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[ Abstract ] Programmed cell death protein-1 (PD-1)/programmed cell death-ligand 1 (PD-L1) inhibitors and
PD-1 inhibitors plus chemotherapy combination regimens have been widely used in the first-line treatment of advanced non-
small cell lung cancer(NSCLC), but patients with low PD-L1 expression have limited objective response and survival benefits.
Existing treatment regimens are still difficult to fully meet the clinical needs of patients in the real world. Therefore, researchers
are still exploring novel superactive treatment options to further improve the efficacy and survival prognosis of different sub-
groups in NSCLC. Dual immunotherapy [such as the combination of PD-1 and cytotoxic T lymphocyte associated antigen-4
(CTLA-4) inhibitors] has shown considerable long-term survival benefits in a variety of tumors and has also shown broad
clinical prospects in NSCLC. In addition to exploring different emerging combination options, how to accurately identify the
optimal-benefit groups through predictive biomarkers and how to effectively manage the safety of combination immunother-
apy through multidisciplinary collaboration are also the focus of dual immunotherapy. This article reviews the mechanism of
action, research progress, predictive biomarkers and future exploration directions of dual immunotherapy.
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i) ) FE R SR A | A5 e TP e
JEBL T RDULA I AT AR 5 o I RATE 5 2 HIE S XU
BERAIAIT AENSCLCHA ™ I LT A5t o AR SO
PEWE BT VR DL AT T 1t e LK 7 3t b i
YE—£iik.

1 MR ATATTAERHLE

PD-15CTLA-4[R)J& Sk £33+ HAEFPLEHIA
[7], E AR5 S 4 AR ) B BT T 20 0 1 3 A 2 4 67 e e 4
YEFI®, CTLA-47] 26 HA T 4 A A Bl i A6 o B BEL 1T 40
JL S S N ThAE, TPD-17E Gy S 07 A S P
TIGAETHIM, F0HIT AR TS AL R B S A . ST
7R, PD-1IHIF 5 CTLA- 44 70 A6 A IR A AT B i AR
T, A AR 376 378 R A A B R FH B AN R
HHA NI, A 28 D e R R A i FEEC DS T4
JieL B3], 358 o A 0 T 4N A A7 BB (L $E S P C D8
FNCDA AL ) 57, A7 BT A AR “ I 2% LA A
G, — PR DB B IR YT B AR IE T 240 M 5 A oM 1 1
BN 2 5 Sy — 0 A AR T 20 MR TS iR A A T Ak
CDS U 20 TR AR . A RESE T AH AT il 75 9% 55 RS
AR, H TAERCR R s 2B R AR, PR, Sy 4
TR AR ST 200 60 ) 35 A 7 200 P A i 2 T AR R R
R A RN

Il R B2 IRIE SE PD - LIl 5 AT C TLA- 4 P SR 75
TRYT AT AE/ N RS L T Il 25 BRI R 00 52 R RN RS XU, A
2 K/ NEUAEAE ] (P<0.05) @, T HOVEE LRI AT AES
DRI CDS8 TANMIFICD4* TN MR 2 B RIS (55
25 TR Bk 25 L, TR AR LIS i P<0.05) , A
T AL e e 28 507 )

2 WMREIRITEENSCLCHAIR A

RARPEIRIT )T %6, EZIEPD- 1IN R R bt
(Nivolumab, N ) +CTLA-41I5I55 DT AR Bdrp (Ipilimumab,
D) BB 7 R AR HINSCLCRE U AR AR 25
2.1 BWIFERERRITIT ?é:J:Nivqumab'—ﬁIpilimumabE"J@é
BHATRRES TROZE PO (21ECA209-004,
CheckMate 067, 06955) , I #RE M TECA209-004
(n=86) ‘& /R Nivolumab+Ipilimumab [ i 5 2 J5 297 3L
3 FIpilimumab . Nivolumab)¥ 51452y, 16 [H] 7 5
AR HZG G 77T, 1 mg/kg Nivolumab+3 mg/kg

Ipilimumab (N1+I3) . 3 mg/kg Nivolumab+1 mg/kg Ipilimumab
(N3+11) F13 mg/kg Nivolumab+3 mg/kg Ipilimumab (N3+13)
2 R R SRR (objective response rate, ORR) FlEIR
IRA REEIL U, ORRIMIHS3% ., 409%H150% , il R
ARSI HNHR65% . 73%H183% ., (HN1+13 N3 +13 )5 A3
UL FIRIT RN R S A A0, 3 s B A T i
R i (N1+I34 : 3P A RS . 3 INFE 2B/ 4
HU BT TR 251415 N3+I32H: 3/65] B4 1T L3444
YN Wi ACE- T ARG ) =3 ) ), 1 S5 Byl PRAIF 5T
M BESEHRZR T Nivolumab 5 /)N i Ipilimumab 7 H: 7 il
MR I 5o Ipilimumab e —FiIgGLIE AU 4 N IR 5 A
Pk, 2T AL G B A R P TAISME 20 A5 i 240
7 (antibody-dependent cell-mediated cytotoxicity, ADCC) i
PE, RZHATPD-1/PD-L1HIF TEADCCHEA], fEfLA
RICNALFEHU R, B —E R (403 mg/kgH ML)
JEAN B S T O B AR I BUAY T IR E e T
(22 PR, YRS B AP, Tilpilimumab iYL A2 4%
PR T A S W A DG
CheckMate 012fJF 50 H IRIRF T N+IMR LT &

097 AN TR R i 5 T RAEMEINS CLC - H i A 3L
PERI 2 b, BT IxAT S A R E TNSCLC/E#H
Nivolumab+Ipilimumab 5 fEBK 5 75 58 5 5t %5
PPER SRR B MBA S b5 T =Fh R 205 1 mg/kg
Nivolumab QZWE%%I mg/kg Ipilimumab Q6W (N1+I1) .
3 mg/kg Nivolumab Q2WHX 51 mg/kg Ipilimumab QI2W

(N3+11, QIZW) 53 mg/kg Nivolumab QZWE%%I mg/kg
Ipilimumab Q6W (N3+11, Q6W) , JAJT Ll BHIGHEIE . &
AR AN 52 )R SO0 SRR R TR S5 R4 /R N3+11
QOWHKHTJ7 58 FAT R U AR 32 P ELAN My 8 T H i
TR B A TN % )5 28T B AT — 5 S S SR A0
e R A RO R AR ARG, RN +T1 QoW R EAT:
P e e Js SR PRATT 5 1) 79 7 58020,
2.2 IHAIFSY TR SE CheckMate S68%5 ik /340 A T288
BIRNA R INSCLCE A, IR HEPD-L15% 3k K i 58
AR ffifnf (tumor mutation burden, TMB) X FE 1T T2
ST, 1897 %883 mg/kg Nivolumab Q2WIE A1 mg/kg
Ipilimumab Q6W, W5 T EA S JEPD-L1>1%<1%HE &
fUORR, W EL S T TMBNZIA Bk 4558 iR,
MR PEIT (N3+11) 7E SR AT AIORRIE30%, Hif
I7 I 5 AAFAED PD-L1219% [ 3 1 ZHORR K3 G
AL (progression-free survival, PES) ¥ 0T
PD-L1<1%HJE# (ORR: 41% vs 15%; "V PES: 6.8 1 vs
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2.81H) ; BTMBIYEE (TMB>10%€78 /Mb) i B E T
RTMBAIE (ORR: 44% vs 12%; FVPFS: 7.1 vs 2.6
A o BUGRPE T SN K RN -5 A I RATT 55 24U,
23 AIVRIT A A B A4 (treatment related adverse event,
TRAE) &A% H429%, 16% 1 EH K TRAEH RIS, (H
PR, 5HA MR AR FEENSCLCH CTLA-4F1/ 5
PD- 1 A 25 2800, DU RETRYT I R S5 yr At
AR B 2E SUak HE 3R 43, RIVBH 55 91 A4k T7 40 A= A7 Tt
JEAR T BRI AU SRy T4, (H AU SRy T 40
I A AT S 35 O Ak, LD A B 7 e ) A28 T
PR DRI, e B FLAE LU XU A R R4 T e 2% 43 B st

[ W Kaplan-Meierti TS B E A A7 (overall survival,
08) ], BUREERR A IRYT HILE R AR AL W BEFE ST 244K
J1 EAFTHIES0.

CheckMate S68TF TS5 — B4 WITEAL T XA 2ETG
SIS AT AT AT M, JF 58 T 38 BRSO S50 AR
o WAL A3 HIRIIRIEINSCLC A, 97% M 5E
24N R S 50 RS T U B BB IR YT (N, 360 mg,
Q3WHI1, Q6W) , TS Ft 26 M HN, >3 TRAER 45N
58% (21141]) , 22% (84 MY EH N TRAEFEUFZY, FEM
1R S 98 . I . Il 9 RO i o AU TR YT I
BT AL OS I L PES 43 1| R19.440 A FilL0.81MH, 14F
HIAERIOSHRIM BN 61% H143%, 14EFIAERIPES 51N
42%H124%, ORRM47%, 89% 14 K BB AR 10,

2.3 IS

2.3.1 SRS IETY (N+1)  CheckMate 2272 —JT
B BEHLITOW G PRAF 50 AFFEARPEPD L1 3k (219%5%
<1%) 532, 2R NBEE BN =41 : OPD-L1=1% A
B (n=1,189) : Nivolumab (3 mg/kg, Q_ZW) +Ipilimumab (1
mg/kg, Q6W) 41, 4J7 4. Nivolumab (240 mg, Q2W) 2H;
@PD-L1<1% A#f (n=550) : Nivolumab+Ipilimumab ., f£J7
¢ . Nivolumab (360 mg, Q3W) +4bJr4l. £X R A
BRI PA, Horb Bl B 5 28% , ARBH R
72% . 68%H L FHPD-L1K ik K F>19%. 78 A PEAk e 1 fir
(R, B TMBIN R 544% CBUTBE G 4 vs TRI7 4 :
42% vs 46%) o 2 BHVILE R 7R, PD-L12 1% 1) 5 W%
IRIT AR T AL TP 70843 A1 7.4 A R4 9N A, BG
VEITLHAET X s 2 {15219 [ XU He (hazard ratio, HR)
=0.79, P=0.007] 1), PD-L1>1% ARE, S EEATT ALY
HAY3AEOSHRANHIN 339 F1229% . EAGTE B, 16U s
TBIT AN IRTT RN B, 38%TE34E G A TRIT I
N, T — B3 LB e T R 4% BRAIRIT S

I 21 BB 3 T T R S R T ) 3 3 Ry 23. 2 RN 674~
Ho B, XTARIT R AR, SRAERAIRYT 2 i
AR

PD-L1<19% A\ FF A E 8 R BB DG o Joe i B 17 B[]
92931 HINF, PD-L1<19% 1B & AUREEIR Y 4R A 720
HL0SAr 51724 A 2.2 H (HR=0.62) [, 34E0S %
I3 1R 34% F1159617 XU IEER T 2 AR AT 90 i 2 il 1 A
T, 34%TE3AF AR LG M, AT 0%, X —%K
X TPD-LIFAME AR & E K, A5 A 5 AHFAY
UESE, FFRAREH AP TEALH

CheckMate 227 Fe B /AR A9 4 4F bifi 15 55 98 75 A
NSCLCHSHIE | N+IXU TR YT Ay W S g 28 i R i 45
SRR R A I AAF AR 25 08, XU BEIR YT AL ALy 41 ik
NBERI44EOS R3] 0279 F115% (A PD-L121% A BE:
29% vs 18%; PD-L1<19% A M 24% vs 10%) | 44EPESH /4]
F14%H13% | 44FZZf#F54% (duration of response, DOR) R
G11R339% F16%0), g LR T, e 5 AR
I A] U BETR YT AR 4, (L0l dms K8 8 A A AR LT B
i PD-L1219% A MEh, 85 5 AREHR 4 19 0S HR»
H280.68 CBUAREERE A 21 vs fEIT4L: 14.80H vs 9.2 H) Al
0.81 (19.41H vs 17.21°H) ; PD-L1<19% A B, 890 15 1%
B OSIHRAT 1 H0.53 (XU R A4 vs fBIT4H: 15.9
H vs 8.51H) #10.69 (17.51H vs 13.140-H) 18, Bk
Ui, JOIS A PD-L1K A s 2o Al , WA BETR YT
H B EHI44E0S . PESHIDORMHICHIAR #5 4R L A7 RS,

FETNSCLCH AU G IR TR A5, 20204E5 1, 36
Bt 24t W B R M Nivolumab % & Ipilimumab—
LM TPD-L1>1% 1A ENSCLC R H R,
2.3.2 AR AIARIT (FERIHEN+T)  CheckMate 817
STty | TR I/ TV RS, Sl A — N
¥ [RBEIRAS (performance status, PS) PF-43r<143, n=391]
FVEER ABE (PS=2/3 B PS=04-1/MEA A I AE M B,
n=198) FHEE ['Nivolumab (240 mg, Q2W[HEFI & ) Bt A
Ipilimumab (1 mg/kg, Q6W) f) ¢ A Y7 & o2l 25 i
7N, —NFERRR IR AR [ N1 2 AORRA I
36%M124% (HHPs=25r A\#FORR K 19%; PSTF43043-14)
PEGIRE ARE37%) , HHAIPES3 ) AS.8/NH F13.9/ H 20,
PR TMB IS PD-L1 3 A B R B A7 TR B 8 4y

(— B ABEFTMB210 vs TMB<10FPES: 10.97H vs 424>

H; PD-L1250% vs PD-L1<1%HJPES: 8.4 H vs 5.31H; 4§
TR ABEHTMB210 vs TMB<10/YPES: 8.3 vs 2.8 H;
PD-L1>50% vs PD-L1<1%[PES: 9.6 1H vs 3.941H ) 29,
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FEFEN+L 2% M SR E IR RS T %3 %
PERTHR . — M AT RGN FI394- 4 TRAEIN A& E3257 3]
F77%H135%, FEk NBEN67%F128% . 5 ABES 47229 il
15% R F I TRABH IRIAT 720,
2.3.3 WHRPEHAIRIT (N+1) +4LJF CheckMate 9LARFSY
T 2 BEFLITEIG R IT (n=719) 21, Lt
BCAHATT (240 R0, Bl 5 AT P i 355 5 it 28 4
FFAYT; n=358) FINivolumab (360 mg, Q3W) +Ipilimumab
(1 mg/kg, Q6W) BEA1LIT (2485 n=361) —Z3R)7
M INSCLCH % (JTIBPD-L1E ik f H LR ()7
B Sl Ve B T8 A H I A3 s, 5
FAARITARLE, BX G RIS 35 1K A H 9 0S (14.11H vs
10.7f~H, HR=0.69, P=0.000,6) FIPFS (6.8 1H vs 5.0~
H, HR=0.70; P=0.000,1) , Jf-i % 35 £ ORR (37.7% vs
25.1%) BRI, Bl E /D12.7 AR, BRATRIT S ALY
HEERTRAL0SSr 3 R15.6 T HAI10.90H (HR=0.66) ,
VOS5 63% F147% ; AL PESIU 433318 6.7~ H il
5.0 (HR=0.68) 22, LA /M /s, o & PD-L14&
IR Toie il BRI R, IRGIRYT I R I R
Rad, ARG BAATE TEPD-LIFAE (219%) 4,
BeA 4 5y 4 BB R 0S4 B S84 A Fi0.94 A
(HR=0.64) ; 7EPD-L1BAME: (<1%) B 4351k 16.84
AH19.81~H (HR=0.62) B2, BRS04 5 B AL 4 13
PR-4GEBTT R A R0 R A2 500 47 % F138%22

CheckMate 9LA fi B /A0 I 24 R 15 B it — 25 15
FE T ARPERR AT RS2 A A7 3k 25 23 TLie A PD-L1
Fik | gLz m ], SRS IR T 4 RS 2 4F
OS. PFSHIDORAM Y 3K 4 IR BEAFTE o AR A1k
J7 45 B AT AL I L0 S 43 3 R 1.8 Al Lo A4~
H (HR=0.72; H:HPD-L1>19% A #f: 15.8H vs 10.97H,
HR=0.70; PD-L1<1% A#¥f: 17711 vs 9.8 H, HR=0.67) ,
HPES/ IR 6.7 H 5.3 H (HR=0.67) , {i DOR%}
H13.0 1 HANS.6 1 H R,

REAEIR IR g 20 3RoR, Bl fo e in T o tuAeyy, A=
FEMZATAT I I 3E S TE L. TTiCheckMate LA 5
HOSHIPES A AA IR AE R RN SE 8 153, fif ke A AF
4 B A SR ), UG B 5 2 T BT AL 7 g D13 )
7L, RIS AR T A R AN R RN . BT
CheckMate OLARFFFE 540, 20204F 35 [E i 24 5 W B 4% 7
Ja It Nivolumab+Ipilimumab B &2 & A 16 77 1 45
NSCLCHEH —ZiRyres,

IEAh, BETENivolumab il 5 2203 mg/kg Q2W {240 mg

Q2W, CheckMate 9LAK 1360 mg Q3W, LUHE T lfi R A
ST 7 Z2 B Ia] 20 F 2, DT AR A T DRSS, il £
B/ SRz A, B R APE . WU ST R T —
AARTTNSCLCIWIm RAF 58 A R EE S 45 W3R 1.
2.4 BURIEBCAIRIT L &t SR AR L2
Ipilimumab B 24— 32 3] ife PR 125 VI ) B 05 S 7
CheckMate 227 f1CheckMate 9LAZS Z2 Wik AUl RAF 57 1623)
BIRIR, BRI SR IT £ A0)T T B AR EA R S 5 >
SYAN RN A= # 5 X BEALTT 2 25 Bl LACheckMate
22705, BRI SR T RIS T 2H 13944
PARITAHIRAN R N K AR, 435011 432.89% F136.0% ;
P PRIA ST AR SCAS R 45 245 10 SR 35 LA 43 ) A 18196
9.3%, A I A A7 Bl U7 45 SR P2 7R 3K 43 J 38 I A AR 3R 25
IERZFIFEM, AT A AN KR N 8005 24 fE S 1 4 4F
OSHH44% . WRATRIT ALY T4 3 A1 8151 (1.4% ) K61l
(1.1%) [BHE K EIRITHIEIET o ANFIPD-LUKF-BRH A
RFR ARG ERAREERL, HSREER—3
AR BIRYT i UL R S AL 3 B2 ik (R 2
G RN > 390 K A1 W) 3 49% H14.29% ) . NS (23.8% Fl1
4.2%) . BB (18.29%12.4% ) FUFAE (15.8%F18.2% ) AHE
ANRFAFOS; UG AT T 7 28 B H LA R R 0 28
— 3, SRR IR (AR GO0 N> 35 & A= 353 53] R 40.59% 1
4.5%) . NI (25.79%F112.8%) | HIAIE (23.3%F15.6% ) Fl
JHFRE (14.4%F014.49% ) 22, AT, BURIEREAIRTT A &
BRA AT I 2 R TR, BAE R IR vy it Bt v e B i 2
SRR A Do) SRR AN | TR . A AL B
D/ SNE A EREP I iON=SL VNS 2 & NEYFA v IIEG = RS
e DL, BRAS 2 RHERGERE IRILA 1 o2 A O
ANRFAE BN SR, SRR XA R &
A, BEATTHBR SR B AR T 4 A PRI

3 EYIHREY

145 N1k, SPERIT AR a5 AREIE AN BN, 5
o HE B AR ) AR T A AR SRR HE TN Y 7 R R R A A
#fo JCIREPD-L1FIE B sURTMB /IR T AT E 1
(microsatellite instability-low, MSI-L) B3, A 55 nlfie
MATEIES 7 I HE R e B3R T 3k 4. [HI, SR
YR S 8O A RS 2R G VTS 4830 7E )
I o T H XU 6 7 5 S e 2y B e e Ay T A
b AP AE 22 S WEASRTT . AR S E 5 1 ]
L7 W T RE R AR IR R 1 5 ).
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Tab 1 Summary of the efficacy and safety of dual immunotherapy as first-line treatment in NSCLC

Study Phase Study design Efficacy Safety Most common AEs
ORR PFS 0S DOR Any G3or
(%)  (mon) (mon) (mon) AEs  higher
(%) AEs
CheckMate | N1 Q2W+I1 Q6w 33 5.6 NR NR 73 40 The most frequently observed
012 N3 Q2W+I11 Q6W 38 3.9 - NR 74 31 categories of treatment-related

select adverse events were skin
(39% in Ipilimumab Q72W cohort
and 36% in Ipilimumab Q6W

N3 Q2w+ Q12w 47 8.1 B NR 84 42 cohort), gastrointestinal (24% and
23%), and endocrine (11% and
21%)
CheckMate Il N3 Q2W+11 Q6W 30 4.2 - NR 80 29 The most common treatment-
568 (p1) related select AEs of any grade
CheckMate Il Chemo*+ 47 10.8 19.4 12.7 92 58 were skin reactions (30%), and
568 (p2) N 360 mg Q3W+ the most common grade 3 to 4
1T Q6w treatment-related select AEs were
gastrointestinal toxicities (5%)
CheckMate 1]l PD-L1=1% N3 Q2w+ 36.4 51 171 232 772 35.5 The most common potentially
227 Q6w immune-mediated AEs were
Chemo 300 56 14.9 6.7 837 364 cutaneous (34.0% any grade,
PD-L1<1% N3 Q2w+ 273 5.1 17.2 18.0 757 270  4.2%grade=>3), endocrine (23.8%
11 Q6w any grade, 4.2% grade=3),
Chemo 231 47 122 48 781 350  gastrointestinal(18.2% any grade,
2.4% grade>3) and hepatic (15.8%
any grade, 8.2% grade=>3)
CheckMate lllb/IV PS0-1 N240mg 36 5.8 17 NR 77 35 Rates of any grade select TRAEs
817 Q2w+ by category ranged from 1.3%
11 Q6 W (renal) to 28.4% (skin). The
24 39 9.9 13.8 67 28 most common grade 3-4 select
PS=2 or PS=1

TRAEs by category were hepatic

with=1 selected (4.6%), pulmonary (3.1%), and

comorbidities gastrointestinal (3.1%)

CheckMate n Chemo+ 38.0 6.7 15.8 13.0 92 48 The most common potentially

9LA N'360 mg Q3W+ immune-mediated AEs were
ITQew cutaneous (40.5% any grade,
Chemo 25.4 53 11.0 5.6 88 38 4.5% grade=3), endocrine (25.7%

any grade, 2.8 grade>3), and
gastrointestinal (23.3% any grade,
5.6% grade=3) and hepatic (14.4%
any grade, 4.4% grade=>3)

*2 cycles of platinum-based doublet chemotherapy.
11: Ipilimumab 1 mg/kg; mon: month; N1: Nivolumab 1 mg/kg; N3: Nivolumab 3 mg/kg; AE: adverse event; Chemo: chemotherapy; DOR: duration of
response; G: grade; NSCLC: non-small cell lung cancer; ORR: objective response rate; OS: overall survival; PD-L1: programmed cell death-ligand 1;

PFS: progression free survival; PS: performance status; TRAEs: treatment related adverse events; NR: not reached.
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3.1 PD-L1 PD-LUJ5J& HETHC A 20 A G167 T 1
YR EY) . KEYNOTE-024 0158 Y45 R4 /R PD-L1%
ik (PD-L1>50% ) 9 35 4 32 00 TR 2R BABT TG 97 I 9 T
i 983 00 1V . 35 B 5 ; KEYNOTE-042F 58, i 75 5 PD-L1
F IR WA B2 A R SR AP TIR YT I A AR AR AR 22 O Tk
J7, MPD-L1ZIATE 1%-499% 2 0] (4 B & A AE R 3 A 54097
A4 06, SR, CheckMate 017828 FIOAKBFFT EIHE 7%,
PD-LUJFAETE T A s R PR B X BT A e 38307 1997 34
S T8 B T M R M) AR AR, IRPD-L13 A B EH A AT
& A Nivolumabzii Bl & FI| Bk FRATIG Y7 R SE 3k 45 (PD-L1
1 £ 3R e P Ay A a0 R0 24 B BB YT I ORRIAT
iK11%-20% ) 261, HAHLE A A A, {HHED T e A HoAt
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