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Abstract

The clinical treatment options for advanced non-small cell lung cancer are limited and the success rate
is low. The question of how to prolong survival, improve quality of life and control symptoms is the
focus of current research. Immune checkpoint inhibitors (ICIs) are important for the treatment of ad-
vanced non-small cell lung cancer (NSCLC), but the response rate to clinical treatment is low. In recent
years, combination therapy with ICIs has emerged as a new strategy to inhibit tumor development. The
in-depth research of drug combinations and the combination of immunotherapies will become one of
the key strategies to improve the efficacy of tumor immunity, and has important theoretical and prac-
tical value for improving the clinical efficacy of ICIs and for the rational use of clinical drugs. Therefore,
this review summarizes the research progress of current ICIs in NSCLC.
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1. BREAAE/NRRRAAE RO AT IR

5 T AR 2 2R3 [ B R I 7S ML (LARC) A A 1 A BRIERE I BORT S v 3 8o, i A& 4 BRIEERE AH 5%
FETCHIEER R[], Hdr, dE/NHiE i (non-small cell lung cancer, NSCLC) & ¢ WLt 287 . 1 35
A /N2 i fit e G 35 4B TILB. ATV H1) B8 VR T B X A R, VR I7 IEI R LR . BT« A7 KA
BITEA IR E . BT EZE BRI 185 R0 s DL R HIE R . X T RiEF AR 1
I NSCLC &, ALyr 4R 2 H BT BIAREVR TT )ik 2 — o ££ NSCLC 697 H , 07 38 5 FH T J 42 ol e
AR RNF ARG B FB . BEMVE T ARG T I IR O s T A NSCLC B35 a7
BUR[2]. %T EGFR S48 [RHE ) NSCLC i, I E R IBE I 7 (EGFR-TKI) C s — 3677 7 %8, 1M
=ML EGFR-TKI (W H A & e FISEE e REBBH)AMUBERS TIRKRIETRER, E—CRE -
fifE e 1 2 o) @R [3] . ATAESR, SR AR (40 PD-1/PD-L1 4 ) £E B NSCLC ¥R y7 i A 1
ORI  IX AW I8 WO B B 1 s R Gk Bl MR A A, HoyT S s 4148 PD-L1 Rk KF .
JiRg AR B AT SE DR A DG, A R E A mT DASE K A A .

T RWST . FEFTRIT IR RIEIRYT, ERAAEI 25 e . BAR 2 HUB EVIGRIT A, H—B
IR G2 I m g, WEE AT T E[4]. BAk, BFEIT BRI R A — R MEER,
WALIT AT BE S EURC . BiR . HIE T S, EGFR-TKI BEMZSM AT fe 5l 2 292 . BB, HIia s
SIS A R FAE[5]. TN EERIEAR, XEIT RN & . B, aif el e
[FIEF, AR R NS, N B e A & MR TT R, A A RTIR YT T 0 5 — A X

2. RERESHNFIFIZE NSCLC 8T PR
2.1. PD-1/PD-L1 B & RS S 7 2k 1= AT 51
AL A 1 (PD-1)FERIEAE T 400, B A BRRMGINK) AR, 1 PD-L1 +
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EELAE J R 20 R S 2 00 (a5 4 B RS SRR A ) 2 T DA B — SR IE R AL (i . AL JRAREE) b
Fik, MMIRANRRE R PD-L1 5 T 40 E 1) PD-1 £5 &0, 2306 T 40 K5S LA, S8
iy 5% A 40 9% 1 1% [6] . PD-1 A1 PD-L1 il 77 0 mT LA ik B IS PD-1 5 PD-L1 454, WA T 4 ig it
FIhRE, WoHHE RS LRSI, 1 CD8* T ZHfs. CDA™ T 4Hfi. 4R A0 40 i Al 5 R 40 g,
48 5 o e 200 ) R0 AN R4S e 7 PD-1/PD-LL $IFRE RE S T a1 12 808, A B SR AR K S s
PRI, kD g R I XU [7]

2018 4, HEE AN PD-1 #3i——Nivolumab (Opdivo)#ilt L7 . Nivolumab J&—F%F %} PD-1 2244 1)
NIEA B BE IR (19G4 WEAY), FZHTRI7 /N4t (NSCLC) . itk A0 i . B ivmf S &
TR g . PD-1 #0170, Ay 4 S 4t (Pembrolizumab) . 44285t (Nivolumab), BAK PD-L1 #7740
BT 45 Bk B3 (Atezolizumab) . 5 4% ¥ 47T(Durvalumab) O 28 A B NSCLC f— 2R ik, JIL@x+
PD-L1 FKik/KF > 50%H)E#[8]. HAT, PD-1 #filI(ngy s Rt dt. i pi) i PD-L1 il
B R B BAPT) O V2 T 2R RE YR YT, W BEEE . AR/ . A .

2.2. CTLA-4 B HY1ER

CTLA-4 s e BREL AR OO ZAR KR I 0t s EEAETEALI T 40 B3RIE, 37 T 4Gz a1 )
FANTTH . CTLA-A SEERTEN T A0MIE A G B % i G SRR A, L R B R SR bl B 1) s
N, HEFERIE RGP . CTLA-A @ 5ht)5 241 8(APC) ¥ B7 FCiA&(4n B7-1 Al B7-2)45 4, 3%
GV HAH] CD28 5 B7 (1454 [9]. CD28 /& T 4HMuiGAb i) 3= ZHLH ¥ /7, 1fi CTLA-4 S5 & =S T
MRS AGAE S, AIHIH] T 408 e S B A e ) V.. CTLA-4 B fu a2 46 A Bh 1B 1k s &
gt B S AU By, Bk B B g R R A . TERR A ST, R Al eT LUE I -1 CTLA-4 (1)
FORRANHI T UG, AN R S R G B [10]

UL (Ipilimumab)fE 8 —Fh CTLA-4 $1iI7], 15 PD-1/PD-L1 il 555K & 150 FH 7 S 8 2 A
R PN ESONE, SR AE /N RS (SCLC) TR YT R [11]. BREVRYT BRI IN T Y67 AR, (Wi 1
RIVERIM R RS, IR, PD-1 #ilRS HAh a7 7 SR BA RO, by o7 HAb sy 7 ik
CTLA-4 Il LA B AT, Ron T B35 IR RYT 20, R A2 1E 2 POl tE ogs,  an 3 E /I it il e
(NSCLC). Bt Ui, 'BFM . S0l IR 4 o e A 25 B e 25 .

3. REHRT SINFIFIE NSCLC ;&IT PRITHE M iR
3.1. PD-1/PD-L1 #&i5

3.1.1. BE5aTT

7E KEYNOTE-010 A5t Ht, 52 PhAhFeAHLL, MR Bk hife BEAE B s2d S a7 e itk e, H
PD-L1 £ik/KF > 1% B hyr AR % . 1€ PD-L1 TPS > 500 81> 1% 5 v, 2 AR Bk e fiihr
Ja i 12 N H BRI R AELFF AN 98.7% (95% Cl, 91.1%~99.8%) f1 72.5% (95% ClI,
59.9%~81.8%). S5Z PHAFEAHLL, MHFIZR BB A OS fikb, #3522 FIRIT I EE FFA,
YRR TN, R AT SR PR E [ 12] .

FE 53 Hh— B IE R 58 (KEYNOTE-025) i, 18R 2R S0 78 M S /N 200t o v o7 o 2 IR 2 5
T MANT BB BZIRTT 2 el B0 RIS T 82 (W8 . 7E PD-L1 TPS > 50% 1) i il 8
H, ORR }y 27% (95% Cl, 6%~61%). /£ PD-L1 TPS > 1%[f1 A] 1T & H', ORR &y 22% (95% Cl, 10%~38%) .
AL o R AR AT RS AR A I 9 0 3.9 (2.0~6.2)N AT 19.2 (8.0~26.7) 1 H o &R HE 1 AERE R
YBIT IR IA PD-L1 ) NSCLC &3 v, MR Bk B pi SR 52 1 R 47, JF 7 H A BT S B g vs 4 [13]
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3.1.2. PD-1/PD-L1 #MIFIB & LIT

PD-1 Il I G A T7 7E 22 P S48 o S 7 HE B ) R0 g s 2, D0 R A8 /N 48 il (NSCLC)
PD-1 il IR & Ay 7 AN iy 1 83 1 o 1k e A A7 0 (PRS) R A A7 11(0S), T HAE —ZiR 7 iR th
TART AT BT 8. PD-1 4RI G Ay 5 2 P S AR rh o HE P [E) B g e e, R R AE R
i it (NSCLC) 1, PD-1 il IR A A7 AR & 1 8 I JE it e AR AE A (PRS) AL AR A2 HA(0S), 1 H.
TE—23A7 B TR T by 7 7 2. /E NCT02578680 Iife R 78, a1k A Az Bl oy B [ (23.1 A
H), WHEFIER PSR TT 4L OS S 22.0 (95% Cl, 19.5~25.2) N H, 1M LRI BEA 167 4 10.7 (95%
Cl, 8.7~13.6) H (XUt HR 0.56; 95% ClI, 0.45~0.70), P4l E A Gt %27 . AL PFS 20514 9.0 (95%
Cl, 8.1~9.9) H A1 4.9 (95% Cl, 4.7 ~ 5.5) A (HR 0.48; 95% Cl, 0.40~0.58). MPEEHL/>4E T —LiAIT H
P T 988 3t g B AT AT JE R BB T B4 HR Sz s 1) 43 3104 17.0 (95% CI, 15.1~19.4)4> H #1 9.0 (95% Cl, 7.6~10.4)
M H(HR 0.49; 95% Cl, 0.40~0.59). £55REH], AR Bk SAHUEG 5 56 M 28 K2R — ZiR T e SR IR
NSCLC, it FHA7AE PD-L1 FIAS AT/ %445, OS F1 PFS 45 W B s, H.22 S VEANR 52 P AT #[14]
KEYNOTE-189 W 7t th 7, WHIERIBR B HIIR & 0T 2 25 D5 ARSIk NSCLC 3 1) OS #1 PFS [15]. 73
Ab, PD-1 HUMERA Bl B ATT (NCT04422392) R 57 v IBR ) NLA-N2 JATE/INAH A fiti e A0 P 97 280R 22 4 1
I 7 AT .

3.1.3. PD-1/PD-L1 #PHIFI B & i B4 j AT

G VRYT FBT ML 23 P [FISE R0, 2 feed J 3 i RS B OS &, 5025 T 11 3 ORR 3
B (0 BRI 5 B R S0 A, {ELR 22 T T AR B 1N IR R ST 4y 4y R I, LR T S R R E H .
H, IR OS Z ABIMEL R, X T IELESEAT b (1 FoAth & T00 60 2 25 ) R 56 A0 1B #0481 T ) 6
i, BNRTIA B 498 AN — i Re 8 R B IR AR AR IR 28 o XTI AR IR /N0 B il (NSCLC), — 2k
FEWRTT TN 25 WL M ANTE 4 . Yang BFFC[LL1VPAG 1 BEAE 21697 R R NSCLC B A Fi s i v A0
R I 22 A B A VR IT A LU 82 41 9 R 2% OS (14.1 4~ A vs 16.4 41~ H, HR 1.10 [95% Cl, 0.87~1.39])
tif7 PFS 43514 6.6 (95% CI, 6.1~8.2)/ 7 il 4.2 (95% CI, 4.1~6.2) ™ 7 (HR 0.78, 95% Cl, 0.64~0.95), 5%z
BRI R R B PUE L, S B e nin TR BR BT AR A - MRHRFIEJEASERAR . IA R 2R A pT fR 2R
ST VE 2 X HEAE ) — S # M NSCLC 189777 %, 1X 26 NSCLC L7 It 4H M AL T BeAAR-1 it e LA T
S ZDHN 1%, HIG EGFRIALK TAZ o 3X — 25 Bt S & 1697 LI E VA I7 (AR 98 3 R UG 3 — P IR R .
FE 5 — T L 2oty 1 R (NCT04670913) 1, Bl iy 5 J& (— R il 8 A iz 26 K IH 1 32 -2 s R R i e
b 750 BRI it R BR BB S i 520 — 2 S VAT R R AR BRR NSCLC (38 B B 1 2 AL [16] -

3.2. {ApaEM T HEMpEEXE 4 (CTLA-4)HDEI

CTLA-4 2 —Fh O K G e A8 2 5 00 7, R BAETHAGN T 4R 1H 308 - el it 5 P 241 i (APC)
RIMH BT o FAHLE &, 1 T GRS S, HEmt T 40 A 3o A 30 G i R e 21 67 i 454
TEIEE AR T, CTLA-4 RIEELERF Gyt 52 T B 5 I R A B EF o (E7E BRI R
B, R AR RE 2 TS W ORI R IX — AL, s in A & BT TR R, R BT 15 T 4R
T ) CTLA-4 AHZE &, W B0 HI LA ST IR 0% 8. H AT, SattiE Ry CTLA-4 #7564 Ipilimumab
(FAVLEHT) AT Tremelimumab (¥ 75 A 51471).

PG A B IR TR T AN AT D SR B R v SR 60 308 1 CTLA-A FM5R. 25T 1 PR
(Checkmate 037), ‘& R 1 B R ATEI(OS) . FHUL AP IEAEIR R (138 SORE CL45 B 4 Mg FF4 A
5+ NSCLC %5. Wit kP, CLTA-4 #1755 PD-1/PD-L1 fM 7B &, al e~ AL PrRI RN, A
SRR BN, — I 1 I RS (CheckMate 227) VA 1 f/HIT B4t PD-1 41 55144 i 52 Bt (Nivolumab)

DOI: 10.12677/hjbm.2025.152030 268 A=


https://doi.org/10.12677/hjbm.2025.152030

R AT NSCLC % (7 AUIL7]. B WAL F AT AR AE P MRS, (L7 2 B A AT it
Bo. LW HIFFRIHCC) et BPASEBL S H CTLA SLHUBA (P B th—s T 2. 452
R RERRI 35 PD-LL (0156541, T A 16 410 A A7 1058 01 T H i 1) PD-1 TR0 189 SR CLTA-
4 AWBAL R ST, (E SRR B V18], o T SRR °T A M. CLTA4 30117
BT, TR EERR SR RS, I, T AN TRV 5 9 ek
RETUR 2 BT IR SSIT19]. BEAFBEICHORN, §H0S CTLAA (K253 A TIRBL, — S0 A 2
PR RSB B, EAREG T A I S BR B R

3.3.CD28 885 FF %

CAR-T #H (M & PUR AR T dff)yr i ohad T 40 DA 5 9o 40 0 38 T A 4 cE PO, AT B e %
BEHIR4E N . CD28 1E AL T, W T CAR-T i fkg g, LAMGSR T 240 A4 A MR HT R s
£, £ NSCLC H1, CAR-T Ay ik Bt 5t = B4 th e R AH S PR (40 CEA. EGFR Z5) SR /EH o
SrIEPRIREE CoFF CD28 1R N FLH s /I, LA CAR-T UM i BRI R . B, fEHEus EGFR RAR
A NSCLC &, CD28" CAR-T 4Hfid s th— @ M ftm g it . SR1, %X CD28 s 5t 2 4 T F. 3
I ARRIG I B, AR P TR e A MRV RN T AR &R [20]

CD28 #zh775k CD28 CAR-T 4l 5 S A6 25 »5 41157 (40 PD-1/PD-L.1 #0411 551]) i BB & B FH 2 H AT

WA CD28 s PD-1 4 B i 12 W 22 fif %< (ORR) A et FE ZE A7 HI(PFS) . 2R, B &R
I7 I AT 25 Pl JCHORAE B A R (4R N TR 23 A AE) ) BT T . CD28 fE
NSCLC 6y7 IR AT Ab T 10 Be,  EELEFAE CAR-T 400y iAAMH Y CD28 HiahflfI T k. B
CR R R HTMR S 1, (EHL 2 AR AT 7 28007 5 08 1 R e PR B8 ik — D I8 IE . R i) T
1% (fn PD-1/PD-L1 #ifI5) AT fE& ARk CD28 #HkiR )T I E E T [A] .

3.4. Rt &M% PHIZ54

Bk TG iayT 73, PD-1 HIHIFETE S8 B Sk an CAR-T 4HMIVATT i Rg i bk 2 48
(TIL)JRIT 2B A N AT 9T, 40 NCT05878028 I bR 1 By s ek 8 2 ) vk E 4 it (L-TIL) B 5 5 76 A Bk
PN 2 PUfh SEIRTT — 20 T A PDL HIHIFRA TT AR IO S T ORI 2 A MR 1 A AT H AT IELE ST
B, BEIE 2 A T ORI I B . BRILZ AN, T 4i S BRER 135 (-3 (TIM-3). kL4
Moy IE-3 (LAG-3). T 4 ez Bk H AN ITIM 5380 I (TIGIT) A T 4HHiE A1) V 45 38 S % Bk i
E ] R 7 (VISTA) 537 Y S ek 8 i) R A EAE T R Hh [22] .

4. BESRE

ICls 7£ 2 MG AR IR T B EEANME, CRHEINIRYT NSCLC HIARIETS %, RECiss B Tils
IR, B2 ad TiXiB) T RVEERRNAAZ, Hrh— A RASE RO . BIFURIL, ICIs 5
PETT A% 2 MR R A [23] o R4 PD-L1 B . IR OASE L MR R A (TMB). il B2 A
FaSETE(MSI) JE PRI RIE T K e il 2E W A 55 5 e S e 7 28 DI 9% [24] [25]

WRE TR A VT U ) — U e MR 4, BLE RO B 1ICIs (JL /& PD-1/PD-L1 #i)771) S e i
I 52t NAFERN o IR BRI 28 i} 245 1A 2500447 [26] [27]. 1CIs TG TT HB DRI o A6T7 7T LA S v Jed 448
T, RERURRAHSGTTE, 1Y 9R Ge i RGO R IR U0 AN BE 0, 38 REAI ) S M 4 (0 Treg 4
), SR S AR A, AT B R ICIS J7 K. PD-L1 A /KF. & TMB R 3 58 v e R
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BRI AR . J14h, ICIs BRETEUT W2 T MR IR T U I T R, B AR AE D RAE A
PGSR UM ROR - T80T W] AT S R A0 A e e TR R A B T, R AR 5% 3 T AR K (DAMPs) Al
PR, s R RS, EWMAT SRR, BT AU T R A e g, IR IR BT R B
RIRPRYE, SEIEH TR AR BT A B . AN, ol TR A A SR A R T e i DA A
F DRI R A TRt o f TR 200 P 0 2 2 7 U R (A 52 AR R R AN 55 A% T B S R Al 70 45 REAT B 17
9T, A LB R A B AR A S . eBEiR )T SARIRNR TR A, — Uy L R R T AT DARE AR
I SR AR A P, 0 R A PR T G B 2R G RO RBURRE T 53— D5 T e BT T AT DA S B ) ¥R T I RL
R, “HFDFERFEBEERGITRNE, FRlE M TR T BURE B, ER RIS R RN K. i
TR, DB R AR TR 97 VAR R R R T U ) — KR R AN R 1 S B Ao A s 400t 77 1
TAFE R et i, G XA B, AT DU ER 2 Ah G se i B, ANTTHE 9 T 40 B A3 PR At
it G SN, B 5 v AR B — P 2497 R A2 B 244 ) . R LRI 5 U7 S BL4E PD-1/PD-LL H AR &
CTLA-4 4ifil7). PD-1 7B A LAG-3 #il7). PD-1 #ihlffECA TIM-3 #0715, 2458, BXAAEH
PP A 70 A VA 75 T BE RN S BEA SRAN RSO (WA 98« T 98+ 425 g A0 P 20 SR TR 458 RO IR, LG
B0 TIRYT A, Wi RS P v 7 5 e R A L

GBS AL s ) FRAE e I T R AT E AL, SR, AR I A A r th T I — 8 e A S IR R RS
B, IR A RBOR T R HU 29BN R R R, H AT R 0E AR AL Y
PRI PRI AL o AL, BRATTHE D) 7 BT A 35 A O A PR R B At 88 S BT ) 2 LR A A 3R el
il AT R bR S KB, FK, BATHR ER R BT R (W5 PA R DNA. il 40 i) T
Bl MR () 3h A58k, R BTG T T U7 (28] FRUG TR IS A Rl DOt R, AR
BEH . RN TR A SE ARG TIEA T A B A SR AR [29]

FLFVRTT MG IR YT C 4R K B T I NSCLC RIiRyT . SR, 1N 2 R e i T # . mik
A DBREAAERE PACERAEA R UL IR 7> B LT iSRS 2 W AR ) T S BRI AR A AE o A R 2 i)
75 EERBUHT I SRS R A KA 7 1 o SIS AT AR AR SRR NEACIT TE 75 22 s i b ik
FEE M BE A, UL o BRI S i T IR LA LLRAL Y67 75 58, % TR 7 280 fe K BR B2 3
T ERE B, JEA, ARRITTTOR QSR ZOX S B ok T7 58, IF itk — P45 PD-1 K& iRT
FEIRPR BRI, BRI FEAN R G007 T R R ARG ROEA I 2, BLigk— B AREiE ) NSCLC i
JT o
E&mE

ST B2 2 3 4 £ e PR R E 5 T % B 3 42 (320.6750.2021-22-3) ;= B 44 IIf PR 24 2 v 0 T G
(2023YJZX-YX05. 2023YJZX-YX19).

SE

[1] Leiter, A., Veluswamy, R.R. and Wisnivesky, J.P. (2023) The Global Burden of Lung Cancer: Current Status and Future
Trends. Nature Reviews Clinical Oncology, 20, 624-639. https://doi.org/10.1038/s41571-023-00798-3

[2] Raskova Kafkova, L., Mierzwicka, J.M., Chakraborty, P., Jakubec, P., Fischer, O., Skarda, J., et al. (2024) NSCLC:
From Tumorigenesis, Immune Checkpoint Misuse to Current and Future Targeted Therapy. Frontiers in Immunology,
15, Article 1342086. https://doi.org/10.3389/fimmu.2024.1342086

[3] Passaro, A., Janne, P.A., Mok, T. and Peters, S. (2021) Overcoming Therapy Resistance in EGFR-Mutant Lung Cancer.
Nature Cancer, 2, 377-391. https://doi.org/10.1038/s43018-021-00195-8

[4] Tagliamento, M., Genova, C., Rossi, G., Coco, S., Rijavec, E., Dal Bello, M.G., et al. (2019) Microtubule-Targeting
Agents in the Treatment of Non-Small Cell Lung Cancer: Insights on New Combination Strategies and Investigational

DOI: 10.12677/hjbm.2025.152030 270 A=


https://doi.org/10.12677/hjbm.2025.152030
https://doi.org/10.1038/s41571-023-00798-3
https://doi.org/10.3389/fimmu.2024.1342086
https://doi.org/10.1038/s43018-021-00195-8

(5]

(6]

[7]

(8]
(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Compounds. Expert Opinion on Investigational Drugs, 28, 513-523. https://doi.org/10.1080/13543784.2019.1627326

Guo, X., Chen, S., Wang, X. and Liu, X. (2023) Immune-Related Pulmonary Toxicities of Checkpoint Inhibitors in Non-
Small Cell Lung Cancer: Diagnosis, Mechanism, and Treatment Strategies. Frontiers in Immunology, 14, Article 1138483.
https://doi.org/10.3389/fimmu.2023.1138483

Ji, M., Liu, Y., Li, Q., Li, X., Zhao, W., Zhang, H., et al. (2015) PD-1/PD-L1 Pathway in Non-Small-Cell Lung Cancer
and Its Relation with EGFR Mutation. Journal of Translational Medicine, 13, Article No. 5.
https://doi.org/10.1186/s12967-014-0373-0

Jiang, X., Wang, J., Deng, X., Xiong, F., Ge, J., Xiang, B., et al. (2019) Role of the Tumor Microenvironment in PD-
L1/PD-1-Mediated Tumor Immune Escape. Molecular Cancer, 18, Article No. 10.
https://doi.org/10.1186/s12943-018-0928-4

Patel, S.A. and Weiss, J. (2020) Advances in the Treatment of Non-Small Cell Lung Cancer: Immunotherapy. Clinics in
Chest Medicine, 41, 237-247. https://doi.org/10.1016/j.ccm.2020.02.010

Nagel, T., Kalden, J.R. and Manger, B. (1998) Regulation der T-Zell-Aktivierung ber CD28 und CTLA-4. Medizinische
Klinik, 93, 592-597. https://doi.org/10.1007/bf03042674

Leach, D.R., Krummel, M.F. and Allison, J.P. (1996) Enhancement of Antitumor Immunity by CTLA-4 Blockade. Sci-
ence, 271, 1734-1736. https://doi.org/10.1126/science.271.5256.1734

Yang, J.C., Han, B., De La Mora Jiménez, E., Lee, J., Koralewski, P., Karadurmus, N., et al. (2024) Pembrolizumab with
or without Lenvatinib for First-Line Metastatic NSCLC with Programmed Cell Death-Ligand 1 Tumor Proportion Score
of at Least 1% (LEAP-007): A Randomized, Double-Blind, Phase 3 Trial. Journal of Thoracic Oncology, 19, 941-953.
https://doi.org/10.1016/j.jth0.2023.12.023

Herbst, R.S., Garon, E.B., Kim, D., Cho, B.C., Perez-Gracia, J.L., Han, J., et al. (2020) Long-Term Outcomes and Re-
treatment among Patients with Previously Treated, Programmed Death-Ligand 1-Positive, Advanced Non-Small-Cell
Lung Cancer in the KEYNOTE-010 Study. Journal of Clinical Oncology, 38, 1580-1590.
https://doi.org/10.1200/jc0.19.02446

Nishio, M., Takahashi, T., Yoshioka, H., Nakagawa, K., Fukuhara, T., Yamada, K., et al. (2019) Keynote-025: Phase 1b
Study of Pembrolizumab in Japanese Patients with Previously Treated Programmed Death Ligand 1-Positive Advanced
Non-Small-Cell Lung Cancer. Cancer Science, 110, 1012-1020. https://doi.org/10.1111/cas.13932

Gadgeel, S., Rodriguez-Abreu, D., Speranza, G., Esteban, E., Felip, E., Domine, M., et al. (2020) Updated Analysis from
KEYNOTE-189: Pembrolizumab or Placebo Plus Pemetrexed and Platinum for Previously Untreated Metastatic
Nonsquamous Non-Small-Cell Lung Cancer. Journal of Clinical Oncology, 38, 1505-1517.
https://doi.org/10.1200/jc0.19.03136

Garon, E.B., Aerts, J., Kim, J.S., Muehlenbein, C.E., Peterson, P., Rizzo, M.T., et al. (2021) Safety of Pemetrexed Plus
Platinum in Combination with Pembrolizumab for Metastatic Nonsquamous Non-Small Cell Lung Cancer: A Post Hoc
Analysis of Keynote-189. Lung Cancer, 155, 53-60. https://doi.org/10.1016/j.lungcan.2021.02.021

Xing, P., Wang, M., Zhao, J., Zhong, W., Chi, Y., Xu, Z., et al. (2021) Study Protocol: A Single-Arm, Multicenter, Phase
Il Trial of Camrelizumab Plus Apatinib for Advanced Nonsquamous NSCLC Previously Treated with First-Line Immu-
notherapy. Thoracic Cancer, 12, 2825-2828. https://doi.org/10.1111/1759-7714.14113

Hellmann, M.D., Paz-Ares, L., Bernabe Caro, R., Zurawski, B., Kim, S., Carcereny Costa, E., et al. (2019) Nivolumab
Plus Ipilimumab in Advanced Non-Small-Cell Lung Cancer. New England Journal of Medicine, 381, 2020-2031.
https://doi.org/10.1056/nejmoal910231

Kelley, R.K., Sangro, B., Harris, W., lkeda, M., Okusaka, T., Kang, Y., et al. (2021) Safety, Efficacy, and Pharmacodynam-
ics of Tremelimumab Plus Durvalumab for Patients with Unresectable Hepatocellular Carcinoma: Randomized Expansion
of a Phase I/Il Study. Journal of Clinical Oncology, 39, 2991-3001. https://doi.org/10.1200/jc0.20.03555

Sangro, B., Chan, S.L., Kelley, R.K,, Lau, G., Kudo, M., Sukeepaisarnjaroen, W., et al. (2024) Four-Year Overall Sur-
vival Update from the Phase 11l HIMALAY A Study of Tremelimumab Plus Durvalumab in Unresectable Hepatocellular
Carcinoma. Annals of Oncology, 35, 448-457. https://doi.org/10.1016/j.annonc.2024.02.005

Lotze, M.T., Olejniczak, S.H. and Skokos, D. (2024) CD28 Co-Stimulation: Novel Insights and Applications in Cancer
Immunotherapy. Nature Reviews Immunology, 24, 878-895. https://doi.org/10.1038/s41577-024-01061-1

Kamphorst, A.O., Wieland, A., Nasti, T., Yang, S., Zhang, R., Barber, D.L., et al. (2017) Rescue of Exhausted CD8 T
Cells by PD-1-Targeted Therapies Is CD28-Dependent. Science, 355, 1423-1427.
https://doi.org/10.1126/science.aaf0683

Kong, X., Zhang, J., Chen, S., Wang, X., Xi, Q., Shen, H., et al. (2024) Immune Checkpoint Inhibitors: Breakthroughs
in Cancer Treatment. Cancer Biology & Medicin. https://doi.org/10.20892/j.issn.2095-3941.2024.0055

Li, J., Huang, J., Jiang, Z., Li, R., Sun, A., Lai-Han Leung, E., et al. (2019) Current Clinical Progress of PD-1/PD-L1
Immunotherapy and Potential Combination Treatment in Non-Small Cell Lung Cancer. Integrative Cancer Therapies,

DOI: 10.12677/hjbm.2025.152030 271 VR


https://doi.org/10.12677/hjbm.2025.152030
https://doi.org/10.1080/13543784.2019.1627326
https://doi.org/10.3389/fimmu.2023.1138483
https://doi.org/10.1186/s12967-014-0373-0
https://doi.org/10.1186/s12943-018-0928-4
https://doi.org/10.1016/j.ccm.2020.02.010
https://doi.org/10.1007/bf03042674
https://doi.org/10.1126/science.271.5256.1734
https://doi.org/10.1016/j.jtho.2023.12.023
https://doi.org/10.1200/jco.19.02446
https://doi.org/10.1111/cas.13932
https://doi.org/10.1200/jco.19.03136
https://doi.org/10.1016/j.lungcan.2021.02.021
https://doi.org/10.1111/1759-7714.14113
https://doi.org/10.1056/nejmoa1910231
https://doi.org/10.1200/jco.20.03555
https://doi.org/10.1016/j.annonc.2024.02.005
https://doi.org/10.1038/s41577-024-01061-1
https://doi.org/10.1126/science.aaf0683
https://doi.org/10.20892/j.issn.2095-3941.2024.0055

[24]

[25]

[26]

[27]
(28]

[29]

18. https://doi.org/10.1177/1534735419890020

Zhang, W, Li, S,, Li, C., Li, T. and Huang, Y. (2022) Remodeling Tumor Microenvironment with Natural Products to
Overcome Drug Resistance. Frontiers in Immunology, 13, Article 1051998.
https://doi.org/10.3389/fimmu.2022.1051998

Chen, D.S. and Mellman, 1. (2017) Elements of Cancer Immunity and the Cancer-Immune Set Point. Nature, 541, 321-
330. https://doi.org/10.1038/nature21349

Huang, M., Jiang, X., Wang, B., Sun, Y. and Lu, J. (2021) Combination Therapy with PD-1/PD-L1 Blockade in Non-
Small Cell Lung Cancer: Strategies and Mechanisms. Pharmacology & Therapeutics, 219, Article ID: 107694.
https://doi.org/10.1016/j.pharmthera.2020.107694

Butterfield, L.H. and Najjar, Y.G. (2023) Immunotherapy Combination Approaches: Mechanisms, Biomarkers and Clin-
ical Observations. Nature Reviews Immunology, 24, 399-416. https://doi.org/10.1038/s41577-023-00973-8

Sholl, L.M. (2022) Biomarkers of Response to Checkpoint Inhibitors Beyond PD-L1 in Lung Cancer. Modern Pathology,
35, 66-74. https://doi.org/10.1038/s41379-021-00932-5

Lahiri, A., Maji, A., Potdar, P.D., Singh, N., Parikh, P., Bisht, B., et al. (2023) Lung Cancer Immunotherapy: Progress,
Pitfalls, and Promises. Molecular Cancer, 22, Article No. 40. https://doi.org/10.1186/s12943-023-01740-y

DOI: 10.12677/hjbm.2025.152030 272 LR 2


https://doi.org/10.12677/hjbm.2025.152030
https://doi.org/10.1177/1534735419890020
https://doi.org/10.3389/fimmu.2022.1051998
https://doi.org/10.1038/nature21349
https://doi.org/10.1016/j.pharmthera.2020.107694
https://doi.org/10.1038/s41577-023-00973-8
https://doi.org/10.1038/s41379-021-00932-5
https://doi.org/10.1186/s12943-023-01740-y

	免疫检查点抑制剂联合疗法在晚期非小细胞肺癌中的疗效研究进展
	摘  要
	关键词
	Research Progress on the Efficacy of Immune Checkpoint Inhibitor Combination Therapy in Advanced Non-Small Cell Lung Cancer 
	Abstract
	Keywords
	1. 晚期非小细胞肺癌的治疗现状
	2. 免疫检查点抑制剂在NSCLC治疗中的地位
	2.1. PD-1/PD-L1通路的免疫逃逸机制
	2.2. CTLA-4通路的作用

	3. 免疫检查点抑制剂在NSCLC治疗中的疗效研究进展
	3.1. PD-1/PD-L1抑制剂
	3.1.1. 单药治疗
	3.1.2. PD-1/PD-L1抑制剂联合化疗
	3.1.3. PD-1/PD-L1抑制剂联合抗血管生成治疗

	3.2. 细胞毒性T淋巴细胞相关抗原4 (CTLA-4)抑制剂
	3.3. CD28靶点开发
	3.4. 其他在研发中的药物

	4. 总结与展望
	基金项目
	参考文献

