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Abstract 

Endometrial cancer (EC) is one of the most common gynecologic cancers and its incidence is rising globally. Although 
advanced EC has a poor prognosis; diagnosing EC at an earlier stage could improve long-term patient outcomes. 
However, there is no consensus on the early detection strategies for EC and the current diagnostic practices such as 
transvaginal ultrasound, hysteroscopy and endometrial biopsy are invasive, costly and low in specificity. Thus, accu-
rate and less invasive screening tests that detect EC in women with early stages of the disease are needed. Current 
research has revolutionized novel EC early detection methodologies in many aspects. This review aims to comprehen-
sively characterizes minimally invasive screening techniques that can be applied to EC in the future, and fully demon-
strate their potential in the early detection of EC.

Keywords  Endometrial cancer, Early diagnosis, Minimally invasive, Biofluid, Biomarkers

Introduction
Endometrial cancer(EC) is the most common gyneco-
logic cancer and the fourth most common malignancy 
among women in developed countries [1]. In 2020, there 
were 417,367 new diagnoses and 97,370 new deaths in 
the world [2]. The incidence and associated mortality 
rates of EC ubiquitously increase worldwide and are pro-
jected to rise during the next 10 years [3, 4]. Tradition-
ally, EC is considered to have a good prognosis during the 
early stage. The 5-year survival rate of patients with stage 
I EC can be as high as 80%-90%, while the 5-year survival 
rate is only 50%–65% for stage III and 15%-17% for stage 
IV [5, 6]. As early diagnosis is associated with a better 

prognosis, accurate initial diagnosis and timely treatment 
are key in the management of EC. More importantly, as 
the follow-up therapy depends mainly on the stage of the 
disease, early detection of EC can reduce the need for 
extensive surgical scope or adjuvant treatments, thereby 
reducing cost, morbidity, and mortality. The target popu-
lation of early detection for EC is mainly high-risk peo-
ple (those with obesity, lifetime exposure to unopposed 
estrogen, metabolic syndrome or Lynch syndrome [7]) 
and those with symptoms (eg, abnormal postmenopausal 
bleeding, persistent or recurrent uterine bleeding) sug-
gestive of EC. Unfortunately, there is no EC early detec-
tion test accurate and reliable enough to be implemented 
for triaging high-risk women with suspected EC. The 
most common method transvaginal ultrasound(TVU) 
has an extremely high negative predictive value (99%), 
so it is a reasonable first approach in the early detection 
of EC but the relatively low specificity means additional 
tests are needed to rule out endometrial malignancy [7–
9]. Endometrial biopsy is cost-effective but discomfort 
and false-negative results are the most common compli-
cations [10, 11]. Endometrial biopsy under hysteroscopy 
is less invasive but pain and vasovagal episodes can con-
tribute to the failures in hysteroscopy [12]. Therefore, 
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there is an urgent need for accurate and less invasive 
approaches to use in the early detection of EC.

Peripheral blood, uterine lavage, cervicovaginal fluid 
and other potential tumor-specific biofluids can be col-
lected minimally invasively [7, 8]. Gene sequencing in the 
biofluid can detect tumorigenic DNA, which may lead to 
early detection of tumors and thus achieve early diagnosis 
of EC [13]. A minimally invasive method combing with 
gene sequencing technologies to solve the problem of 
early detection of EC is a hot spot of current research and 
the direction of future development. Research in the past 
decades has revolutionized this field in many aspects. We 
hope not only can minimally invasive approaches poten-
tially benefit current diagnostic schedule among high-
risk women and those with symptoms, but they may also 
be potentially appropriate in screening of asymptomatic 
populations and furthermore in the general population 
in the future. In this review, we will first summarize the 
current methods of EC diagnosis, with their advantages 
and limitations. Then the progress in minimally invasive 
approaches that can be applied to EC early detection in 
the future will be reviewed, pointing out the shortcom-
ings of existing research and highlighting the future 
direction and focus (Fig. 1).

Current methods of EC diagnosis
Early clinical symptoms
An important clinical feature of EC or precancerous 
lesions is abnormal postmenopausal bleeding(PMB), 
which occurs more than one year after menopause and 
manifests as dripping bleeding, bloody leucorrhea, and 

contact bleeding [14]. However, although early detection 
strategies focused on women with PMB have the poten-
tial to screen as many as 90% of endometrial malignant 
diseases, only 5–10% of women with PMB will be diag-
nosed with malignant pathology [15]. Perimenopausal 
and premenopausal EC patients may present with men-
strual cycle disorders and abnormal uterine bleeding 
(AUB) [16]. Still, 90% of the patients have PMB for non-
cancer etiology and about 50% of the women have PMB 
secondary to polyp, which can be easily diagnosed and 
treated under endometrial biopsy or hysteroscopy [17]. 
As a result, endometrial evaluation (including ultrasound 
imaging, endometrial biopsy with or without hysteros-
copy, together with the histopathological examination) 
for subtle pathology is proposed in all patients with above 
abnormal symptoms, so the costs for diagnostic evalua-
tion of AUB and PMB are substantial [18].

Ultrasound imaging
Ultrasound imaging especially transvaginal ultrasonog-
raphy (TVU) is a safe and well-tolerated method for 
potential EC patients. It can detect endometrial abnor-
malities including endometrial thickening and abnormal 
imaging features(cystic endometrium, fluid in the cavity, 
suspected polyps, or other suspicious features), which 
are associated with an increased risk of EC [19]. Several 
multicenter trials have confirmed that TVU is enough for 
an initial evaluation of PMB if the TVU reveals a ≤ 4 mm 
endometrial echo, given that the rate for endometrial 
cancer drops below 1% when the endometrial thick-
ness (ET) is less than 4  mm [9, 20]. However, the test 

Fig. 1  Minimally invasive approaches in the diagnostic schedule of EC
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specificity is relatively poor, which inevitably causes an 
increase in subsequent invasive examinations and biop-
sies, aggregating psychological and financial burdens 
[9]. What’s more, as TVU needs trained specialists to 
perform, the results may be subjective and unstable. 
For example, an axial uterus, adenomyosis, coexisting 
myomas, or previous surgery history can lead to unreli-
able results assessed by TVU [20–22]. In premenopausal 
and perimenopausal women, simple measurement of ET 
has some limitations due to physiological sex hormone 
changes [23]. There is still no consensus on the ideal ET 
cut-off for these patients [24], so alternative, non-invasive 
triage tools are needed to help physicians to decide on 
further examinations. Saline infusion Sonohysterography 
(SIS) is also a safe procedure for endometrial evaluation 
[25]. It can provide a clearer picture of the uterine cav-
ity and improve the diagnostic accuracy of endometrial 
lesions than TVU, especially focal endometrial abnor-
malities [26]. So it is usually an alternative when TVU 
fails to identify a thin, distinct endometrial echo [27]. 
However, due to technical and cost requirements, SIS is 
less commonly used in clinical practice [28].

It is worth noting that type I EC (associated with unop-
posed estrogen stimulation and has a favorable prog-
nosis) is expected to be associated with a thickened 
endometrium and endometrial hyperplasia, but type II 
EC (not estrogen-driven and has an unfavorable prog-
nosis) often arise independently of hyperplasia [29, 30]. 
Studies have found that 25%-34% of type II EC patients 
have a thin or indistinct endometrial echo, which means 
the use of TVU is limited in type II EC [31, 32]. So fur-
ther evaluation of the endometrium regardless of endo-
metrial thickness is needed when persistent or recurrent 
uterine bleeding occurs.

Endometrial biopsy and histopathological analysis
Collecting sufficient endometrial tissue to conduct a his-
tological analysis is one of the standard methods for EC 
diagnosis. There are various ways to get endometrial tis-
sue histology: pipelle endometrial sampling, dilation and 
curettage(D&C), endometrial biopsy under hysteroscopy 
and others. The pipelle, first described in 1984 by Corn-
ier [33], can obtain endometrial tissue through negative 
pressure and the accuracy can exceed 95% [34, 35]. The 
Pipelle endometrial sampler is low in cost, causes mini-
mum discomfort and carries few side effects [36–38]. The 
major disadvantage is a higher sampling failure rate than 
D&C caused by an inability to access the uterine cavity or 
insufficient amount of tissue collected [39]. What’s more, 
various subsequent studies point out that Pipelle has a 
limited ability to identify focal lesions and is only suit-
able for homogeneous endometrium [40, 41]. D&C is one 
of the standard methods for the evaluation of suspected 

endometrial lesions. It is equally effective but more costly 
than pipelle endometrial sampling. The anesthetics side 
effects, infection and perforation caused by the D&C 
procedure also limit its use [37]. In recent years, hyster-
oscopy, a less invasive and accurate endoscopic technique 
providing a satisfactory assessment of the uterine cav-
ity has merged as a powerful tool in endometrial biopsy 
[12]. It allows for direct visual localization of suspicious 
lesions for biopsy or excision, which is highly accurate in 
the diagnosis of EC and can reduce the false negative rate 
[42, 43]. Despite many advantages, complications associ-
ated with the procedures are inevitable. Cervical stenosis 
and pain are the main reasons for incomplete and failed 
hysteroscopy [44]. Vasovagal reaction, local anesthetic 
toxicity, uterine perforation, fluid overload and uterine 
hemorrhage may occur, but these remain incredibly rare 
events and preoperative use of misoprostol, stabilize the 
power of loop, careful monitoring of the collected irri-
gating medium can help prevent these complications 
[45]. SIS-guided endometrial aspiration is not a first-line 
method in endometrial biopsy because it doesn’t improve 
the diagnostic performance along with infection and 
tumor dissemination risk [46, 47]. It is only suitable for 
patients whose diagnosis is not clear after biopsy or for 
those with D&C and hysteroscopy contraindications [48, 
49]. After sufficient tissue is obtained, the endometrial 
histopathological analysis will be done to determine the 
pathological diagnosis of patients, providing information 
about judgment of benign or malignant lesions to choose 
optimal treatments. Further molecular tests can help 
with the accurate diagnosis of premalignant and malig-
nant lesions [50, 51].

Novel minimally invasive approaches in the early detection 
of EC
The current diagnostic flow for EC involves sequen-
tial, invasive tests to assess the ET by TVU, visualize the 
endometrial cavity under hysteroscopy, and finally do an 
endometrial biopsy for histopathological analysis [52]. 
However, methods discussed above indiscriminately 
focus on women presenting with symptoms because 
they are more likely to have underlying EC or precursor 
lesions [22]. So far, gynecologists haven’t reached a con-
sensus on the early detection program of EC in either the 
general population or specific high-risk groups. An ideal 
early detection flow should be accurate, cost-effective 
and patient-friendly. The main goal is to identify high-
risk patients for invasive diagnostic schedules while safely 
reassuring low-risk women. More acceptable screening 
tools, including blood, uterine lavage, and cervicovagi-
nal fluid show promise, and novel genomic biomarkers 
detected in biofluid samples may be key to early screen-
ing [7]. Innovations in EC diagnostics include the usage 
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of minimally invasive specimen collection techniques 
and the identification and validation of cancer-specific 
biomarkers that can be detected in non-invasive bioflu-
ids, which have now become one of the main focuses of 
research [53]. It has numerous advantages over tradi-
tional biopsy, including convenience, minimal invasive-
ness, real-time, and reproducibility, showing its powerful 
superiority in the management of patients who have dif-
ficulty obtaining biopsy tissue. In addition to blood sam-
ples, some other body fluids such as saliva, urine, 
cerebrospinal fluid, and even feces can also be used as 
sources [54, 55] (Table 1).

Peripheral blood
The blood sample is a well-accepted source to collect 
for early cancer diagnosis. However, to date, no suitable 
serum biomarker for early diagnosis of EC is available 
because of low concentration and dissatisfied accuracy. 
Only HE4 may have some reference value in the diagnosis 
of EC [71]. So researchers have turned their attention to 
the gene information of circulating tumor components in 
the blood including circulating tumor cells, plasma cell-
free DNA (cfDNA), circulating tumor DNA (ctDNA), 
and circulating miRNAs [72, 73]. Some studies have eval-
uated the density of cfDNA in benign gynecologic dis-
eases and EC patients and found that the cfDNA levels 
in ECs tend to be higher than that in benign conditions 
[56]. Furthermore, the increase in cfDNA levels is more 
pronounced in high-grade EC [57]. The DNA released 
by dying cells into the blood is called plasma cfDNA and 
ctDNA is the tumor-derived fraction of cfDNA [74]. The 
ctDNA test serves a promising role in the early detec-
tion of EC. A 4-gene panel(CTNNB1, KRAS, PTEN, and 
PIK3CA) has been used to test ctDNA in 48 patients 
with EC and detected somatic mutations consistent with 
tumor tissue in 33% of the patients [75]. Using RNA-
sequencing and DNA-sequencing, both tumor-educated 
platelets (TEPs) and ctDNA can discriminate between 
healthy controls, benign gynecologic conditions, and 
EC according to Marta’s study [58]. The latest research 
in 2022 found that hypermethylated ctDNA ZSCAN12 
and/or oxytocin allow the detection of patients with 
EC with high diagnostic specificity/sensitivity(> 97%; 
AUC = 0.99) [76]. miRNA is a class of endogenous short 
non-coding RNA molecules widely expressed in cells 
and can involve numerous processes such as tumor cell 
proliferation, differentiation, and apoptosis [77]. Circu-
lating miRNA exists in the form of nucleic acid-protein 
complexes or is encapsulated in the form of exosomes. 
Circulating miRNAs and exosome miRNAs have been 
confirmed useful in the diagnostics of different types of 
cancer and can become biomarkers for diseases [78–80]. 
Various biomarkers such as miR-99a/miR-199b [81], 

miR-9/miR-1228/miR-92a [59], hsa-miR-200c-3p [82] 
and miR-222/miR-223/miR-186/miR-204 [60] have been 
discovered to hold a great promise to become noninva-
sive biomarkers for early EC detection. However, not all 
genetic mutations in tumor can be detected in blood, 
especially in the early stage of tumor. In terms of early 
EC diagnosis, the technology to diagnose EC by gene 
sequencing of circulating tumor components in the 
blood alone has yet to mature.

Uterine lavage fluid
Uterine lavage, which can direct contact with tumor is an 
ideal source of biofluids. In 2015, Maritschnegg’s group 
first proposed that lavage of the uterine cavity could 
detect shedding EC cells. The DNA obtained from each 
lavage sample was examined for the presence of somatic 
mutations using massively parallel sequencing and lav-
age samples were classified as positive when one or more 
mutations were detected. Finally, all uterine lavage speci-
mens from patients with stage IA EC harbored mutations 
despite a small sample size of five patients [61]. A pro-
spective study in 2016 used targeted gene sequencing to 
detect somatic mutations in uterine lavage fluid obtained 
from women undergoing hysteroscopy [62]. Endometrial 
driver mutations (three PTEN mutations, one PIK3CA 
mutation, one CTNNB1 mutation, and one FBXW7 
mutation) were identified in all seven women who 
received a cancer diagnosis after gold-standard histopa-
thology, suggesting that NGS-based analysis of uterine 
lavage can achieve satisfied sensitivity for EC diagnosis. 
However, uterine lavage can cause significant discom-
fort to patients because it needs to be collected during 
hysteroscopy [22]. Professional equipment and trained 
personnel are required to perform uterine lavage safely, 
weakening its advantages over current diagnostics and 
restricting its clinical applications.

Cervicovaginal fluid
The cervicovaginal fluid contains natural tumor cells 
shedding into lower genital tract and can be collected 
minimally invasively. The presence of cancer-associated 
mutations or the methylation levels of DNA in the cer-
vicovaginal fluid can help to detect the EC. Pap smears 
are routinely used for cervical cancer screening in the 
general population due to low discomfort and high 
acceptance, leading scientists to become interested in its 
diagnostic value in EC. However, it was later confirmed 
that the Pap smear is not an effective screening tool for 
EC because the amount of shedding tumor cells is usu-
ally very slight in the area sampled for the Pap smear 
[83, 84]. In 2013, Kinde innovatively used the traditional 
Pap smear to collect DNA for the detection of somatic 
mutations present in EC tumor cells accumulated in the 



Page 5 of 10Shen et al. Molecular Cancer           (2023) 22:53 	

Ta
bl

e 
1 

M
in

im
al

ly
 in

va
si

ve
 s

pe
ci

m
en

 c
ol

le
ct

io
n 

te
ch

ni
qu

es
 in

 th
is

 re
vi

ew

A
ut

ho
r

Bi
os

pe
ci

m
en

N
um

be
r 

of
 E

C 
ca

se
s

N
um

be
r 

of
 

co
nt

ro
ls

Te
ch

no
lo

gy
Fi

nd
in

gs

Ta
na

ka
20

12
 [5

6]
Bl

oo
d

53
9

qP
C

R
Th

e 
cf

D
N

A
 le

ve
ls

 in
 E

C
s 

te
nd

ed
 to

 b
e 

hi
gh

er
 th

an
 in

 b
en

ig
n 

co
nd

iti
on

Vi
zz

a2
01

8 
[5

7]
Bl

oo
d

60
22

qP
C

R-
A

lu
11

5 
to

 m
ea

su
re

 c
fD

N
A

 c
on

te
nt

 a
nd

 q
PC

R-
A

lu
24

7 
to

 
m

ea
su

re
 D

N
A

 in
te

gr
ity

 in
de

x
To

ta
l c

fD
N

A
 c

on
te

nt
 s

ig
ni

fic
an

tly
 in

cr
ea

se
s 

in
 h

ig
h 

gr
ad

e 
EC

. 
Se

ru
m

 D
N

A
 in

te
gr

ity
 w

as
 h

ig
he

r i
n 

sa
m

pl
es

 w
ith

 L
VS

I

Łu
ka

si
ew

ic
z2

02
1 

[5
8]

Bl
oo

d
53

24
2

Q
IA

se
q 

Ta
rg

et
ed

 H
um

an
 C

ol
or

ec
ta

l C
an

ce
r P

an
el

 c
ov

er
in

g 
71

 
ge

ne
s

Pl
at

el
et

-d
ed

ic
at

ed
 c

la
ss

ifi
er

 y
ie

ld
ed

 A
U

C
 o

f 9
7.

5%
 in

 th
e 

te
st

 
se

t w
he

n 
di

sc
rim

in
at

in
g 

be
tw

ee
n 

he
al

th
y 

su
bj

ec
ts

 a
nd

 c
an

ce
r 

pa
tie

nt
s. 

ct
D

N
A

-d
ed

ic
at

ed
 c

la
ss

ifi
er

 d
is

cr
im

in
at

ed
 p

rim
ar

y 
tu

m
or

 ti
ss

ue
 s

am
pl

es
 w

ith
 A

U
C

 o
f 9

6%

To
rr

es
20

13
 [5

9]
Bl

oo
d

77
45

A
gi

le
nt

 H
um

an
 m

iR
N

A
 M

ic
ro

ar
ra

y 
to

 in
ve

st
ig

at
e 

th
e 

ex
pr

es
-

si
on

 o
f m

iR
N

A
s

m
iR

-9
/m

iR
-1

22
8 

an
d 

m
iR

-9
/m

iR
-9

2a
, c

la
ss

ifi
ed

 E
EC

 p
la

sm
a 

sa
m

pl
es

 w
ith

 h
ig

h 
ac

cu
ra

cy
 y

ie
ld

in
g 

AU
C

s 
of

 0
.9

0a
nd

 0
.9

13
, 

re
sp

ec
tiv

el
y

Jia
20

13
 [6

0]
Bl

oo
d

33
42

Ta
qM

an
®

 lo
w

-d
en

si
ty

 a
rr

ay
s 

an
d 

hy
dr

ol
ys

is
 p

ro
be

-b
as

ed
 s

te
m

-
lo

op
 q

RT
-P

C
R

Th
e 

qR
T-

PC
R 

an
al

ys
is

 id
en

tifi
ed

 a
 p

ro
fil

e 
of

 fo
ur

 s
er

um
 m

iR
N

A
s 

(m
iR

-2
22

, m
iR

-2
23

, m
iR

-1
86

 a
nd

 m
iR

-2
04

) a
s 

a 
fin

ge
rp

rin
t f

or
 E

EC
 

de
te

ct
io

n(
RO

C
 =

 0
.9

27
)

M
ar

its
ch

ne
gg

20
15

 [6
1]

U
te

rin
e 

la
va

ge
5

27
M

ul
tip

le
x 

am
pl

ifi
ca

tio
n 

an
d 

se
qu

en
ci

ng
 o

f 1
36

 a
m

pl
ic

on
s 

co
ve

rin
g 

16
 g

en
es

A
ll 

fiv
e 

an
al

yz
ed

 la
va

ge
 s

pe
ci

m
en

s 
fro

m
 p

at
ie

nt
s 

w
ith

 E
C

 
ha

rb
or

ed
 m

ut
at

io
ns

. E
ig

ht
 (2

9.
6%

) o
f 2

7 
pa

tie
nt

s 
w

ith
 b

en
ig

n 
le

si
on

s 
te

st
ed

 p
os

iti
ve

 fo
r m

ut
at

io
n

N
ai

r2
01

6 
[6

2]
U

te
rin

e 
la

va
ge

7
95

U
ltr

a-
de

ep
 ta

rg
et

ed
 n

ex
t-

ge
ne

ra
tio

n 
se

qu
en

ci
ng

 g
en

e 
pa

ne
ls

 
co

m
po

se
d 

of
 5

6 
+

 1
2 

ge
ne

s
EC

 d
riv

er
 m

ut
at

io
ns

 w
er

e 
id

en
tifi

ed
 in

 a
ll 

se
ve

n 
w

om
en

 w
ho

 
re

ce
iv

ed
 a

 c
an

ce
r d

ia
gn

os
is

Fi
eg

l2
00

4 
[6

3]
Ta

m
po

ns
15

10
9

D
N

A
 m

et
hy

la
tio

n 
ch

an
ge

s 
(M

et
hy

Li
gh

t)
 o

f 5
 g

en
es

A
ll 

en
do

m
et

ria
l c

an
ce

r p
at

ie
nt

s 
re

ve
al

ed
 th

re
e 

or
 m

or
e 

m
et

hy
l-

at
ed

 g
en

es
, w

he
re

as
 9

1%
 (9

9 
of

 1
09

) o
f t

he
 p

at
ie

nt
s 

w
ith

ou
t E

C
 

ha
d 

no
 o

r f
ew

er
 th

an
 th

re
e 

ge
ne

s 
m

et
hy

la
te

d 
in

 th
ei

r v
ag

in
al

 
se

cr
et

io
n

Ba
kk

um
-G

am
ez

20
15

 
[6

4]
Ta

m
po

ns
38

28
Py

ro
se

qu
en

ci
ng

 fo
r D

N
A

 m
et

hy
la

tio
n 

of
 1

2 
ge

ne
s

M
ea

n 
m

et
hy

la
tio

n 
w

as
 h

ig
he

r i
n 

ta
m

po
n 

sp
ec

im
en

s 
fro

m
 E

C
 fo

r 
9 

of
 1

2 
ge

ne
s; 

AU
C

 w
as

 h
ig

he
st

 fo
r H

TR
1B

 (0
.8

2)
, R

A
SS

F1
 (0

.7
5)

, 
an

d 
H

O
XA

9 
(0

.7
4)

Jo
ne

s2
01

3 
[6

5]
va

gi
na

l s
w

ab
s

64
23

Ep
ig

en
om

e-
w

id
e 

m
et

hy
la

tio
n 

an
al

ys
is

 o
f >

 2
7,

00
0 

C
pG

 s
ite

s
H

A
N

D
2 

is
 o

ne
 o

f t
he

 m
os

t c
om

m
on

ly
 h

yp
er

m
et

hy
la

te
d 

an
d 

si
le

nc
ed

 g
en

es
 in

 e
nd

om
et

ria
l c

an
ce

r

D
ou

fe
ka

s2
01

6 
[6

6]
va

gi
na

l s
w

ab
s

30
73

Ill
um

in
a 

45
0 

k 
D

N
A

 m
et

hy
la

tio
n 

be
ad

 a
rr

ay
 a

ss
ay

Th
e 

EC
 D

N
A

m
e 

si
gn

at
ur

e 
re

su
lte

d 
in

 R
O

C
 a

re
a 

un
de

r t
he

 c
ur

ve
 

of
 0

.8
3 

to
 d

is
cr

im
in

at
e 

co
nt

ro
ls

 a
nd

 th
e 

ca
nc

er
s

Ki
nd

e2
01

3 
[6

7]
Pa

p 
sm

ea
r

24
14

Th
e 

m
od

ifi
ed

 S
af

e-
Se

qS
 a

ss
ay

 u
se

d 
to

 d
et

ec
t m

ut
at

io
ns

 in
 1

2 
di

ffe
re

nt
 g

en
es

Sc
ie

nt
is

ts
 w

er
e 

ab
le

 to
 id

en
tif

y 
th

e 
sa

m
e 

m
ut

at
io

ns
 in

 th
e 

D
N

A
 

fro
m

 li
qu

id
 P

ap
 s

m
ea

r s
pe

ci
m

en
s 

in
 1

00
%

 o
f E

C
 (2

4 
of

 2
4)

W
an

g2
01

8 
[6

8]
Pa

p 
sm

ea
r

38
2

71
4

Th
e 

m
od

ifi
ed

 S
af

e-
Se

qS
 a

ss
ay

 to
 d

et
ec

t m
ut

at
io

ns
 in

 1
8 

ge
ne

s, 
an

d 
an

 a
ss

ay
 fo

r a
ne

up
lo

id
y

81
%

 o
f 3

82
 E

C
 p

at
ie

nt
s 

w
er

e 
po

si
tiv

e,
 in

cl
ud

in
g 

78
%

 o
f p

at
ie

nt
s 

w
ith

 e
ar

ly
-s

ta
ge

 d
is

ea
se

W
an

g2
01

8 
[6

8]
Ta

o 
br

us
h

12
3

12
5

Th
e 

m
od

ifi
ed

 S
af

e-
Se

qS
 a

ss
ay

 to
 d

et
ec

t m
ut

at
io

ns
 in

 1
8 

ge
ne

s, 
an

d 
an

 a
ss

ay
 fo

r a
ne

up
lo

id
y

93
%

 o
f 1

23
 p

at
ie

nt
s 

w
ith

 E
C

 w
er

e 
po

si
tiv

e,
 w

he
re

as
 n

on
e 

of
 

th
e 

sa
m

pl
es

 fr
om

 1
25

 w
om

en
 w

ith
ou

t c
an

ce
r w

er
e 

po
si

tiv
e 

(s
pe

ci
fic

ity
, 1

00
%

)

H
ua

ng
20

17
 [6

9]
Ce

rv
ic

al
 s

cr
ap

in
gs

50
96

qu
an

tit
at

iv
e 

m
et

hy
la

tio
n-

sp
ec

ifi
c 

PC
R 

(Q
M

SP
) f

or
 1

4 
ge

ne
s

A
 p

an
el

 c
om

pr
is

in
g 

an
y 

tw
o 

of
 th

e 
th

re
e 

hy
pe

rm
et

hy
la

te
d 

ge
ne

s(
BH

LH
E2

2,
 C

D
O

1,
 C

EL
F4

) r
ea

ch
ed

 a
 s

en
si

tiv
ity

 o
f 9

1.
8%

, 
sp

ec
ifi

ci
ty

 o
f 9

5.
5%

 fo
r E

C
 s

cr
ee

ni
ng



Page 6 of 10Shen et al. Molecular Cancer           (2023) 22:53 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Bi
os

pe
ci

m
en

N
um

be
r 

of
 E

C 
ca

se
s

N
um

be
r 

of
 

co
nt

ro
ls

Te
ch

no
lo

gy
Fi

nd
in

gs

C
ha

ng
20

18
 [7

0]
Ce

rv
ic

al
 s

cr
ap

in
gs

40
40

Q
ua

nt
ita

tiv
e 

m
et

hy
la

tio
n-

sp
ec

ifi
c 

po
ly

m
er

as
e 

ch
ai

n 
re

ac
tio

n 
fo

r 1
4 

ge
ne

s
Se

ns
iti

vi
ty

 a
nd

 s
pe

ci
fic

ity
 o

f P
O

U
4F

3/
M

A
G

I2
 w

er
e 

83
%

-9
0%

 a
nd

 
69

%
-7

5%
 fo

r d
et

ec
tio

n 
of

 E
C



Page 7 of 10Shen et al. Molecular Cancer           (2023) 22:53 	

cervix [67]. This finding subsequently led to the develop-
ment of the “PapGene” test, a sequenced-based 12-gene-
panel(APC, AKT1, BRAF, CTNNB1, EGFR, FBXW7, 
KRAS, NRAS, PIK3CA, PPP2R1A, PTEN, and TP53) 
for the routine medical screen of EC. In 2018, the group 
updated the “PapGene” test to the “PapSEEK” test, incor-
porating assays for mutations of 18 genes(AKT1, APC, 
BRAF, CDKN2A, CTNNB1, EGFR, FBXW7, FGFR2, 
KRAS, MAPK1, NRAS, PIK3CA, PIK3R1, POLE, 
PPP2R1A, PTEN, RNF43, and TP53) and aneuploidy 
[68]. The PapSEEK can successfully identify 81% of EC 
patients(78% early-stage) with a pap brush, and the speci-
ficity exceeds 99%. Tao brush, inserted into the uterine 
cavity at the level of the fundus is an improvement of pap 
brush despite certain drawbacks because of its relatively 
high cost and high unsuccessful insertion rate [38]. The 
use of a Tao brush [85] can further increase the sensitiv-
ity to 93% and specificity to 100%, which is verified in 
subsequent studies [86, 87].

Various proof-of-concepts studies have confirmed that 
the epigenomic analyses of DNA collected from tam-
pons, vaginal swabs or cervical scrapings can help to 
diagnose EC. The intravaginal tampon is a noninvasive 
and well-accepted absorbent hygiene product for women. 
Bakkum-Gamez et al. [64], collected vaginal pool samples 
with tampons and found nine genes hypermethylated in 
EC patients. According to Fiegl’s study the methylation 
status of DNA obtained from tampons could successfully 
identify EC out of other unmalignant diseases(sensitivity 
100%, specificity 97.2%) [63]. This self-collected method 
can enable women to collect and deliver the specimen 
to a laboratory easily, overcoming socioeconomic status 
and geographical barriers. In addition, serial collection 
of tampons can enable us to monitor high-risk patients 
in a long term. Besides tampons, cervical scrapings and 
vaginal swabs are also good sources of DNA for molecu-
lar testing. They can be obtained easily during each out-
patient visit, are low in cost and are virtually non-invasive 
[88]. A certain amount of research proved that DNA 
methylation of tumor driver genes detected in cervical 
scrapings and vaginal swabs have considerable sensitiv-
ity and specificity in the diagnosis of EC [65, 66, 69, 70, 
89]. The latest study in 2022 described the WID-qEC 
test, a three-marker test that evaluates DNA methylation 
in gene regions of GYPC and ZSCAN12 [90]. In cervical 
smear, self-collected, and vaginal swab samples derived 
from symptomatic patients, it could detect EC with sen-
sitivities of 97.2% (95% CI, 90.2 to 99.7), 90.1% (83.6 to 
94.6), and 100% (63.1 to 100), respectively. However, 
the existing studies are based on previously diagnosed 
women, so the influence of examinations during the diag-
nostic process cannot be ignored. A series of diagnostic 
procedures before sampling may increase the shedding of 

tumor-related cells into the lower genital tract, exaggerat-
ing its actual effect in the real world. More large prospec-
tive cohort studies of undiagnosed women are needed.

Challenges and future directions
There is no denying that the invention of minimally inva-
sive biofluid sample collection techniques has broad-
ened the horizons of early cancer detection, with many 
encouraging examples in other tumors [91, 92]. There 
are many active avenues of research in the field of early 
detection for EC, and exciting advancements are being 
made. However, the clinically available early detection 
flow for EC is still on the way. First, the studies mentioned 
above are primarily pilot or retrospective studies with a 
limited number of cases. Further prospective discovery 
work and validation studies are needed to further validate 
the value of those methodologies. Second, the concord-
ance between tumor tissue and biofluids are not consist-
ent across different studies because of different disease 
stage, tumor type, and tumor heterogeneity [55, 93]. 
What’s more, published studies often use different crite-
ria to select gene panels for early detection of EC, and it 
is challenging to find the optimal panel to be applied in 
the target population. Third, the detection of precancer-
ous lesions is important because a third of women with 
atypical hyperplasia can find concurrent EC after surgery 
and the diagnosis of precancerous lesions remains chal-
lenging and subjective in some cases [94, 95]. However, 
the early detection of precancerous lesions will possibly 
cause unnecessary intervention and definitely long term 
anxiety. The application of minimally invasive biofluid 
sample collection techniques and further improvement 
of the sensitivity and specificity of diagnostic tests may 
solve these issues. A balance needs to be found in the 
pros and cons of early detection of precancerous lesions. 
But Last but not least, metabolomics which assesses the 
qualitative and quantitative of serum metabolomes in 
patients has been emerging as a novel invasive way for 
early screening of EC, so the application potential of 
metabolomics deserves more research [96, 97]. Among 
the above minimally invasive approaches, cervicovagi-
nal fluid shows the greatest potential for clinical appli-
cation of EC early detection in the future. It is virtually 
non-invasive, without outpatient operation and more 
cost-effective. Compared to peripheral blood and uter-
ine lavage fluid, higher concentrations and less dynamic 
changes of tumor-associated biomarkers can be found 
in the cervicovaginal fluid, resulting in higher sensitiv-
ity and specificity [98]. Although sequencing of somatic 
mutations(often limited to subclones of tumor cells) in 
the cervicovaginal fluid is effective in the early detec-
tion of EC, DNA methylation test(widespread across the 
tumor tissue, overcoming lower sensitivity due to tumor 
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heterogeneity) shows greater strengths and potential 
because epigenetic alteration happens earlier in tumori-
genesis, and is more stable [99]. In the nearby future, the 
minimally invasive biofluid sample collection technique 
can not only benefit high-risk women and those present-
ing with abnormal clinical symptoms suggestive of EC for 
further triage for malignancies, it may also help with the 
follow-up of fertility-sparing young patients with grade 1 
EC limited to the endometrium or atypical endometrial 
hyperplasia [100]. Those minimally invasive approaches 
can help to assess the effectiveness of fertility-sparing 
treatment with fewer invasive intrauterine operations, 
which is beneficial to patient’s future pregnancy.

To conclude, this review demonstrates the great poten-
tial of minimally invasive approaches in the early detec-
tion of EC. The application of the above techniques in 
the management of EC yields a broad research value. The 
current research evidence is limited and further clinical 
validation in large clinical trials is needed.

Acknowledgements
Not applicable.

Authors’ contributions
YF S and WQ Y was a major contributor in writing the manuscript. JC L and 
Y Z took charge of manuscript reviewing and editing. All authors read and 
approved the final manuscript.

Funding
Project supported by the National Natural Science Foundation of China 
(82073323) and the Joint Funds of the National Natural Science Foundation of 
China (U20A20368).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Received: 25 November 2022   Accepted: 7 March 2023

References
	 1.	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA 

Cancer J Clin. 2022;72(1):7–33.
	 2.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 

Bray F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence 
and Mortality Worldwide for 36 Cancers in 185 Countries. CA: Cancer J 
Clin. 2021;71:209–49.

	 3.	 Gaber C, Meza R, Ruterbusch JJ, Cote ML. Endometrial cancer trends 
by race and histology in the USA: Projecting the number of new cases 
from 2015 to 2040. J Racial Ethn Health Disparities. 2016. https://​doi.​
org/​10.​1007/​s40615-​016-​0292-2.

	 4.	 Sheikh MA, Althouse AD, Freese KE, Soisson S, Edwards RP, Welburn 
S, Sukumvanich P, Comerci J, Kelley J, LaPorte RE, Linkov F. USA endo-
metrial cancer projections to 2030: should we be concerned? Future 
Oncology (London, England). 2014;10:2561–8.

	 5.	 Makker V, MacKay H, Ray-Coquard I, Levine DA, Westin SN, Aoki 
D, Oaknin A. Endometrial cancer Nature Reviews Disease Primers. 
2021;7:88.

	 6.	 Key statistics for endometrial cancer [https://​www.​cancer.​org/​cancer/​
endom​etrial-​cancer.​html].

	 7.	 Crosbie EJ, Kitson SJ, McAlpine JN, Mukhopadhyay A, Powell ME, Singh 
N. Endometrial cancer. Lancet (London, England). 2022;399:1412–28.

	 8.	 Urick ME, Bell DW. Clinical actionability of molecular targets in endome-
trial cancer. Nat Rev Cancer. 2019;19:510–21.

	 9.	 Wong ASW, Lao TTH, Cheung CW, Yeung SW, Fan HL, Ng PS, Yuen PM, 
Sahota DS. Reappraisal of endometrial thickness for the detection 
of endometrial cancer in postmenopausal bleeding: a retrospective 
cohort study. BJOG : an International Journal of Obstetrics and Gynae-
cology. 2016;123:439–46.

	 10.	 Dijkhuizen FPHLJ, Mol BWJ, Brölmann HAM, Heintz APM. Cost-effec-
tiveness of the use of transvaginal sonography in the evaluation of 
postmenopausal bleeding. Maturitas. 2003;45:275–82.

	 11.	 Williams PM, Gaddey HL. Endometrial Biopsy: Tips and Pitfalls. Am Fam 
Physician. 2020;101:551–6.

	 12.	 Giampaolino P, Della Corte L, Di Filippo C, Mercorio A, Vitale SG, Bifulco 
G. Office hysteroscopy in the management of women with post-
menopausal bleeding. Climacteric : the Journal of the International 
Menopause Society. 2020;23:369–75.

	 13.	 Morganti S, Tarantino P, Ferraro E, D’Amico P, Viale G, Trapani D, Duso BA, 
Curigliano G. Complexity of genome sequencing and reporting: Next 
generation sequencing (NGS) technologies and implementation of pre-
cision medicine in real life. Crit Rev Oncol Hematol. 2019;133:171–82.

	 14.	 Goldstein SR. Appropriate evaluation of postmenopausal bleeding. 
Menopause (New York, NY). 2018;25:1476–8.

	 15.	 Clarke MA, Long BJ, Del Mar MA, Arbyn M, Bakkum-Gamez JN, Wen-
tzensen N. Association of Endometrial Cancer Risk With Postmenopau-
sal Bleeding in Women: A Systematic Review and Meta-analysis. JAMA 
Intern Med. 2018;178:1210–22.

	 16.	 Papakonstantinou E, Adonakis G. Management of pre-, peri-, and post-
menopausal abnormal uterine bleeding: When to perform endometrial 
sampling? International Journal of Gynaecology and Obstetrics: the 
Official Organ of the International Federation of Gynaecology and 
Obstetrics. 2022;158:252–9.

	 17.	 Salim S, Won H, Nesbitt-Hawes E, Campbell N, Abbott J. Diagnosis and 
management of endometrial polyps: a critical review of the literature. J 
Minim Invasive Gynecol. 2011;18:569–81.

	 18.	 Warring SK, Borah B, Moriarty J, Gullerud R, Lemens MA, Destephano C, 
Sherman ME, Bakkum-Gamez JN. The cost of diagnosing endometrial 
cancer: Quantifying the healthcare cost of an abnormal uterine bleed-
ing workup. Gynecol Oncol. 2022;164:93–7.

	 19.	 Aggarwal A, Hatti A, Tirumuru SS, Nair SS. Management of Asymp-
tomatic Postmenopausal Women Referred to Outpatient Hysteros-
copy Service with Incidental Finding of Thickened Endometrium - A 
UK District General Hospital Experience. J Minim Invasive Gynecol. 
2021;28:1725–9.

	 20.	 ACOG Committee Opinion No. 734: The Role of Transvaginal Ultra-
sonography in Evaluating the Endometrium of Women With Postmeno-
pausal Bleeding. Obstet Gynecol. 2018;131:e124–9.

	 21.	 ACOG Committee Opinion No. 440: The Role of Transvaginal Ultra-
sonography in the Evaluation of Postmenopausal Bleeding. Obstet 
Gynecol. 2009;114:409–11.

	 22.	 Bagaria M, Shields E, Bakkum-Gamez JN. Novel approaches to 
early detection of endometrial cancer. Curr Opin Obstet Gynecol. 
2017;29:40–6.

	 23.	 Kim M-J, Kim J-J, Kim SM. Endometrial evaluation with transvaginal 
ultrasonography for the screening of endometrial hyperplasia or cancer 
in premenopausal and perimenopausal women. Obstetrics & Gynecol-
ogy Science. 2016;59:192–200.

	 24.	 Bignardi T, Van den Bosch T, Condous G. Abnormal uterine and post-
menopausal bleeding in the acute gynaecology unit. Best Pract Res 
Clin Obstet Gynaecol. 2009;23:595–607.

https://doi.org/10.1007/s40615-016-0292-2
https://doi.org/10.1007/s40615-016-0292-2
https://www.cancer.org/cancer/endometrial-cancer.html
https://www.cancer.org/cancer/endometrial-cancer.html


Page 9 of 10Shen et al. Molecular Cancer           (2023) 22:53 	

	 25.	 Saline infusion sonohysterography. International Journal of Gynaecol-
ogy and Obstetrics: the Official Organ of the International Federation of 
Gynaecology and Obstetrics. 2004;84:95–8.

	 26.	 Elsayes KM, Pandya A, Platt JF, Bude RO. Technique and diagnostic utility 
of saline infusion sonohysterography. International Journal of Gynaecol-
ogy and Obstetrics: the Official Organ of the International Federation of 
Gynaecology and Obstetrics. 2009;105:5–9.

	 27.	 Practice Bulletin No. 149: Endometrial cancer. Obstet Gynecol. 
2015;125:1006–26.

	 28.	 AIUM Practice Guideline for the Performance of Sonohysterography. 
Journal of Ultrasound In Medicine : Official Journal of the American 
Institute of Ultrasound In Medicine. 2015;34:1–6.

	 29.	 Suarez AA, Felix AS, Cohn DE. Bokhman Redux: Endometrial cancer 
“types” in the 21st century. Gynecol Oncol. 2017;144:243–9.

	 30.	 Bokhman JV. Two pathogenetic types of endometrial carcinoma. 
Gynecol Oncol. 1983;15:10–7.

	 31.	 Billingsley CC, Kenne KA, Cansino CD, Backes FJ, Cohn DE, O’Malley DM, 
Copeland LJ, Fowler JM, Salani R. The Use of Transvaginal Ultrasound in 
Type II Endometrial Cancer. International Journal of Gynecological Can-
cer : Official Journal of the International Gynecological Cancer Society. 
2015;25:858–62.

	 32.	 Wang J, Wieslander C, Hansen G, Cass I, Vasilev S, Holschneider CH. Thin 
endometrial echo complex on ultrasound does not reliably exclude 
type 2 endometrial cancers. Gynecol Oncol. 2006;101:120–5.

	 33.	 Cornier E. The Pipelle: a disposable device for endometrial biopsy. Am J 
Obstet Gynecol. 1984;148:109–10.

	 34.	 Machado F, Moreno J, Carazo M, León J, Fiol G, Serna R. Accuracy 
of endometrial biopsy with the Cornier pipelle for diagnosis of 
endometrial cancer and atypical hyperplasia. Eur J Gynaecol Oncol. 
2003;24:279–81.

	 35.	 Zorlu CG, Cobanoglu O, Işik AZ, Kutluay L, Kuşçu E. Accuracy of pipelle 
endometrial sampling in endometrial carcinoma. Gynecol Obstet 
Invest. 1994;38:272–5.

	 36.	 Cooper NAM, Barton PM, Breijer M, Caffrey O, Opmeer BC, Timmermans 
A, Mol BWJ, Khan KS, Clark TJ: Cost-effectiveness of diagnostic strategies 
for the management of abnormal uterine bleeding (heavy menstrual 
bleeding and post-menopausal bleeding): a decision analysis. Health 
Technol Assess (Winchester, England). 2014;18(24):1–201, v-vi.

	 37.	 Yi Y, Bryce CL, Adambekov S, Edwards RP, Goughnour SL, Linkov F. 
Cost-effectiveness analysis of biopsy strategies for endometrial cancer 
diagnosis in women with postmenopausal bleeding: Pipelle sampling 
curette versus dilatation & curettage. Gynecol Oncol. 2018;150:112–8.

	 38.	 Du J, Li Y, Lv S, Wang Q, Sun C, Dong X, He M, Ulain Q, Yuan Y, Tuo X, 
et al. Endometrial sampling devices for early diagnosis of endometrial 
lesions. J Cancer Res Clin Oncol. 2016;142:2515–22.

	 39.	 Adambekov S, Goughnour SL, Mansuria S, Donnellan N, Elishaev E, 
Villanueva HJ, Edwards RP, Bovbjerg DH, Linkov F. Patient and provider 
factors associated with endometrial Pipelle sampling failure. Gynecol 
Oncol. 2017;144:324–8.

	 40.	 Guido RS, Kanbour-Shakir A, Rulin MC, Christopherson WA. Pipelle 
endometrial sampling. Sensitivity in the detection of endometrial 
cancer. J Reprod Med. 1995;40:553–5.

	 41.	 Kazandi M, Okmen F, Ergenoglu AM, Yeniel AO, Zeybek B, Zekioglu O, 
Ozdemir N. Comparison of the success of histopathological diagnosis 
with dilatation-curettage and Pipelle endometrial sampling. Journal of 
Obstetrics and Gynaecology : the Journal of the Institute of Obstetrics 
and Gynaecology. 2012;32:790–4.

	 42.	 van Dongen H, de Kroon CD, Jacobi CE, Trimbos JB, Jansen FW. Diag-
nostic hysteroscopy in abnormal uterine bleeding: a systematic review 
and meta-analysis. BJOG : an International Journal of Obstetrics and 
Gynaecology. 2007;114:664–75.

	 43.	 Schiemer R, Furniss D, Phang S, Seddon AB, Atiomo W, Gajjar KB. Vibra-
tional Biospectroscopy: An Alternative Approach to Endometrial Cancer 
Diagnosis and Screening. Int J Molecular Sci. 2022;23(9):4859.

	 44.	 Bettocchi S, Bramante S, Bifulco G, Spinelli M, Ceci O, Fascilla FD, Di 
Spiezio SA. Challenging the cervix: strategies to overcome the anatomic 
impediments to hysteroscopy: analysis of 31,052 office hysteroscopies. 
Fertil Steril. 2016;105:e16–7.

	 45.	 Salazar CA, Isaacson KB. Office Operative Hysteroscopy: An Update. J 
Minim Invasive Gynecol. 2018;25:199–208.

	 46.	 Alcázar JL, Errasti T, Zornoza A. Saline infusion sonohysterography in 
endometrial cancer: assessment of malignant cells dissemination risk. 
Acta Obstet Gynecol Scand. 2000;79:321–2.

	 47.	 Grimbizis GF, Tsolakidis D, Mikos T, Anagnostou E, Asimakopoulos E, 
Stamatopoulos P, Tarlatzis BC. A prospective comparison of transvagi-
nal ultrasound, saline infusion sonohysterography, and diagnostic 
hysteroscopy in the evaluation of endometrial pathology. Fertil Steril. 
2010;94:2720–5.

	 48.	 AIUM Practice parameter for the performance of sonohysterogra-
phy and hysterosalpingo-contrast sonography. J Ultrasound Med. 
2021;40:E39–E45.

	 49.	 Metzger U, Bernard JP, Camatte S, Lelièvre L, Robin F, Lefrère-Belda MA, 
Lécuru F. Sono-guided endometrial biopsy: comparison with hyster-
oscopy biopsy. Sono-guided endometrial biopsy using the Bernard 
catheter had no impact on endometrial assessment by sonohysterog-
raphy. Gynecol Obstet Invest. 2004;58:26–31.

	 50.	 Raffone A, Travaglino A, Saccone G, Cieri M, Mascolo M, Mollo A, 
Insabato L, Zullo F. Diagnostic and prognostic value of ARID1A in 
endometrial hyperplasia: a novel marker of occult cancer. APMIS : 
Acta Pathologica, Microbiologica, Et Immunologica Scandinavica. 
2019;127:597–606.

	 51.	 Raffone A, Travaglino A, Saccone G, Campanino MR, Mollo A, De Placido 
G, Insabato L, Zullo F. Loss of PTEN expression as diagnostic marker of 
endometrial precancer: A systematic review and meta-analysis. Acta 
Obstet Gynecol Scand. 2019;98:275–86.

	 52.	 Braun MM, Overbeek-Wager EA, Grumbo RJ. Diagnosis and Manage-
ment of Endometrial Cancer. Am Fam Physician. 2016;93:468–74.

	 53.	 Kwong GA, Ghosh S, Gamboa L, Patriotis C, Srivastava S, Bhatia SN. Syn-
thetic biomarkers: a twenty-first century path to early cancer detection. 
Nat Rev Cancer. 2021;21:655–68.

	 54.	 Kaczor-Urbanowicz KE, Wei F, Rao SL, Kim J, Shin H, Cheng J, Tu M, 
Wong DTW, Kim Y. Clinical validity of saliva and novel technology for 
cancer detection. Biochim Biophys Acta. 2019;1872:49–59.

	 55.	 Chen M, Zhao H. Next-generation sequencing in liquid biopsy: cancer 
screening and early detection. Hum Genomics. 2019;13:34.

	 56.	 Tanaka H, Tsuda H, Nishimura S, Nomura H, Kataoka F, Chiyoda T, 
Tanaka K, Iguchi Y, Susumu N, Aoki D. Role of circulating free alu DNA 
in endometrial cancer. International Journal of Gynecological Cancer : 
Official Journal of the International Gynecological Cancer Society. 
2012;22:82–6.

	 57.	 Vizza E, Corrado G, De Angeli M, Carosi M, Mancini E, Baiocco E, Chiofalo 
B, Patrizi L, Zampa A, Piaggio G, Cicchillitti L. Serum DNA integrity index 
as a potential molecular biomarker in endometrial cancer. Journal of 
Experimental & Clinical Cancer Research : CR. 2018;37:16.

	 58.	 Łukasiewicz M, Pastuszak K, Łapińska-Szumczyk S, Różański R, Veld 
SGJGIt, Bieńkowski M, et al. Diagnostic accuracy of liquid biopsy in 
endometrial cancer. Cancers. 2021;13(22):5731.

	 59.	 Torres A, Torres K, Pesci A, Ceccaroni M, Paszkowski T, Cassandrini P, 
Zamboni G, Maciejewski R. Diagnostic and prognostic significance of 
miRNA signatures in tissues and plasma of endometrioid endometrial 
carcinoma patients. Int J Cancer. 2013;132:1633–45.

	 60.	 Jia W, Wu Y, Zhang Q, Gao G, Zhang C, Xiang Y. Identification of four 
serum microRNAs from a genome-wide serum microRNA expression 
profile as potential non-invasive biomarkers for endometrioid endome-
trial cancer. Oncol Lett. 2013;6:261–7.

	 61.	 Maritschnegg E, Wang Y, Pecha N, Horvat R, Van Nieuwenhuysen E, 
Vergote I, Heitz F, Sehouli J, Kinde I, Diaz LA, et al. Lavage of the Uterine 
Cavity for Molecular Detection of Müllerian Duct Carcinomas: A Proof-
of-Concept Study. Journal of Clinical Oncology : Official Journal of the 
American Society of Clinical Oncology. 2015;33:4293–300.

	 62.	 Nair N, Camacho-Vanegas O, Rykunov D, Dashkoff M, Camacho SC, 
Schumacher CA, Irish JC, Harkins TT, Freeman E, Garcia I, et al. Genomic 
Analysis of Uterine Lavage Fluid Detects Early Endometrial Cancers and 
Reveals a Prevalent Landscape of Driver Mutations in Women without 
Histopathologic Evidence of Cancer: A Prospective Cross-Sectional 
Study. PLoS Med. 2016;13:e1002206.

	 63.	 Fiegl H, Gattringer C, Widschwendter A, Schneitter A, Ramoni A, Sarlay 
D, Gaugg I, Goebel G, Müller H, Mueller-Holzner E, et al. Methylated 
DNA collected by tampons–a new tool to detect endometrial cancer. 
Cancer Epidemiol Biomarkers Prev. 2004;13:882–8.



Page 10 of 10Shen et al. Molecular Cancer           (2023) 22:53 

	 64.	 Bakkum-Gamez JN, Wentzensen N, Maurer MJ,Hawthorne KM, Voss 
JS, Kroneman TN, et al. Detection of endometrial cancer via molecu-
lar analysis of DNA collected with vaginal tampons. Gynecol Oncol. 
2015;137(1)14–22. https://​doi.​org/​10.​1016/j.​ygyno.​2015.​01.​552.

	 65.	 Jones A, Teschendorff AE, Li Q, Hayward JD, Kannan A, Mould T, West 
J, Zikan M, Cibula D, Fiegl H, et al. Role of DNA methylation and epige-
netic silencing of HAND2 in endometrial cancer development. PLoS 
Med. 2013;10: e1001551.

	 66.	 Doufekas K, Zheng SC, Ghazali S, Wong M, Mohamed Y, Jones A, et al. 
DNA methylation signatures in vaginal fluid samples for detection of 
cervical and endometrial cancer. Int J Gynecol Cancer. 2016. https://​doi.​
org/​10.​1097/​igc.​00000​00000​000739.

	 67.	 Kinde I, Bettegowda C, Wang Y, Wu J, Agrawal N, Shih I-M, Kurman R, 
Dao F, Levine DA, Giuntoli R, et al. Evaluation of DNA from the Papani-
colaou test to detect ovarian and endometrial cancers. Sci Transl Med. 
2013;5:167ra164.

	 68.	 Wang Y, Li L, Douville C, Cohen JD, Yen TT, Kinde I, Sundfelt K, Kjær SK, 
Hruban RH, Shih IM, et al. Evaluation of liquid from the Papanicolaou 
test and other liquid biopsies for the detection of endometrial and 
ovarian cancers. Sci Transl Med. 2018;10:eaap8793.

	 69.	 Huang R-L, Su P-H, Liao Y-P, Wu T-I, Hsu Y-T, Lin W-Y, Wang H-C, Weng 
Y-C, Ou Y-C. Huang TH-M, Lai H-C: Integrated Epigenomics Analysis 
Reveals a DNA Methylation Panel for Endometrial Cancer Detection 
Using Cervical Scrapings. Clinical Cancer Research : an Official Journal 
of the American Association For Cancer Research. 2017;23:263–72.

	 70.	 Chang CC, Wang HC, Liao YP, Chen YC, Weng YC, Yu MH, Lai HC. The 
feasibility of detecting endometrial and ovarian cancer using DNA 
methylation biomarkers in cervical scrapings. Journal of Gynecologic 
Oncology. 2018;29:e17.

	 71.	 Bignotti E, Ragnoli M, Zanotti L, Calza S, Falchetti M, Lonardi S, Ber-
gamelli S, Bandiera E, Tassi RA, Romani C, et al. Diagnostic and prognos-
tic impact of serum HE4 detection in endometrial carcinoma patients. 
Br J Cancer. 2011;104:1418–25.

	 72.	 Lin B, Lei Y, Wang J, Zhu L, Wu Y, Zhang H, Wu L, Zhang P, Yang C. 
Microfluidic-Based Exosome Analysis for Liquid Biopsy. Small Methods. 
2021;5:e2001131.

	 73.	 Jiang N, Pan J, Fang S, Zhou C, Han Y, Chen J, Meng X, Jin X, Gong Z. 
Liquid biopsy: Circulating exosomal long noncoding RNAs in cancer. 
Clin Chim Acta. 2019;495:331–7.

	 74.	 Song P, Wu LR, Yan YH, Zhang JX, Chu T, Kwong LN, Patel AA, Zhang 
DY. Limitations and opportunities of technologies for the analysis of 
cell-free DNA in cancer diagnostics. Nature Biomedical Engineering. 
2022;6:232–45.

	 75.	 Bolivar AM, Luthra R, Mehrotra M, Chen W, Barkoh BA, Hu P, Zhang W, 
Broaddus RR. Targeted next-generation sequencing of endometrial 
cancer and matched circulating tumor DNA: identification of plasma-
based, tumor-associated mutations in early stage patients. Mod Pathol. 
2019;32:405–14.

	 76.	 Beinse G, Borghese B, Métairie M, Just P-A, Poulet G, Garinet S, Parfait B, 
Didelot A, Bourreau C, Agueeff N, et al. Highly Specific Droplet-Digital 
PCR Detection of Universally Methylated Circulating Tumor DNA in 
Endometrial Carcinoma. Clin Chem. 2022;68:782–93.

	 77.	 Valihrach L, Androvic P, Kubista M. Circulating miRNA analysis for cancer 
diagnostics and therapy. Mol Aspects Med. 2020;72: 100825.

	 78.	 Wang J, Chen J, Sen S. MicroRNA as Biomarkers and Diagnostics. J Cell 
Physiol. 2016;231:25–30.

	 79.	 McGuire A, Brown JAL, Kerin MJ. Metastatic breast cancer: the potential 
of miRNA for diagnosis and treatment monitoring. Cancer Metastasis 
Rev. 2015;34:145–55.

	 80.	 Yoshida K, Yokoi A, Kato T, Ochiya T, Yamamoto Y. The clinical impact 
of intra- and extracellular miRNAs in ovarian cancer. Cancer Sci. 
2020;111:3435–44.

	 81.	 Torres A, Torres K, Pesci A, Ceccaroni M, Paszkowski T, Cassandrini P, 
Zamboni G, Maciejewski R. Deregulation of miR-100, miR-99a and 
miR-199b in tissues and plasma coexists with increased expression of 
mTOR kinase in endometrioid endometrial carcinoma. BMC Cancer. 
2012;12:369.

	 82.	 Srivastava A, Moxley K, Ruskin R, Dhanasekaran DN, Zhao YD, Ramesh 
R. A Non-invasive Liquid Biopsy Screening of Urine-Derived Exosomes 
for miRNAs as Biomarkers in Endometrial Cancer Patients. AAPS J. 
2018;20:82.

	 83.	 Geldenhuys L, Murray ML. Sensitivity and specificity of the Pap smear 
for glandular lesions of the cervix and endometrium. Acta Cytol. 
2007;51:47–50.

	 84.	 Eltabbakh GH, Lipman JN, Mount SL, Morgan A. Significance of atypical 
glandular cells of undetermined significance on ThinPrep Papanicolaou 
smears. Gynecol Oncol. 2000;78:245–50.

	 85.	 Kipp BR, Medeiros F, Campion MB, Distad TJ, Peterson LM, Keeney GL, Halling 
KC, Clayton AC. Direct uterine sampling with the Tao brush sampler using 
a liquid-based preparation method for the detection of endometrial can-
cer and atypical hyperplasia: a feasibility study. Cancer. 2008;114:228–35.

	 86.	 DeJong SR, Bakkum-Gamez JN, Clayton AC, Henry MR, Keeney GL, 
Zhang J, Kroneman TN, Laughlin-Tommaso SK, Ahlberg LJ, VanOosten 
AL, et al. Tao brush endometrial cytology is a sensitive diagnostic tool 
for cancer and hyperplasia among women presenting to clinic with 
abnormal uterine bleeding. Cancer Med. 2021;10:7040–7.

	 87.	 Raffone A, Raimondo D, Raspollini A, Oliviero A, Travaglino A, Santoro 
A, et al. Accuracy of cytological examination of Tao brush endometrial 
sampling in diagnosing endometrial premalignancy and malig-
nancy. Int J Gynaecol Obstet. 2022;159(3):615–21.

	 88.	 Liew P-L, Huang R-L, Wu T-I, Liao C-C, Chen C-W, Su P-H, Wang H-C, 
Weng Y-C, Lai H-C. Combined genetic mutations and DNA-methylated 
genes as biomarkers for endometrial cancer detection from cervical 
scrapings. Clin Epigenetics. 2019;11:170.

	 89.	 Doufekas K, Hadwin R, Kandimalla R, Jones A, Mould T, Crowe S, Olaitan 
A, Macdonald N, Fiegl H, Wik E, et al. GALR1 methylation in vaginal 
swabs is highly accurate in identifying women with endometrial 
cancer. International Journal of Gynecological Cancer : Official Journal 
of the International Gynecological Cancer Society. 2013;23:1050–5.

	 90.	 Herzog C, Marín F, Jones A, Evans I, Reisel D, Redl E, et al. A Simple cervi-
covaginal epigenetic test for screening and rapid triage of women with 
suspected endometrial cancer: Validation in Several Cohort and Case/
Control Sets. J Clin Oncol. 2022;40(33):3828–38.

	 91.	 Lin JS, Perdue LA, Henrikson NB, Bean SI, Blasi PR. Screening for Colorec-
tal Cancer: Updated Evidence Report and Systematic Review for the US 
Preventive Services Task Force. JAMA. 2021;325:1978–98.

	 92.	 Cohen JD, Li L, Wang Y, Thoburn C, Afsari B, Danilova L, Douville C, Javed 
AA, Wong F, Mattox A, et al. Detection and localization of surgically 
resectable cancers with a multi-analyte blood test. Science (New York, 
NY). 2018;359:926–30.

	 93.	 Gorgannezhad L, Umer M, Islam MN, Nguyen N-T, Shiddiky MJA. Cir-
culating tumor DNA and liquid biopsy: opportunities, challenges, and 
recent advances in detection technologies. Lab Chip. 2018;18:1174–96.

	 94.	 Doherty MT, Sanni OB, Coleman HG, Cardwell CR, McCluggage WG, 
Quinn D, Wylie J, McMenamin ÚC. Concurrent and future risk of endo-
metrial cancer in women with endometrial hyperplasia: A systematic 
review and meta-analysis. PLoS ONE. 2020;15: e0232231.

	 95.	 Aguilar M, Chen H, Rivera-Colon G, Niu S, Carrick K, Gwin K, Cuevas IC, 
Sahoo SS, Li H-D, Zhang S, et al. Reliable Identification of Endometrial 
Precancers Through Combined Pax2, β-Catenin, and Pten Immunohis-
tochemistry. Am J Surg Pathol. 2022;46:404–14.

	 96.	 Troisi J, Mollo A, Lombardi M, Scala G, Richards SM, Symes SJK, Travaglino A, 
Neola D, de Laurentiis U, Insabato L, et al. The Metabolomic Approach for 
the Screening of Endometrial Cancer: Validation from a Large Cohort of 
Women Scheduled for Gynecological Surgery. Biomolecules. 2022;12:1229.

	 97.	 Raffone A, Troisi J, Boccia D, Travaglino A, Capuano G, Insabato L, Mollo 
A, Guida M, Zullo F. Metabolomics in endometrial cancer diagnosis: A 
systematic review. Acta Obstet Gynecol Scand. 2020;99:1135–46.

	 98.	 Njoku K, Chiasserini D, Geary B, Pierce A, Jones ER, Whetton AD, Crosbie 
EJ. Comprehensive Library Generation for Identification and Quantifica-
tion of Endometrial Cancer Protein Biomarkers in Cervico-Vaginal Fluid. 
Cancers. 2021;13:3804.

	 99.	 Roy D, Tiirikainen M. Diagnostic Power of DNA Methylation Classifiers 
for Early Detection of Cancer. Trends In Cancer. 2020;6:78–81.

	100.	 Garzon S, Uccella S, Zorzato PC, Bosco M, Franchi MP, Student V, Mariani 
A. Fertility-sparing management for endometrial cancer: review of the 
literature. Minerva Med. 2021;112:55–69.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.ygyno.2015.01.552
https://doi.org/10.1097/igc.0000000000000739
https://doi.org/10.1097/igc.0000000000000739

	Minimally invasive approaches for the early detection of endometrial cancer
	Abstract 
	Introduction
	Current methods of EC diagnosis
	Early clinical symptoms

	Ultrasound imaging
	Endometrial biopsy and histopathological analysis
	Novel minimally invasive approaches in the early detection of EC
	Peripheral blood
	Uterine lavage fluid
	Cervicovaginal fluid
	Challenges and future directions

	Acknowledgements
	References


