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Abstract Esophageal cancer is a malignancy with high mortality and poor prognosis worldwide due to
its rapid progression and lack of effective prognostic biomarkers for early detection. As a new non-invasive detec-

tion method, liquid biopsy can realize continuous monitoring during the progression of esophageal cancer, and has
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gradually attracted clinical attention. Liquid biopsy assesses the presence, characteristics, and prognosis of tumors

by obtaining tumor-related biomarkers such as circulating tumor DNA, circulating tumor cells and exosomes from

body fluids. Prompt and effective prognostic assessment of patients with esophageal cancer is beneficial in improv-

ing their clinical outcomes. Therefore, this paper will elaborate on the recent researches and clinical application of

liquid biopsy in the diagnosis and prognosis of esophageal cancer, and point out the current challenges and future

development, hoping to provide a basis for early diagnosis, continuous monitoring of therapeutic efficacy, prognosis

evaluation, and development of individualized precision treatment decisions of esophageal cancer.
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Table 1 Application of liquid biopsy in diagnosis and prognosis evaluation of esophageal cancer
br&EM FEASRYE pe Bt 87 A5k ERUEEPR
Biomarker  Sample source Pathological type ~ Application Outcome
ctDNA Plasma EAC, ESCC Relapse prediction Find minimal residual disease, enabling earlier identification
of recurrence than imaging "*!
Plasma ESCC Relapse prediction Enable earlier identification of recurrence than imaging '*
Plasma EAC Relapse prediction Enable earlier identification of recurrence and progression
than imaging !'*!
Plasma EAC Treatment response Higher negative rate in the complete response group after
treatment ')
Plasma EAC, ESCC Treatment response Identification of responders to immunotherapy efficacy !'”
Plasma ESCC Survival prediction Initial positive results correlates with lower PFS and OS ['*!
Plasma EAC, ESCC Survival prediction Positive results after chemoradiotherapy correlates with lower
PFS and DSS 1"
CTCs PB ESCC Treatment response Higher positive rate in the progressive disease group than the
partial response group after treatment !'*!
PB GOA Treatment response Prediction of DCR after treatment !"*!
PB EAC, ESCC Relapse prediction Higher risk of recurrence in positive groups than negative
groups 2%
PB EAC, ESCC Survival prediction Positive results preoperative correlates with lower PFS and
0S 1291
PB ESCC Survival prediction Positive results preoperative correlates with lower DFS and
oS 211
PB EAC, ESCC, Survival prediction Positive results after treatment correlates with lower DFS
GOA and OS
PB EAC, ESCC, Survival prediction Positive results in nonmetastatic patients correlates with
GOA lower PFS and OS !
PB GOA Survival prediction Positive results before/after treatment correlates with lower
PFS and OS 1"/
miRNA Plasma EAC Early diagnosis Diagnosis through the changes of miRNA expression ¥
Urine, saliva ESCC Early diagnosis Similar diagnosis ability through miR-1246 with serum
sample 1)
Serum ESCC Survival prediction Higher expression of miR-1246 correlates with lower OS )
Serum EAC Survival prediction miR-1238 and miR-5-4p correlates with risk of death **!
Serum ESCC Treatment response Ientification of response to neoadjuvant chemotherapy based
on miR-193b-5p-miR-873-3p-model ")
Saliva ESCC Treatment response Reflection of tumor load based on G-NchiRNA 2]
circRNA Plasma ESCC Early diagnosis Identification of ESCC patients **!
IncRNA Serum ESCC Early diagnosis Identification of tumor stage "
STMN-1 Serum ESCC Early diagnosis Identification of ESCC patients ©*'!
tsSRNA Saliva ESCC Early diagnosis Identification of patients based on two-tsRNA signature %
Survival prediction Prediction of PFS and OS based on the bi-signature risk score
for prognosis 1*
Metabolite ~ Plasma ESCC Relapse prediction Prediction of recurrence based on four metabolome markers **!
CD-14 Plasma ESCC Survival prediction Higher gene expression levels correlates with lower OS 1*¥

CtDNA: T IHIEDNA; CTCs: JEH I8 41 f; miRNA: U NZ B TR; circRNA: FRRNA; IncRNA: KA dE4RTE5RNA; tsRNA: 4TS /NRNA;

STMN-1: 14

Pitke A ZEAT 3 DCR: Jiid= il 45 DFS: o A7 1.

FREAL PB: M I EAC: &8 I, ESCC: 5 HRRAM NN, GOA: [ 45 Iu; PFS: JikRA 471, OS: B /EA7 1 DSS: 5

ctDNA: circulating tumor DNA; CTCs: circulating tumor cells; miRNA: microRNA; circRNA: circular RNA; IncRNA: long non-coding RNA; tsRNA:
tRNA-derived small RNA; STMN-1: stathmin-1; PB: peripheral blood; EAC: esophageal adenocarcinoma; ESCC: esophageal squamous cell carcino-
ma; GOA: gastric and oesogastric junction adenocarcinoma; PFS: progression-free survival; OS: overall survival; DSS: disease-specific survival; DCR:
disease control rate; DFS: disease-free survival.
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%W 35(N-a-acetyltransferase 35, NAA3S)HIHk &
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A, &I G-NchiRNA 7K &% J Wi 52 7% 5
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I7 N RO 2R B B8, R Y — T AR T
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TG KRG 1F 73 1588 2 s FL P 23 5 OS AT PFS & 1Al
9‘%[32]0

233 ShubRAR RGN Sy AN AR
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Table 2 Comparison of diagnostic and prognostic values of different liquid biopsy biomarkers
FrEY Jg B Y 87 FH 43K ROCHh 4 N I
Biomarkers Pathological type Application AUC
ctDNA ESCC Treatment response 0.880 "
ctDNA GOA Survival prediction 0.946 1™
miR-133a-3p, miR-382-5p, miR-451a EAC Early diagnosis 0.846 24
miR-193b-5p, miR-873-3p ESCC Early diagnosis 0.912 &7
miR-193b-5p, miR-873-3p ESCC Treatment response 0.730 7
CD-14 ESCC Early diagnosis 0.960 B4
circ_0001946 ESCC Early diagnosis 0.928 21
4-IncRNA ESCC Identification of stage 0.935 B
circ_0026611 ESCC Identification of metastasis 0.724 73

ROC: iR % TAERFE; AUC: 2k R, ctDNA: G5 DNA; IncRNA: K4 JE4FBRNA; ESCC: &/ ik 4ifiifE; EAC: B/ I, GOA:

B RE .

ROC: receiver operating characteristic; AUC: area under the curve; ctDNA: circulating tumor DNA; IncRNA: long non-coding RNA; ESCC: esopha-

geal squamous cell carcinoma; EAC: esophageal adenocarcinoma; GOA: gastric and oesogastric junction adenocarcinoma.
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Table 3 Comparison between liquid biopsy and other clinical detection methods
WL W R P T LR WA FCA LA E b A
Characteristics Liquid biopsy Endoscopic biopsy Imaging examination Blood biomarkers
Invasive or not Partly* Yes No Yes
Quantitative/qualitative Quantitative/qualitative Qualitative Qualitative Quantitative/qualitative
Cost Low High High Low
Sensitivity, specificity High Depending on the experience Depending on the Low
of doctors experience of doctors

Sampling Simple and repeatable Complex and low Simple Simple

in acceptability

Partly*: MLEFEAR AL HoAt AR AR R AL

Partly*: invasive in the blood sample; non-invasive in other body fluid samples.

—HePhR, FERIE LIS (1) BEAR
1) Je3 BRAE: S5 T8 M P B R I CTCs K i, HoAs
DR B — B A 75 o AR IR A, B 2 3R AL Tl IR
14 FH [¥) CellSearch™F- 5 tH 072535 42 e 7 1 0 2R 5
AR, ST tDNAWAZLE SR 1] 3, R L AE
MR H 3 EAH L CTCs R Ui ATt s, Hi TR E
HAA %40 L I DNAFIAEAE T E ctDNAZK - R RS,
75 AR L R ORI = ) o B R RS (2) VRAS bRt
MELAG—: FAMRAT S, REHSEFHTrZ2 072
B UF B ATV R L A bR B, (B TR EEX AR
PR NI oy SRS BT VE AT PR AL, FRTERE K
FIVERE N EAERY, BT CTCs. ctDNA. AU
FE—E M S B, HAS RS I 7 A7 A R B Ry
SRS, BORLEA RN R I B VP ik E g —
FRAfETT78 AT 5 BT 22 (1) R0 A e A VR AR VA i
NIRRT .

4 RISERIERERSH RS T
B2 T B 2

H U, WAARTE R TEECTS T F TG vEAd b R RE B
B 70 7 AR B 2 IR T HE MR AE 5T S I R AIE 7T ok
k. RERMIER T REBUE .. Fem bt H AT ges
IR, HEIREIRIPOOC T MR R AE . 1E RS AN
TE R EEAG R, 456 AL SUE AN KA G RAS 2, 7T
PLABC B 35 H2 4t B 2% 1 5 192 W DA S B 4 1 1Y
Jeb i VPt R TIN5 G M 4 S vE T RN B
Hl, BEE SRR R AW & R, RIS H
BAET 2R H A5t .
4.1 MEEBEERYETT SR ER
4.1.1 BREiERIETFAH BARIE R BE S

P BRI 15> FRAERZ A5 5, X85 2]
AT Bl iR sl 58 2 rR VB AR (W HE AU R IR B R R, A
M8 SVEIT T Z IS EM ML 2. FHsz b, 7
ECEFH ALK 7 7 RKIEM miRNAM L 15
YHMBGTE . T RS AN SR, AT SR 1 Je Al
ECEEAE T, —J5 T, A L miRNA R R IE )
IR A= K, a0 miR-125b7E #8 7] BCL-24&4f K1/
S ESCCHEAGHuMIEEH B, 5 —J7m, #5
miRNAF S RIS G AR AKX, XU 7 EA]
B 8 3k b 3k J (VR A, ) R R R R SR A
A HEAE ESCC = K FEE BAE Y, Rt m g a2
miRNASEFRA N ESCCYAYT 10T RERE i 521, Ty ik
TR AT DO SE SR A R A — Fh PR . i@ =
T3, A S A R N R AR I R R R VR T
FIFETHZA.

412 FREHHERNFRE  EZMECHIT
T RWMFAREST  BOTECA ST« RETHHBIEYT
TPEIRIT E T, BT ARER AR B Ak
LT HBhE WG TT B M1 Britbz b,
WA TER BT i 16T B s, BT FARSEH AR
AEAE 75 10 fib 72 448 B L B R A T 24 40 B A g A I (1]
FEIEBESEBIEN, G THECEERITER
JE 13 RIICTCs TR A AE 9T ROl AR HES . B
T, SR TT VR NIRRT B S, R 7 2801 B i
Wy EE, Gl MR R A AT YR R
LV A 38 T2 E R AR TS IR R A I R 52 25
(durable clinical benefit, DCB), 2R, A1 W I157 2
WIS R E LR T AT B8 A FCUESE T 7EE /D
4 B it S 6T BT ctDNAFH PE/KF- 5 DCB I AH G 1,
X R BEIT AT AT A TE AL T RE LI R . TEA
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TREAA 1R 225 SR T 4, iy AR iAo (RS e AR T A2 A
B4 1 (programmed cell death ligand 1, PD-L1)[A A
$t PD-1/PD-L YA Y7 S STl o (13 71 52 2 72 N
G2 RE S, BARAE BCH ARSATIRUE , (HAR
AIAF A AA TR PD-L 1 I R S EAT BT 78 . % T
IER AR R A E S T GV, N7 0 RIEHAEST
R BN A W5 PPl A AR
42 RIEERBKEETZEFAINEF SIS
ST

N L BE (artificial intelligence, Al)F2HL A X A
FA R FR(EARIRA . A BOFIHERTE S B, Bl
ar i SR AL — P a0, B AN [ R SR AR T
AT R AT . B AT S e R
B AL 7 2] D B 1T ECRN IR i I X 4y
T T1al 5 TIoATY . thAh, 2 2H% (multi omic)fE N
— MR A YRR T, A T IR A R
. EmEFAZE REHHEHSES, RIS R R 5
HEIRAT H b 2 PR 1) s B T, BRIR
5205 LA 4G, nTReidt— PR s ECHIAE
VIEERE AR, AT T R 592 W RS VAl PR RS
AEbr B PR AL AT T,
421 RERIE MR SRR G Z 5 A
TARTE R AR SV BINLER 22 I T Re A Bh T AN B
()R HASE 0 2, I HL 5 0 Tk S 7 i T 5 22 1Y) B A
DA B P AR B A 0 A D6 AR N I 44, [T
X e AT WA TS R AT BT 40 B 3 S S g 1 XL
R, HAT, S RIS 5 I 1 2 Fh 5
W ALE B2 W B s, s 1 el &
Y 2H 2 AU B R AR . X0 R PR IR R R RS
PENRI S5 e 0 R FEECH A 34T KL BA
FSIE, AR PR AL B — 2 2 R A
ECZ 4 22 R (iEE0 8 J27 (1) 4 7. B Bl B0 A5 2t sk
U A R G SEke o JE 5P, HALECH
W55 R A B2 W AR A mh g S AN ) S e
ECHK#EIZ BT, AT N SEIECAS [R] B B 1R HE =97 2
faf AT T HRSCHE
422 GTEMBHELE T RIEFHTNEAE A
2 CTCsEURMICtDNAZK - RIAH FL A AT A R
T IBAARTEAS A A I AE PPN ECTIS _E T /P, 1
W5 2 4 oA i AR SR, (H REMREX MR S 1 ()
VNI RN, 75 B s R F ke At
WK . 2 ORI R AT 56 EC MR TT

RS HUAE, BIAWRLRG 0 PR, Fex
2. PD-LIZRIEANIE & A ARk, IF B 71X
2 YA M SR B AT IR S BB T A I PR R
VAT RO AR PR 3 1T AT T R TR 2
HERR S, TIMECH) TR A HY, JE TR PRI
PR, W eIl — 3 104 & R R R DU L 5
Ta A RIS, BIREEA RIS TR I
T ) TN U B S84, ABARAGK AT N R ey
], SRR SRR S i RIS 2 4
o, G A SEE IR RINLE 22 2], W€ BECH LTI
JEHEIRR SN S R,
4.3 ABREERAERESIREREREIRKRIMR

TR, KA E Ay — ML b R 4 i A= 2
AN T B TR, R iR b IR I U A
A DA S RSN AR A OB A 85, D ECHE R 1Y
Sy FHURIRT ST B R 25 I S i A B R )T RS Al
SETRBA JIS RO, HE R, KA EEORT L
FEREAR BRSO T ECHE R, X 7T REAEIR K
R ESRAME TG A CTCs M ctDNAE EHUA
WRERIA AL RILE, AT SR A B BOR S & A
A BOR B R P AR, 7245 B g At e vh © 4 30
CTCsHTAE AR &5 B AR 0% 45 I s 0 8 e+ e e
LUK eIl 2 TR EDT, T AEECH R A8 B I SE
BEA TR E AL T SR ARSK RT3 71T EC
KA H FIANE RS A IR R ATHE T, SCBUSE 42
HER AT R A2 T 5 SRR E

JEEAK, AMMECIZHT. 16I7 FITIE & B n]
AE SR AT BRI Be L T IR AR EAS BB M ROR
JiiE b, A RAUAAREE L T 3 — s S 2
B, 4 H e 2 TS 0 2 2802 gy . Tl
JEAE Y ) 3 7. RE 9 SEIEC HRS MR T VA% N FL o

5 45iE

BT 5 2, x5 R R B B T TS A A 1
ECTi 5, H BT I PR T E i R b 58 42 923 ECI
SIS T BORS Y (K097 ORI TS V4G, T S EC B %
RRERMRE. TRAERESE . HUERIE
PR R BRIt 38, 45 BECH i
(23T IS L3 — MBPE R B , B33 BECH 3 10 T
JG. MBI CtDNA. CTCs. b2 3 T it i
2 10 2 A0 RS BRI , K S 5 A I PR 6 A i 2L
2f= BARGE A, AR R B, A s s



1904

ST - RS AES T BT -

ECHEE N4 AEmy I e 227 AU PrA
I B INEAF T3, AT s HE = 27 )t — 2P 4 A

PR 2 L& . ARRTEEHEZ [

A

SRAE SRS 2 TS e, B EA R TE
BB YT SN IE I L W PR A5 RTINS DA A R
NI TS o AR BE A B AR I R (1 A
BED 556, BT E A A BTR R BES O I8
F (AT AT ) i PR AR -

[10]

[11]

[12]

[13]

[14]

BEHk (References)

SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries [J]. CA Cancer J Clin, 2021,
71(3): 209-49.

WATERS J K, REZNIK S I. Update on management of squa-
mous cell esophageal cancer [J]. Curr Oncol Rep, 2022, 24(3):
375-85.

ZENG H, RAN X, AN L, et al. Disparities in stage at diagnosis
for five common cancers in China: a multicentre, hospital-based,
observational study [J]. Lancet Public Health, 2021, 6(12): e877-
e87.

DU RIEU M C, FILLERON T, BELUCHON B, et al. Recurrence
risk after Ivor Lewis oesophagectomy for cancer [J]. J Cardiotho-
rac Surg, 2013, 8: 215.

o [ PR BT 2 2 1 P AR A 2
M]. JEE0 AR PA AR AL, 2020.
SMYTH E C, LAGERGREN J, FITZGERALD R C, et al. Oe-
sophageal cancer [J]. Nat Rev Dis Primers, 2017, 3: 17048.

LOU F, SIMA C S, ADUSUMILLI P S, et al. Esophageal cancer
recurrence patterns and implications for surveillance [J]. J Thorac
Oncol, 2013, 8(12): 1558-62.

RICE T W, APPERSON-HANSEN C, DIPAOLA L M, et al.
Worldwide esophageal cancer collaboration: clinical staging data
[J]. Dis Esophagus, 2016, 29(7): 707-14.

XUY W, PENG Y H, XU LY, et al. Autoantibodies: potential
clinical applications in early detection of esophageal squamous

EIE2IT TR (2020/)

cell carcinoma and esophagogastric junction adenocarcinoma [J].
World J Gastroenterol, 2019, 25(34): 5049-68.

SCARPA M, NOARO G, SAADEH L, et al. Esophageal cancer
management: preoperative CA19.9 and CEA serum levels may
identify occult advanced adenocarcinoma [J]. World J Surg,
2015, 39(2): 424-32.

SIRAVEGNA G, MARSONI S, SIENA S, et al. Integrating
liquid biopsies into the management of cancer [J]. Nat Rev Clin
Oncol, 2017, 14(9): 531-48.

LONE S N, NISAR S, MASOODI T, et al. Liquid biopsy: a step
closer to transform diagnosis, prognosis and future of cancer
treatments [J]. Mol Cancer, 2022, 21(1): 79.

CROWLEY E, DI NICOLANTONIO F, LOUPAKIS F, et al.
Liquid biopsy: monitoring cancer-genetics in the blood [J]. Nat
Rev Clin Oncol, 2013, 10(8): 472-84.

AZAD T D, CHAUDHURI A A, FANG P, et al. Circulating tu-
mor DNA analysis for detection of minimal residual disease after

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

chemoradiotherapy for localized esophageal cancer [J]. Gastro-
enterology, 2020, 158(3): 494-505,e6.

JIAR, ZHAO C H, LI P S, et al. Post-radiation circulating tumor
DNA as a prognostic factor in locally advanced esophageal squa-
mous cell carcinoma [J]. Oncol Lett, 2021, 21(1): 68.

EGYUD M, TEJANI M, PENNATHUR A, et al. Detection of
circulating tumor DNA in plasma: a potential biomarker for
esophageal adenocarcinoma [J]. Ann Thorac Surg, 2019, 108(2):
343-9.

YANG D, XU F, L1, et al. Assessment of durable chemoim-
munotherapy response via circulating tumor DNA in advanced
esophageal squamous cell carcinoma [J]. Thorac Cancer, 2022,
13(19): 2786-91.

KONCZALLA L, GHADBAN T, EFFENBERGER K E, et al.
Prospective comparison of the prognostic relevance of circulating
tumor cells in blood and disseminated tumor cells in bone mar-
row of a single patient’s cohort with esophageal cancer [J]. Ann
Surg, 2021, 273(2): 299-305.

PERNOT S, BADOUAL C, TERME M, et al. Dynamic evalua-
tion of circulating tumour cells in patients with advanced gastric
and oesogastric junction adenocarcinoma: prognostic value and
early assessment of therapeutic effects [J]. Eur J Cancer, 2017,
79: 15-22.

REEH M, EFFENBERGER K E, KOENIG A M, et al. Circu-
lating tumor cells as a biomarker for preoperative prognostic
staging in patients with esophageal cancer [J]. Ann Surg, 2015,
261(6): 1124-30.

ZHOU Q, HE Q, HE W, et al. Clinical value of folate receptor-
positive circulating tumor cells in patients with esophageal squa-
mous cell carcinomas: a retrospective study [J]. BMC Cancer,
2023, 23(1): 1171.

YU E, ALLAN A L, SANATANI M, et al. Circulating tumor cells
detected in follow-up predict survival outcomes in tri-modality
management of advanced non-metastatic esophageal cancer: a
secondary analysis of the QUINTETT randomized trial [J]. BMC
Cancer, 2022, 22(1): 746.

MATSUSHITA D, UENOSONO Y, ARIGAMI T, et al. Clini-
cal significance of circulating tumor cells in peripheral blood of
patients with esophageal squamous cell carcinoma [J]. Ann Surg
Oncol, 2015, 22(11): 3674-80.

BUS P, KESTENS C, TEN KATE F J, et al. Profiling of circulat-
ing microRNAs in patients with Barrett’s esophagus and esopha-
geal adenocarcinoma [J]. J Gastroenterol, 2016, 51(6): 560-70.
TAKESHITA N, HOSHINO I, MORI M, et al. Serum microRNA
expression profile: miR-1246 as a novel diagnostic and prognos-
tic biomarker for oesophageal squamous cell carcinoma [J]. Br J
Cancer, 2013, 108(3): 644-52.

PETRICK J L, PFEIFFER R M, LIAO L M, et al. Circulating
microRNAs in relation to esophageal adenocarcinoma diagnosis
and survival [J]. Dig Dis Sci, 2021, 66(11): 3831-41.

NIWA Y, YAMADA S, SONOHARA F, et al. Identification of a
serum-based miRNA signature for response of esophageal squa-
mous cell carcinoma to neoadjuvant chemotherapy [J]. J Transl
Med, 2019, 17(1): 1.

LIN Y, DONG H, DENG W, et al. Evaluation of salivary exo-
somal chimeric GOLM1-NAA35 RNA as a potential biomarker
in esophageal carcinoma [J]. Clin Cancer Res, 2019, 25(10):



IR IR WS RN R R 12T MBS A

1905

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

3035-45.

FAN L, CAO Q, LIU J, et al. Circular RNA profiling and its po-
tential for esophageal squamous cell cancer diagnosis and prog-
nosis [J]. Mol Cancer, 2019, 18(1): 16.

YAN S, DU L, JIANG X, et al. Evaluation of serum exosomal
IncRNAs as diagnostic and prognostic biomarkers for esopha-
geal squamous cell carcinoma [J]. Cancer Manag Res, 2020, 12:
9753-63.

YAN L, DONG X, GAO J, et al. A novel rapid quantitative
method reveals stathmin-1 as a promising marker for esophageal
squamous cell carcinoma [J]. Cancer Med, 2018, 7(5): 1802-13.
LI K, LIN Y, LUO Y, et al. A signature of saliva-derived exo-
somal small RNAs as predicting biomarker for esophageal car-
cinoma: a multicenter prospective study [J]. Mol Cancer, 2022,
21(1): 21.

ZHU Q, HUANG L, YANG Q, et al. Metabolomic analysis of
exosomal-markers in esophageal squamous cell carcinoma [J].
Nanoscale, 2021, 13(39): 16457-64.

ZHU Q, XU H, HUANG L, et al. Identification and detection of
plasma extracellular vesicles-derived biomarkers for esophageal
squamous cell carcinoma diagnosis [J]. Biosens Bioelectron,
2023, 225: 115088.

FLEISCHHACKER M, SCHMIDT B. Circulating nucleic acids
(CNAs) and cancer: a survey [J]. Biochim Biophys Acta, 2007,
1775(1): 181-232.

WAN J C M, MASSIE C, GARCIA-CORBACHO J, et al. Lig-
uid biopsies come of age: towards implementation of circulating
tumour DNA [J]. Nat Rev Cancer, 2017, 17(4): 223-38.

LUO H, LI H, HU Z, et al. Noninvasive diagnosis and monitor-
ing of mutations by deep sequencing of circulating tumor DNA
in esophageal squamous cell carcinoma [J]. Biochem Biophys
Res Commun, 2016, 471(4): 596-602.

BETTEGOWDA C, SAUSEN M, LEARY R J, et al. Detection of
circulating tumor DNA in early- and late-stage human malignan-
cies [J]. Sci Transl Med, 2014, 6(224): 224ra24.

HIBI K, TAGUCHI M, NAKAYAMA H, et al. Molecular detec-
tion of pl6 promoter methylation in the serum of patients with
esophageal squamous cell carcinoma [J]. Clin Cancer Res, 2001,
7(10): 3135-8.

LIU J B, QIANG F L, DONG J, et al. Plasma DNA methylation
of Wnt antagonists predicts recurrence of esophageal squamous
cell carcinoma [J]. World J Gastroenterol, 2011, 17(44): 4917-21.
ASHWORTH T R. A case of cancer in which cells similar to
those in the tumors were seen in the blood after death [J]. Austra-
las Med J, 1869, (14): 146-9.

CHAFFER C L, WEINBERG R A. A perspective on cancer cell
metastasis [J]. Science, 2011, 331(6024): 1559-64.

KLEIN C A. Parallel progression of primary tumours and metas-
tases [J]. Nat Rev Cancer, 2009, 9(4): 302-12.

NAGRATH S, SEQUIST L V, MAHESWARAN 8, et al. Isola-
tion of rare circulating tumour cells in cancer patients by micro-
chip technology [J]. Nature, 2007, 450(7173): 1235-9.

YIN W, ZHU J, MA B, et al. Overcoming obstacles in pathologi-
cal diagnosis of pulmonary nodules through circulating tumor
cell enrichment [J]. Small, 2020, 16(25): €2001695.
NAKASHIMA S, NATSUGOE S, MATSUMOTO M, et al. Clin-
ical significance of circulating tumor cells in blood by molecular

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

detection and tumor markers in esophageal cancer [J]. Surgery,
2003, 133(2): 162-9.

FARHANG GHAHREMANI M, SETO K K'Y, CHO W, et al.
Novel method for highly multiplexed gene expression profiling
of circulating tumor cells (CTCs) captured from the blood of
women with metastatic breast cancer [J]. J Transl Med, 2023,
21(1): 414.

CRISTOFANILLI M. Circulating tumor cells, disease progres-
sion, and survival in metastatic breast cancer [J]. Semin Oncol,
2006, 33(3 Suppl 9): S9-14.

SWENNENHUIS J F, VAN DALUM G, ZEUNE L L, et al.
Improving the CellSearch® system [J]. Expert Rev Mol Diagn,
2016, 16(12): 1291-305.

QIAOY, LIJ, SHI C, et al. Prognostic value of circulating tumor
cells in the peripheral blood of patients with esophageal squa-
mous cell carcinoma [J]. Onco Targets Ther, 2017, 10: 1363-73.
ZHU L, L1 J, GONG Y, et al. Exosomal tRNA-derived small
RNA as a promising biomarker for cancer diagnosis [J]. Mol
Cancer, 2019, 18(1): 74.

VALADI H, EKSTROM K, BOSSIOS A, et al. Exosome-medi-
ated transfer of mRNAs and microRNAs is a novel mechanism
of genetic exchange between cells [J]. Nat Cell Biol, 2007, 9(6):
654-9.

KALLURI R, LEBLEU V S. The biology, function, and bio-
medical applications of exosomes [J]. Science, 2020, 367(6478):
eaau6977.

MCKIERNAN J, DONOVAN M J, MARGOLIS E, et al. A pro-
spective adaptive utility trial to validate performance of a novel
urine exosome gene expression assay to predict high-grade pros-
tate cancer in patients with prostate-specific antigen 2-10 ng/mL
at initial biopsy [J]. Eur Urol, 2018, 74(6): 731-8.

ZHOU B, XU K, ZHENG X, et al. Application of exosomes as
liquid biopsy in clinical diagnosis [J]. Signal Transduct Target
Ther, 2020, 5(1): 144.

BEST M G, SOL N, IN’T VELD S, et al. Swarm intelligence-
enhanced detection of non-small-cell lung cancer using tumor-
educated platelets [J]. Cancer Cell, 2017, 32(2): 238-52,¢9.

ZHU L, LIU X, PU W, et al. tRNA-derived small non-coding
RNAs in human disease [J]. Cancer Lett, 2018, 419: 1-7.
SZABO G, MOMEN-HERAVI F. Extracellular vesicles in liver
disease and potential as biomarkers and therapeutic targets [J].
Nat Rev Gastroenterol Hepatol, 2017, 14(8): 455-66.

LI'Y, ZHENG Q, BAO C, et al. Circular RNA is enriched and
stable in exosomes: a promising biomarker for cancer diagnosis
[J]. Cell Res, 2015, 25(8): 981-4.

CROCE C M. Causes and consequences of microRNA dysregu-
lation in cancer [J]. Nat Rev Genet, 2009, 10(10): 704-14.
VOLINIA S, CALIN G A, LIU C G, et al. A microRNA expres-
sion signature of human solid tumors defines cancer gene targets
[J]. Proc Natl Acad Sci USA, 2006, 103(7): 2257-61.

IORIO M V, CROCE C M. MicroRNA dysregulation in cancer:
diagnostics, monitoring and therapeutics. A comprehensive re-
view [J]. EMBO Mol Med, 2017, 9(6): 852.

YANG H, SU H, HU N, et al. Integrated analysis of genome-
wide miRNAs and targeted gene expression in esophageal squa-
mous cell carcinoma (ESCC) and relation to prognosis [J]. BMC
Cancer, 2020, 20(1): 388.



1906

ST - RS AES T BT -

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

CHIAM K, MAYNE G C, WATSON D 1, et al. Identification
of microRNA biomarkers of response to neoadjuvant chemora-
diotherapy in esophageal adenocarcinoma using next generation
sequencing [J]. Ann Surg Oncol, 2018, 25(9): 2731-8.

FASSAN M, SARAGGI D, BALSAMO L, et al. Early miR-223
upregulation in gastroesophageal carcinogenesis [J]. Am J Clin
Pathol, 2017, 147(3): 301-8.

CABIBI D, CARUSO S, BAZAN V, et al. Analysis of tissue and
circulating microRNA expression during metaplastic transforma-
tion of the esophagus [J]. Oncotarget, 2016, 7(30): 47821-30.
HOSHINO I, ISHIGE F, IWATATE Y, et al. Cell-free microR-
NA-1246 in different body fluids as a diagnostic biomarker for
esophageal squamous cell carcinoma [J]. PLoS One, 2021, 16(3):
€0248016.

ZHANG S, ZHONG J, GUO D, et al. MIAT shuttled by tumor-
secreted exosomes promotes paclitaxel resistance in esophageal
cancer cells by activating the TAF1/SREBF1 axis [J]. J Biochem
Mol Toxicol, 2023, 37(8): ¢23380.

FENG R, YIN Y, WEI Y, et al. Mutant p53 activates hnRN-
PA2B1-AGAPI-mediated exosome formation to promote esoph-
ageal squamous cell carcinoma progression [J]. Cancer Lett,
2023, 562: 216154.

LI K, LINY, ZHOU Y, et al. Salivary extracellular microR-
NAs for early detection and prognostication of esophageal
cancer: a clinical study [J]. Gastroenterology, 2023, 165(4):
932-45,¢9.

FUJISAWA R, IWAYA T, ENDO F, et al. Early dynamics of cir-
culating tumor DNA predict chemotherapy responses for patients
with esophageal cancer [J]. Carcinogenesis, 2021, 42(10): 1239-
49.

OPENSHAW M R, SUWAIDAN A A, OTTOLINI B, et al.
Longitudinal monitoring of circulating tumour DNA improves
prognostication and relapse detection in gastroesophageal adeno-
carcinoma [J]. Br J Cancer, 2020, 123(8): 1271-9.

LIU S, LIN Z, RAO W, et al. Upregulated expression of serum
exosomal hsa_circ_0026611 is associated with lymph node me-
tastasis and poor prognosis of esophageal squamous cell carci-
noma [J]. J Cancer, 2021, 12(3): 918-26.

NGHY,KOJMY, LAMK O, et al. Circulating tumor DNA dy-
namics as prognostic markers in locally advanced and metastatic
esophageal squamous cell carcinoma [J]. JAMA Surg, 2023,
158(11): 1141-50.

ZHOU H, ZHU L, SONG J, et al. Liquid biopsy at the frontier
of detection, prognosis and progression monitoring in colorectal
cancer [J]. Mol Cancer, 2022, 21(1): 86.

VAIDYANATHAN R, SOON R H, ZHANG P, et al. Cancer di-
agnosis: from tumor to liquid biopsy and beyond [J]. Lab Chip,
2018, 19(1): 11-34.

JING Z, CHEN K, GONG L. The significance of exosomes in
pathogenesis, diagnosis, and treatment of esophageal cancer [J].
Int J Nanomedicine, 2021, 16: 6115-27.

HABLI Z, ALCHAMAA W, SAAB R, et al. Circulating tumor
cell detection technologies and clinical utility: challenges and op-
portunities [J]. Cancers, 2020, 12(7): 1930.

LIU Y, WANG X, JIANG X, et al. Tumor-suppressive microR-
NA-10a inhibits cell proliferation and metastasis by targeting
Tiaml1 in esophageal squamous cell carcinoma [J]. J Cell Bio-

[80]

[81]

(82]

[83]

[84]

[85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

chem, 2019, 120(5): 7845-57.

FERRACIN M, VERONESE A, NEGRINI M. Micromarkers:
miRNAs in cancer diagnosis and prognosis [J]. Expert Rev Mol
Diagn, 2010, 10(3): 297-308.

FAN'Y X, BIAN X H, QIAN P D, et al. MicroRNA-125b inhibits
cell proliferation and induces cell apoptosis in esophageal squa-
mous cell carcinoma by targeting BMF [J]. Oncol Rep, 2018,
40(1): 61-72.

CHEN X, CAI S, LI B, et al. MicroRNA-21 regulates the bio-
logical behavior of esophageal squamous cell carcinoma by tar-
geting RASA1 [J]. Oncol Rep, 2019, 41(3): 1627-37.

ZHANGY, LI J, WANG L, et al. Clinical significance of detect-
ing circulating tumor cells in patients with esophageal squamous
cell carcinoma by EpCAM-independent enrichment and immu-
nostaining-fluorescence in situ hybridization [J]. Mol Med Rep,
2019, 20(2): 1551-60.

NABET B Y, ESFAHANI M S, MODING E J, et al. Noninvasive
early identification of therapeutic benefit from immune check-
point inhibition [J]. Cell, 2020, 183(2): 363-76,¢13.

CHEN G, HUANG A C, ZHANG W, et al. Exosomal PD-LI
contributes to immunosuppression and is associated with anti-
PD-1 response [J]. Nature, 2018, 560(7718): 382-6.

ARRIBAS J, ANTONELLI G, FRAZZONI L, et al. Standalone
performance of artificial intelligence for upper GI neoplasia: a
meta-analysis [J]. Gut, 2020, doi: 10.1136/gutjnl-2020-321922.
LIJ,LIL, YOU P, et al. Towards artificial intelligence to multi-
omics characterization of tumor heterogeneity in esophageal can-
cer [J]. Semin Cancer Biol, 2023, 91: 35-49.

EBIGBO A, MENDEL R, RUCKERT T, et al. Endoscopic pre-
diction of submucosal invasion in Barrett’s cancer with the use of
artificial intelligence: a pilot study [J]. Endoscopy, 2021, 53(9):
878-83.

ZHANG X, XING Y, SUN K, et al. OmiEmbed: a unified multi-
task deep learning framework for multi-omics data [J]. Cancers,
2021, 13(12): 3047.

ALBARADEI S, NAPOLITANO F, THAFAR M A, et al. Meta-
Cancer: a deep learning-based pan-cancer metastasis prediction
model developed using multi-omics data [J]. Comput Struct Bio-
technol J, 2021, 19: 4404-11.

JIN X, LIU L, WU J, et al. A multi-omics study delineates new
molecular features and therapeutic targets for esophageal squa-
mous cell carcinoma [J]. Clin Transl Med, 2021, 11(9): e538.
HEIDARY M, AUER M, ULZ P, et al. The dynamic range of
circulating tumor DNA in metastatic breast cancer [J]. Breast
Cancer Res, 2014, 16(4): 421.

ZHANG G, YUAN J, PAN C, et al. Multi-omics analysis uncov-
ers tumor ecosystem dynamics during neoadjuvant toripalimab
plus nab-paclitaxel and S-1 for esophageal squamous cell car-
cinoma: a single-center, open-label, single-arm phase 2 trial [J].
EBioMedicine, 2023, 90: 104515.

GONG X, ZHENG B, XU G, et al. Application of machine learn-
ing approaches to predict the 5-year survival status of patients
with esophageal cancer [J]. J Thorac Dis, 2021, 13(11): 6240-51.
TRISNO S L, PHILO K E D, MCCRACKEN K W, et al. Esoph-
ageal organoids from human pluripotent stem cells delineate
Sox2 functions during esophageal specification [J]. Cell Stem
Cell, 2018, 23(4): 501-15,¢7.



BRIRIR S WA AT BB RIS T AU I i

1907

[96]

[97]

SACHDEVA U M, SHIMONOSONO M, FLASHNER 8, et al.
Understanding the cellular origin and progression of esophageal
cancer using esophageal organoids [J]. Cancer Lett, 2021, 509:
39-52.

YANG C, XIA B R, JIN W L, et al. Circulating tumor cells in
precision oncology: clinical applications in liquid biopsy and 3D

[98]

organoid model [J]. Cancer Cell Int, 2019, 19: 341.
KARAKASHEVA T A, GABRE J T, SACHDEVA U M, et al.
Patient-derived organoids as a platform for modeling a patient’s
response to chemoradiotherapy in esophageal cancer [J]. Sci Rep,
2021, 11(1): 21304.



