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Abstract: The incidence of gastric cancer in China is much higher than that in other countries.
For a long time, surgery and chemotherapy have been the preferred treatment methods for patients
with gastric cancer. However, the majority of gastric cancer patients are diagnosed at advanced
stages and the prognosis of gastric cancer has been unsatisfactory. With the advances in molecular
biology of gastric cancer, targeted therapy has become a hotspot of clinical application, which has
successfully extended the overall survival of advanced gastric cancer patients. Following the suc-
cess of targeted drug trastuzumab—an anti-HER2 antibody, new drugs that block different key
pathways are emerging rapidly; however, almost all patients develop drug resistance during treat-
ment. This article reviews the progress of targeted therapy drug for gastric cancer recommended by
various guidelines and the related mechanisms of drug resistance, to provide reference for targeted
therapy of gastric cancer.
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1.3 PD-1 #2 PD-L1 # I 5

PD-1 (programmed cell death protein 1) H g {4
PD-L1 (programmed cell death ligand 1)F1 PD-L2 i
PEVRSY T 40051k . 7EME2H 200 24 PD-1 5 PD-
L1 Z55 i, e 91 2800 T 240 M 2 RE , DA T 49 1 e Ji
T8 SR SO, (e B R AR G PD-L1 AR 4% Rl ZH 2 3
K AL ATAE 2 iR P I R R A Y AL 2 40% 1)
B, I HLATRE S BUMR A0 B AT o0 AU B A I R
ok L

49 52X H 47T (Nivolumab ) 72 — g B2 6 £ 14 1Y 5¢
A NEAL TgG4 B v BT A3 11 500 7, BE B W7 PD-1
MR PD-L1/2 9255 K S T 240 (9 4t I
KON, B8 5 R H A B IR R YT 46 m ) IS 1 4 S
TR B =2 . —TEEHL OBUR 2R IR
I #4738 5 (ONO-4538-12 , ATTRACTION-2) %) | B HL 43
BiC 493 {5 £ 5 4 32 40 K BT (n=330) 5% &L ) (n=
163) . RSB AL OS oy 5.26 D H |, L g4
Ha14 N H . MRBHIAHEH 12 DA BTN
26.2% , M 410 10.9% . 330 4 32 ik A if
ST A 34 1 (10%) B 3 5L 4 PR 9T A
KA R 161 4l #2322 ny B & v A 7 1)
(4%) %1 T 3 90l 4 A R FF NI4T 330
i 35 v 5 ] (2% ) K& BRI 20 161 191 .55 vh 2 3]
(1%) BAEFL TIRITAH A R P 723X 30 LBIAE 5T
H, AEAE RS S R AR W] 9 R TT RE A — AR R
IYO7 % 0T B e E B A A i R —
750 11 399 1 PR 38 36 (ATTRACTION-4) ST 9E 4y 1T 44 ik B
UM N A BE VIR B M40 5 52 % 19 HER2 I 5 9 a0
BB A B 1 — 2R T I e R . K
IR X BAHTIR G S 55 A 2 T B0 R 0 % AN RE VTR 1Y
W 552 & 1) HER2 B 5 98 a8 &4 2¢ S 2L

A R AT 32 PR R B BT R

20 BT S W ) R IR T R e ALY
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1 790 =AY T 24 Wy B4 BB I TS DLk

R Y T 24 0 O e R B i PR HE e A
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ZUN ST, 3 KT 24 22 8] (4 X5 B 25 AR 75
A 580 TR Ay AR A5 P Tif 245 R R 2 H i e 8 e 2 AL e
220 B R AEAE S R Y
2.1 #i HER2 HiEKI M 25416 R A B A R

AR Z R AP E T HER2 FHAE F e 01 B
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A A 7] R

Wang 2525} M\ 24 1) HER2 BHM: & il 19
97 A RGN M HFEA HEAT T YNl 53 B7 , LR it 22 2k
BABTIGYT AR AT 2515 0, O 30 R S 119 0 228 T 24
FEPH, AT HER2 BHAE 6 B vk 15 98 1y 225 A% Tid
G I HLE] . S5 R R W], DL ctDNA Jy HE il iy
HER2 1A 48 i #8 DL 25 (somatic copy number al-
terations , Scna ) ¥ 45 5 5 4 I A — 50, M) HER2-
Scna FJ 1A i 2 Bk BB 24 M 09 48 Br A B Y
HER2-Scna 7 Tl Jit 92 Ue 46 FHi2E Je& 77 T80 00 T 1l 2% 9
IRBLIE K, A, 5 3L BE A B, K250 K ih
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W, MR AR 245 i & HER2-Sena T B, WF5E )G
iR 7R PIK3CA 9878 e e KAk 25 & h B35 W
£k ,ERBB2/4 B HJE G I Z Y HE A, A, NF1 %2
A5 B PR BT 25 7R RS AR N BE ST R AR ] T
E— RS, i HER2 B & MeK/ERK #11 fi] 571 52 iz
T b ZER BT 25 , B ERBB4-S774G 5878 38 A0 1
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Table 1 Clinical trials and guideline recommendations of targeted drugs for gastric cancer

Targeted drugs  Clinical trials

Result

Clinical guidelines recommendation

Anti-HER?2 antibody

Trastuzumab ~ Phase 3 clinical trial ;
TOGA[I.S—ﬁ,S]
Trastuzumab  Phase 3 clinical trial:

Biosimilar: SB3 NCT02149524¢

VEGFR-2 antagonist

Ramucirumab Phase 3 clinical trial:
RAINBOW®-?71

Phase 3 clinical trial .
RAINFALL?

Apatinib Phase 3 clinical trial'*

PD-1 antagonist

Phase 3 clinical trial;

ATTRACTION-416-3")

Nivolumab

Phase 3 clinical trial;

ATTRACTION-2=

Trastuzumab in combination with chemotherapy
can be considered as a new standard option for
patients with HER2-positive advanced gastric
cancer.

Equivalence for efficacy was demonstrated be-
tween SB3 and Trastuzumab. Safety and im-
munogenicity were comparable.

The combination of ramucirumab with paclitaxel
could be regarded as a new standard second-line
treatment for patients with advanced gastric can-
cer.

The addition of ramucirumab to cisplatin plus
fluoropyrimidine chemotherapy is not recom-
mended as first-line treatment for patients with
metastatic gastric adenocarcinoma.

Apatinib treatment significantly improved OS and
PFS with an acceptable safety profile in patients
with advanced gastric cancer refractory to two or
more lines of prior chemotherapy.

Nivolumab combined with SOX/CapeOX was well
tolerated and demonstrated encouraging efficacy
for unresectable advanced or recurrent HER2-
negative gastric cancer.

Nivolumab might be a new treatment option for
patients with advanced gastric cancer.

The Chinese, Japanese and NCCN
gastric cancer treatment guidelines
recommended : trastuzumab should be
added to first-line chemotherapy for
HER2 overexpressing metastatic ade-
nocarcinoma

Ramucirumab has been approved by
FDA to be used in second-line treatment
either as a single agent or in combina-
tion with paclitaxel in gastric cancer

Chinese guidelines recommend as the
third-line treatment for patients with
metastatic gastric cancer

The Japanese guidelines for gastric
cancer treatment recommend it as a
third-line drug for the treatment of
advanced gastric cancer
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Sre MBI BN 5 HER2 FHE 3L AR g A9 1 25
A K, Jin SF YN HER2 975 1) B i A JIH 38 6 40 i 3R
(SNU-216 \NCI-N87 .SNU-2670 F1 SNU-2773) 1 4= i
T 4 Z BB PIHR) MR . #E SNU2670HR F
NCI-N87HR 41 it & o A& I £ Sre BEf2 kT, Wire
SNU216HR #1 SNU2773HR 4 fitd & H W% A % B,
7 SNU216HR 1 SNU2773HR 4il g & H' , phospho-
FAK Fhi . & & JEAE N Sre 10 700 AT LA il 55 A<
FHR 400 3 1 26 1 S 20 e SR 4 it e i A% . Bk
K, Sre 5 FAK A#HEAE I W R #7541 AKT,
ERK il STAT3, 1 &% Je #£ Src #¥I% Y HR 41 i &
Hh SR A A B R R B TR A B AR B R D
il Sre AT REJE ve IR HER2 PHA4: frb 8 i 22 2R 40 it 2
PE A B T

IL-6/STAT3/Jagged-1/Notch FH 4 S 15t ¥ (1) 30
L5 5 96 A1 R v il 22 BRSP4 1 0 BR AR A o
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NCI-N87 8 ¥ 2t Ja % iy 22 Bk B0 iy i 250, Tif 245 &4
JLEL A b B 3R] 5T 2 Ak A e T 20 ) B R RRAE )
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fih % 17 STAT3 B3 . 1L-6 AYZKF & 2 38, 42K
UK 5l STAT3 % 19 1L-6 BEHUA ) T AR S5 5,
I A1, Notch 1 4 7 i 245 40 M b 5 35 5 5, W] A
Notch B & Jagged-1 FI Notch i [ 3& [l Heyl #il
Hey2 L8, 301 NI Notch 38 1% 0] FEAIC 1L-6 #%35
IR S Tt 245 240 LT 1 22 2 BBt i BB ME . STAT3 5
SHPHWOEER T 1L-6 5319 Jagged-1 F ik, A 200
il 7R Z R AU 2 A0 A, SRR T i 2 2R
BB T 245 40 b B R T

B4k, Pietrantonio 55 2 A% [ BE MR A4 9% 451 X HE A
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KRAS B 993 %42 (G13D and A146V),BRAF



FLH 2722 (V6OOE) , ¥ 2 5 Ml 2 Bk 5470 58 R PR it 24
L AL .

et HER2 PHAE B 98 £ 5 647 i Z R ik &
fby7 5 HER2 b nlfig kA8 4k, 74 —Zih %
HRRPUIRYTY RAEE RS, HARSEH T 4IBr nl e
A B A ROE®, Kijima 55 % A G THER2
PH A 5 98 i 22 2Rk ST AT AT S HER2 M 3RiK, dE Lt
et FH fe 92 2 2 Ak 27 B O JAL 2% A8 HOR X 7 )
F2 52 1 22 BR BTG 00 I 30 5 98 FR IR T R A S A
PR A FIGRIT Ja VI BR B A5 A 3547 T HER2 33k i F
i, Ferp & B 4 B4+ HER2 FHYE,3 6] HER2 %3k
B BHPEAE S B . FEIGYT IS 113 HER2 Rk B2k 1Y
B, AR E LA LR HER2 FHM: e 4
M2 A 5 —Fh B LU R HER2 B0 b7
2 L 1 R

Pt HER2 At 245 1) H B4R (o B9F 5 5 A7 B et
FEIMITE & . Mitani 55 SR T IEAETF & 09 H 1 24
Y1, an HER2 $iAk—25 91456 9% T-DM1, 76 5 1 ot
FEP R T R A APTIIRE IE  . Barok 45 3K
T T-DMI1 13 % 5t HER2 #i ik —24 ¥ 45 & W)
ARX788 %I HER2 PHPEZL AR 9 40 g %) T-DM1 sk
Y e A A . X T-DM Tt 25 9 B 98 4t il . HER2 B
P L 9 40 B RN % T-DML it 245 f) S5 ol 8 A2 firb 973 4
MaA KA PE T RS2 . ARX788 7£ HER2 FH M 3L R
s RIS R AR A KA YA RS H s T-DM TS 25 34
B, ARXT788 XAl () 5 4~ HER2 FHMEAN I R A
WY AR KA RIAE T, Horp 2 D E R R R4S T
X} T-DM1 fITfit 25, 5 T-DM1 At , ARX788 i & T
WE2MET-F M, T ARX788 A9/ LA T-DM1
49 /I BRI ) ) B 25080 SR T ARX788 7 HER?2
P 2L 5 8 9 R (AR AE T-DMI I6 77 1 (i) i
JE M EAE) T AL, 5 T-DM1 A [A], DS-8201a%}
HER2 % 3K (19 98 5F A 20 7, DS-8201a AJ LI il
N87-TDMR S F B i fif 983 1 A= K, DS-8201a Xt i3 J7
T-DM1 it 245 FL I 96 55 98 00 T7 AU AR AT

HG, X491 HER2 BRIt 25 UL B 54 A
WIR A, — 7 T XA [ A i 245 BIL ) SR Bkt X A 1)
fil TR Ty, Dy — 5 TR 5T ATTAS W T R B Y
HER2 $iik—2 W 245 G Wk 516 I 97 3k, A Bk
i HER2 BH M 5 9 £ 3 AR 7 e 4%

22 HOEERERAYHHANERLERR
VEGFR2 #8367 A AR T —F 67 7
0 5ok B IR YT AL TR AR A LA
AR JE {15 98 U ) PRS B4 OS B F e K, 4%
T, 5 T i 24 0 J A5 T 24 1) s B0 R Tk 4 7
P8RRI RIG YT 1Y BT . T3 2 b
T PR 1 B ] A A5 A A T 24 1 ) A PR
AR 3C A FHE BT R JE A 25 AL B b B %

A, — TR e 2 AT R T e 10 D A i 24 A
I [H ZAR A 5 2 W, Bl ey 25 JE S P i 24 1T g 5
NUDTI15(rs116855232) v £ Fl CYP2A7(1s73032311)
LR GEARAG S WU S MEBE IR - 1 (dual-specificity
phosphatase-1,DUSP1) & Jj 2 R — i 2 R BRS¢
BRETR B X DL, Fe PR TR AR Y BR 40 i rh & 1
(), LA SE R A DUSPL ##4% MAPK 155,25
HHMIIG A | o3 Ak Ak REIEORON | S | 40 BE ¥ R
JHT:, MAPK ZKEM 01, 4245 ERK, JNK 1 p38
MAPK, 7E 4 g s s f T rp e F 2R . s,
PR A58 2 W], DUSPL 8 2o 2 85 2 fk o 72 fff ERK
JNK 1 p38 MAPK 21 . £ —28 N2 | B RGP b
Jea b B A T A IR | 45 B i B b R, DUSPL 7K1
ThiE o — IV 505 Ao 40 i SI 56 3 A T b R JE T 24
6 20 HL b DUSPL 3B 50, T DUSP1 7E it 25 21
JIf H 14 2 38 oA AT 65 35K 42 40 6 X T b 5 2 ) R
o B e BUBME IR &2 R MAPK 15 5 K 16 i =
YL T 25 3 BT JE 5 DUSPL 9 il 57 75 23 ik
R A 0, ol {2 MAPK {5 5 2<%, 76 30 i
DUSP1 ik il 4 A AR A o i R 4 1 8%
YERT, W RAEBVR I 5 2 W1 78 B e 25 Je it 245 14 ' i
i fE MKN45-AR H,HSP70 3k W W ki, () 5
F) 2N T PN T BT LA B S R MKN4S-AR 41 i
HSP70 1Y% 1k , MKN45-AR 4f Jitg XF Bl 1 25 J& 1 1irf 25
PEBA R W HSP70 A9 24 35 J2 o IR Bl i 5 e i
M T EZ —,

MicroRNA (miR)-106a 25 B J# (1 & 4= & 4
i5, SOCS(the suppressors of cytokine signaling ) i 2
L 15 5 il B, AR IR R A — A C
SOCS & Fl—Arh e SH2 Z5 M1, , JAK2/STAT3 il %
R ST T SO M 5 Y A R AR, Tz
2 5%k R A & A, SOCS & 48] f i 2 JAK /
STAT &4 W15 7 7% 75, Guo ™5 T miR-
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106a-3p 7 B 025 Je it 2 5 9 40 A b i 08 2 AR
45 5 % B miR-106a-3p ¢ BT 125 e i 24 1) 1 95 40 i
H IR B I, miR-106a-3p 4101l 57 &K T SGC-7901-
AP S X BT 5 2 B 245 M L B O 3R A 1 R A
i 2 W1, SOCS2,S0CS4 1 SOCS5 J& miR-106a-3p
(R IE DR A 2E 1 SOCS PRI ER 1 %% T miR-106a-
3p HIHI 5 FE A SGC-7901-AP 41 g XF bl 1 %5 Je ifit 24
FIVEFT, T3 i miR-106a-3p 11571 AR A JAK F
STAT ) 2 Ak 7K F- 38 i, CTTITHIE 5 miR-106a-3p £
98 TP o ) SOCS R 4E i T Bl i B Je it 24, O
W% JAK2/STATS 5538

RE A i 5% 2 7R ,miR-129-5p 7F § % Ik & ik,
o FE I HOXC10 7E B 9 Hh s 2355, 1 miR-129-
5p 25 B BT JE T 24 1 43 AL R T A Yu
S USI S 86 6 B miR-129-5p 7E 5 98 28 4L ol 1 2%
Je i 25 40 i & PR IL T HOXC10 78 Hovh 2/ %
ik, [ it 235 miR-129-5p Fl#E Rk HOXCI0 nJ 14
5% MGC-803/AP F1 AGS/AP 40 i () Ak 24 B , WL
9Ot B Tl e R SE5 IR S miR-129-5p #E )
HOXC10 f F WK . MiR-129-5p i i T i
HOXCI10 #1 #] MGC-803/AP 1 AGS/AP 4il Jits % 5 |
&2 0 8 T A PN S G IE S miR-129-5p i 1
] 6 HOXC10 FEAR T 15 i 48 A % By i 25 & 1 it
2y, HOXC10 & 8 R 2 rh Rk i, A
It miR-129-5p i T 8 HOXC10 33k 40 1 5 48 40
L X6T oY 15 JE T 24

E AT, ST BT Je Je RAE 25 AT e 4 R b
NUDTI15(rs116855232)fi £ Fl CYP2A7(1s73032311)
LS RATBES 5 e Rt 25 /9 7= 4 . DUSPL,
HSP70 .miR-106a-3p .HOXC10 ¥ 5 35 159 ¥E i 25 A
O, AT L b A R IO A 4 s ) AR TS g 200 i X ]
B Je i 24 g H N TG RATY R S T ]
2.3 PD-1 MK MM 46 R AEEF R

9% & B0, 308 2o AR 3 U3 TR O 3 1 Xk,
AR (R SR IR A, T B SR n i KR AR U
/b XA REAS Bh TR0 R A9 S HE R, Sundar 455
HEI A I 30 )R 25 5 1 b 8 A 7 B vk 5 9 bkt
oA A R A B Ao T
PEIRIT S R B B L B — BRI (n=24) L 45
EZMRBPSIRE RN RS, A
NanoString - 5 XJ 774 20 2L A 3047 58 ) 8 1Al
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FHINZE 27 — BAA & — T 11 9l PR, A 432
IR BAGTIBIT (n=37), &R ERWIAEE — A 24 1
IR REA T AT 8 A~ (33%) HAT i A2 A B 1 A
(high alternate promoter utilization, APhigh), Jf DA it
K X A BAF Y R % (13 4> APhigh),
APhigh B v 40V i 16 1 (8% ) e A1 A sz I %
(42% ) F&A% (P=0.03) , APhigh 20 i) /i PFS %34 78
ZA T, SRR ST RR T S R TT A A
ORIV VRIS A S B ORIV R I I R=p g = WO REE 04
AL M, USSR 51 R B A G i AU 8l T
MR —2Ek

PG, Y LA ) B8 1 1 R A AU 3 1
VE e g ik s LR, 3k S8 1k i 9 m] BE XS BT PD-1
e PERG A AN BAT 250, S8 37 B9 A T2
T B AR A A A TS 24 PR RV TEPILR , W
BT B — S A T AR W AR A5

R B 1) B IR YT R T 24 BIL ) K Ak B D7 58 WL
2% 2(Table 2),

3 R E

AR, BRI B TR R R R IR T Y
I PN SMITE T IS A R HE e, AN W sl oA ofE B ) ik
Ao M2 BRAAGTRY IS HER2 BH A 988 28 W] A
ks, BLE MO 2 IAE) HER2 P B 68 i — 40
2y ,VEGFR2 411 f 57 T 5& = S350 A1 Bl ) 5 e 73 5i1) il
B E I M =AYy, B etk KA S
CAFFINESE . HAK B i6 7 45 i i 12 PD-1 91l
FRI A BT D W B B 2R, AR TR
T3l AR 4 ST TSP 25 5 ARAS PR 25 A B, e R
PSR I AN BRAR, 2 i PR T A gk 7 e 2R ) T A, i
0t 5 9 i 24 2 DR A0 A ) AN TR A RIS, A+ G T
ZYREDN Bl R B, — S B R AR 25 1 S 1AL AT
PAAE D B0 A= AR 5 ), i 8 52 4 N A 5 — L8 S 0K
FRVETR 25 B2 D], AT LA 52 PR 1 BEL IR 79 A 2
MHL [ SRR TT AR o 93 A, AN T B 11 4L 1)
Y 25 AT IR—25 W1 45 5 W0 o 18 i il SR BT Y
TP REHE, SR B8 245 1) 1 B 1l PRATS 5 ZEAR K A
I I, il PRI ESE , AN [ T8 ALAL T 254y, i i) J
BRI BRI B RAFEOR, 25 R s IR
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Table 2 Drug resistance mechanism and treatment of targeted therapy for gastric cancer

Targeted drugs

Mechanism of drug resistance

Types of drug Treatment

resistance
Anti-HER2 antibody
Trastuzumab®"  PIK3CA-R88(Q and E545K mutation Intrinsic  Screening of beneficiaries
PIK3R1-N707S and PIK3C3-T488A mutation Acquired  Screening of beneficiaries
ERBB2-S310F ,F364Y ,R678()) and V842] muta-  Acquired Screening of beneficiaries
tion
ERBB4-K1207R and W957L mutation Acquired  Screening of beneficiaries
NF1 mutation Acquired  Anti-HER2 antibody lapatinib combine with
the MEK/ERK inhibitor selumetinib
Sre activation Acquired  Sre inhibitor bosutinib
Activation of IL-6/STAT3/Jagged -1/Notch positive  Acquired STAT3 or Notch inhibitor combine with
feedback loop trastuzumab
MET amplification , N375S and R988C mutation Intrinsic ~ Screening of beneficiaries
KRAS amplification, G13D and A146V mutation Intrinsic ~ Screening of beneficiaries
BRAF-V600E mutation Intrinsic ~ Screening of beneficiaries
HER2 expression changed from positive to nega-  Intrinsic ~ HER2-negative chemotherapy
tive
VEGFR-2 antagonist
Apatinib3 DUSPI activating the MAPK pathway Acquired  Apatinib in combination with a DUSPI in-
hibitor(triptolide)
High levels of HSP70 Acquired  Apatinib in combination with low doses of
triptolide
MiR-106a-3p targeting the SOCS System Acquired  Apatinib in combination with miR-106a-3p
inhibitor
HOXC10 highly expressed Acquired  MiR-1295p restrains apatinibresistant expres-
sionof gastic cancer cells by regulating HOXC10
NUDT15(rs116855232) mutation Intrinsic ~ Screening of beneficiaries
CYP2A7(rs73032311) mutation Intrinsic ~ Screening of beneficiaries
PD-1 antagonist
Nivolumab®®! Alternate promoter utilization Intrinsic ~ Screening of beneficiaries
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