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Abstract

The emergence of immune checkpoint inhibitors in
recent years has transformed cancer treatment in many
tumor types. Durable clinical responses in refractory
cancer types have been observed. However, despite
these promising long-term responses, the majority of

Baishidenge  WCJD | https:/ /www.wjgnet.com

patients fail to respond to immune checkpoint blockade,
demonstrating primary resistance. In addition, some
of those who initially respond to treatment eventually
experience relapse secondary to acquired resistance. Both
primary and acquired resistance is a result of complex
and constantly evolving interactions between cancer
cells and the immune system. Some mechanisms of
resistance have been characterized to date, and more
continue to be uncovered. The tumor microenvironment,
tumor immunogenicity, and oncologic pathways play
roles in response and resistance to immune checkpoint
blockade. By elucidating and targeting mechanisms of
resistance, treatments can be guided to improve clinical
outcomes. Combination treatment strategies with immune
checkpoint inhibitors are being tested in clinical trials, with
several already in clinical use. This review will discuss the
different resistance mechanisms and potential therapeutic
strategies to overcome resistance.

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.
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REEW: BTG, S ite & B w2

RO IRE: 080877 A B IG 697 W kAT E. R,
e 95 A2 & 4] ) (immune checkpoint inhibitor, ICT)# ¥
B0 F AR F A R KR, ARYE B ILeY i AL R B, ICT
89 25 7T 9 Ky JR A 2h e Gk KA 2, AT VA K AR
it 25 A SN IR 2. K A AT IR RICIA 25 7 @ 84
KA, e R B SR e gk A 26 AR Ak B

TSR XU N\ZE, KR, REiiasRIERIMANEINT. BFREAE
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0515
He A6 2 S #H57)(immune checkpoint inhibitor, ICI)
BB R R H VR TT T B TAHR A = ) S
SRS — RINFAF A Y, W2 5w E S
PR AIFNE S 5@ B A ELAE ), 3 51 RE XAk
PO TG B S, S5 | SRR R, PR
R S PR T A AR TR S i i 52 4 PR 3B S PR DR A S B
U7 MR A% (major histocompatibility complex, MHC)
)G, MARE JIWIEI s R By 3 S B
BB Fak, T T ML 58 A0S U8, T4 A5
1665 52 24 PR S 5 i TR 38 2 RO RH AR A AN TT 2D T4
HOECE ANSG T 2 J5, T DA 1027 R 7 (R FE R
FIIRREE ERAL. RSLTAHMAE AR FRIPL R 2 ), IR
Y -FHLZ (v -interferons, IFN-) ML 4N E T, 51K
2 M B S AR RS R AR B B A, 1842 T
AHMAF LUB R, FEORFFERBORAS, B2 PR SR 2
Fa. AEAEFRRES N, S A S TA RIS 51 R I 9 hE
SR FEA TR ECE . AR 28 MR s EaR AL
TE G S R A, T SR A R R A4 DU T DA BE B e £
PERONE, AR R0

MHT, A EANCIE T E EME B, A
N ERPE TR 41 B AH S B 14 (cytotoxic T-lymphocyte
associated protein 4, CTLA-4) .47, EIAFIL AR, =4
FEFPPEFET 5 T (programmed death-1, PD-1)¥.47, fL4%
PRAICERGT. MIEAZRE ST Cemiplimab, LA =
MERFPEFETRCAA-1 (programmed death ligand -1, PD-
L1)Hht, BIEREFBRAST. 8 LE B PifAvelumab.
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Ji e G g8 YR T I S b AN AR ) LR RRAE T R
DR Z P m AT AT AT AR A A A e K. 5 224
X, A 3 24 I AR R ) AR K T tH I T K
HuE” RS SR, ICTAYT IR I IR RS SRAG 22 i
HIECI I A, IR AR s il R AIRES . PD-L1Y
FEAK K- F g i i bk L2 4 i (tumor infiltrating T cells,
TIL)HIK-F I AT FEMRICTYT 2. a4, JMRd G i va y7 40
) B ORPk R IE 2 R B T ICTE 2 i 2541, BLAL &L
X AN [F i 24 WL ) o Al S S . AR TC I 24 % A R IR ATL,
AT LA N SR 24 RISRAF PR 245, AT 481 FHICTIZ
Ja MR IR S L, 5 B Ta VIR gz i th 3 i) fi
TRk IR, G B Z TR 24 30 G A ] LL 23 Dy N T
ZFNANIE RN 24, PSR 24 R0 1 e 400 A B 1)
ARG R 2, G Z R A R . S S R
A FERRIA MR . DNASGIE R RBSE; SRV
iR MR R T TAHMRBGE T A 1. LU ik
T ZATLAR] (R AT 5 3 o 0 5 R SRS

2 ICIBYM ZAN SO AT

2.1 BP9 o RMEECE PR RET 1R TE F G R e g
L, B SR T 3 R AR R “ AR 1R
TEE S, =R 248 61 4R7 (tumor mutation burden, TMB)
LW R BEHT USRI, FEDUMIR G S B Hh R 4 B
PERM. B R AR 5, Ok 1R R L 5RAR
PR LAR I, TR R SCIRAR ] BAG| R0 20 11 4 i 2
PERURE. 5 2 A B, o 20 M BT 70 S5 08 1) R R 5w DA
SEERTCUPSAF LMY 2. S dn’B 7 it 1 #ibt
JER 232 %oF Jieh 98 A e SRR ) R, L AARE 1 i TMUBJHRS
QR 7= A T 245 %) SR IR G2 2R 50 R 4 i ) A L
YEH S BUMIE N8R B o PR £, IRk Z bt R
IEANG R SR S R AN S ICTH BT 257, B 25 TR
PR 8 S5 S ) A T 8, B 88 5 P s 400 L o B A5 DA
AW N, FEUCTATT 97 RN T B, B e ),
2 T ICIsHI AR/ N Bl J8 5, B 1 2 Pl S )
TR, SRR SRS 251 #8. S 4h—A
TR W, IFN-yI 234 18 40 i 5 M T4H i (cytotoxic T
lymphocyte, CTL){2i 2 g 4B i 72, B0 24541
SRHEIRI % DA R,

DNAME A ] 3% 51 i i B D A ANRR € 1 T LA
PR RIK, $E iR AR AR, 4K T3 I s )
G S . LR A DG Ik [R] AR 1) S P B
SHICTIRYT A T U iy 240, LRI AR 53 R 248 1 gy
B A BRI TMBI/KCEY, 7R RIE IR, HEDNA
P E R EE R FRAR, B8R T TMBIKF 1 & A 4%
ICTT LA MR, 78 2 Rl R v, DN AL 18 5 5
Rl T 805 i TR AR 2 (high level microsatellite
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instability, MSI-H)FI 5 TMB, ICDH X FE (1) & 4 A
/Rt g e

FEAHAUPD-L1 [ 5R58 /2 73— M CHR YT BT 24 Tl

PRI7-. 2R, SRk = PD-LIZRIE I, RICHAYT 75 AT L™
AST K, X SR FURIFNA S 1015 5 [FFE AT LA S PD-L1
f2IE. JCIRPD-LIE 5335, MR 8k = TILK) &2
MIA X ICT= A R I BTEIT RN, — AN B 0 3008
M FER B, R 42 C T LAH M £l o] AT IC LIy
R DAL, TILAR 2 8 G2 v 7 (97 R0 A =1,
2.2 MR RER BT AR IR T S5 A 4 2 i e 44 A P
BT AN 2, WS A e dnfie. (g, M. 41
JEARIE 5T, DA 5 A R DRl 45, S 2 4o 4 i 1) 5
o) S o PR DR i, RIS T ICTHYT 2%, W T4
Mi(regulatory cell, Treg) & —FiIE H E 1) G fi i 21
0, PR TS P L R, R ) 8 S S A, A 2K
N T4 (effector T cells, Tef) L fe. 752 F i &30 1
Treg/EMRE AL P IRIE LR, $87 5 o M S e A 458
T M. LE /N BRAR AL | TeffAN Treg ) EL 4] S ICT T 25AH
K, Teftiim NI%, B8 TregBim i, &4 FEO Gy
I 25 R,

B REAUE ELR AN A2 ) Ah— 2R S I 40 B, AFAE
TR R)JoE 2 A, AT AR g fe s e i A iR AR K. B
SRl AR M nT DA R . R A AR R, I
M IRA RIS A G, B/ R SUYL R A A rh, ]
B RV 5k 24 L ) e [ 5 (/)92 9, T LA ST C Y
EIL LS

JRE AH O ELVR AN AR, 4 M2 E R, BT DLIE
Tk TP PR A 5 AR e e . M2 2R [ R i mT
DU R g2 5. A AR KA G ki
FE— SR SRR 5, 7 o IR A G LR 4 i T DASE
e IR A, FE— AR I 4 A 2 v, ELOT R 2
YL %) A 4 L A DR A 5 am % rT DARE SR LC I 2. e
TR EE o B A PR 7~ T e B A R e AL . S A Y
FASE IR, RAE S (bR A B e fIAE . — 2 fb
22 R 0] DA B R YR E VR AT f A Tre g 204 IR 41
g1, R R B A B R R, 5 b — sl Ak
22 DR 7T LAYk /D iR 4L R R TIL, {2 EICTH 24 R A1,

ALK A F-B (transforming growth factor-p,
TGF-B){5 5 I8 B v] LLd e 2N EA 5 52w s i r B, 3
FRAEGPEANBIER, Wal AIHICTL, b Treg!". 75
— AN R R TGF-BE 5@ B G 1 _E AR
ECHR MR S S AR O, T BRAIRICTIYT 2%, $7 d%
i 52 (0 & AN, FEPRIE b Rt R, TCTHUR RS )
3% 5 TGF-BIf il A 51,

1A N B2 A2 K K] F+(vascular endothelial growth factor,
VEGF)FR R 2 I B AR 2 b, ] R A% G ge sk PE4m
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SN, F. BB RIIHEFIMZIH BT

HL R 808, SICTI 245 K A AH K. 73 BrICTER 2 MR 3R
AR, RIUGHVEGE/K I, VEGFr #l#]
IR C 0 B A 4 1 TR R K B, 9 C T L o) fib e Aol
Rk, (e Tregli iRl iR 1 #3h*). VEGFH] I
VAT MMM Z (A RIE, (RBECTLRES &AL, I AT
FLRW], BHWTVEGFIRYT# = 1 ICHATT WY1 188 S e
T R,

2.3 sk iR A A E A AR 0 W AR TANIG I SZ IR,
PARASRE R334k, BRI ] el AL A X ICTI N 24, %
FERHM (dendritic cells, DC)E L2 B3 B I HIAATAH
AR, 5B ZATIL B Z DAZICTI 240624, 41
JiR % 5 A SR A TELC I 24 R ¥ AR ] 2 T T
71N, MHC-1731- 338N YRR 5008 40 A G2 e = AR
}ﬁ[ZS,Zﬁ].

B2-Tl Bk B ThEe Gk 2k 51 KMHC-173 T & Ml
RS, 5 S0 AN I G IR, — AN B FR
I PRAIF T 7R, B2-TBREE A AP FE BT RAR, T35k
MHC-IR LG R FISRAF T 25 0 R A2, 53— A sl
HIBE 58 R IMHC-157 1 T2H M 52 A4 45 & X I AE R A,
BUS TN A0 RE RN T BT G e e g A1,

G 9% 240 B P B TF N-y I8 1 R T anus /(5
S5 RS T-(Janus kinase/signal transducer
and activator of transcription, JAK/STAT) 73T &4 E .
IFN- v {5538 0] LRMHC- 1 2 73R1&, H3DCHit
R TR, A IR R SR RN, SR, TFN-y
AlE AR RS AP D-L1 5> RIA, FEOEM
PG 52 (1) & 2P, Z AN 7T i R IFN-y-JAK/STAT
BB AT FEMHC- [ 731 FIPD-L1RIE T, 4k
FECIi 25 5 AP,

HT IR AE FH ICHERXPD-1. PD-LIFICTLA-4
Z/NEERR. PD-1RICTLA-42 AL e G2 i i o5 1 i
FIEW SICHAYT RIGAHIE, EH5F 24N M8 it 78 30,
TCTHYERAF PRI 24 A e e A A i ik Bl 2
J&, XA S AFE T S sk E R -3 (T cell
immunoglobulin and mucin domain-3, TIM-3). JE4HE
BIEHEIX3 (lymphocyte activation gene-3, LAG-3)%>,
TR, — S I A A 2 A3 AT R 3, B4
AT H(B and T lymphocyte attenuator,
BTLA). TR 572 52 1A% 2 R Bl FEAM i B PP 4T cell
immunoglobulin ITIM domain, TIGIT)FIT4H i #5 V 7Y
R Bl G BR R 1 ) DR SRS A S /N M it
22 Tl G AR 7 A5 19 L 2 1 5 T M L P FE 9 DR A AH DB,
TYHHEFEH AIPD-1, CTLA-4, TIM-3, LAG-3FIBTLAZ% )
FIE VA LSRG 25 91, T L o e s 2 p i Aok
G IR T VS AE 7 1 #EAR.

B 1 T 4 L 28 300 410 1) 4P 52 4 ) e 2 K R 247
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REJJ N FESE, AR TICURIEIEH, BRI N2y, MH
PR K R 22 25 5 5 TP D-1 383k 1 =, 15
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