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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.

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 fiveyear 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
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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].
Institute of Dentistry, School of Medicine, Medical Sciences and Nutrition,
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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

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.

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.

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.

● 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
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

Figure 1. Key words used for electronic literature search.

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).
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Figure 2. Study selection according to PRISMA format.

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. EnzymeLinked immuno-sorbent assay (ELISA) and magnetic-beadbased 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

Babiuch, 2020

Bagan, 2016

Brailo, 2006

Brailo, 2012

Brinkmanna,
2012

Csosz, 2017

Gleber-Netto,
2016

Hamad, 2011

Hamzavi, 2013

Marton, 2019

[24]

[25]

[60]

[65]

[26]

[93]

[27]

[28]

[29]

[78]

Hungary

Iran

Iraq

Taiwan

Hungary

Serbia

Croatia

Croatia

Spain

Poland

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Aziz, 2015

[53]

Pakistan

Design
Case control

First author,
Reference year
Country
[23]
ArellanoUSA
Garcia, 2008

Table 1. Studies reporting interleukin biomarkers in saliva.

45

66

OSCC, controls

Head and neck
cancer/ controls

OSCC, controls

OSCC, OPMD,
controls

OSCC, controls

OSCC, controls

OSCC, Leukoplakia,
controls

Leukoplakia,
controls

175

54

50

180

107

86

98

64

OSCC, PVL, controls 60

OSCC, OED, OLP,
controls

OSCC, controls

Sample
Groups
size
OSCC, periodontitis, 40
controls

IL6

IL10

IL1α,IL6, IL8

IL1β, IL8,

IL1α,IL1β,
IL6, IL8

IL1β, IL8,

IL1β, IL6

IL6

IL6

ELISA,
RT-qPCR

ELISA

ELISA

Millipex
magnetic
bead based
assay
ELISA

ELISA,
RT-qPCR

ELISA

ELISA

ELISA

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Method of
analysis
Sample
ELISA, Immune Resting whole
bead based
saliva
assay

Millipex
human
cytokine/
chemokine
assay kit
IL1α, IL6, IL8 ELISA

IL4, IL10,
IL13, IL1
receptor
antigen

Biomarkers
IL8, IL1β

(Continued )

P values comparing OSCC to controls IL1α=0.017, IL6=0.0012,
IL8=0.0001. P value comparing OED to controls IL8=0.04, P value
comparing OSCC to OED IL8=0.03. This study identified IL8 in
saliva as an important biomarker of malignant process in oral
mucosa
P value comparing study groups <0.01, patients with OC had the
highest salivary biomarker levels followed by PVL and controls,
this study suggest salivary IL6 as a potential biomarker to assess
disease progression in PVL
P value comparing study groups IL6<0.05, the results of this study
demonstrate that the patients with oral leukoplakia have an
increase in salivary levels of IL6 which might indicate an altered
immune response
P values comparing study groups IL1β <0.001, IL6 = 0.012, patients
with OC have significantly higher salivary IL1β and IL6
concentrations compared to patients with leukoplakia and
healthy controls
P values comparing protein of IL8, IL1β and mRNA of IL8 p < 0.05,
combination of biomarkers from the proteome and
transcriptome yielded the highest predictive power for OC
P values comparing study groups IL1α = 0.96, IL1β = 0.02,
IL6 = 0.0002, IL8 = 0.10, OC group had higher biomarker levels,
this study demonstrate the potential utility of IL6 as a biomarker
in saliva for OSCC in Hungarian population
P values comparing study groups IL1β = 0.0061, IL8 < 0.0001, both
biomarkers were higher in OSCC compared to OPMD and
controls, this study propose that salivary IL8 protein levels
combined with other biomarkers and risk factors have the
potential for early detection of OSCC and OPMD
P values comparing study groups IL1α<0.001, IL6 = 0.05,
IL8 < 0.001, biomarkers were elevated in OC compared to
controls, this study propose these biomarkers as diagnostic tools
for OSCC
P value comparing study groups 0.5, although the salivary levels of
IL10 in patients were a little higher than controls, this difference
was not statistically significant, this study report that saliva levels
of IL10, does not reflect tissue expression
P values comparing study groups for the protein and mRNA <0.001,
AUC for IL6 protein 0.69, AUC for IL6 mRNA 0.9, this study
propose that salivary IL6 mRNA is suitable biomarkers for OC and
suggest clinical validation

Statistical data/conclusions
Both biomarkers were statistically higher in OC group than controls,
AUC for cancer/controls IL1β = 0.77, IL8 = 0.8, There was no
statistically significant difference between IL 8 of periodontitis
and controls p value = 0.098, This study report that Luminex
xMAP technology is a reliable method to validate and quantitate
protein levels in saliva
P values comparing study groups IL10=0.004, IL13=0.01, this study
propose immunosuppressive cytokines as potential salivary
biomarkers for OSCC
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Croatia

JuretiŰ, 2013

Katakura, 2007 Japan

Khyani, 2017

Korostoff, 2011 USA

Lee, 2018

Lisa Cheng,
2014

Panneer, 2015

Punyani, 2013

Rajkumar, 2014 India

Rhodus, 2005

Sahebjamee,
2008

Sharma, 2011

Singh, 2020

[66]

[81]

[30]

[31]

[42]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

India

India

Iran

USA

India

India

USA

Taiwan

Pakistan

Country

First author,
Reference year

Table 1. (Continued).

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Case control

Design

75

101

65

32

105

39

57

Sample
size

OSCC, OPMD,
controls

Leukoplakia,
periodontitis,
controls

OSCC, controls

159

60

18

OSCC, OPMD,
75
controls
OSCC, OPMD,
300
controls
OSCC, OLP, controls 39

OSCC, Leukoplakia,
controls

OSCC, OLP,
Periodontitis,
controls

OSCC, controls

Tongue cancer,
controls

OSCC, OPMD,
controls

OSCC, controls

OSCC, OPMD,
controls

Groups

ELISA

ELISA

ELISA

ELISA

Method of
analysis

ELISA

ELISA

ELISA

ELISA

IL1β, IL8

IL6

ELISA

ELISA

IL1α, IL6, IL8 ELISA

IL1α,IL6, IL8

IL8

IL8

IL6

IL1α,IL1β,IL6, Millipex
IL8, IL10
magnetic
bead based
assay
IL6, IL8
ELISA

IL1α,IL6, IL8

IL6, IL8

IL1β,IL6,IL8

IL6

Biomarkers

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva
Resting whole
saliva
Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Sample

(Continued )

P values comparing study groups IL6 < 0.001, patients have higher
salivary concentrations of biomarker compared to controls, this
study suggest IL6 as a potential biomarker for OSCC
P values comparing study groups IL 1β< 0.05, IL 6 < 0.05, IL
8 > 0.05, IL6 was significantly elevated in patients compared to
controls, this study report IL6 as a potential biomarker in saliva
for OSCC
P values comparing study groups IL8 < 0.05, IL6 no significant
difference, IL6 and IL8 are probable biomarker for early detection
of OSCC and OPMD in Pakistan population
P values comparing endophytic tongue cancer/controls IL1α <
0.0001, IL 6 < 0.0001,IL8 < 0.0001, all cytokines were markedly
elevated in saliva of endophytic TC patients, this study propose
the potential use of these biomarkers for screening, and
prognosis of survival in tongue OSCC
P values comparing study groups IL1α = 0.625,IL1β = 0.002,
IL6 < 0.001, IL8 = 0.001,IL10 = 0.355.AUC for OSCC IL6 = 0.8,
IL8 = 0.7, IL1β = 0.7, this study indicate that salivary biomarkers
may serve useful as adjuncts for the early detection of OSCC
P values comparing study groups IL6 < 0.001, IL8 = 0.001, salivary
biomarkers were higher in patients with OSCC, compared to OLP,
CP and controls, this study propose that IL6 as a useful biomarker
in the detection of OC, not influenced by OLP or CP
P values for OSCC/controls, and OSCC/Leukoplakia <0.0001,
biomarker levels were highest in OC, followed by leukoplakia and
controls, this biomarker is proposed for further validation to
assess its clinical utility
P values comparing OC/OPMD <0.0001, OC/controls <0.0001,
OPMD/ controls = 0.7, IL8 is a potential biomarker for OSCC
P values comparing study groups <0.05, AUC 0.9, IL8 measurement
in saliva is a better medium for OC prediction than serum
P values comparing study groups IL1α<0.05, IL6 < 0.05, IL8 < 0.05,
these biomarkers may be potential targets for disease monitoring
in OLP
P values comparing study groups IL1α>0.05, IL6 < 0.05, IL8 > 0.05,
IL6 was elevated in OC compared to controls with statistical
significance
P value comparing study groups <0.001, all the leukoplakia patients
with coexisting periodontitis had higher IL6 levels when
compared with patients with periodontitis alone, this study
report an increase in IL6 levels with severity of dysplasia grading,
IL6 may be a useful biomarker for monitoring of leukoplakia
P values comparing study groups IL1β<0.0001, IL8 = 0.0006. AUC
for total OSCC were 0.7 for both markers, for stage three and four
OSCC, IL1β = 0.9, IL8 = 0.7, these biomarker were significant in
Indian population, this study propose the potential use of
studied biomarkers for screening and early detection in OSCC

Statistical data/conclusions
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OSCC: oral squamous cell carcinoma, OC: oral cancer, TC: tongue cancer, OPMD: oral potentially malignant disorders, OED: oral epithelial dysplasia, HNC: head and neck cancer, OLP: oral lichen planus, PVL: proliferative
verrucous Leukoplakia, CP: chronic periodontitis, IL: interleukin, ELISA: enzyme linked immune sorbent assay, RT-qPCR: reverse transcriptase quantitative polymerase chain reaction, AUC: area under the curve of receiver
operating characteristics curve, p < 0.05 and AUC>0.65 was taken as significant

Resting whole
saliva
Cytometric
bead array
Vesty, 2018
[77]

New Zealand

Case control

Head and neck
cancer/ dentally
compromised/
controls

30

IL8, IL1β

Resting whole
saliva
ELISA, optical
protein
sensor
IL8
40
OSCC, controls
USA
Tan, 2008
[41]

Case control

Country
USA
First author,
Reference year
[40]
St. John, 2004

Design
Case control

Groups
OSCC, controls

Sample
size
64

Biomarkers
IL6, IL8

Method of
analysis
ELISA
RT-qPCR

Sample
Resting whole
saliva

Statistical data/conclusions
P values comparing study groups IL8 < 0.01, IL6 > 0.05. AUC for
salivary IL8 = 0.9, IL8 at both the mRNA and protein levels were
detected in higher concentrations in the saliva of patients with
OSCC compared to controls, this study propose salivary IL8 as
a potential biomarker for OSCC
AUC = 0.8, optical sensor and ELISA have similar performances as
diagnostic tests, this study report that accurate diagnosis is
possible with proposed optical protein sensor platform compared
to ELISA for the assessment of salivary IL8
P values comparing head and neck cancer to controls IL1β = 0.03,
IL8 = 0.04, significantly higher concentrations of IL1β and IL8
were detected in HNC and dentally compromised patients, IL1β
and IL8 concentrations positively correlated with of C. albicans.
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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 postoperative saliva samples significantly differed with smoking
category in patients with head and neck cancer [55]. On the

[78]

[29]

[28]

[27]

[93]

[26]

[65]

[60]

[25]

[24]

[53]

Selection
Representativeness Control
of cases
selection
Appropriate sample Hospital
of cases*
controls

Definition of
controls
Controls have no
history of
outcome*

Case definition
Medical records
assessed for
case selection
*
Aziz, 2015
Medical records Appropriate sample Community Controls were
assessed for
of cases*
controls *
selected from
case selection
relatives of
*
patients
Babiuch,
Medical records Appropriate sample Not
Controls have no
2020
assessed for
of cases*
reported
history of
case selection
disease*
*
Bagan, 2016 Diagnosis criteria Appropriate sample Community Controls have no
given*
of cases*
controls*
history of
disease*
Brailo, 2006 Medical records Appropriate sample Community Controls have no
assessed for
of cases*
controls*
history of
case selection
disease*
*
Brailo, 2012 Medical records Appropriate sample Not
Controls have no
assessed for
of cases*
reported
history of
case selection
disease*
*
Brinkmanna, Medical records Appropriate sample Not
Controls have no
2012
assessed for
of cases*
reported
history of
case selection
disease*
*
Csosz, 2017 Medical records Appropriate sample Hospital
Controls have no
assessed for
of cases*
controls
history of
case selection
disease*
*
Gleber-Netto, Medical records Appropriate sample Hospital
Controls have no
2016
assessed for
of cases*
controls
history of
case
disease*
selection*
Hamad, 2011 Medical records Appropriate sample Not
Controls have no
assessed for
of cases*
reported
history of
case
disease*
selection*
Hamzavi,
Medical records Appropriate sample Not
Controls have no
2013
assessed for
of cases*
reported
history of
case
disease*
selection*
Marton, 2019 Medical records Appropriate sample Hospital
Controls have no
assessed for
of cases*
controls
history of
case
disease*
selection*

First author,
Reference year
[23]
ArellanoGarcia,
2008

Table 2. Risk of bias assessment of studies reporting interleukin biomarkers.

Matched in design* Adjusted in the analysis*

Matched in design*

Patients below the age 18 included in the control
group

Matched in design* Adjusted in the analysis*

Matched in design* Adjusted in the analysis*

Cofounders adjusted in the analysis*

Cofounders adjusted in the analysis*

Absence of difference in groups reported

Not matched, but the absence of age difference in
groups reported

Cases and controls not matched in design and not
adjusted in analysis. But absence of significant
difference of socio demographics reported

Matched in design *

Comparability
Matched in design for age*, adjusted in analysis*

Exposure

Medical records

Medical records

Not reported

Questionnaire

Questionnaire
filled by
participant

Not reported

Not reported

Not reported

Not reported

Interview not
blinded to
case control
status
Not reported

Yes*

Not reported

Not reported

Yes*

Yes*

Not reported

Not reported

Not reported

Not reported

Not reported

Yes *

Ascertainment of Same AOE for
exposure (AOE) groups
Not reported
Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Non response
rate
Not reported

(Continued )

High

Fair

Poor

High

High

Fair

Fair

Fair

Fair

Poor

Fair

Quality
grade
Fair
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[39]

[38]

[37]

[36]

[35]

[34]

Medical records
assessed for
case
selection*
Punyani,
Medical records
2013
assessed for
case
selection*
Rajkumar,
Medical records
2014
assessed for
case
selection*
Rhodus,2005 Medical records
assessed for
case
selection*
Sahebjamee, Medical records
2008
assessed for
case
selection*
Sharma, 2011 Medical records
assessed for
case
selection*
Singh, 2020 Medical records
assessed for
case
selection*

Panneer,
2015

[33]

[32]

[42]

[31]

[30]

[81]

Medical records
assessed for
case
selection*
Katakura,
No adequate
2007
details on
diagnosis
Khyani, 2017 Medical records
assessed for
case
selection*
Korostoff,
Medical records
2011
assessed for
case
selection*
Lee, 2018
Medical records
assessed for
case
selection*
Lisa Cheng,
Diagnosis criteria
2014
given*

Juretić, 2013

Case definition

[66]

First author,
Reference year

Table 2. (Continued).
Selection
Control
selection

Appropriate sample Hospital
of cases*
controls

Appropriate sample Hospital
of cases*
controls

Appropriate sample Hospital
of cases*
controls

Appropriate sample Hospital
of cases*
controls

Appropriate sample Community
of cases*
controls*

Appropriate sample Hospital
of cases*
controls

Appropriate sample Hospital
of cases*
controls

Appropriate sample Hospital
of cases*
controls

Appropriate sample Hospital
of cases*
controls

Appropriate sample Hospital
of cases*
controls

Appropriate sample Hospital
of cases*
controls

Appropriate sample Not
of cases*
reported

Appropriate sample Hospital
of cases*
controls

Representativeness
of cases

Controls have no
history of
disease*

Controls have no
history of
disease*

Controls have no
history of
disease*

Controls have no
history of
disease*

Controls have no
history of
disease*

Controls have no
history of
disease*

Controls have no
history of
disease*
Controls have no
history of
disease*

Controls have no
history of
disease*

Controls have no
history of
disease*

Controls have no
history of
disease*

Not reported

Controls have no
history of
disease*

Definition of
controls
Questionnaire
filled by
participant

Matched in design*

Adjusted in the analysis*

Matched in design*

Matched in design* Adjusted in the analysis*

Matched in design*

Matched in design*

Matched in design*

Matched in design*

Not reported

Adjusted in the analysis*

Only the age distribution of groups reported

Medical records

Medical records

Medical records

Not reported

Not reported

Not reported

Not reported

Not reported

Medical records

Not reported

Medical records

Only the mean age and female to male ratio reported Not reported

Matched in design*

Comparability

Exposure

Yes*

Yes*

Yes*

Not reported

Not reported

Not reported

Not reported

Not reported

Yes*

Not reported

Yes*

Not reported

Yes*

Ascertainment of Same AOE for
exposure (AOE) groups

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Non response
rate

(Continued )

Fair

Fair

Fair

Fair

Fair

Fair

Fair

Fair

Fair

Fair

Fair

Poor

Fair

Quality
grade
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Vesty, 2018
[77]

Quality grade: High quality was given to studies with 6–9 stars. Fair quality was given to studies with 5–4 stars. Poor quality was given to studies with 3 or less stars, a star (*) was awarded to the feature of the study that
minimized risk of bias in each category.

Poor
Appropriate sample Community
of cases*
controls*

No adequate data Age range and habits of groups reported

Not reported
Not reported
Medical records

Poor
Not reported
Not reported
Not reported
Tan, 2008
[41]

First author,
Reference year
[40]
St. John,
2004

Table 2. (Continued).

Case definition
Medical records
assessed for
case
selection*
No adequate
data is
reported
Medical records
assessed for
case
selection*

Not
reported
No adequate data
is reported

Not reported

Non response
rate
Not reported
Same AOE for
groups
Yes*
Definition of
controls
Controls have no
history of
disease*
Selection

Representativeness Control
of cases
selection
Appropriate sample Hospital
of cases*
controls

Comparability
Matched in design* Adjusted in the analysis*

Exposure

Ascertainment of
exposure (AOE)
Interviews not
blinded to
case control
status
Not reported

Quality
grade
High
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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, TNFα, 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

Pakistan

Brazil

Croatia

Croatia

USA

Brazil

USA

USA

USA

USA

India

Thailand

Taiwan

USA

[53]

[57]

[60]

[65]

[67]

[47]

[58]

[48]

[68]

[70]

[71]

[69]

[43]

[54]

Oral cancer

Head and neck
cancer

Case
Oral cancer/
–
controls
control
Case
Head and neck
–
cancer/
control
controls

Case
Head and neck
–
cancer/
control
controls
Case
Head and neck
–
cancer/
control
controls
Case–
Oral cancer/
control
OPMD/
controls
Case
Oral cancer/
–
controls
control

Case
Oral cancer/
–
controls
control

Case
Head and neck
–
cancer/
control
controls

Cohort

Cohort

Case
Oral cancer/
–
OPMD/
control
controls

Case–
Oral cancer/
control
controls
Case–
OPMD/ controls
control

Case–
Oral cancer/
control
controls
Case–
Oral cancer/
control
controls

Italy

[59]

Groups

Design

Reference Country

Biomarker
type

Protein

DNA

protein

Protein

Protein

Protein

Protein

DNA

Protein

Protein

Smoking

Smoking,
smokeless
tobacco
Smoking,
alcohol
Smoking

Smoking

Risk factors

Soluble CD44

Soluble CD44

Microsatellite analysis- loss of heterozygocity (LOH)

Endothelin receptor type B (EDNRB)

Macrophage migration inhibitory
factor (MIF)

Mitochondrial DNA for cytochrome
c oxidase (Cox I and Cox II).

Haptoglobin (HP), Ig alpha-2 chain
C region (IGHA2), peroxiredoxin-2
(PRDX-2) and zinc-alpha
-2-glycoprotein (ZAG)
Martrix metalloprotinase 9

Resting whole
saliva

Resting whole
saliva
Resting whole
saliva

Resting whole
saliva
Resting whole
saliva

Sample

(Continued )

Normal saline
oral rinse
with
exfoliative
brush

Stimulated
saliva

Resting whole
saliva

Resting whole
saliva

Normal saline
oral rinse

Normal saline
oral rinse
with
exfoliate
brush
Difference in smokers pre-operative p = 0.07, post-operative Resting whole
p = 0.04. In alcohol drinkers, pre-operative p = 0.58 and
saliva
post-operative p = 0.91
Current or former smokers had lower EDNRB levels than
Normal saline
nonsmokers p = 0.026
oral rinse
with
exfoliate
brush
Quadruple combinations of markers identified in 15 of the 18 Resting whole
smokers p = 0.0001. patients who quit smoking showed an
saliva
LOH frequency that was between that of smokers and
nonsmokers
No significant difference with risk factors of patients p = 0.34 Normal saline
oral rinse

Biomarker difference in smokers p = 0.03 and alcoholics
p = 0.08
No significant differences between smokers and nonsmokers.
P values for OPMD IL6 = 0.243, TNF = 0.229, control
IL6 = 0.051, TNF = 0.845
No significant difference. OC p values for IL1 = 0.232,
IL6 = 0.106, TNF = 0.94 Leukoplakia IL1b = 0.619
IL6 = 0.714 TNF = 0.09, controlsIL1b = 0.73,IL6 = 0.24,
TNF = 0.92
There were no statistically significant difference between the
methylation status and smoking p = 1.0 alcohol p = 1.0
and HPV p = 0.6

All cytokines except IL10 positively correlated with the
duration of smoked tobacco in months p > 0.05

Smokers have higher IL6 p > 0.05

Relationships

Smoking,
No statistically significant relationship between smoking
tobacco,
status (former, current, never) p = 0.46, tobacco use
alcohol
p = 0.68 or drinking level (light, moderate, heavy) p = 0.25
Smoking, betel No statistically significant association, smokers in the OPMD
quid chewing
p = 0.13 oral cancer p = 0.67 and chewers in the OPMD
p = 0.77 and oral cancer groups p = 0.41
Smoking,
No significant difference to smoking, alcohol or betel quid
alcohol, betel
chewing. Up regulation of HP, PRDX-2 and ZAG and downquid chewing,
regulation of IGHA2 were not influenced by HPV and EBV
HPV, EBV
infection
Betel quid
Biomarker level rises 3.1 fold after 5 min after areca quid
chewing
chewing stimulation and decline up to 1.8 fold after 2–
4 hours
Smoking,
Comparing with never smoker, average Cox I (Pcurrent <
alcohol
0.0001, Pformer = 0.01) and Cox II (Pcurrent < 0.0001,
Pformer = 0.02) content significantly increased with
smoking category in the study cohort. Increases by
smoking category were limited to control group

Smoking,
alcohol

Smoking

Smoking

Smoking,
alcohol

Promoter hypermethylation of 7 genes Smoking,
alcohol, HPV

IL1beta, IL6, Tumor necrosis factoralpha (TNFα)

IL 6, tumor necrosis factor-alpha
(TNFα)

Epidermal growth factor

IL 4, IL10, IL13, IL 1 receptor antigen

IL6

Salivary biomarkers

Antioxidant Lipid peroxidation

747 DNA

18

25

50

186 Protein

36

47

132 DNA

50

61

88

64

92

63

104 Protein

N

Table 3. Studies reporting relationships between salivary biomarkers and risk factors.
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Croatia

India

Australia

Taiwan

Sri Lanka

USA

Poland

Pakistan

Brazil

USA

Japan

Syria

India

[66]

[44]

[75]

[45]

[73]

[49]

[50]

[74]

[51]

[36]

[76]

[56]

[72]

Oral cancer/
controls
Case
Oral cancer/
–
OPMD/
control
controls
Case
OSMF/ controls
–
control

Cohort

Case–
Head and neck
control
cancer/
controls
Case
Oral cancer/
–
OPMD/
control
controls

Case–
OSMF/ controls
control

Case–
Oral cancer/
control
controls

Case–
Head and neck
control
cancer/
controls

Case–
Oral cancer/
control
OPMD/
controls
Case–
Oral cancer/
control
OPMD/
controls
Case–
Head and neck
control
cancer/
controls
Case–
Oral cancer/
control
controls
Case–
Oral cancer/ orocontrol
pharyngeal
cancer/
controls

Case–
Oral cancer/
control
controls

Hungary

[78]

Groups

Design

Reference Country

Table 3. (Continued).
Biomarker
type

Protein

Protein

Protein

60

58

48

39

Protein

DNA

Protein

Protein

216 DNA

60

118 Protein
DNA

240 Protein

148 DNA

18

255 DNA

300 Protein

57

Risk factors

Relationships

lactate dehydrogenase

Betel quid
chewing

Stimulated
saliva
Resting whole
saliva

Resting whole
saliva

Normal saline
oral rinse

Resting whole
saliva

Resting whole
saliva

Oral rinse
using
mouthwash

Stimulated
saliva
Resting whole
saliva

Resting whole
saliva

Resting whole
saliva

Normal saline
oral rinse

Resting whole
saliva

Sample

(Continued )

Biomarker level in patients with habit ≤ 5 years was greater Stimulated
than those with habit > 5 years p = 0.539
saliva

Smoking,
No significant difference p < 0.08
alcohol, betel
quid chewing
Hyper-methylation of promoter region HPV
This methylation panel could discriminate HPV-negative and
in a gene panel
HPV-positive HNC patients from normal healthy control
smokers and nonsmokers
Martrix metalloprotinase 2
Betel quid
The increase after areca quid chewing stimulation was
chewing
significant p < 0.05
Hyper-methylation of promoter region Smoking,
P vales for p16INK4a all risk factors <0.05, RASSF1A for
in a gene panel
alcohol, betel
smoking alcohol betel chewing<0.05 and HPV = 0.06,
chewing, HPV
TIMP3 with smoking = 0.19 alcohol = 0.66 betel quid
<0.001, HPV<0.001, PCQAP/MED15 with smoking = 0.24
alcohol = 0.06, betel quid <0.05, HPV<0.001
Secretory leukocyte protease inhibitor Smoking,
Significantly associated with smoking, current smokers
(SLPI)
alcohol,
having values nearly 1.5-fold higher than former smokers
education
and six-fold higher than never smokers p = 0.035. Other
level, BMI,
risk habits were non-significant p values for
mouthwash
education = 0.9, BMI = 0.33, mouthwash = 0.5
alcohol = 0.7
IL10, tumor necrosis factor (TNFα),
Smoking,
Significant associations P values for smoking and
Transforming growth factor-beta
alcohol, HPV,
IL10 = 0.0017, EBV with IL10 = 0.0002 and TNF = 0.0456,
(TGF-β), vascular endothelial growth
EBV
HPV with IL10 = 0.03 and TGF = 0.03. Non-significant
factor (VEGF)
associations p values for smoking and TNF = 0.15,
VEGF = 0.46, TGF = 0.98, alcohol with IL10 = 0.13,
TNF = 0.09, VEGF = 0.14, TGF = 0.32, EBV with
VEGF = 0.05, TGF = 0.2, HPV with TNF = 0.73, VEGF = 0.9
S100A7
Betel quid
P values for betel quid chewing duration = 0.03, frequency of
chewing,
betel quid use = 0.3, duration of Arecanut use = 0.009
Arecanut use
frequency of Arecanut use = 0.9 in OSMF group
Hypermethylation of the promoter
Smoking
No significant association CCNA1 p = 0.70, DAPK p = 0.6, DCC
region of the genes
p = 0.83, and TIMP3 p = 1.0. Significant association MGMT
p = 0.008
Tumor necrosis factor-alpha (TNFα),
Smoking
No significant association in the oral cancer group TNF
IL1a, IL6, IL8
p = 0.64, IL1a p = 0.3, IL6 p = 0.59, IL8 p = 0.5, in the
OPMD group TNF p = 0.2, IL1a p = 0.8, IL6 p = 0.31, IL8
p = 0.8
IL6
Smoking,
No significant differences smokers p = 0.48, periodontal
periodontitis
disease p = 0.37
mitochondrial DNA
Smoking, oral
No significant differences smoking p = 0.749, oral health
health
p = 0.460

Tumor necrosis factor-alpha

Smoking,
P values for protein smoking = 0.95, alcohol = 0.37,
alcohol,
DMFT = 0.09, gingival index = 0.1 mRNA level
DMFT,
smoking = 0.23, alcohol = 0.07, DMFT = 0.03, gingival
gingival index
index = 0.48
Tumor necrosis factor alpha (TNFα), IL6 Smoking
No significant differences, p values for TNFα = 0.4 and
IL6 = 0.1

Salivary biomarkers

175 Protein RNA IL6

N
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Italy
[62]

Case
Oral cancer/
100 Protein
Epidermal growth factor receptor
Smoking,
–
controls
alcohol
control
N = total sample size included for salivary biomarker analysis, OC: oral cancer, HNC: head and neck cancer, OPMD: oral potentially malignant disorders, OSMF: oral sub mucous fibrosis, HPV: Human papillomavirus, EBV:
Epstein Barr virus, BMI: body mass index, DMFT: number of decayed, missing and filled teeth due to caries, p > 0.05 was taken as significant

Smoking, betel
nut chewing
Annexin II ANXA2, heat shock 70 kDa
protein 5 HSPA5, kininogen KNG1,
Matrix metalloproteinase MMP1
Case
Oral cancer/
–
controls
control
Taiwan
[61]

227 Protein

Smoking,
alcohol
Metabolites choline, betaine, pipecolinic acid,
L-carnitine
China
[46]

60

Risk factors
Microbial
species
Salivary biomarkers
IL1β, IL8
Biomarker
type
Protein
N
27

Design
Groups
Case–
Head and neck
control
cancer/
dentally
compromised/
controls
Case
Oral cancer/
–
controls
control
Reference Country
[77]
New Zealand

Table 3. (Continued).

No significant differences smoking, p values for
Resting whole
choline = 0.320, betaine = 0.928, pipecolinic acid = 0.291,
saliva
L-carnitine = 0.684, alcohol choline = 0.584,
betaine = 0.816, pipecolinic acid = 0.200,
L-carnitine = 0.301
No significant relationship smoking MMP1 p = 0.42, ANXA2 Resting whole
p = 0.13, KNG p = 0.49, HSPA p = 0.77 and betel nut
saliva
chewing MMP p = 0.17, ANXA p = 0.55, KNG p = 0.37,
HSPA p = 0.5
No significant relationship smoking p = 0.7 and alcohol
Resting whole
p = 0.49
saliva

N. S. PIYARATHNE ET AL.

Relationships
Sample
Positive correlation with C. albicans IL8
Resting whole
p = < 0.001, IL1β p = < 0.001, Eight bacterial genera were
saliva
significantly
negatively correlated with both IL1β and IL8 p < 0.01

800

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
requirement is the assessment of the relationships between

Medical
records
assessed for
case selection*

43

69

Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*

Case definition
Medical
records
assessed for
case selection *
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection *
Medical
records
assessed for
case selection *
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*

71

70

68

48

58

47

65

60

52

Reference
(case control
design)
53

No adequate data

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Representativeness
of cases
Appropriate sample
of cases*

No adequate data

Hospital controls

Hospital controls

Hospital controls

Community controls*

Hospital controls

Community controls*

No control group,
comparison before and
after treatment

Not reported

Community controls*

Not reported

Control selection
Community controls *

Selection

No adequate data

Controls have no
history of disease*

Controls have no
history of disease*

Controls have no
history of disease*

Not reported

Controls have no
history of disease*

Not reported

Not applicable

Controls have no
history of disease*

Controls have no
history of disease*

Controls have no
history of disease*

Definition of controls
Controls were selected
from relatives of
patients

Matched in
design*
Cofounders
adjusted
in the analysis*
No adequate data

Matched in
design*
Cofounders
adjusted in
the analysis*
Cofounders
adjusted
in the analysis*

Cofounders
adjusted
in the analysis*

Matched in design
*

Cofounders
adjusted
in the analysis*

Cofounders
adjusted
in the analysis*

Cofounders
adjusted
in the analysis*

Absence of
difference
reported

Matched in design
*

Comparability
Matched in design
*

No adequate data

Not reported

Not reported

Medical records

Not reported

From database

Written survey

Medical records

Not reported

Not reported

Medical records

Ascertainment of
exposure (AOE)
Interview not blinded
to case control
status

Table 4. Risk of bias assessment of studies reporting relationships between salivary biomarkers and risk factors using the Newcastle Ottawa scale

Not reported

Not reported

Not reported

Yes*

Not reported

Not reported

Yes*

Yes*

Not reported

Not reported

Not reported

Same AOE for groups
Yes *

Exposure

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Non response rate
Not reported

(Continued )

Poor

Fair

Fair

High

Fair

Fair

Fair

Fair

Fair

Fair

Fair

Fair

Quality
grade
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Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*

50

51

74

Medical
records
assessed for
case selection*

Case definition
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*

49

73

45

75

44

66

78

Reference
(case control
design)
54

Table 4. (Continued).

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Representativeness
of cases
Appropriate sample
of cases*

Hospital controls

Not reported

Hospital controls

Community controls*

Not reported

Hospital controls

Not reported

Community controls*

Hospital controls

Hospital controls

Control selection
Not reported

Selection

Not reported

Controls have no
history of disease*

Controls have no
history of disease*

Controls have no
history of disease*

Controls have no
history of disease*

Controls have no
history of disease*

Not reported

Not reported

Controls have no
history of disease*

Controls have no
history of disease*

Definition of controls
Controls have no
history of disease*

Cofounders
adjusted in
the analysis*

Cofounders
adjusted in the
analysis*

Absence of habits
in
the controls
reported
Matched in
design*
Cofounders
adjusted in the
analysis*
Matched in
design*
Cofounders
adjusted in the
analysis*
Cofounders
adjusted in the
analysis*

Cofounders
adjusted in the
analysis*

Cofounders
adjusted
in the analysis*

Matched in
design*
Adjusted in the
analysis*
Matched in
design*

Comparability
Cofounders
adjusted
in the analysis*

Medical records

Interviews

Not reported

Questionnaire filled by
participant

Interview for patients

Not reported

Not reported

Not reported

Questionnaire filled by
participant

Medical records

Ascertainment of
exposure (AOE)
Medical records for
patients, survey for
controls

Yes*

Yes *

Not reported

Yes*

Not reported

Not reported

Not reported

Not reported

Yes*

Yes*

Same AOE for groups
No

Exposure

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Non response rate
Not reported

(Continued )

Fair

Fair

Fair

High

Fair

Poor

Poor

Fair

Fair

High

Fair

Quality
grade
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Yes *

Yes *

Yes*

67

76

Representativeness
of exposed

Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*
Medical
records
assessed for
case selection*

Case definition
Medical
records
assessed for
case selection*

59

Reference
(cohort
design)

62

61

63

77

72

56

Reference
(case control
design)
64

Table 4. (Continued).

Yes*

No nonexposed cohort

Yes*

Selection of non
-exposed

Selection

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Appropriate sample
of cases*

Representativeness
of cases
Appropriate sample
of cases*

Secure records*

Secure records*

Secure record*

Ascertainment of
exposure

Not reported

Hospital controls

Not reported

Community controls*

Hospital controls

Hospital controls

Control selection
Hospital controls

Selection

Yes *
Outcomes were
recurrence and
survival
Yes* outcomes were
recurrence and
survival
Yes* outcome was
recurrence

Outcome was
absent at the start

Controls have no
history of disease*

Controls have no
history of disease*

Controls have no
history of disease*

No adequate data

Not reported

Controls have no
history of disease*

Definition of controls
Controls have no
history of disease*

Co-founders
adjusted in the
analysis*
Non exposed were
age
matched*, Cofounders were
reported in the
analysis

Co-founders
adjusted
in the analysis*

Comparability

Matched in
design*

Cofounders
adjusted in
the analysis*

Matched in
design*

Age range and
habits reported

Matched in design
for age*

Comparability
Matched in
design*
Cofounders
adjusted in the
analysis*
Cofounders
adjusted in the
analysis*

Record linkage*

Record linkage*

Ascertainment
of the
outcome
Record linkage*

Medical records

Medical records

Medical records

Medical records

Not reported

Medical records

Ascertainment of
exposure (AOE)
Not reported

Median 2.1 years,
range 1 day-9.8
years
48 months

Mean 39.4 months,
range 12 to 60
months

Follow up long
enough

Exposure

Not reported

Yes*

Not reported

Not reported

Not reported

Yes*

Same AOE for groups
Not reported

Exposure

Loss to
follow up
not reported
One patient
loss to
follow up,
descriptionprovided*

No loss to
follow up

Adequacy of follow
up

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Non response rate
Not reported

High

Fair

High

Quality
grade

Fair

Fair

Fair

Poor

Poor

Fair

Fair

Quality
grade
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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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