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Aims: Histological diagnostic criteria are used for the assessment of the degree of dysplasia
and hence the risk of cancer progression for premalignant lesions. Clonal changes in the form of
hyperorthokeratosis and hyperchromasia that are sharply demarcated from adjacent areas are not
currently part of the criterion for dysplasia diagnosis. The objective of this study was to determine
whether such clonal change should be regarded as a diagnostic feature for dysplasia. The
following histological conditions were used to define such change: (1) hyperorthokeratosis; (2)
hyperchromatism but no other features of dysplasia; (3) sharp margin demarcation from adjacent
area by both the hyperorthokeratosis and hyperchromasia (clonal change), and (4) no prominent
rete ridges, marked acanthosis or heavy inflammation. Lesions fitting these criteria were termed
orthokeratotic lesions with no dysplasia.

Methods: Patients from a population-based longitudinal study with more than 10 years of
follow up were analyzed. Of the 214 patients with primary oral premalignant lesions, 194 had mild
or moderate dysplasia (dysplasia group) and 20 fit the criteria for orthokeratotic lesions without
dysplasia (orthokeratotic with no dysplasia group). The two groups were compared for their cancer
risks using clinical (site and toluidine blue), histological (nuclear phenotype score), and molecular
criteria (loss of heterozygosity) and by outcome (progression).

Results and conclusions: The lesions from orthokeratotic with no dysplasia group showed
a similar cancer risk (clinical, histological and molecular risk) and time to progression as the
dysplastic lesions. We recommend that the clonal change should be included as a criterion for
dysplasia diagnosis.

Introduction

Squamous cell carcinoma (SCC) is the most common human cancer and also the
most common oral cancer. SCCs often develop from premalignant lesions and the
prediction of risk of malignant transformation for such lesions is critical to intervening
in the course of the disease. The current gold standard for assessing such risk is by
histological assessment of the presence and degree of dysplasia. The World Health
Organization (WHO) and other authorities have established well-accepted diagnostic
criteria for dysplasia [1,2]. However, there is still debate about other features of
significance that should be included in the criteria. It is well known that non-dysplastic
oral lesions, particularly those with hyperorthokeratosis, can also progress to cancer.

Inonepaper Woo etal. [3],suggested that “lesions thatwere keratoticbutdid nothave
significant evidence of inflammation, vascular ectasia, or fibrosis” be called “keratosis
of unknown significance (KUS)” to alert clinicians to the possible premalignant nature
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of these lesions. Among cases that were presented in Woo’s paper[3], there were
hyperorthokeratotic lesions with a sharply demarcated histological margin that would
not be called dysplastic by most if not all pathologists according to WHO dysplasia
criteria. In our paper, we focus on this subgroup of KUS, i.e. hyperorthokeratotic lesions
with no dysplasia (OKND) but with sharp histological demarcation. If such a lesion is
located on the ventral tongue or floor of mouth, some would call it sublingual keratosis,
an entity well recognized for its significant malignant potential [4].

The problem with calling these lesions names other than dysplasia is that clinicians
may not understand the significance of such terms. In the BC Oral Biopsy Service, we
routinely call OKND lesions dysplasia. There are two reasons for doing so: 1) the lesion
is hyperchromatic, a feature well accepted for the diagnosis of dysplasia; and 2) the
lesion is clonal, as shown by its sharp histological demarcation - clonal would suggest
a neoplastic process (Figure 1). The clonal feature, however, has not been included in
the WHO criteria for the diagnosis of dysplasia. Through the study results of this paper,
we hope to persuade the pathology community to consider the possibility of inclusion
of such clonal change as one of the criteria for the diagnosis of dysplasia.

The study of OPLs has been the focus of our research team for more than 2 decades,
mainly with respect to the development of markers that would help in differentiating
progressing from non-progressing mild/moderate dysplasia. The markers included
clinical visual aids, such as TB staining [5,6], histological markers, such as nuclear
phenotype score (NPS) [7,8], and molecular markers such as loss of heterozygosity
(LOH) [9-12].

TB has long been used clinically to identify cancer and high-grade preinvasive
lesions by staining these lesions blue. It was not, however, recommended for use with
mild/moderate dysplasia because a high proportion of these lesions are negative for
TB. The theory is that this dye stains nuclear acid that are present in abundance in
the superficial epithelial layers of CIS and severe dysplasia but are most likely absent
for mild/moderate dysplasia. In 2005, we reported that TB positive mild/moderate
dysplasia had a 4-fold increase in cancer risk compared to histologically similar TB
negative lesions [9]. It is hypothesized that the TB positive mild/moderate dysplasia
may have increased inter-cellular permeability to allow the retention of the dye.

NPS is determined by semi-automatic computer image analysis of nuclear
morphology. The analysis not only eliminates the subjectivity of dysplasia grading
by pathologists but also could identify nuclear changes that differentiate progressing
from non-progressing mild/moderate dysplasia that are too subtle for pathologists to
determine and quantify. In 2008, we reported that mild/moderate dysplasia with high
NPS scores had a 10-fold increase in cancer risk compared to histologically similar
lesions with low NPS scores [7].

Figure 1: Photomicrograph of an orthokeratotic lesion without dysplasia (OKND) showing (1) hyperorthokeratosis;
(2) hyperchromatism but no other features of dysplasia; (3) sharp margin demarcation from adjacent epithelium by
both the hyperorthokeratosis and by the hyperchromatism, and (4) lack of prominent rete ridges, marked acanthosis
and heavy inflammation. Hematoxlin and eosin (HE staining).
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Microsatellite analysis of LOH identifies loss of chromosomal regions that contain
putative tumor suppressor genes. Recently we published our ten-year follow up data
on LOH as molecular markers for predicting cancer progression of OPLs [9]. In that
paper, we not only validated the progression model we proposed in 2000 [12], but also
refined the model.

The objective of this study was to determine if TB staining, NPS score, LOH pattern
and progression rate of OKND lesions were similar to those of mild/moderate dysplasia,
hence provide evidence in support of the inclusion of the clonal feature of such lesions
in the criteria for the diagnosis of dysplasia.

Materials and Methods
Study design

Prospective cohort.
Patient population

The study involved patients from a previously published longitudinal study
involving 296 patients with primary mild/moderate dysplasia [9] (approved by the
University of British Columbia and BC Cancer Agency Research Ethics Board). This
population-based study involved patients who prospectively enrolled in the ongoing
Oral Cancer Prediction Longitudinal study in Vancouver (British Columbia, Canada)
between January 1, 1997 and December 31, 2007. Accrual to this cohort was from
community practices across British Columbia (population, 4.1 millionin 2011). Patients
were identified primarily through a centralised pathology service, the BC Oral Biopsy
Service, which receives biopsies from dentists and ENT surgeons across the province.
This population-based biopsy service receives 250 to 300 dysplasia cases annually.
Patients with dysplastic lesions were referred to 5 Oral Dysplasia Clinics in Greater
Vancouver where they were accrued to the study using written informed consentand a
study protocol approved by the Institutional Research Board. Study eligibility required
a histologic diagnosis of mild or moderate dysplasia in the oral cavity with no prior
history of oral cancer.

The slides of the index biopsy of the 296 patients were reviewed (LZ). The
diagnostic criteria were those of WHO and papers from the authorities in the field [1,2].
In a simplistic way as described by Warnakulasuriya et al. [2], when a lesion showed
architectural abnormalities and minimal cytological atypia that were limited to the
lower third of the epithelium, it was called mild epithelial dysplasia; when a lesion
showed architectural abnormalities and minimal to moderate cytological atypia that
reached the middle third of the epithelium, it was called moderate epithelial dysplasia.
As mentioned before, we had been calling OKND dysplasia, for this study, lesions
previously called dysplasia (see second paragraph of introduction) were reclassified
as OKND if they showed the following histological features: (1) hyperorthokeratosis;
(2) hyperchromatism but no other features of dysplasia; (3) sharp histological
margin demarcation from adjacent area by both the hyperorthokeratosis and by the
hyperchromatism, and (4) no prominent rete ridges, obvious acanthosis or heavy
inflammation (Figure 1). The fourth feature is not a diagnostic feature for dysplasia and
was included to rule out reactive lesions, such as those hyperorthokeratotic lesions in
the alveolar ridges. Of the 296 lesions, 82 were incisional biopsies; since it was not
possible to judge whether there was a sharp margin demarcation, they were excluded,
leaving 214 cases for this study.

Demographic, risk habit, and clinical characteristics were collected at study entry.
Patients were followed at 6-month intervals and changes to the lesion or risk habits
were documented. For this study, the primary endpoint was time from index biopsy
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to histologically confirmed progression to severe dysplasia or higher for progressing
cases (occurring at the same anatomical site as the index biopsy) or last follow up date
for non-progressing cases. Inclusion of severe dysplasia as the progression endpoint
was based on our findings that without treatment, progression to carcinoma in situ
and SCC occurred in 59.8% of patients [13].

The 214 patients had a median follow up time of 44 months. During the study period,
25 (12%) progressed: 10 to severe dysplasia and 15 to SCC (in situ and invasive).

TB staining

TB staining consists of three steps: First, the lesion was swabbed with a cotton tip
applicator soaked in 1% acetic acid to remove debris and excess mucosa; then swabbed
with an applicator soaked in 1% TB and left for 45 seconds; finally, another swab with
1% acetic acid, followed by a rinse with water. A stained lesion (dark blue color) was
called positive; weak or uncertain uptake of the stain were called equivocal; no stain
was called negative (Figure 2).

Assessment of nuclear phenotype score (NPS)

Serial sections, 4-pm in thickness, were cut from each sample and placed on two
glass slides; one was stained with H&E and the other with Feulgen-Thionin. The area
on the H&E slide selected by the pathologist (L.Z.) for conventional histopathologic
diagnosis was the same area circled on the Feulgen-stained slide to be examined with
the quantitative tissue phenotype (QTP) imaging system. NPS was determined as
described previously [7].

Assessment of molecular risk pattern

Areas of dysplasia were microdissected for microsatellite analysis. The same
protocol for analyzing the LOH markers in chromosome regions 3p14.2; 4926, 4q31.1;
8p21.3, 8p23.3; 9p21; 11q13.3, 119q22.3; 13q12.3-13, 13q14.3; 17p11.2, and 17p13.1
was applied in this prospective study as described previously [12].

Statistical analysis

Associations between categorical data were examined with the Chi-Squared tests
while unpaired t-tests were used for continuous data. Time-to-progression curves were
estimated by the Kaplan-Meier method, and comparisons were performed using a log-
rank test. Hazard ratios (HRs) and the corresponding 95% confidence intervals (95%
CI) were determined using Cox regression analysis. P < 0.05 was considered significant.

Figure 2: Examples of toluidine blue (TB) staining: Lesion 1 without (A) or with TB staining (B). TB staining result is
positive; Lesion 2 without (C) or with TB staining (D). TB staining result is negative. Retention of the TB staining on
tongue papillae is a common artifact.
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Results

Demographic and habit information are shown in table 1. The diagnosis of mild/
moderate dysplasia or OKND was not associated with age at diagnosis, gender,
ethnicity or risk habits.

We next compared the clinical lesion characteristics between the two groups
(Table 2). Many of the index lesions were biopsied by dentists before the patients
were enrolled in our longitudinal study since histological diagnosis of oral dysplasia

Table 1: Patient characteristics.

Mild/Moderate dysplasia

N =194

Median age (years) 57 57 58 0.678
Gender (% female) 101 93 (48%) 8 (40%) 0.639
Ethnicity
Caucasian 117 159 (82%) 18 (90%) 0.538
Non-Caucasian 37 35 (18%) 2 (10%)
Tobacco*
Non-Smoker 65 59 (30%) 6 (30%) 1
Ever Smoker 149 135 (70%) 14 (70%)
Alcoholt
Non/light 159 144 (79%) 15 (83%) 077
Heavy 42 39 (21%) 3(17%) :
Duration of Follow up (month)
Median 44 43 49
0.876
Mean 45+ 26 45+ 27 42 21
* Smoker is defined as smoking more than 100 cigarettes in life time; T Alcohol information is only available for 201
patients. Heavy drinker is defined as consumption of more than 14 drinks per week for women and 21 drinks per week
for men. 1 drink = 80z beer = 40z wine = 10z spirits.

Table 2: Lesion characteristics.

Mild/Moderate dysplasia Fisher's
N =194 test
Sitet
Low-risk 90 76 (39%) 14 (70%) 0.009
High-risk 124 118 (61%) 6 (30%)
TBt (N=180)
Negative 155 144 (86%) 11 (85%) 1
Positive 25 23 (14%) 2 (15%)
NPS§ (N=201)
Low (< 4.5) 144 127 (70%) 17 (85%) 0199
High (= 4.5) 57 54 (30%) 3(15%)
9pe (N=212)
R 95 89 (46%) 6 (30%)
0.237
L 117 103 (54%) 14 (70%)
3p (N=210)
R 138 129 (68%) 9 (45%)
0.049
L 72 61 (32%) 11 (55%)
3p &/or 9pe (N=211)
Low risk 74 71 (37%) 3 (15%) 0.052
High risk 137 120 (63%) 17 (85%)
9p/4q/17pll (N=205)
Low risk 95 89 (62%) 6 (46%)
Intermediate risk 40 35 (24%) 5(38%) 0.487
High risk 22 20 (14%) 2 (15%)
Outcome
Non-Progressing 189 172 (89%) 17 (85%) 0.712
Progressing 25 22 (11%) 3 (15%)
*OKND: orthokeratotic lesion with no dysplasia; tVentrolateral tongue and floor of mouth are defined as high risk sites, the
rest of the oral cavity defined as low risk; $TB information is only available for 180 patients and NPS only for 201 patients;
§Total numbers of cases for each reported LOH pattern may not add up to the total number of subjects because of non-
informative cases; 4Risk of progression for specific patterns has been defined previously [12]. Low risk = retained 3p and
9p; high risk = LOH at either 3p, 9p or both; [Risk of progression for specific patterns has been defined previously [9]: Low
risk = 9p retention; intermediate risk: 9p LOH with retention at either 4q or 17p; high-risk: 9p LOH with LOH at 4q and 17p
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or OKND was one enrollment requirement. Consequently we did not have clinical
pictures for all the index lesions. However, many of OKND were noted to have sharp
demarcation for atleast for part of the clinical margins, a feature that was also observed
for some dysplastic lesions. Due to the lack of a complete set of pictures, this study did
not investigate whether histological sharp demarcation of OKNDs also manifested as a
clinical sharp demarcation.

A significantly higher proportion of lesions from the dysplasia group were located
at a high-risk site (ventrolateral tongue and floor of mouth) as compared to lesions
from the OKND group. When the sites were looked at in more detail, a significantly
higher percentage of OKND lesions were found to be located on the gingiva, vestibular
and cheek regions (65% in OKND vs 28% in mild/moderate dysplasia, P=0.002),
common sites for verrucous lesions (verrucous hyperplasia or carcinoma). We
questioned whether some of these OKND were verrucous lesions in a flat leukoplakia
stage. We looked at the relationship of dysplasia and OKND with verrucous lesions
(whether later developed into a verrucous lesions or have verrucous lesions in other
oral sites). A significantly higher proportion of OKND was associated with verrucous
lesions as compared to dysplasia (50% OKND vs 8% dysplasia, P<0.0001), suggesting
a relationship between OKND and verrucous lesions.

TB status was similar between the two groups. Histologically, the proportion of
mild/moderate dysplasia with a high NPS score was twice that of the OKND group
(30% vs 15%), although the difference was not significant.

We next compared the two groups for molecular risk patterns (Table 2). For LOH,
we looked at two molecular risk models. Using the first model, a higher percentage of
loss was noted for the OKND group as compared to the mild/moderate dysplasia group
at 9p, 3p and 3p &/or 9p. The difference at 3p was significant (P=0.049) and at 3p &/
or 9p almost significant (P=0.052). Using the second model, again a higher percentage
of intermediate- and high-risk lesions were noted in OKND group as compared to the
dysplasia group, although the difference was not significant.

Finally, we compared the probability of progression in the two groups of lesions.
No significant difference in outcome was noted between the two groups (Table 2).
Kaplan-Meier plots of progression by histological diagnosis showed very similar plots
for the two groups of lesions (Figure 3).

Non-HNDL

HNDL

Probability of No Progression (%)

P=0.66 RR 1.32 (0.39-4.42)

o 50 100 150

Years Since Index Biopsy

Non-HNDL HNDL

Time period (Vears)

Progression Probability
Estimate

95% Confidence Interval

Progression Probability
Estimate

95% Confidence Interval

0035

00148

37-119

00240

52-145

00240

Figure 3: Probability of progressing to cancer for lesions by diagnostic grouping: mild/moderate dysplasia and
orthokeratotic lesion without dysplasia (OKND).
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Discussion

Oral white lesions are common. Histologically these lesions show hyperkeratosis
(hyperparakeratosis or hyperorthokeratosis or both) and/or epithelial acanthosis
with or without dysplasia. The current gold standard for judging malignant potential
of these lesions is by histological assessment of the presence and degree of dysplasia.
Unfortunately some of the non-dysplastic lesions are premalignant, particularly those
with hyperorthokeratosis.

Supporting evidence for the premalignant potential of hyperorthokeratotic oral
lesions has come mainly from clinicians in the form of anecdotal experiences or case
studies. The term sublingual keratosis [4], was proposed decades ago to designate
such lesions on the floor of mouth and ventrolateral tongue. A subgroup of KUS, a term
suggested by Woo etal. [3], designated similar lesions but not limited to the sublingual or
floor of mouth. Unfortunately these terminologies are not very helpful in guiding clinical
management of the lesions since most clinicians are looking for the word dysplasia to
indicate the premalignant nature of these lesions and lack of such word implies no risk.

The premalignant nature of orthokeratotic lesions have been recognized by
others. The term ‘orthokeratotic dysplasia (OKD)’ was coined in a study published by
Kobayashi et al. [14], to describe hyperorthokeratotic lesions with granular cell layer
(no mentioning whether they were dysplastic). The study investigated 200 cases of oral
SCC and 31% (62/200) of these showed OKD foci. The majority (80%) were adjacent
to the cancer and some (20%) were separate. Three photomicrographs of OKD were
shown: two were dysplastic, one was not. In a follow-up study, Aida et al. [15], used
the term to describe hyperorthokeratotic lesions without dysplasia, even though mild
atypia was mentioned. Consequently these lesions are similar to the OKND cases
in this study. They investigated 20 cases of OKD and confirmed their premalignant
nature by finding them frequently associated with oral SCC (9/20, 45%), chromosomal
instability and shortened telomeres.

As shown in table 3, the differential diagnosis of OKND lesions from other reactive
lesions is not difficult. Reactive keratotic lesions are mostly parakeratotic with some
exceptions such as those on the alveolar ridges and rarely other sites. In addition,
reactive lesions are very frequently accompanied by thickening of the prickle cell
layers, either in the form of acanthosis &/or proliferation of long rete ridges, frequently
square or pointed in shape. Reactive lesions are also more likely to be inflamed whereas
OKND lesions generally show absence of heavy inflammation.

Table 3: Differential diagnosis of keratotic lesions without dysplasia.

Benign alveolar

Morsicatio mucous

Other reactive lesions

ridge keratosis oris
Mostly parakeratotic,
Keratin Orthokeratotic Orthokeratotic Parakeratotic occasionally
orthokeratotic
Hyperchromatism
compared to adjacent Yes Probably no No No
epithelium
Sharp demarcation from
adjacent epithelium & Yes Probably no No No
keratin
Epithelial thickness No ac'anth05|s & Markedly acanthotic Markedly acanthotic varying degrfae of
sometime atrophic acanthosis
Absent to slight (not | Marked, could be = Marked, could be
Rete ridges very long, broad or broad, square & broad, square & Varying degree
pointed) pointed pointed
Inﬂammsrt;t;r:i;n lamina Absent to minimal Absent to minimal | Absent to minimal Varying degree
*OKND: hyperorthokeratotic non-dysplastic lesions.
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In this study we propose that a clonal pattern of changes should be included as
a diagnostic criterion for dysplasia. Clonal expansion is one of the fundamental
characteristics of the neoplastic process. Some dysplasia, verrucous hyperplasia and SCC
show such clonal changes, i.e., sharp demarcation from adjacent normal mucosa. Therefore
the inclusion of clonal change as a diagnostic criterion for dysplasia makes sense.

This study compared OKND with mild/moderate dysplasia using multiple cancer
risk markers (clinical, TB; histological, NPS; molecular, LOH) and follow-up data.

Clinically, we found no obvious differences between the two groups in TB status.
Surprisingly, there were differences in the location of the two groups of lesions. A
significantly lower proportion of OKND were noted in the high-risk site when compared
with mild/moderate dysplasia (30% vs 61%; P=0.009). Since sublingual keratosis was
part of the OKND, we had assumed that a higher percentage of OKND would be located
in the high-risk sites. In contrast, a higher percentage of OKND was located on gingiva,
vestibular and cheek regions - common sites for verrucous lesions. We also found that
OKND are more likely to have either later become verrucous lesions or have verrucous
lesions in other oral sites. These findings suggest that at least some of OKND may be
precursors of verrucous lesions. The fact that OKND showed similar cancer risk despite
location at the low-risk sites supports the premalignant nature of these lesions.

Not surprisingly the mild/moderate dysplasia group showed twice the number
of cases with high NPS score as compared to the OKND group, considering the fact
that OKND lacks nuclear features of dysplasia. Most important of all, the progression
rates between OKND and mild/moderate dysplasia were similar, indicating that OKND
lesions have similar malignant potential as mild/moderate dysplasia. We appeal to
the research community to study such lesions and to compare the malignant potential
of such lesions with dysplastic lesions, particularly in multicenter studies. If further
studies confirm our results, we should consider inclusion of sharp demarcation
of clonal change as one of the dysplasia diagnostic criterion. Such inclusion would
designate lesions currently not called dysplastic as dysplastic, which could provide
better guidance to clinicians to improve clinical management of these lesions.
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