the expected transformation mat®LP, or the known diploid
status of normal tissues. The differences in tesidtween these studies and ours
arelikely to be accounted for by study populatimtsuding both OPMD and OLP,
high risk cases and methodological differences.piwious work has attempted to
separate typical OLP with confirmed long-term bamgitcome from unusual or

progressing subgroups.

A further study by Biesterfelet al.** detected euploid polyploidisation, or complete
multiplication of the DNA content. This state seena® in oral samples, has no
known significance. These ploidy findings are ouitonsensus and difficult to

interpret.

An appraisal of these diverse published resultkligigts the critical nature of analytic
methods and diagnostic criteria, all of which diffieem those employed here. In the
present study, a ploidy diagnosis was only rendesgeh the coefficient of variation
(CV) of the diploid peak was less than 5%. Onbrtltan conclusions be confidently
drawn about DNA ploidy status. In our current gaat using separated nuclei, the
CV of the diploid peak is usually less than 3% aluse to 1% is often achieved.

Many published studies omit this key element arelamsnplex methods to calculate



indices of aneuploidy that have no meaning in gratic context or biologically.
Only a significant proportion (1%) of epithelialllseexceeding a DNA content of 5¢
or defined clonal peaks of 10% of the epitheliatlauharvested have proven
predictive value in OPMD. Different methods prodweey different resulf§*°and
even using similar methods not all groups confine predictive value of DNA ploidy
analysié’. This study therefore benefits from known prei&wvalues for malignant

transformation in a large series of other typesraf lesions using the same mettid.

A recent study demonstrated that allelic imbalaassgssed by LOH and
microsatellite instability (MSI), occurred at highrates in epithelial dysplasia and
SCC than in OLP, which showed similar patternsenigmn hyperplasfa. Similar
findings had also been reported by Zhang et dl98i7® and both studies provide a
molecular foundation of small scale genetic chamgesistent with our finding that

typical OLP lesions can harbour large scale gembtinges.

In the present study, eighty lesions of benignoimithelial hyperplasia used
as a methodological control were all diploid anlibiw-up of the patients for 10 years
showed that none of the patients developed arcarainoma. Test and control were
date matched for biopsy to eliminate artefacts fewohival biopsy, though analysis is
not hampered by aging of bloéké®

No carcinoma developed over 10 years in the 6&piatiwith classical OLP
and all lesions were diploid. One patient fromdheup of 42 patients with unusual
clinical features developed an oral carcinoma thaalglesions in this group were
also diploid. As these patients with ‘unusualhka planus deliberately included
cases with floor of mouth lesions in smokers aradjpé-type lesions, it is perhaps
surprising that so few were aneuploid or transfatme€hese are the very cases we
considered likely to cause diagnostic difficultyween OLP and other OPMD
clinically. Van Meij and coworkers, in their prasgive serie¥ reported that all
cases of carcinoma that developed were in diséasevas either clinically or
histologically insufficiently typical for definitie diagnosis as OLP. They termed
these lesions ‘oral lichenoid lesions’. Some,dmitall, of our unusual lesions would
meet their criteria for oral lichenoid lesions hesawe required typical clinical

features somewhere in the mouth or on the skinygsidal histological features. We



prefer to reserve the term lichenoid reaction faugerelated or topically-induced
lichen planus-like lesions, for which it is alreadidely used. We have also avoided
using the term atypical lichen planus to descrimeumusual cases. Though they are
not typical clinically, the word atypical has hiktgical connotations of dysplasia,

which was not present in any of our cases.

Overall, in the group of 14 who developed oral cama in OLP, 21
carcinomas were diagnosed, a significant prevalehsecond and third primary
carcinomas. Eleven of the patients had a precddopsy and aneuploidy or
tetraploidy preceded the first carcinoma in 4 pdasie In interpreting this proportion,
it must be accepted that the numbers are low aatdhbk sites of biopsy may well
have been away from the site of development ot#neinoma, so that a single biopsy
might have a low chance of predicting cancer eveana degree of field change is
present. Overall 4 of the 11 patients (patien®, B,and 7) showed ploidy anomalies
but no dysplasia in tissue sampled prior to caroi@o Kaplan Meier analysis
revealed no significant difference between dipknd aneuploid precursor lichen
planus lesions (p=0.347). However, numbers ardl smd analysis is rendered not
significant by the false negative diploid resulie clinical value of an aneuploid or
tetraploid result is clearly demonstrated, becalis¢ of them identified patients who
developed OSCC (patients 1, 2, 3 and 7); there neffalse positive results.

It might be assumed that DNA ploidy alterations igdoe found only in oral
mucosa when the subsequent oral cancer is aneuplbiel system used in this study
can detect an approximately 1% change in totaleandDNA content and at this
threshold of detection a significant proportiorooél carcinomas appear diploid,
presumably harbouring genetic changes below thied.lIeNVe have shown that there is
considerable heterogeneity in oral carcinoma DN#dy status and that up to 5
samples may be required to detett itOur patients under review for lichen planus
had carcinomas detected while small and we werefibre unable to sample the
carcinomas as extensively as in our previous stuidig. also possible that increasing
chromosomal instability generates more easily detegploidy abnormalities in older
and larger carcinomas. Nevertheless, 6 of theateiriomas were aneuploid, though
this did not correlate with the DNA ploidy statusloe preceding specimen(s), when

present.



It was not the aim of this study to determine wketbr not lichen planus is a
potentially malignant disorder. Several factorsvant confident differentiation of
OPMD and OLP; overlap in clinical and histologitedtures, the clinical presentation
may alter over many years, non-dysplastic lesioag amdergo malignant
transformation and striae may be associated witkdjglakia (‘pumice-type’
leukoplakia). It is perhaps not surprising thdf b&our original institution’s cases of
malignant transformation in lichen planus were edeld on review, and of those
which remained, 10 of 14 had plague-type lesiorsbate time in their clinical
evolution. This raises the possibility that altkuesions are actually OPMD that
mimic OLP, particularly PVL, with which OLP sharesny clinical and histological

features.

The aim of this study was to determine whether ON#dy analysis could be
of value in predicting malignant transformatiorthis difficult area. The selection
criteria for carcinoma developing in OLP were gant, but the results are equally
applicable whether these lesions are truly OLP BMD indistinguishable from it.
We suggest that the positive predictive value @ugnoidy for development of
carcinoma in OLP is approximately 36%. Histol@giassessment would not have
predicted transformation in any of these casesuse;dy definition, cases with
dysplasia were excluded from the diagnosis of Olhile these data are insufficient
to suggest that DNA ploidy should be used routimelyuch a common condition,
DNA ploidy analysis may be useful to assess riskis difficult area and can detect

risk in specimens that would otherwise raise n@isitn.
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Figure 1. DNA ploidy status of biopsies and caronas in the patients who
developed carcinoma in lichen planus.

Left, patient number. Each row of symbols showgusatial samples from each
patient showing the DNA ploidy status of each byopa a non-linear time line with
first carcinoma aligned on the vertical line. @8 biopsies without invasion
(including lichen planus specimens); squares, OS&ltading shows ploidy status:
unfilled, diploid; grey, tetraploid; black, aneujo Numbers between symbols are
months between biopsies. Symbols joined by lines separated by short time

periods and analysed together.

Figure 2. Example ploidy histograms as stackedtbarts, X axis integrated optical
density calibrated as ploidy (2c¢ = diploid), Y arismber of nuclei. Green, epithelial
nuclei; blue, control lymphocytes. Left, samplenfrlichen planus case showing a
diploid peak only, CV 1.65, n=1262 epithelial nucl#&iddle, lichen planus followed
by carcinoma, sample from patient 3 biopsy 2 shgwaim aneuploid peridiploid peak
at diploid index 1.1 and a small corresponding dalp CV diploid peak 1.81, n=
1533. Right, histological appearances of the amedgiample showing parakeratosis,
basement membrane thickening and loss of basalw#h lymphocyte infiltration of
the basal and suprabasal cell layers associatedapiiptosis and colloid body
formation. There is an underlying lymphocytic itséite, though this is not band-like.

No dysplasia is present and the appearances asestart with lichen planus.

Table 1. Numbers of OLP samples in each groupr th&lA ploidy result and

malignant transformation.

Table IlI. Clinical features of the 14 patients w@hP who underwent malignant
transformation.



Table 1. Numbers of OLP samples in each group, their DNA ploidy result and

malignant transformation.

Tissue N Diploid Tetraploid Aneuploid Transformed
(%)
Unusual OLP 42 42 0 0 1(2.4)
Classical OLP 68 68 0 0 0(0)
Control FEP 80 80 0 0 0(0)
TOTAL 190 190 0 0 1 (n/a)

OLP = lichen planus, FEP = fibro-epithelial polyps.



Tablell. Clinical features of the 14 patients with OLP who underwent malignant
transformation.

Age Features
Patient ~ Gender  at 1% LP Site(s) Features on developed SCC Site
LP biopsy presentation  subsequently
biopsy

1 F 29 BM,G,PT S EP BM
2 F 51 BM, G, HP, SP E, P, DG G(ur)
3 F 48 BM(bil), FOM, G S EP G(Ir)
4 M 35 BM, T S P T(Ib)
5 F 53 T P S T(Ib)*
6 F 54 BM S E BM(r)
7 M 74 T P S E T(Ib)*
8 M 50 BM S E BM/G(I)
9 F 55 BM(hil), G(al q) DG, E G (llg)
10 F 59 T S P T*
11 F 62 BM(hil) S P E G(llg)
12 F 49 BM(hil) S E P BM(l)
13 F 74 LM S BM
14 F 59 BM(hil), T S EP T(Ib)

Sites: BM (buccal mucosa), G (gingiva), P (palate), T (tongue), HP (hard palate), SP (soft palate),
FOM (floor of the mouth), LM (labial mucosa).
Subsites: Ib (lateral border), r (right side), | (left side),bil (bilateral), q (quadrant), ur (upper right), Ir
(lower right), 11g (lower left quadrant).
Features: S (striae), E (erythema), P (plague), DG (desquamative gingivitis)
* indicates SCC developing at the same site asthe original LP biopsy.
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