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Abstract The gastric cancer incidence rate is the highest in East Asia and South and Central America. The rates are particularly high in
Japan and Korea, where gastric cancer is the main cause of death in men, and in China, where gastric cancer is a leading cause of can-
cer-related mortality. Presently, the 5-year survival rate of advanced gastric cancer is estimated to be approximately 5%-20%, and
there is no effective treatment. Immunotargeting drugs can reverse the immune escape associated with the immune checkpoint path-
way, thus changing the treatment strategy for patients with advanced gastric cancer. As a humanized IgG4 monoclonal antibody de-
signed to bind programmed death-1 (PD-1) and block the interaction between PD-1 and its ligand, nivolumab was the first immune-
checkpoint inhibitor approved for gastric cancer in China. This drug made a breakthrough in the “shortage of the posterior line” in the
treatment of gastric cancer in China. In this paper, the mechanism of action, clinical trials, immune-related adverse events, hyper-pro-
gressive disease, pseudo-progression of the tumor, biomarkers, and other aspects of the latest research progress on nivolumab are re-
viewed.
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- PAFE (trastuzumab ) B B 5 BAHT (ramucirumab ) |
A 151 2k 55T (pembrolizumab ) = Fh 245 %) F T & 4 10
1BIT , HH pembrolizumab F T &5 13 T & A e P
(microsatellite instability—high, MSI-H) & J#% /& & , 1
3K PD-LL P 8 9 B H =R UL BTy
%o BT, L9y JE HAT (nivolumab) S AR 1Y
PD-1 ) 500 76 48 18 Je 06 I 7 0 9 vb JUAS: S g e
J&,2020 4F 3 A [ 5 24 i W B BLR (NMPA) HHE 7
nivolumab T REA: #2532 33 PRl S Wb LA _L- 4= B 36
¥7 77 S MG I Y 52 Ve B e R o AR SO 48 iv-
olumab A /E B L I PRI | S8 AH OCAS R
i Je PRt e R AR e AR AR R A D T e R 9T
HEATERAR
1 PD-1/PD-L1 G543 ThRE SIERHLHI

PD-1 2 [ /2Pl 50 ~ 55 kDa iy T BUESHERERR 11,
JE T BT Bk R RSB . PD-1 i 288 24 Ak
PR A AL 35 DU AL S A M A I — 1>
AU gV A G kA B SR G AR B, R 22 ke Bk
Fa) FSCFAP , SR S N R S RS T IX., S N 5 R 2
95 MFRELLH AN, 40 3% PG A IR MK M e 2 AR5 5
Bp, PD-1TEZ R e A b3k , 4045 B 40 AN
NK 4, 25 T 400G 1L - 2RE e i S5
PD-1 46 AELR : PD-L1 FIPD-12., PD-L1 XFRB7-
H1 2 CD274 , AR SAE S5 (U TEN—y ) BRI T 72
JeE I IR EL B (tumor—infiltrating lymphocytes , TILs ) J
SEPERE AN - FA" PD-1.2 AR CD273 8% B7-DC,
FEAEPUR I A (antigen presenting cells, APCs) [
FiR"™, PD-1 T X T AT AZ A4 (T cell re-

1 nivolumab ;ATTiEEA B EAIIGKIIE

ceptor, TCR) ¥ 5 58, LA PI3K-Akt #1 Ras—MEK~
ERK P 25755 7 e A2 LS 240 A JoT S0 e, 3 i 41 )
BNEPE T MR ACHE ™ T PD-1/PD-L1 51 A]
LASR I 1] PD-1/PD-L1 {5 53l , 75 EEH LU
M2 A 4K (major histocompatibility complex , MHC )5 Tk
CLARAE 1 TCR SR 4 &, W0 T Ik AT i
WL, SR B g A AR A Y H i
2 Nivolumab 8 XIIE KX I

PD- 1 #J1 #| 5 nivolumab +& — P % i+ H T 45 &
PD-1 - BH Kt PD—1 5 HC A 8] A0 B T 09 54k
eG4 g FEHTLIR , RERE IR PD-1 41015 538 e 1%
PSS ] e 2R A B o B XS% 2  AE R A
KA I LI P RN Bas WK 1,
2.1 AT

ATTRACTION-02(ONO-4538-12) J&:—T A |
PR U TR R0 AN R
PHE, o 80% 1) B i ALz = M D 3R
IT o PIAERETTZE 5 R , nivolumab 2 522157 4H B &
AP AL 0S 7351 5.26 1S H 414D, 14E 0S #2535
H27.3% M1 11.6% , 2 4F- OS 24351 A 10.6% 1 3.2% ,
nivolumab ZH S LGP T LB, HTIZER,
H AR 5 ] 45 [ RN b X HEVE nivolumab FH A7 ALIT
Jr BRI FT IR A M Bl S R e B R . AL,
CheckMate-577(NCT02743494 ) J&2—IF I EAE R 2 o
O BCE | MG RS , 23080 1Ak 760 151 5 e AR5 i
& BN SZ nivolumab B BRI BINAY T HURCR , F2
25 2 0S 50 A (disease—free survival , DFS) , %
T RS R AT

RSN Jilk A SRR [/SEEHHIES FELGG RE
S B )

ATTRACTION-02 I 480 =PI E nivolumab vs. ZRIH BT e
CheckMate-577 | 760 B nivolumab vs. T/ SEAEY Tol A T
ATTRACTION-04  II/II 680  —% nivolumah+SOX vs. nivolumab+XELOX B T
CheckMate-649 I 2032 —#k nivolumab-+ipilimumab vs. nivolumab+XELOX/FOLFOXvs XELOX+FOLFOX  S/EA7M Tk AEAE M5
ATTRACTION-05 I 700 B nivolumab+E5 N EUXELOX vs. 228+ I 4U/XELOX TE B iz
CheckMate-032 /1 1131 —% nivolumab vs. nivolumab+ipilimumab HMEfHE #A5h
NCT02864381 I 144 % nivolumab vs. nivolumab+andecaliximah BRI eI

NCT02999295 /1 46 “HKLIE nivolumabtramucirumal JeiHt A A7 eI

REGONIVO I 48 =ZJLLE nivolumab+regorafenih Jeilk A #15h
FRACTION Il 600 —% nivolumab-+ipilimumab vs. nivolumab+relatimah FMTMR TR T
Abs352 /1 43~ Nivolumab+Ramucirumab+4 5 HMENRHR TEH

INTEGA i 97— nivolumab+trastuzumab-+ipilimumab vs. nivolumab+trastuzumab+FOLFOX A= 7EH) Hfh
Moonlight I 207 —% nivolumab+ipilimumab+FOLFOX vs. FOLFOX TeH A s
CA224-060 il 250 —& nivolumab+ B0 #fl+relatimab vs. nivolumab+ BV B PAreh
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2.2 nivolumab BEAALIT %

ATTRACTION-04 (ONO-4538-37) #f 5¢ & 1 i
fii nivolumab Bt & — AT IRYT MRV B 9 972807
S — o e — AL F AR, 5 R A
SE—TRENL OBUE CZRGR BRE . B RTA T A
R RIS EE — oA 39 i A Bz T Al (e rh
21 5 nivolumab+S0X ; 18 #4i] nivolumab+XELOX) , B &
% 2% fift % (objective response rate, ORR) & 57.1%
(95%C1:0.34 ~0.78) , J& # 9 76.5% (95%CI: 0.50 ~
0.93) , H; To 7 J'é A= A7 (progression—free survival ,
PFS) 43 5124 9.7 4~ H (95%C1: 5.8 ~ NR) 1 10.6 4~ H
(95%C1:5.6 ~ 12.5) , 45 3 3 B W0 2 14 R 1k 214 e Y
ORR FIPFS, if 52 £ R 4f-

CheckMate—649(NCT02872116)5 ATTRACTION-
05(ONO-4538-38) W 2 IEFESEA T P IR & S ey T
WF5E. PSR AL ] R R A S R AR 2,
AAZ A TETF CheckMate—649 £ 4 BE: R FE 3213 248
BT AT R 00 W 0 Bl 5 B 1 1 i SR T AT -
TRACTION-05 2N A S8 35 5 SG iR 52 D2 =B RS
R ZERAR . FrE EEL TN 0S, 58 FEL L
WICE KA (relapse—free survival ,RFS) .
2.3 nivolumab BAHE MYHYT 7

nivolumab JX G [ 25 W6y 7 SR E Jr ) B IR T GE
BT g S A% (tumor microenvironment , TME)
LIRS PD-1J752L. HeHh CheckMate—032(NCT0192
8394 ) J&—Tiji nivolumab A VEA BT (ipilimumab ) 1A
IT R A RS B R AR ST . BT ALY 160
141 F & Bl A% 57 nivolumab 3 mg/kg (59 1)) 5% nivolumab
1 mg/kg+ipilimumab 3 mg/kg(49 f51]) 5% nivolumab 3 mg/kg+
ipilimumab 1 mg/kg(521]) , 455 7R PD-L1 FEE B
o, BB 341 ORR 4051k 19% . 40%123% , 1 4 PFS 3R
I39H 8% 17%H110% , 1 4F OS 25351124 39% 35% il
24%. 2T SN RAFBIATT UV FEA BT
RS TE] RS A AF ] . Chau 28" % CheckMate—032 5
Flatiron Health Z(88 52347 X6F L AT , Pk il ge At
FELS SR AT A AR T — A HESR, J5 1]
it SORAYREA B IMLANESS . 735h, NCT02864381 /&0
P nivolumab BEG andecaliximab 16 7 I B 5 3520
ZUrh TR A RA K RIBTSE , 4 5R s PD-L1 P
HE T AR 4 CDST U4 i 55 T nivolumab
FAIHIZSA, CDS T A A IN=300% 1 & PFS AL,
FE7R nivolumab AL [ 259167 7] 2028 TME T 3556
PUMRERCR

NCT02999295 (Abs129) J&—3i 2 > . 1 /11 1Y)
I PR3 56, B 7E ¥F 4 nivolumab ¥£ & ramucirumab
(VEGFR=24MI57)) HI T — Ak 7 2R A AS mT DI B

W5 e i B i BB TR, A5 R R R R
# (disease control rate, DCR) SN 62.2% , ORR N
26.7% o feh W Je8 28 7% £ faf (tumor mutation burden—
high, TMB-H) ZH % 1 4F OS 3%}y 70.5% , PFS & )y
23.3% , i ith9gd 2725 171 fif (TMB—low , TMB-L) 2155 1 4F
0S R 46.7% , PFS 2k 0, $5 7 i 28 748 17 fuf it 5,
B 0S M PFS [ #i4f . REGONIVO (EPOC1603)
WF5E > A X 22 =28 K DL BIRTY HAR MY
A J5 #2 %% nivolumab BX A i X 3E JE (regorafenib ) i
I7 o RMFIE o0 R R R 2R (T, de AT 22 751 ) Al
YR P2 2RI T RO BT B . A4LE
St FROE A8 ), 1 4F PFS &R0 22.4% , 1 4F- 0S Ny
55.3% , BL45 AT RE S “V8 B 7 A BRI YT R AE
. FRACTION-GC j2&—WEFEH AT A FF R L by
WFFT , AN2H B3 T5 42257 nivolumab BXE relatimab 8%, ipi-
limumab V677 , 24 52 ORR 5 DFS, iz 58 1l N
P 1 ) B s R BRI E BB T TR
2.4 XU S s REBUIRIR A ALY

2020 4F- 3 [ i R g 27 23 (ASCO) A 23 b A A
i) UMIN000025947 (Abs352) Bff 5% LA nivolumab B &
ramucirumab K S FZEE(PTXOAE R ] B 68 1) — 23897
T, G /R ORR H37.2%(95%C1:0.23 ~ 0.54),
61> H PFS % 46.4%(95%C1:0.36 ~ 0.56) , 18 > 0S
FH32.1%(95%C1: 0.18 ~ 0.47) , BeA 7 Z il R 3545
R A e, 5340, INTEGA (AIO-STO-0217 ) BF5% 2"
T AL 22 SRR TGRS, &
TE P Al nivolumab I trastuzumab B¢ 4 ipilimumab %,
FOLFOX J697 N3 Bz 4 K H 132K -2 (human epidermal
growth factor receptor—2 , HER=2 ) BH4: 1% B 11 ol 44 R 14
B M ER IO R A%, IS A 2 B4 2 OS,
HRVEAR IR YT 7 S0 A PR 52 M AR 45 5 ]
AT B AT 1 753)2 . Moonlight(AIO-STO-
0417)5 CA224-060 kI IE7EHEA TG RIS, B 7E
VAR ARSFIR G BB s R LA TR B s k. PR
TG0 A 41 E 275 HERS HER-2 PHPIRZS , Moonlight
5T B 2 = A 4 Hr (intention—to—treat , ITT) A
T PFS, 1Ml CA224-060 W5 = BLA 5 2 Fe kbt 41
A3 [H -3 (Ilymphocyte activation gene—3, LAG=3) [H4: &
# ORR. IR BRI G I REE Rt — AT
3 BREMEXTREH

Chen 55 2 JF 5% $R A8 G 2 K A A5 47046 551 (immune
checkpoint inhibitors , ICIs ) J&57 BRI B 9 S AH R R
A4 (immune—related adverse events , irAE) ff sl & A %
41 56.8%, —Z VA I irAE KA 14.6% , e WA
R A 57 (14.1%) JEFE(10.3%) 25 (9.8%)
15(8.2%) HURBEDIREWGE (7.0%) VEAC R (6.1%)
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Wl (5.7%) 5, Alsina 55 > BT K S5 Pl
9 iR IR 1Y & (HRARIRTT I 32 1 R AT .
ATTRACTION-02 fiff 5% 77 EL 11E 5 nivolumab F T4 77 R
301 9 LA e R 2 A ST R nivolumab 2145 39
1(11.8%) VZEGRIEA 7141(4.3%) KA =240 FirAE,
JAVELIN #5844 A 151 515 53%52 avelumab 437,
Hor 89141 (58.9% ) i 3 HIFR irAE, 15451 (9.9% ) He % k&
=20 irAE ; KEYNOTE-012 BF57 > gl A 39 1] 2
F 3% pembrolizumab 1797 , 26 511 (13% ) 234 H L irAR,
B WA R A 157 (18%) A5 (10%) | IR AR
DREIHIR (13% ) B HE0R (13% ) REFE (13% ) 55 ;
NCT101693562 iff5¢ > gl A 151 il #4552 durvalumab
BT, 5011 (33%) e R ir AR, 11 161)(7% ) i i =
U AR, B WA BRI R955 (13%) 2 (6%) |
KI(5%) B> (8% ) JKI:(5%) % . 1CIs BN KL B
P SAORTHE Ez BBER B, 2018 4 ASCO Il IR
SRR R BT 1T 2% % DAL BRI RS I (e D R
[ 2 AT /D ir AR SHEYTT IS
4 BEPLERER SRR

nivolumab HPE VG 1 B2 H A R hn s A= 1< i e
i, ARYE SR SO A R IE RECIST (1.1) , AT
59 (hyper—progressive disease, HPD) % X i P4
H P e B o E IR TT BTG IN S0% , 1 J ok B 1 i w5
DL b o Sasaki ZFPHFSE K IR, 28 nivolumab 3597 5
1] 8 98 HPD B E H 7 0S(2.3 4 H vs. NR, P<0.001)
A PES(0.7 4~ H vs. 2.4 H , P<0.001) B B 4K T
JCHPD &3, 0] HE 5 nivolumab 3877 )i H P67 4 Jifd 46
X {H (absolute neutrophil count, ANC) Fl C— 5 i 2 [
(C-reactive protein, CRP) /KF-F+ &4 2 , HARHLH] i
AN, AN, ICIs IR YT R AR i R A 2.8% ~
15.8% 834 H AR AR Je ', 5 9 B oA AH DG B 4l
TR 1A T R R R IR R 12
TRERRIRYT 3RS , 24 CT B PR, R
1% 1 JE nivolumab {67 H Ik, (ARG % & 2 B LI
B RIS o Ogata 25 DN Sy A1 3 Ji 2 b e
L2 rp T 41 3R S 1 K b SR BB LA K e s B N T
EAT IR R A KB AY . X T X Fl B0 A4 E R 41
JRRE AR, A RIS IA R AT WA S o BT AT FH 2 R
PEFTRFEEIG RS K Bt
5 SEYIRRES

B AR AR WA AR 0 R B B T g Ao o
AL YT RN P4 . — T 953 451 v [l S i 8
YA EYIZEA T R, TMB-H B i 35%,
MSI-H & 7 4%, PD-L1 ¥ 34 #8345 (5 3.79% . Hell-
mann 22 HF5E &I, TMB B LIFE M nivolumab 7 R4 TR
W bR, TMB-H (10 1~2848/Mb ) f8 5 i,

T AL H S PD-L1 £AKFE T K. FEE,
Cristescu 55 WF5Y & B, TMB XA T 4 A 5 PR 8 38 1%
(gene expression profile, GEP) B {E >} PD-1/PD-L1 41
il 70 B 7 AR S R i iR 1 AR A AR

MSI BE AT LA i 5 PC 8 & (mismatch repair, MMR )
FHOCHED (F4% MLH1 MSH2 MSH6 1 PMS2) &35 /2,
AT PR Bl e H R A 2k S BUE F e
FER FEAR IR FEBCIE 52 B (d-MMR)
Jifrsgg £ 0 PD—1 SR A4 1 24 SEAEURE™ . Sun 550
160 {91 B i A 7 EA T AR AR RS A D 3B 2 30, ST
JEAFR PD-L1 BT G HH BUA i T HABE R (P<0.010) o
Vrana 55 AN ANE LR BT, B e 825 v MSI-
HRARZAR DB TS R

EB %% (Epstein—Barr virus , EBV ) R IRIAE A [
R TR RGN 5.39%  ZEAREATHTAE IR RIA Y,
EBV FH1: X MSI #8352 PD- LIRS Ay 70 3222
foE# . EBV IEGLMYR EA R 73 FRHIE: ARIDTA
J PI3KCA 78745 .CDKN2A JLER A PD-L1/2 1 J 3k
A Kim SIS R B, ARIDIA (9% 2% 2 EBV [H
PELLL PD-L1 FHTERSE N Z . PD-L1 RIKAIHLE] AT
AE-5 EBV 3 IR 58 -1 (latent membrane protein—
1, LMP-1) A4 y(IFN—y) £ 5, EBV 1] _EiH PD-L1
35, De Rosa 55 “ W58 B, EBV PR B 9 A&
# PD-1 FHPEAHNAE PD-L1 FPEAH1L . CD8 TILs ZHifI 4
5 T MSLAY B8

FIATRIEGE SR e AR G E R 2 L (tumor—
associated macrophages , TAM ) S H M7 41 it 5 9k T 40
Jitd LE {8 (neutrophil to lymphocyte ratio, NLR) 7] £
nivolumab J& 7 ML B I TS 2R o FRPEER G 04K
(combined positive score, CPS ) ¥ Jif J& 41 ffg 5 4 2 41
J b PD-L1 Fh B B — A — g pF o, EIE
SAE B IR A —E BRI Y A B b
J& DNA (circulating tumor DNA , ctDNA ) ]33 AR A TS
Ko T T A ) 22 A S5t AR A 1) o e 2
Wobri&s e i Rk — 2B
6 4B

AR, 227 B AT A B (multiple disciplinary
team , MDT) F 242 15 15 g g F8 5 S (I B 4= g 4>
PEALRIG YT 7 58, Hoh ety 7 2 81 2 6. &
BRI N nivolumab 167 15 96 1Y I RIS (B 7R )2 TF
J& AR RAEIIRR T T4 R 1 IR [, o 03256 T2 B
Z e B )5 A, T SR R 28 RS TR A A A
PSR DTl B 1) 25 ) BT A S R U o IRFT R T
925 K PR 6 38 5 IR TR A B8 22 TR 1 DG 3% i DR 245 1sf
K e S S e S N R 3t A S T P A 5 SR L, O
LRI b bR i Jre K Al it JRe A Al 4 1) 5 Ak
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