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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.1 Gastrointes-
tinal cancers are classified into the following major cat-
egories: esophageal, gastric, colorectal, hepatobiliary, 
pancreatic and bile duct cancers.2 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.3-5 
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.6,7

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.8,9 

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”, “pancreas”, “pancreatic”, “stomach”, 
“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 
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.

Fig. 1. PRISMA diagram of the inclusion process

The characteristics of all included studies are recorded 
in Tables 1‒6.



752 European Journal of Clinical and Experimental Medicine 2025; 23 (3): 750–766

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 o

n 
de

te
ct

in
g 

es
op

ha
ge

al
 c

an
ce

r
Stu

dy
 (A

ut
ho

r, y
ea

r, 
co

un
try

)
Pa

rti
cip

an
ts 

(n
)

Hi
sto

log
ica

l 
su

bt
yp

e
Ag

e o
f p

ar
tic

ipa
nt

s
Bio

m
ark

er 
typ

e 
Bio

m
ark

ers
 as

se
sse

d
Me

th
od

 of
 as

se
ssm

en
t

As
so

cia
tio

n i
n c

an
ce

r 
pa

tie
nt

s /
p

Se
ns

iti
vit

y (
95

%
 CI

)
Sp

ec
ific

ity
 (9

5%
 CI

)
PP

V (
95

%
 CI

)
NP

V (
95

%
 CI

)

Az
na

b e
t. a

l,
20

23
, Ir

an
10

Ca
ses

: 6
Co

ntr
ols

: 5
7

To
tal

: 6
3

No
t m

en
tio

ne
d

Ca
ses

 - 5
6

Co
ntr

ols
 - 4

2
Pro

tei
n  

E-c
ad

he
rin

EL
ISA

0.5
9

Gr
ah

am
 et

. a
l., 

20
16

, 
Un

ite
d K

ing
do

m11

Ca
ses

: 2
0

Co
ntr

ols
: 2

0
Be

nig
n: 

40
To

tal
: 8

0

Ad
en

oc
arc

ino
ma

Un
kn

ow
n

RN
A

TP
53

, C
DK

N2
a, 

SM
AD

7, 
EG

FR
, 

AM
Y2

, TL
R6

, K
IT9

, K
RA

S, 
PT

EN
 

an
d P

IK3
CA

RN
A e

xtr
ac

tio
n -

QIA
zo

l a
nd

 
ch

lor
ofo

rm
 ba

sed
 pr

oc
ess

RN
A e

xp
res

sio
n a

na
lys

is –
 RT

-
qP

CR
 w

ith
 18

s r
RN

A

<0
.05

93
%

73
%

Li 
et.

 al
., 2

02
2,

Ch
ina

12

Ca
ses

: 3
40

Co
ntr

ols
: 1

80
To

tal
: 5

20
ES

CC

Sq
ua

mo
us

 ce
ll 

ca
rci

no
ma

Ca
ses

: 5
2–

70
.11

 
Co

ntr
ols

: 5
1.9

3 –
 70

.33
RN

A (
ses

nc
RN

A)
1. 

tR
NA

-G
lyG

CC
-5

 
2. 

sR
ES

E (
sm

all
 RN

A i
de

nti
fie

d 
in 

Ex
os

om
e f

rom
 Sa

liv
a o

f E
SC

C 
pa

tie
nts

)
3. 

  B
i-s

esn
cR

NA
 sig

na
tur

e 
(1+

2 c
om

bin
ed

)

RT
-q

PC
R

<0
.00

1 f
or 

all
 

1. 
79

%
2. 

77
%

3. 
90

.50
%

1. 
91

.67
%

2. 
88

.33
%

3. 
94

.20
%

1. 
94

.05
%

2. 
91

.67
%

3. 
96

.28
%

1. 
72

.37
%

2. 
69

.73
%

3. 
85

.61
%

Li 
et.

 al
., 2

02
3, 

Ch
ina

13

Ca
ses

: 5
12

 Co
ntr

ols
: 2

54
To

tal
: 7

66
ES

CC

Sq
ua

mo
us

 ce
ll 

ca
rci

no
ma

Tra
ini

ng
 co

ho
rt:

 Ca
ses

 - 
61

.09
+7

.77
 an

d C
on

tro
ls 

-6
0.9

8+
8.0

2
Int

ern
al 

va
lid

ati
on

 co
ho

rt:
 

Ca
ses

 - 6
2.4

4+
6.9

7 a
nd

 Co
ntr

ols
 

- 6
1.6

4+
4.9

0
Ex

ter
na

l v
ali

da
tio

n c
oh

ort
:

Ca
ses

 - 6
3.1

7+
5.3

6 a
nd

 Co
ntr

ols
 

- 6
3.2

1+
5.5

7

EV
P m

iRN
A

Inc
rea

sed
 in

 ES
CC

 – 
EV

P 
mi

R-
12

68
a, 

mi
R-

45
05

De
cre

ase
d i

n E
SC

C –
 m

iR1
97

2, 
mi

R-
42

74
, m

iR-
47

01
-3

p a
nd

 
mi

R-
61

26

RT
-q

PC
R

<0
.00

1 f
or 

all
Tra

ini
ng

Co
ho

rt 
– 8

7.3
9%

Int
ern

al V
ali

da
tio

n C
oh

ort
 

– 8
6.4

3%
Ex

ter
na

l
Va

lid
ati

on
 Co

ho
rt 

– 8
8.0

5%

Tra
ini

ng
Co

ho
rt 

– 9
1.6

7%
 

Int
ern

al V
ali

da
tio

n C
oh

ort
 

– 9
1.0

5%
Ex

ter
na

l
Va

lid
ati

on
 Co

ho
rt 

– 8
8.0

6%

Tra
ini

ng
Co

ho
rt 

– 9
5.1

0%
Int

ern
al V

ali
da

tio
n C

oh
ort

 
– 9

5.2
8%

Ex
ter

na
l

Va
lid

ati
on

 Co
ho

rt 
– 9

4.5
9%

Tra
ini

ng
Co

ho
rt 

– 7
9.7

1%
Int

ern
al V

ali
da

tio
n C

oh
ort

 
– 7

6.2
5%

Ex
ter

na
l

Va
lid

ati
on

 Co
ho

rt 
– 7

5.6
4%

Sh
u e

t. a
l, 2

02
1,

Ch
ina

14

Ca
ses

: 1
6

Co
ntr

ols
: 2

5
To

tal
: 4

1
ES

CC

Sq
ua

mo
us

 ce
ll 

ca
rci

no
ma

Ca
ses

:  
≤ 

60
 =

 43
.75

%
>6

0 =
 56

.25
 %

Co
ntr

ols
:

≤6
0 =

 44
%

>6
0 =

 56
%

Gly
co

pro
tei

n
Ga

lNA
c, G

al,
 sia

lic 
ac

id 
an

d 
Glc

NA
c

MA
LD

I-T
OF

/TO
F-M

S

Sto
ne

 et
. a

l., 
 20

24
, 

Un
ite

d K
ing

do
m15

Ca
ses

: 8
8

Co
ntr

ols
: 1

68
To

tal
: 2

56
Ad

en
oc

arc
ino

ma

Ad
en

oc
arc

ino
ma

Ca
ses

    (
me

an
) –

 70
.3

Co
ntr

ols
 (m

ea
n) 

– 6
2.2

Ca
 bi

om
ark

ers
 ba

sed
 on

 DN
A 

me
thy

lat
ion

 (d
ete

cti
on

 of
 

ep
ige

ne
tic

 ch
an

ge
s)

Us
ed

 pr
ob

es 
no

t s
pe

cifi
ed

Illu
mi

na
 EP

IC 
me

thy
lat

ion
 

arr
ay

s
NA

88
%

31
%

Wu
 et

. a
l, 2

01
3, 

Ch
ina

16
Ca

ses
: -

Co
ntr

ols
: 5

0
Be

nig
n: 

-
To

tal
: -

No
t m

en
tio

ne
d

RN
A

mi
RN

A-
14

4
RT

-P
CR

<0
.05

W
ho

le 
sal

iva
 - 7

4.6
%

Sa
liv

a s
up

ern
ata

nt 
– 5

3.7
%

W
ho

le 
sal

iva
 -

92
%

 
Sa

liv
a s

up
ern

ata
nt 

– 9
4%

Xie
 et

. a
l., 

20
13

, C
hin

a17
Ca

ses
: - 

39
Co

ntr
ols

: 1
9

To
tal

: - 
58

No
t m

en
tio

ne
d

Ca
ses

 (m
ea

n ±
 SD

):  
59

.7±
9

Co
ntr

ols
 (m

ea
n ±

 SD
): 5

5.9
±8

.8
RN

A
W

ho
le 

sal
iva

 m
ark

ers
: 

1. 
mi

R-
10

b
2. 

mi
R-

14
4

3. 
 m

iR-
45

1
Su

pe
rna

tan
t m

ark
ers

:
1. 

mi
R-

10
b

2. 
mi

R-
14

4
3. 

mi
R-

21
4. 

mi
R-

45
1

RT
-q

PC
R

W
ho

le 
sal

iva
 m

ark
ers

: 
1. 

0.0
01

2. 
0.0

12
3. 

0.0
02

Su
pe

rna
tan

t m
ark

ers
:

1. 
0.0

13
2. 

0.0
36

3. 
0.0

15
4. 

0.0
06

W
ho

le 
sal

iva
 m

ark
ers

: 
1. 

89
.7%

2. 
92

.3%
3. 

84
.6%

 Su
pe

rna
tan

t m
ark

ers
:

1. 
79

.5%
2. 

43
.6%

3. 
89

.7%
4. 

51
.3%

W
ho

le 
sal

iva
 m

ark
ers

: 
1. 

57
.9%

2. 
47

.4%
3. 

57
.9%

 Su
pe

rna
tan

t m
ark

ers
:

1. 
57

.9%
2. 

89
.5%

3. 
47

.4%
4. 

84
.2%

Xie
 et

. a
l., 

20
12

, C
hin

a
18

Ca
ses

: - 
32

Co
ntr

ols
: 1

6
To

tal
: - 

48

No
t m

en
tio

ne
d

Ca
ses

 (m
ea

n ±
 SD

): 6
1.6

±9
.3

Co
ntr

ols
 (m

ea
n ±

SD
):  

57
.5±

7.1
RN

A
Sa

liv
a s

up
ern

ata
nt 

mi
R-

21
RT

-q
PC

R
0.0

03
84

.4%
62

.5%

Ye
 et

. a
l., 

20
14

, C
hin

a
19

Ca
ses

: - 
10

0 (
50

 in
 st

ag
e I

, 
50

 in
 st

ag
e I

I)
Co

ntr
ols

: 5
0

To
tal

: - 
15

0

No
t m

en
tio

ne
d

NA
RN

A
mi

R-
21

qP
CR

Sta
ge

 I –
 90

%
Sta

ge
 II 

– 8
8%

Sta
ge

 I+
II c

om
bin

ed
 – 

89
%

64
%

 fo
r a

ll



753Detection of gastrointestinal cancers using salivary biomarkers – a systematic review

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 o

n 
de

te
ct

in
g 

es
op

ha
ge

al
 c

an
ce

r
Stu

dy
 (A

ut
ho

r, y
ea

r, 
co

un
try

)
Pa

rti
cip

an
ts 

(n
)

Hi
sto

log
ica

l 
su

bt
yp

e
Ag

e o
f p

ar
tic

ipa
nt

s
Bio

m
ark

er 
typ

e 
Bio

m
ark

ers
 as

se
sse

d
Me

th
od

 of
 as

se
ssm

en
t

As
so

cia
tio

n i
n c

an
ce

r 
pa

tie
nt

s /
p

Se
ns

iti
vit

y (
95

%
 CI

)
Sp

ec
ific

ity
 (9

5%
 CI

)
PP

V (
95

%
 CI

)
NP

V (
95

%
 CI

)

Az
na

b e
t. a

l,
20

23
, Ir

an
10

Ca
ses

: 6
Co

ntr
ols

: 5
7

To
tal

: 6
3

No
t m

en
tio

ne
d

Ca
ses

 - 5
6

Co
ntr

ols
 - 4

2
Pro

tei
n  

E-c
ad

he
rin

EL
ISA

0.5
9

Gr
ah

am
 et

. a
l., 

20
16

, 
Un

ite
d K

ing
do

m11

Ca
ses

: 2
0

Co
ntr

ols
: 2

0
Be

nig
n: 

40
To

tal
: 8

0

Ad
en

oc
arc

ino
ma

Un
kn

ow
n

RN
A

TP
53

, C
DK

N2
a, 

SM
AD

7, 
EG

FR
, 

AM
Y2

, TL
R6

, K
IT9

, K
RA

S, 
PT

EN
 

an
d P

IK3
CA

RN
A e

xtr
ac

tio
n -

QIA
zo

l a
nd

 
ch

lor
ofo

rm
 ba

sed
 pr

oc
ess

RN
A e

xp
res

sio
n a

na
lys

is –
 RT

-
qP

CR
 w

ith
 18

s r
RN

A

<0
.05

93
%

73
%

Li 
et.

 al
., 2

02
2,

Ch
ina

12

Ca
ses

: 3
40

Co
ntr

ols
: 1

80
To

tal
: 5

20
ES

CC

Sq
ua

mo
us

 ce
ll 

ca
rci

no
ma

Ca
ses

: 5
2–

70
.11

 
Co

ntr
ols

: 5
1.9

3 –
 70

.33
RN

A (
ses

nc
RN

A)
1. 

tR
NA

-G
lyG

CC
-5

 
2. 

sR
ES

E (
sm

all
 RN

A i
de

nti
fie

d 
in 

Ex
os

om
e f

rom
 Sa

liv
a o

f E
SC

C 
pa

tie
nts

)
3. 

  B
i-s

esn
cR

NA
 sig

na
tur

e 
(1+

2 c
om

bin
ed

)

RT
-q

PC
R

<0
.00

1 f
or 

all
 

1. 
79

%
2. 

77
%

3. 
90

.50
%

1. 
91

.67
%

2. 
88

.33
%

3. 
94

.20
%

1. 
94

.05
%

2. 
91

.67
%

3. 
96

.28
%

1. 
72

.37
%

2. 
69

.73
%

3. 
85

.61
%

Li 
et.

 al
., 2

02
3, 

Ch
ina

13

Ca
ses

: 5
12

 Co
ntr

ols
: 2

54
To

tal
: 7

66
ES

CC

Sq
ua

mo
us

 ce
ll 

ca
rci

no
ma

Tra
ini

ng
 co

ho
rt:

 Ca
ses

 - 
61

.09
+7

.77
 an

d C
on

tro
ls 

-6
0.9

8+
8.0

2
Int

ern
al 

va
lid

ati
on

 co
ho

rt:
 

Ca
ses

 - 6
2.4

4+
6.9

7 a
nd

 Co
ntr

ols
 

- 6
1.6

4+
4.9

0
Ex

ter
na

l v
ali

da
tio

n c
oh

ort
:

Ca
ses

 - 6
3.1

7+
5.3

6 a
nd

 Co
ntr

ols
 

- 6
3.2

1+
5.5

7

EV
P m

iRN
A

Inc
rea

sed
 in

 ES
CC

 – 
EV

P 
mi

R-
12

68
a, 

mi
R-

45
05

De
cre

ase
d i

n E
SC

C –
 m

iR1
97

2, 
mi

R-
42

74
, m

iR-
47

01
-3

p a
nd

 
mi

R-
61

26

RT
-q

PC
R

<0
.00

1 f
or 

all
Tra

ini
ng

Co
ho

rt 
– 8

7.3
9%

Int
ern

al V
ali

da
tio

n C
oh

ort
 

– 8
6.4

3%
Ex

ter
na

l
Va

lid
ati

on
 Co

ho
rt 

– 8
8.0

5%

Tra
ini

ng
Co

ho
rt 

– 9
1.6

7%
 

Int
ern

al V
ali

da
tio

n C
oh

ort
 

– 9
1.0

5%
Ex

ter
na

l
Va

lid
ati

on
 Co

ho
rt 

– 8
8.0

6%

Tra
ini

ng
Co

ho
rt 

– 9
5.1

0%
Int

ern
al V

ali
da

tio
n C

oh
ort

 
– 9

5.2
8%

Ex
ter

na
l

Va
lid

ati
on

 Co
ho

rt 
– 9

4.5
9%

Tra
ini

ng
Co

ho
rt 

– 7
9.7

1%
Int

ern
al V

ali
da

tio
n C

oh
ort

 
– 7

6.2
5%

Ex
ter

na
l

Va
lid

ati
on

 Co
ho

rt 
– 7

5.6
4%

Sh
u e

t. a
l, 2

02
1,

Ch
ina

14

Ca
ses

: 1
6

Co
ntr

ols
: 2

5
To

tal
: 4

1
ES

CC

Sq
ua

mo
us

 ce
ll 

ca
rci

no
ma

Ca
ses

:  
≤ 

60
 =

 43
.75

%
>6

0 =
 56

.25
 %

Co
ntr

ols
:

≤6
0 =

 44
%

>6
0 =

 56
%

Gly
co

pro
tei

n
Ga

lNA
c, G

al,
 sia

lic 
ac

id 
an

d 
Glc

NA
c

MA
LD

I-T
OF

/TO
F-M

S

Sto
ne

 et
. a

l., 
 20

24
, 

Un
ite

d K
ing

do
m15

Ca
ses

: 8
8

Co
ntr

ols
: 1

68
To

tal
: 2

56
Ad

en
oc

arc
ino

ma

Ad
en

oc
arc

ino
ma

Ca
ses

    (
me

an
) –

 70
.3

Co
ntr

ols
 (m

ea
n) 

– 6
2.2

Ca
 bi

om
ark

ers
 ba

sed
 on

 DN
A 

me
thy

lat
ion

 (d
ete

cti
on

 of
 

ep
ige

ne
tic

 ch
an

ge
s)

Us
ed

 pr
ob

es 
no

t s
pe

cifi
ed

Illu
mi

na
 EP

IC 
me

thy
lat

ion
 

arr
ay

s
NA

88
%

31
%

Wu
 et

. a
l, 2

01
3, 

Ch
ina

16
Ca

ses
: -

Co
ntr

ols
: 5

0
Be

nig
n: 

-
To

tal
: -

No
t m

en
tio

ne
d

RN
A

mi
RN

A-
14

4
RT

-P
CR

<0
.05

W
ho

le 
sal

iva
 - 7

4.6
%

Sa
liv

a s
up

ern
ata

nt 
– 5

3.7
%

W
ho

le 
sal

iva
 -

92
%

 
Sa

liv
a s

up
ern

ata
nt 

– 9
4%

Xie
 et

. a
l., 

20
13

, C
hin

a17
Ca

ses
: - 

39
Co

ntr
ols

: 1
9

To
tal

: - 
58

No
t m

en
tio

ne
d

Ca
ses

 (m
ea

n ±
 SD

):  
59

.7±
9

Co
ntr

ols
 (m

ea
n ±

 SD
): 5

5.9
±8

.8
RN

A
W

ho
le 

sal
iva

 m
ark

ers
: 

1. 
mi

R-
10

b
2. 

mi
R-

14
4

3. 
 m

iR-
45

1
Su

pe
rna

tan
t m

ark
ers

:
1. 

mi
R-

10
b

2. 
mi

R-
14

4
3. 

mi
R-

21
4. 

mi
R-

45
1

RT
-q

PC
R

W
ho

le 
sal

iva
 m

ark
ers

: 
1. 

0.0
01

2. 
0.0

12
3. 

0.0
02

Su
pe

rna
tan

t m
ark

ers
:

1. 
0.0

13
2. 

0.0
36

3. 
0.0

15
4. 

0.0
06

W
ho

le 
sal

iva
 m

ark
ers

: 
1. 

89
.7%

2. 
92

.3%
3. 

84
.6%

 Su
pe

rna
tan

t m
ark

ers
:

1. 
79

.5%
2. 

43
.6%

3. 
89

.7%
4. 

51
.3%

W
ho

le 
sal

iva
 m

ark
ers

: 
1. 

57
.9%

2. 
47

.4%
3. 

57
.9%

 Su
pe

rna
tan

t m
ark

ers
:

1. 
57

.9%
2. 

89
.5%

3. 
47

.4%
4. 

84
.2%

Xie
 et

. a
l., 

20
12

, C
hin

a
18

Ca
ses

: - 
32

Co
ntr

ols
: 1

6
To

tal
: - 

48

No
t m

en
tio

ne
d

Ca
ses

 (m
ea

n ±
 SD

): 6
1.6

±9
.3

Co
ntr

ols
 (m

ea
n ±

SD
):  

57
.5±

7.1
RN

A
Sa

liv
a s

up
ern

ata
nt 

mi
R-

21
RT

-q
PC

R
0.0

03
84

.4%
62

.5%

Ye
 et

. a
l., 

20
14

, C
hin

a
19

Ca
ses

: - 
10

0 (
50

 in
 st

ag
e I

, 
50

 in
 st

ag
e I

I)
Co

ntr
ols

: 5
0

To
tal

: - 
15

0

No
t m

en
tio

ne
d

NA
RN

A
mi

R-
21

qP
CR

Sta
ge

 I –
 90

%
Sta

ge
 II 

– 8
8%

Sta
ge

 I+
II c

om
bin

ed
 – 

89
%

64
%

 fo
r a

ll

Ta
bl

e 
2.

 C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 o

n 
de

te
ct

in
g 

ga
st

ric
 c

an
ce

r
Stu

dy
 (A

ut
ho

r, y
ea

r, 
co

un
try

)
Pa

rti
cip

an
ts 

(n
)

Hi
sto

log
ica

l su
bt

yp
e

Ag
e

Bio
m

ark
er 

typ
e

Bio
m

ark
ers

 as
se

sse
d

Me
th

od
 of

 as
se

ssm
en

t
As

so
cia

tio
n i

n c
an

ce
r  

pa
tie

nt
s /

p
Se

ns
iti

vit
y (

95
%

 CI
)

Sp
ec

ific
ity

 (9
5%

 CI
)

PP
V (

95
%

 CI
)

NP
V (

95
%

 CI
)

Az
na

b e
t.a

l., 
20

23
, 

Ira
n

10

Ca
ses

: 3
2

Co
ntr

ols
: 5

7
Be

nig
n: 

0
To

tal
:  8

9

No
t m

en
tio

ne
d

Ca
ses

 (m
ea

n):
 56

Co
ntr

ols
 (m

ea
n):

 42
Pro

tei
n

E-c
ad

he
rin

EL
ISA

 
Hig

he
r

Be
l’sk

ay
a e

t.a
l., 

20
20

, R
us

sia
20

Ca
ses

: 1
1

Co
ntr

ols
: 1

6
Be

nig
n: 

0
To

tal
:  2

7

Ad
en

oc
arc

ino
ma

Ca
ses

: 
56

.8 
± 

5.5
Co

ntr
ols

: 
57

.1 
± 

6.4

Vo
lat

ile
 or

ga
nic

 co
mp

ou
nd

s
Ac

eta
lde

hy
de

, a
cet

on
e, 

pro
pa

no
l-2

, a
nd

 et
ha

no
l

Ca
pil

lar
y g

as
 

ch
rom

ato
gra

ph
y

Hig
he

r (p
<0

.05
)

80
.0%

10
0%

Ch
en

 et
.al

., 2
02

2, 
Ch

ina 21

Ca
ses

: 1
20

Co
ntr

ols
: 2

0
Be

nig
n: 

31
 AG

 , 3
5 N

AG
, 

26
 GP

To
tal

:  2
32

Ad
en

oc
arc

ino
ma

Ca
ses

: A
ge

<6
1: 

56
Ag

e≥
61

: 6
4

Co
ntr

ols
: 5

6.9
0 ±

 16
.02

Be
nig

n: 
62

.13
 ±

 10
.56

 AG
,

60
.80

 ±
 14

.54
 NA

G ,
 58

.17
± 

15
.26

 GP

Mi
cro

be
Fu

so
ba

cte
riu

m 
nu

cle
atu

m
Dig

ita
l d

rop
let

 po
lym

era
se

 
ch

ain
 re

ac
tio

n (
dd

PC
R)

   H
igh

er 
  (p

=0
.78

0) 
73

.33
%

82
.14

%
81

.48
%

74
.19

%

Hu
an

g e
t a

l., 
20

21
, 

Ch
ina 22

Ca
ses

: 9
9

Co
ntr

ols
:

Be
nig

n: 
10

1 S
G, 

93
 AG

 ( 2
1 

wi
tho

ut 
IM

 an
d 7

2 w
ith

 IM
)

To
tal

: 2
93

Ad
en

oc
arc

ino
ma

Ca
ses

: 4
9.6

 ±
  8

.8
Be

nig
n: 

48
.2 

± 
10

.2 
SG

, 4
9.9

 ±
 

12
.5 

AG
 w

ith
ou

t IM
 an

d 4
8.5

 ±
 

11
.7 

AG
 w

ith
 IM

Mi
cro

be
s

Sa
liv

ary
 M

icr
ob

iot
a

Se
qu

en
ce 

an
aly

sis
 of

 th
e 1

6S
 

rib
os

om
al 

RN
A g

en
e

0.3
58

2

Ka
czo

r-U
rba

no
wi

cz 
et.

al.
, 2

02
2, 

US
A23

Ca
ses

: 5
1

Co
ntr

ols
: 4

9
Be

nig
n:

To
tal

: 1
00

Ad
en

oc
arc

ino
ma

Ca
ses

: 6
1.0

Co
ntr

ols
: 6

0.0
RN

A
Sa

liv
ary

 ex
RN

A
qP

CR
0.0

80
9

Ko
op

aie
 et

.al
., 

20
22

, Ir
an

24

Ca
ses

: 3
1

Co
ntr

ols
: 3

1
Be

nig
n:

To
tal

: 6
2

Ad
en

oc
arc

ino
ma

Un
kn

ow
n

Pro
tei

n
CS

TB
 an

d D
MB

T1
EL

ISA
 an

d M
ac

hin
e L

ea
rni

ng
CS

TB
 p-

va
lue

: 0
.00

1
DM

BT
1 p

-va
lue

: 0
.00

2
CS

TB
 se

ns
itiv

ity
: 8

3.8
7%

DM
BT

1 s
en

sit
ivi

ty:
 80

.65
 %

CS
TB

 sp
ec

ific
ity

: 7
0.9

7 %
DM

BT
1 s

pe
cifi

cit
y: 

64
.52

 %

Li 
et.

al.
, 2

01
8, 

Ko
rea

25

Ca
ses

: 1
63

Co
ntr

ols
: 1

31
Be

nig
n: 

0
To

tal
: 2

94
No

t m
en

tio
ne

d
Ca

ses
: 5

1.9
 ±

 9.
2

Co
ntr

ols
: 5

5.7
 ±

 8.
1

RN
A

Ex
tra

cel
lul

ar 
RN

A (
ex

RN
A)

RT
-q

PC
R

Lo
we

r
AN

XA
1: 

0.0
08

CD
24

: 0
.00

1
CS

TB
: 0

.00
4

EIF
3G

: 0
.94

5
ER

O1
A: 

0.0
02

KR
T4

: 0
.03

5
KR

T6
A:0

.00
1

PP
L: 

0.0
07

RA
NB

P9
: 0

.15
7

S1
00

A1
0: 

0.0
06

SE
MA

4B
: 0

.14
9

SP
IN

K7
:0.

00
1

MI
R1

40
-5

p: 
<0

.00
1

MI
R3

7a
: <

0.0
01

MI
R4

54
: 0

.00
3

MI
R1

5b
: <

0.0
01

MI
R2

8-
5p

: 0
.02

4
MI

R3
01

a: 
0.0

1

82
%

77
%

Sh
u e

t.a
l., 

20
18

, 
Ch

ina 26

Ca
ses

: 5
1

Co
ntr

ols
: 5

1
Be

nig
n: 

0
To

tal
: 1

02

No
t m

en
tio

ne
d

Ca
ses

: 5
4.1

±7
.4

Co
ntr

ols
: 5

3.7
 ±

 5.
5

Gly
ca

ns
N-

 an
d O

-lin
ke

d g
lyc

an
s

MA
LD

I-T
OF

Six
 fu

co
syl

ate
d N

-lin
ke

d 
gly

ca
ns

 (?



754 European Journal of Clinical and Experimental Medicine 2025; 23 (3): 750–766
Sh

u e
t.a

l., 
20

17
, 

Ch
ina 27

Ca
ses

: 6
4

Co
ntr

ols
: 3

0
Be

nig
n: 

0
To

tal
: 9

4

No
t m

en
tio

ne
d

Un
kn

ow
n

Pro
tei

n
Pro

tei
n g

lyc
os

yla
tio

n p
att

ern
s 

(15
 le

cti
ns

)
Le

cti
n m

icr
oa

rra
y

Hig
he

r a
nd

 al
ter

ed
 

gly
co

syl
ati

on
 pa

tte
rns

 in
 GC

96
%

80
%

Sw
aru

p e
t.a

l., 
20

23
, U

SA
28

Ca
ses

: 1
0

Co
ntr

ols
 (g

ast
rit

is)
: 1

0
Be

nig
n: 

0
To

tal
: 2

0

No
t m

en
tio

ne
d

Ca
ses

 (m
ea

n):
 59

.4
Co

ntr
ols

 (m
ea

n):
 40

.5
DN

A
Ce

ll-f
ree

 DN
A

PC
R 

Hig
he

r 
(p=

 0.
03

61
)

Xia
o e

t.a
l., 

20
16

, 
Ch

ina 29

Ca
ses

: 2
0

Co
ntr

ols
: 2

0
Be

nig
n: 

0
To

tal
: 4

0

No
t m

en
tio

ne
d

Ca
ses

: 5
4.4

5 ±
 11

.14
Co

ntr
ols

:  4
4.4

5 ±
 12

.54
Pro

tei
n

Cy
sta

tin
 B 

(CS
TB

), 
tri

os
ep

ho
sp

ha
te 

iso
me

ras
e 

(TP
I1)

, a
nd

 de
let

ed
 in

 
ma

lig
na

nt 
bra

in 
tum

ors
 1 

pro
tei

n (
DM

BT
1)

EL
ISA

Lo
we

r (p
<0

.04
)

85
%

80
%

Xu
 et

.al
.,2

02
0, 

Ch
ina

30

Ca
ses

: 6
0

Co
ntr

ols
: 6

0
Be

nig
n: 

0
To

tal
: 1

20

Ad
en

oc
arc

ino
ma

Ca
ses

: 6
0.1

7 ±
 11

.78
Co

ntr
ols

:  5
8.8

0 ±
 14

.38
Pro

tei
n a

nd
 RN

A
Ca

rci
no

em
br

yo
nic

 an
tig

en
 

(CE
A)

 an
d  

mR
NA

s (
SP

IN
K7

, 
PP

L, 
SE

MA
4B

, S
MA

D4
)

Im
mu

no
ass

ay
 sy

ste
m 

an
d 

RT
-q

PC
R

Ca
rci

no
em

br
yo

nic
 an

tig
en

: 
Hig

he
r (p

<0
.00

1)
SP

IN
K7

, P
PL

, S
EM

A4
B a

nd
 

SM
AD

4: 
Lo

we
r (p

<0
.00

1)

Co
mb

ine
d:

92
%

Co
mb

ine
d:

87
%



755Detection of gastrointestinal cancers using salivary biomarkers – a systematic review

Ta
bl

e 
3.

 C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 o

n 
de

te
ct

in
g 

co
lo

re
ct

al
 c

an
ce

r
Stu

dy
 (A

ut
ho

r, y
ea

r, 
co

un
try

)
Pa

rti
cip

an
ts 

(n
)

Ag
e

Bio
m

ark
er 

typ
e 

Bio
m

ark
ers

 as
se

sse
d

Me
th

od
 of

 as
se

ssm
en

t
As

so
cia

tio
n i

n c
an

ce
r  

pa
tie

nt
s /

p
Se

ns
iti

vit
y (

95
%

 CI
)

Sp
ec

ific
ity

 (9
5%

 CI
)

PP
V (

95
%

 CI
)

NP
V (

95
%

 CI
)

Az
na

b e
t.a

l., 
20

22
, Ir

an
10

Ca
ses

:68
Co

ntr
ols

:57
Be

nig
n:0

To
tal

:12
5

49
.66

 ±
 15

.71
 ye

ars
So

lub
le 

E-c
ad

he
rin

 (s
E-

ca
dh

eri
n)

Le
ve

ls o
f so

lub
le 

E-c
ad

he
rin

 in
 

sal
iva

 an
d s

eru
m

En
zy

me
-lin

ke
d i

mm
un

os
orb

en
t a

ssa
y (

EL
ISA

)
Ele

va
ted

 le
ve

ls o
f so

lub
le 

E-c
ad

he
rin

 in
 ca

nc
er 

pa
tie

nts
 co

mp
are

d 
to 

he
alt

hy
 co

ntr
ols

/p
=0

.03
1

Be
l’sk

ay
a e

t.a
l., 

20
20

, 
Ru

ssi
a

20

Ca
ses

:11
(st

om
ac

h 
Ca

)+
18

(co
lor

ec
tal

 ca
)

Co
ntr

ols
:16

Be
nig

n:0
To

tal
:45

Ag
e R

an
ge

:30
–7

0
Sto

ma
ch

 Ca
nc

er 
Pa

tie
nts

: A
ve

rag
e a

ge
 

56
.8 

± 
5.5

Co
lor

ec
tal

 Ca
nc

er 
Pa

tie
nts

: A
ve

rag
e a

ge
 

58
.2 

± 
3.8

Vo
lat

ile
 Or

ga
nic

 Co
mp

ou
nd

s 
(V

OC
s)

Ac
eta

lde
hy

de
, A

cet
on

e, 
Pro

pa
no

l-2
, E

tha
no

l,
Me

tha
no

l,
Lip

id 
Pe

rox
ida

tio
n P

rod
uc

ts:
 

tri
en

e c
on

jug
ate

 an
d S

ch
iff 

ba
se

VO
Cs 

An
aly

sis
: C

ap
illa

ry 
ga

s c
hro

ma
tog

rap
hy

Sig
nifi

ca
nt 

diff
ere

nc
es 

in 
the

 le
ve

ls o
f V

OC
s in

 sa
liv

a b
etw

ee
n 

ca
nc

er 
pa

tie
nts

 an
d h

ea
lth

y c
on

tro
ls.

Fo
r C

an
cer

/Co
ntr

ol 
Cla

ssi
fic

ati
on

: 9
5.7

%
Fo

r S
tom

ac
h C

an
cer

: 8
0.0

%
Fo

r C
olo

rec
tal

 Ca
nc

er:
 92

.3%

Fo
r C

an
cer

/Co
ntr

ol 
Cla

ssi
fic

ati
on

: 9
0.9

%
Fo

r S
tom

ac
h a

nd
 

Co
lor

ec
tal

 Ca
nc

er:
 

10
0%

Ho
lte

n-
An

de
rse

n e
t.a

l., 
20

12
, D

en
ma

rk
31

Ca
ses

:56
Co

ntr
ols

:10
5

Be
nig

n:
To

tal
:16

1

61
 (ra

ng
e 2

5–
87

)
Ca

nc
er 

ind
ivi

du
als

:68
,2

No
n-

ca
nc

er 
ind

ivi
du

als
:56

,6

TIM
P-1

 (T
iss

ue
 In

hib
ito

r o
f 

Me
tal

lop
rot

ein
ase

s-1
)

TIM
P-1

 co
nc

en
tra

tio
n i

n s
ali

va
 

an
d p

las
ma

RO
C c

ur
ve

s
Pla

sm
a T

IM
P-1

 co
nc

en
tra

tio
n s

ign
ific

an
tly

 as
so

cia
ted

 w
ith

 th
e 

dia
gn

os
is o

f C
RC

 (p
 =

 0.
00

03
)

Kis
ele

va
 et

.al
, 2

02
3, 

Ru
ssi

a32

Ca
ses

:10
0

Co
ntr

ols
:66

Be
nig

n:
To

tal
:16

6

CR
C: 

>6
1,

LC
: ≥

54
mi

RN
A-

21
CM

R-
21

(m
iRN

A-
21

 in
 sa

liv
a) 

an
d P

MR
-2

1(m
iRN

A-
21

 in
 

blo
od

 pl
asm

a)

Re
ve

rse
 tra

ns
cri

pti
on

 po
lym

era
se 

ch
ain

 re
ac

tio
n(R

T-P
CR

)C
MR

-2
1 a

nd
 PM

R-
21

 le
ve

ls w
ere

 st
ati

sti
ca

lly
 sig

nifi
ca

ntl
y d

iffe
ren

t 
am

on
g C

RC
, LC

, G
CT

, a
nd

 he
alt

hy
 co

ntr
ols

 (p
 <

 0.
00

1)
Hig

he
r C

MR
-2

1 i
n C

RC
 w

ith
 a s

ma
ll d

ep
th 

of 
tum

or 
inv

asi
on

 (p
 =

 
0.0

04
; p

 =
 0.

04
2)

CR
C:

SM
R-

21
= 

52
%

,
PM

R-
21

= 
61

%
LC

:
SM

R-
21

=1
00

%
, P

MR
-

21
=7

8%
GC

T:
CM

R-
21

=8
8%

, P
MR

-
21

=5
7%

CR
C: 

 SM
R-

21
= 

89
%

,
PM

R-
21

= 
83

%
LC

:
SM

R-
21

=8
6%

, P
MR

-
21

=6
4%

GC
T:

CM
R-

21
=7

7%
, P

MR
-

21
=7

1%

Ko
op

ae
i e

t.a
l., 

20
24

, 
Ira

n33

Ca
ses

:42
Co

ntr
ols

:33
Be

nig
n:

To
tal

:75

CR
C p

ati
en

ts:
 

54
.12

±1
3.9

8 y
ea

rs,
 

he
alt

hy
 co

ntr
ols

: 
42

.33
±1

2.5
0 y

ea
rs

Sa
liv

ary
 m

icr
oR

NA
s

mi
R-

29
a

mi
R-

92
a

Re
al-

tim
e q

ua
nti

tat
ive

 re
ve

rse
 tra

ns
cri

pti
on

 PC
R 

(RT
-q

PC
R)

mi
R-

29
a a

nd
 m

iR-
92

a e
xp

res
sio

n l
ev

els
: S

ign
ific

an
tly

 hi
gh

er 
in 

CR
C p

ati
en

ts 
co

mp
are

d t
o c

on
tro

ls.
mi

R-
29

a: 
88

%
mi

R-
92

a:
85

.3%

mi
R-

29
a: 

93
%

mi
R-

92
a:

93
%

mi
R-

29
a P

PV
:94

%

Ku
wa

ba
ra,

 et
.al

.,2
01

9, 
Jap

an
34

Ca
ses

:23
1

Co
ntr

ols
:22

72
Be

nig
n:9

9
To

tal
:26

02

Me
tab

oli
tes

Nu
me

rou
s h

yd
rop

hil
ic 

me
tab

oli
tes

 in
 sa

liv
a

Ca
pil

lar
y e

lec
tro

ph
ore

sis
-m

ass
 sp

ec
tro

me
try

-b
ase

d 
me

tab
olo

mi
cs

Hig
h a

rea
 un

de
r th

e
rec

eiv
er 

op
era

tin
g c

ha
rac

ter
ist

ic c
ur

ve
 (A

UC
 ¼

 0.
87

6; 
P <

 0.
00

01
) 

in 
the

 tra
ini

ng
 da

ta-
set

. Th
is c

om
bin

ati
on

 al
so

 sh
ow

ed
 hi

gh
 AU

C 
va

lue
s u

sin
g t

he
 va

lid
ati

on
 da

tas
et

(AU
C ¼

 0.
86

1; 
P <

 0.
00

01
).

Ku
wa

ba
ra 

et.
al.

, 2
02

2, 
Jap

an 35

Ca
ses

:23
5

Co
ntr

ols
:23

17
Be

nig
n:5

0
To

tal
:26

02

Sa
liv

ary
 m

eta
bo

lite
s

12
2 q

ua
nti

fie
d m

eta
bo

lite
s

Me
tab

oli
te 

co
nc

en
tra

tio
ns

 w
ere

 ca
lcu

lat
ed

 us
ing

 CE
-M

S 
ba

sed
 on

 th
e r

ati
o o

f p
ea

k a
rea

 di
vid

ed
 by

 th
e a

rea
 of

 
int

ern
al 

sta
nd

ard
s.

Po
lya

mi
ne

 LC
-M

S w
as 

us
ed

 re
du

nd
an

tly
 to

 de
tec

t p
ea

ks.
Da

ta 
an

aly
sis

 in
clu

de
d p

art
ial

 le
ast

 sq
ua

res
 di

scr
im

ina
nt

 
an

aly
sis

 (P
LS

-D
A)

 an
d m

ac
hin

e l
ea

rni
ng

 m
od

els
 (A

DT
ree

 
an

d M
LR

).

63
 m

eta
bo

lite
s s

ho
we

d a
 p-

va
lue

 <
 0.

05
 be

tw
ee

n H
C a

nd
 CR

C.

La
za

ro-
Sa

nc
he

z e
t.a

l., 
20

19
, S

pa
in

36

Ca
ses

:15
Co

ntr
ols

:10
Be

nig
n:

To
tal

:25

So
lub

le 
HL

A-
G (

sH
LA

-G
)

sH
LA

-G
 le

ve
ls i

n s
ali

va
 an

d 
ser

um
Me

asu
rem

en
t o

f sH
LA

-G
 le

ve
ls i

n s
ali

va
 an

d s
eru

m
Hig

he
r s

HL
A-

G l
ev

els
 in

 ad
va

nc
ed

 st
ag

es 
(III

-IV
) c

om
pa

red
 to

 ea
rly

 
sta

ge
s (

I-II
) in

 bo
th 

sal
iva

 an
d s

eru
m.

Sig
nifi

ca
nt 

ass
oc

iat
ion

 be
tw

ee
n h

igh
er 

sH
LA

-G
 le

ve
ls a

nd
 

ad
va

nc
ed

 tu
mo

r s
tag

es.
No

 sig
nifi

ca
nt 

ass
oc

iat
ion

 w
ith

 tu
mo

r lo
cat

ion
, D

NA
 re

pa
ir p

rot
ein

 
ins

tab
ilit

y, o
r s

ex
 of

 pa
tie

nts
.

Hig
he

r s
HL

A-
G l

ev
els

 in
 pa

tie
nts

 ov
er 

70
 ye

ars
 ol

d c
om

pa
red

 to
 

tho
se 

un
de

r 7
0 y

ea
rs.

Diff
ere

nc
e b

etw
ee

n C
RC

 pa
tie

nts
 an

d c
on

tro
ls: 

p =
 0.

03
6 (

sal
iva

)



756 European Journal of Clinical and Experimental Medicine 2025; 23 (3): 750–766

Ra
pa

do
-G

on
za

lez
 et

.al
., 

20
19

, S
pa

in
37

Ca
ses

:51
Co

ntr
ols

:37
Be

nig
n:1

9
To

tal
:10

7

Sa
liv

ary
 m

icr
oR

NA
s (

mi
RN

As
)

mi
R-

18
6-

5p
,

mi
R-

29
a-3

p,
mi

R-
29

c-3
p,

mi
R-

76
6-

3p
,

mi
R-

49
1-

5p
.

RO
C c

ur
ve

 an
aly

sis
 to

 di
scr

im
ina

te 
CR

C p
ati

en
ts 

fro
m 

co
ntr

ols
 ba

sed
 on

 sa
liv

ary
 m

iRN
A l

ev
els

.
Sc

ree
nin

g o
f 7

54
 m

iRN
As

 in
 sa

liv
a s

am
ple

s u
sin

g 
RT

-q
PC

R.

No
 sig

nifi
ca

nt 
ass

oc
iat

ion
 be

tw
ee

n t
he

 fiv
e s

ali
va

ry 
mi

RN
As

 an
d 

ag
e, 

lym
ph

 no
de

 m
eta

sta
sis

, d
ist

an
t m

eta
sta

sis
, tu

mo
r g

rad
ing

, 
ser

um
 CE

A l
ev

els
, TN

M 
sta

gin
g, 

tum
or 

loc
ati

on
, b

od
y m

ass
 

ind
ex

, a
lco

ho
l in

tak
e, 

an
d s

mo
kin

g s
tat

us
. Le

ve
ls o

f m
iR-

18
6-

5p
, 

mi
R-

29
a-3

p, 
an

d m
iR-

29
c-3

p w
ere

 sig
nifi

ca
ntl

y i
nc

rea
sed

 in
 

ma
les

 (p
 <

 0.
05

)

mi
R-

18
6-

5p
, m

iR-
29

a-3
p,

mi
R-

29
c-3

p, 
mi

R-
76

6-
5p

 
an

d m
iR-

49
1-

5p
72

%
(Co

mb
ine

d w
ith

 CE
A l

ev
els

: 
89

.36
%

)

mi
R-

18
6-

5p
, m

iR-
29

a-3
p,

mi
R-

29
c-3

p, 
mi

R-
76

6-
5p

 an
d m

iR-
49

1-
5p

 
66

.67
%

Ra
pa

do
-G

on
za

lez
 et

.al
., 

20
18

, S
pa

in
38

Ca
ses

:14
Co

ntr
ols

:10
Be

nig
n:4

To
tal

:28

Mi
cro

RN
A (

mi
RN

A)
75

4 m
iRN

As
 an

aly
ze

d, 
wi

th 
a p

an
el 

of 
sp

ec
ific

all
y d

ysr
eg

ula
ted

 m
iRN

As
 

ide
nti

fie
d

Sa
mp

le 
co

lle
cti

on
: N

on
-st

im
ula

ted
 sa

liv
a

RN
A i

so
lat

ion
: m

iRN
ea

sy 
ex

tra
cti

on
 M

icr
o K

it (
QIA

GE
N)

mi
RN

A e
xp

res
sio

n a
na

lys
is: 

Ta
qM

an
 Ar

ray
 Lo

w-
De

ns
ity

 
Hu

ma
n M

icr
oR

NA
 Ar

ray
s (

TL
DA

; A
pp

lie
d B

ios
yst

em
s, 

Th
erm

o F
ish

er 
Sc

ien
tifi

c)
Va

lid
ati

on
: q

RT
-P

CR
 in

 an
 in

de
pe

nd
en

t c
oh

ort
Sa

za
no

v e
t.a

l., 
20

17
, 

Po
lan

d
39

Ca
ses

: 3
1

Co
ntr

ols
: 3

4
Be

nig
n: 

0
To

tal
: 6

5

≤6
0

mi
cro

RN
A(

mi
RN

A)
mi

RN
A-

21
Re

al-
tim

e q
ua

nti
tat

ive
 PC

R (
qP

CR
)

mi
RN

A-
21

 ex
pre

ssi
on

 le
ve

ls w
ere

 sig
nifi

ca
ntl

y h
igh

er 
in 

CR
C 

pa
tie

nts
 co

mp
are

d t
o h

ea
lth

y c
on

tro
ls/

 P=
5e

-1
2

97
%

91
%

Wa
nic

ze
k, 

et.
al.

,20
22

, 
Po

lan
d

40

Ca
ses

:39
Co

ntr
ols

:40
Be

nig
n:

To
tal

:79

>6
0y

.o
Pro

tei
ns

 (c
he

me
rin

, 
α-

de
fen

sin
 1,

 TN
F-α

)
Se

rum
 ch

em
eri

n,
Sa

liv
ary

 ch
em

eri
n,

Se
rum

 α-
de

fen
sin

 1,
Sa

liv
ary

 α-
de

fen
sin

 1,
Se

rum
 TN

F-α
,

Sa
liv

ary
 TN

F-α

RO
C C

ur
ve

 An
aly

sis
Th

e s
ali

va
ry 

an
d s

eru
m 

co
nc

en
tra

tio
ns

 of
 ch

em
eri

n, 
α-

de
fen

sin
 1,

 an
d

TN
F-α

 w
ere

 sig
nifi

ca
ntl

y h
igh

er 
in 

ca
nc

er 
pa

tie
nts

 co
mp

are
d 

to 
the

 co
ntr

ol 
gro

up
/p

-va
lue

s <
 0.

00
1 f

or 
all

 bi
om

ark
ers

 
tes

ted

Sa
liv

ary
 ch

em
eri

n, 
a-d

efe
ns

in 
1, 

TN
F-a

10
0%

Se
rum

  ch
em

eri
n, 

a-d
efe

ns
in 

1, 
TN

F-a
10

0%

Sa
liv

ary
 ch

em
eri

n, 
a-d

efe
ns

in 
1, 

TN
F-a

10
0%

Se
rum

  ch
em

eri
n, 

a-d
efe

ns
in 

1, 
TN

F-a
 

>9
0%

Zh
an

g e
t.a

l.,2
02

2, 
Ch

ina
41

Ca
ses

:20
7

Co
ntr

ols
:11

7
Be

nig
n:7

6
To

tal
:32

4

Me
dia

n a
ge

:63
y.o

Sa
liv

ary
 DN

A a
nd

 Se
rum

 
Le

ve
ls o

f C
EA

 an
d C

A1
9-

9
Fn

 DN
A (

Fu
so

ba
cte

riu
m 

nu
cle

atu
m 

DN
A)

,
CE

A (
Ca

rci
no

em
br

yo
nic

 An
tig

en
),

CA
19

-9
 (C

arb
oh

yd
rat

e A
nti

ge
n 1

9-
9)

Fn
 DN

A l
ev

els
 w

ere
 m

ea
su

red
 us

ing
 qP

CR
 an

d 
ca

lcu
lat

ed
 as

 th
e r

ati
o o

f th
e N

us
G g

en
e l

ev
el 

to 
the

 
ge

om
etr

ic m
ea

n o
f G

AP
DH

 an
d T

ER
T l

ev
els

Fn
 DN

A: 
Hig

he
r in

 CR
C p

ati
en

ts 
co

mp
are

d t
o c

on
tro

l g
rou

ps
​​.

CE
A: 

Sig
nifi

ca
ntl

y h
igh

er 
in 

CR
C p

ati
en

ts 
co

mp
are

d t
o 

co
ntr

ols
.

CA
19

-9
: S

ign
ific

an
tly

 hi
gh

er 
in 

CR
C p

ati
en

ts 
co

mp
are

d t
o 

co
ntr

ols

Sa
liv

ary
 Fn

 DN
A: 

71
.5%

CE
A 2

2.2
%

 an
d C

A1
9-

9  
10

.1%

Sa
liv

ary
 Fn

 DN
A: 

82
.1%



757Detection of gastrointestinal cancers using salivary biomarkers – a systematic review

Ra
pa

do
-G

on
za

lez
 et

.al
., 

20
19

, S
pa

in
37

Ca
ses

:51
Co

ntr
ols

:37
Be

nig
n:1

9
To

tal
:10

7

Sa
liv

ary
 m

icr
oR

NA
s (

mi
RN

As
)

mi
R-

18
6-

5p
,

mi
R-

29
a-3

p,
mi

R-
29

c-3
p,

mi
R-

76
6-

3p
,

mi
R-

49
1-

5p
.

RO
C c

ur
ve

 an
aly

sis
 to

 di
scr

im
ina

te 
CR

C p
ati

en
ts 

fro
m 

co
ntr

ols
 ba

sed
 on

 sa
liv

ary
 m

iRN
A l

ev
els

.
Sc

ree
nin

g o
f 7

54
 m

iRN
As

 in
 sa

liv
a s

am
ple

s u
sin

g 
RT

-q
PC

R.

No
 sig

nifi
ca

nt 
ass

oc
iat

ion
 be

tw
ee

n t
he

 fiv
e s

ali
va

ry 
mi

RN
As

 an
d 

ag
e, 

lym
ph

 no
de

 m
eta

sta
sis

, d
ist

an
t m

eta
sta

sis
, tu

mo
r g

rad
ing

, 
ser

um
 CE

A l
ev

els
, TN

M 
sta

gin
g, 

tum
or 

loc
ati

on
, b

od
y m

ass
 

ind
ex

, a
lco

ho
l in

tak
e, 

an
d s

mo
kin

g s
tat

us
. Le

ve
ls o

f m
iR-

18
6-

5p
, 

mi
R-

29
a-3

p, 
an

d m
iR-

29
c-3

p w
ere

 sig
nifi

ca
ntl

y i
nc

rea
sed

 in
 

ma
les

 (p
 <

 0.
05

)

mi
R-

18
6-

5p
, m

iR-
29

a-3
p,

mi
R-

29
c-3

p, 
mi

R-
76

6-
5p

 
an

d m
iR-

49
1-

5p
72

%
(Co

mb
ine

d w
ith

 CE
A l

ev
els

: 
89

.36
%

)

mi
R-

18
6-

5p
, m

iR-
29

a-3
p,

mi
R-

29
c-3

p, 
mi

R-
76

6-
5p

 an
d m

iR-
49

1-
5p

 
66

.67
%

Ra
pa

do
-G

on
za

lez
 et

.al
., 

20
18

, S
pa

in
38

Ca
ses

:14
Co

ntr
ols

:10
Be

nig
n:4

To
tal

:28

Mi
cro

RN
A (

mi
RN

A)
75

4 m
iRN

As
 an

aly
ze

d, 
wi

th 
a p

an
el 

of 
sp

ec
ific

all
y d

ysr
eg

ula
ted

 m
iRN

As
 

ide
nti

fie
d

Sa
mp

le 
co

lle
cti

on
: N

on
-st

im
ula

ted
 sa

liv
a

RN
A i

so
lat

ion
: m

iRN
ea

sy 
ex

tra
cti

on
 M

icr
o K

it (
QIA

GE
N)

mi
RN

A e
xp

res
sio

n a
na

lys
is: 

Ta
qM

an
 Ar

ray
 Lo

w-
De

ns
ity

 
Hu

ma
n M

icr
oR

NA
 Ar

ray
s (

TL
DA

; A
pp

lie
d B

ios
yst

em
s, 

Th
erm

o F
ish

er 
Sc

ien
tifi

c)
Va

lid
ati

on
: q

RT
-P

CR
 in

 an
 in

de
pe

nd
en

t c
oh

ort
Sa

za
no

v e
t.a

l., 
20

17
, 

Po
lan

d
39

Ca
ses

: 3
1

Co
ntr

ols
: 3

4
Be

nig
n: 

0
To

tal
: 6

5

≤6
0

mi
cro

RN
A(

mi
RN

A)
mi

RN
A-

21
Re

al-
tim

e q
ua

nti
tat

ive
 PC

R (
qP

CR
)

mi
RN

A-
21

 ex
pre

ssi
on

 le
ve

ls w
ere

 sig
nifi

ca
ntl

y h
igh

er 
in 

CR
C 

pa
tie

nts
 co

mp
are

d t
o h

ea
lth

y c
on

tro
ls/

 P=
5e

-1
2

97
%

91
%

Wa
nic

ze
k, 

et.
al.

,20
22

, 
Po

lan
d

40

Ca
ses

:39
Co

ntr
ols

:40
Be

nig
n:

To
tal

:79

>6
0y

.o
Pro

tei
ns

 (c
he

me
rin

, 
α-

de
fen

sin
 1,

 TN
F-α

)
Se

rum
 ch

em
eri

n,
Sa

liv
ary

 ch
em

eri
n,

Se
rum

 α-
de

fen
sin

 1,
Sa

liv
ary

 α-
de

fen
sin

 1,
Se

rum
 TN

F-α
,

Sa
liv

ary
 TN

F-α

RO
C C

ur
ve

 An
aly

sis
Th

e s
ali

va
ry 

an
d s

eru
m 

co
nc

en
tra

tio
ns

 of
 ch

em
eri

n, 
α-

de
fen

sin
 1,

 an
d

TN
F-α

 w
ere

 sig
nifi

ca
ntl

y h
igh

er 
in 

ca
nc

er 
pa

tie
nts

 co
mp

are
d 

to 
the

 co
ntr

ol 
gro

up
/p

-va
lue

s <
 0.

00
1 f

or 
all

 bi
om

ark
ers

 
tes

ted

Sa
liv

ary
 ch

em
eri

n, 
a-d

efe
ns

in 
1, 

TN
F-a

10
0%

Se
rum

  ch
em

eri
n, 

a-d
efe

ns
in 

1, 
TN

F-a
10

0%

Sa
liv

ary
 ch

em
eri

n, 
a-d

efe
ns

in 
1, 

TN
F-a

10
0%

Se
rum

  ch
em

eri
n, 

a-d
efe

ns
in 

1, 
TN

F-a
 

>9
0%

Zh
an

g e
t.a

l.,2
02

2, 
Ch

ina
41

Ca
ses

:20
7

Co
ntr

ols
:11

7
Be

nig
n:7

6
To

tal
:32

4

Me
dia

n a
ge

:63
y.o

Sa
liv

ary
 DN

A a
nd

 Se
rum

 
Le

ve
ls o

f C
EA

 an
d C

A1
9-

9
Fn

 DN
A (

Fu
so

ba
cte

riu
m 

nu
cle

atu
m 

DN
A)

,
CE

A (
Ca

rci
no

em
br

yo
nic

 An
tig

en
),

CA
19

-9
 (C

arb
oh

yd
rat

e A
nti

ge
n 1

9-
9)

Fn
 DN

A l
ev

els
 w

ere
 m

ea
su

red
 us

ing
 qP

CR
 an

d 
ca

lcu
lat

ed
 as

 th
e r

ati
o o

f th
e N

us
G g

en
e l

ev
el 

to 
the

 
ge

om
etr

ic m
ea

n o
f G

AP
DH

 an
d T

ER
T l

ev
els

Fn
 DN

A: 
Hig

he
r in

 CR
C p

ati
en

ts 
co

mp
are

d t
o c

on
tro

l g
rou

ps
​​.

CE
A: 

Sig
nifi

ca
ntl

y h
igh

er 
in 

CR
C p

ati
en

ts 
co

mp
are

d t
o 

co
ntr

ols
.

CA
19

-9
: S

ign
ific

an
tly

 hi
gh

er 
in 

CR
C p

ati
en

ts 
co

mp
are

d t
o 

co
ntr

ols

Sa
liv

ary
 Fn

 DN
A: 

71
.5%

CE
A 2

2.2
%

 an
d C

A1
9-

9  
10

.1%

Sa
liv

ary
 Fn

 DN
A: 

82
.1%

Ta
bl

e 
4.

 C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 o

n 
de

te
ct

in
g 

pa
nc

re
at

ic
 c

an
ce

r
Stu

dy
 (A

ut
ho

r, y
ea

r, 
co

un
try

)
Pa

rti
cip

an
ts 

(n
)

Ag
e

Bio
m

ark
er 

typ
e 

Bio
m

ark
ers

 as
se

sse
d

Me
th

od
 of

 as
se

ssm
en

t
As

so
cia

tio
n i

n c
an

ce
r p

at
ien

ts
/p

Se
ns

iti
vit

y (
95

%
 CI

)
Sp

ec
ific

ity
 (9

5%
 CI

)
PP

V (
95

%
 CI

)
NP

V (
95

%
 CI

)

As
ai 

et.
al.

, 2
01

8, 
Jap

an
42

Ca
ses

: 4
5

Co
ntr

ols
: 1

0
Be

nig
n: 

13
To

tal
: 6

8

Un
kn

ow
n

Me
tab

olo
mi

c
30

0 m
eta

bo
lite

s  
 

CE
-TO

MS
 (c

ap
illa

ry 
ele

ctr
op

ho
res

is m
ass

 
sp

ec
tro

me
ter

)

Va
lue

s o
f A

UC
 (c

ase
s v

s c
on

tro
ls)

:  
sp

erm
ine

 (0
.89

78
) s

pe
rm

idi
ne

 
(0.

79
29

)  
N1

-A
cet

yls
pe

rm
idi

ne
 (0

.85
26

) 
N1

,N8
-A

cet
yls

pe
rm

idi
ne

 (0
.85

26
) 

N1
,N1

2-A
cet

yls
pe

rm
idi

ne
 (0

.85
26

)
Th

ree
 m

eta
bo

lite
-b

ase
d M

LR
 m

od
el’s

 
va

lue
 of

 AU
C (

ca
ses

 vs
 co

ntr
ols

 +
 

be
nig

n):
 0.

87
25

 

Un
kn

ow
n

Un
kn

ow
n

Un
kn

ow
n

Un
kn

ow
n

As
ai 

et.
al.

, 2
01

8, 
Jap

an
43

Ca
ses

: 3
9 

 Co
ntr

ols
: 2

6 
 Be

nig
n: 

14
 

 To
tal

: 7
9

Ca
ses

 : 6
6.1

 ±
 9.

8  
Co

ntr
ols

: 5
0.8

 ±
 16

.4 
Be

nig
n: 

51
.1 

± 
12

.4 
 

Me
tab

olo
mi

c
29

2 m
eta

bo
lite

s 
CE

-TO
MS

 (c
ap

illa
ry 

ele
ctr

op
ho

res
is m

ass
 

sp
ec

tro
me

ter
)

(1)
 M

LR
 m

od
el 

inc
lud

ed
 fo

ur
 

me
tab

oli
tes

 (c
ase

s v
s c

on
tro

ls +
 

be
nig

n):
 AU

C=
 0.

88
7; 

p =
 0.

00
2

Ca
ses

 vs
 co

ntr
ols

 +
 be

nig
n (

p<
0.0

5):
 

ala
nin

e; 
N1

-ac
ety

lsp
erm

idi
ne

; 
2-

ox
ob

uty
rat

e;  
2-

hy
dro

xy
bu

tyr
at

Ca
ses

 vs
 co

ntr
ols

 (p
<0

,00
1):

 sp
erm

ine
; 

N1
-ac

ety
lsp

erm
ine

; 2
-am

ino
bu

tan
oa

t  
 

(1)
 0.

71
 (0

.55
-0

.85
)

(1)
 0.

95
 (0

.83
-0

.99
) 

 

(1)
 0.

93
 

(0.
78

-0
.99

)
(1)

 0.
77

 (0
.63

-0
.88

)

Fa
rre

ll e
t.a

l., 
20

09
, U

SA
44

Ca
ses

: 3
0 

Co
ntr

ols
: 3

0 
Be

nig
n: 

30
 

To
tal

: 9
0

Un
kn

ow
n

Mi
cro

bio
me

 
tra

ns
cri

pto
mi

c 
me

tab
olo

mi
c

Th
e c

om
bin

ati
on

 of
 fo

ur
 

bio
ma

rke
rs 

(m
RN

A b
iom

ark
er 

MB
D3

L2
, G

LTS
CR

2; 
mi

cro
bia

l 
bio

ma
rke

r P
rev

ote
lla

 ni
gre

sce
ns

, 
Ne

iss
eri

a e
lon

ga
ta)

Th
e A

ffy
me

tri
x U

13
3 P

lus
 

2.0
 ar

ray
;

RT
-P

CR
;

CE
-TO

MS

AU
C v

alu
e (

fou
r b

iom
ark

ers
):  

(1)
 ca

ses
 vs

 co
ntr

ols
 0.

94
0 (

p <
 0.

00
1) 

(2)
 ca

ses
 vs

 be
nig

n 0
,90

0

6 m
icr

ob
ial

, 1
1 m

RN
A a

nd
 8 

me
tab

oli
tes

 p<
0.0

5 (
ca

ses
 vs

 co
ntr

ols
 

+ 
be

nig
n)

(1)
 0.

89
(0.

73
-0

.98
)

(1)
 0.

89
(0.

73
-0

.98
)

(1)
 0.

90
 (0

.73
-0

.98
)

(1)
 0.

90
 (0

.73
-0

.98
)

Ga
o e

t.a
l, 2

01
4, 

Ch
ina

45

Ca
ses

: 3
0 

Co
ntr

ols
: 3

2
To

tal
: 6

2

Ca
ses

: 3
3-

78
Ep

ige
no

mi
c

38
4 m

iRN
As

mi
Sc

rip
t m

iRN
A P

CR
 ar

ray
 

hu
ma

n m
iRN

om
e (

38
4-

we
ll 

pla
te)

 fro
m 

Qia
ge

n; 
SY

BR
 

Gr
ee

n-
ba

sed
 qP

CR
; q

RT
-P

CR
 

Po
sit

ive
 as

so
cia

tio
n p

<0
.05

  (a
mo

un
t 

of 
19

 m
iRN

As
) 

Un
kn

ow
n

Un
kn

ow
n

Un
kn

ow
n

Un
kn

ow
n

Liu
 et

 al
., 2

01
7, 

Ch
ina

46

 
(1)

 Ca
ses

: 1
2 

Co
ntr

ols
: 1

2 
To

tal
: 2

4

(2)
 Ca

ses
 8 

Be
nig

n: 
4 

To
tal

: 1
2

Un
kn

ow
n

Tra
ns

cri
pto

mi
c

51
6 m

RN
As

 

 (1
,2)

 se
t o

f 2
9 o

f th
em

mi
cro

arr
ay

s a
nd

 qR
T-P

CR
Po

sit
ive

 as
so

cia
tio

n p
<0

.01
  

(23
 up

-re
gu

lat
ed

 an
d 1

2 d
ow

n-
reg

ula
ted

 tra
ns

cri
pts

)

(1)
 0.

92
 (0

.62
-1

.00
)

(2)
 1.

00
 

(0.
63

-1
.00

)

(1)
 1.

00
 (0

.74
-1

.00
)

(2)
 1.

00
 

(0.
40

-1
.00

)

(1)
 1.

00
 

(0.
72

-1
.00

)

(2)
 1.

00
 

(0.
64

-1
.00

)

(1)
 0.

92
 

(0.
64

-1
.00

)

(2)
 1.

00
 

(0.
40

-1
.00

)

Ma
ch

ida
 et

 al
., 2

01
6, 

Jap
an 47

Ca
ses

: 1
2 

Co
ntr

ols
: 1

3 
To

tal
: 2

5

Ca
ses

: 6
5 (

45
-8

4)  
Co

ntr
ols

: 6
6 (

53
-8

3)
Ep

ige
no

mi
c

mi
R-

12
46

, m
iR-

39
76

, m
iR-

43
06

, 
mi

R-
46

44
hig

h-
pe

rfo
rm

an
ce

 
liq

uid
 ch

rom
ato

gra
ph

y; 
lat

ex
 ag

glu
tin

ati
on

; 
bro

mo
cre

so
l g

ree
n a

lbu
mi

n; 
ele

ctr
oc

he
mi

lum
ine

sce
nc

e 
im

mu
no

ass
ay

s; T
ota

l 
Ex

os
om

e I
so

lat
ion

 Re
ag

en
t 

RT
-q

PC
R  

Mx
30

00
P R

ea
l-

Tim
e Q

PC
R S

yst
em

(1)
  m

iR-
12

46
:  

AU
C 0

.81
4; 

  
p =

 0.
00

8
(2)

 m
iR-

46
44

:  
AU

C=
 0.

76
3; 

p=
0.0

26
(3)

 co
mb

ina
tio

n o
f m

iR-
12

46
 an

d 
mi

R-
46

44
: A

UC
=0

.83
3;  

p=
 0.

00
5

(1)
 0.

66
7 (

0.3
5-

0.9
0)

(2)
 0.

75
 (0

.43
-0

.95
)

(3)
 0.

83
 (0

.52
-0

.98
)

(1)
 1.

00
 (0

.75
-1

.00
)

(2)
 0.

77
 (0

.46
-0

.95
)

(3)
 0.

92
 (0

.64
-1

.00
)

(1)
 1.

00
 

(0.
63

-1
.00

)

(2)
 0.

75
 (0

.51
-0

.90
)

(3)
 0.

91
 

(0.
59

-1
.00

)

(1)
 0.

76
 (0

.59
-0

.88
)

(2)
 0.

77
 

(0.
54

-0
.90

)

(3)
 0.

86
 

(0.
62

-0
.96

)



758 European Journal of Clinical and Experimental Medicine 2025; 23 (3): 750–766

Xie
 et

 al
., 2

01
6, 

Ch
ina

48

Ca
ses

: 5
5 

Co
ntr

ols
: 5

5 
Be

nig
n t

um
ors

: 2
0 

To
tal

: 1
30

 

Ca
ses

:  
me

dia
n: 

61
 (1

3–
81

)

Co
ntr

ols
: m

ed
ian

: 6
1 (

13
–8

1) 
 

Be
nig

n: 
me

dia
n: 

49
 (3

4–
79

)

Ep
ige

no
mi

c
Inc

RN
A:

H1
9, 

HO
TA

IR,
 HO

TT
IP, 

MA
LA

T1
 

PV
T1

qP
CR

Ca
ses

 vs
 co

ntr
ols

: 
(1)

 HO
TA

IR:
  

p<
 0.

00
1; 

AU
C: 

0.8
80

 
(2)

 PV
T1

  
p<

 0.
00

1; 
AU

C: 
0.8

70
 

(3)
 HO

TA
IR 

+ 
PV

T: p
< 

0.0
01

; A
UC

: 
0.9

09

Ca
ses

 vs
 be

nig
n:

(4)
 HO

TA
IR:

  
p<

 0.
00

1; 
AU

C: 
0.8

63
 

(5)
 PV

T1
 

p<
 0.

00
1; 

AU
C: 

0.8
46

 
(6)

 HO
TA

IR 
+ 

PV
T: p

< 
0.0

01
; A

UC
: 

0.9
09

(1)
 0.

78
 

(0.
65

-0
.88

)

(2)
 0.

96
 (0

.87
-1

.00
)

(3)
 0.

78
 (0

.65
-0

.88
)

(4)
 0.

80
 (0

.67
-0

.90
)

(5)
 0.

69
 (0

.55
-0

.81
)

(6)
 0.

82
 (0

.70
-0

.91
)

(1)
 0.

85
 (0

.73
-0

.93
)

(2)
 0.

64
 (0

.50
-0

.76
)

(3)
 0.

91
 (0

.80
-0

.97
)

(4)
 0.

90
 (0

.68
-0

.99
)

(5)
  0

.95
 (0

.75
-1

.00
)

(6)
 0.

95
 (0

.75
-1

.00
)

(1)
 0.

84
 (0

.71
-0

.93
)

(2)
 0.

73
 (0

.61
-0

.82
)

(3)
 0.

90
 (0

.77
-0

.97
)

(4)
 0.

96
 (0

.85
-0

.99
)

(5)
 0.

97
 (0

.87
-1

.00
)

(6)
 0.

98
 (0

.88
-1

.00
)

(1)
 0.

80
 (0

.67
-0

.89
)

(2)
 0.

95
 (0

.82
-0

.99
)

(3)
 0.

81
 (0

.69
-0

.90
)

(4)
 0.

62
 (0

.42
-0

.79
)

(5)
 0.

53
 (0

.35
-0

.70
)

(6)
 0.

66
 (0

.46
-0

.82
)

Xie
 et

 al
., 2

01
5, 

Ch
ina

49

Ca
ses

: 4
0 

Co
ntr

ols
: 4

0 
Be

nig
n: 

20
 

To
tal

: 1
00

 
 

Ca
ses

:  
me

dia
n: 

59
,5 

(13
-8

1) 
Co

ntr
ols

: m
ed

ian
: 6

0,5
 (2

3-
71

) 
Be

nig
n: 

 
me

dia
n: 

49
 (3

4-
79

)

Ep
ige

no
mi

c
mi

R-
44

33
-5

p
mi

R-
46

65
-3

p
mi

R-
94

0
mi

R-
12

73
g-

3p
mi

R-
36

76
-5

p
mi

R-
36

79
-5

p
mi

R-
39

40
-5

p
mi

R-
43

27
mi

R-
44

42
mi

R-
51

00

qP
CR

 AB
I 7

50
0 R

ea
l-

Tim
e P

CR
 Sy

ste
m 

(Li
fe 

Tec
hn

olo
gie

s);
 

SY
BR

 Pr
em

ix E
x T

aq
 (T

aK
aR

a)

Ca
ses

 vs
 (c

on
tro

ls +
 be

nig
n):

 
(1)

 m
iR-

36
79

-5
: p

=0
.00

2; 
AU

C=
 0,

68
8  

 
(2)

 m
iR-

94
0 p

=0
.00

1; 
AU

C=
 0,

69
6 

(3)
 M

LR
 m

od
el 

(m
iR-

36
79

-5
p +

 m
iR-

94
0):

 p<
0.0

01
; A

UC
= 

0.7
63

Ca
ses

 vs
 co

ntr
ols

(4)
 m

iR-
36

79
-5

 
p =

 0.
00

8; 
AU

C: 
0.6

73
 

(5)
 m

iR-
94

0  
p =

 0.
00

6; 
AU

C: 
0.6

80
(6)

 M
LR

 m
od

el 
(m

iR-
36

79
-5

p +
 

mi
R-

94
0):

 
 p 

< 
0,0

01
; A

UC
: 0

,75
0

Ca
ses

 vs
 be

nig
n: 

(7)
 m

iR-
36

79
-5

  
p =

 0.
00

7; 
AU

C: 
0.7

16
 

(8)
 m

iR-
94

0  
p =

 0.
00

4; 
AU

C: 
0.7

29
,

(9)
 M

LR
 m

od
el 

(m
iR-

36
79

-5
p +

 
mi

R-
94

0):
 

 p 
< 

0.0
01

; A
UC

: 0
,82

1

(1)
 0.

85
 (0

.70
-0

.94
)

(2)
 0.

90
 (0

.76
-0

.97
)

(3)
 0.

70
 (0

.53
-0

.83
)

(4)
 0.

83
 (0

.67
-0

.93
)

(5)
 0.

90
 (0

.76
-0

.97
)

(6)
 0.

73
 (0

.56
-0

.85
)

(7)
 0.

90
 (0

.76
-0

.97
)

(8)
 0.

63
 (0

.46
-0

.77
)

(9)
 0.

63
 (0

.46
-0

.77
)

(1)
 0.

45
 (0

.32
-0

.58
)

(2)
 0.

42
 (0

.29
-0

.55
) 

(3)
 0.

70
 (0

.57
-0

.81
) 

(4)
 0.

43
 (0

.27
-0

.59
) 

(5)
 0.

40
 (0

.25
-0

.57
) 

(6)
 0.

70
 (0

.53
-0

.83
) 

(7)
 0.

45
 (0

.23
-0

.68
)

(8)
 0.

75
 (0

.51
-0

.91
) 

(9)
 0.

80
 (0

.56
-0

.94
)

(1)
 0.

51
 (0

.38
-0

.63
)

(2)
 0.

51
 (0

.39
-0

.63
) 

(3)
 0.

61
 (0

.45
-0

.75
) 

(4)
 0.

59
 (0

.45
-0

.72
) 

(5)
 0.

59
 (0

.46
-0

.72
) 

(6)
 0.

71
 (0

.54
-0

.84
) 

(7)
 0.

77
 (0

.62
-0

.88
)

(8)
 0.

83
 (0

.65
-0

.94
) 

(9)
 0.

86
  

(0.
68

-9
6)

(1)
 0.

82
 (0

.65
-0

.93
)

(2)
 0.

86
 (0

.68
-0

.96
)

(3)
 0.

78
 (0

.64
-0

.88
) 

(4)
 0.

71
 (0

.49
-0

.87
)

(5)
 0.

80
 (0

.56
-0

.94
) 

(6)
 0.

72
 (0

.55
-0

.85
)

(7)
 0.

69
 (0

.39
-0

.91
) 

(8)
 0.

50
 (0

.31
-0

.69
) 

 
(9)

 0.
52

(0.
33

-0
.70

)

Wo
ng

 et
 al

., 2
00

9, 
US

A
50

Ca
ses

: 3
0 

Co
ntr

ols
: 3

0 
Be

nig
n: 

30
 

To
tal

: 9
0

Un
kn

ow
n

Tra
ns

cri
pto

mi
c a

nd
 

mi
cro

bio
me

 
AC

RV
1 D

MX
L2

 DP
M1

Ne
iss

eri
a l

on
ga

te 
Str

ep
toc

oc
cu

s 
mi

tis

Th
e A

ffy
me

tri
x H

um
an

 
Ge

no
me

 U1
33

+2
.0 

arr
ay,

Th
e H

um
an

 Or
al 

Mi
cro

be
 

Ide
nti

fic
ati

on
 M

icr
oa

rra
y 

(H
OM

IM
)

ML
R m

od
els

:
Ca

ses
 vs

 co
ntr

ols
:

(1)
 AC

RV
1, 

DM
XL

2, 
DP

M1
  

AU
C: 

0.9
74

; 
 p 

< 
0.0

00
1 

(2)
 Ne

iss
eri

a e
lon

ga
ta 

i S
tre

pto
co

ccu
s 

mi
tis

 
 AU

C: 
 0,

89
5; 

 p 
< 

0,0
00

1 
Ca

ses
 vs

 (c
on

tro
ls +

 be
nig

n):
(3)

 (A
CR

V1
, D

MX
L2

, D
PM

1, 
S. 

mi
tis

)  
AU

C: 
0.9

49
; 

 p 
< 

0.0
00

1

(1)
 0.

93
 (0

.78
-0

.99
)

  

(2)
 0.

97
 (0

.83
-1

.00
)

   

(3)
 0.

93
 (0

.78
-0

.99
)

(1)
 0.

90
 (0

.73
-0

.98
)

  

(2)
 0.

83
 (0

.65
-0

.94
)

   

(3)
 0.

85
 (0

.73
-0

.93
)

(1)
 0.

90
 (0

.74
-0

.98
)

  

(2)
 0.

85
 (0

.69
-0

.95
)

   

(3)
 0.

76
 (0

.59
-0

.88
)

(1)
 0.

93
 (0

.77
-0

.99
)

  

(2)
 0.

96
 (0

.80
-1

.00
)

   

(3)
 0.

96
 (0

.87
-0

.99
)



759Detection of gastrointestinal cancers using salivary biomarkers – a systematic review

Ta
bl

e 
5.

 C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 o

n 
de

te
ct

in
g 

he
pa

to
ce

llu
la

r c
an

ce
r

St
ud

y (
Au

th
or

, y
ea

r, 
co

un
try

)
Pa

rti
cip

an
ts 

(n
)

Ag
e

Bi
om

ar
ke

r t
yp

e 
Bi

om
ar

ke
rs 

as
se

ss
ed

M
et

ho
d o

f a
ss

es
sm

en
t

As
so

cia
tio

n i
n c

an
ce

r p
at

ien
ts

/p
Se

ns
iti

vit
y (

95
%

 CI
)

Sp
ec

ifi
cit

y (
95

%
 CI

)
PP

V (
95

%
 CI

)
NP

V (
95

%
 CI

)

Di
ng

 et
. a

l., 
20

19
Ch

ina 51

Ca
se

s: 
14

Co
nt

ro
ls:

 14
To

ta
l: 2

8

Ca
se

s (
m

ea
n)

: 6
1.6

4 +
- 9

.40
Co

nt
ro

ls 
(m

ea
n)

:
53

.8 
+

-1
1.2

5
Pr

ot
ein

1. 
SO

D-
2

2. 
HP

iTR
AQ

,
EL

ISA
 an

d L
C-

M
S

1. 
1.8

3 x
 10

-7

2. 
1.7

1 x
 10

-9

He
 et

. a
l., 

20
22

Ch
ina 52

Ca
se

s: 
90

Co
nt

ro
ls:

 50
Be

nig
n:

 10
0

To
ta

l: 2
40

34
.6 

– 
63

.96
Pr

ot
ein

 
1. 

OR
M

-1
2. 

AF
P

3. 
OR

M
-1

 +
 AF

P
iTR

AQ
 an

d E
LIS

A
1. 

<
0.0

01
1. 

77
.5%

2. 
78

.75
%

3. 
95

%

1. 
81

.67
%

2. 
80

%
3. 

74
.17

%

He
rsh

be
rg

er
 et

. a
l.,

 20
21

, U
SA

53

Ca
se

s: 
37

Co
nt

ro
ls:

 43
Be

nig
n:

 30
To

ta
l: 1

10

Ca
se

s (
m

ea
n)

: 6
7.3

Co
nt

ro
ls 

(m
ea

n)
: 5

7.6
Be

nig
n (

m
ea

n)
: 5

8

M
et

ab
oli

te
s (

lip
ids

, 
am

ino
 ac

ids
, p

ep
tid

es
 

an
d s

ug
ar

s)

1.A
ce

to
ph

en
on

e
2. 

Oc
ta

de
ca

no
l

3. 
La

ur
ic 

ac
id

4. 
3-

hy
dr

ox
y-

bu
ty

ric
 ac

id

GC
-TO

F M
S

1.A
ce

to
ph

en
on

e –
 <

0.0
01

 
2. 

Oc
ta

de
ca

no
l –

 <
0.0

01
3. 

La
ur

ic 
ac

id 
– 

<
0.0

01
4. 

3-
hy

dr
ox

y-
bu

ty
ric

 ac
id 

– 
0.0

02

87
.9%

95
.5%

29
.3%

65
.5%

M
ar

iam
 et

. a
l., 

20
22

, U
SA

54

Ca
se

s: 
20

Co
nt

ro
ls:

 N
A

Be
nig

n:
 19

To
ta

l: 3
9

Ca
se

s (
m

ea
n)

: 6
7.9

Be
nig

n (
m

ea
n)

: 5
7.2

RN
A

m
iR

NA
:

1. 
hs

a-
m

ir-
31

98
-2

2. 
hs

a-
m

iR-
31

98
3. 

hs
a-

m
ir-

12
46

4. 
hs

a-
m

iR-
12

46
5. 

hs
a-

m
ir-

36
48

-2

qP
CR

1. 
6.5

6 ×
 10

−
8

2. 
5.9

6 ×
 10

−
9

3. 
1.5

4 ×
 10

−
8

4. 
1.1

8 ×
 10

−
8

5. 
3.5

9 ×
 10

−
8

Su
n e

t. 
al.

, 
20

17
,

Ch
ina 55

Ca
se

s: 
10

Co
nt

ro
ls:

 10
To

ta
l: 2

0
Un

kn
ow

n
RN

A
m

RN
A (

5 ?
RT

-q
PC

R
<

0.0
1

Ta
bl

e 
6.

 C
ha

ra
ct

er
is

tic
s 

of
 s

tu
di

es
 o

n 
de

te
ct

in
g 

bi
le

 d
uc

t c
an

ce
r

St
ud

y (
Au

th
or

, y
ea

r, c
ou

nt
ry

)
Pa

rti
cip

an
ts 

(n
)

Ag
e

Bi
om

ar
ke

r t
yp

e 
Bi

om
ar

ke
rs 

as
se

ss
ed

M
et

ho
d o

f a
ss

es
sm

en
t

As
so

cia
tio

n i
n c

an
ce

r p
at

ien
ts

/p
Se

ns
iti

vit
y (

95
%

 CI
)

Sp
ec

ifi
cit

y (
95

%
 CI

)
PP

V (
95

%
 CI

)
NP

V (
95

%
 CI

)

M
ac

hid
a e

t.a
l., 

20
16

, J
ap

an
47

Ca
se

s: 
12

 (2
 w

ith
 bi

le 
du

ct 
ca

nc
er

)
Co

nt
ro

ls:
 13

Be
nig

n:
 

To
ta

l: 2
5 

Ra
ng

e
Ca

se
: 6

5 (
45

-8
4)

Co
nt

ro
l: 6

6 (
53

-8
3)

RN
A

m
iR

NA
RT

-q
PC

R

m
iR-

12
46

/U
6: 

p=
 0.

00
7

m
iR-

43
06

/U
6:

p=
1.0

00
m

iR-
46

44
/U

6:
p=

0.0
26

m
iR-

12
46

: 6
6.7

%
m

iR-
46

44
: 7

5.0
 %

m
iR-

12
46

 +
 m

iR-
46

44
:

83
.3%

m
iR-

12
46

: 1
00

%
m

iR-
46

44
: 7

6.9
%

m
iR-

12
46

 +
 m

iR-
46

44
:

92
.3%

m
iR-

12
46

: 1
.00

0
m

iR-
46

44
: 0

.75
0

m
iR-

12
46

 +
 m

iR-
46

44
:

0.9
09

m
iR-

12
46

: 0
.76

5
m

iR-
46

44
: 0

.76
9

m
iR-

12
46

 +
 m

iR-
46

44
:

0.8
57



760 European Journal of Clinical and Experimental Medicine 2025; 23 (3): 750–766

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.15 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.11,12 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 <0.05.16,18 Moreover, with a collec-
tive sensitivity of >84.4% and specificity of >47.4, miR-
21 has also shown optimistic results.17,19 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.12,13 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.10 Acetaldehyde, acetone, propanol-2, and 
ethanol have also a high predictive value with sensi-
tivity to be 80.0% and specificity 100%.20 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).21,22 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.23 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%.24 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.26 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).28 Finally, CEA and  mRNAs (SPINK7, 
PPL, SEMA4B, SMAD4) after evaluation with the im-
munoassay system and RT-qPCR have shown 92% sen-
sitivity and 87% specifiicty.30 

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).10 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%.20 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).31 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%.32,56 On the other hand, miR-186-5p, 
miR-29a-3p, miR-29c-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.33,39 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.36 Proteins like chemerin, α-defensin 1, 
TNF-α 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.40 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%.41
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Pancreatic cancer
Biomarkers of pancreatic cancer, including metabolo-
mic, microbiomic, epigenomic transcriptomic markers 
have been discovered in saliva (Table 4).44,50 Differences 
have been found in the levels of various individual me-
tabolites in pancreatic cancer patients (p<0.05).42 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.44 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, 
DPM1, 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.44,50 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.47,49 In 
addition, differences in IncRNA (HOTAIR, PVT1 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.48

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.51,52 Furthermore, dif-
ferent metabolites were analyzed by Hershberger et al., 
including acetophenone, octadecanol, lauric acid and 
3-hydroxybutyric acid.53 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 <0.001.54 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.55 
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.57 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.58 Moreover, stimulated 
saliva may contain higher concentrations of certain bio-
markers compared to unstimulated saliva.59,60 It is also 
worth noting that salivary biomarkers may show circa-
dian variation and differ after consumption of meals as 
well as after fasting.61 

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.12,14,19 
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.21,25,27 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.39 Nevertheless, some lim-
itations were noted in certain biomarkers like TIMP-1 
in saliva, which did not correlate well with cancer detec-
tion.31 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.42,44,49 For hepatocellular can-
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Table 7. Quality assessment of studies in the meta-analysis

Study (Author, year)
Risk of bias Applicability concerns

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard
Asai et.al., 2018 42 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Asai et.al., 2018 43 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Aznab et. al, 2023 10 Low risk Low risk Low risk Unclear Low risk Low risk Low risk
Bel’skaya et.al., 2020 20 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Chen et.al., 2022 21 Low risk Low risk Unclear Low risk Low risk Low risk Low risk
Ding et. al., 2019 51 Low risk Low risk Low risk High risk Low risk Low risk Low risk
Farrell et.al., 2009 44 Low risk Low risk Unclear Low risk Low risk Low risk Low risk

Gao et.al, 2014 45 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Graham et. al.,2016 11 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

He et. al., 2022 52 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Hershberger et. al.,  2021 53 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Holten-Andersen et.al., 2012 31 Low risk Low risk Low risk Unclear Low risk Low risk Low risk
Huang et al., 2021 22 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Kaczor-Urbanowicz et.al., 2022 23 Low risk Low risk Unclear Low risk Low risk Low risk Low risk
Kiseleva et.al, 2023 56 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Koopaie et.al., 2022 24 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Koopaei et.al., 2024 33 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Kuwabara, et.al.,2019 34 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Kuwabara et.al., 2022 35 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Lazaro-Sanchez et.al., 2019 36 Low risk Low risk Low risk Unclear Low risk Low risk Low risk
Li et.al., 2022 12 Low risk Low risk Unclear Low risk Low risk Low risk Low risk
Li et.al., 2023 13 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Liu et.al., 2017 46 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Machida et.al., 2016 47 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Mariam et.al., 2022 54 Low risk Low risk Low risk Unclear Low risk Low risk Low risk

Rapado-Gonzalez et.al., 2019 37 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Rapado-Gonzalez et.al., 2018 38 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Sazanov et.al., 2017 39 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Shu et. al., 2021 14 Unclear Low risk Low risk Low risk Low risk Low risk Low risk
Shu et.al., 2018 26 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Shu et.al., 2017 27 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Stone et. al.,2024 15 Low risk Low risk Low risk High risk Low risk Low risk Low risk
Sun et. al., 2017 55 Unclear Low risk Low risk Low risk Low risk Low risk Low risk

Swarup et.al., 2023 28 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Waniczek, et.al.,2022 40 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Wong et al., 2009 50 Low risk Low risk Unclear Low risk Low risk Low risk Unclear
Wu et. al, 2013 16 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Xiao et.al., 2016 29 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Xie et. al., 2013 17 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Xie et. al., 2012 18 Unclear Low risk Low risk Low risk Low risk Low risk Low risk
Xie et al., 2016 48 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Xie et al., 2015 49 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Xu et.al.,2020 30 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Ye et.al., 2014 19 Low risk Low risk Unclear Low risk Low risk Low risk Low risk

Zhang et.al.,2022 41 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

cer, salivary proteins like AFP and certain metabolites, 
including acetophenone and lauric acid, have demon-
strated strong sensitivity and specificity.54,55 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 

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.62 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.63,64

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.65 

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.66 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.67 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.68

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.69,70 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.71 AI 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.72 

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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