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Abstract

Background: Biopsy is the gold standard for oral squamous cell carcinoma (OSCC) diagnosis. Salivary biomarkers
provide promising complementary alternative diagnostic adjunct for its simple non- invasive collection and technique
and to screen large population. Objective: To summarize and compare the existing evidence on diagnostic accuracy of
salivary biomarkers with their estimation method in detecting early oral squamous cell carcinoma. Methods: The review
protocol is registered under PROSPERO(CRD42021225704). PubMed, Google Scholar, EBSCOhost were searched
from 2000 to 2020 to identify the screening potential of eight salivary biomarkers: mRNA, miRNA, DUSP100, s100P,
IL-8, IL-1B, TNF-a and MMP-9. True-positive, false-positive, true-negative, false-negative, sensitivity, specificity values
were extracted or calculated if not present for each study. Quality of selected studies was evaluated based on QUADAS
2 tool. Meta-analysis was performed using a bivariate model parameter for the sensitivity and specificity and summary
points, summary receiver operating curve (SROC), confidence region, and prediction region were calculated. Results:
Eighteen studies were included for qualitative synthesis and out of that 13 for meta-analysis. Sensitivity and specificity
were calculated with AUC. For mRNA it was 91% and 90% with 0.96 AUC, miRNA had 91% and 91% with 0.95
AUC for PCR. IL-1B had 46% and 60% with 0.61 AUC, S100p had 45% and 90% with 0.57 AUC for ELISA. IL-8
had 54% and 74% for ELISA and 89% and 90% for PCR with 0.79 AUC and DUSP1 had 32% and 87% for ELISA
and 76% and 83% for PCR with 0.83 AUC respectively. Conclusion: Early detection of OSCC was best achieved by
screening for salivary mRNA and miRNA estimated by PCR. Further investigation is required into salivary RNA as
novel biomarkers and these salivary biomarkers may be potentially used for non-invasive diagnosis of early OSCC.
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Introduction

Saliva is considered as mirror of human health. Its
composition reflects levels of hormonal, immunological,
toxicological and infectious disease markers. Due to
its simple collection, non-invasive method, less time
consuming and inexpensive saliva has been proposed as
a diagnostic medium of choice (Motamayl et al., 2010).

Squamous cell carcinomas of oral cavity are the
most common malignancies (Dhanuthai et al., 2018).
They are usually defined as carcinoma with squamous
differentiation, arising from mucosal epithelium. The
disease presents as flat, scale-like forms, found lining
the mouth and throat, which are easily detectable due
to their superficial location (Montero at al., 2015).
Compared to five years survival rates for breast cancer
(89%) and prostate cancer (99%) its five-year survival

rate is 62% (Siegel at al., 2013). Oral squamous cell
carcinoma (OSCC) is considered accounts for 90% of
all oral cancers. Each year around 5,75,000 new cases
are diagnosed and 3,35,000 deaths occur worldwide. Its
high frequency in Central and South East Asian countries
(India, Bangladesh, Sri Lanka, Thailand, Indonesia and
Pakistan) are well documented (Saxena at al., 2017).
Oral cancers are predominant in both sexes accounting
for one third of all cancers in South East Asian countries.
The highest incidences of oral cancer in world is seen
in India, with estimated incidence of 12.48 cases per
100,000 population in males and 5.52 cases per 100,000
populations in females (Kampfrath at al., 2013). The male
to female ratio is 4:1 for OSCC (Bhatt at al., 2010).
Oral cancer is usually diagnosed when it gets
symptomatic but by this stage around 2/3rd of patients
develops advanced disease with regional metastasis
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(Prasad at al., 2013). Delayed detection is primary reason
for high morbidity and mortality rates, and this strongly
supports the need to perk up early detection of oral cancers
(Jemal at al., 2011). The gold standard for oral cancer
diagnosis is still a biopsy, which is not suited for screening
purposes due to its invasive nature, high cost, and need
for specially trained medical personal and equipment.
There is constant search for biomarkers in saliva, a body
fluid which can be easily collected, (Jemal at al., 2011).
Salivary biomarker offers a promising diagnostic adjunct
due to its simple non- invasive collection method and can
be employed to screen large population (Warnakulasuriya
at al., 2009).

Analysis of literature reveals that current investigative
approaches for improving oral cancer detection consists
of salivary proteins, salivary proteases, salivary RNA,
transcriptomic and proteomic classes of biomarkers which
includes mRNA, miRNA, DUSP100, s100P, IL-8, IL-1B,
TNF-a, MMP-9 (Markopoulos at al., 2012).

Analysis of oral cytokine levels gives an idea regarding
early detection of OSCC (Zhang at al., 2012). The saliva of
patients recently diagnosed with OSCC had significantly
increased levels of IL-8 (Markopoulos at al., 2010).
Moreover, few articles also conclude that salivary protein
IL1-B can be used as a biomarker for oral cancer (Shaw
at al., 2016).

Few researchers have explained the benefits of
evaluating the expression of key OSCC-associated
messenger RNA (mRNA). In 2006, salivary mRNA
transcript analysis was done in a validation cohort of
32 patients with OSCC and 32 controls. 7 transcripts
were significantly increased in OSCC including Dual
Specificity | Protein (DUSP-1) and small calcium Protein
100 (S100P) mRNA. These biomarkers had combined
overall sensitivity and specificity of 91%, thereby
positioning them amongst the most discriminatory panels
of cancer biomarkers arising from human body fluids
(Cheng et al., 2015; Zhang et al., 2015; Li et al 2004).

Few research has shown the utility of microRNAs
(miRNAs) as a biomarker for solid tumors (Shpitzer et
al., 2007). Studies have shown different expression of
miRNAs within cancerous cells compared with normal
cells (Elashoff et al., 2012). miRNAs were differentially
expressed in saliva when comparing OSCC patients and
healthy subjects, which support their use as a diagnostic
tool for oral cancer detection (Shpitzer et al., 2009; Adisa
etal., 2011).

Few studies have demonstrated that increased levels of
salivary MMP-9 and TNF-a was seen in patients diagnosed
with OSCC having sensitivity of 91% and 90.3% which
could be a useful, non- invasive technique in diagnosis,
prognosis, treatment and follow- up of OSCC (Adeyemi
etal., 2011; Aa et al.,2018).

Understanding the diagnostic accuracy would help
clinicians to reach correct diagnosis and choose most
effective treatment. Diagnostic accuracy includes
sensitivity, specificity and summary receiver operating
characteristics (SROC) analysis.

Sensitivity and specificity explain the diagnostic
ability of a test to correctly identify diseased and non-
diseased respectively. They are independent of disease
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prevalence which refers to the probability of disease in a
specific population at a given time and summary receiver
operating characteristics (SROC) analysis is used to
evaluate the predictive power for diagnosis.

For an accurate diagnosis, clinicians should have
thorough knowledge regarding diagnostic values of each
salivary biomarker before its use. It is notable that a
large variation is seen regarding the diagnostic accuracy
of salivary biomarkers among individual studies. For
example, Brinkmann et al (Brinkmann et al., 2011) showed
that sensitivity of IL-8 was 60% and specificity was 78%,
whereas Li et al (Li et al., 2004) showed that sensitivity
of IL-8 was 88% and specificity was 88%.

There have been already few reviews published on
various salivary biomarkers in neck and head region
(Sudbo et al., 2001; Li et al., 2015; Viet et al., 2008).
Till date, no studies have provided a comprehensive,
quantitative analysis of salivary biomarkers on which
diagnostic reasoning of early oral squamous cell
carcinoma can be established. Therefore, the aim of this
systematic review is to compare the diagnostic accuracy
of promising classes of principal salivary biomarkers
estimated by polymerase chain reaction (PCR) and enzyme
linked immunosorbent assay (ELISA) for early diagnosis
of OSCC in adults through a meta- analysis.

Materials and Methods

Protocol and Registration

The systematic review and meta-analysis protocol
was registered at the international prospective register of
systematic reviews (PROSPERO- CRD42021225704)
and performed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis —
Diagnostic Test Accuracy (PRISMA- DTA) checklist
(Salameh et al., 2020).

Study Design

The following focused research question in the
Participants (P), Index test (I), reference standard (R)
and target condition (T) format was proposed “Is there
a difference in the diagnostic accuracy of salivary
biomarkers (Index Test) compared to biopsy (gold
standard) for the early detection of oral squamous cell
carcinoma (OSCC) in adults? Studies evaluating salivary
biomarkers along with their method of assessment as
compared to biopsy and reporting measures of diagnostic
test accuracy such as sensitivity and specificity in detecting
OSCC in adults suspected of having OSCC were eligible
for inclusion. Studies evaluating the performance of
only salivary biomarkers (index test) for the diagnosis of
OSCC were also included for summarizing the evidence.
Studies investigating combined salivary biomarkers were
included.

Eligibility Criteria
Inclusion Criteria. The inclusion criteria were as follows:
(1) Study Design: In-vivo studies- Observational
studies or Clinical trials comparing the diagnostic accuracy
of salivary biomarkers with biopsy.
(2) Participant characteristics: patients diagnosed with



oral squamous cell carcinoma aged 18 years and older

(3) Outcome measurements: Diagnostic accuracy
including sensitivity, specificity, accuracy, determined
using different methods irrespective of the methods of
quantifying the outcomes.

(4) Articles written in English language

(5) Articles from 2000 — 2020 and available as free
full text

Exclusion Criteria. The exclusion criteria were as follows:

(1) Non-clinical studies, in-vitro studies, and animal
studies. Studies reporting about a single intervention were
also excluded.

(2) Studies done on individuals less than 18 years
of age.

(3) Studies not fully available in the database.

(4) Article reporting only abstracts were also excluded.

(5) Studies not reporting primary outcomes of
accuracy, sensitivity, and specificity as well as where
primary outcomes are not possible to calculate from the
given raw data.

Search protocol and study selection

A comprehensive electronic search was performed
till 31st December 2020 for the studies published within
the last 20 years (from 2000 to 2020) using the following
databases: PubMed and EBSCOhost to retrieve articles
in the English language. The searches in the clinical
trials database, cross-referencing and grey literature were
conducted using Google Scholar, Greylist, and OpenGrey.
In addition to the electronic search, a hand search was
also made, and reference lists of the selected articles
were screened.

Search Strategy

Appropriate key words and Medical Subject Heading
(MeSH) terms were selected and combined with Boolean
operators like AND. The search strategy used was as
follows: (salivary biomarkers AND sensitivity AND
specificity AND oral cancer), (saliva AND biomarkers
AND diagnosis).

The search and screening, according to the previously
established protocol were conducted by two review
authors. A two-phase selection of articles was conducted.
In phase one, two reviewers reviewed titles and abstracts
of all articles. Articles that did meet inclusion criteria
were excluded. In phase-two, selected full articles were
independently reviewed and screened by same reviewers.
Any disagreement was resolved by discussion. When
mutual agreement between two reviewers was not
reached, a third reviewer was involved to make final
decision. The final selection was based on consensus
among all three authors.

Data extraction

For all included studies, following descriptive study
details were extracted by two independent reviewing
authors (and) using pilot-tested customized data extraction
forms: authors, study year, mean age of participants,
sample size, type of salivary biomarker (transcriptomic,
proteomic, salivary proteases, salivary proteins and
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salivary RNA), method of salivary biomarker detection
(ELISA and PCR), main study results like sensitivity,
specificity, true positive, true negative, false positive,
false negative and conclusion. Quantitative data of
sensitivity and specificity were compiled from each
study and using these quantitative data, values like true
positive, true negative, false positive and false negatives
were calculated manually for the studies using the below
formula’s where the data was not provided by authors. The
corresponding authors were contacted via email where
further information was needed.

a) False positive = (1-specificity) x (1- diseased cases/
total sample)

b) True negative = specificity x (1- diseased cases/
total sample)

¢) True positive = sensitivity x diseased cases/ total
sample

d) False negative = (1- sensitivity) x diseased cases/
total sample

Assessment of methodological quality

The methodological quality or the risk of bias was
evaluated using Quality Assessment for Diagnostic
Accuracy Studies -2 (QUADAS-2) tool (Whiting et
al., 2011). The QUADASS-2 is a revised tool developed
to assess quality of diagnostic studies through its
four domains: patient selection, index test, reference
standard, flow and timing of participants. Each domain
had signalling questions with options of “Yes”, “No”
or “Unclear”. The overall risk of bias was assessed as
high: if answered ‘No’ to any question, Low: if answered
“Yes’ to all questions and Unclear: if answered ‘Unclear’
to all questions or accompanied by any ‘Yes’. Risk of
bias summary and applicability concern was graphically
plotted using Review Manager (RevMan) software version
5.3.

Statistical analysis and data synthesis

Raw data was used to calculate sensitivity and
specificity for each biomarker with their estimation
method. For overall accuracy, we calculated pooled
sensitivity, pooled specificity with 95% confidence
interval, area under summary receiver operating
characteristic. (Interpretation of AUC values were as
follows: value above 80% were considered as excellent,
between 70% and 80% as good, between 60% and 69% as
fair and below 60% as poor outcomes for a diagnostic test
(Jones et al., 2005). To assess the impact of heterogeneity,
Higgins I? test was used. This test represents the proportion
of variability due to heterogeneity rather than due to
sampling error (Lijmer et al., 2002). According to I? test
statistic the heterogeneity could be low (I* <50%) or high
(I2>50%). Subgroup analysis was also carried out. Results
were presented graphically as coupled forest plot for each
salivary biomarker with their estimation method using
Meta-Disc 1.4 software.
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Additional analysis

Additional analysis was performed with positive
likelihood ratio (PLR) and negative likelihood ratio
(NLR) using DerSimonian-Laird’s estimator considering
random effect model. Positive likelihood ratio (PLR) in
range of 2-5, 5-10 and >10 represents small, moderate
and large increase in probability of disease when test is
positive while Negative likelihood ratio (NLR) in range
of 0.2-0.5, 0.2-0.1 and <0.1 represents small, moderate
and large decrease in probability of disease when test is
negative (Grimes et al., 2005).

Results

Study Selection

A flowchart of identification, inclusion and exclusion
of studies is shown in Figure 1. After duplicates removal,
reference list of all included studies was screened. Of
which 121 studies were excluded. After this full text

Records identified deongh datsbases semch

articles were assessed for eligibility and articles that did
not meet inclusion criteria were excluded. Only eighteen
studies fulfilled eligibility criteria and were included
in qualitative synthesis. Of those, only thirteen were
adequate to use for meta-analysis.

Study Characteristics

A summary of descriptive characteristics of all
included 18 studies is provided in (Supplemental Table
S1). Data was evaluated from aggregate of 1436 patients
with mean age of 53.75 years. The articles were published
between 2000 to 2020 and conducted in eight countries:
seven studies (li et al., 2004; Hu et al., 2008; John et al.,
2004; Park et al., 2009; Tanaka et al., 2016; Bonne et al.,
2012; Zimmermann et al., 2008) in USA, four studies
(Deepthi et al., 2020; Panta et al., 2014; Singh et al.,
2020; Smriti et al., 2021) in India, two studies (Chu et
al., 2019; Lee et al., 2018) in Taiwan, one study (Feng et
al., 2019) in China, one study (Prestiyanti et al., 2020)
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Figure 1. PRISMA Flowchart of Literature Search and Selection Criteria

Table 1. Showing Measure of Accuracy of Salivary Biomarkers in Early OSCC Detection: Area under Curve (AUC)

and Standard Error

Salivary Biomarkers with their Method of Detection Area Under Curve (AUC) Value Standard Error (SE)
1. mRNA (PCR) 0.96 0.13
2. IL-1B (ELISA) 0.61 0.57
3.1L-8
a) IL-8 (ELISA) 0.56 0.57
b) IL-8 (PCR) 0.94 0.14
4. S100p
a) S100p (ELISA) 0.75 0.79
5. miRNA (PCR) 0.95 0.2
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Figure 2. Risk of Bias and Applicability Concerns Summary: Review Authors' Judgements about Each Domain for

Each Included Study

in Indonesia, one study (Cristaldi et al., 2019) in Italy,
one study (Brinkmann et al., 2011) in Serbia and one
study (Young et al., 2020) in South Korea. According to
saliva-omics classification: six were salivary RNA studies
(Cristaldi et al., 2019; Hu et al., 2008; Park et al., 2009;
Tanaka et al., 2016; Young et al., 2020; Zimmermann et
al., 2008), four were transcriptomic studies (Brinkmann et
al., 2011; John et al., 2009; Lee et al., 2018; Panta et al.,
2014), two were salivary proteases studies (Feng et al.,
2019; Smriti et al., 2021), one salivary proteomic study
(Chuetal., 2019) one salivary protein study (Deepthi et al.,
2020). Four of the studies (Lee et al., 2018; Prestiyanti et
al., 2020; Singh et al., 2020; Bonne et al., 2012) included
two complementary approaches (both transcriptomic and
proteomic). Salivary biomarkers were estimated by ELISA
in 10 studies (Brinkmann et al., 2011; Deepthi et al.,
2020; Feng et al., 2019; Hu et al., 2008; Lee et al., 2018;

Prestiyanti et al., 2020; Singh et al., 2020; Smriti et al.,
2021; Bonne et al., 2012; Chu et al., 2019) and by PCR in
eight studies (Li et al., 2004; Cristaldi et al., 2019; John et
al., 2004; Panta et al., 2014, Park et al., 2009; Tanaka et
al., 2016; Young et al., 2020; Zimmermann et al., 2008).
All studies utilized same reference standard: tissue biopsy.

Risk of Bias within Studies

Although none of included studies were classified as
low risk of bias for all four domains. Patient selection
was considered as high risk of bias in all studies, which
was mainly due to method of patient enrollment, nature of
study design and implementing inappropriate exclusion.
Only three studies (Brinkmann et al., 2011; Panta et al.,
2014; Zimmermann et al., 2008), reported low risk of bias
with respect to patient selection domain.

The index test was considered to be at low risk of
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Flow and Tiring I

1 i !

o 15, 5% a8 100% 0% age, S 75%  100%
Risk of Bias Applicability Concems
[ i I Urciaar Lo

Figure 3. Risk of Bias and Applicability Concerns Graph: Review Authors' Judgements about Each Domain Presented

as Percentages Across Included Studies
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Figure 4. Pooled Sensitivity and Specificity for mRNA Salivary Biomarker Estimated by PCR

bias only in two studies (Panta et al., 2014; Yakob et
al., 2014). High risk of bias was reported with respect
to index test domain due to insufficient details reported
as to whether results of index test was interpreted
without prior knowledge of reference standard results,
lack of pre-specification of a test-positive threshold and
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Similarly, the reference standard and flow and timing
domain was considered at low risk in all studies.

The risk of bias and applicability concern summary
and graph is depicted in Figures 2 and 3.

Synthesis of Results
A) mRNA salivary biomarker estimation by PCR: a
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Figure 5. Pooled Sensitivity and Specificity for IL-1B Salivary Biomarker Estimated by ELISA
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Figure 6. a. Pooled Sensitivity and Specificity for IL-8 Salivary Biomarker Estimated by ELISA

total 0f 295 patients from four studies (Young et al., 2020;
Spielmann et al., 2011; Park et al., 2009; Zimmermann
et al., 2008) investigated accuracy of mRNA. The pooled
sensitivity was 0.91 (C1 0.12 -1.00) and pooled specificity
was 0.90(CI 0.11 -1.00) as shown in Figure 4.

B) IL-1B salivary biomarker estimation by ELISA:
a total of 345 patients from three studies (Singh., 2020;
Yakob et al., 2014; Brinkmann 2010) investigated
accuracy of IL-1B estimated by ELISA. The pooled
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sensitivity was 0.46 (CI10.01- 0.98) and pooled specificity
was 0.60 (CI 0.01- 1.00) as shown in Figure 5.

C) IL-8 salivary biomarker estimation Both by ELISA
and PCR: a total of 345 patients from three studies
(Singh., 2020; Yakob et al., 2014; Brinkmann et al., 2010)
investigated accuracy of IL-8 biomarker estimated by
ELISA. The pooled sensitivity was 0.54 (CI 0.02 — 0.99)
and pooled specificity was 0.74 (CI1 0.00 — 1.00) as shown
in Figure 6 (a) while for PCR method a total of 192 patients
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Figure 6.b. Pooled Sensitivity and Specificity for IL-8 Salivary Biomarker Estimated by PCR
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Figure 7.a. Pooled Sensitivity and Specificity for DUSP1 Salivary Biomarker Estimated by ELISA

from three studies (Panta et al., 2014; John et al., 2004;
Lietal., 2004) investigated accuracy of IL-8. The pooled
sensitivity was 0.89 (CI 0.05- 1.00) and pooled specificity
was 0.90 (CI 0.06- 1.00) as shown in Figure 6 (b).

D) DUSPI salivary biomarker estimation Both by
ELISA and PCR: a total of 186 patients from two studies
(Yakob et al., 2014; Brinkmann et al., 2010) investigated
accuracy of DUSP1 by ELISA. The pooled sensitivity
was 0.32 (CI 0.00- 1.00) and pooled specificity was 0.87
(CI 0.00- 1.00) as shown in Figure 7 (a) while a total of
128 patients from two studies (Panta et al., 2014; Li et
al., 2004) investigated accuracy of DUSP1 by PCR. The
pooled sensitivity was 0.76 (CI 0.00- 1.00) and pooled
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specificity was 0.83 (CI 0.01- 1.00) as shown in Figure
7 (b).

E) s100P biomarker estimation by ELISA: a total
of 314 patients from three studies (Yakob et al., 2014;
Brinkmann et al., 2011; Hu et al., 2008) investigated
accuracy of s100P biomarker. The pooled sensitivity was
0.45 (CI 0.00- 0.99) and pooled specificity was 0.90 (CI
0.01- 1.00) as shown in Figure 8.

F) miRNA salivary biomarker estimation by PCR: a
total of 228 patients from three studies (Panta et al., 2014;
Spielmann et al., 2010; Park et al., 2009) investigated
accuracy of miRNA biomarker. The pooled sensitivity
was 0.91 (CI 0.06- 1.00) and pooled specificity was 0.91

Sensitivity [95% CI)
Panta 2014 0.82 (0.00-1.00
Li 2004 0.59 (0.00-1.00
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Inconsistancy {-square) = 0.0 %
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081 {0.00-1.00
076 (0.00-1.00

Pocled Specificity = 0.83 (0.01 to 1.00)
Chi-zgquare = 0.04; df = 1 (p = 0.E354)
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Figure 7. b. Pooled Sensitivity and Specificity for DUSP1 Salivary Biomarker Estimated by PCR
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Figure 8. Pooled Sensitivity and Specificity for s100P Salivary Biomarker Estimated by PCR

(CI10.06- 1.00) as shown in Figure 9.

The sensitivities and specificities for studies ranged
from 13% to 92% and from 27% to 91%. The area under
the curve (AUC) with summary receiver operating
characteristics (SROC) curve was plotted for all the
biomarkers with their estimation method as shown in
Figure 10.

Additional analysis

A diagnostic table was constructed for each salivary
biomarker with their estimation method (Supplemental
Table S2). In this table, all measurements (true positive,
true negative, false positive, false negative, sensitivity,

*
0 02 0.4 0E 0s 1
Sensitivity
»*
Q 0.2 0.4 [s0 - 05 1
Epecificity

specificity of each individual study, pooled sensitivity,
pooled specificity, positive likelihood ratio, negative
likelihood ratio of each individual study, pooled positive
and pooled negative likelihood ratio) are shown.

Discussion

The aim of this systematic review and meta-analysis
is to summarize existing evidence on principal salivary
biomarkers and to compare their accuracy in diagnosing
early oral squamous cell carcinoma in adults. To the best of
our knowledge, this is the first systematic review and meta-
analysis which provides a comprehensive quantitative

Bansitivity (05% C

Fanta 2014 082 00.00-1.00
Spéedmann 201 0 082 (0.00-1.00
Fark 2009 080 00.00-1,00
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Figure 9. Pooled Sensitivity and Specificity for miRNA Salivary Biomarker Estimated by PCR
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Figure 10. The Area under the Curve (AUC) with Summary Receiver Operating Characteristics (SROC) Curve was
Plotted for all the Biomarkers with Their Estimation Method as Shown in Figure 10. Note: The highest AUC was seen
for mRNA (0.96) and miRNA (0.95) estimated by PCR which was considered excellent and the lowest AUC was seen
for IL-8 (0.56) estimated by ELISA which was considered poor.

analysis of salivary biomarkers in early oral squamous cell
carcinoma diagnosis. A total of 1048 patients from thirteen
eligible studies were included in meta-analysis. Most
of the salivary biomarkers overall had good diagnostic
accuracy. To further evaluate their diagnostic accuracy,
we calculated positive and negative likelihood ratio.
Furthermore, we also conducted a subgroup analysis.
While method of estimation may be a potential source
of heterogeneity, our subgroup analysis clearly indicates
that salivary biomarkers had high diagnostic accuracy.
Although our study represents the first work which
provides a comprehensive quantitative analysis on
diagnostic accuracy of salivary biomarkers, three
meta-analysis (Guerra etal., 2015; Ding et al., 2016; AlAli
etal., 2020) addresses potentiality of salivary biomarkers
as a clinical tool for head and neck carcinoma as well as
oral, oesophageal and pancreatic cancer. (Guerra et al.,
2015) analysed 15 studies which evaluated different type
of biomarkers like mRNA, proteins, metabolites and DNA.
Sensitivity and specificity of biomarkers varied from 14%
to 100% and 38% to 100% respectively. However, (Ding
et al., 2016) evaluated only overall diagnostic values of
salivary miRNA for cancer detection, being the sensitivity
and specificity reported as 77%. This data added the
interest of salivary miRNAs as a diagnostic tool for cancer
detection. While, (Al Alli et al., 2020) evaluated diagnostic
accuracy of CYFRA 21-1 and MMP-9 for oral squamous
cell carcinoma. The author reported pooled sensitivity and
specificity for CYFRA-21 ranging from 84% to 94% and
from 84% to 96% while MMP-9 had pooled sensitivity
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and specificity ranging from 76% to 100% and from 27%
to 100%. The study was limited by poor overall quality
of included studies.

Most of included studies were at high risk of selection
bias arising from use of a ‘case-control’ study design. In
addition, patient sampling and/or recruitment into studies
were insufficiently reported. Among the included studies,
only three studies (Brinkmann et al., 2011; Panta et al.,
2014; Zimmermann et al., 2008) had sufficiently reported
patient selection process. All studies used biopsy as
reference standard and salivary biomarkers as index test.
However, insufficient detail and lack of clarity in reporting
studies made it difficult to assess risk of bias. Therefore,
use of STARD (Cohen et al., 2016) checklist in reporting
primary studies could have facilitated the quality appraisal.
Reporting guidelines for primary diagnostic studies should
be followed strictly and studies should address all potential
source of bias and applicability concern as indicated in
QUADAS-2 tool (Whiting et al., 2011).

Among the included studies for analysis, four studies
(Panta et al., 2014; Singh et al., 2020; Smriti et al., 2021;
Deepthi et al., 2020) were from India. It is important
to keep in mind that India itself accounts for fifth of all
oral cancer cases worldwide, and all oral cancer cases
developed from potentially malignant disorders seen in
patients including betel quid users (Wong et al., 2008;
Gupta et al., 1980). Studies have shown that chemicals
in betel quid have cytotoxic and genotoxic effects on
mucosal epithelial cells due to the generation of reactive
oxygen species (ROS), genetic damage and micronuclei



formation (Gonzalez et al., 2020). Subsequently similar
studies should be performed in other ethnic populations.
To overcome these challenges, research efforts should
be addressed to validate salivary biomarkers for cancer
diagnosis, characterization and monitoring (Gonzalez et
al., 2020).

Saliva as a diagnostic fluid has shown to express
altered levels of biomarkers not only in OSCC but also
in various oral and other systemic disease (Hilden et al.,
2005; Zhang et al., 2010; Streckfus et al., 2008; Li et
al., 2012; Lee et al., 2012). Salivary biomarkers offer
to be a promising tool for oral cancer screening and
diagnosis with high sensitivity and specificity. A number
of molecular screening tests have been established to
detect cancer in early stages (Baron et al., 2012). However,
current clinical blood-based screening/diagnostic tests
are inaccurate and not specific enough and has many
limitations (Nair et al., 2018).

This study provides information on the accuracy and
applicability of salivary biomarkers in improving cancer
detection through dynamic and non-invasive method.
Highest sensitivity and specificity were observed for
mRNA 90% and 91% and miRNA 91% and 91% estimated
by PCR. While lowest sensitivity and specificity was
observed for IL-1B estimated by ELISA. Also, the pooled
positive likelihood ratio (PLR) of 9.77 was highest for
miRNA estimated by PCR, indicating that patients with
oral cancer have a 9.77 folds higher chance of having a
positive test result compared to cancer free patients. By
contrary the pooled negative likelihood ratio (NLR) was
0.10, indicating the probability of a patient having cancer
is 10% if the test shows negative result. The individual
sensitivity and specificity make the mRNA and miRNA
as better biomarkers, while an overall holistic AUC
value of 0.96 for mRNA and 0.95 for miRNA highlights
these biomarkers as more accurate overall. Analysis of
other biomarkers revealed comparatively low sensitivity
and specificity value compared to mRNA and miRNA
biomarkers. The higher AUC value for these biomarkers
suggests a more casily interpretable and meaningful
measure of performance in correctly diagnosing the target
condition.

This study is limited by overall quality of included
studies. Further standardised diagnostic test accuracy
studies that minimises potential sources of bias through
rigorous design, conduct and reporting are needed. Future
research must focus on the accuracy of current potential
principal salivary biomarkers in detection of OSCC with
clear and robust methodology.

In conclusion, among all biomarkers mRNA and
miRNA biomarker estimation by PCR had overall
excellent accuracy while other biomarkers had low to
poor overall accuracy, which is mostly due to their high
dependence on expert technical ability for their execution
and interpretation. Our findings provide evidence on
ability of salivary biomarkers for early cancer screening
and diagnosis. Despite of some limitations, our study
findings demonstrate that salivary biomarkers overall have
high sensitivity and specificity to be used as a non-invasive
method for early oral squamous cell carcinoma diagnosis.
Thus, we can conclude salivary biomarkers for secondary
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level of prevention for early OSCC under early diagnosis
and prompt treatment.

Appendix
1. Supplementary data (Table S1) related to the
descriptive data characteristics of all the included studies
2. Supplementary data (Table S2) related to the overall
diagnostic accuracy of salivary biomarker along with their
method of estimation.
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