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Recent years have seen increasing research on potential of salivary biomarkers for
detection of various diseases, including oral cancers. However, the plethora of unveri-
fied data available adds to the conundrum in using them on a more regular basis for this
purpose. In order to appraise the present scientific evidence and analyze whether and
which metabolomics can be used for early detection of oral squamous cell carcinoma,
this review was conducted. The review followed PRISMA 2020 guidelines and was
registered in PROSPERO. A comprehensive literature search was conducted across
multiple databases to identify studies published over the last 10 years. Two reviewers
independently performed study selection. Later, data extraction and quality assessment
were done using QUADAS-2 and the Newcastle-Ottawa Scale. A meta-analysis was
conducted for diagnostic studies that reported similar outcomes. Of the 19 included
studies, 12 were diagnostic and 7 observational. Meta-analysis of diagnostic studies
showed a pooled sensitivity of 84%, specificity of 82%, and AUC of 0.88. Lactate, choline,
and phenylalanine were the most consistent biomarkers. LC-MS was the most accurate
platform (AUC: 0.91). Moderate heterogeneity (I>=58-62%) reflected methodological
and population differences. Salivary metabolomics demonstrates strong potential for non-
invasive OSCC detection. Standardization, larger sample sizes, and validation in diverse

populations are needed for clinical translation.
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Introduction

Oral squamous cell carcinoma (OSCC) is the most
prevalent type of oral cancer which can originate “de
novo” or from preceding “potentially malignant disor-
ders”.(?) Early stages are often asymptomatic, resulting
in nearly half of the cases being diagnosed at an advanced
stage, which is associated with poor prognosis. Onco-
genesis in OSCC is driven by both genetic and epigenetic
alterations, highlighting the importance of early detection
to improve clinical outcomes.*)

Traditionally, histopathological analysis of biopsy
tissue is considered the gold standard for diagnosis. How-
ever, this method is invasive, causes patient discomfort,
and may not fully capture tumor heterogeneity, risking
misdiagnosis. Moreover, it is unsuitable for widespread
population screening. Consequently, there is a growing
interest in minimally invasive diagnostic methods based
on molecular markers. Saliva has emerged as a promising
diagnostic fluid due to its ease of collection and potential
to reflect tumor-related molecular changes. Metabolites
released into saliva by tumor and surrounding cells have
been increasingly investigated for their diagnostic utility.
The most widely studied metabolites include IL-6, IL-8,
and IL-1p, along with other promising markers like M2BP,
SAT1, and S100P.!+7

Despite a surge in related studies, evidence support-
ing their clinical application in OSCC remains limited.
This systematic review and meta-analysis intends to assess
the role of salivary metabolomics in early OSCC detection
and provide evidence-based conclusions.

Method and Study Design

Protocol and registration

This systematic review and meta-analysis assessed
the diagnostic accuracy of salivary metabolomics for
early detection of OSCC. Registered with PROSPERO
(CRD42024588906) and following PRISMA 2020 and
Cochrane guidelines, it explores non-invasive salivary
biomarkers as alternatives to current invasive diagnostic
methods amid the growing OSCC burden.

Review question- Can salivary metabolites serve as
effective biomarkers for the early detection of OSCC?

* Population: Patients with histologically confirmed
OSCC or Potentially malignant disorders (e.g., leukopla-
kia, erythroplakia).
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* Intervention: Studies analyzing salivary metabo-
lomic profiles for OSCC detection.

» Comparator: Healthy controls or patients with
benign oral lesions.

* Outcomes: Reported diagnostic accuracy (sensi-
tivity, specificity, area under the curve (AUC)) or quanti-
tative biomarker levels.

* Study design: Diagnostic accuracy studies,

case-control, cohort studies, or clinical trials.

Search strategy

A thorough literature search was done across
PubMed, Embase, Scopus, Web of Science, and Cochrane
Library using MeSH terms and keywords related to OSCC,
salivary biomarkers, early diagnosis, and analytical tech-
niques (e.g., Mass Spectrometry (MS), Nuclear Magnetic
Resonance Spectroscopy (NMR)). Additional gray litera-
ture, including clinical trials and conference abstracts, was
reviewed. Only English-language studies published since

January 2000 were included.

Study selection and eligibility

Studies were screened in three phases by two
independent reviewers. Eligible studies included patients
with histologically confirmed OSCC, used salivary
metabolomics for diagnosis, and reported outcomes such
as sensitivity, specificity, or AUC. Non-human studies,
reviews, and those lacking control groups or diagnostic
metrics, duplicate publications or overlapping datasets

were excluded.

Data extraction and risk of bias

Data were extracted on study characteristics, parti-
cipant demographics, sample collection methods,
analytical platforms, identified biomarkers, and diagnostic
outcomes. Quality assessment was conducted using
quality assessment of diagnostic studies 2 (QUADAS-2X
for diagnostic studies and the Newcastle-Ottawa Scale

Newcastle-Ottawa Scale (NOS) for observational studies.

Data synthesis

A narrative synthesis grouped findings by biomarker
type and diagnostic performance. Also, meta-analysis
was conducted using a bivariate random-effects model
to calculate pooled sensitivity and specificity. Heteroge-

neity was assessed using I? statistics, with subgroup and
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meta-regression analyses to explore variability. Deeks’

funnel plot test was used to evaluate publication bias.

Results

The data selection process for meta-analysis began
with a comprehensive database search across platforms
like PubMed, Embase, Scopus, Web of Science, Cochrane
Library also, to minimize publication bias, additional
sources were explored, including clinical trial registries
(ClinicalTrials.gov, WHO ICTRP), conference proceed-
ings (e.g., ASCO, IADR) and reference lists of included
studies and relevant reviews, yielding a total of 76,789
titles. After removing the duplicate titles and irrelevant
articles, 2502 articles were screened for abstracts. A total
of 19 articles selected to be included after screening pro-
cess (Figure 1). The key findings from these studies are
listed in Table 1A.

The meta-analysis of salivary metabolomics for
detecting OSCC highlights its strong potential as a non-
invasive diagnostic tool. The pooled diagnostic accuracy
across 12 studies demonstrated a sensitivity of 84% and
specificity of 82%, with an AUC of 0.88, as shown in
Figures 2, 3 and Figures 4, 5. Key biomarkers such as
lactate, choline, and phenylalanine were repeatedly iden-
tified with high discriminatory ability. Among analytical
platforms, liquid chromatography-mass spectrometry
(LC-MYS) outperformed others (AUC: 0.91), while geo-
graphic subgroup analysis revealed that Asian studies had
slightly higher sensitivity compared to Western studies.
Despite this, moderate heterogeneity (I* = 58-62%) was
present, mainly due to differences in sample collection
methods, analytical platforms, and patient populations.

Risk of bias assessment using QUADAS-2 (Figure
6) and the NOS (Figure 7), indicated that while over half
of the diagnostic studies were low risk, a considerable
proportion of observational studies showed moderate to
high risk, especially older or smaller studies lacking con-
founder control and blinding. Only one study (Ishikawa
2022) examined prognostic value, highlighting a major
gap in longitudinal and recurrence-focused research.
Furthermore, African and Latin American populations
were underrepresented, underscoring the need for broader
demographic inclusion in future studies.

Grading of recommendations assessment, develop-
ment, and evaluation (GRADE) assessment, as stated in

Table 1B, rated the overall certainty of the evidence as
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moderate, primarily due to some risk of bias and method-
ological heterogeneity, though this was offset by a strong
diagnostic odds ratio (DOR=18.7) and consistent dose-re-
sponse relationships between biomarkers and disease pro-
gression. Lactate emerged as the most robust biomarker,
achieving high certainty due to its repeated validation in

low-risk studies.

Discussion

Salivary metabolomics is an emerging field for the
early detection of oral cancer, offering potential benefits
in both diagnosis and prognosis. Because of this potential,
research in this area has grown rapidly. Nevertheless,
before salivary metabolomics can be viewed as a depend-
able alternative to tissue biopsy, a thorough evaluation of
current research and the quality of evidence is essential.
This systematic review was conducted with that objective
in mind. From an initial pool of over 70,000 articles, 19
were selected following a thorough screening process.
Among these, 12 were diagnostic studies and 7 were
observational studies.

Technological trends indicated that LC-MS emerged
as the most widely validated technique, probably due to
its enhanced sensitivity, wider range of analysing the
metabolites along with its capability of separating the
individual metabolic byproduct even in the presence of
many other compounds. It is able to evaluate relevant
metabolites qualitatively and quantitatively with analysis
of multiple samples promptly and is highly versatile.
(-10) The most suitable method of analysing volatile com-
pounds was the gas chromatography-mass spectrome-
try (GC-MS) technique. GC-MS has been employed in
the evaluation of biological samples over the years and
is utilized to establish procedures for validating bench-
mark materials and precisely determining the concentra-
tions of numerous clinically significant analytes. This is
remarkably efficient as it shows fractionation ability of
GC along with recognition potential of MS.®11:12) Among
the most promising biomarkers, lactate showed the stron-
gest diagnostic performance (AUC 0.92), attributed to
cancer-related metabolic shifts like the Warburg effect.
Choline and phenylalanine also demonstrated high speci-
ficity, suggesting their potential utility in differentiating
OSCC from benign conditions.®10)

The majority of studies included in the review were

conducted in East Asian countries, particularly China and
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Table 1B: GRADE (Grading of Recommendations Assessment, Development, and Evaluation) evidence profile.

GRADE Criteria Assessment Rating
Study Design 12 diagnostic studies (QUADAS-2) Initial: High
Risk of Bias 58% low risk (QUADAS-2), but 25% moderate/ 11 Level

17% high risk (e.g., Ohshima 2017)
Inconsistency (Heterogeneity) 12 = 58-62% (moderate; explained by platform/ 11 Level
geographic differences)
Indirectness All studies used histopathology gold standard; No downgrade
direct population relevance
Imprecision 95% Cls for sensitivity (78-89%)/ No downgrade
specificity (75-87%) are clinically useful
Publication Bias Deeks’ test (p=0.12); symmetric funnel plot No downgrade
Large Effect DOR=18.7 (strong association) 11 Level
Dose-Response Biomarker levels correlated with tumor stage (4 studies) 11 Level
Confounding Adjusted for smoking/alcohol in 6 studies No downgrade
Final Certainty Moderate (due to bias/heterogeneity, ®DPo
offset by large effect size)
Identification of studies via databases and registers ]
c Records removed before

Identifica

Screening

Records identified from:
Databases and gray
literature (n = 76,789) = >

screening:

Not relevant and Duplicate:
74,287

!

Records screened N Records excluded after abstract
(n =2,502) screening: 1400

Reports sought for retrieval - > Reports not retrieved (due to

(n =1102) inaccessibility or paywalls): 700

!

Reports excluded:

Reports assessed for eligibility >

(n =402) Full-text articles excluded: 114
Did not report Methodology: 128
Others: 141

Studies included in review

(n =19)

Figure 1: Shows identification of studies via databases and registers.
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Ishikawa et al. (2016) — 8.72% 0.86 [0.49, 1.23]

Ishikawa et al. (2019) : = : 8.26% 0.82[0.44, 1.20]
Song et al. (2020) — 9.51% 0.90 [0.54, 1.26]
Wang et al. (2014a) —— 8.97% 0.88[0.51, 1.25]
Lohavanichbutr et al. (2018) — 8.72% 0.85[0.48, 1.22)
Sugimoto et al. (2010) — 8.49% 0.84 [0.46, 1.22)
Shigeyama et al. (2019) ' = ‘ 7.48% 0.78[0.38, 1.18]
Sridharan et al. (2019) : = : 8.05% 0.81[0.42, 1.20]
Ohshima et al. (2017) ' | 6.68% 0.72[0.30, 1.14]
de Sa Alves et al. (2021) — i 8.49% 0.83[0.45, 1.21]
Wang et al. (2014b) — . 8.97% 0.87[0.50, 1.24]
Ishikawa et al. (2020) = . ; 7.66% 0.79[0.39, 1.19)]
RE Model — 100.00% 0.83 [0.72, 0.94]

0.2 0.6 1 1.2

Figure 2: Forest plot of sensitivity data for 12 studies.
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Standard Error

0.163

0.217
l
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"|‘ T — T T
0.4 0.6 0.8 1 1.2

Observed Outcome

Figure 3: Funnel plot of sensitivity data for 12 studies for publication bias.
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Observed Outcome

Figure 5: Funnel plot of specificity data for 12 studies for publication bias.

Ishikawa et al. (20186) 7.71% 0.82[0.44, 1.20]
Lohavanichbutr et al. (2018) 8.14% 0.85[0.48, 1.22]
Sugimoto et al. (2010) - 8.61% 0.88[0.52, 1.24]
Wang et al. (2014a) 8.37% 0.86 [0.49, 1.23]
Song et al. (2020) — 12.73% 0.95 [0.65, 1.25]
Shigeyama et al. (2019) ; 7.92% 0.83[0.45, 1.21]
Sridharan et al. (2019) 7.51% 0.80[0.41, 1.19]
Ohshima et al. (2017) 7.32% 0.80[0.41, 1.19]
de Sa Alves et al. (2021) 7.92% 0.84[0.46, 1.22]
Wang et al. (2014b) 8.14% 0.85[0.48, 1.22]
Ishikawa et al. (2019) 7.51% 0.80 [0.41, 1.19]
Ishikawa et al. (2020) 8.14% 0.85[0.48, 1.22]
RE Model e 100.00% 0.85[0.74, 0.96]
| | T T 1
04 06 08 1 12 14
Figure 4: Forest plot of specificity data for 12 studies.

e

o
S
i
2 =
T o
o
&
n

L

o‘ =] .

e
S o
| | 1 ! 1
0.4 0.6 0.8 1 12



20

Oral Sci Rep: Volume 47 Number 1 January-April 2026

Domains: Patient Selection (PS), Index Test (IT), Reference Standard (RS), Flow & Timing (FT)

Study

Ishikawa (2016)
Ishikawa (2019)
Ishikawa (2020)

Lohavanichbutr (2018) )

Ohshima (2017)
Shigeyama (2019)
Song (2020)
Sridharan (2019)
Sugimoto (2010)
Wang (2014a)
Wang (2014b)

de Sa Alves (2021)

Key:
e @) Lowrisk|

PS IT RS FT Overall
@ © © © o
O @ © O
@
@ ©
@
@ ©
@ © @
@
©@ © 0 © 0O
@ © O
Z @ © O
@ ©

Moderate risk | High risk

Figure 6: Shows quality assessment of diagnostic accuracy studies 2 traffic light plot (12 diagnostic studies).

Total Stars (Max 9):

Study Selection %% % % | Comparability % % | Outcome % %% | Total

Ishikawa (2022)
Taware (2018)
Wang (2014c¢)
Yan (2008)
Mikkonen (2018)
Supawat (2021)
Rai (2007)

Figure 7: Shows Newcastle-

I ) | N ) | N ) o *
G O . (6
B O () 6x
B B o s*
B B Bl (5%

B> Ho HEoO (4%

| [O) -0 o 2%

Ottawa Scale weighted bar chart (7 observational studies).
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Japan.+%13-20) There was limited representation from
other regions, only one study from Brazil"), two to
three from the USA?!2%_ one each from Finland®¥,
Thailand®, and Portugal®®, and two to three from
India.('727-2®) This geographic concentration highlights
the under-representation of data from Western populations,
potentially limiting the global applicability of findings.
It hinders the generalizability of the potential applications
of these biomarkers in various populations and warrants
further studies in the under-represented geographical
regions. Furthermore, several studies did not conform
fully to the systematic review’s protocol, contributing to
variability in methodological quality. Significant hetero-
geneity was also noted in study design, analytical plat-
forms, and reporting practices, complicating efforts to

synthesize and compare results across studies.

Risk of bias assessment

The quality assessment of the included articles was
carried out to set up transparency of the aggregated data
outcomes and observations. Thus, this appraisal marks
as an essential component of the systematic review and
is generally performed for each study included in the
analysis.?")

Out of the 19 articles, 12 studies were chosen for
the purpose of QUADAS-2 assessment. The risk of bias
assessment across the included studies revealed varying
levels of methodological rigor.

Most studies demonstrated a low risk of bias across
all domains, particularly in patient selection, index test,
and reference standard, as seen in works by Ishikawa
et al.,(13’14) Lohavanichbutr et al.,m) Song et al.,(zz)
Sugimoto et al.,*> and both studies by Wang et al.!%2%
These studies adhered well to methodological standards,
enhancing the reliability of their findings. In contrast,
moderate risk was observed in studies such as Ishikawa
et al.,'' and Shigeyama et al.,''”) primarily due to
issues in patient selection and flow and timing, suggesting
potential concerns regarding study execution and partici-
pant handling. High risk of bias was identified in Ohshima
et al.'® Sridharan et al,®® and de Sa Alves et al. ") with
concerns mainly related to patient selection and flow and
timing, which may affect the internal validity of their
outcomes. Overall, while seven studies presented low

risk, a few demonstrated moderate risk, and only a single

21

study'® with high risk of bias due to small samples,
unblinded assays, or >1-month delay in diagnosis.

NOS assessed the quality of the remaiing seven
observational studies out of the nineteen. There was
overall a low risk for study conducted by Ishikawa
et al.,(4’13°14) Wang et al.,(lg’lg) and Song et al.®? This is
because, the study effectively selected well-defined cases,
and appropriately selected controls from the same popu-
lation who were free of oral diseases. Cases were chosen
consecutively or representatively. The study demonstrated
comparability as the participants were matched by age
and gender, and adjustments were made for potential
confounders like smoking and alcohol consumption.
Additionally, the outcome was favourable due to blinded
metabolomics analysis, a follow-up duration of at least
six months for prognostic studies, and a low attrition rate.

Studies by Taware et al.,*®) Wang ez al.,*” and Yan
et al.® had shown moderate risk while high risk was
noted in the studies conducted by Mikkonen et al.,®* Rai
etal.,*) and Supawat e al.>>) due to discrepancies in the
selection, comparability and outcome domains.

To summarize, the studies by Ishikawa®13:14),
Wang'®19) and Song*® demonstrated the lowest risk
of bias, reflecting strong methodological quality. In con-
trast, the highest risk of bias was observed in studies by
Rai(27), Ohshima(lg), and Mikkonen(24), largely due to
methodological limitations. Common issues contributing
to elevated risk included a lack of blinding, particularly
in older studies like Rai®*”), small sample sizes as seen in
studies conduted by Ohshima‘'®) and Mikkonen®¥, and
failure to adjust for key confounders, such as in the study
by Supawat.®>)

Combined risk of bias using QUADAS-2 and NOS
was assessed with diagnostic studies showing higher qual-
ity 58% low risk. The combined risk of bias summarises
the proportion of studies by risk level, with key takeaways
stating that among the diagnostic studies evaluated using
the QUADAS-2 tool (n=12), 58% showed a low risk of
bias, indicating higher quality of studies. In contrast, the
observational studies assessed with the NOS tool (n=7)
demonstrated significant limitations, with 86% show-
ing a moderate or high risk of bias. Overall the critical
gaps across the included articles were small sample sizes,
unblinded assays, and poor confounder control in older

studies.
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Data synthesis of salivary metabolomics
for OSCC detection

Consistently identified biomarkers

A review of the included studies revealed several
consistently identified metabolic biomarkers such amino
acids, lipids, energy metabolites, and volatile compounds
which were found to be associated with OSCC. Lactate
was the most frequently reported biomarker in these studies.

This is likely due to Warburg effect/aerobic glycoly-
sis. Lactate dehydrogenase (LDH) plays a crucial role in
anaerobic glycolysis by catalysing the pyruvate reduction
that leads to formation of lactate, and is typically present
within the cell cytoplasm. Its presence in extracellular
fluids is usually associated with cellular death and tissue
injury. Under aerobic conditions, intracellular utilization
of glucose primarily occurs via glycolysis to produce
pyruvate which is transported into the mitochondrial
matrix. Here, oxidization takes place in the presence
of pyruvate dehydrogenase leading to the formation of
acetyl-CoA.%3D In cancer cases, the metabolism of the
cell is modified wherein the neoplastic cell relies on the
LDH to enhance the glycolytic activity, leading to elevat-
ed adenosine triphosphate (ATP) and lactate production
even under aerobic conditions. This cellular adaptation
supports rapid cellular proliferation and energy demands
of the tumor cells.®!3?

Choline and phenylalanine showed high specificity
(82-88%) for OSCC vs controls. Choline normally plays
a key role in cell membrane synthesis; however, in cancer,
its metabolism becomes dysregulated due to the overex-
pression of enzymes and changes in signaling pathways
that promote increased choline uptake and utilization. This
disruption is driven by heightened membrane turnover and
rapid cellular proliferation, leading to elevated choline
levels. 3339

Phenylalanine, an essential amino acid, is frequently
elevated in cancer as a result of elevated protein synthesis
and altered amino acid metabolism within neoplastic cells.
The enhanced amino acid transport and usage in such
cells may account for the increased phenylalanine levels
observed in oral carcinomatous tissues as compared to
normal, as well as, it may be involved in the metabolism

of glucose and fats, leading to energy formation.>3%)
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Diagnostic performance and methodological hetero-
geneity

The diagnostic performance of studies was evaluated
using the pooled estimates that showed a 62% heteroge-
neity in sensitivity, 58% heterogeneity in specificity, 45%
heterogeneity in AUC and 51% heterogeneity in diagnos-
tic OR.

The methodological heterogeneity in saliva sample
collection revealed that the majority of studies (73.7%)
used unstimulated saliva, which is likely to more accu-
rately represent baseline metabolic conditions. The con-
sistency of metabolite profiles could be varied due to the
collection methods which may lead to differences in flow
rate of saliva, its potential dilution, and metabolic changes
induced by stimulation.*? Also, the different analytical
platforms show variability in both the usage and diag-
nostic performance. The most frequently used method,
LC-MS, was used in 8 studies where the highest yielded
median AUC was 0.91 which indicated superior diagnos-
tic accuracy with advantage of high sensitivity and broad
metabolic coverage. Whereas 4 studies were conducted
using GC-MS which showed lower median AUC of 0.87
and was best for analysing the volatile compounds. The
NMR was used in 4 studies where the median AUC was
0.83, its advantage was that it was reproducible and had

a minimal sample preparation.

Clinical implications

The clinical implications of the findings high-
light the potential of certain salivary biomarkers for
early detection of OSCC, with lactate (AUC: 0.92),
choline (sensitivity: 86%), and phenylalanine (AUC:
0.93) emerging as the most promising candidates.
These biomarkers showed enhanced diagnostic per-
formance in high-risk populations, particularly among
smokers (OR: 2.3, p=0.01). The biggest hindrance in
developing a diagnostic protocol using these biomarkers
is that their levels in saliva are generally reported to be
low, making their detection challenging.

However, limitations remain, including a lack
of prognostic data, with only one study® exploring
recurrence wherein there was a decrease in betaine levels
post-treatment. Additionally, there is an evident ethnic

bias, with 63% of studies conducted in Asian popula-
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tions and limited representation from African and Latin
American cohorts, which may affect the generalizability
of the findings.

Also, these tests require sophisticated laboratory
infrastructure equipped with advanced analytical instru-
ments such as mass spectrometers and chromatographs.
Furthermore, the process demands highly trained person-
nel capable of accurately interpreting complex metabolic
profiles. Such facilities and expertise are often concen-
trated in select urban centers, making them inaccessible,
particularly in rural and underserved areas. Furthermore,
the high cost associated with these tests poses a signifi-
cant financial burden, making them unaffordable for a
large portion of the population, especially those from
economically disadvantaged backgrounds. To overcome
these challenges, efforts should be directed toward decen-
tralizing diagnostic infrastructure by establishing regional
metabolomics laboratories. Additionally, government sub-
sidies and public-private partnerships could help reduce
the cost burden, making these advanced diagnostic tools
more accessible and affordable to economically disadvan-

taged populations.7)

Evidence quality assessment

The evidence quality assessment shows that most
diagnostic studies had a low risk of bias (58%), while
the majority of observational studies had moderate to
high risk (86%). Recommendations include prioritizing
findings from low-risk studies, such as Wang"® and Ishi-
kawa(!®), to ensure reliability. Additionally, it is import-
ant to validate point-of-care techniques, like Song’s(*?
paper-spray MS, in larger, more diverse cohorts to confirm

their effectiveness and generalizability.

Meta-analysis and GRADE summary of findings

Meta-analysis showed a pooled sensitivity of 84%
and specificity of 82% for salivary metabolomics in OSCC
detection. These findings indicate consistent performance
across studies. The sensitivity was higher in Asian cohorts
(87%) compared to Western cohorts (80%), suggesting
either a potential underrepresentation of Western popu-
lations in current research or the presence of population-
specific metabolic differences.

The GRADE assessment rated the overall evidence
as moderate certainty, with high certainty for lactate as

a diagnostic biomarker, which has consistently demon-
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strated strong discriminatory power across six low-risk
studies. Based on these findings, it is recommended that
salivary metabolomics using LC-MS platforms be con-
sidered a reliable tool for OSCC screening in clinical
settings, given its non-invasive nature and strong diag-
nostic indicators.

While the findings are encouraging, external factors
including dietary changes, microbial activities, and oral
hygiene status. There are also chances of impairment
of diagnostic accuracy due to external factors such as
salivary collection methods, storage temperature, and total
duration of processing.4!)

In conclusion, this review supports the clinical prom-
ise of salivary metabolomics, particularly using LC-MS,
as a non-invasive, accessible diagnostic tool for OSCC.
However, standardization of protocols, larger sample sizes,
diverse population studies, and validation in clinical
settings are essential next steps for its broader implemen-

tation in routine cancer screening.

Strength and limitations

Our systematic review is amongst the very few studies
available on the topic, which analyses all the recent
evidence related to role of salivary metabolomics to guide
an evidence-based application of the same in oral cancer
detection. The main limitation of our systematic review
was the heterogeneity among the included studies, which
affected the overall consistency of the results. Although
the diagnostic accuracy of salivary metabolomics for
OSCC detection showed moderate certainty, this empha-
sizes the need for further research to refine and strengthen

these findings.

Conclusions

In conclusion, this systematic review and meta-
analysis demonstrated that salivary metabolomics holds
considerable promise as a non-invasive, accurate diag-
nostic approach for detecting OSCC. With a pooled sen-
sitivity of 84% and specificity of 82%, particularly strong
performance was observed for key biomarkers viz. lactate,
choline, and phenylalanine, especially when analyzed

using LC-MS platforms.
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