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Precise screening of esophageal cancer: new approaches and methods

GAO Ye, TIAN Bo, WANG Luo-wei’
Department of Gastroenterology, The First Affiliated Hospital of Naval Medical University (Second Military Medical University),
Shanghai 200433, China

[ Abstract ]| China is one of the countries with the highest incidence and mortality of esophageal cancer worldwide.
Screening and early detection are the keys to relieve the disease burden. Upper gastrointestinal endoscopy is currently the gold
standard for the diagnosis of esophageal cancer, but its invasiveness limits the applicability in mass screening. Developing
readily accessible and efficient methods for risk stratification and referring high-risk individuals for endoscopy are more cost-
effective and suitable for the condition of China. We reviewed new approaches and methods in esophageal cancer screening,
including risk prediction model, esophageal cytology, and biomarkers of blood, exhaled air and saliva, and proposed the
research prospect.
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BEERRRETREHE S,
2020 fF A O E AT B AR B R, H AR BIEE T
ELMRERESE T, RTAKES 6 . &
R F PR R R B E KA X 2 8] £
ARE, ATBREAFERE, HTEEHRHR
% (esophageal squamous cell carcinoma, ESCC)
b Pk 90% BA b T B B KK R R A A B,
RELAUEERENEY, RERYEFLR
R T B BAEBUENWETSRER 6 L E 511,
b AR E R AR ML T R B 2 i 50% MLk, &
RAEEAREMY . AL HBIE R, R kT
EERDENRIERR, MREAEEFND
WrER AR 15%, BFRETEZ, SELEFERA
303% Y. REREAERHNBERZ MEER, KF
BEHEHATHEEEE RSN BERE D A
A, et GEECHEZT R, A, £2%F
Em AR AE AR Y 2R E RS E Y
DR, BRAEF R TENXHE,

EH N ARG A ER A SR IEF R A
V&g BB AR R AR, ERTES KA
MARGE, BENHAXR T, BEETEAMN, 7
rT#HEEaE RN RELNGAR, BEXNERE
47~134 Bl AR 240 A ik K I 1 Bl & &% S H
FH EEAEED  READEBEKX, 40~75 ¥
A B 6L, T H M5 E T A5 97 5 &4 Ak 2,
HUHRABLTEFE, W, NERERBRAK
BiE, Motz H UM, PBLrEETHREA
Wi, FAEFLE, B, XAASHE., @K
tydE P9 0 & O At B AR ABRSEAT I 2 B O 3t
EITTRANGRE, TEFE T AEZFFRMNME
B ] B b7 45 K e o AR RRAT I F A R =
Bk, WA WT. AR A A TR AR
# b, 4 Atk E B K 8 ESCC & & Wi % ff E# %
BEH &, Wk AEIFEER, &% aRFH
W, R, AR AR S A E, A
B WA T AR R R R T BTN O

1w R
R R T AR A AR AR XA 7 R AR
HEEREEZEWERRNG, & ZNA N5

EABES® T %, HEELEME . T W
e ppE e R Z A, BN EH BRLT

% f ESCC X R IG TR, AW 52T
X /B B A BE Al b AR B A 58 R A B R R
HEM % DL % & logistic [F] )3 F7 Cox . ] X [
A N £, BAFNEEFECFRATRFEEN
REAREfREGRERSHS

1.1 ATENRERZHRBRIETRMAER KT
ENFEFERHENRRE G TR LA R EEE,
A, FFEHNERFRE. BERSFHEAE
WET ZAET ENEEHZ 8 ESCC L w6 7l
A (%1)™ #A 8 ROC AUC 7 0.70~0.88.
KREZA2HKESCCRARMATHHRLWER, &
BIREAFRTWABAB 2 RETRET X
X, Liu %" 3 F 5 5 %2 B0 4 X A 0 7 438 2 1
HIALT<60% ., >60 5 ABHWEEHRRELEL
R AN £ RESCC &R e Fm AL A, 3% &
SEE AR A AT NI, EIZFRF, <60
BNBEERINT 8 DU SR SKE b Z AR
JE. BMI, AR By EREH AR, HRHESAH
T EE, >60 % ABBEAHNT F# . ESCC K
e, RME, BMI, FHAEES, REIHEM
., BRREIR, HeRE BELTRANERE
F 9N B, A A R P MR A R
100% By BT 42 T, 7 LA Al D <60 & A#F . >60
ZANFE2T% A0 9% M WGt T K, AR AW
FAETHAMMERET (AL RZ<60 ¥ ABHEA ),
BEABEARETEHARRKEAERX AR, EXE40H%
I, HHERHE, #eHR. BREEETE®RD
A E A B, M. TR SR
PHTFWELEFf AR 2 RERLEEIS
M B ABERE I IEIRIE T B8 E &5 L TN A
ANk RS 624 4 NETRE A
S, RHEIM 5765 4 L E, ZHEA
INTEH . BE. BMI, &REE, WEEEE
SATE, FoREETANNERS, ENEERD
£ & AUC 4 5] 7T 3K 0.871 f# 0.843, HE A2
M 2 A BB B MR TN A & B 1E A . Chen
4 12 3 2 B AROR K 2007 —2012 48 A4 08
FESS5H3FMT A ERREHRIEE LT
ESCC Z/m MM AL AL, s NE8 . HHl, H#
B REE ., RERS, FHEHWEREARE. &
B AR KRR, BLEREGRE, BER
e 8 NEE, TN 3 4F N R EE AR AUC
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D3 % 0 EHE NG R EF K R

BERE, REAEBEMN

&1 ESCC RFEREHMEEC
Tab 1 Risk prediction models for ESCC

e 8

Author Country/region  Population and design

Sample size
(case/total), n

Predictive variable

Model performance
(AUC)

Golestan case-
control study

Etemadi, et al™® Golestan, Iran

Liu, et al"” Anyang, Henan, Community-based
China screening study

Liu, et al'’ Development set: Opportunistic
Anyang, Henan, screening-based
China; validation screening study
set: Shenzhen,
Guangdong, China

Chen, et al? Jiangsu, Anhui, Community-based
Shandong and Henan, screening study
China

Shen, et al'’ Linzhou, Henan and  Population-based
Cixian, Hebei, China case-control study

Yang, et al'¥ Taixing, Jiangsu, Population-based
China case-control study

Wang, et al'™ Sweden Population-based

case-control study
Wang, et al'® Development set: Population-based

Norway; validation  cohort study

set: UK

Hospital-based
case-control study

Yokoyama, et al”’ Japan

Hospital- and
community-based
case-control study

Chang, et al''™ Beijing, Jiangsu,
Guangdong, Henan

and Hebei, China

ESCC: 300/871;
dysplasia: 26/724

112/15 073

Development set:
87/5 624, validation
set: 34/5 765

298/86 745

244/1 464

1418/3 410

167/987

Development set:
53/77 476; validation
set: 105/477 535

234/868

9 805/20 298

Demographic and
life style factors

Demographic and
life style factors

Demographic and
life style factors,
alarming symptoms

Demographic and
life style factors,
alarming symptoms,
personal history

Demographic and
life style factors
Demographic, life
style, socioeconomic
factors

Demographic and
life style factors

Demographic and
life style factors

ALDH2 gene types,
life style factors

SNPs, demographic
and life style factors

For ESCC, 0.77;
for dysplasia, 0.71

For residents<<60
years, 0.795; for
residents > 60
years, 0.681

For development
set, 0.871; for
validation set,
0.843

0.81

0.785

For male, 0.81; for
female, 0.88

0.81

For development set,
0.76; for validation
set, 0.70

0.86

0.709

ESCC: Esophageal squamous cell carcinoma; ALDH2: Acetaldehyde dehydrogenase 2; SNP: Single-nucleotide polymorphism;

AUC: Area under curve.

4 3K ESCC & 7@ F & & 1Y
M X 2 —, Etemadi "' % F 2003—2007 4 F &
By 7 B % B ) EE AR, 2RI T
ESCC fn & & 9% b % & 7 31 AL A& &% R T
MAA, ESCC 5 & A3 A& Fw AL ALK 49
10ANTm & & (S8, fik. BB, BAER .
THRERE. BRI, oERE. KL, X
W, KR ), HFESCC M A B AUC # 0.77,

FH X B A

R A L FNAE A 8 AUC % 0.71, BR % [E
% ESCC X /5 R AT &K, £ FHA:ET £ 44k

AGhnE, CHFFETHAES  MAfEE
SERMADECRBERABNAFEMET

ESCC & @ KT #£ A, #A AUC 5 & & # X %
L, ik 0.70~0.81,

1.2

AT AR 5 R

M 8 R R RUe TR AR A 3

FREEHRE T MR EELEMTE, EXFEEE

=7

H % %
Tt 5 R

Wik % 5 MR
Yokoyama 4 "7 4t

BA3RER

W T ERW 5 B K LR E. ESCC

MERMEZHFR L SHEAR,

th 868 4 F %

B R A R B Ey R
TR LT AT BT, AR E
iﬁ%’

DL 7. Jit 2

QHEAEXARAFANEREUTNEE (KB
W, HEBANE. KRBANE) WHET ESCC X

i KUK T AR AL, %4 AL B AUC 7 3£

0.86, #m &
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AR ELE 0 10% B L A BT R N IR &,
PETMAE W 35 B RATH #48R & 1.7%. BT
MR B M AN T E I ESCC B M B, HKZ 4N
WA, WA ABREERIEEZH —FR
#| . Chang %" % J 7% 0 5t BB & % 3F, R F o
EsAgw (hmEd, Mg, TEd. ThAEM
J"H4 )5 KIEK 9805 4 ESCC 2 # 5 10493 4
EHAE, AdAXFRAXBAERET 25 M58
TG REMXNEGTR L SR, KA MR
e Rt E it Eamtt A& ARG, FBE
ANEREEE (HA, F8H. RF. Kl WE
T ESCC A /& W[ f il 4% AL, H AUC % 0.709. 1%
BANMBELT S PO, ABEAHR, FF£ERT
ESCC # it th H R G At B &, EFH#—FTF
AN IR A

2 REMMEFRN

REHRFEREZHERARTEREERE
JR & 2 B, AT B O e R AT A F R
REEAEMRE DI E R, BT HBEMX
MEET HBERNEEHEA T o0, HLAERE
BAHGETEARFENAMN R, ESCAFR

1 | A% 4 JE 48 (cytosponge, B 1A) Bt &
A AR AR T A RO T R P R St
AR B . Kadri %" 3 3% &5 504 )& 3 R 4
B 7| By %K I B £ %8 cytosponge BE A = T H F 3
(trefoil factor 3, TFF3) A, DA k3K i i 546
B R A, %4 F TR cytosponge 4 BT w K B >
2em B BF ARG B RBE AR R 28] 90.0%
#193.5%, I HE# %% E. Ross-Innes 2
ET468 P EREEREAMAETHAERETE
AR ERNEEREE NG, EHEA, AR
FERAMK, pS3EERT . RAEAHBEALE
3INEMFELER, URSEH, BEIL, EEFReE
FHKEINMNEATE, AL ERE, KAE4,
PRAfEAASER R EEN R ANEE
B RIE AR 2 H 0, 14% 7 87%. Chettouh
4 2V 50 Li & 20 5 B 3 cytosponge 5 DNA W 4t 11,
A miRNA A M AH 4 4, 2 HEXREEFHE
& B T 6 AL 0 A A 5 i o 3 Bl 1k B B Y R BUE A
B E. AL EARE R, ERERRER
A B F £ | cytosponge Bk & TFF3 4l 5 1 4t 77 &\
ML THEEHELEHERET 106 >

E1 REARREEE

Fig1 Esophageal cell collection device

A: Cytosponge cell collection device; B: Traditional balloon cell collection device; C: Novel cell enrichment device invented by the

author’s study group.

20 #4260 F K, RiTWEFRKEFHIE
WERAILAR T &8 W 4 M5 7 %, SEE T d AR
L EAEEFE, 20 4 80 F/R Lk, BN
AINAEAEKEESCCHEAR AHAET — %7
faEFE, FhTREREERFRTHENTAT
P, Roth % 3t 439 | LIk &R E B HATT
REMNAEF (HIB) . REBHBLFF L

HhEARELERSE, £REF, RELNA
MEAMKEERARFEDL T EEHR EEFANY
4 5 ESCC ¥ R 8UE 27 41 47% # 24%, 4 53 %
SR K 81% 1 92%. Pan % % A 2k 4L A0
H o f B B 7 R X 740 )5 EE AR B9 %R HAT
fid, ZRETEFTELHAEEHR R AW L
5 ESCC ty X GUE An by 7 £ 2 Al y 46% #1 84%,
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FRBRERET, CAREREART LY RE ERLREa®R7. AN Ea 70, ZANMHERE
Gtk b F R A A T ESCC B9 R B BAK, £& A VIA Bmi-1 itk ) , & HEE Ay By 5

HATEARLERAZGE, 40 LR, K
A P B T 4 B 4% o4 ) A0 B 4 cytosponge 48 il &
B8 AEEEEEXATITCREIT, T2 EFE
BHESem, RIEAXFABRF AT EE 2
KA RY, HAERER (HIC) . BEX
EMRILBREEES, #—FRAT XX, &
fr %7 REL DT 300 7w, KFEEF
SR G H s A ATk B 4n TR IR O K VT R
PRU AR, EE A RKAER ABE P E N %R
B R, % & ESCC th R 8 Fn ke = B 25 7]
3K 90.0% %1 93.7% 2, B —FF R HF O A
M ATI R BT, A 28 M B AR AR AR AT R
FREERMENEE - AR ESCC fn g
JRIE & RS NP A o REUE A R E 25 H
94.5% #1 91.9%, % i % %4 0% & AEE F 90.3%
HAMK A I KRS 4 T B B g

3 kARSI

3.0 EBamEHAFA EASFZHEEMEXR

EREEAFNA TGRS EAREY, TAT
’?‘ & ) T BN £ B IEYLJR (carcinoembryonic
antigen, CEA) . #k 20 i )& 48 X )& ( squamous
il R
19 K # 4t J& 21-1 (cytokeratin 19 fragment antigen
21-1, Cyfra2l-1) FupS3 fith 4. b3k W&
W RBEHARRAR, BN T REE N
MEFK, ZAMBHRAFELNAS TRE S
WE K fE . Jing %Y 4R, CEA. #E EH0JR 19-9,
PR HUR 24-2, SCC B A4 Wl & % 9% B9 R BUE
68.4%, HEFE N T1.5%, E& 1 MEEE F Hik
FRMK, —F meta 2 (HANMATFHAR) HRE
7~ CEA. Cyfra2l-1, p53 #i & 2 SCC # #f ESCC
B LR 4B A 5.94, 12.11, 6.71 F2 7.66, A
ML 4R B 4 A A 0.76. 1059, 0.75 7 0.68, {24
WrE BB R REHFEAD . —FA KN
407 35 F ARt ESCC th 4 W 2 dk, 4% 8 F
RE R EHRE (PR A 983%) , B REUE
B (PALE ol 26.7%) , #Al Ext R B/ ERY
F g, Xu %P A 388 il ESCC Fr 125 fi] IF
WO R BRI 6 FR AR (p53. NY-ESO-1,

carcinoma-associated antigen, SCC) .

E M, W %D ESCC B R BUE fds 7 47
H 57% F1 95%, ¥ Hr F # ESCC By R % & fn 4k 7
JE 4B 45% F1 95%,

3.2 %45 RNA

3.2.1 miRNA miRNA & & 20~24 &% # % 4
% HY T PR R SF BN S 4A AF 4R A RNA, Bt EEE
WEFERER NS EaEs, aEMENLLE
Fug R B E AR SH RN T M miRNA

%t ESCC # ¥ W7 3% #. Sudo % % i 5 ) »t 18
B % %1, PL 566 ] ESCC # % Fu 4 965 1] 4 J&

BENFRSEL (2R RETHREZEEFQ
EWFEARE R — T REAITE ), Rk
A0 & B AR AR A miRNA & 3k K
T, HRFLEH 645 HAABESCC Lk EF
48 % 7 miRNA ( miRNA-8073 . miRNA-6820-5p .

miRNA-6794-5p. miRNA-3196., miRNA-744-5p #u
miRNA-6799-5p ) , PLiX 6 A~ miRNA % Fl il & &
H# T BSCC &% R e TN A, ZHE A £ B &
# 7 1l ESCC # AUC & & 1.00 ( R 8% fode 7 &
A K 100% F7 98% ) , EH TEMEFERFTEHE
BT oK IR B O ) o Xt PR R A AL Ak, AR AL B TN A
EHFEERABIZH MM R ARSI
i, Miyoshi % ** % % 7 8 /£ ESCC & # i1 %
H % % 3k B miRNA ( miRNA-103, miRNA-106b.,

miRNA-151, miRNA-17., miRNA-181a.

miRNA-21, miRNA-25. miRNA-93 ) 3 # 2 % Iy
TR, LA AR, ML, Sk, ZFOH
B AR E M BA S IR IEE R B R, MEA T
M ESCC #5 AUC 7 i 0.80~0.93, FH xtF #] ESCC
AHBHE A, Yao %P K &ty — T A HiF M Fu
meta 7 7 ¥ - 7 43 ¥ 1 F miRNA *f ESCC # %
W aE, SRR, HF LA AUC 4] 4 0.794,
0.779 71 0.86; HFMHEHK L. LT R ER G N
miRNA £, # miRNA-21, miRNA-25, miRNA-31,

miRNA-100, miRNA-223, miRNA-375 #¢
miRNA-1322, % meta 47 & 3F 5 L 7 B ESCC 1y
AUC %47 % 0.84.0.80.0.91.0.70 .0.81.0.84 71 0.88,
3.2.2 IncRNA IncRNA 2 4§ K J§ & 200 /> &% 4
B DL LA R4 AR B B RNA, ¥ 4 # 5 f0 8
FARPREEEERSL, SHENAE. REEY
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4 % H T4 ESCC # #F % % % # IncRNA &,
% POU3F3 2 3t [H 4 75 1y K 2L 7 8] 4F & & 4% 45 RNA
(‘a long intergenic non-protein coding RNA encoded
by a gene located next to POU3F3, linc-POU3F3 ) #¢
HOX %% 5% X RNA ( HOX transcript antisense RNA,

HOTAIR ) . Li %" % 7l 3 % 3T 7 linc-POU3FE3 7
ESCC 4l A fn iE % 4 8 P iy K ik 2 7, 3 —F il
%\ 9 5% E 5L 3 F § POU3F3 3£/ CpG § it
WL & 4 3% 1F . Tong &7 Rl T 147
B B 123 4 RS R A B9 E 3 line-POU3E3,

£ 2 § 7 linc-POU3F3 # #f ESCC th AUC. % %
JE AR 0B 0.842, 72.8% 1 89.4%. kA,

B A 4 ] o1 7 linc-POU3F3 #2 SCC 7 # — # # &
X ESCC By 1% Wr 2t fie, JF A 80.8% By 7 HJ& .

Wang % 8 #3910 7 50 ] ESCC & 2 #n 20 4] 4 fE &
J& % i HOTAIR A -F, 4K % & it HOTAIR %
i ESCC t AUC 4 0.793, HOTAIR & /& [# TNM
MW E T AT EAF ARG MNEELE TR,

ok 2 ik ESCC ¥ W fu 5 R 5 £ & I By
EREN

3.3 & 3 A J& DNA (circulating tumor DNA,

ctDNA)  ctDNA #& 3 b 2 B 1= B9 fiF Ji 20 Ji %5 ok 3
b JE L o By BB DNA R B, HE R E R R T
K FWEEFE T, ctDNA B 2K FAN B w2
ESCC & N\ 15 Wi 8 7 P B 44 . Kawakami 4
HRET, ERHRZETHEEREESTH
13 ] (25% ) i 2% K f7 )& 1% & A% (adenomatous
polyposis coli, APC) # [F ¥ KT e, Wk
32 ) ESCC & R A 2] (6% ) fn 2 & ¥ 4
B FEMAPCHEE, St H ¥ APCH ¥ 1 5
T B G H %, Hibi % 5% 7 23% (7/31) t
ESCCE# M plo RHFAEREFH M, BTE
I ctDNA % # ESCC 8y #F % 8 1 7t 2 HLA 0 %% | AH
A E, G R AR AT K

34 Ri#ZH RBAFRZEUMEZERTEY
RE (Al AABENEK) ERERST 4
o = RA WA/ Ve B (AU = M= S F ). )
HARMEERMRH TN EEFTARFELEZE R,

HE T 5 B o B AR R AR A A i 6 2=
5, XA Z AR LR BT e
¥AKLE M. Lius " 3 53 1) ESCC & # %1 53 4
1 B %R A R AR R AT RO 4L 2 AT A AT

RIT 25 Fhik T R An S Fh ik B T R B AR PR 4,
FHHEt B R LSBT £k K # 4 % ESCC
Bk Aot AR R . Ma %Y % F HPLC
T 51 ] ESCC B #Fn 60 4 %R+ ¥ S
AEBRAT, FRETEHEZRHF M, ESCC
EFMFRAEH ., AR, HAR., 44%. &
BB, FHR. WAR., TRAR. AR, R =
BB A KA AR AT K, FREABRAKTAE, Fl
it E B RS R L £ EHA X ESCC &
HEMEABELART MR 2 E ., B AR R H
W # %= %W ESCC W AT 4, ML AR
AR KA 5 E BV R 4L % 7 % 3t ESCC ¥ BT 8
i e

4 MHSERSYEN

AN ERE B AR E 2 000 AN FE R IR A M
AL A 4 & A 1K (volatile organic compound,
VOC) 4k, XfFH A RIEAT A2 — A bik |
To A ELAE £ A 7 ik, VOC % 7T b4 4 8 A& iy
BB AR A 4. Markar 2 34 T o B A AR T 2t
EERMERBNLEHNE, ARANKEI AP
163 B E R B A 172 L EZ R, N
T, KB, TR, TEBMEESHVOC, X
WSMVOCEIWEA LW &% FIEN RBE
Fu gk 5 4B h 80% 1 81%, AUC 7 ik 0.85, {2
ZHRITMNEE T MR ORD, E e
A B e B S W B, Zou £
A AT A R VOC A 3 B ESCC & #
WY W, 1R FUE TR RIE VOC, 4R E
~ESCC B #H 4 i+ 4/ 20 e 714 5 xt i
HEELE, RAHET 5 ESCCHEAMKE TN
B g, HiH ESCC B R & JE fode R 45 7 3k
86.2% 1 89.5%., ZHF RFAER /AN, HAEKXH L
ESCC i # W 1 B %, %7 skt & T AR &7
FH— B AR MBI,

5 ERREWRN

E BRI, v R A b & R 15 3R
AR, WEFFEENDPTFRSBAFETER
F, Hb, ERAWA TEE. FLRF. gk
AR AR, Xie 41 B S AR B 24T M T B
ESCCEHF 534BT REFWN 2 ERFEARAF LT
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4 6 fi £ 7 % & mRNA (miRNA-144, miRNA-10b,
miRNA-451, miRNA-486-5p. miRNA-634.
miRNA21) , FF7 39 0 & &% B & F1 19 4 (& A
by A v S vk S b R RRE R o B 3t QPOR At HE K A
AFHEAT T 3 3E, £ R & I 4 E i F miRNA-10b,
miRNA-144, miRNA-451 5 % _E % 7% # miRNA-10b,
miRNA-144, miRNA-21, miRNA451 #y5kk B % Fif,
BT A R Sk ok e R T R I e B FAE ESCC
B AN IR R 2 AR S B 4535 RNA
JEME/NRNA, H7EKAEAZEPIIET 20 (RE
JE K 90.50%, 45 b 9420% ) AnTE WAL A
%A H R R, i miRNA-114 4 #7 ESCC th % 8%
K T46%, B IE K 920%™ v i mRNA2L ¥ i
I /113 ESCC t RBUE H 8%, H7HEH 64% ™ |

6 :u\—Fl lﬁ%%

TFJE i A0 2 35 6 2 ESCC I 15 B9 X A1,

T A & Fa o B A 2k i AR R N AT O 7 kB B
TREFERE, TREMEFRNYE, SHTRA
iz #., HAMESCCABANGTMER AR S
FRME, ERPETREGE. NBRKE D0
AR — B, AR R ML AL 43R
Bz MERIE, HLEREFHKRS ZEH. &
R AR FF & 4 ¢ B 2 51ty ESCC & i AU T A2 AL ey
REER, LXK ABMIBEFR B RAE, HAL
A 4 JEL S A T Y 5 BTV A M A R T R A
MapEhEg T RORA, ERhEETERAER
WO & # AL 40 fe, B3t 1 BSCC K& B & ) B
EREVUHAGE, BMCNATHEAHREAE A
MEHFE, HELETRENEFE . ALEE
&R A RN, & AR W & 3
BAFBAEH— PRI N BB FE A
BHME, A LBRFRHEAR S RME, HF
B AR S. JoEARA P 4t 7 B ESCC B
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