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Diagnostic salivary biomarkers in oral cancer and oral potentially malignant 
disorders and their relationships to risk factors – A systematic review
Nadisha S. Piyarathne a,b, R.M.S.G.K Rasnayakeb, Randilini Angammana b, Pushpika Chandrasekera c, 
Samantha Ramachandra d, Manjula Weerasekera e, Surangi Yasawardene e, Rasha Abu-Eid a, 
J. A. P Jayasinghe a and Ekta Gupta a

aInstitute of Dentistry, School of Medicine, Medical Sciences and Nutrition, University of Aberdeen, Aberdeen, UK; bFaculty of Dental Sciences, 
University of Peradeniya, Peradeniya, Sri Lanka; cNational Institute of Health Sciences, Southern Province, Sri Lanka; dDistrict General Hospital, 
Embilipitiya, Sri Lanka; eFaculty of Medical Sciences, University of Sri Jayewardenepura, Gangodawila, Nugegoda, Sri Lanka

ABSTRACT
Introduction: Oral squamous cell carcinoma (OSCC) and oral potentially malignant disorders (OPMD) 
are a significant health burden globally. Smoking, alcohol, and betel quid are the main risk factors. Lack 
of screening methods has been highlighted as a significant challenge in management. Salivary bio-
markers are proposed as noninvasive diagnostic tools. The aim of this systematic review was to study 
salivary biomarkers reported in OSCC and OPMD. Specific objectives were to select a salivary biomarker 
panel suitable for early detection of OSCC and OPMD and to assess relationships between salivary 
biomarkers and risk factors.
Methods: Electronic literature search was conducted in academic databases (Scopus, Medline, Embase 
and Web of Science) without any restrictions. Following calibration, two blinded reviewers screened the 
studies and extracted data. A risk of bias assessment was conducted using Newcastle Ottawa scale. 295 
studies were included with descriptive data analysis.
Expert opinion: A salivary biomarker panel including Interleukin (IL) 1β, IL6, and IL8 was selected for 
OSCC and OPMD. Reported relationships between salivary biomarkers and risk factors are discussed and 
research gaps are highlighted. Future research should be directed to assess potential salivary biomar-
kers and their relationships to risk factors in order to understand the biomarker’s role in disease 
initiation.
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1. Introduction

Oral cancer is a significant public health problem worldwide. 
More than 90% of oral cavity malignancies are oral squamous 
cell carcinomas (OSCC) [1]. Some patients develop OSCC from 
clinically distinguishable pre-cancer stage. These conditions 
are collectively identified as oral potentially malignant disor-
ders (OPMD). OPMD are defined as clinical presentations that 
carry an increased risk to develop into OSCC [2]. Common 
OPMD conditions are leukoplakia, erythroleukoplakia, oral 
lichen planus, and oral submucous fibrosis.

According to the global health statistics, lip and oral cavity 
cancers reported more than 177,000 deaths and accounted for 
more than 350,000 new cases in the year 2020 [3]. The world-
wide prevalence of OPMD was estimated as 4.47% [4]. More 
than two-third of OSCC were reported from Asia [5]. In 2012, 
OSCC was the 12th common cancer type in Asia; in 2018, it 
had advanced to the 11th position demonstrating an increas-
ing trend with time [6].

Compared to other cancers, OSCC demonstrate low five- 
year survival rates, the survival rate is about 20% when diag-
nosed at advance stage and it can improve up to 80% when 
diagnosed at early stages [7]. The five-year survival rate has 

not improved with time despite advances in treatment [8,9]. 
Early detection is important to reduce mortality and morbidity 
associated with this disease. Lack of effective screening pro-
tocols was highlighted as a major barrier for early detection 
[10]. Identifying which OPMDs will develop into a malignancy 
remains a challenge, as the malignant transformation of 
OPMD is not consistent [11]. Hence, the need of biomarkers 
for screening, diagnosis and prognosis in OSCC and OPMD has 
been emphasized [12,13].

A biomarker is defined as ‘A characteristic that is measured 
as an indicator of normal biological processes, pathogenic 
processes or responses to an exposure or intervention’ [14]. 
Different DNA, RNA, proteins and metabolites were identified 
as biomarkers in OSCC [13]. Due to the noninvasiveness and 
the presence of variety of biomolecules, saliva was proposed 
as a suitable biological sample to study biomarkers [15]. In 
OSCC, certain biomarkers that appeared non-significant when 
analyzed in serum reported significant differences when ana-
lyzed in saliva [16,17]. There is no consensus on the most 
suitable salivary biomarkers for clinical use in head and neck 
cancer, up to date [18]. In-depth assessment of already identi-
fied salivary biomarkers is as important as introduction of 
novel targets as biomarkers [19].
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Smoking, high alcohol consumption and betel quid are the 
main risk factors for OSCC and OPMD [20]. Human papilloma-
virus (HPV) infection, smokeless tobacco use, genetic predis-
position, poor oral hygiene, denture wearing, mouthwash use, 
dietary factors, low socio economic status, co-morbidities, and 
genetic disorders are other associated risk factors for OSCC 
and OPMD [21,22].

This systematic review was conducted with the aim of 
studying salivary biomarkers reported in OSCC and OPMD 
with two primary objectives. The first objective was to identify 
suitable salivary biomarkers for early detection and screening 
of OSCC and OPMD. The second objective was to identify 
reported relationships between salivary biomarkers and risk 
factors in OSCC and OPMD.

2. Methodology

2.1. Data Sources

A systematic electronic literature search was conducted to 
identify relevant published studies using Medline (Ovid), 
Web of Science, Embase and Scopus databases. The original 
literature search was conducted in May 2018, and the search 
was updated in September 2020.

2.2. Search strategy

The keywords (Figure 1) were combined with AND/OR 
Boolean to generate the search syntax. The search was con-
ducted without time or language restrictions. Search syntax 
used for Web of Science database was as follows: ‘oral cancer*’ 
MeSH terms (mouth cancer, mouth neoplasm, mouth carci-
noma, squamous cell carcinoma) OR ‘oral premalignant’ MeSH 

terms (pre-cancerous) AND ‘saliva* biomarkers*’ MeSH terms 
(saliva, biomarkers).

2.3. Screening and study selection

Abstracts retrieved from the search were exported to Refwork 
library. Following title and abstract screening 346 articles were 
selected for the full-text screening. These were screened by 
two blinded reviewers with four pairs of reviewers (NP+SR, NP 
+PC, NP+RA, NP+RMSR) assessing approximately 65 papers 
per pair. Study selection at all stages was conducted using 
the following eligibility criteria.

2.3.1. Inclusion criteria
● Original research articles containing primary data.
● Studies including patients with head and neck cancer 

including oral cavity, OSCC or OPMD aged 18 and above.

2.3.2. Exclusion criteria
● Reviews, systematic reviews, meta-analysis, conference 

proceedings, case reports and case series.
● Full text articles published in languages other than 

English.
● Studies using non-human subjects.
● Studies that did not analyze biomarkers in saliva or 

salivary rinse of participants.

Study selection is summarized using PRISMA (preferred report-
ing systems for systematic reviews and meta-analysis) flow 
chart (Figure 2).

2.4. Reviewer calibration

All reviewers extracted and analyzed data from five randomly 
selected papers for training and calibration. Once calibration 
was achieved two reviewers extracted data from each paper 
independently and blinded to one another’s scores. Four pairs 
of reviewers (NP+SR, NP+PC, NP+RA, NP+RMSR) conducted 
the data extraction. Disagreements were resolved through 
discussion and when necessary with the involvement of 
a third reviewer (EG).

Figure 1. Key words used for electronic literature search.

Article highlights

● Interleukin 1 beta, 6 and 8 is a biomarker panel suitable for early 
detection of OSCC and OPMD through salivary analysis

● Salivary biomarkers in OSCC and OPMD have relationships with risk 
factors

● Relationships between salivary biomarkers and risk factors are impor-
tant to assess the biomarker’s role in disease initiation
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2.5. Data extraction

The variables extracted from included articles were: first 
author, published year, country where the study sample was 
obtained, study design, age, gender, sample size, biomarkers, 
method used to analyse the biomarkers, relationships 
between salivary biomarkers and risk factors and main conclu-
sions. The data were recorded and summarized using bespoke 
Microsoft Excel spreadsheet and descriptive data analyses 
were performed.

2.6. Quality assessment

Risk of bias assessment of the studies was conducted using 
Newcastle Ottawa scale. A star (*) was awarded to the feature 
of the study that minimized risk of bias in each category. 
Studies with 6–9 stars were graded with high quality. Studies 
with 5–4 stars were graded with fair quality. Studies with 3 or 
less stars were graded with poor quality.

3. Results

From the literature search, total of 3764 abstracts were 
retrieved. Following de-duplication, 1873 abstracts were sub-
jected to title and abstract screening by application of exclu-
sion criteria. Subsequently, 346 articles were selected for the 
full-text screening stage. From the screened full-text articles, 
a total of 295 met the selection criteria and were included in 
the systematic review. Biomarkers reported in the studies were 
categorized based on molecular type. 52% of the studies 

reported protein biomarkers followed by DNA (12%), RNA 
(8%), metabolites (3%), and microbial (2%) biomarkers.

3.1. Identification of a salivary biomarker panel for 
OSCC and OPMD

From different biomarker categories, proteins were selected 
for further study. Among proteins, Interleukins (IL) were 
selected as suitable biomarkers to assess disease progression 
in OSSC and OPMD. Studies that reported IL biomarkers in 
saliva in cases with OSCC and OPMD compared to controls 
were selected for the objective one (n = 28).

Manuscripts assessed for objective one were published 
from 2004 to 2020 (Table 1). Majority of the studies were 
from USA (n = 6), followed by India (n = 5), Croatia (n = 3), 
Hungary (n = 2), Iran (n = 2), Pakistan (n = 2), Taiwan (n = 2), 
and one study each from Iraq, Japan, New Zealand, Poland, 
Serbia and Spain. Sample size ranged from 18 to 300. Enzyme- 
Linked immuno-sorbent assay (ELISA) and magnetic-bead- 
based assay were used for biomarker quantification. All 
researchers used resting whole saliva samples. In the risk of 
bias assessment, four studies were graded with high quality 
with low risk of bias, majority of the studies (n = 19) were 
graded with fair quality with moderate risk of bias and five 
studies were graded with poor quality with high risk of bias 
(Table 2).

Nine IL were reported in the work assessed for objective 
one. These were IL1α, IL1β, IL2, IL4, IL5, IL6, IL8, IL10, and IL13. 
Statistical significance of the salivary biomarker concentrations 
were reported using p values and area under the curve (AUC) 
of the receiver operating characteristics curves. P values less 

Figure 2. Study selection according to PRISMA format.
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than 0.05 and the AUC values more than 0.65 were taken as 
statistically significant difference. From the reported data, 
IL1β, IL6, and IL8 were selected as most suitable salivary 
biomarkers for early detection of OSCC and OPMD.

3.2. Relationships between salivary biomarkers and risk 
factors

Studies that reported relationships between biomarkers in 
saliva (all biomarker types were included) and risk factors in 
OSCC and OPMD with statistical data were selected for the 
objective two (n = 33). Findings of these manuscripts are 
reported in Table 3. Three studies used cohort designs, the 
rest (n = 30) used case control design. Sample size ranged 
from 18 to 747. Majority of the data was from USA (n = 8), 
followed by India (n = 3), Taiwan (n = 3), Brazil (n = 3), 
Croatia (n = 3), Italy (n = 2), Pakistan (n = 3), and one study 
each from Australia, Japan, Poland, New Zealand, Sri Lanka, 
Syria, Hungary, China, and Thailand. Most research analyzed 
protein biomarkers (n = 22), followed by DNA (n = 8), anti-
oxidant (n = 1), metabolite (n = 1) and both protein and RNA 
(n = 1). For biomarker analysis, one research has used oral 
rinse obtained using a mouthwash, four studies used normal 
saline mouth rinse, three studies used normal saline mouth 
rinse with exfoliative brush, four studies used stimulated 
saliva and the rest of the studies (n = 21) used resting 
whole saliva samples.

In the risk of bias assessment using Newcastle Ottawa scale, 
four studies were graded with high quality with low risk of 
bias. Majority of the studies (n = 24) were graded with fair 
quality with moderate risk of bias and five studies were 
graded with poor quality with high risk of bias (Table 4).

3.2.1. Salivary biomarkers and smoking
Significant differences between epidermal growth factor (EGF), 
EDNRB gene, loss of hetero-zygosity (LOH), secretory leukocyte 
protease inhibitor (SLPI), IL10, hypermethylation of the pro-
moter region of MGMT gene and macrophage migration inhi-
bitory factor (MIF) in patients with smoking habit were 
reported [47,54,48–52].

Protein biomarker SLPI was studied in saliva of patients with 
OSCC. SLPI level in current smokers was nearly 1.5-fold higher 
compared to former smokers, and sixfold higher to never smo-
kers [49]. LOH in 25 gene loci was studied in DNA extracted from 
salivary cell pellet in patients with OSCC. This study found that 
LOH in former smokers was in between of current smokers and 
never-smokers [48]. These researchers identified a pattern where 
the studied biomarkers were lowest in never-smokers, followed 
by former smokers with the highest level in current smokers.

Protein biomarkers (IL 4, IL10, IL13 and IL 1 receptor anti-
gen) were assessed for their correlation with smoking, yielding 
statistically non-significant relationships [53]. Associations 
between mitochondrial DNA biomarkers (cox 1 and 2 genes), 
and smoking status were variable; one study identified 
a significant difference with smoking in the healthy control 
group but not in the patient cohort [54]. The mean change of 
mitochondrial DNA biomarker in pre-operative and post- 
operative saliva samples significantly differed with smoking 
category in patients with head and neck cancer [55]. On the Ta
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contrary, a study reported a non-significant difference of mito-
chondrial DNA biomarker with smoking habit [56].

Protein biomarker MIF was analyzed in patients with OSCC 
before and after surgical treatment. In this research MIF was 
decreased in current smokers compared to former-smokers, 
the difference was statistically significant in the post-operative 
samples [47]. Significantly low EGF levels in smokers in 
patients with OSCC were identified [57]. IL10 was significantly 
higher in smokers in patients with OSCC [50]. EDNRB gene 
studied in salivary rinse was significantly low in smokers com-
pared to never-smokers in patients with head and neck can-
cer [58].

Studies reported non-significant differences of IL6, IL1, IL1a, 
IL8, TIMP3, CCNA1, DCC, DAPK, p16, CD44, malondialdehyde, 
HP, IGHA2, PRDX-2, ZAG, TNF-α, VGEF, TGF, mitochondrial 
DNA, choline, betaine, pipecolinic acid, L-carnitine, MMP1, 
ANXA2, KNG, HSPA and EGFR biomarkers in saliva in smokers 
compared to nonsmokers [47,50,51,54–56,70,59–68,57,58,69].

3.2.2. Salivary biomarkers and alcohol
The potential associations of the biomarkers EGF, TIMP3, 
MGMT, MINT31, CCNA1, DCC, DAPK and p16, CD44, HP, 
IGHA2, PRDX-2, ZAG, Cox 1 and cox 2 genes, SLPI, IL10, TNF- 
α, VGEF, TGF-β, choline, betaine, pipecolinic acid, L-carnitine 
and EGFR with alcohol consumption habit were assessed, all 
these revealed statistically non-significant relations 
[47,49,50,55,78,61–63,66–70].

3.2.3. Salivary biomarkers and betel quid chewing
Researchers reported non-significant associations of betel quid 
chewing habit with malonaldehyde, lactate dehydrogenase, 
ANXA protein, KNG protein, and HSPA protein analyzed in 
saliva [61,71,72].

Hypermethylation of the promoter region of genes were 
studied in DNA in saliva of patients with OSCC and orophar-
yngeal cancer [73]. This study reported a significant difference 
in the methylation profile of the studied gene panel in 
patients with and without betel quid chewing habit [73]. 
Protein biomarker S100A7 was studied in saliva in patients 
with oral sub-mucous fibrosis, there was a significant negative 
correlation between biomarker concentration and duration of 
Arecanut (dried nuts of the plant Areca catechu, this is 
a component of the betel quid and smokeless tobacco pro-
ducts) use [74].

3.2.4. Salivary biomarkers and viral infections
The potential correlations between HPV and Epstein Barr virus 
(EBV) infections and salivary biomarkers were analyzed. DNA 
biomarkers (hypermethylation of the promoter region of 
genes TIMP3, MGMT, MINT31, CCNA1, DCC, DAPK, and p16), 
reported non-significant differences with HPV infection in 
patients with head and neck cancer [67]. Lim and colleagues 
(2016) reported that methylation status of the promoter 
region of RASSF1α, p16INK4a, TIMP3 and PCQAP genes identi-
fied in saliva was able to discriminate both HPV status and the 
presence of head and neck cancer [75]. Possible associations 
between protein biomarkers IL10, TGFβ, TNFα, VGEF and HPV 
infection were assessed in patients with OSCC [50]. This study 
reported significant difference of the IL10 biomarker in Ta

bl
e 

2.
 (

Co
nt

in
ue

d)
. 

Se
le

ct
io

n
Ex

po
su

re

Re
fe

re
nc

e
Fi

rs
t 

au
th

or
, 

ye
ar

Ca
se

 d
ef

in
iti

on
Re

pr
es

en
ta

tiv
en

es
s 

of
 c

as
es

Co
nt

ro
l 

se
le

ct
io

n
D

ef
in

iti
on

 o
f 

co
nt

ro
ls

Co
m

pa
ra

bi
lit

y
As

ce
rt

ai
nm

en
t 

of
 

ex
po

su
re

 (
AO

E)
Sa

m
e 

AO
E 

fo
r 

gr
ou

ps
N

on
 r

es
po

ns
e 

ra
te

Q
ua

lit
y 

gr
ad

e

[4
0]

St
. J

oh
n,

 
20

04
M

ed
ic

al
 r

ec
or

ds
 

as
se

ss
ed

 f
or

 
ca

se
 

se
le

ct
io

n*

Ap
pr

op
ria

te
 s

am
pl

e 
of

 c
as

es
*

H
os

pi
ta

l 
co

nt
ro

ls
Co

nt
ro

ls
 h

av
e 

no
 

hi
st

or
y 

of
 

di
se

as
e*

M
at

ch
ed

 in
 d

es
ig

n*
 A

dj
us

te
d 

in
 t

he
 a

na
ly

si
s*

In
te

rv
ie

w
s 

no
t 

bl
in

de
d 

to
 

ca
se

 c
on

tr
ol

 
st

at
us

Ye
s*

N
ot

 r
ep

or
te

d
H

ig
h

[4
1]

Ta
n,

 2
00

8
N

o 
ad

eq
ua

te
 

da
ta

 is
 

re
po

rt
ed

N
o 

ad
eq

ua
te

 d
at

a 
is

 r
ep

or
te

d
N

ot
 re
po

rt
ed

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

N
ot

 r
ep

or
te

d
Po

or

[7
7]

Ve
st

y,
 2

01
8

M
ed

ic
al

 r
ec

or
ds

 
as

se
ss

ed
 f

or
 

ca
se

 
se

le
ct

io
n*

Ap
pr

op
ria

te
 s

am
pl

e 
of

 c
as

es
*

Co
m

m
un

ity
 

co
nt

ro
ls

*
N

o 
ad

eq
ua

te
 d

at
a

Ag
e 

ra
ng

e 
an

d 
ha

bi
ts

 o
f 

gr
ou

ps
 r

ep
or

te
d

M
ed

ic
al

 r
ec

or
ds

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

Po
or

Q
ua

lit
y 

gr
ad

e:
 H

ig
h 

qu
al

ity
 w

as
 g

iv
en

 t
o 

st
ud

ie
s 

w
ith

 6
–9

 s
ta

rs
. F

ai
r 

qu
al

ity
 w

as
 g

iv
en

 t
o 

st
ud

ie
s 

w
ith

 5
–4

 s
ta

rs
. P

oo
r 

qu
al

ity
 w

as
 g

iv
en

 t
o 

st
ud

ie
s 

w
ith

 3
 o

r 
le

ss
 s

ta
rs

, a
 s

ta
r 

( *) 
w

as
 a

w
ar

de
d 

to
 t

he
 f

ea
tu

re
 o

f 
th

e 
st

ud
y 

th
at

 
m

in
im

iz
ed

 r
is

k 
of

 b
ia

s 
in

 e
ac

h 
ca

te
go

ry
. 

EXPERT REVIEW OF MOLECULAR DIAGNOSTICS 797



Ta
bl

e 
3.

 S
tu

di
es

 r
ep

or
tin

g 
re

la
tio

ns
hi

ps
 b

et
w

ee
n 

sa
liv

ar
y 

bi
om

ar
ke

rs
 a

nd
 r

is
k 

fa
ct

or
s.

Re
fe

re
nc

e
Co

un
tr

y
D

es
ig

n
G

ro
up

s
N

Bi
om

ar
ke

r 
ty

pe
Sa

liv
ar

y 
bi

om
ar

ke
rs

Ri
sk

 f
ac

to
rs

Re
la

ti
on

sh
ip

s
Sa

m
pl

e

[5
9]

Ita
ly

Ca
se

– 
co

nt
ro

l
O

ra
l c

an
ce

r/
 

co
nt

ro
ls

10
4

Pr
ot

ei
n

IL
6

Sm
ok

in
g

Sm
ok

er
s 

ha
ve

 h
ig

he
r 

IL
6 

p 
>

 0
.0

5
Re

st
in

g 
w

ho
le

 
sa

liv
a

[5
3]

Pa
ki

st
an

Ca
se

– 
co

nt
ro

l
O

ra
l c

an
ce

r/
 

co
nt

ro
ls

63
Pr

ot
ei

n
IL

 4
, I

L1
0,

 IL
13

, I
L 

1 
re

ce
pt

or
 a

nt
ig

en
Sm

ok
in

g,
 

sm
ok

el
es

s 
to

ba
cc

o

Al
l c

yt
ok

in
es

 e
xc

ep
t 

IL
10

 p
os

iti
ve

ly
 c

or
re

la
te

d 
w

ith
 t

he
 

du
ra

tio
n 

of
 s

m
ok

ed
 t

ob
ac

co
 in

 m
on

th
s 

p 
>

 0
.0

5
Re

st
in

g 
w

ho
le

 
sa

liv
a

[5
7]

Br
az

il
Ca

se
– 

co
nt

ro
l

O
ra

l c
an

ce
r/

 
co

nt
ro

ls
92

Pr
ot

ei
n

Ep
id

er
m

al
 g

ro
w

th
 f

ac
to

r
Sm

ok
in

g,
 

al
co

ho
l

Bi
om

ar
ke

r 
di

ffe
re

nc
e 

in
 s

m
ok

er
s 

p 
=

 0
.0

3 
an

d 
al

co
ho

lic
s 

p 
=

 0
.0

8
Re

st
in

g 
w

ho
le

 
sa

liv
a

[6
0]

Cr
oa

tia
Ca

se
– 

co
nt

ro
l

O
PM

D
/ 

co
nt

ro
ls

64
Pr

ot
ei

n
IL

 6
, t

um
or

 n
ec

ro
si

s 
fa

ct
or

-a
lp

ha
 

(T
N

Fα
)

Sm
ok

in
g

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
be

tw
ee

n 
sm

ok
er

s 
an

d 
no

ns
m

ok
er

s.
 

P 
va

lu
es

 f
or

 O
PM

D
 IL

6 
=

 0
.2

43
, T

N
F 

=
 0

.2
29

, c
on

tr
ol

 
IL

6 
=

 0
.0

51
, T

N
F 

=
 0

.8
45

Re
st

in
g 

w
ho

le
 

sa
liv

a

[6
5]

Cr
oa

tia
Ca

se
 

– co
nt

ro
l

O
ra

l c
an

ce
r/

 
O

PM
D

/ 
co

nt
ro

ls

88
pr

ot
ei

n
IL

1b
et

a,
 IL

6,
 T

um
or

 n
ec

ro
si

s 
fa

ct
or

- 
al

ph
a 

(T
N

Fα
)

Sm
ok

in
g

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

. O
C 

p 
va

lu
es

 f
or

 IL
1 

=
 0

.2
32

, 
IL

6 
=

 0
.1

06
, T

N
F 

=
 0

.9
4 

Le
uk

op
la

ki
a 

IL
1b

 =
 0

.6
19

 
IL

6 
=

 0
.7

14
 T

N
F 

=
 0

.0
9,

 c
on

tr
ol

sI
L1

b 
=

 0
.7

3,
IL

6 
=

 0
.2

4,
 

TN
F 

=
 0

.9
2

Re
st

in
g 

w
ho

le
 

sa
liv

a

[6
7]

U
SA

Co
ho

rt
H

ea
d 

an
d 

ne
ck

 
ca

nc
er

61
D

N
A

Pr
om

ot
er

 h
yp

er
m

et
hy

la
tio

n 
of

 7
 g

en
es

Sm
ok

in
g,

 
al

co
ho

l, 
H

PV
Th

er
e 

w
er

e 
no

 s
ta

tis
tic

al
ly

 s
ig

ni
fic

an
t 

di
ffe

re
nc

e 
be

tw
ee

n 
th

e 
m

et
hy

la
tio

n 
st

at
us

 a
nd

 s
m

ok
in

g 
p 

=
 1

.0
 a

lc
oh

ol
 p

 =
 1

.0
 

an
d 

H
PV

 p
 =

 0
.6

N
or

m
al

 s
al

in
e 

or
al

 r
in

se
 

w
ith

 
ex

fo
lia

te
 

br
us

h
[4

7]
Br

az
il

Co
ho

rt
O

ra
l c

an
ce

r
50

Pr
ot

ei
n

M
ac

ro
ph

ag
e 

m
ig

ra
tio

n 
in

hi
bi

to
ry

 
fa

ct
or

 (
M

IF
)

Sm
ok

in
g,

 
al

co
ho

l
D

iff
er

en
ce

 in
 s

m
ok

er
s 

pr
e-

op
er

at
iv

e 
p 

=
 0

.0
7,

 p
os

t-
op

er
at

iv
e 

p 
=

 0
.0

4.
 In

 a
lc

oh
ol

 d
rin

ke
rs

, p
re

-o
pe

ra
tiv

e 
p 

=
 0

.5
8 

an
d 

po
st

-o
pe

ra
tiv

e 
p 

=
 0

.9
1

Re
st

in
g 

w
ho

le
 

sa
liv

a

[5
8]

U
SA

Ca
se

 
– co

nt
ro

l

H
ea

d 
an

d 
ne

ck
 

ca
nc

er
/ 

co
nt

ro
ls

13
2

D
N

A
En

do
th

el
in

 r
ec

ep
to

r 
ty

pe
 B

 (
ED

N
RB

)
Sm

ok
in

g
Cu

rr
en

t 
or

 f
or

m
er

 s
m

ok
er

s 
ha

d 
lo

w
er

 E
D

N
RB

 le
ve

ls
 t

ha
n 

no
ns

m
ok

er
s 

p 
=

 0
.0

26
N

or
m

al
 s

al
in

e 
or

al
 r

in
se

 
w

ith
 

ex
fo

lia
te

 
br

us
h

[4
8]

U
SA

Ca
se

 
– co

nt
ro

l

O
ra

l c
an

ce
r/

 
co

nt
ro

ls
47

D
N

A
M

ic
ro

sa
te

lli
te

 a
na

ly
si

s-
 lo

ss
 o

f 
he

te
ro

- 
zy

go
ci

ty
 (

LO
H

)
Sm

ok
in

g
Q

ua
dr

up
le

 c
om

bi
na

tio
ns

 o
f m

ar
ke

rs
 id

en
tif

ie
d 

in
 1

5 
of

 t
he

 1
8 

sm
ok

er
s 

p 
=

 0
.0

00
1.

 p
at

ie
nt

s 
w

ho
 q

ui
t s

m
ok

in
g 

sh
ow

ed
 a

n 
LO

H
 f

re
qu

en
cy

 t
ha

t 
w

as
 b

et
w

ee
n 

th
at

 o
f 

sm
ok

er
s 

an
d 

no
ns

m
ok

er
s

Re
st

in
g 

w
ho

le
 

sa
liv

a

[6
8]

U
SA

Ca
se

 
– co

nt
ro

l

H
ea

d 
an

d 
ne

ck
 

ca
nc

er
/ 

co
nt

ro
ls

36
Pr

ot
ei

n
So

lu
bl

e 
CD

44
Sm

ok
in

g,
 

al
co

ho
l

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 w
ith

 r
is

k 
fa

ct
or

s 
of

 p
at

ie
nt

s 
p 

=
 0

.3
4

N
or

m
al

 s
al

in
e 

or
al

 r
in

se

[7
0]

U
SA

Ca
se

 
– co

nt
ro

l

H
ea

d 
an

d 
ne

ck
 

ca
nc

er
/ 

co
nt

ro
ls

18
6

Pr
ot

ei
n

So
lu

bl
e 

CD
44

Sm
ok

in
g,

 
to

ba
cc

o,
 

al
co

ho
l

N
o 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t 

re
la

tio
ns

hi
p 

be
tw

ee
n 

sm
ok

in
g 

st
at

us
 (

fo
rm

er
, c

ur
re

nt
, n

ev
er

) 
p 

=
 0

.4
6,

 t
ob

ac
co

 u
se

 
p 

=
 0

.6
8 

or
 d

rin
ki

ng
 le

ve
l (

lig
ht

, m
od

er
at

e,
 h

ea
vy

) p
 =

 0
.2

5

N
or

m
al

 s
al

in
e 

or
al

 r
in

se

[7
1]

In
di

a
Ca

se
– 

co
nt

ro
l

O
ra

l c
an

ce
r/

 
O

PM
D

/ 
co

nt
ro

ls

50
An

tio
xi

da
nt

Li
pi

d 
pe

ro
xi

da
tio

n
Sm

ok
in

g,
 b

et
el

 
qu

id
 c

he
w

in
g

N
o 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t 

as
so

ci
at

io
n,

 s
m

ok
er

s 
in

 t
he

 O
PM

D
 

p 
=

 0
.1

3 
or

al
 c

an
ce

r 
p 

=
 0

.6
7 

an
d 

ch
ew

er
s 

in
 t

he
 O

PM
D

 
p 

=
 0

.7
7 

an
d 

or
al

 c
an

ce
r 

gr
ou

ps
 p

 =
 0

.4
1

Re
st

in
g 

w
ho

le
 

sa
liv

a

[6
9]

Th
ai

la
nd

Ca
se

 
– co

nt
ro

l

O
ra

l c
an

ce
r/

 
co

nt
ro

ls
25

Pr
ot

ei
n

H
ap

to
gl

ob
in

 (
H

P)
, I

g 
al

ph
a-

2 
ch

ai
n 

C 
re

gi
on

 (
IG

H
A2

), 
pe

ro
xi

re
do

xi
n-

2 
(P

RD
X-

2)
 a

nd
 z

in
c-

al
ph

a 
-2

-g
ly

co
pr

ot
ei

n 
(Z

AG
)

Sm
ok

in
g,

 
al

co
ho

l, 
be

te
l 

qu
id

 c
he

w
in

g,
 

H
PV

, E
BV

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 t
o 

sm
ok

in
g,

 a
lc

oh
ol

 o
r 

be
te

l q
ui

d 
ch

ew
in

g.
 U

p 
re

gu
la

tio
n 

of
 H

P,
 P

RD
X-

2 
an

d 
ZA

G
 a

nd
 d

ow
n-

 
re

gu
la

tio
n 

of
 IG

H
A2

 w
er

e 
no

t 
in

flu
en

ce
d 

by
 H

PV
 a

nd
 E

BV
 

in
fe

ct
io

n

Re
st

in
g 

w
ho

le
 

sa
liv

a

[4
3]

Ta
iw

an
Ca

se
 

– co
nt

ro
l

O
ra

l c
an

ce
r/

 
co

nt
ro

ls
18

Pr
ot

ei
n

M
ar

tr
ix

 m
et

al
lo

pr
ot

in
as

e 
9

Be
te

l q
ui

d 
ch

ew
in

g
Bi

om
ar

ke
r 

le
ve

l r
is

es
 3

.1
 f

ol
d 

af
te

r 
5 

m
in

 a
ft

er
 a

re
ca

 q
ui

d 
ch

ew
in

g 
st

im
ul

at
io

n 
an

d 
de

cl
in

e 
up

 t
o 

1.
8 

fo
ld

 a
ft

er
 2

– 
4 

ho
ur

s

St
im

ul
at

ed
 

sa
liv

a

[5
4]

U
SA

Ca
se

 
– co

nt
ro

l

H
ea

d 
an

d 
ne

ck
 

ca
nc

er
/ 

co
nt

ro
ls

74
7

D
N

A
M

ito
ch

on
dr

ia
l D

N
A 

fo
r 

cy
to

ch
ro

m
e 

c 
ox

id
as

e 
(C

ox
 I 

an
d 

Co
x 

II)
.

Sm
ok

in
g,

 
al

co
ho

l
Co

m
pa

rin
g 

w
ith

 n
ev

er
 s

m
ok

er
, a

ve
ra

ge
 C

ox
 I 

(P
cu

rr
en

t 
<

 
0.

00
01

, P
fo

rm
er

 =
 0

.0
1)

 a
nd

 C
ox

 II
 (

Pc
ur

re
nt

 <
 0

.0
00

1,
 

Pf
or

m
er

 =
 0

.0
2)

 c
on

te
nt

 s
ig

ni
fic

an
tly

 in
cr

ea
se

d 
w

ith
 

sm
ok

in
g 

ca
te

go
ry

 in
 t

he
 s

tu
dy

 c
oh

or
t. 

In
cr

ea
se

s 
by

 
sm

ok
in

g 
ca

te
go

ry
 w

er
e 

lim
ite

d 
to

 c
on

tr
ol

 g
ro

up

N
or

m
al

 s
al

in
e 

or
al

 r
in

se
 

w
ith

 
ex

fo
lia

tiv
e 

br
us

h

(C
on

tin
ue

d
)

798 N. S. PIYARATHNE ET AL.



Ta
bl

e 
3.

 (
Co

nt
in

ue
d)

. 

Re
fe

re
nc

e
Co

un
tr

y
D

es
ig

n
G

ro
up

s
N

Bi
om

ar
ke

r 
ty

pe
Sa

liv
ar

y 
bi

om
ar

ke
rs

Ri
sk

 f
ac

to
rs

Re
la

ti
on

sh
ip

s
Sa

m
pl

e

[7
8]

H
un

ga
ry

Ca
se

– 
co

nt
ro

l
O

ra
l c

an
ce

r/
 

co
nt

ro
ls

17
5

Pr
ot

ei
n 

RN
A

IL
6

Sm
ok

in
g,

 
al

co
ho

l, 
D

M
FT

, 
gi

ng
iv

al
 in

de
x

P 
va

lu
es

 f
or

 p
ro

te
in

 s
m

ok
in

g 
=

 0
.9

5,
 a

lc
oh

ol
 =

 0
.3

7,
 

D
M

FT
 =

 0
.0

9,
 g

in
gi

va
l i

nd
ex

 =
 0

.1
 m

RN
A 

le
ve

l 
sm

ok
in

g 
=

 0
.2

3,
 a

lc
oh

ol
 =

 0
.0

7,
 D

M
FT

 =
 0

.0
3,

 g
in

gi
va

l 
in

de
x 

=
 0

.4
8

Re
st

in
g 

w
ho

le
 

sa
liv

a

[6
6]

Cr
oa

tia
Ca

se
– 

co
nt

ro
l

O
ra

l c
an

ce
r/

 
O

PM
D

/ 
co

nt
ro

ls

57
Pr

ot
ei

n
Tu

m
or

 n
ec

ro
si

s 
fa

ct
or

 a
lp

ha
 (T

N
Fα

), 
IL

6
Sm

ok
in

g
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s,

 p
 v

al
ue

s 
fo

r 
TN

Fα
 =

 0
.4

 a
nd

 
IL

6 
=

 0
.1

N
or

m
al

 s
al

in
e 

or
al

 r
in

se

[4
4]

In
di

a
Ca

se
– 

co
nt

ro
l

O
ra

l c
an

ce
r/

 
O

PM
D

/ 
co

nt
ro

ls

30
0

Pr
ot

ei
n

Tu
m

or
 n

ec
ro

si
s 

fa
ct

or
-a

lp
ha

Sm
ok

in
g,

 
al

co
ho

l, 
be

te
l 

qu
id

 c
he

w
in

g

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 p
 <

 0
.0

8
Re

st
in

g 
w

ho
le

 
sa

liv
a

[7
5]

Au
st

ra
lia

Ca
se

– 
co

nt
ro

l
H

ea
d 

an
d 

ne
ck

 
ca

nc
er

/ 
co

nt
ro

ls

25
5

D
N

A
H

yp
er

-m
et

hy
la

tio
n 

of
 p

ro
m

ot
er

 r
eg

io
n 

in
 a

 g
en

e 
pa

ne
l

H
PV

Th
is

 m
et

hy
la

tio
n 

pa
ne

l c
ou

ld
 d

is
cr

im
in

at
e 

H
PV

-n
eg

at
iv

e 
an

d 
H

PV
-p

os
iti

ve
 H

N
C 

pa
tie

nt
s 

fr
om

 n
or

m
al

 h
ea

lth
y 

co
nt

ro
l 

sm
ok

er
s 

an
d 

no
ns

m
ok

er
s

Re
st

in
g 

w
ho

le
 

sa
liv

a

[4
5]

Ta
iw

an
Ca

se
– 

co
nt

ro
l

O
ra

l c
an

ce
r/

 
co

nt
ro

ls
18

Pr
ot

ei
n

M
ar

tr
ix

 m
et

al
lo

pr
ot

in
as

e 
2

Be
te

l q
ui

d 
ch

ew
in

g
Th

e 
in

cr
ea

se
 a

ft
er

 a
re

ca
 q

ui
d 

ch
ew

in
g 

st
im

ul
at

io
n 

w
as

 
si

gn
ifi

ca
nt

 p
 <

 0
.0

5
St

im
ul

at
ed

 
sa

liv
a

[7
3]

Sr
i L

an
ka

Ca
se

– 
co

nt
ro

l
O

ra
l c

an
ce

r/
 o

ro
- 

ph
ar

yn
ge

al
 

ca
nc

er
/ 

co
nt

ro
ls

14
8

D
N

A
H

yp
er

-m
et

hy
la

tio
n 

of
 p

ro
m

ot
er

 r
eg

io
n 

in
 a

 g
en

e 
pa

ne
l

Sm
ok

in
g,

 
al

co
ho

l, 
be

te
l 

ch
ew

in
g,

 H
PV

P 
va

le
s 

fo
r 

p1
6I

N
K4

a 
al

l r
is

k 
fa

ct
or

s 
<

0.
05

, R
AS

SF
1A

 f
or

 
sm

ok
in

g 
al

co
ho

l b
et

el
 c

he
w

in
g<

0.
05

 a
nd

 H
PV

 =
 0

.0
6,

 
TI

M
P3

 w
ith

 s
m

ok
in

g 
=

 0
.1

9 
al

co
ho

l =
 0

.6
6 

be
te

l q
ui

d 
<

0.
00

1,
 H

PV
<

0.
00

1,
 P

CQ
AP

/M
ED

15
 w

ith
 s

m
ok

in
g 

=
 0

.2
4 

al
co

ho
l =

 0
.0

6,
 b

et
el

 q
ui

d 
<

0.
05

, H
PV

<
0.

00
1

Re
st

in
g 

w
ho

le
 

sa
liv

a

[4
9]

U
SA

Ca
se

– 
co

nt
ro

l
H

ea
d 

an
d 

ne
ck

 
ca

nc
er

/ 
co

nt
ro

ls

24
0

Pr
ot

ei
n

Se
cr

et
or

y 
le

uk
oc

yt
e 

pr
ot

ea
se

 in
hi

bi
to

r 
(S

LP
I)

Sm
ok

in
g,

 
al

co
ho

l, 
ed

uc
at

io
n 

le
ve

l, 
BM

I, 
m

ou
th

w
as

h

Si
gn

ifi
ca

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 s
m

ok
in

g,
 c

ur
re

nt
 s

m
ok

er
s 

ha
vi

ng
 v

al
ue

s 
ne

ar
ly

 1
.5

-f
ol

d 
hi

gh
er

 t
ha

n 
fo

rm
er

 s
m

ok
er

s 
an

d 
si

x-
fo

ld
 h

ig
he

r 
th

an
 n

ev
er

 s
m

ok
er

s 
p 

=
 0

.0
35

. O
th

er
 

ris
k 

ha
bi

ts
 w

er
e 

no
n-

si
gn

ifi
ca

nt
 p

 v
al

ue
s 

fo
r 

ed
uc

at
io

n 
=

 0
.9

, B
M

I =
 0

.3
3,

 m
ou

th
w

as
h 

=
 0

.5
 

al
co

ho
l =

 0
.7

O
ra

l r
in

se
 

us
in

g 
 

m
ou

th
w

as
h

[5
0]

Po
la

nd
Ca

se
– 

co
nt

ro
l

O
ra

l c
an

ce
r/

 
co

nt
ro

ls
11

8
Pr

ot
ei

n 
D

N
A

IL
10

, t
um

or
 n

ec
ro

si
s 

fa
ct

or
 (

TN
Fα

), 
Tr

an
sf

or
m

in
g 

gr
ow

th
 f

ac
to

r-
be

ta
 

(T
G

F-
β)

, v
as

cu
la

r 
en

do
th

el
ia

l g
ro

w
th

 
fa

ct
or

 (
VE

G
F)

Sm
ok

in
g,

 
al

co
ho

l, 
H

PV
, 

EB
V

Si
gn

ifi
ca

nt
 a

ss
oc

ia
tio

ns
 P

 v
al

ue
s 

fo
r 

sm
ok

in
g 

an
d 

IL
10

 =
 0

.0
01

7,
 E

BV
 w

ith
 IL

10
 =

 0
.0

00
2 

an
d 

TN
F 

=
 0

.0
45

6,
 

H
PV

 w
ith

 IL
10

 =
 0

.0
3 

an
d 

TG
F 

=
 0

.0
3.

 N
on

-s
ig

ni
fic

an
t 

as
so

ci
at

io
ns

 p
 v

al
ue

s 
fo

r 
sm

ok
in

g 
an

d 
TN

F 
=

 0
.1

5,
 

VE
G

F 
=

 0
.4

6,
 T

G
F 

=
 0

.9
8,

 a
lc

oh
ol

 w
ith

 IL
10

 =
 0

.1
3,

 
TN

F 
=

 0
.0

9,
 V

EG
F 

=
 0

.1
4,

 T
G

F 
=

 0
.3

2,
 E

BV
 w

ith
 

VE
G

F 
=

 0
.0

5,
 T

G
F 

=
 0

.2
, H

PV
 w

ith
 T

N
F 

=
 0

.7
3,

 V
EG

F 
=

 0
.9

Re
st

in
g 

w
ho

le
 

sa
liv

a

[7
4]

Pa
ki

st
an

Ca
se

– 
co

nt
ro

l
O

SM
F/

 c
on

tr
ol

s
60

Pr
ot

ei
n

S1
00

A7
Be

te
l q

ui
d 

ch
ew

in
g,

 
Ar

ec
an

ut
 u

se

P 
va

lu
es

 fo
r 

be
te

l q
ui

d 
ch

ew
in

g 
du

ra
tio

n 
=

 0
.0

3,
 fr

eq
ue

nc
y 

of
 

be
te

l q
ui

d 
us

e 
=

 0
.3

, d
ur

at
io

n 
of

 A
re

ca
nu

t 
us

e 
=

 0
.0

09
 

fr
eq

ue
nc

y 
of

 A
re

ca
nu

t 
us

e 
=

 0
.9

 in
 O

SM
F 

gr
ou

p

Re
st

in
g 

w
ho

le
 

sa
liv

a

[5
1]

Br
az

il
Ca

se
– 

co
nt

ro
l

H
ea

d 
an

d 
ne

ck
 

ca
nc

er
/ 

co
nt

ro
ls

21
6

D
N

A
H

yp
er

m
et

hy
la

tio
n 

of
 t

he
 p

ro
m

ot
er

 
re

gi
on

 o
f 

th
e 

ge
ne

s
Sm

ok
in

g
N

o 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
n 

CC
N

A1
 p

 =
 0

.7
0,

 D
AP

K 
p 

=
 0

.6
, D

CC
 

p 
=

 0
.8

3,
 a

nd
 T

IM
P3

 p
 =

 1
.0

. S
ig

ni
fic

an
t 

as
so

ci
at

io
n 

M
G

M
T 

p 
=

 0
.0

08

N
or

m
al

 s
al

in
e 

or
al

 r
in

se

[3
6]

U
SA

Ca
se

 
– co

nt
ro

l

O
ra

l c
an

ce
r/

 
O

PM
D

/ 
co

nt
ro

ls

39
Pr

ot
ei

n
Tu

m
or

 n
ec

ro
si

s 
fa

ct
or

-a
lp

ha
 (

TN
Fα

), 
IL

1a
, I

L6
, I

L8
Sm

ok
in

g
N

o 
si

gn
ifi

ca
nt

 a
ss

oc
ia

tio
n 

in
 t

he
 o

ra
l c

an
ce

r 
gr

ou
p 

TN
F 

p 
=

 0
.6

4,
 IL

1a
 p

 =
 0

.3
, I

L6
 p

 =
 0

.5
9,

 IL
8 

p 
=

 0
.5

, i
n 

th
e 

O
PM

D
 g

ro
up

 T
N

F 
p 

=
 0

.2
, I

L1
a 

p 
=

 0
.8

, I
L6

 p
 =

 0
.3

1,
 IL

8 
p 

=
 0

.8

Re
st

in
g 

w
ho

le
 

sa
liv

a

[7
6]

Ja
pa

n
Co

ho
rt

O
ra

l c
an

ce
r/

 
co

nt
ro

ls
48

Pr
ot

ei
n

IL
6

Sm
ok

in
g,

 
pe

rio
do

nt
iti

s
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s 

sm
ok

er
s 

p 
=

 0
.4

8,
 p

er
io

do
nt

al
 

di
se

as
e 

p 
=

 0
.3

7
St

im
ul

at
ed

 
sa

liv
a

[5
6]

Sy
ria

Ca
se

 
– co

nt
ro

l

O
ra

l c
an

ce
r/

 
O

PM
D

/ 
co

nt
ro

ls

58
D

N
A

m
ito

ch
on

dr
ia

l D
N

A
Sm

ok
in

g,
 o

ra
l 

he
al

th
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s 

sm
ok

in
g 

p 
=

 0
.7

49
, o

ra
l h

ea
lth

 
p 

=
 0

.4
60

Re
st

in
g 

w
ho

le
 

sa
liv

a

[7
2]

In
di

a
Ca

se
 

– co
nt

ro
l

O
SM

F/
 c

on
tr

ol
s

60
Pr

ot
ei

n
la

ct
at

e 
de

hy
dr

og
en

as
e

Be
te

l q
ui

d 
ch

ew
in

g
Bi

om
ar

ke
r 

le
ve

l i
n 

pa
tie

nt
s 

w
ith

 h
ab

it 
≤

 5
 y

ea
rs

 w
as

 g
re

at
er

 
th

an
 t

ho
se

 w
ith

 h
ab

it 
>

 5
 y

ea
rs

 p
 =

 0
.5

39
St

im
ul

at
ed

 
sa

liv
a

(C
on

tin
ue

d
)

EXPERT REVIEW OF MOLECULAR DIAGNOSTICS 799



patients with smoking habit and viral infections. Low methyla-
tion profile of the promoter region of the tumor suppressor 
genes was reported in HPV positive OSCC and oropharyngeal 
cancer patients [73].

3.2.5. Salivary biomarkers and other risk factors
Assessment of the possible relationships between mitochon-
drial DNA and oral health status, SLPI protein and mouthwash 
use, body mass index, education level, IL6 biomarker with 
periodontitis revealed non-significant relationships [49,56,76]. 
There were significant associations between salivary IL1β and 
IL8 levels and microbial species in the oral cavity in head and 
neck cancer patients [77]. A significant relationship of salivary 
IL6 mRNA and DMFT (decayed, missing, filled number of teeth 
due to decay) was reported in OSCC [78].

4. Discussion

More than two-third of OSCC is diagnosed at advance stage of 
disease [79]. Delayed diagnosis was identified as a major rea-
son for increased mortality, morbidity and low five-year survi-
val rates [7]. Screening and early detection is important to 
upgrade the management of OSCC [10,11]. Early detection of 
OPMD lesions will allow the chance to apply secondary pre-
ventive measures and thereby reduce the incidence of malig-
nant transformation [2]. Due to noninvasiveness of the sample 
and presence of variety of biomolecules, saliva is proposed as 
a suitable specimen to identify biomarkers associated with 
diseases [80]. As it bathes the oral cavity, salivary biomarkers 
are proposed as important diagnostic and screening adjuncts 
for oral diseases, particularly OSCC and OPMD. This systematic 
review was conducted to identify salivary biomarkers reported 
in OSCC and OPMD.

The first objective of the present study was to select sui-
table salivary biomarkers for OSCC and OPMD for the purpose 
of early detection. Proteins are the working state of molecules 
and therefore prone to demonstrate acute changes with dis-
ease. As proteomic biomarkers, cytokines [81], growth factors 
[82], angio-genic factors [83], antigens [84], cytokeratin [85], 
cell surface receptors [86], and enzymes [87,88] were reported 
in saliva. IL have a diverse role in inflammation and immune 
reactions in carcinogenesis. IL are involved in the pathogen-
esis of OSCC and malignant transformation of OPMD [89,90]. 
Hence, IL were selected as suitable biomarkers to assess dis-
ease progression in OSCC and OPMD. Through descriptive 
data analysis of 28 studies, IL1β, IL6 and IL8 were identified 
as suitable biomarkers for early detection of OSCC and OPMD. 
These three biomarkers reported significant differences in the 
disease group compared to controls. Majority of the studies 
were graded with fair quality with moderate risk of bias.

Absence of a meta-analysis is a limitation of the present 
study. Rezaei and colleagues (2019) conducted a meta-analysis 
on IL6 and IL8 biomarkers in OSCC [91]. This study concluded 
that these biomarkers have significant predictive power for 
OSCC.

The second objective was to identify relationships between 
salivary biomarkers and risk factors. In the phases of biomarker 
development presented by Pepe and colleagues (2001), one 
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biomarkers and variables such as age, sex, and risk factors [92]. 
If such factors were found to have strong associations with the 
studied biomarker, threshold levels must be defined sepa-
rately for subpopulations. In a study by Csosz and colleagues 
(2017), researchers highlighted that salivary biomarker expres-
sion in OSCC is population tailored as different protein bio-
markers were discovered in different population groups with 
OSCC [93]. This variation reflects the heterogeneity of the 
pathogenesis of OSCC. This heterogeneity can be due to the 
difference in risk factors in populations. Risk factors induce 
molecular and cellular changes in the body. These changes 
accumulate to give rise to cancer. With different risk factors, 
the mechanisms of disease initiation can be different; these 
can be reflected in salivary analysis.

Relationships between biomarkers and risk factors can help 
to understand the mechanisms involved in disease initiation 
through risk factors. Loss of heterozygosity (LOH) is a genetic 
event identified in cancer cells. Significantly high amount of 
LOH in 25 gene loci was identified in saliva of patients with 
OSCC. These biomarkers were high in patients who were 
smokers, followed by ex-smokers and lowest in nonsmokers 
[48]. These findings suggest that LOH may be an event 
induced by smoking in the initiation of OSCC.

SLPI is a protein also known as ‘antileukoproteinase’. Its 
main function is inhibition of enzymes secreted by leukocytes. 
A significant increase in the SLPI biomarker was observed in 
patients who were smokers compared to never smokers. 
However, there was no statistically significant elevation of 
the risk of head and neck cancer with elevated SLPI levels 
[49]. This result suggests that even though salivary SLPI levels 
may be induced by smoking, this may not be involved in 
disease initiation in head and neck cancer.

EGF and EGF receptors are involved in signaling pathways 
commonly altered in cancer cells. Significantly low levels of 
salivary EGF in patients with OSCC compared to controls were 
identified. The same biomarker was significantly lower in smo-
kers compared to never smokers [52]. These findings indicate 
that decrease in EGF may be involved in the pathogenesis of 
OSCC by smoking.

Silencing of tumor suppressor genes (TSG) via promoter 
hypermethylation is an event in the malignant transformation 
of normal cells into cancer cells. Significantly low methylation 
status of the TSG was reported in HPV positive head and neck 
cancer patients compared to HPV negative counterparts [75]. 
The same biomarkers were assessed in saliva of patients with 
OSCC and oropharyngeal cancer, the findings of this study 
support the results reported by Lim and colleagues (2016) as 
low methylation levels were reported in HPV positive cases 
[73]. In addition, a higher methylation profile of the same gene 
panel was reported in patients with betel quid chewing [73]. 
Results reported in these studies suggest that methylation 
status of the promoter region of TSG may be a biomarker 
differently expressed in saliva in relation to risk factors.

Protein biomarkers (IL10, TNFα, TGFβ and VEGF) were stu-
died in patients with head and neck cancer, this study 
reported higher salivary levels of all biomarkers in cases com-
pared to controls [50]. In the same research, significantly 
higher IL10 levels were reported in smokers and cases infected 

with HPV and EBV. From these results, it may be deduced that 
elevation of anti-inflammatory cytokine IL10 is a mechanism 
involved in disease initiation in both smoking and viral 
induced head and neck cancer.

From the results of the present study, following research 
gaps were identified. From the many salivary biomarkers 
reported in OSCC and OPMD, only a small proportion was 
assessed for their relationships to risk factors. Most biomarkers 
were related to smoking and alcohol habits. Other risk factors 
such as betel quid, oral health indices and viral infections were 
less frequently assessed. No records were identified assessing 
the relationships between biomarkers and risk factors such as 
genetic predisposition, smokeless tobacco preparations such 
as snuff, indicators of socioeconomic status, denture wearing, 
dietary factors, genetic diseases and drug use. These were 
identified as research needs in the assessment of salivary 
biomarkers in OSCC and OPMD.

5. Expert opinions

The present systematic review included data extracted from 
295 research articles reporting salivary biomarkers in OSCC 
and OPMD. Identifying biomarkers with high performance in 
terms of sensitivity and specificity to OSCC help to accelerate 
future research. Through descriptive data analysis, the present 
study has identified a proteomic salivary biomarker panel 
(IL1β, IL6 and IL8) useful for early detection and screening of 
OSCC and OPMD. This biomarker panel is proposed as suitable 
for clinical validation as screening and early detection tools for 
OPMD and OSCC. One disadvantage of the selected biomar-
kers is that they are inflammatory cytokines; this can be over-
come by using a combination of three biomarkers, and using 
threshold values optimized for the specific patient population.

Relationships between biomarkers reported in saliva and 
risk factors have been discussed to elucidate mechanisms 
induced by risk factors in disease initiation. Research gaps in 
the assessment of salivary biomarkers with respect to their 
relationships to risk factors have been highlighted. Results of 
this systematic review indicate that future studies should be 
directed to assess potential salivary biomarkers for their rela-
tionships to risk factors in order to understand the biomarker’s 
role in initiation of disease.
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