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[ Abstract] Lung cancer is a malignant tumor with high incidence rate and mortality worldwide. Non-small
cell lung cancer (NSCLC) is the most common malignancy. The traditional treatment of NSCLC mainly depends
on chemical drugs. In recent years, immunotherapy has become a hot spot in the treatment of NSCLC and made
remarkable progress. The overall objective remission rate of immunotherapy for NSCLC patients is about 20%. A
large number of new biological immune agents have been developed and applied in clinic. Among them, immune
checkpoint inhibitor (ICI) has the widest application and the most positive effect on NSCLC. This paper summari-
zes the research status and progress of immunotherapy biomarkers of NSCLC in recent years, with the hope of im-
proving the accuracy of immunotherapy and better guiding individualized treatment of NSCLC patients.
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protein 4, CTLA-4) FJFHEST: [HE]-1 (pro-
grammed death- 1, PD-1) M HE K- 1 ( programmed
death-ligand 1, PD-L1) %543 6 #x a5 K AH ¢ 3 il 551
Bk R SHPITRITRA SRS s i RAF A K R Hif
L MBERAITIRIR TR S, FERTA NSCLC 4%
H, ARKOMGITARE, B AR 20% A7,
(LRI 1E) A 12 A4S 7 Ze A5 iR XS PD-L1 BH A
BE, BWEMER 45% L4, RIS E IR
JPROR, S R USR8 SOOI AR B 4 ) NSCLC
BN T HE A B S 2 T S ik R E AT Bk, DU
X NSCLC RS ER Y7 I RS2 B4R it 2%, Oy NSCLC
BHFERRMNAT R RN

1 RERERRERIE

R A SR — R FIME S, TR LA
M E G R, PR A s T I R IA DI RE S5
JERE (AR ) KA EEREZ -, Hi,
B G R AT R S BN IR VA7 (0 T B
1.1 CTLA-4

CTLA-4 5 CD80/CD86 254 il T 4l fuidifk, %
P ] S N A E R, P HE T (regulatory T,
Treg) ZMAEATE T CTLA-4 HH A MM VE F A CD80/
CD86 ik, DT A1 il 47 [ 5 S22 4 ML 1) T 4 o 03 v
P, DARGE N PD-1 FIRON T 40 B PD-L1IE P4 A
AT T 2 7 A XS0 0 i A . PR, B 5 BH B
CTLA-4 F1 PD-1/PD-L1 "] GEMHFIBHAS I Treg 4HfEA-
O I I N TR S @Dy L B R
1.2 PD-1J% PD-L1

PD-1 /% PD-L1 E2AE T 4G LfE 3L, HY6e
55 CTLA-4 A0, 1T PD-L1 =78 g 40 g 2 1fg 6
ik, PD-15 PD-LI W% B2 R AR IR o e A be
S PD-1 K% PD-L1 #1505 |2 Y F 5 S m)
VEFH/N® . 230G RIS IE , A5 CTLA-4
Bifk, PD-1 K PD-L1 Hidhk kA @l s s iy KUK H 2 A
FAF R B TE L . KEYNOTE- 24 BF5% %, X T
PD-L1 =2k IR s BAPE I 30] NSCLC, PD-1734
IR 8 T A I7 — 4R 3A 7 J8 B0 8 O 4 19 B A A R
(overall survival, 0S) M 54EAAFRP)
1.3 HftephEs

Wk B 40 Ff 3 3 € - 3 ( lymphocyte-activation
Gene-3, LAG-3) TAI7E Treg 4l & 2K fE (Y CD4™ Th 4
M BRI FEALMAEEE SR 1 K454,
MNTHIE] CD4* T 407G . 52 R, LAG-3 AL
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78 NSCLC. A 74 1 e 2 1 bk L2 4 ff v v 2R3k, i L
TEMIR AT R S 25K Ah, #E NSCLC HR
Jif e 32 W K B 48 B ( tumor infiltrating lymphocyte,
TIL) 7335 LAG-3, g5 PD- 1/PD-L1 %l A fif
A ) NSCLC JB 4 EGFR-TKI JAY7 RIKUS
LAG-3 kK- 2% L

T 408 S BREE 1T ITIM 258948 (T cell immuno-
globulin and ITIM domains, TIGIT) SR —FhE S A Y
BRIRM R A S, 2R T A H AR A
A bRk, A S O A2 A CD226 ST P4
£ CD155 M0 il bk B 40 B vt 1) 7 o9 4 it
I (fL4% NSCLC 4l ) , 38 % = 73k CDIS5 LI
1 Ik L A X G 8 A D

T R ELA0 2 R B BB -3 (T cell immuno-
globulin domain and mucin domain-3, TIM-3) f&&—Ff
R ERA S, FETZM T AR (4 Treg
M) . BESRANNE ., B i, EREAENE, AR
JNMAIAE K4 R ) TIM-3 £ NSCLC H i & ik Jf:
LA T AU HAEIE R R ST

WEAh SRR 3 A7 A — S8 A e 4 A 5 S
NSCLC AT BEAH G, 40 d 4 i PR 1 AT 58 & 3, 38 43
NSCLC £ 3 95 41 g 3¢ i n] #¢3& Adenosine 5’-Diphos-
phate ( ADP) -Ribosyltransferase- 1 ( ART1) 4 &
Notch JEN 59 3), ( notch intracellular domain, NICD)
DIEHUHLIAR CD8™ T 4R ", FE 1 1 5 W W R Tl
1B (protein tyrosine phosphatase-1B, PTP-1B) J&% —
HCET B 20 M 9 S A6 4 2 1, PTP- 1B 5 3R 38wl 41l
T 240 G R A5 g, A AR A
H 40 B8 5 16 5T I ( cluster of differentiation, CD )
272 J2AE T 40 K& B 40 b3k i S e K 4 s 1,
M CD272 5 H 40 M b B R B R A T T
(herpes virus entry mediator, HVEM) ZEE TG, T
B AMMLAT T A0AE ARG AL CD276 J& 40 i % H %
K BT 0%, SRERANM ALK Z AR 2 4545, T4l ag
SR T A0TSR L CD278 FRIAT T 4i MR A 45
FPe KOs g i, 5 H MRk CD275 456 )5, 5l
i Treg 40 1434, B H 4008/ & (interleukin,
IL)-10 LA B 4if s>

2 BRERESHNEF
GPERE A S 5] (immune checkpoint inhibitor,

ICI) K2y¥yiE i fitla NSCLC el BosHUA A
B RRENI, I ESEGUIRAER . teAh, 1CT Bphag
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AT BE— A" KT NSCLC & Ul BATT 259 i 1k
B, IFARGER M NSCLC (i A7 20
RIFAEITA A X ICLIRYT ROV R A7, H 2 sr 8H
FIREHH L™ E @I RN, P, EFXERTRZEALAY NSCLC
FRFE IV P AN 4 1CT LIGA Bl HRAT P RCR ™

2.1 #1 CTLA-438%7

VT AR BT (Ipilimumab) f&—FF CTLA- 4 FT,
ARG T A0 G A3 GE B T & PO AR Wi
BSE, B N Ipilimumab 5 5 & A2 ROAE ®I 0
(15% ~ 30%), K Ml K F iR J7 NSCLC I 3 4
Ipilimumab 5 HAb 25 W84 0 FH 2 BF9E R, G
18 PD-L1 i FE 45343 (tumor proportion score, TPS)
W], Ipilimumab V377 NSCLC ¥4 7% H R Gy ast >,
AL, Formenti TR T Ipilimumab BeA Ik BPECT
1BY7 NSCLC MG R, & BT 158 T Ipilimumab X
CTLA-4 pyBEW1E A T3 R X% ( NCT00527735 )
WFFE M, ALS7 I BEMEGE FH Tpilimumab 5 2848 4 R 08 H
Ipilimumab K2 %of B2 56 25 /Y b 7 Jo ik S AR A7 3 (pro-
gression free survival, PFS) BHEREE ™ JLF FiRAF
FEER, Ipilimumab A] G8 B B R 1T 0167 )7
7%, BETZAMERIRLE (CTR20200425, CTR20180929
CTR20170541) IEAEHEATII NSCLC [F) 25 itk Bk &
FIREAL XS FRAF 5%, 93— 3K IBI310 (#T CTLA- 4 Hid)
A5 A FRBTIRTT W B 8 M NSCLC 19T IR
IEAETF A (CTR20212823)

#3E R B3 ( Tremelimumab ) & — FF A VR 1k
CTLA-4 1gG2 % 3% [ Hi 4K, Tremelimumab i iz 417
CTLA-4M\TMHG 58 T 0M0SHE, HET, 5T NSCLC &
A L& 5H0 (Durvalumab) +Tremelimumab BKA by
5% ( NCT02000947, Ib i) iF 5%, Durvalumab +
Tremelimumab BEE 7497 NSCLC FE3 i B 31930 e 3
B, HAZ PD-L1 Fk/K 520,

K J J | 847 ( Cadonilimab) & — ' PD- 1/
CTLA-4 SURE PR, 35 1 345 [ 52 25 o W B 4
Ja2y i d PEHL (center for drug evaluation, CDE) [
I RSB /F 1T, HLAE RN Ik B ) NSCLC %, B4l
NG PD-L1/CTLA- 4 UK 5 BB Fe fil A &
FIESI 8 (KN046) [ it BT PD-L1 Al CTLA- 4,
FI B Y E AR TR A % NSCLC % 19 1 Fn T3 1 R
R HF 5T (CTR20211540, 1I/IH; CTR20201294,
IM#; CTR20191219, MM #J; CTR20190195, 1 #1),
BEAN, SEARIE R AT R i bR ZIF-8 7E KNO46
W5y B Al b IF & T — 308 AL 25 ¥ KNO46 @ 19F-
ZIF-8, ffif3 KNO46 TEAR N 52 A% BR 58 v O A7 1 P Al

Gy IFH Rk 2 R A M AT PR, DA TTTEA B e 4
PRSP A IR AL H Y, RSN S5 K 2 ) 52 4
FEHFR M, T KN0d6, KNO46@ 19F-ZIF- 8 £ 4L
PR T 25 T IR DY 1 g N R O A i AR
I, HA RIS, R B AT M
I RIS AR AL 1 397 BRI 4 SR
2.2 #i PD-1X% PD-L1 &7

MATEA 2R 4T ( Pembrolizumab/ Keytruda) f&—
FHLL PD-1 WL LAY BT REBTLR, 75 PD- 1 2 1R 4E
4, BAWIH 5 PD-L1 Al PD-L2 Z[al pAH HLAE I, Bk
HLHE T NSCLC Sk 57 I Y — 2R 7. Wk
W], #£ PD-L1 TPS KT 50% 1) NSCLC & iRY7 i 7
. Kt Pembrolizumab AN & ALy7 AT iE— 20 23 16
FHIITUE ' . KEYNOTE-001 I RiEE 40 A T
495 f4i] NSCLC %, Pembrolizumab #2474 47 #Y % WL
X% (objective response rate, ORR) FIZEffFFELi}
[BIHA BEE, 24 PD-L1 ik =50%0}, Pembrolizumab
(AT ACR B B 8 . KEYNOTE- 010, KEY-
NOTE-024 1 KEYNOTE- 042 /58 3%, Pembrolizumab .
Z5GYF i T PD-L1 FHPE NSCLC B#FMTiE, 5
B R FARAEY ) ST, EEEME
GBS (Food and Drug Administration, FDA)
H#t#E Pembrolizumab T PD-L1 33k =50% H F 4=
KA F3Z 1K (epidermal growth factor receptor, EGFR)
o (] A8 P bk I 9 P4 B ( anaplasticlymphoma kinase,
ALK) JEHRZASBAME NSCLC 5 1 —Zikyr ., (AME
B RN, #3% Pembrolizumab 597 A& 43 NSCLC
BE MG N R B E R IgA B S E I 5
05" S IO e 0 JE TR AT 4 N A
PERUS | R R R ABEA B — 2L T R BT

AW 3l K ( Nivolumab/Opdivo) JE—fpl L
PD-1 SZIRE5 5 1 1G4 HyiEfifhk, nlfHWT PD-1 5
PD-L1, PD-L2 FIEAE T, f#BR PD-1 38 B 40 5 HY 52
PENE ], B FDA HLHE] T R G697 5 ey
NSCLC™"', 2018 4, Nivolumab #£ H1 [ 3Kt F i),
I RBTFE R W, NSCLC &3 #AT Ry (Ao
MFEARYIBR) J&, FR2H Nivolumab 3697, W 2%
FERS I Y & AP Hellmann 25" % %F Nivolumab
B4 Tpilimumab 5467 iR 97 Bl NSCLC B3 1 RR
AT A, 45 B8 Nivolumab B% & Ipilimumab
HBEMN VT AR (42.6% L 13.2%) K
A PFS (7.2 H 5.5 H) BT, 78 Check-
mate 227 [ 9 1l PR 3 8 b, AR T B M AL T 4
Nivolumab Bt 4 Ipilimumab i ¥7 B 3] NSCLC A i ik
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P8 9870 A7 g BB B9 A7 OS BE N, Nivolumab BX A1k
J7 3R 97 M 3] NSCLC & & 19+ £ 0S 3 '), 7
Checkmate-057 Iffi R IR 5 H, 582 i) NSCLC £ 2 435l
R A Nivolumab FI1Z Vi A2 V6T, HoA AL 0S 435
HI2 A 94H, FMH Nivolumab 3 B 5 1Y
HHLE PD-L1 RAKFRIEMES  seoh, HAETH
A S EE X SMARCA4 6jfi A NSCLC 1A RBUR YT I
%, Nivolumab 7] fEJ& HIE7E 09 A BRI K figg 442 . A
SCHERAGE , NSCLC 8 I JH Nivolumab J5 Hi 3 HiE L
Ie 1 AL , 15 M Nivolumab JGREARZEME , HENH
A REAEEAAR RIAERT, Rin IR,

FEAL R BB ( Durvalumab/Imfinzi) & — F &
FEASHL PD-L1 1gG1 B SEREBTIK, WTFHIE PD-L1 15
PD-1 1 CD8O 254, M IRYT IR i fkyy A& ik
JREATT IR I3 NSCLC, LA K T 32 390 /0N 440 o it 37
M —ZRI697 . 76 ARCTIC (NCT02352948, M) #F
g, 476 {9 B I NSCLC M # ik, by o %
Durvalumab JLIE VG 97, 4% 3 /8 2% Durvalumab &
SRR E BA KA PFS, HiZ45 %R A% PD-L1
Tk R 52 m e 2018 4E 2 H, Durvalumab 74t
FHF JRy s e 3 A7 5 5 9 o oA i g HL G F AR
NSCLC %, HHJ, K& Durvalumab BX4A 657 A9 I
W R X 5 ( NCT03003962, MYSTIC, NEPTUNE
POSEIDON) IEFEFFJEH

AT 2% | B LA ( Atezolizumab/ Tecentriq ) E—Fh LA
PD-L1 A4 &5 i A TR AL 1gG1 BAsEpe i, St/ T
EGFR J ALK R A MM PD-L1 &3k (i 4 it
=50% s R =10%) 9 NSCLC —ZRIA97 DL K i
/NI R e Y R 5 AR ST o X T NSCLC,  Atezoli-
zumab BAZGIETT 7] BE b Atezolizumab BE-G b J7 3% S &
i, £ 0S (RR=1.10, P=0.695) F1 ORR (RR =
1.11, P=0.645) Jiifi, Atezolizumab BES1bI7 IEA
F Atezolizumab 257077, HI%E3Z Atezolizumab B A1k
I B XU FI52 25 8405 1 1. 35 55 T Atezolizumab P25 76
574 POPLAR 5% 241 % Atezolizumabb [F— T [
I A 4 , WF5Y 7R Atezolizumab ZH B8 & 76 L b 5
SLEFIE] R RESE T RS I T 2 R A,
] Atezolizumab 245 TR BOA R, Hiks:
FEJE 55 g 40 MO A0 TIL b PD-L1 48 20 Ak 26 A P2 B2 4
%, HHIGIFERIAE PD-L1 @ h ],

EPASFIBAHT (Sugemalimab) MEELHHT PD-L1 £ A
PGB vERE A AR PD-L1 5 PD-1 FI 40 b1
CD8O AH B/, w4k v A1 - 3K 2l 3 D3 B 44 Ay g 1)
NSCLC ##—2AY7 ., GEMSTONE-301 J&— il & %f i
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W FARYIBR A NSCLC B 1 TG R, AF5%
WFSE Sugemalimab 1] T EALIT IS LA MR,
GEMSTONE-302 A RIS T T Sugemalimab B4
P75t BEAE A G RO BRIR A E SRR 5 B M NSCLC
fy s PFS, SEfbIT AL, BA B ER =R X
TG PR L, ARA E Rl R — 2 FH 2k >0

HET, 76 E A JFRIG R 0 PD- 1 254 45
HX008 (CTR20202387, I/IIHY) . HLXI10 (CTR20190907,
I # ). JS001 ( CTR20192179, 10 #i). LZMO009
(CTR20191862, I'b 1) | 4 i & ] 5 Ht ( CTR20190147,
11 ; CTR20192525, HoAth43-8) | SCT-110A ( CTR20192593,
M) . 76 N IFRIG RIS PD-L1 2594 ATE-
ZOLIZUMAB ( MPDL3280A ¥ 4t #|; CTR20181628,
M) . BRI, —TEEXE PD-L1 @365 . BK3h3E H B]
PERYIEIY] NSCLC #83 iY T3V BE ALY BEAIF 5T Bk, XL
HPERR A IRIT W BEANIE A PD-L1 % ik % NSCLC
BEPY,

2.3 Hfttemis Sisl7
2.3.1 LAG-3 i)

i 491 NSCLC £ 2% W FH LAG-3 fil513697, nfig
R BT, B SR R I A I AR B 5 By
BLHY 25 W) 40 4% . BU LAG- 3 B4 ( NCT2966548
NCT02817633 . NCT02460224, ¥1% 1 H1) . Al
LAG-3 Bl & (NCT03625323, M) M w5
PEHA (CTLA-4-LAG-3, NCT03849469, 1/1 #;
PD-1-LAG-3, NCT04140500, 1 #1).

2.3.2  TIGIT #P#iI7|

B A JC BB ( Tiragolumab ) & — R AL BT
TIGIT BFEfEHA, CITYSCAPE (NCT03563716) #9550
7N, 1EPD-L1 @A A, Tiragolumab 5 Atezolizumab
A 25T Atezolizumab HL257R YT I 25 2 5 AR 3
B ORR A1 PFS, £ i #f %% & /K, Tiragolumab 5
Atezolizumab¥k 7 1 25 36 97 55 0K b g A &%, X
NSCLC fHAITRICRECH B3, FF9E3EE FDA E h
WEMEIPEL, AR T/ NIRRT A
MHT (Vibostolimab) &5 —F TIGIT PR Pk, i
W& A 0 T8 I PR I 86 45 R 2 78, Vibostolimab 5
PembrolizumabBX & 257G Y7 3 NSCLC % BA R 4F
AR A2 Ak R B 1 4T
2.3.3  TIM-3 #15)

AN BT TIM- 3 5 50 B B AR [ 40 25 {1 A R 4
(Cobolimab) . 1.Y3321367, Sabatolimab %] &Y 5 %
PRAREGSE R R T 22 ik, (B0 %
et —L WY E4REE, PD- 1 ikl 5 200
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ZHZ TIM-3 FRHE 0, 7R TIM-3 AR FHIT PD-1
PriRibRERZ —, HIEA N TIM-3 B A PD-1 FH
T AV B A P TIM- 3 55 PD- 1 BELHE 30 B A 2k 5

A AT VRV TE R 7 3 0 A 100 T P A A
52 T 2 FE I 0 A 4 e Bk AR AT AR XA A
B7-H3 (CD276) (NCT02628535, NCT03406949) . B 4
AT T 4055 kAT (BTLA 87 CD272) (NCT04137900)
A WUHE S MR B4R W0 Cadonilimab, NK046, JNJ-
611863721 | ¥ ZHiHi ( Amivantamab ) ' ZE1E N
BRSO S AR B A R R Y R
JEAE T AR AV R A0, AT REME | I PR N7 Uk 5
FEA B, BRI R R
F NSCLC HIIAYT .

3 INEERE

NSCLC iRy 2R A B o, MR o
FERSTENYIRAL G T 25 B B R B
FrAMIes, @ sh oy A S e R G, WA
i, W TGS 2 AR BRI O, St
RIS, SRBEIRIT 25 ml S AL GEA ST 25 W) ST Ik & B
H, BEERAIRIT “1+1527 WIER, ZMaiairsy
WA BRI IR AT T Z R, Heh DAt CTLA- 4 36
JTAIT PD-1 1 PD-L1 iAI 7259 Ec A5

BEAh, EFXEARIRIE NSCLC S ABE, FEAYR
YRS FER S EGFR . ALK Rl ROST 45, AR v ] i R fi
ISy (NI 2T FE R 2021) 1 Tk
A ARG PRIV S 259 mT By @i (1) &FxF
JEHR S A K 5 A8 ) NSCLC AR R, — &I A
Pembrolizumab 5%, Atezolizumab 5§, Pembrolizumab B4 1%
SEl ZEANEI2E, —4RIA YT N Nivolumab, Jj i 1]
NSCLC & & 1 I [ 36 97 0 W) 26 il e 97 J5 18
Durvalumab, (2) %Xt 3h 3 F 2848 FH: ) NSCLC JE
BB, AMEFERAERIT, (3) FHX NSCLC i
I HB , —2& V& YT N Pembrolizumab 8% Pembrolizumab
A EEmE, 29897 M Nivolumab, JRifii] NSCLC
SBF IR T R [R5 8] Durvalumab

S Z R EIR T 259 A7 I R IR R A7 3L,
B4R YT 259 R BRI A R F 5 R T2 6
H, 40 Pembrolizumab T 5 R & H B0 9 5l 1h i
JEL3300  Nivolumab 7] S 8 B 2 I I & 5 L N
SEUSTSOHET, BSR4 W B ST T I EL R
PRA: ey BEAT R R S 16T 25 S A Y T T
FHATIEREIRTT, AT S A RO 42 i S e i A A

AR KA, el SRS EL A AE S8R Y7 RS A
TESESSONAE, BN PR 5728 1A Jp 98 40 an i B A5 2
W IR T AR LIRS H O, A
ARKHE Z TR R RGBT A PR, {8
NBERAG AR, B AMRAERRIT

EBEm: LA A7 X#kbh k. XS BMEIT; W
ER . BRAFHLEBRBALIT, K T L
[==dB 3

G

PIEHMR, AL AEFRARAEANZ TR

Z £ X W

[1] Garon EB, Rizvi NA, Hui RN, et al. Pembrolizumab for
the Treatment of Non-small-cell Lung Cancer [J]. N Engl J
Med, 2015, 372. 2018-2028.

[2] Brahmer J, Reckamp KL, Baas P, et al. Nivolumab Versus
Docetaxel in Advanced Squamous-Cell Non-Small-Cell Lung
Cancer [J]. N Engl J Med, 2015, 373; 123-135.

[3] L&, 5%, WM, F. 3E/N0 I S0 T A4 Ybs
BYBEFI R (1], PEMEAGE, 2022, 25. 46-53.
Jiang C, Yi L, Gao X, et al. Research Progress of Immu-
notherapy Biomarkers for Non-small Cell Lung Cancer [J].
Zhongguo Feiai Zazhi, 2022, 25. 46-53.

[4] Reck M, Ciuleanu TE, Cobo M, et al. First-line Nivolumab
Plus Ipilimumab With Two Cycles of Chemotherapy Versus
Chemotherapy Alone (Four Cycles) in Advanced Non-small-
cell Lung Cancer; CheckMate 9LA 2-year Update [ J].
ESMO Open, 2021, 6. 100273.

[5] Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembroli-
zumab Versus Chemotherapy for PD-L1-Positive Non-Small-Cell
Lung Cancer [J]. N Engl J Med, 2016, 375. 1823-1833.

[6] Pardoll DM. The Blockade of Immune Checkpoints in Cancer
Immunotherapy [J]. Nat Rev Cancer, 2012, 12; 252-264.

[7] Tekguc M, Wing JB, Osaki M, et al. Treg-expressed
CTLA-4 Depletes CD80/CD86 by Trogocytosis, Releasing
Free PD-L1 on Antigen-presenting Cells [ J]. Proc Natl
Acad Sci U S A, 2021, 118; ¢2023739118.

[8] Morad G, Helmink BA, Sharma P, et al. Hallmarks of
Response, Resistance, and Toxicity to Immune Checkpoint
Blockade [J]. Cell, 2021, 184. 5309-5337.

[9] Reck M, Rodriguez-Abreu D, Robinson AG, et al. Five-
Year Outcomes With Pembrolizumab Versus Chemotherapy
for Metastatic Non-Small-Cell Lung Cancer With PD-L1
Tumor Proportion Score = 50 [J]. J Clin Oncol, 2021,
39: 2339-2349.

[10] Ma CL, Sun X, Shen D, et al. Ectopic Expression of
LAG-3 in non-Small-cell Lung Cancer Cells and Its Clinical
Significance [J]. J Clin Lab Anal, 2020, 34. e23244.

[11] Datar I, Sanmamed MF, Wang J, et al. Expression
Analysis and Significance of PD-1, LAG-3, and TIM-3 in

Vol. 14 No. 2 413



(7R UV O S5

[12]

[13]

[14]

[19]

[21]

[22]

Human Non-Small Cell Lung Cancer Using Spatially
Resolved and Multiparametric Single-Cell Analysis [J]. Clin
Cancer Res, 2019, 25. 4663-4673.

Ding L, Getz G, Wheeler DA, et al. Somatic Mutations
Affect Key Pathways in Lung Adenocarcinoma [J]. Nature,
2008, 455 1069-1075.

Levin SD, Taft DW, Brandt CS, et al. Vstm3 Is a Member
of the CD28 Family and an Important Modulator of T-cell
Function [J]. Eur J Immunol, 2011, 41. 902-915.
Stanietsky N, Rovis TL, Glasner A, et al. Mouse TIGIT
Inhibits NK-cell Cytotoxicity Upon Interaction With PVR
[J]. Eur J Immunol, 2013, 43. 2138-2150.

Dardalhon V, Schubart AS, Reddy J, et al. CD226 Is Spe-
cifically Expressed on the Surface of Th1 Cells and Regulates
Their Expansion and Effector Functions [J]. J Immunol,
2005, 175; 1558-1565.

Ocafia-Guzman R. Torre-Bouscoulet L., Sada-Ovalle 1. TIM-
3 Regulates Distinct Functions in Macrophages [ J]. Front
Immunol, 2016, 7. 229.

Zhou KJ, Guo S, Tong S, et al. Immunosuppression of
Human Adipose-Derived Stem Cells on T cell Subsets via the
Reduction of NF-kappaB Activation Mediated by PD-L1/PD-
1 and Gal-9/TIM-3 Pathways [J]. Stem Cells Dev, 2018,
27, 1191-1202.

He YY, Yu H, Rozeboom L, et al. LAG-3 Protein Ex-
pression in Non-Small Cell Lung Cancer and Its Relationship
with PD-1/PD-L1 and Tumor-Infiltrating Lymphocytes [J].
J Thorac Oncol, 2017, 12, 814-823.

Wennerberg E, Mukherjee S, Spada S, et al. Expression
of the mono-ADP-ribosyliransferase ART1 by Tumor Cells
Mediates Immune Resistance in Non-small Cell Lung Cancer
[J]. Sci Transl Med, 2022, 14. eabe8195.

Wiede F, Lu KH, Du X, et al. PTP1B Is an Intracellular
Checkpoint that Limits T-cell and CAR T-cell Antitumor Im-
munity [J]. Cancer Discov, 2022, 12 752-773.

Kuske M, Haist M, Jung T, et al. Immunomodulatory Proper-
ties of Immune Checkpoint Inhibitors-More than Boosting T-Cell
Responses? [J]. Cancers (Basel), 2022, 14; 1710.

Mao SQ, Zhou F, Liu YW, et al. ICI Plus Chemotherapy
Prolonged Survival Over ICI Alone in Patients With
Previously Treated Advanced NSCLC [J]. Cancer Immunol
Immunother, 2022, 71. 219-228.

Ma XT, Zhang YJ, Wang S, et al. Inmune Checkpoint In-
hibitor  ( ICI )
Monotherapy in Advanced Solid Cancer; a Systematic
Review [J].J Cancer, 2021, 12. 1318-1333.

Brueckl WM, Ficker JH, Zeitler G. Clinically Relevant
Prognostic and Predictive Markers for Immune-checkpoint-
inhibitor (ICI) Therapy in Non-small Cell Lung Cancer
(NSCLC) [J]. BMC Cancer, 2020, 20. 1185.
Paz-Ares L, Ciuleanu TE, Cobo M, et al
Nivolumab Plus Ipilimumab Combined With Two Cycles of
Chemotherapy in Patients With Non-small-cell Lung Cancer
( CheckMate 9LA ).

Combination Therapy ~Compared to

First-line

an International, Randomised, Open-

414 March, 2023

label, Phase 3 Trial [J]. Lancet Oncol, 2021, 22. 198-211.

Muto S, Inomata S, Yamaguchi H, et al. CTLA-4 Expres-
sion in Tumor-infiltrating Lymphocytes Is Irrelevant to PD-LI1
Expression in NSCLC [ J]. Anticancer Res, 2021, 41.
6267-6272.

Formenti SC, Rudqvist NP, Golden E, et al. Radiotherapy
induces responses of lung cancer to CTLA-4 blockade [J].
Nat Med, 2018, 12. 1845-1851.

Lynch TJ, Bondarenko I, Luft A, et al. Ipilimumab in
Combination With Paclitaxel and Carboplatin as First-line
Treatment in Stage Il B/IV Non-small-cell Lung Cancer:
Results From a Randomized, Double-blind, Multicenter
Phase II Study [J]. J Clin Oncol, 2012, 30 2046-2054.

Jiang CJ, Zhang L, Xu XP, et al. Engineering a Smart
Agent for Enhanced Immunotherapy Effect by Simultaneously
Blocking PD-L1 and CTLA-4 [J]. Adv Sci ( Weinh),
2021, 8. €2102500.

Zhou YX, Lin Z, Zhang XY, et al. First-line Treatment for
Patients With Advanced Non-small Cell Lung Carcinoma and
High PD-L1 Expression: Pembrolizumab or Pembrolizumab
Plus Chemotherapy [J]. J Immunother Cancer, 2019, 7. 120.
Nassabein R, Gaudreau PO, Belkaid W, et al. A Phase
I /1 Study of Pembrolizumab in Combination With Nab-pa-
clitaxel in Patients With Unresectable Stage Il or Stage IV
non Small-cell Lung Carcinoma ( NSCLC) [J].
Treat Res Commun, 2021, 28. 100421.

Incorvaia L, Fanale D, Badalamenti G, et al. Programmed
Death Ligand 1 ( PD-L1) as a Predictive Biomarker for
Pembrolizumab Therapy in Patients with Advanced Non-
Small-Cell Lung Cancer (NSCLC) [J]. Adv Ther, 2019,
36 2600-2617.

Leighl NB, Hellmann MD, Hui R, et al. Pembrolizumab in
Patients With Advanced Non-small-cell Lung Cancer ( KEY-
NOTE- 001) : 3-year Results From an Open-label, Phase 1
Study [J]. Lancet Respir Med, 2019, 7. 347-357.

Mansfield AS, Herbst RS, de Castro G, et al. Outcomes
With Pembrolizumab Monotherapy in Patients With Pro-
grammed Death-Ligand 1-Positive NSCLC With Brain Metas-
tases: Pooled Analysis of KEYNOTE-001, 010, 024, and
042 [J]. JTO Clin Res Rep, 2021, 2. 100205.

Oki R, Hirakawa Y, Kimura H, et al. Renal Effects after
Pembrolizumah Non-small ~ Cell
Carcinoma [J]. Intern Med, 2020, 59. 977-981.

Shionoya Y, Hirohashi Y, Takahashi H, et al. Possible

Pseudo-progression of Non-small Cell Lung Carcinoma in a

Cancer

Treatment ~ for Lung

Patient With Clinical Hyper-progression Associated With
Trousseau Syndrome Who Was Treated With Pembrolizumab . A
Case Report [J]. Anticancer Res, 2021, 41 3699-3706.
Brahmer JR, Govindan R, Anders RA, et al. The Society
for Immunotherapy of Cancer consensus statement on immu-
notherapy for the treatment of non-small cell lung cancer
(NSCLC) [J].J Immunother Cancer, 2018, 6. 75.

Tobita S, Kinehara Y, Tamura Y, et al. Successful Con-

tinuous Nivolumab Therapy for Metastatic Non-small Cell



A/ N At A S BRGS0 36 T o

[40]

[43]

[44]

(48]

[50]

Lung Cancer After Local Treatment of Oligometastatic
Lesions [J]. Thorac Cancer, 2020, 11: 2357-2360.
Figueiredo A, Almeida MA, Almodovar MT, et al. Real-
world Data From the Portuguese Nivolumab Expanded Access
Program (EAP) in Previously Treated Non Small Cell Lung
Cancer (NSCLC) [J]. Pulmonology, 2020, 26. 10-17.
Schmid S, Diem S, Li QY, et al. Organ-specific Response
to Nivolumab in Patients With Non-small Cell Lung Cancer
(NSCLC) [J]. Cancer Immunol Immunother, 2018, 67:
1825-1832.

Hellmann MD, Paz-Ares L., Bernabe Caro R, et al. Niv-
olumab Plus Ipilimumab in Advanced Non-Small-Cell Lung
Cancer [J]. N Engl J Med, 2019, 381. 2020-2031.
Paz-Ares LG, Ramalingam SS, Ciuleanu TE, et al. First-
Line Nivolumab Plus Ipilimumab in Advanced NSCLC. 4-
Year Outcomes From the Randomized, Open-Label, Phase
3 CheckMate 227 Part 1 Trial [J]. J Thorac Oncol, 2022,
17. 289-308.

Vokes EE, Ready N, Felip E, et al. Nivolumab Versus
Docetaxel in Previously Treated Advanced Non-small-cell
Lung Cancer ( CheckMate 017 and CheckMate 057) ; 3-year
Update and Outcomes in Patients With Liver Metastases
[J]. Ann Oncol, 2018, 29. 959-965.

Naito T, Umemura S, Nakamura H, et al. Successful
Treatment With Nivolumab for SMARCA4-deficient Non-small
Cell Lung Carcinoma With a High Tumor Mutation Burden: a
Case Report [J]. Thorac Cancer, 2019, 10. 1285-1288.

Kim JS, Nam TS, Kim J, et al. Myasthenia Gravis and
Myopathy After Nivolumab Treatment for Non-small Cell

Lung Carcinoma; a Case Report [ J]. Thorac Cancer,

2019, 10 2045-2049.

Antonia SJ, Villegas A, Daniel D, et al. Durvalumab After
Chemoradiotherapy in Stage Il Non-Small-Cell Lung Cancer
[J]. N Engl J] Med, 2017, 377. 1919-1929.

Li DN, Lu WQ, Yang BW, et al. Atezolizumab Mono-
therapy or Plus Chemotherapy in First-Line Treatment for
Advanced Non-Small Cell Lung Cancer Patients; A Meta-
Analysis [J]. Front Immunol, 2021, 12: 666909.
Fehrenbacher L, Spira A, Ballinger M, et al. Atezoli-
zumab Versus Docetaxel for Patients With Previously Treated
Non-small-cell Lung Cancer ( POPLAR): a Multicentre,
Open-label, Phase 2 Randomised Controlled Trial [ J ].
Lancet, 2016, 387 1837-1846.

Zhou Q, Chen M, Jiang O, et al. Sugemalimab Versus
Placebo After Concurrent or Sequential Chemoradiotherapy in
Patients With Locally Advanced, Unresectable, Stage Ill
Non-small-cell Lung Cancer in China ( GEMSTONE-301) .
Interim Results of a Randomised, Double-blind, Multicentre
Phase 3 Trial [J]. Lancet Oncol, 2022, 23. 209-219.
Zhou CC, Wang ZP, Sun YP, et al. Sugemalimab Versus
Placebo, in Combination With Platinum-based Chemotherapy,
as First-line Treatment of Metastatic Non-small-cell Lung
Cancer (GEMSTONE-302) ; Interim and Final Analyses of a
Double-blind, Randomised, Phase 3 Clinical Trial [J].

[52]

[62]

(HiCH :

Lancet Oncol, 2022, 23. 220-233.

Boyer M, Sendur MAN, Rodriguez-Abreu D, et al. Pem-
brolizumab Plus Ipilimumab or Placebo for Metastatic Non-
Small-Cell Lung Cancer With PD-L1 Tumor Proportion Score
= 50% : Randomized, Double-Blind Phase Il KEYNOTE-
598 Study [J]. J Clin Oncol, 2021, 39. 2327-2338.
Zhou J, Yu X, Hou LK, et al. Epidermal Growth Factor
Receptor Tyrosine Kinase Inhibitor Remodels Tumor Micro-
environment by Upregulating LAG-3 in Advanced Non-small-
cell Lung Cancer [J]. Lung Cancer, 2021, 153; 143-149.
Anon. Tiragolumab Impresses in Multiple Trials [J]. Cancer
Discov, 2020, 10. 1086-1087.

Houssaini MS, Damou M, Ismaili N. Advances in the Man-
agement of Non-small Cell Lung Cancer (NSCLC): A New
Practice Changing Data From asco 2020 Annual Meeting
[J]. Cancer Treat Res Commun, 2020, 25: 100239.
Horvath L, Pircher A. ASCO 2020 Non-small Lung Cancer
(NSCLC) Personal Highlights [J]. Memo, 2021, 14 66-69.
Niu J, Maurice-Dror C, Lee DH, et al. First-in-human
Phase 1 Study of the anti-TIGIT Antibody Vibostolimab as
Monotherapy or With Pembrolizumab for Advanced Solid
Tumors, Including Non-small-cell Lung Cancer [J]. Ann
Oncol, 2022, 33. 169-180.

Anon. An Anti-TIGIT Antibody with a PD-1 Inhibitor Shows
Promise in Solid Tumors [J]. Cancer Discov, 2022, 12; 14.
Gomes de Morais AL, Cerda S, de Miguel M. New Check-
point Inhibitors on the Road: Targeting TIM- 3 in Solid
Tumors [J]. Curr Oncol Rep, 2022, 24, 651-658.
Curigliano G, Gelderblom H, Mach N, et al. Phase I/Ib
Clinical Trial of Sabatolimab, an Anti-TIM- 3 Antibody,
Alone and in Combination with Spartalizumab, an Anti-PD-
1 Antibody, in Advanced Solid Tumors [J]. Clin Cancer
Res, 2021, 27. 3620-3629.

Khunger M, Hernandez AV, Pasupuleti V, et al. Pro-
grammed Cell Death 1 (PD-1) Ligand (PD-L1) Expression
in Solid Tumors As a Predictive Biomarker of Benefit From
PD-1/PD-L1 Axis Inhibitors; A Systematic Review and
Meta-Analysis [J]. JCO Precis Oncol, 2017, 1. 1-15.
Yun J, Lee SH, Kim SY, et al. Antitumor Activity of Ami-
vantamab ( JNJ-61186372), an EGFR-MET Bispecific Anti-
body, in Diverse Models of EGFR Exon 20 Insertion-Driven
NSCLC [J]. Cancer Discov, 2020, 10: 1194- 1209.

Park K, Haura EB, Leighl NB, et al. Amivantamab in
EGFR Exon 20 Insertion-Mutated Non-Small-Cell Lung
Cancer Progressing on Platinum Chemotherapy: Initial
Results From the CHRYSALIS Phase I Study [J]. J Clin
Oncol, 2021, 39. 3391-3402.

Syed YY. Amivantamab; First Approval [J]. Drugs, 2021,
81. 1349-1353.

o [ I R R~ 2 PR B AR R B 2. /NN M i 1297 4
#2021 [M]. dbat. ARTAEHREE, 2021

2022-03-26 SEA: 2022-05-27 7E4%: 2022-08-09)
(ARG ZER)

Vol. 14 No. 2 415



