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Abstract

Background: Oral lichen planus (OLP) is a chronic inflammatory disorder with increased risk for malignant
transformation. Biomarker validation is a pivotal step in moving newly discovered biomarkers towards clinical
implementation. We performed a systematic review of studies on biomarkers related to OLP, wherein biomarkers
have been described in at least two independent studies. Our aim was to determine whether any of these biomark-
ers might be promising in predicting the increased risk of malignant transformation of OLP.

Material and Methods: We searched the following databases until August 2021: PUBMED, EMBASE, and Web of
Science. Due to high heterogeneity, a qualitative rather than quantitative assessment was conducted. Only proteins
that consistently showed a significantly high level of expression in neoplastic tissues versus OLP in two or more
publications were considered as promising markers.

Results: Initial database researches identified 1671, of which 24 articles were included in the final analysis. The
most frequently reported proteins were p53, Bcel-2 and Ki-67, though there were controversies. PCNA and P21
were the only proteins that showed consistent evidence of clinical usefulness as cancer predictors to be considered
as promising markers. Extensive methodological variations in the evaluation of expressions and statistical analy-
ses of the included markers were observed, which hampered comparisons of the results.
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Conclusions: Multiple levels of heterogeneity with a scarcity of high-quality studies were identified. PCNA and P21
were identified as promising predictive markers for evaluating the risk of malignant transformation of OLP, but they
require further validation. The focus of future research on validation of predictive biomarkers of OLP should be consid-
ered as a high priority because it will accelerate the introduction of newly discovered markers into the clinical setting.

Key words: Oral lichen planus, Immunohistochemistry, biomarkers, malignant transformation, PCNA, P21, p53, BCI-2.

Introduction

Abbreviations: Oral lichen planus (OLP), Immunohisto-
chemistry (IHC), Malignant transformation (MT), Oral
epithelial dysplasia (OED), Oral squamous cell carci-
noma (OSCC), Malignant transformation rate (MTR).
Oral Lichen planus (OLP) is arelatively common disease
of the oral mucosa and appears to be an immunologi-
cally-mediated chronic inflammatory reaction to an un-
known antigen (1). A recent review of the global preva-
lence of OLP showed a pooled prevalence of 1.01% with
amarked variation in regional distribution (2). OLP has a
prolonged clinical course, extending for years and some-
times even lifelong and typically affects middle-aged
adults, with a Female: Male ratio of 2:1 (3). Clinically six
types of OLP have been identified: reticular, atrophic/
erosive, plaque-like, papular, ulcerative, and vesiculo-
bullous. The coexistence of more than one subtype of
the disease is also common (3). Although, there are var-
ious local and systemic treatment modalities reported
for treating painful OLP, the available evidence sug-
gests that topical corticosteroids are most effective (4).
The overall malignant transformation rate (MTR) of
OLP varies between 0.5 -1.2 % (5) but has been report-
ed to be as high as 2.8% (6). The MTR varies among
different clinical types but generally higher in atrophic
and/or erosive types. Currently, the absence or presence
of oral epithelial dysplasia (OED) is still the mainstay
for malignant transformation (MT) risk assessment (7).
However, histopathological observations do not provide
a clear distinction between dysplasia developed in OLP
and lichenoid reaction developed in oral dysplasia and
are also subject to inter and intra-observer variability
(8). Additionally, presence of epithelial dysplasia and its
grade is not a reliable indicator of the biological behav-
ior of these lesions. A recent meta-analysis showed that
6% of dysplastic OLP progressed to carcinoma, but also
that less than 1.5 % of non-dysplastic lesions progressed
to oral cancer (7). Since this is prognostically important,
there is an urgent need for novel biomarkers that can ac-
curately predict the malignant potential of OLP lesions.
One relatively simple and affordable technique to study
biopsies of OLP and detect pathogenic molecular abnor-
malities in gene expressions at the protein level is Im-
munohistochemistry (IHC). IHC is the most common
technique that is used to visualize the intracellular as
well as the cell membrane proteins, thereby providing a
real reflection of what is going on at the cellular level (9).
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There is, indeed a three-level evidence hierarchy for bio-
marker validation, ranging from exploratory to validat-
ed to clinically useful. To qualify as a useful biomarker,
it is essential to successfully pass them all. A explor-
atory biomarker is defined as any biomolecule identi-
fied in one discovery publication, whereas validation is
based primarily on confirming a discovery biomarker’s
finding in at least two independent studies (10). It is a
second and critical step in moving any biomarker to-
wards clinical implementation. To our knowledge, this
review is the first to focus on proteins that have been
validated in at least two independent studies. We evalu-
ated studies with potential biomarkers to predict risk of
malignant transformation in OLP, and in which these
markers demonstrated a consistent and significant dif-
ference in their expression between OLP and OSCC or
OED. Our aim is to help researchers in identifying and
pursuing the promising biomarkers for further evalua-
tion and validation studies.

Material and Methods

This systematic review was conducted and reported fol-
lowing PRISMA-protocol guidelines (11). However, it
could not be registered at the International Prospective
Register of Systematic Reviews (PROSPERO) (12), be-
cause the entire data was completely extracted and ana-
lyzed before registration, which is against PROSPERO
requirements.

- Search strategy

Potentially eligible studies were identified in a search of
only indexed databases like PubMed, Embase and Web
of science. The following keywords were used: “oral li-
chen planus,” “OLP,” “oral squamous cell carcinoma,”
“OSCC,” “oral cancer,” “oral carcinoma,” “epithelial
dysplasia,” “oral normal mucosa,” “oral hyperkerato-
sis,” “malignant transformation” and all possible com-
binations. The search results were supplemented with
manual searching of reference lists to identify publica-
tions not captured by computerized searches. There was
no restriction regarding year of publication. The last
search was conducted in August 2021.

- Studies selection

Abstracts that focused on the malignant potential of oral
lichen planus compared to that of the normal oral mu-
cosa, OSCC, and OED, by their ability to express spe-
cific proteins, were identified by the first author. Subse-
quently, full-text articles of the selected abstracts were
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retrieved and assessed independently and blindly by the
first and second authors (AAA and RVS) based on spe-
cific eligibility criteria. The list of the selected studies
prepared by both authors then compared and only those
achieved a good agreement were included.

- Inclusion Criteria

1) Studies including patients with a confirmed histo-
pathological diagnosis of OLP

2) Studies reporting protein expression with a recog-
nized classification/grading system

3) Studies clearly comparing protein expression be-
tween OLP and neoplastic or dysplastic tissues

4) Studies focusing specifically on OLP and its malig-
nant

- Exclusion criteria

1) Studies that included patients with clinic signs of oral
lichenoid lesions

2) Studies that also focused on oral potentially malig-
nant lesions other than OLP, such as

leukoplakia, erythroplakia, or oral submucous fibrosis

3) Studies with a sample size < 10 cases

4) Studies published in languages other than English

5) Studies using animal models or tissues, or various
biological samples rather than human tissue

6) Case reports, systematic reviews, unpublished stud-
ies, and duplicate publications

- Data acquisition

The following data for each study were extracted from
full-text articles by the first and second authors (AAA
and RVS): study molecules, biomarkers’ functions,
sample size, expression rate, odds ratio if reported
clearly, diagnostic criteria, and significance of expres-
sion in OLP vs normal mucosa and versus OED or SCC.
With respect to the biomarkers that were reported in
two or more publications, our focus was to assess the
consistency and significance in their clinical relevance.
In other words, when two or more studies showed sig-
nificant differences in the expression of specific bio-
markers in OED or SCC compared to OLP, they would
be considered as promising markers in predicting the
risk of malignancy.

- Quality assessment

The quality of the selected biomarkers studies was inde-
pendently assessed by the first two authors on the basis
of the criteria as formulated in the Reporting Recom-
mendations for Tumor Marker Prognostic Studies (RE-
MARK), which comprise 20 items (13). Each item of
this guideline encompasses several aspects. One point
was given to the item when all of its aspects were clearly
stated, 0.5 point was attributed if some but not all as-
pects were mentioned, and 0 point were given when the
item was not reported. Based on the total scores, the
studies were subdivided into three groups: studies with
a score of 15-20 were assigned as high reporting quality,
studies had a score of 5 -14.5 were considered to have
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an average reporting quality, and low reporting qual-
ity when the score < 5. Disagreements were resolved by
discussion.

Results

As shown in Fig. 1, the search strategy yielded 1671 po-
tentially relevant studies, from which 1626 were exclud-
ed as they did not meet the eligibility criteria. A total of
43 papers, strictly met the inclusion criteria. However,
because validation is the first step in moving newly dis-
covered biomarkers towards clinical implementation,
we focused on biomarkers that have been validated in
two or more publications. Therefore, out of 43 eligible
studies, only 24 were included in this review for data
extraction. The studies described a total of 1,802 par-
ticipants, and the study sample size ranged from 37 to
164 patients. Of the participants, 46% were males and
54% were females. The studies were conducted in dif-
ferent geographic areas, of which 11 studies were situ-
ated in Asia, 7 in Europe, 5 in America, and one study
in Oceania.

The REMARK reporting assessment is summarized in
Supplement 1. All included studies had an average RE-
MARK score which ranged between 9 and 13 points.
The statistical methods varied strongly among the in-
cluded studies, and only one study clearly estimated the
risk of MT and provided the odds ratio (14). In all stud-
ies, no information was provided regarding the treat-
ment that patients received.

Table 1 presents an overview of all the reported mark-
ers and the differences in the rates of their expression
between healthy mucosa, OLP and OED or OSCC.

INITIAL DATABASE RESEARC@
1671
PubMed: 545
EMBASE: 579

Web of science: 547

Removing duplication and
abstract out of scope

ABSTRACT SELECTION: )

317
PubMed: 264
EMBASE: 45
Web of science: 8
After applicationinclusion
<—[and exclusion ]

Articles included in
the initial analysis: 43

——— [(Studies that described
Biomarker(s) only in one
ublication): 19

Full-text articles excluded ’

| Included | Eligibility |Screening [Identification |

ARTICLES INCLUDED IN
FINAL REVIEW: 24

Fig. 1: Diagram of studies selection.
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Table 1: Characteristic and summary data of the included studies (n=24).

Biomarkers predict malignant potential in OLP

Authors | Studies bio- [ Sam- Expression rate 100 % OR P-value
(year), marker (s) ple for
country size** OSCC
Normal OPL OED 0OSCC Normal | OLP vs [ OLP vs
Mucosa mucosa | OED | OSCC
vs OLP

Schifter et al P53 62 53# 77 100 --- --- 0.001 --- ---
(1998), Aus- 34 m 424 # 77 92
tralia (15) 12 f
Valente et al P53 ¢ 45 14.8 +2 19£7.2 --- 511 £87mt | --- 0.0003 - 0.0002
(2001), Italy MIB-1 § 15m | 10.5+4.3 | 27.1 £10.7 42.4 £6.9mt 0.05 < 0.05 <
(16) 13 f
Ogmunds- P53 160 | 13 (HK) 33 --- 55 --- - - | -
dottir et al
(2002), Ice-
land (17)
Lee et al P53 164 5.0 28.6 53.3 65.0 --- 0.032 | <0.05 | <0.05
(2005), PCNA *§ 56 10.24+4.6 | 27.6 8.8 | 39.4+13.9 | 55.1 £19.1 <0.001 | <0.05 | <0.05
Taiwan (18) OLP

26m

30f
Neppelberg& Cox-2 52 --- 100 100 100 --- 0.05 < --- 0.05 <
Johannessen | E-cadherin | 16m -—- 88 100 100 --- --- --- 0.05 <
(2007), Nor- 39f
way (34)
Mattila et al | Desmocol- 70 0 18.1 87.5 --- 5.29 --- 0.0001 0.09
(2008), Fin- lin-1 244 --- --- 5.13 --- - 0.0001
land (14) E-cadherin
De Sousa et PCNA 48 --- 58.3 83.3 91.7 --- --- <0.05 0.03
al (2009), P53 --- 41.6 66.7 --- 0.05< | 0.05<
Brazil Bcl-2 --- 16.6 16.7 --- 0.05< | 0.05<
(19) BAX --- 50 66.7 --- 0.05< | 0.05<
Oluwadara Lck 70 | 33.3(cim) 78.6 25 3.7 --- --- ---- ---
et al (2009), survivin 29 1, | 50 (cim) 64.3 100 96.3
USA (36) PI-3K 22m | 0 (cim) 35.7 100 63
Safadi et al P53 ¢ 101 | 15.06+2.0 | 40.27+4.7 | 49.7£3.2md | 78.16+8.9 --- [ <0.001 | <0.001 | <0.001
(2010), Jor- 64m 61.3+5.0sd
dan (20) p2 s 37f | 16.0£1.81 | 39.9+£3.3 | 47.7+3.1md | 85.4+8.0 <0.001 | <0.001 | <0.001

57.9+4.4sd

Hadzi-Mi- Bcel-2 65 0 70 --- 91.6 --- 1 <0.001 --- 0.46
hailovic et al 22m
(2010), Serbia 43 f
28)
Leyva- P53 37 0 71.4 --- 68.7 --- --- --- <0.001
Huerta et Bcl-2 15m + 0 --- 0 --- --- --- ---
al (2012), 22f
Mexico (21)
Hadzi-Mi- Ki-67 *§ 65 160.9+£72.71100.9£75.9 --- 145.9£97.6 --- 0.06 --- 0.17
hailovic et al 22m
(2012), Serbia 43 f
[(25)
Oliveira et al P53 89 0 55 - 89 - <0.05 0.20 | 0.05<
(2013), MDM2 20 84.6 100 <0.05 1.0 0.05<
Brazil (22) SUMO-1 0 30.8 89.5 0.05< | 0.0492 | 0.0001
Nafarzadeh Bax 61 30 70 --- 100 --- 0.007 --- 0.089
et al (2013), Bcl-2 0 0 36.3 0.138
Iran(29)
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Table 1 cont.: Characteristic and summary data of the included studies (n=24).

Zargaran et Ki-67 *§ 73 |514+19| 13.8+2.4 | 19.1+£84 | 41.2+73 - <0.001 | 0.07 | <0.001
al (2013), 36 m
Iran (27) 37f
Salehinejad P16 *** 68 Zero 26.7 --- Zero --- --- --- 0.003
et al (2014),
Iran (31)
Goel et al cdk4 80 Cco 80 --- 100 --- 0.0001 --- 0.23
(2015), India 32m N 40 317 100 0.06 0.0001
30) PI6 28 f Cco 68.3 100 0.002 0.03
N0 18.3 100 0.31 0.0001
Shailaja et al ps3 70 20 69.9 76.7 --- --- 0.005 0.5 ---
(2015), India Ki-67 20 73.2 86.6 --- 0.003 0.19
24) BceL-2 0 19.9 233 --- 0.0001 0.75
BAX 50 56.6 73.3 --- 0.7 0.17
Baghaei et al P2I§ 72 9.4+3.8 | 32.8+6.08 --- 54.5+6.6 --- <0.001 --- <0.001
(2015), Iran 36m (EH)
(35) 36f
Suganya et al | Survivin ¢ 70 2.25 16.65 --- 28.43, --- --- 0.001 | 0.05<
(2016), India
37
Rosa et al SOX4rn 120 82.3 66.1 72.4 --- --- 0.05< ] 0.05< ---
(2018), Brazil | Ki-67 " 44 m 5.5 11.6 14.4 --- <0.005 | 0.05<
(26) P16 76 £ 11.8 20.6 7.8 --- <0.001 | <0.002
Bub-3 M 77 80.0 71.4 --- 0.05< | 0.05<
LiuT et al PI6 " 70 0.0089 + | 0.0198 + . 0.0718 --- | <0.001 --- [ <0.0001
(2018), Chi- 18 m | 0.00195 0.0025 +0.0285mt <0.0001
na(32) HPV 16/18 | 28f | 0.0050+ | 0.0107 = 0.0249 + <0.05
(E6)" 0.0010 0.0016 0.0036mt
Sanketh et al | Ki-67«” 25 - 571 60 --- --- --- 0.05 < -
(2019), India P53 «” 15m -—- 71.4 60 --- 0.05 <
(23) a-SMA “” 10f -—- 43 60 --- 0.05 <
Cox-2 “” -—- 57 0 --- 0.05 <
Hadzi- PI6 65 0 72.5 --- 333 --- | <0.001 --- <0.001
Mihailovic 22m
et al (2020), 43 f
Serbia (33)

OLP: Oral lichen planus, OED: Oral epithelial dysplasia, OSCC: Oral squamous cell carcinoma, OR (95% CI): Odd ratio (95% confidence inter-
val), ** many studies have not mentioned the number of males and females for the whole samples, only for OLP patients, f: Females, m: Males,---
either not studied or not reported, mt: OSCC developed from OLP lesions, EH: epithelial hyperplasia, HK: Hyperkeratosis, cim: chronic inter-
face mucosities, md: moderate dysplasia, sd: sever dysplasia, §: mean % + SD, C: cytoplasmic, N: nucleus, M: membranous, a:atrophic OLP, #
expression rate to D07 antibody. *labeling index,*** samples were considered positive if immunoreactivity >70%, *“: expression rate was calcu-

o,

lated by mean number of positive cell, *: expression rate was calculated by positivity index (percentage of positive cells n/500), “”: expression
rate was calculated by a strong positivity, ” : expression rate was calculated by integrated optical density/area. Bold indicates significant p-value.

Sixteen of these papers assessed the difference in ex-
pression of specific proteins including samples of OLP
and OSCC, four studies examined expression in OLP,
OED, and OSCC, while four studies focused on differ-
ence of expression between OLP and OED. A total of
22 biomarkers was evaluated, and the most frequent-
ly studied protein was p53 which was reported in 10
studies (15-24), followed by Ki-67 (23-27), and Bcl-2
(19,21,24,28,29) which were each assessed in 5 studies.
With regard to the other markers, pl6 was reported in 4
studies (30-33), while E-cadherin (14,34), p21 (20,35),
PCNA (18,19), and Survivin (36,37) were reported in

two studies each. Out of seven studies that specifically
evaluated the association between p53 expression and
the risk of SCC, four studies showed a significant as-
sociation (16,18,20,21), two showed no relation (19,22),
while the last one did not report statistical analyses (17)
(Fig. 2). Additionally, four out of five studies showed
no significant association between the degree of p53 ex-
pression and the risk of the presence of epithelial dys-
plasia (19,22-24). Overall, these results revealed that the
positive immunostaining value of p53 protein in pre-
dicting the risk of OSCC is inconsistent and not likely
to be useful as a predictive marker in MT.
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[ A Markers that have been independently validated OLP vs. OSCC

Voo v Y v v vy b
(53 ) (k67 ) (B2 ) (_ Bax ) (‘sunivin) (PcNA ) (_pte* ) (_ p21 ) ( E-cadherin )

7 studies 2 studies 4 studies 2 studies 2 studies 2 studies 4 studies 2 studies 2 studies
48 18 3NS 2NS 1NS 28 48C 28 18
2NS 1NS 1NR 1NR 1NS
1NR
Markers that have shown consistent clinical value (potential
promising biomarkers) in predicting risk of cancer in OLP
PoNA
[ B Markers that have been independently validated OLP vs. OED
p53 ( Ki-67 ) ( Bcl-2 ) Bax (' PcNA )

6 studies 3 studies 2 studies 2 studies 2 studies

1S 3NS 2NS 18 28

4 NS 1NS

1 NR

Markers that have shown consistent clinical value (potential promising
biomarkers) in predicting risk of dysplasia development in OLP
PCNA

KEY

OLP: Oral Lichen planus

OED: Oral Epithelial Dysplasia

OSCC: Oral Squamous Cell Carcinoma
S: significant

NS: non-significant

NR: not reported

SC: significant contradictory

* Two studies showed higher expression in SCC, while the other two showed higher expression in OLP

Fig. 2: A diagram illustrating the promising IHC markers in predicting risk of cancer (a) or risk of dysplasia develop-

ment (b) in OLP.

Although virtually all of the included studies presented
merely univariate analyses, there was one study that
conducted multivariate regression analyses with mea-
surement of odds ratio or hazard ratio (14). The study
revealed that the risk of MT in patients with E-cadherin
positive expression was significantly higher than those
with E-cadherin negative expression (OR = 5.13 95% CI
[3.3- 8.1]). Regarding dysplasia, only desmocollin ex-
pression showed the highest reported risk of neoplastic
progression (HR = 44.13; 95% CI 3.7-525.6) (14).

Of the identified proteins, only PCNA (18), (19) and p21
(20), (35) revealed consistent and significant high level
of expression in dysplastic and neoplastic tissues com-
pared to OLP in two or more independent studies (Fig.
2). Thus, based on the current study criteria, these two
markers could probably be useful in identification of the
risk of MT, though all reported observations were based
on univariate, and not multivariate, analysis.
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Discussion

Currently, the absence or presence of epithelial dyspla-
sia is the gold standard for assessment of the risk of MT
in OLP (7). However, this standard is still a challenging
because it lacks the intra-/inter-observer reproducibility
even with a new binary system of grading OED (38) and
development of cancer in OLP lesions without epithelial
dysplasia has also been reported. Accordingly, there is
an urgent need for identification of reliable biomarkers
to detect the risk of cancer development in OLP to al-
low closer and frequent monitoring for the patients, im-
prove early cancer detection and thus increase survival
rates. In this review, we performed an extensive search
for IHC markers that consistently showed significant
high level of expression in neoplastic tissues compared
to OLP in two or more publications. Only PCNA and
p21 were found as individual markers that might aid in
prediction of MT of OLP, but this warrants further vali-
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dation for their clinical values. We also found that the
immunostaining expression of p53 in predicting risk of
cancer in OLP patients remains controversial, while it is
more likely to be ineffective in predicting lesion’s pro-
gression to dysplasia. Furthermore, REMARK report
score shows substantial and multilevel of heterogene-
ity across the included studies with overall paucity of
good-quality studies.

It is well-documented that loss of proper control on cell
cycle is the main engine in driving cells to neoplas-
tic formation(39). Thus, it was not surprising that the
two markers (PCNA and P21) identified in this review
were related to cell cycle regulation. While PCNA well-
correlates with cell proliferation (40),p21 acts as tumor
suppressor protein (39). However, there is evidence that
p21 might also act as an oncogene under certain condi-
tions (41).

Previous studies have suggested that PCNA expression
plays a crucial role in oral carcinogenesis as it is se-
quentially increased in the following order: normal oral
mucosa, oral hyperkeratosis, OED and OSCC (42, 43).
In accordance with this observation, we found two THC
studies that demonstrated a significant higher expres-
sion of PCNA in OED and OSCC compared to OLP
and normal oral mucosa (18, 19). Of interest, Lee et al,
observed a significantly higher level of PCNA expres-
sion in atrophic OLP lesions compared to hypertrophic
lesions. This, in turn, correlates with the clinical ob-
servations that higher rates of MT were found in pa-
tients with atrophic OLP lesions (44). Overexpression of
PCNA has also been reported to be associated with neo-
plastic progression in oral submucosa fibrosis, which is
classified by WHO as an oral potentially malignant dis-
order (6). The observed correlation between increased
PCNA expression and MT may be due to the fact that
the higher the fraction of growth, the higher the chance
to acquire mutations and to eventually develop malig-
nant phenotypes. Collectively, as proliferation is one
of the hallmarks accompanying cancer development, it
can therefore be assumed that increased PCNA proteins
expression in OLP lesions is an ominous step that trans-
forms a premalignant lesion to a malignant lesion. Be-
cause this result is only based on two publications, this
might be insufficient to prove the prognostic role of this
protein. Further validation is definitely needed.

p21 is a downstream effector of p53 that acts as a po-
tent tumor suppressor through inhibition of cyclin-de-
pendent kinase activities (45). In this context, lack or
downregulation of p21 expression would be qualified
as a logical event accompanying cancer progression.
However, this is not the case with oral cancers (46). In a
study positive staining of p21 was found to increase as
OED progress to OSCC (47). In the current survey, we
found two studies that reported a significant and grad-
ual increase in p21 expression from normal mucosa to
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OED to OSCC (20, 35). In terms of staining intensity,
both studies revealed moderate and strong staining of
p21 in OSCC compared to weak and negative staining
in OLP. In light of these observations, it seems that ac-
tivation of p21 in oral carcinogenesis might occur by
a p53-independent pathway. A recent review has sug-
gested that cell cycle regulators have the ability to per-
form different actions in different subcellular locations
(48). Thus, it is possible during tumor progression that
p21 is translocated to the cytoplasm and acquires an
oncogenic property, substantiating its high expression
in OED and OSCC. Overall, there seems to be some
evidence supporting the usefulness of p21 protein in the
prediction of MT in patients with OLP, though further
validation with due attention to p21 localization in the
tissues is needed.

Our study revealed that the effectiveness of p53 as a
prognostic marker of cancer risk development remains
controversial. This observation is consistent with a
study that showed that p53 protein expression is ques-
tionable in predicting MT of oral leukoplakia (49).
Nonetheless, a long-term follow-up study of OLP pa-
tients revealed enhancement of p53 expression in the le-
sions that progressed to OSCC, suggesting involvement
of this protein in MT (16). Here, it is worth mention-
ing that the detectable level of p53 protein in IHC often
represents the mutant pS3 gene, which is more stable
than the wild-type, though existence of such an associa-
tion is not always necessary (50). This might explain the
suggestion that the presence of p53 gene mutations, and
not of wild type p53 protein, is an indicator for poten-
tial malignancy (51). One reason for conflicting results
about p53 protein expression is differences in clinical
characteristics of patients, particularly differences in
cancer causing agents. It is well-known that pS3 expres-
sion increases substantially with tobacco in head and
neck cancer (52, 53). Therefore, our finding supports the
idea of validation for p53, bearing in mind to standard-
ize patients’ clinical features.

In this review different sources of heterogeneity were
found where an important one being the clinical charac-
teristics of the samples. The vast majority of the studies
(22 out of 24 studies) compared proteomic of OLP sam-
ples to de novo OSCC samples that were not the result
of MT of OLP, while two longitudinal studies compared
proteins profiles of OLP that during follow-up eventu-
ally developed OED and an OSCC (16, 32). This is im-
portant because the prognostic value of the biomarkers
may vary based on the samples’ features. For example,
it was found that a downregulation of C-erbB-2 in OED
developed in OLP patients, while it increased in OED
developed in other lesions (54). Another source of het-
erogeneity was observed in statistical methodology. As
mentioned above, only one study used multivariable
prediction model analysis, while the rest conducted
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exclusively univariate analysis. Indeed, since the most
reliable way to determine the increment of the marker
in prognosis is by adjusting all other well-known prog-
nostic factors, the confounders might result in huge
misinterpretation of the prognostic value of biomarkers.
Our findings should be understood in the context of
some limitations. Firstly, we defined the biomarkers
to be promising when their predictive value was inde-
pendently validated in two or more studies. This might
result in missing a promising marker that is not yet
confirmed in an independent study. One example of
such markers that showed very encouraging odds ra-
tio in expecting risk of MT of OLP, but not reproduced
so far, are cancer stem cell markers (55). Secondly, we
acknowledge that there was an extensive heterogeneity
in several levels across the included studies, either in
methodology of biomarker detection and assessment,
clinical features of the samples, and statistical analyses,
which together hinder performing meta-analysis and
reaching a definitive conclusion about benefit of using
these markers in clinical setting. Another limitation is
that our validation approach to identification of predic-
tive biomarkers did not restrict to evaluate protein ex-
pression in studies with follow-up, which might have an
impact on the robustness of our findings. The reasons
for that indeed were the scarcity of such kind of studies
(16, 32), and none of those studies have validated any
biomarker. Finally, our conclusion for these promising
cell-cycle regulator markers was based on two publi-
cations which might be insufficient. Therefore, further
validation for each of these markers or their combina-
tion is required. Despite these drawbacks, we believe
that our observations will stimulate additional research
and draw great attention to the importance of validation
of potential novel biomarkers for OLP.

In conclusion, PCNA and p21 have been identified as
potentially promising markers for predicting the risk
of MT in OLP, but they are in need for further valida-
tion in well-designed studies. These studies should in-
vestigate the combination of PCNA and p21 along with
other encouraging ones markers like cancer stem cell
markers or pS3 and thus may identify people with OLP
at a high risk of MT. Furthermore, standardization of
assessment of biomarkers and statistical analyses with
REMARK or other prognostic tools in reporting data
would be of great value, helping to quantify biomarkers
values in predicting the risk of MT. Lastly, the focus on
validation of predictive biomarkers of OLP should be
considered as a high priority because it will accelerate
the introduction of newly discovered markers into the
clinical setting.
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