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Abstract. Identifying oral dysplastic lesions with a high risk
of malignant transformation may create opportunities for early
therapeutic interventions. Several tissue biomarkers have been
suggested to date as prognostic indicators of the progression
of dysplastic lesions to oral cancer. We herein present a
systematic review (PROSPERO CRD42018086476), with the
aim of identifying, evaluating and summarizing evidence on
prognostic biomarkers of progression to oral cancer in patients
with dysplasia. A search through MEDLINE/PubMed and
Scopus databases was performed. The review only included
primary articles that reported risk values associated with
malignancy after a multivariate analysis. The quality of the
findings was analyzed using the Reporting Recommendations
for Tumor Marker Prognostic Studies, and research trends
were established using SciCurve Open. A total of 4 potential
biomarkers were identified: Degree of dysplasia, and the
proteins retinal dehydrogenase 1, prominin‑1 and podoplanin.
All 3 protein biomarkers have been recognized as cancer stem
cell markers. The studies were of acceptable quality, although
none included sample size determinations. Due to the lack
of validation and follow‑up studies, these biomarkers are
considered to be in a discovery phase and require validation
by prospective clinical trials. The present analysis indicated
that there are currently insufficient data to include these
biomarkers in the clinical decision‑making process.
Introduction
Oral cancer development is a multi‑step process, in which
the malignancy is preceded by a susceptible epithelium (1,2).
In general, histological diagnosis of oral epithelial dysplasia
is considered as the most important indicator for the risk of
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progression to oral cancer (3). Oral epithelial dysplasia refers
to the chronic and progressive histopathological altera‑
tions that result in premalignant transformation of the oral
mucosa. In the oral cavity, dysplasia manifests as a series
of clinical and histological variations that may include
leukoplakia, erythroplakia, or the combination of the two (4).
However, the literature also reports that this is a subjective
diagnosis, with both inter‑ and intra‑examiner variations in
diagnostic criteria (5). The increase in the degree of dysplasia
(from mild to moderate to severe) has been associated with
a high rate of progression to cancer, with the rates ranging
from 6 to 36% (6). In addition, some dysplastic lesions
may remain clinically unchanged, or even exhibit complete
regression (3,6).
The identification of oral dysplastic lesions with a high
risk of transformation to oral cancer remains a clinical chal‑
lenge, which, if resolved, would allow patients to benefit
from early interventions. According to the cancer dictionary
(https://www.cancer.gov/publications/dictionaries/cancer‑terms/
def/transformation), ‘transformation’ designates the changes
that a normal cell undergoes as it becomes malignant. When
these changes become visible (such as potentially malignant
lesions and macroscopic cancer), it indicates that the cell has
undergone a long process that includes subtle molecular altera‑
tions, which are the true and most meaningful changes in terms
of malignant transformation.
There are currently no biomarkers (defined as molecules
or characteristics used as indicators of a biological state) that
are routinely used in the clinical setting to predict high‑risk
oral dysplastic lesions. Taking into account that several
biomarkers have been suggested as predictors of the malignant
transformation of oral dysplasia, a systematic review was
conducted, which is widely accepted as the ‘gold standard’ in
evidence‑based medicine (7). The objective of the review was
to identify, evaluate and summarize the currently available
evidence on biomarkers of progression to oral cancer in
patients diagnosed with dysplasia.
Only articles that reported risk values from multivariate
analysis (binary logistic regression or Cox proportional
hazards models) were selected. After filtering the results,
high‑grade epithelial dysplasia and three proteins, namely
retinal dehydrogenase 1 (ALDH1A1), prominin‑1 (PROM1)
and podoplanin (PDPN), were determined as risk factors for
malignant transformation.
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Materials and methods
Study design. A systematic review was conducted. The indepen‑
dent variables were the prognostic biomarkers; the dependent
variable was malignant transformation from a dysplastic state
to oral cancer. A well‑defined protocol was created. This
protocol was imported into the International Prospective
Register of Systematic Reviews (PROSPERO), which includes
health records, under the code: CRD42018086476. These steps
were undertaken to minimize the risk of bias.
Prognostic biomarker. A prognostic biomarker was defined
as a molecule or histological characteristic obtained from
a study that involved a binary logistic regression analysis
or a Cox proportional hazards model. To be included in the
present review, articles must have demonstrated a significant
association between oral dysplasia biomarkers and malignant
transformation (8). The computed risk, odds ratio (OR) or
hazard ratio (HR), should have been reported as the risk of
progression to oral cancer from the biomarker group vs. the
reference group, with OR/HR >1 indicating increased risk and
OR/HR <1 indicating decreased risk (9).
Search strategy. A systematic search was conducted through
MEDLINE/PubMed and Scopus databases for all literature
published in English up to January 18, 2018. The search was
conducted using the following keyword combinations: Oral
dysplasia [Title/Abstract] or leukoplakia [Title/Abstract] or
erythroplakia [Title/Abstract] AND biomarkers [MeSH Terms]
AND risk [Title/Abstract] or risk ratio [Title/ Abstract] or relative
risk [Title/Abstract] or odds ratio [Title/Abstract] AND human
[MeSH Terms] AND English [Language]. All selected studies
were original researches evaluating biomarkers of progression
to oral cancer in patients diagnosed with epithelial dysplasia.
Inclusion and exclusion criteria. Articles were included
based on previously published protocols (9,10). Briefly, we
selected studies that investigated biomarkers with an impact
on malignant transformation, which were subjected to multi‑
variate analysis and presented the possibility of constructing
the study groups. Articles that did not include oral dysplasia,
leukoplakia or erythroplakia and risk terms in their titles,
abstracts or keywords, studies not carried out on humans and
non‑primary researches, were excluded. Additionally, articles
that did not report risk values, those with unclear definition
criteria for groups and variables, and those with errors in
statistical information, were also excluded.
Data extraction. Titles and abstracts were imported into
Rayyan online application (https://rayyan.qcri.org) (11) and
they were analyzed independently by two trained reviewers.
Discrepancies were resolved by consensus. Biomarker names,
experimental design, statistical method, sample size, risk
values, P‑values and confidence intervals were extracted from
the selected articles.
Quality assessment. Quality assessment was performed in
duplicate using Reporting Recommendations for Tumor
Marker Prognostic Studies (REMARK) (12). The evaluators'
agreement level was assessed by Kappa analysis.

Scientific output trends. To determine the most extensively
studied biomarkers, SciCurve Open was used. SciCurve Open
is a search engine that transforms a systematic review into a
comprehensible environment (9).
Results
Most biomarkers are proteins evaluated by immunohisto
chemistry. A total of 80 articles (Data S1, https://doi.
org/10.5281/zenodo.2574148) were identified, of which a dupli‑
cate and 67 that did not meet the eligibility criteria were
excluded. A total of 13 studies were subjected to full‑text
review, of which 9 articles were excluded due to the impossi‑
bility of constructing groups of interest, i.e., cases and controls
expressing different levels of the biomarker associated with
the history of malignant transformation. Finally, 4 articles
that met the inclusion criteria were retrieved (6,13‑15). The
PRISMA flow chart is shown in Fig. 1.
The descriptive aspects of each study were extracted. This
information is summarized in Table I. Four articles evaluated
4 biomarkers in convenience samples collected between
1978 and 2010. All studies had a retrospective design, mostly
evaluating proteins by immunohistochemistry. We herein
present the main conclusions of each investigation and the
number of citations it received (up to November 2018).
Malignant transformation appears to be the result of a high
biomarker expression. Oral lesions with high expression of
biomarkers presented a higher risk for malignant transforma‑
tion (Table II). Variable cohort sizes were used, ranging from
34 to 141 patients. A total of 10 covariables were incorporated
into 4 multivariate analyses. The variables most frequently
used in adjustments were proteins (3 models) and smoking
habit (2 models). However, none were found to be statisti‑
cally significantly associated with malignant transformation.
Therefore, the reported biomarkers may be considered as
independent prognostic markers. Of these, degree of dysplasia,
ALDH1A1 and PROM1 stand out. These markers were
evaluated in investigations that included a greater number
of subjects and presented smaller confidence intervals. Due
to the heterogeneity of the studies, a meta‑analysis was not
performed.
Studies do not report how the sample size was determined.
The researchers' agreement level was 0.86, which is classified
as almost optimal. Differences were resolved by consensus.
According to the REMARK analysis, the studies are of high
quality (they met >15 criteria). However, none of the studies
reported how sample size and biological effect were established,
or how missing data were handled. These aspects are relevant
for biomarker validation. More details may be found in Data S1,
(https://doi.org/10.5281/zenodo.2574148).
PDPN is the most extensively researched protein. To identify
the research trends relating to proposed protein biomarkers,
biomedical information in the SciCurve Open online tool
was explored. SciCurve uses PubMed to generate graphs and
curves that help to reveal trends in the literature (16), which
allows for the identification of publications, citations, authors
and the most prolific countries conducting research in a given
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Figure 1. PRISMA diagram. Flow representing systematic search on biomarkers in oral dysplastic lesions. Unclear versus, unclear defining criteria for groups
and variables.

area, among factors. As shown in Fig. 2, PDPN is the most
extensively investigated biomarker in oral epithelial dysplasia,
as well as in oral cancer.
Discussion
Biomarkers are currently a field of particular interest, as they
may prove helpful in resolving diagnostic challenges. In the
future, they may enable personalized diagnoses and guide
early therapeutic interventions. Oral epithelial dysplasia is
considered as the most important prognostic indicator for
determining the risk of malignant transformation of lesions
that have this potential (17). However, histopathology is limited
in its ability to predict the cancerization of these epithelial
lesions (18). In this systematic review, only 4 potential
biomarkers that could support more precise determinations
of clinical risk were identified: The degree of dysplasia and
3 proteins recognized as cancer stem cell markers.
The ‘natural history’ of oral cancer allows for the study
of different phases in malignant progression (19). It is well
understood that a susceptible oral epithelium may be repre‑
sented by the typical architectural changes of oral epithelial
dysplasia. This transformation starts and progresses through
several steps, from hyperplasia and dysplasia (mild, moderate
and severe) to carcinoma in situ and invasive cancer.
Two of the studies included in the present review demon‑
strated that patients with advanced or high‑risk dysplasia
are 2‑5 times more likely to develop oral cancer (6,15). This
finding has also been reported in other types of cancer.
For example, the presence of dysplasia is the gold standard

biomarker for cancer risk in Barrett's esophagus (20). In the
context of cervical cancer, women with high‑grade cervical
dysplasia (referred to as intraepithelial neoplasia) have a
higher risk of malignancy (21,22). In terms of therapy, a
systematic review concluded that the surgical removal of
lesions displaying severe epithelial dysplasia significantly
reduced the progression to cancer. Untreated lesions had a risk
of malignant transformation (~39%) that was 6 times higher
compared with that of treated lesions (~8%) (23). These results
emphasize that the degree of epithelial dysplasia is useful for
determining the potential for progression to oral cancer, justi‑
fying surgical removal of high‑grade lesions and continuous
monitoring. Similarly, we believe that the degree of oral
epithelial dysplasia should be included in multivariate models
that study any lesion aspect.
Studies have demonstrated that an early diagnosis (24) and
a short interval from diagnosis to treatment are associated
with high survival rates (25). As carcinogenesis is progressive,
studying the beginning may provide more clinical oppor‑
tunities (2). The onset may be represented by an epithelium
displaying mild dysplasia (since severe lesions are a precursor
to cancer). Identifying the alterations occurring in the epithe‑
lium beyond architectural changes may enable us to recognize
which lesion will evolve. It is likely that, in this context, oral
carcinogenesis starts with the transformation of a limited
number of keratinocytes (1). A large number of proteins with
diverse normal functions are involved in human cancer, and
identifying them may help elucidate the clinical course of
oral epithelial dysplasia. In the context of this research, these
proteins are referred to as ‘biomarkers’. We selected a total of
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Table I. All included studies are retrospective.
Study, year

Biomarker

Change

Insensitivity to
anti‑growth signals
Feng et al, 2013

ALDH1A1a

(+)

Design

Research remarks

Retrospective
ALDH1A1 expression was
(1993‑2009)
found to be significantly
IHC
associated with increased risk of
China
transformation
Liu et al, 2013
ALDH1A1a
(+)
Retrospective
ALDH1A1 and PROM1 were
PROM1a
(+)
(1978‑2008)
correlated with malignant
			
IHC
transformation in patients with
			
China
premalignant oral leukoplakia
Tissue invasion and					
metastasis
de Vicente et al, 2013 PDPNa
(+)
Retrospective
May be a valuable biomarker for
			
(2000‑2005)
risk assessment of malignant
			
IHC
transformation in patients with
			
Spain
oral leukoplakia along with
				
histological assessment
Histopathological					
characteristics
Kaur et al, 2014
Dysplasia
(+)
Retrospective
Degree of dysplasia emerged as
(grade)		
(2000‑2010)
an independent factor for identi
			
Histopathology fying high‑risk dysplasia
			Canada		
Liu et al, 2013
Dysplasia
(+)
Retrospective
Grade of dysplasia was
(grade)		
(1978‑2008)
significantly associated with
			
Histopathology increased risk of malignant
			China
transformation

Citations

(Refs.)

32

(13)

50

(15)

50

(14)

38

(6)

50

(15)

Articles are grouped according to the Hallmarks of Cancer. Citations according to Google Scholar. aUniProt gene name. (+), Overexpressed/
highly expressed; IHC, immunohistochemistry; ALDH1A1, retinal dehydrogenase 1; POM1, prominin‑1; PDPN, podoplanin.

4 studies that described multivariate analyses for 3 proteins
analyzed by immunohistochemistry: ALDH1A1, PROM1 and
PDPN. The high expression of these proteins was associated
with malignant transformation of dysplastic lesions.
ALDH1A1 activity can define normal tissue stem cells
and cancer stem cell populations, where it is involved in
self‑renewal, differentiation and self‑protection (26). High
ALDH1A1 activity and overexpression are associated
with poor prognosis of lung (27), esophageal (28) and
breast cancers (29). Accumulating evidence suggests that
ALDH1A1 may represent a useful therapeutic cancer stem
cell target in tissues that do not normally express high levels of
ALDH1A1 (26). Considering that this protein is not present at
high levels in the oral mucosa (30), ALDH1A1 may represent a
therapeutic opportunity for preventing the progression to oral
cancer in patients with dysplasia.
The precise physiological function of PROM1 is unclear,
but its ubiquitous presence indicates its relevance (31). PROM1,
a membrane glycoprotein, is widely used for identifying stem
cells in various normal tissues and cancer stem cells. This
protein is a key regulator ensuring appropriate response of
stem cells to extracellular signals (32). Its usefulness for

cancer stem cells appears to be extremely important, as by
inhibiting PROM1, the signaling pathways that are involved in
angiogenesis and cell proliferation will also be inhibited (31).
PDPN is a transmembrane glycoprotein considered to be a
specific marker for lymphatic endothelial cells (33). However,
PDPN is not restricted to endothelial cells, its expression also
being detected in epithelial basal cells of the oral mucosa (34).
Populations of cancer stem cells expressing PDPN has high
clonal expansion rates, which helps establish squamous cell
carcinomas (35). PDPN has also been shown to promote
cancer cell clonal capacity, migration, epithelial‑to‑mesen‑
chymal transition, invasion, metastasis and inflammation (33).
According to our results, PDPN has been the most widely
investigated biomarker over the last 20 years, in both oral
dysplasias and oral cancer. However, publication and citation
numbers reveal that research has tended to focus more on
the end of progression, which is cancer. We believe that this
trend should be reversed, and that analyses should be focused
on lesions that have not yet progressed to oral cancer, as this
would give a more preventive character to biomedical efforts.
All reported protein biomarkers are associated with
populations of stem cells in cancer. Cumulatively, the studies
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Table II. High expression of biomarkers constitutes a risk for malignant transformation (dysplasia to oral cancer).
Study, year

Biomarkera

Clinical
diagnosisb

N

Cases vs. reference				
(events/group)
HR
CI
P‑value

(Refs.)

Insensitivity to								
anti‑growth signals					
		
Feng et al, 2013
ALDH1A1 Oral
34 Positive (14/19) vs.
8.9c 1.7‑47.4
0.011
(13)
		
erythroplakia		 negative (3/15)
		
Liu et al, 2013
ALDH1A1 Oral
141 Positive (26/54) vs.
4.2
2.0‑8.9
<0.001
(15)
		
leukoplakia		 negative (11/76)				
PROM1		
141 Positive (19/32) vs.
2.9
1.5‑5.6
0.002
				 negative (18/109)				
Tissue invasion and								
metastasis								
de Vicente et al, 2013 PDPN
Oral
58 Score 2‑3 (11/22) vs.
8.7
1.8‑41.6
0.007
(14)
		
leukoplakia		 0‑1 (2/36)				
Histopathological								
characteristics								
Kaur et al, 2014
Dysplasia
Oral lesions
97 Moderate (18/39) vs.
2.5
1.6‑10.8
0.013
(6)
		
with		 mild (12/58)				
Dysplasia
dysplasia
71 Severe (9/13) vs.
5.4
2.6‑23.2 <0.001
				 mild (12/58)				
Liu et al, 2013
Dysplasia
Oral
141 High‑grade (13/32) vs. 2.4
1.2‑4.8
0.018
(15)
		
leukoplakia		 low‑grade (24/109)				
Articles are grouped according to the Hallmarks of Cancer. aGene name. bAll clinical diagnoses are accompanied by epithelial dysplasia as
histopathological diagnosis. cOdds ratio (logistic regression). Diagnosis, risk, CI and P‑values are reported as they appear in the included
articles. N, number of compared subjects; HR, hazard ratio; CI, confidence interval; ALDH1A1, retinal dehydrogenase 1; POM1, prominin‑1;
PDPN, podoplanin.

Figure 2. Research trends in protein biomarkers of malignant progression from dysplasia to oral cancer. (A) PDPN is the most widely investigated protein in
dysplasia (11 publications) and in oral cancer (65 publications) over the last 20 years. It must be emphasized that the study of these markers has been more
focused on oral cancer rather than on premalignant histological stages. (B) Citations associated with the proposed proteins. The trends are also led by PDPN.
PDPN, podoplanin; ALDH1A1, retinal dehydrogenase 1; PROM1, prominin‑1.
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we have considered support the role of cancer stem cells in
promoting tumor progression from a dysplastic state. Two
recent articles highlight the fact that that potentially malignant
disorders of the oral mucosa expressing markers of cancer
stem cells are at high risk of evolving into oral cancer (36,37).
We previously performed a systematic review to identify
published prognostic oral cancer biomarkers (9). In that
investigation, we evaluated cancer biomarkers associated with
common clinical endpoints: Overall survival, disease‑free
survival and cause‑specific survival. In that context,
ALDH1A1, PROM1 and PDPN were identified as potential
prognostic biomarkers for disease‑free survival, indicating
that these proteins are important for malignant transformation
as well as for the absence of signs of disease after treatment.
Oral cancer is generally considered as a preventable
disease, as smoking and drinking habits are reported in the
majority of the patients, and exerting a synergistic effect (38).
However, there is an increasing number of non‑smoking,
non‑drinking patients, both male and female, who develop
oral cancers that are currently not considered preventable (39).
Surprisingly, none of the selected articles reported a statis‑
tical association of these and other factors (such as age, sex,
oral subsite and previous oral cancer) with oral malignant
transformation. Recognizing the importance of these clinical
variables, we believe that the results of multivariate models
should be interpreted with caution.
The selected articles were critically analyzed according
to the REMARK guidelines. None of the studies included
information on sample size determination or data loss
management. This is a clear limitation of the present study,
since an appropriate sample enables more efficient and reliable
investigations. The absence of sample calculations also limits
result interpretations (40) The increasing availability and use
of predictive models to facilitate clinical decision‑making
highlights the need for a careful evaluation of the validity of
these models (41). The development of biomarkers involves
multiple processes, linking initial discovery in basic studies,
validation, and clinical implementation (42). Accordingly, the
reported biomarkers must be placed in the discovery phase,
since they must now undergo a necessary validation process to
determine their true value in the clinical setting.
In the present review, few biomarkers that may explain the
progression from epithelial dysplasia to oral cancer were iden‑
tified. The currently available literature states that advanced or
high‑grade epithelial dysplasia determines the need for lesion
removal. To the best of our knowledge, the main contribution
of a set of immunohistochemical biomarkers may be at earlier
dysplastic stages. The use of a complete panel that reveals
the presence of cancer stem cells may prove fundamental to
the early recognition of oral cancer. The present systematic
review used strict statistical criteria for article inclusion. The
findings were based on 4 studies, which is rather insufficient
to draw any definitive conclusions, and these findings must
be validated through further research. Studies on protein
variability in a large number of patients and tissues are also
recommended.
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