Cancer Research on Prevention and Treatment

REBHE SRR R I RIRIAR M B T R

FUHAE:

RS, e e, A S R A A R T RN AR S BT T HE (). IR BIIA WTFE, 2022, 49(12): 1302-1306.

CHEN Rongshan,XUE Liyan. Research Progress of Predictive Markers for Efficacy of Immune Checkpoint Inhibitorsfor Esophageal
Squamous Cell CarcinomalJ|. Zhong Liu Fang Zhi Yan Jiu, 2022, 49(12): 1302-1306.

TEZR L View online: https://doi.org/10.3971/j.issn.1000-8578.2022.22.0450

L] RERRGBR A HAN S

Articles you may be interested in

GPERL AR s MR T R SR Y bR B RO
Research Progress of Efficacy Biomarkers Related to Immune Checkpoint Inhibitors
IR B ia TS . 2022, 49(5): 484-489  https://doi.org/10.3971/1.issn.1000-8578.2022.21.1175

GRS AT R AR AR ST R A FE 0t
Recent Advances in Immune Checkpoint Inhibitor—associated Pneumonitis

FRE T IEHFSE . 2022, 49(10): 1071-1076  https://doi.org/10.3971/j.issn.1000-8578.2022.22.0145
G RG A AT RV T 25 B T RN 3 TR R L 7 35805 T A T 9 e

Research Progress on Effects of Gut Microbiome on Efficacy of Immune Checkpoint Inhibitors in Colorectal Cancer

BB IATEST. 2022, 49(11): 1184-1189  https://doi.org/10.3971/j.issn.1000-8578.2022.22.0429
G ERG AT s N7 B B BEAH AN R 24 T30 A Wb s i 5 ot e

Recent Advance in Biomarkers for Predicting Immune—related Adverse Events Causedby Immune Checkpoint Inhibitors

JbIRE BT IR ST 2021, 48(4): 418-423  hitps://doi.org/10.3971/.issn.1000-8578.2021.20.0997
B/ INAT Mt 98 SR 8RS 7 A W b i W 5 e

Research Progress of Biomarkers for Immunotherapy on Non—small Cell Lung Cancer

IR B VA IESE. 2018, 45(10): 805-810  hitps://doi.org/10.3971/j.issn.1000-8578.2018.17.1514



http://www.zlfzyj.com/
http://www.zlfzyj.com/
http://www.zlfzyj.com/CN/10.3971/j.issn.1000-8578.2022.22.0450
http://www.zlfzyj.com/CN/10.3971/j.issn.1000-8578.2022.21.1175
http://www.zlfzyj.com/CN/10.3971/j.issn.1000-8578.2022.22.0145
http://www.zlfzyj.com/CN/10.3971/j.issn.1000-8578.2022.22.0429
http://www.zlfzyj.com/CN/10.3971/j.issn.1000-8578.2021.20.0997
http://www.zlfzyj.com/CN/10.3971/j.issn.1000-8578.2018.17.1514

+ 1302 -

AYBBRG 381372022 F 554945251287 Cancer Res Prev Treat,2022,Vol.49,No.12

doi:10.3971/j.issn.1000-8578.2022.22.0450

BB B S A A AR R B s i )
Rt

PRI, B %

Research Progress of Predictive Markers for Efficacy of Immune Checkpoint Inhibitors
for Esophageal Squamous Cell Carcinoma

CHEN Rongshan, XUE Liyan

Department of Pathology, National Cancer Center/National Clinical Research Center for
Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing 100021, China

Corresponding Author: XUE Liyan, E-mail: xuely@cicams.ac.cn

Abstract: Esophageal squamous cell carcinoma (ESCC) is the main prevalent histological type of esophageal
cancer worldwide, with a high mortality and poor prognosis due to advanced stage at diagnosis. Surgical
resection after neoadjuvant therapy is the main treatment for ESCC. With the rise of immunotherapy,
immunotherapy on ESCC has been shown to improve outcomes, especially the immune checkpoint inhibitors
(ICIs). As the efficacy of immunotherapy for ESCC is limited, it is helpful to screen patients who may benefit
from immunotherapy by looking for predictive biomarkers of efficacy of immunotherapy. In this paper,
based on the current literature on immunotherapy and related biomarkers, we review the research progress on
predictive markers of ICIs for ESCC, in hopes of providing assistances for the precise treatment and prognosis
determination.

Key words: Immune checkpoint; Tumor microenvironment; Immunotherapy; Biomarkers; Esophageal
squamous cell carcinoma

Funding: CAMS Innovation Fund for Medical Sciences (No. 2021-12M-1-067); Hope Star of Talent Program
of National Cancer Center/Cancer Hospital of Chinese Academy of Medical Sciences

Competing interests: The authors declare that they have no competing interests.

i E: RESEALKRRT BN EIRRAELY, MTAFTCAHRM, BREGHEATE L, MM
B e F ARG E SR TR k. MR RG0SR, AR EAEE B (ICTs) A
FORIETROREHBEE T RN EARE, BRTHBLIETOAREATR, FRES
TR I IT R EDARE DA B T I I E T The X 5 &4 . ALLE L5 LIETT BABXAF
BB R bk, SR E S BICIsE J7 A48 X TR AR &4 609 BF Rk B AE— 423K,
A8 9T F TS I B PR B

KR e d b MBS, LREIT; ikt RE%RE
FESZ%ES: R735.1 FER R (T IR AR 55) #R IR AS(OSID)

=
. o

ik .

0 5I% LR BT S IS T O T, TR RCR
RO DR ILEEARZ —. K R, ARk, MR RE G T R SRR T 4

aFS BHE: 2022-04-26 ; {EEIBEER: 2022-09-02

HEEWH: YEAESHFEES S &EH 0 H 42
AE (2021-2M-1-067 ) ; B REE P8/ P EESHFR
M ERAT R AEZE

EF B 100021 b, BEEE TS / BRMBIEKRE
B S/P E B A AL R e B SRR B Rk PR A

BIEEE: #wak (1976-) , &, WL, FHEEIF,
FEF Ao LK ACE R BRI R, E-mail: xuely@
cicams.ac.cn

EZWE . HEm (1996-) , &, mEfik, TEM
FRE IR

ABE B k%, KEYNOTE-181"", ESCORT™?,
KEYNOTES90" % 22 37 lfe A 1 30 AfF 55 405 L E S8 T
P PE R AT S5 I (immune checkpoint inhibitors,
ICIs ) Xt & & e 0 RIT R & ek,
B Wl EB B R TR . H AT LAICTs
Sk G RE TR T MBI B g 1) S R B
&, —ZRIGTT, M2 BB EAIRTT
B BRI S e . ICISHAT PR 52 3 e
B BB S L PR SO 35 DA R JR A B R TR 3 45 1)



AYBBRH 3832022 55494525128 Cancer Res Prev Treat,2022,Vol.49,No.12

+ 1303 -

s, AR REERRE Rk S, AR BEICTs
Al AR £ S0 R R R DA () R, R p M AE T
fidf&-1 (PD-L1) AR BINICISIA Y7 AR 14
YikrEY, (AHTONE AR . BT et
FEH B BRI TT BN AR 2R 2R A3 R R
— 25 R e B SO S A G, L R Y Y O B 4
M. SRR ELEERY . TN P RE I A 45
T3 5 MR AL o FAREAR DG, S RN
R B BB B0 . MR 28 AR B g . BB e 67
%, HAbAEYIREY LA G IEHSRNA, DNA
LA . i A RS, iR T AR S
A B TP ) T CRATY T B 22 (A B B IR
S AL A FEXFPD-L UM e oA 5 A b ya 4
53T R A AR S A T2 .

1 PD-L1

PD-L U@ Bk E R G E B, S5
MLPHT-ASG, FEVE 2 S A2 S S e i vh 2
ik, WO S TCTS IR 7T 3R 56 i 71
A= P br S . ZEMA R 2R BTG AR IR K E Y-
NOTE-18 1 A BRI T G5 -, X FARIX 43
PD-L1ZRB/K VI B 6E B E , IRkl
B EAEAA (OS) S410.0/, TMiiPD-L1 CPS=
L0/ BB IR BR bt iy 7 0Sik12.5 1, 12
JNPD-L1 55 2235 F A R PR 2R bt AT R A
PRI . #EKEYNOTE-590H E WAL A58, 55
Al ARy ARG, IR SR BB LT AR S A ]
PIIB3 Joy 5 0 30 e s A 1k B o FR A R AR A
$izs, HAPD-L1 CPS= 10/ & i i 1k an o
Ko VLRSS T PD-LITE & B W e ity
HA—E I RMEH . PD-L1FA R SR A
RFBAE T LA X R 2 AR 25, AR 3 LAY
e FePD-L1 B f2 % HPD-L 1[4 H 3% o5 45 ] gt
ICIsA LW o AR T 7 5 M ZR A HTESCORT A 52 ™
H, PD-L1FKRK SRR . Pt il R0
B EAASEE . F I AR IR L R FPD-L 1%
SREC BRI B L BB M ICTs s 16 7 h ke ™. it
Hb, BRETIEIR F 2 RBia Ty i RE e, R
FEWRAARIT O B RIRIT TR, WeE . K5
GPESRYT T BB, PD-L1AY Tt/ FH AR
IR ERAR, PR AR SR T i 2 HoAth AR )
PRy, SR ST 0 TP AR

2 PhERERINE
2.1 g I I TR 2 4

e IZ ek 2 4l A ( tumor infiltrating lympho-
cyte, TIL ) 2 2§ FF I 7 1 2432 7% 2] e B 30 5%
Jib 9 A MR A TR B R A bk L AR, L ICD8+
M 25 T 40 R 35 A9 TIL s 2 AL R 50 1% 405
A A RS, TILsX Z R e 64 7l S e
PERITRCR A AINAER , BARZEBI B TILsA A
Iei) By T 5 BT A S AR A IR X B C D3+ Al
CD8+T 2 il (143211 7K - 12 8] 3 A b Mo 9 Xl 434y
PURDSEHY . Vo ( RPJC A stk b ) o #k
o (B Sy Ik i ) L Ay BEL B 28 7 f i 41
R, IR BRICTs X R R B A 2 iR rh 3T
PD-L1FITILs IS TEAL O 9 FH A A 4% A fE X
PD-L1/PD- LMl I 9 S, 58 2 2s PD-L1 B
FLTILPHPE A 282 T A 0] e M 67 ks
TILs 5 £ 8 B e 1097 SOV M U Z 18] 26 &
AN, 45A AR TR TILAY R LA K oAl 3 A s
SV B A TR AR
22 ZHMESHY

=g fy (tertiary lymphoid structure,
TLS ) ETEAEWRELH S (b sl H A48 4 48 1
PR ) H R RO E, HEF
S MO AL A . TILsTE &% B e iy v iy ot
A, AR, TLSTEZIE b al
ICIsfy7 4, H5PD-LLRE LK, 75—t
I3 M T TLSHEPRIRRIE 5 88 200 TS S S in )y
JPRUN R ZR, RIRTLSHEFRFIEPE/ & ( TLS-H )
() B0 22000 FR B FE CTLAABH TG YT 5 B AR 3
P, NN TLSsHE 3 447 098 SO PR 5 114 G 6
PEFY, TLSS5 &4 Wi S it I3 56 244 A
1Rit—25T .

2.3 (Al

M HJ5 g 1) Joit v i i 41 4 1 B 2 5 HES I 2
TARBAESE , g ] B (tumor stromal
maturity, TSM ) 8% A9 53 A iRl | rha] BRI
A, S B I R I
s E VI, EN—IF R R R, TSMA
BT B B W B A R 2R IR R AR Y e AT, ]
REFUN A BE AR, HTSM5PD-L1#A HAHH
Kk, $&/RTSMAT RS Tl £ 8 s S0 2 00y 77
R FEART . FE Sk SR L L PR A G 2T 4
BRI A 5 S e v ST RON A G, AT RE R SR
I7 R A TAR R K BE B ST B bR [ )R
B X G iRy AR B AR T, (BT
T AT B 2B SR
24 THHMEARYERE R Rk



* 1304 -

AYBBRG 381372022 F 554945251287 Cancer Res Prev Treat,2022,Vol.49,No.12

THN 5 S R K141 ( gene expression pro-
file, GEP ) 13 T BRI R BT AORAE . A FFEA
TR AR R BT IR T B S MR FE AR RN A
SR FRE S, KT R PEGEPH
THPRER . TR S A
T2 P S AU A SE I IFN-y S W 3£ 5 . Cristescu
UG PR R 2P A 4N KEYNOTE I PRI 56
300 Z {51 4,455 2 2 Ffr 16 197 S5 1A T 0 R 0 3 0 1) R A
FEAS JEAT 42 F DR 4 00 3 00 Jirk 9 RNCA 3G [ 5% 3K i
AT, HETMBRIGEP i = IR AL G 43 M 44 I IR 2
Mg, Horb i GEPE TMBAL 67 I b i, 32
NTH M GEP AT RE 2 f TR YT RO 1 T A+
PEAMIFTE N B 6 384%1IFEA 1) TCGA EL i B ik
T _ERgE R H I TMBEC S GEP AT REJZ Wit
PD- 172052 IR HE S 2R 7 1) R A AR i
2.5 MR

W& T 1Ak 200 2 Je 8 A 5 v 1) A A 4
bR T IERRVER AN BB R Z AN, TE— S
B Rk PRRE FR MR AN M A B T, HL Sk e A
RS SN ST AR KA B 5T AR R G BR R 4
JELAE S It H i AR A KT 5 e IR T T AR A
FepEt

R SO R B LA 4, INE WA . Rk
Fr AN . NKCEH RN V500 ) 40 e 2 e 4 S A
P A LA A5 B TR R A T A FH o AN B

3 MBS FHHERNARSYD
3.1 R E AR R

W BAREATEN (microsatellite instability,
MST ) $5 K 2] b 0 85 2 7 41 4 i R DN A EE
BIrH (TR ) KERAESA, I M
PRAENHER , FRCIER SR (mismatch repair,
MMR ) F %t H— F 50 & R F L N I Rk
PR Y, FEAFEMLHL . MSH2, MSH6A
PMS2HE 1, REMSIER DNAGILGENL . HMMR &
40 IR SR I PR 22 WMMR B [E ( deficient MMR,
dMMR ) , ANRER BB 5 5 i B 158 2 17T 2 3
MSIM, SRR R AR E (MSI-H) %5551 &
AR CSE R B S, RIS SR R A, AR
25 3 ST A LB B i 17 R A 1S I RN TIL i 4
X AR A AT 5 iR X ICTs 25 90 1 Uk ™ 4%
M EERMSI-H R A 288, BRSO iE &
B HHEMSI-H & R 0~27%", A [ SCik i E
)R AR SRR, TR S A FEWEIE FIMSI-HE
L R SR B BB AR X, TR

Fofr S AT 1 I R IR B8 F 78 45 121, 20174 36 [
FD AL E T PD- 1H A I R 2R S5t T4 A
MSI-H/dMMR ) SE AR 1A T, 1208 R A 45
MSI-H/dMMR W 45 i o B AR 38 IO UE BB 1) 1) 11
BEBHEEEIFAZ, (AUEESPD-LIAYEM &
B 2RI LS
3.2 IR AR qur

i Eg 28 25 7 faf ( tumor mutation burden,
TMB ) J& 45 4 2 DX 38 P AR 20 it A ] S 58 742 1 %5
H. anpidEm X R Emik L, RAERK
77 A AT O E R A R ) AR T B R R P R e
R o TEZ ST B SR IR 1) — I R I B KE Y-
NOTE-158%1d1, P110 Mut/Mb ( B 45 JK i i b
AR A2 % H ) fENTMBR ( TMB-H ) IR
SWEE. STMBL (TMB-L) MEEML,
TMB-H [ 8 # {15 A1) 2k B BT B8 AR 15 S 4797
B, BWMEMAEEF30.3%, MAETMB-LIYEE
HAUNG6.7%,. FT izl K%, 2020435 EFDA
FHE VA TR B B A 5 S B 3 7 E
HATFH257657 TMB-H ( 4HZ{TMB =10 Mut/Mb )
L BRA VAT o e 9 0 Ji 012 V1) o sk 5 A% 1 S 1Ak
MR, JOT 5 BRI A . Iy — T 60041 &
HHIZ IR Tt R T A E I TMB 51CIsiR
7 1A SN S RS AR AE AR Y SR TMBYE
ANFEER AT 22 54, ASFEEFTET20% M TMBIR
FEES B, FICRRER —A 2 5k i
RN e e Rl (E N S e i i S e i A ANED
B R TMB-H I S
3.3 MR

IR MV RE S AP . Bb Rk
BN R e SR MR AR bR R, BB
AAF RS, FFREAS TN 22 Flog e 2RI ICTs /Y
FC RN BRI R B, A% PD- VAP R Hi Al
BRHIFISHR-12 103877 £ & i 8 & Th TMBLL
RASMRIFIE (MANA ) 58RI ROV
S, BA M IPD-L1Kis . MANARITMB)
W T BB S — N VA B TR A e A A A A R T
I GO Rr
3.4 QefafRy iy

A5 S 7 A 1 40%0 1 Ho ] B A il FR A 5 O T
AR11qI3Y 1, FLX — LR AR 5 5 40 e A 5
—WGURE B 3 A A BTIR YT B A S AR R G AR
11q 134" 5w e AT LUAE 5% 6 M 2 58 Wl s 12 52 Bt
PD-1BAFT G775 A Sk T R 72
3.5 R RAR



AYBBRH 3832022 55494525128 Cancer Res Prev Treat,2022,Vol.49,No.12

+ 1305 -

TP53 5848 5 4 45 5 48 e 70 W 1) 2 Bl ss I 1
KM, AUFRIEE, TPS3RAIRE T RERE
T IE TR R TT RN 1 TE P B PR T - dn
A 2L T R0 it e b Sk T OO DR 7, AR E
FIER | 5 M g AR Sk SR AR A4 9 v Sy B
WP ) B (RS B g 0 S TR YT SN A e
P A B o A A 5 I S R S e S PR R A
KMT2P" | POLE 2 POLD1P45 0] /5 Ay S FHICIsIR
ST AR R PR ST O B, {F 30 356 R A £ A il
Frh oA UR AR F AR . A B W A DG I SRR
A S RREIRIT S R WA T 2R ARE

4 HMREY

AR AP, X ERGT —AIR T A RNT
£ A R AR SR T T mIR - 1233-5p iR A LA
KBTI EImiR-6885-5p . miR-4698 ., miR-128-2-
SpRRIFACEREARAT 6, FE/RAHC M I miRNA W] fE
X N R BAPTY RO WA R A H Al b
AR MTELneRNARY | cireRNA™AT BB 5 4
PEIRITRCR ARG . g sl JC B BTG o7 W ] Ah JA] i
FEE . rPrRigip . vV AR+ Chi
FEAEMTH S SR REA KR AU ot &
RCpGs H L4k K -5 PD- VI AT I TS AU
FHIG, FFEEr T HA B S e I6 Y77 R Bl v
RE A KU A BT ot 2 ir e R, 16 &
AR B LA A ARt T BB ICTSYA YT TR Tl
MR FEY, peAh, GRE IR RO A W] RE S AR I
FE AR G o ok ik 2 10 Y AE T AR A ) B 22 b
T RIS AERF 58

5 RESRE

PAICIs Ry F S 16T IR Y T e B AT FR A i
WIEE B R IR TR AR, (HHRTREM
Aeas BN B, R V0 000 A b 5 ) O
ICIsyRY7 A RE AR 2 AFE Y OCHE . HATPD-L1 DA K H:
bV A TR B 2R A 1 e AN W] SR8 TR T O &
W T VE AT AR R AN 1, 455 I A BB
BT B SR I DL K 2 B 43l
Tk, WA SCERIR A AR S AT Y, A
AR B LA O A W S TR YT T A E R AR
YIkR W o W RS HE BT 10 K J SRS = B 114 2k
A, R E S R BUE 2B AR Y, TR
30 o B 22 A 0 A 2 0 i AR L PR 26 A v
i R RO A TR Sfe i 16 S B8 VR T AR g AR, B ]
S W BB RS HETRTT -

S -

(1]

[3]

(4]

[3]

(e

(7

(8]

[10]

[12]

[13]

Cao Y, Qin S, Luo S, et al. Pembrolizumab versus chemotherapy
for patients with esophageal squamous cell carcinoma enrolled
in the randomized KEYNOTE-181 trial in Asia[J]. ESMO Open,
2022, 7(1): 100341.

Huang J, Xu J, Chen Y, et al. Camrelizumab versus investigator’s
choice of chemotherapy as second-line therapy for advanced or
metastatic oesophageal squamous cell carcinoma (ESCORT): a
multicentre, randomised, open-label, phase 3 study[J]. Lancet
Oncol, 2020, 21(6): 832-842.

Sun JM, Shen L, Shah MA, et al. Pembrolizumab plus
chemotherapy versus chemotherapy alone for first-line treatment
of advanced oesophageal cancer (KEYNOTE-590): a randomised,
placebo-controlled, phase 3 study[J]. Lancet, 2021, 398(10302):
759-771.

Yang H, Wang K, Wang T, et a/. The Combination Options and
Predictive Biomarkers of PD-1/PD-L1 Inhibitors in Esophageal
Cancer[J]. Front Oncol, 2020, 10: 300.

Quigley DA, Kristensen V. Predicting prognosis and therapeutic
response from interactions between lymphocytes and tumor
cells[J]. Mol Oncol, 2015, 9(10): 2054-2062.

Galon J, Bruni D. Approaches to treat immune hot, altered and
cold tumours with combination immunotherapies[J]. Nat Rev
Drug Discov, 2019, 18(3): 197-218.

Teng MW, Ngiow SF, Ribas A, et al. Classifying Cancers Based
on T-cell Infiltration and PD-L1[J]. Cancer Res, 2015, 75(11):
2139-2145.

Helmink BA, Reddy SM, Gao J, et al. B cells and tertiary
lymphoid structures promote immunotherapy response[J]. Nature,
2020, 577(7791): 549-555.

Cabrita R, Lauss M, Sanna A, et al. Tertiary lymphoid structures
improve immunotherapy and survival in melanoma[J]. Nature,
2020, 577(7791): 561-565.

Ueno H, Kanemitsu Y, Sekine S, ef al. A Multicenter Study of
the Prognostic Value of Desmoplastic Reaction Categorization in
Stage Il Colorectal Cancer[J]. Am J Surg Pathol, 2019, 43(8):
1015-1022.

Kemi NA, Eskuri M, Pohjanen VM, et al. Histological assessment
of stromal maturity as a prognostic factor in surgically treated
gastric adenocarcinomal[J]. Histopathology, 2019, 75(6): 882-889.
AEIC, R, gk, A BRI AN N AR ) BRI Il
PRAPGBR 2 3 L S PD-LIRIA AR DG PET]. I R 5 S 365 2R
2FRE, 2021, 37(8): 933-938. [Li ZW, Zheng Z, Zhang Q, et al.
Clinicopathological significance of tumor stromal maturity and
relationship with PD-L1 expression in esophageal squamous cell
cancer[J]. Lin Chuang Yu Shi Yan Bing Li Xue Za Zhi, 2021,
37(8): 933-938.]

Obradovic A, Graves D, Korrer M, et al. Immunostimulatory
cancer-associated fibroblast subpopulations can predict
immunotherapy response in head and neck cancer[J]. Clin Cancer

Res, 2022, 28(10): 2094-2109.



* 1306 * AYBBRG 381372022 F 554945251287 Cancer Res Prev Treat,2022,Vol.49,No.12
[14] Ayers M, Lunceford J, Nebozhyn M, et al. IFN-y-related mRNA Esophageal Carcinoma[J]. Clin Cancer Res, 2018, 24(6):

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

profile predicts clinical response to PD-1 blockade[J]. J Clin
Invest, 2017, 127(8): 2930-2940.

Cristescu R, Mogg R, Ayers M, et al. Pan-tumor genomic
biomarkers for PD-1 checkpoint blockade-based
immunotherapy[J]. Science, 2018, 362(6411): eaar3593.

Fukuchi M, Sakurai S, Suzuki M, et al. Esophageal squamous
cell carcinoma with marked eosinophil infiltration[J]. Case Rep
Gastroenterol, 2011, 5(3): 648-653.

Grisaru-Tal S, Itan M, Klion AD, et al. A new dawn for
eosinophils in the tumour microenvironment[J]. Nat Rev Cancer,
2020, 20(10): 594-607.

Le DT, Uram JN, Wang H, ef al. PD-1 Blockade in Tumors with
Mismatch-Repair Deficiency[J]. N Engl J Med, 2015, 372(26):
2509-2520.

Chang L, Chang M, Chang HM, et al. Microsatellite Instability:
A Predictive Biomarker for Cancer Immunotherapy[J]. Appl
Immunohistochem Mol Morphol, 2018, 26(2): e15-¢21.

Hewitt LC, Inam IZ, Saito Y, et al. Epstein-Barr virus and
mismatch repair deficiency status differ between oesophageal and
gastric cancer: A large multi-centre study[J]. Eur J Cancer, 2018,
94:104-114.

Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency
predicts response of solid tumors to PD-1 blockade[J]. Science,
2017, 357(6349): 409-413.

Lemery S, Keegan P, Pazdur R. First FDA Approval Agnostic of
Cancer Site - When a Biomarker Defines the Indication[J]. N Engl
JMed, 2017, 377(15): 1409-1412.

Marabelle A, Fakih M, Lopez J, et al. Association of tumour
mutational burden with outcomes in patients with advanced solid
tumours treated with pembrolizumab: prospective biomarker
analysis of the multicohort, open-label, phase 2 KEYNOTE-158
study[J]. Lancet Oncol, 2020, 21(10): 1353-1365.

Lee M, Samstein RM, Valero C, ef al. Tumor mutational burden as
a predictive biomarker for checkpoint inhibitor immunotherapy[J].
Hum Vaccin Immunother, 2020, 16(1): 112-115.

Samstein RM, Lee CH, Shoushtari AN, et a/. Tumor mutational
load predicts survival after immunotherapy across multiple cancer
types[J]. Nat Genet, 2019, 51(2): 202-206.

Balachandran VP, Luksza M, Zhao JN, et al. Identification of
unique neoantigen qualities in long-term survivors of pancreatic
cancer[J]. Nature, 2017, 551(7681): 512-516.

Richman LP, Vonderheide RH, Rech AJ. Neoantigen Dissimilarity
to the Self-Proteome Predicts Immunogenicity and Response to
Immune Checkpoint Blockade[J]. Cell Syst, 2019, 9(4): 375-382. e4.
Huang J, Xu B, Mo H, et al. Safety, Activity, and Biomarkers of
SHR-1210, an Anti-PD-1 Antibody, for Patients with Advanced

[29]

[30]

B1

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

1296-1304.

Wang F, Ren C, Zhao Q, et al. Association of frequent
amplification of chromosome 11q13 in esophageal squamous cell
cancer with clinical benefit to immune check point blockade[J]. J
Clin Oncol, 2019, 37(15_suppl): 4036.

Li L, Li M, Wang X. Cancer type-dependent correlations between
TP53 mutations and antitumor immunity[J]. DNA Repair (Amst),
2020, 88: 102785.

Zhang P, Huang Y. Genomic alterations in KMT2 family predict
outcome of immune checkpoint therapy in multiple cancers[J]. J
Hematol Oncol, 2021, 14(1): 39.

Wang F, Zhao Q, Wang YN, et al. Evaluation of POLE and
POLD1 Mutations as Biomarkers for Immunotherapy Outcomes
Across Multiple Cancer Types[J]. JAMA Oncol, 2019, 5(10):
1504-1506.

Sudo K, Kato K, Matsuzaki J, et al. Identification of serum
microRNAs predicting the response of esophageal squamous-
cell carcinoma to nivolumab[J]. Jpn J Clin Oncol, 2020, 50(2):
114-121.

Huang S, Zhang J, Lai X, et al. Identification of Novel Tumor
Microenvironment-Related Long Noncoding RNAs to Determine
the Prognosis and Response to Immunotherapy of Hepatocellular
Carcinoma Patients[J]. Front Mol Biosci, 2021, 8: 781307.

Luo YH, Yang YP, Chien CS, ef al. Plasma Level of Circular
RNA hsa_circ_0000190 Correlates with Tumor Progression and
Poor Treatment Response in Advanced Lung Cancers[J]. Cancers
(Basel), 2020, 12(7): 1740.

Kato R, Yamasaki M, Urakawa S, et al. Increased Tim-3(+)
T cells in PBMCs during nivolumab therapy correlate with
responses and prognosis of advanced esophageal squamous
cell carcinoma patients[J]. Cancer Immunol Immunother, 2018,
67(11): 1673-1683.

Kim JY, Choi JK, Jung H. Genome-wide methylation patterns
predict clinical benefit of immunotherapy in lung cancer[J]. Clin
Epigenetics, 2020, 12(1): 119.

Malczewski AB, Navarro S, Coward JI, et al. Microbiome-
derived metabolome as a potential predictor of response to cancer
immunotherapy[J]. J] Immunother Cancer, 2020, 8(2): ¢001383.
Baiden-Amissah REM, Tuyaerts S. Contribution of Aging,
Obesity, and Microbiota on Tumor Immunotherapy Efficacy and

Toxicity[J]. Int J Mol Sci, 2019, 20(14): 3586.
[REERXT: 454F]

fEE Tk
RAEM: w5 54K

L FAR



