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ABSTRACT

Introduction and aim. Cancers of the gastrointestinal tract are highly prevalent worldwide, with usually symptomless presen-
tations making diagnosis at an early stage challenging. At the same time, salivary biomarkers are a promising method of early
diagnosis in different malignancies. To this end, the present systematic review was carried out to investigate if salivary biomark-
ers can help with the early detection of gastrointestinal cancer and ascertain their diagnostic value.

Material and methods. Major electronic databases were searched using a combination of keywords and Boolean operators to
retrieve all existing literature on the topic from April 2024 until inception. Clinical studies with relevant information were in-
cluded in the quantitative synthesis.

Analysis of the literature. A total of 48 studies exploring the use of potential salivary biomarkers in esophageal, gastric, col-
orectal, pancreatic, hepatocellular and biomarkers were included in the present review. All studies retrieved statistically signifi-
cant correlations between the presence of certain markers in the saliva and development of gastrointestinal cancers.
Conclusion. Salivary biomarkers can help detect different gastrointestinal cancers. However, more studies are required to de-
termine their diagnostic value. The use of artificial intelligence might help clinicians in exploiting these biomarkers.
Keywords. cancer diagnosis, gastrointestinal cancers, salivary biomarkers

Introduction

Malignancies of the gastrointestinal tract and the ac-
cessory organs of digestion, known as gastrointestinal
cancers, account for more than 25% of cancer cases and
30% of cancer-related deaths worldwide.! Gastrointes-
tinal cancers are classified into the following major cat-
egories: esophageal, gastric, colorectal, hepatobiliary,
pancreatic and bile duct cancers.? Most of these ma-

lignancies are symptomless at their onset and present
symptoms at relatively late stages, indicating the need
for continuous screening for detection in early stages.**
The gold standard for screening malignancies of the gas-
trointestinal tract is through gastroscopy and colonos-
copy which can be inconvenient for patients and costly,
whereas cancers of the accessory organs are even more
difficult to screen and require techniques of imaging
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with high doses of radiation which bear high risks of
developing other malignancies throughout time.*’

The use of salivary biomarkers for screening diseas-
es is a relatively novel screening and diagnostic method
which is fully non-invasive and bears low-costs, requir-
ing only a sample of a patient’s saliva and is reliable in
detecting gastrointestinal disease since it contains many
different biomolecules like the blood and the histologi-
cal composition of the gastrointestinal tract is similar to
that of the oral cavity.®’

Aim

Since tumors of the gastrointestinal tract and accessory
organs of digestion can release different molecules into
the gastrointestinal tract and henceforth into saliva, the
use of salivary biomarkers for screening them is a very
possible rationale, probably revolutionizing the future of
cancer diagnostics. Nonetheless, the available evidence
on the use of such markers is scattered in different liter-
ature records. To this end, the present systematic review
was performed to determine whether and which gastro-
intestinal cancers are detectable using salivary biomark-
ers, as described in the existing literature. An observed
correlation would indicate the need for further research
and possible future clinical use of these biomarkers.

Material and methods

The present systematic review was conducted in full

compliance with PRISMA 2020 guidelines. The ques-

tions guiding the review study were as follows:

1. ‘Can salivary biomarkers be used to detect gastro-
intestinal cancers?,

2. “What gastrointestinal cancers are detectable using
salivary biomarkers and what are their diagnostic
values?”.

Search strategy

The online databases PubMed, Scopus and EMBASE
were searched systematically for articles dating from in-
ception until 30 April 2024, using the keywords “saliva’,
“salivary”, “anal’, “bile duct’, “colon”, “colorectal’, “rectal”,
“bowel’, “esophageal’, “oesophageal”, “gallbladder”, “liv-

»

er’, “hepatocellular
“gastric’, cancer”, “carcinoma’, “tumor’, “cholangiocarci-
noma’, “marker” and “biomarker” combined with Bool-
ean operators. The search was limited to articles written
in the English language.

Using the citation manager EndNote release ver-
sion 20.6 (Clarivate Plc, Philadelphia, USA), duplicates
were removed and subsequently citations were screened
based on their titles and abstracts. The inclusion criteria

were cohort and case-control studies, including a total

» < » < » <«

, “pancreas’, “pancreatic’, “stomach’,

of more than 20 participants who evaluated salivary bio-
markers for gastric cancer. The final selection was made
after the remaining studies were evaluated on their full

text. The selection process was performed by two inde-
pendent reviewers (AA and DK). Any discrepancy that
arose was resolved by a third researcher (CC).

Data extraction

The following data was extracted from each study and

included in the qualitative analysis:

1. The neoplastic conditions studied,

2. Number of patients enrolled in the study,

3. Baseline characteristics of the included patients,

4. The salivary biomarkers assessed in the study and
their respective detection method,

5. Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of each
biomarker calculated in the study.

Analysis of the literature

The database search on the Internet retrieved a total
of 3387 citations (321 from PubMed, 1052 from Sco-
pus and 2014 from EMBASE) and an addition of 3 oth-
er citations were retrieved manually through alternative
sources. After removal of duplicates a total of 2701 cita-
tions remained, amongst which a total of 2597 citations
were excluded after screening, since irrelevance to the
research question was obvious from their titles or ab-
stracts. Among the remaining 104 studies which were
assessed based on their full texts, a total of 47 studies did
not contain relevant data for our research, 7 were review
studies,, 2 were animal studies and two had cohorts of
less than 20 participants, leaving a total of 46 studies in-
cluded in the qualitative synthesis. The selection process
is illustrated in Figure 1.

Records identified through database Additional records identified
scarching through other sources
(n=3387) (=3)

| |

Records after duplicates removed
(n=2701)

] [ Identification ]

Screening

Records screened Records excluded

(n=2701) (n=2507)

)

Full-text articles assessed

for cligibility Full-text articles excluded. with
(a=104) reasons (n=38)
No relevant data on salivary
biomarkers and gastrointestinal

cancers (n=47)
Review studics (n=7)
Animal studies (n=2)
Insufficient cohort sizes (n=2)

Eligibility

)

Records included in
qualitative synthesis
(v=46)

Included

[

Fig. 1. PRISMA diagram of the inclusion process

The characteristics of all included studies are recorded
in Tables 1-6.
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Esophageal cancer

As Table 1 suggests, the data on salivary E-cadherin in-
dicate that with a p-value of 0.59, further research is
required to consider it a potential biomarker for de-
tecting esophageal cancer. Likewise, the use of detect-
ing epigenetic changes based on DNA methylation
also require further studies, but provide promising op-
portunities as illustrated by Stone et al.'® The glyco-
proteins GalNAc, Gal, sialic acid and GlcNAc, were
significantly higher in patients with esophageal squa-
mous cell carcinoma (ESCC) compared to the control
group. According to results obtained by Graham et al.
and Li et al,, salivary RNA proved to be far higher in
case groups than the control. This is particularly true for
TP53, CDKN2a, SMAD7, EGFR, AMY2, TLR6, KIT9,
KRAS, PTEN, and PIK3CA as well as tRNA-GlyGCC-5,
sRESE and Bi-sesnucRNA.'""> The same results demon-
strate a promising future for RNA as a salivary marker
for esophageal cancer. Similarly, and with few excep-
tions, some miRNA biomarkers have been consistent-
ly elevated in the case groups compared to the control
ones. These include miR-144, miR-451 and miR-10b at
an overall p-value of <0.05.'*!® Moreover, with a collec-
tive sensitivity of >84.4% and specificity of >47.4, miR-
21 has also shown optimistic results.'”® Li et al. also
identify two additional up-regulated miRNA salivary
biomarkers in early stage ESCC: miR-1268a and miR-
4505 with p-values of <0.001, but miR1972, miR-4274,
miR-4701-3p and miR-6126 were also isolated but con-
trastingly, down-regulated in the case groups compared
to the control ones.”>" It is also worth mentioning that
RNA markers have been more studied in squamous cell
cancers whereas protein and other markers more in ad-
enocarcinomas.

Gastric cancer

As shown in the Table 2, there are several saliva bio-
markers that can be used to detect gastric cancer.
Research found that when assessed with ELISA, E-cad-
herin, which is a protein has a high association in can-
cer patients.® Acetaldehyde, acetone, propanol-2, and
ethanol have also a high predictive value with sensi-
tivity to be 80.0% and specificity 100%.*° Some mi-
crobes can be used as a biomarker. In more details,
Fusobacterium nucleatum has high association with
gastric cancer (p=0.780) with sensitivity to be 73.33%
and specificity 82.14%, but the Salivary microbiota
shows lower association (p=0.3582).2"* Studies shown
that exRNA can be used as a biomarker. Salivary exR-
NA, when assessed with qPCR has low association (p=
0.0809) and when exRNA is assessed with RT-qPCR has
sensitivity 82% and 77% specificity.”® Additionally, re-
search used CSTB (p=0.001) and DMBT1 (p=0.002).
CSTB has 83.87% sensitivity and 70.97% specificity and
DMBT1 has 80.65% sensitivity and 64.52% specificity.

However, when assessed together CSTB, DMBT1 and
TPI1 have lower association in cancer patients and
the sensitivity is 85% and specificity 80%.** N- and O-
linked glucans when assessed by MALDI-TOF may be
used as a biomarker with association varying on the
number and type of glycans.? Furthermore, protein gly-
cosylation patterns when assessed with lectin microar-
ray show higher and altered glycosylation patterns in
GC with sensitivity 96% and specificity 80%. The cell-
free DNA when evaluated with PCR has higher associa-
tion (p=0.0361).”® Finally, CEA and mRNAs (SPINK?7,
PPL, SEMA4B, SMAD4) after evaluation with the im-
munoassay system and RT-qPCR have shown 92% sen-
sitivity and 87% specifiicty.®

Colorectal cancer

Numerous saliva biomarkers are available for the de-
tection of colorectal cancer, as the Table 3 illustrates.
According to research, there is a strong correlation be-
tween cancer patients’ ELISA results for E-cadherin
(substantially higher levels in cancer patients)."® Also,
significant differences were observed in the levels of ac-
etaldehyde, acetone, propanol-2, ethanol, methanol, lip-
id peroxidation products: triene conjugate, and Schiff
base among diseased and healthy patients, with sensitiv-
ity reaching 92.3% and specificity 100%.%° Furthermore,
measurements of TIMP-1 in saliva do not indicate the
existence of colorectal cancer (CRC), so plasma TIMP-
1 testing is still the standard for CRC identification (sa-
liva TIMP-1 levels in cancer patients and non-patients
with CRC are comparable).*! Studies shown that miR-
NA-21 can be used as a cancer biomarker. Salivary miR-
NA, when assessed with qPCR has a sensitivity of 97%
and specificity of 91%, but when assessed with RT-PCR,
CMR-21(miRNA-21 in saliva) has a sensitivity of 52%
and specificity 89%.%>* On the other hand, miR-186-5p,
miR-29a-3p, miR-29¢-3p, miR-766-3p, and miR-491-5p
presented a sensitivity of 72% (Combined with CEA lev-
els: 89.36%) and specificity of 66.67%. Additionally, re-
search has shown that miR-29a and miR-92a levels are
significantly higher in cancer patients, with a sensitivi-
ty of 88% and 85.3% and specificity of 93% respective-
ly.3** It is also worth noting that salivary metabolites
show high potential as a screening tool for CRC. Addi-
tionally, according to a study, there was a significant as-
sociation between higher sHLA-G levels and advanced
tumor stages.*® Proteins like chemerin, a-defensin 1,
TNF-a showed a strong association in cancer patients
with a sensitivity 100% in all three proteins and spec-
ificity of 100% in salivary chemerin/a-defensin 1 and
over 90% in TNF-a.* Finally, Fn DNA (Fusobacterium
nucleatum DNA), CEA(Carcinoembryonic Antigen),
CA19-9 (Carbohydrate Antigen 19-9) have a sensitivi-
ty of 71.5%, 22.2%, 10.1% respectively , and the salivary
specificity of Fn DNA is 82.1%."
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Pancreatic cancer

Biomarkers of pancreatic cancer, including metabolo-
mic, microbiomic, epigenomic transcriptomic markers
have been discovered in saliva (Table 4).%+*° Differences
have been found in the levels of various individual me-
tabolites in pancreatic cancer patients (p<0.05).* Signif-
icant differences in the microbiome have been found in
the saliva pancreatic cancer patients, including variations
in the quantitative and qualitative flora Neisseria elonga-
ta, Prevotella nigrescens and Streptococcus mitis as well as
the Leptotrichia/Porphyromonas ratio.** Statistically sig-
nificant differences in the expression of some genes have
also been observed in patients with pancreatic cancer.
These differences have been described using MLRs based
on several gene transcripts, reaching in all cases p<0.01:
models included transcripts such as ACRV1, DMXL2,
DPM]1, and these three transcripts in combination with
Streptococcus mitis and transcripts MBD3L2 GLTSCR2
in combination with Prevotella nigrescens and Neisse-
ria elongata, as well as set of 29 different mRNAs.** Si-
multaneously, in pancreatic cancer patients, significant
differences (p<0.05) in the amount of different salivary
miRNAs have been described compared to the control
groups, as well as to patients with benign changes.** In
addition, differences in IncRNA (HOTAIR, PVTI1 and
MLR based on both) have observed between in the saliva
of cancer patients and other patients such as controls and
those with benign conditions.*

Hepatocellular cancer

SOD-2, HP, ORM-1, AFP and ORM-1 + AFP are pro-
teins that have shown remarkable results as salivary
biomarkers for hepatocellular cancer, all with p-values
<0.001 and were considerably elevated in the case groups
compared to the control groups.”** Furthermore, dif-
ferent metabolites were analyzed by Hershberger et al.,
including acetophenone, octadecanol, lauric acid and
3-hydroxybutyric acid.”® All four had p-values <0.05
with a sensitivity of 87.9% and specificity of 95.5% - all
promising results for potential biomarkers. The 5 miR-
NA biomarkers distinguished by Mariam et al. have all
been shown to be increased in apparently healthy indi-
viduals with a p-value of <0.001.>* Moreover, Sun et al.
identified 5 mRNA biomarkers that were isolated and
upregulated in the case groups as well as 8 mRNA bio-
markers that were down-regulated in the case groups.”
All 13 had p-values of <0.01, demonstrating the use of
the transcriptomic profile in early ECC is a useful asset
for detecting hepatocellular cancer (Table 5).

Bile duct cancer

The salivary miRNA markers miR-1246 and miR-4644,
also correlated with pancreatic cancer have been shown
to detect bile duct cancer as well with adequate sensitiv-
ity and specificity (Table 6).

Quality assessment

The quality of the studies included in the meta-analy-
sis was assessed according to the QUADAS-2 scale and
the results are recorded in Table 7. No serious concerns
were found regarding the applicability of the studies.

Discussion

Gastrointestinal (GI) cancers, which include esopha-
geal, gastric (stomach), colorectal, pancreatic, liver, and
biliary tract cancers, contribute significantly to glob-
al cancer burden. By examining a range of biomarkers
across various gastrointestinal cancer types, this study
contributes valuable new insights to the critical field of
cancer detection and diagnosis. It is known that early
detection and treatment improve prognosis, but many
GI cancers are diagnosed late, contributing to poor
survival outcomes.” So, the introduction of biomark-
ers that promote early cancer identification is of pri-
mary importance. Nevertheless, it is worth mentioning
that the salivary profile can be affected by the viscosity
of saliva based on patient’s hydration status, the inten-
sity of stimulation of salivary flow and time of day sa-
liva is collected. Viscous saliva in dehydrated patients
may affect concentration of molecules in saliva leading
to inaccurate results in ELISA.*® Moreover, stimulated
saliva may contain higher concentrations of certain bio-
markers compared to unstimulated saliva.”>% It is also
worth noting that salivary biomarkers may show circa-
dian variation and differ after consumption of meals as
well as after fasting.®*

In esophageal cancer, certain glycoproteins, such as
GalNAc, Gal, and sialic acid, along with specific RNAs
and miRNAs like miR-21 and miR-144, have demonstrat-
ed potential for cancer detection and indeed show better
diagnostic values compared to plasma biomarkers.'>'*"
However, additional studies are needed to confirm their
reliability. For gastric cancer, protein markers like E-cad-
herin, volatile organic compounds (e.g., acetaldehyde and
acetone), and microbial markers such as Fusobacterium
nucleatum have shown high sensitivity and specificity in
identifying the disease.”»** These findings suggest that
salivary biomarkers could serve as effective diagnostic
tools in gastric cancer cases. In colorectal cancer, salivary
miRNAs such as miRNA-21 and miR-29a have exhibit-
ed significant diagnostic potential, with higher accuracy
compared to plasma miRNAs.* Nevertheless, some lim-
itations were noted in certain biomarkers like TIMP-1
in saliva, which did not correlate well with cancer detec-
tion.*! Pancreatic cancer research has identified promis-
ing biomarkers based on metabolomic, microbiome, and
gene transcript analyses. Variations in metabolites, bac-
terial profiles, and specific gene transcripts have shown
strong predictive power for distinguishing between can-
cer and non-cancer patients.*>*** For hepatocellular can-
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Table 7. Quality assessment of studies in the meta-analysis

Risk of bias
Study (Author, year)

Applicability concerns

Patient selection Index test

Asaiet.al., 2018 ©
Asaietal., 2018 ©
Aznabet. al, 2023
Bel'skaya et.al., 2020 2
Chenetal., 20227
Ding et. al., 2019
Farrell et.al., 2009 #
Gaoet.al, 2014 %
Graham et. al.,2016 ™
He et. al., 2022 %
Hershberger et. al., 2021
Holten-Andersen et.al., 2012 3!
Huangetal., 20212
Kaczor-Urbanowicz et.al., 2022 2
Kiseleva et.al, 2023 %
Koopaie et.al., 2022
Koopaei et.al., 2024
Kuwabara, et.al., 2019 **
Kuwabara et.al., 2022 %
Lazaro-Sanchez et.al., 2019 %
Lietal., 2022
Lietal., 2023
Liuet.al., 2017 %
Machida et.al., 2016 ¥/
Mariam et.al., 2022 %
Rapado-Gonzalez et.al., 2019
Rapado-Gonzalez et.al., 2018
Sazanov et.al.,, 2017 %
Shuet.al., 2021 ™ Unclear
Shuet.al., 2018 %
Shuet.al., 20177
Stone et. al.,2024
Sunet.al.,, 2017 % Unclear
Swarup et.al., 2023 %
Waniczek, et.al., 2022 ©
Wong et al., 2009 %
Wuet.al, 2013
Xiao et.al., 2016 %
Xieet.al., 20137
Xieet.al., 2012 Unclear
Xie etal., 2016%
Xieetal., 2015%
Xuet.al.,2020
Yeetal, 2014 %
Zhanget.al. 2022

cer, salivary proteins like AFP and certain metabolites,
including acetophenone and lauric acid, have demon-
strated strong sensitivity and specificity.**** Additional-
ly, miRNA and mRNA profiles have been highlighted as
valuable tools for early detection.

The future of salivary biomarkers in cancer detec-
tion is highly promising, with exciting potential for
non-invasive, accessible, and accurate screening across
various cancer types. While significant progress has

Reference standard  Flow and timing

Patient selection Index test Reference standard

Unclear
Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear Unclear

Unclear

been made in understanding the role of these biomark-
ers, further advancements are needed to ensure they be-
come reliable tools for routine cancer diagnosis.

In esophageal cancer, future research will likely fo-
cus on improving the specificity and reliability of the
markers, which could lead to non-invasive screening
options for early detection. Given the poor prognosis
of advanced esophageal cancer, early diagnostic tools
could drastically improve patient outcomes.
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For gastric cancer, protein markers and microbial
markers have already demonstrated high sensitivity and
specificity. Future prospects include the development of
personalized medicine approaches, specially involving
RNA markers that tailor treatments based on a patient’s
unique biomarker profile.®* Additionally, advances in mi-
crobiome research could provide a more comprehensive
understanding of gastric cancer development. As tech-
nology evolves, rapid, at-home testing devices may allow
patients to monitor these biomarkers in real-time, mak-
ing diagnosis more convenient and accessible, a method
used today for detecting respiratory infections.****

In colorectal cancer, the future could see the cre-
ation of combined biomarker panels that improve diag-
nostic accuracy by integrating miRNAs, proteins, and
volatile compounds. Early and routine screening for col-
orectal cancer using saliva could reduce mortality rates
by identifying the disease at more treatable stages.®

For pancreatic cancer, salivary biomarkers identified
through metabolomic, microbiome, and gene transcript
analyses have shown strong predictive power. Given that
pancreatic cancer is often diagnosed in late stages, the
future holds great potential for developing saliva-based
tools for early detection, which could significantly in-
crease survival rates. With ongoing research, new bio-
markers are likely to be discovered, leading to more
comprehensive diagnostic panels. Non-invasive saliva
tests could replace more invasive methods and provide
a simpler way to monitor high-risk individuals.

In hepatocellular cancer, salivary proteins have al-
ready demonstrated strong sensitivity and specifici-
ty, and miRNA and mRNA profiling have shown value
in early detection. The future may see further advance-
ments in metabolomic profiling, offering more precise
diagnostic tools that differentiate between various liver
diseases. Additionally, combining biomarker data with
genetic and lifestyle factors could help identify high-risk
patients earlier, allowing for preventive interventions
before cancer develops.”” Saliva-based tests could also
provide affordable and scalable screening tools in re-
gions with high liver cancer incidence, such as Asia and
Africa, where access to traditional diagnostic resources,
such as imaging, is limited.®

Looking more broadly, salivary biomarkers hold
the potential to revolutionize cancer screening across
the board. As research progresses, these tests could
be widely adopted as part of routine medical care, re-
placing invasive procedures like biopsies and endos-
copies. Future diagnostic tools may integrate salivary
biomarkers with other “omics” technologies (e.g., ge-
nomics, proteomics, metabolomics) to create more ac-
curate, personalized cancer diagnostics.®’® With the
development of portable, cost-effective devices, can-
cer detection could become more accessible to under-
served populations, potentially transforming global

cancer care. Artificial intelligence and data analytics
will likely play a key role in the future of salivary bio-
marker research.” Al could enhance the interpretation
of complex biomarker data, leading to more accurate
predictions and personalized treatment plans. As a re-
sult, the integration of salivary biomarkers into cancer
diagnosis could not only improve early detection but
also provide tailored therapeutic approaches based on
individual risk profiles.”

In spite of the fact that the present study was per-
formed according to PRISMA guidelines, three different
electronic data bases were searched and quality assess-
ment showed no serious risk of bias, it had some no-
table limitations. Firstly, different laboratory methods
used in each study may cause biased results. At the same
time, some studies had very small cohorts making the
results unreliable, and such studies must by investigat-
ed further by researchers in the future. Moreover, most
studies were performed in Caucasian and Asian popula-
tions, possibly leading to a small degree of bias. It is also
worth mentioning that the literature was limited to ar-
ticles written in the English language and some notable
articles in other languages may have been missed.

Conclusion

In summary, the future of salivary biomarkers in can-
cer detection is bright, with potential applications in
early diagnosis, personalized treatment, and global ac-
cessibility. Ongoing advancements in technology, bioin-
formatics, and large-scale clinical studies will be crucial
in ensuring these biomarkers become reliable tools in
the fight against cancer.
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