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L EFME,PLUXENBLG ST AR ESHR, N EEER, ML
RAEFIF, PEREANBFEAFELTSER, FPRBRMNEFLURES L
A&, P ERBE DRI E £ (CBCS) F4+ AN, ¥ B é 7 I 16 &
AN (CSWOC) FRAFHER, T AARBIANT FLERSFHEA
FRBR, T REMEEFERNF AN BLEEELS NIRRT R EHH
B EEREIREFLERSFTSERRMER, S RAEZHFT W2
FELERAFEER, S AATEHELLSFAIMRBELERALZA, A4
BFELIMMHABGERERLCER, S MABW LR BT LER ST HER.
2000 20k F ool EA R FUERESF R, HF LG — HAE PR HBMNBERAFKF XI5 R, A F
G GRS R Z R R RAT AR 2 BRIV B NS T e 2R, IRHASSATAREAL
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[WZE] e EILHAE IR AR B P732 18 2 (HER2) BUm HLH AR A 42 i fe it 1 HER2 #2 1i
JPRITE A, Bl angt HER2 B s ST A | i 2RI 1 75)  SURE S PEST I LA S B 254 , ik 26 259 iy
i H T HER2 FAPEFLIRE o B e BT I 2 PR Sy F AT HER2 SR 3G Y7 (9340, AR FIALH R i oA
LIS A R BRI 8 4 2 T 1y HER2 3750, SR 5 e aod ] 445 B (Fe) 5 S 4R IR TR 1) Fe 324K (FeR)
G55 AT FHUARMOBE A 40 R A H (ADCC) RIT AR B9 40 A7 WA FH CADCP ), Horr Fey 244 (FeyR) S
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AR ZEAN T ZEAN TR (8 G 22 PRSI AOR 22 , I LS T it 22 PRI RS54 , Tl 0 H: Fe B
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[ Abstract] Over the past few decades, an improved understanding of the carcinogenicmechanism of human epi-
dermal growth factor receptor 2( HER2) has led to the development of HER2-targeted therapies such as HER2-targeted
monoclonal antibodies, tyrosine kinase inhibitors, bispecific antibodies, and antibody-drug conjugate, which are cur-
rently commonly used for HER2-positive breast cancer. Among them, the monoclonal antibody trastuzumab is the cor-

nerstone of the current HER2-targeted therapy and its mechanism is to mediate antibody-dependent cytotoxicity ( ADCC)
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and antibody-dependent cellular phagocytosis( ADCP) through the binding of fragment crystallizable( Fc) to Fe recep-
tors (FcR) on the surface of immune cells after the fragment of antigen binding of the antibody recognizes the HER2 site
on the surface of tumor cells. Among the FcR, Fcy receptors(FeyR) are the main group of the FcR family. However,
because of gene polymorphism of FeyR in the human body, individuals with different phenotypes have different affinities
with trastuzumab. Patients with low affinity who receive the monoclonal antibody trastuzumab have poor anti-tumor effects.
And by engineering its Fc fragment through glycosylation modification and amino acid mutation based on the structure of
trastuzumab, the affinity and binding density between Fc and FcR can be enhanced, thereby improving the effects of
ADCC and ADCP. One of the anti-HER2 monoclonal antibody magetuximab with amino acid mutation in the Fc fragment
has been used in clinical practice. Furthermore, the antigen-binding fragments of monoclonal antibodies can also be further
modified to recognize different HER2 epitopes or simultaneously recognize non-HER2 epitopes, which increases the density
of FeyR binding sites on the surface of immune cells and then promotes ADCC. These drugs include pertuzumab and

various upcoming bispecific antibodies. In this paper, the research progress of novel HER2-targeted monoclonal antibodies
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for breast cancer is reviewed.
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FUREEE A 15% ~20% FFAE N AR KA
F-5Z 4K 2 (human epidermal growth factor receptor 2,
HER2) §" 4% ,HER2 [FI14% 5 FL IV R 2 PEH G, 25
MR R R R R A 2L AT R 2
REAHT R — R A 5L HER2 5 ) BA v B, Al 325
LI HER2 B LIS IO AE A7 ( disease-free sur-
vival ,DFS) F1 54 778} (overall survival ,08) . A 2k
22 HER2 PHPEFERL ML FLIY% ( metastatic breast cancer,
MBC) FJCHE A= 771 ( progression-free survival , PFS)
F1 OS2 il T BR B S — AN AR T AE 1A 7
AN TEAL BT, 2 55— B T 1697 FLIR R Y
AP B 1998 A E ORI IRAEUELICE, it %
PREAHT T w0 ] Tk 250 J7id 4, IR A
TR DAL AR YE . i 2k ByiC &0
JEEAE T HER2 FHPEFLIRER G T 7k . STl
ZIRFPTAIPT HER2 1697 A2 KA, AN TR
YEFAPL A A1 4E SR 4T HER2 2592 tANT5 , 04
FEmIAR R RS TR e REBTIA /N3 S R
FEA IR PRI SR S PP S iX 2y
Y B R EGE T HER2 BHPE LRI B i il
(BT W 0 S0 R U304 AN T i e, ) 0 s A2 O R B
FEEiE R, XA A METR AL ) HER2 B MBC 7E I
PR ATy I 75 BB FMER . A OB [l it HER2 fH
PR T REBTIA G ) 1) A R T AR, A 5 B4 AT 45 b B
(fragment crystallizable , Fc) K iJRgh& Bt (fragment
of antigen binding, Fab) B#25 B P,

1 Fe RTRMAUMUABT HER2 B igfEHK
1.1 7455 By 3%k (fragment crystallizable receptors,
FcR) M Fey 2K (Fey receptors,FeyR)  FeR J& HER2

FATEREHUIA AR T B — , H— R A s 4
FKIHIL, 5B Fo BAE A FoyR J& FeR oy
BRI —4, FEZF A, 40 FeyR 1 FeyR1l a,
FeyRII b FeyRITa FeyRIIb, HHt,FeyRITa(CDI6A)
F1 FeyR 1T a( CD32A) J&3iGi 32, FeyR I b(CD32B)
JEAIPESZ AR o B 175 5k e P Y S
AR S R TG A6 5/ (immunoreceptor tyrosine-based
activation motif ,ITAM) {35 %), 1 P FeyR W4 & —
MEZ KBS Z FR | 2L 7 (immunoreceptor tyrosine-
based inhibitory motif, ITIM ) , 24l $4: 52 1A F 806 1
SRS S G 2L SRS AL T . W
W FeyR 554500 Fe BLgs &, T30S 2R 520G
3y, FEAAIFEA - TP A0 M 224 T (antibody-
dependent cell-mediated cytotoxicity , ADCC ) FIHL{AAK
6 %) 40 M 7 A A (antibody-dependent cellular phag-
ocytosis ,ADCP) , FRINZ b, 102 5 41K+ 5kt
TS o ADCC FEf [ 48R i(natural killer,
NK) 25, 540 Fab Be 5 g 40 i 1 HER2
4555, Fe Bt NK AifIRHHY FeyR a 4545, 5 30
NK i % fie g 14 7% A L NKCAH OB RS AL R
REBGEAAL MR AN . A SMIFFE IS 10 22 2k
U FLBE AN AT LU ADCC ™ FoyR 2%
PRI 14 /N BRBE RO AL IR S FeyR TE1AR N A 3 By 470 i
ST . ADCP LR 2% 40l k2
RIS R AR S , B B RN, B W 20 i
AR KB FeyR, 5 ADCC i #EAH L, Fab
BS Mg a2 & 5, Fe BOm 5 B G20 i 2 T 1Y
FeyR [la &54, WO B 05 200 7 et e 4, 3 240
7] HER2 PR BT R 75— D B2 Fe /v SAE
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FABLEL . >k B et NSRRI B Ioheg A DG E g 24
Jifi (tumor-associated macrophage , TAM) &L g A] {g 3
iRt R , i TAM JR 301 0 3 5 g b AR e
SRTT, TAM 3K UG VEZ {& FeyR 1L a F1 FeyR Il a
AKTTs IR A R RE 1 o /N PR T
() FUIR I SRR ARL AT 5T, 308 4 S R 3 g ot 1A 6 3
EL WA A, R T Z 2R BT B TS P e T
TR B AN SR SE R S
PRGTIIPTIREAE T, 1L NK 4S50 ADCC 55
W2 S5 A S AN ADCP , 3 4t i 54
fife RN T L o 3K ST i AT AR B o £ 240 i
BT KB RE T A0 PP s
T AR NK 24 5 P 4 L R 02 32 15 s 48 L AR
SEMR AN M TE A , 25 T 0B B B T A0 i AL B i
SRPIER T L BUMRI SRR YE S ADCC I ADCP
R S MR TR S S AR o PR A
24 R 5 SRR T3 S B 52 5 5 0, DT 2 i g 47
Jritidh s T 40, 30 T 40 MR8 A i g 9%
BRIIE T o B ER BT B I S IR 40
f HER2 st ™ o BT 3 in HER2 50
TR E75 k(U5 B HER2 2 1 1 5053 Sk e )
B AR A A AE SR8, | & 1 TR S s SO Y
JE B, PR SRR FEE T 4n i st

1.2 FeyR 2351k HATC 2 AT & FeyR 1)
LM FEEAIERAE RS ™ FeyR Ta fil FeyR1a
ERLEER Z B AR AR AR S Fe BORII&
A AR, Frdd = EAFZAER ADCC Fil ADCP £,
5 FeyR Tal31R K2R ) Fl FeyR M alS8F (AN,
B2 ) AHLE , FeyR [T al31H ( 41 & R ) #il FeyR I al58V
(HRER) S3 % Fe HATEREIIER T FyR £
At 55T HER2 3677 AR % A ¢, CHER-LOB
IREGAE 121 Al FAR R HER2 BHM:FL A B % b
i T ARFIAGST 3 3356 G 24 il 22 Bk BRI B 2 h A
B e L R fml sy 1 A i 2 PR BT AL AR e 19T R,
BAAI T - Z 2R BT A bR Je AR 3 F I AT
WHISE 255 (pathologic complete response, pCR) 3k
BT FE X BB ¥ . [Fif CHER-LOB
WFE X 73 B E 1) FeyR MTa-158 JEPH AL 43 Hr 420
A7 I h Z R BT HIIAR JE 1) pCR Z2 48 = PR T
FeyRMa-158V #7& . #HELZ T, FeyR T al58F 4fi
GRS 22k hT A HIA R e 1 pCR A
BEWED BAN, —TiEHR] 15 FR I HER2 FHAE
FLAE B 1)/ NS ERFR R, 5 FeyR [T a-131R

A FAH L, FoyR T a-131H 464 T 7635 T il Z 2k
FURHR B YT rh AT B pCR 2 (P =0.015) ",
{HRE R —IER X} 26 1) HER2 FHMEFL AR B 552 %
T ZZBR BT BT i/ NS R RS IE ABI,
FeyR T al31R 4i&FRHALY pCR Z [HfE7E B &k
(P =0.012) RKGINF] 5 FeyR Mal 58 2251
B (P =0.590) " NSABP B-31 fiff5% i 7 it 22 2
Pt + 1 AT HER2 BHE 2L v] I3 25 i3 i
J& 2 o BRI 156 il sE s B ST K
I, FeyR Ma-158F 458w Z 2R Ryt as AR
[HR(95%CI) :0.71(0.51 ~1.01) ] ,{H FeyR Il a-158V
P H DFS 335 R [ HR(95% CI) :0.31( 0.22 ~
0.43) 1, S5 —THRFSE il 2R BT + A ERETT
HER2 [ MBC (N =54 ) i [a] P 43 B 45 2R 27w
AHEE FeyR I a-158F #7474, FeyR [T a-158V 4l & F
B GEAR 2 PFS LR ARSE ADCC 3R 2

1.3 BB Fe Bofi$t HER2 Hiht  ADCC LA
S ADCP fEHIRYsR 55 5 Fe BUMZSHIC R %Y, BA
WEAY FeyRIMa FeyR 11 a 454 36 F1 1 (B T Fe
B Z 2R BABTAE AR S LU B A 70 il 22 R L o A b A
S ADCP ADCC fEF™ i T il 22k st 5 /Ny
THALLEE 5 ek, RV A28 A (B 4n pH
TR FNAE P 3 BT ) AT e 23 R AT i — B I S 2L
HAwnJE RS , BN A0 56 [ A= 7 A [m) ik it 22 2%
HHLH) Fo BORi ML 2 22 57, X 3 AR
R Fe Bk 5 b A0 R 5 ith 2 2k e
(1) Fe 5 FeyR1la BA5G 8004 5, N33 ADCC
TEVEREAR, DLS Fe @iKor H iR i T Suth Z 2R bt
Fe 5 FeyR M a (25434, T30 ADCC {1 PE 3
I EHRTRTA SR BT R S ER R 1 G (immu-
noglobulin G, IgG) LAY, 7 H: CH2 Z5Fg 38 2 3L R
N297 AbEA —RSF IR S R AZ 045
I N-Z./kad Feri254 ( N-acetylglucosamine , GleNAc )
A g2 A, Horh S b B ] DI AFERE GleNAe &
B LB AR FRIX SE 7 — %5 4) . Umaria 25
RAT T H b TSGR Y Fe RN DRI R ER M E
it s Z —, HERPIFERERIL b(1,4)-N-Z 2 J
A R R T I ) b [ BUDP 52 ( Chinese Hamster
Ovary, CHO) 4 ifl R 3R 10 — 5553 GleNAc 3458 1 7™
1 1eG HLARAIEN ADCC {1, Shields 2 fry—
TRRIFFEAIE I A S B = (1) 1gG 19 FeyR Ia 25534 /0
T4 50 £, Shinkawa %7 FUEM], 5 8 %
43GleNAc B HTARAH LE , 5 0 i B P A B T K 2L
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& ADCC Thfig. shiR2EtoEv] LAUE BTG A b ik
PUIAF FeyR Ma 2 (3458 A BAE R HL], o)
A T FoyR a g 508 N162 &4 J0E, s
BB SR Fe S5HRIMIRKI G Y-k L &4
FHE AR, T s B s S0 = . HRl, A
B TRRPUR T ARALME , RiBT CD20 H s Bt i BRI
ZERHGTAPT CCRA B s REHTARBIAR R Bk b0, 7E
FLARIER R, B TR AL BT HER2 B o BT (AR 4 .
AR B A TrasGEX, B & —Fp N JEALHT
HER2 IgG,i#id GlycoExpress $EARIAT 2 a BME M
FEAV G, HE TR BT 1 4t gk R B o8 4 O P
% BRSBTS HER2 BHT IR 45 A HR1E . 2018 4F
Fiedler 25" #E47 T —I0 1 151485 05T, B E T
TrasGEX [ A3 & A1 11 AW 55 7 8, UE A TrasGEX
4 52 M RAT, I HLAE 50% 19 0] PEAk 85 8
7N S PTRE TEE . AE— T i B b R, 7R 1 1)
BA RN HER2 B 45 i 0 2ok i & v 7
HA P BE T R R T B LT, ff ] TrasGEX &
F ADCC #4310 ~ 140 £%°* 0 IB4 TrasGEX J54E7E
L T R, 75 100 IS0 PRI 4 —
R, 7EH [E, BAT1006 /2 —F Fe Bolii Ak
HREAET T HER2 FRgEHT A, AN fE 5 HER2 251
Mushas b3 1 454, BT HER2 5 35 [m] 53 % oAt 2
H [ AR 73214 (epidermal growth factor receptor,
EGFR)/HER3/HER4 ) | £ 5L RE M — FAA, 30 6l e
JRAEA A, I HRA ADCC HgsifER , H A EAE i
17 i PRiEs (NCT05414136)

1.4 Fe BRS040 HER2 By Fe Brad AL
AR S — TR ADCC ADCP fEFHRHLEN > . BF
FENA BT Z M7 AR AL 1eG Fe B s 5L 751 1Y
. ADCC ,ADCP %§ )3, Lazar 255 fi Fi 144 8314
oM R e Bt T — RN EA A FeyR JEA
F117) Fe 250K #fazg S239D/1332E i1 S239D/1332E/ A330
WA EA 1438 ADCC 15 PR AEA . Oganesyan 257
b T HA S239D/A3301L/1332E 52748 11 Fe F B
RSSO T 2R I A4 B K
A EAEHA] 23 Fe 5 FeyRa (255158, 1M
Richards Z&™ BFFEIER , % G236A F3in%] S239D/1332E
SARTA[ FE Fe 5 FeyR 1T a A2 G0 BEHE i 2238 70 £%,
FeyR Ta/FeyR ITb 454 Hed i 13 5, 3455 ADCP,
Stavenhagen %57 1] FH 1R 25 1 /R £ AR U A 4
F243L/R292P/ Y3001/ V3051/P396L, H: i 7% iy ADCC
PR R I 100 £, 2% Mimoto 257 i 1 76 £
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A Fe Z5R3h 5] AR R R L, it 7 2 A
AKIFRTREAL Fo Z5 R38R i PR As i, M fi] ik T
2451 000 MRRH-UEBIAEAN[R] Fe Z5443H 1234Y/
12350Q/G236W/S239M/H268D/D270E/S298A 1725 {k,
1 D270E/K326D/A330M/K334E (738 {kfifi Fe B
FeyR TalS8F (6 A1 3% it 2 000 4%, [m] i o5
FeyRMal58V FEFISIHINT 1000 245, XL Fe
o3k S FE IR AR S G Y HPTER At ARt i F I IR,
(HRAEFUE T, A B 2 Bt 11 T HER2
BHE MBC., #0522 R BB A R A 2 07, (ELJ: 7
IgG Fe g5ty 5 SRR, B 1.235V/ F243L/
R292P/ Y300L/P396L, S5 53475 V32 1K FeyR M a [
gAY, [ BRSSP 1 32 R FeyR TTb 945
AR IRPRATRIT TS 2 I , T 5 2 B HURA Lo i 2
BRPTEA B BT 1 M RE R AE JIMT-1 4
it L, 4 2 2 e HAb b HER2 HfA it A K il
R ST ZER TR L, T3 2 BB MRS
S-SR ADCC 72N FeyR al 58F % 35 [ 4 538 filt
B/ B HER2 38 2L s S AP R A i vy, Ey i 22
H PRI HEAT B A R oG Fe S5 A3 HAt A
e N T B NS 728 ot K T
Mo HER2 FHPE 2L 35 1) HER2 4 Sk 3d b 1
GPE RS PR A A s e
SYRITRIREAAR L VA7 5 MIRREAS R T 41 v
& HER2 H¢ 54 T 4 a4 1 HER2 R M iAok
SRS %25 T ik R A T o
HZ AT RO 20, 0 H B AT R AP gl
WEPE™ . SOPHIA 36 (NCT02492711) J& 4 (14
— I T 9l R s , 1K 3 45 SR UE B HER2 [H 4% MBC
SR AT A 2 AT S il 2 R A TN
FIFAHEERT DAk 3 PFS, Shilge i ir s iR %
i3 i ZER A GTRIAZBR APTIA T BT 90% 1B
WALZ A FESE (T-DM1) 3697, B35 Z H FRPr 4y
Hifi; PFS 2 5.8 4~ H Tl ZER A piel o 4.9 A,
{1 FH 7% 22 BT XU A1 24% [ HR(95% CIT) -
0.76(0.59 ~0.98) ,P=0.03 ], L Z& gl
HAZE SR R g ir 0S Sy 21,6 N, f ZER B4 N
19.8 A H BRI LR S35 3R 22% 1 16% (P =
0.06) , I3 %5 %43 B K 37% F125% (P =0.003) .
i SOPHIA 50 i 45 K , 2020 4F 12 J] 32 [E & i F1
Z5)E B R (Food and Drug Administration, FDA ) 3t
WET Dt ZE AT S50 B A AT HER2 BEYE MBC
=28 & =R UG IIIAIT . HRTCR A S 28 it
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1) 22 Tl PR 36 1F 76 #E 47 o, o MARGOT it 55
(NCTO04425018 ) #5 Hy 35 2 Hgie i I TR BBl B
657, e T~ T HER2 AP 2L 9 5 25 AR Ji ffi
FHEAZEE 535 28 FAHUR A I BR A  SRAZEE
22 2R BAHTHR S A2 SR AT AN R TR, H A
WA TEHAT .

2 Fab B¥UERIH HER2 B EHE

2.1 WHZEREPT  IHRBRFPIELIN LSS HER2 1Y
ARIRAL A M Z BRI Sr R AL S R4
P s S, A 5 SR AU [ 1 B A= B TG Fe
ZERIR T AR BR AP IEII S A HER S
54 (40 HER3 =% HERD) JE A HER2 — 2R 447y 1 L ity %
BREPTHE AR . ZERAB R AT il % ADCCH
2 2k BRI 2 PR St [R5 HER2 25 548 T
HER2 FHPEMIE AN | FoyR 845G A0S %R, B
T NK 4ijfi/-F: 1) ADCC F1E W 40 ffd 4 5 ) ADCP
Folhyeg SR a] REE L (EJR il 2 BR BT R 2
PRI A TEHE T 1 %38 HER2 i A\ KPL-4 Z| i
T SRR AR ) A B b 2 B I SR AR T AR T
PE X ALPFAUEE T Fe OMPERUN , B2 KPL4 2
JHT 22 2R BT BA 22 PR BT Y B ARG A E A
TR2GPE o H AT ZER ARG PR - 255 i 2Bk
U, 7z N TR B i B AT S A 206
y7 . CLEOPATRA Iif R 5%, #%F51 HER2 [HPE
L7 e 1 — R 1 Y 22 Bk BT DR BR R PUR
VRN B E T r PFS Sy 18.7 A H |, Tk HR4H Hy
12.4 1~ H ,#EK 6.3 4~ H ., CLEOPATRA filf53 45 d i,
Z VA BRI A Hh Z SR BRI Z SR T AL OS
57 1A H T2 PEAhFEEE G th 2 2R B4l fir 0S
1 40.8 A~ H[ HR(95% CI) :0.69(0.58 ~0.82) ]'*),
BT ARG R, FDA T 2012 AFE4E HENA 22 2k bt
5l 2SR N 22 P A BRI A TR E AR 2 52 it
HER2 J&J7 19 HER2 [H14: MBC 3% . J54E NeoSphere
I, Z2 VG A BRI A il 2 PR ARG 22 2R T A
pCR g w7 A 2013 4F FDA Jisk e 2
BREPTIA i Z 2R TRy TR BT, H
JEAE KRISTIN 1) T I ARG 40 v, TRl RS2 R 20
Wayy 7 %8, T-DMI BRG WA 22 BR ST H 22 2k A
P MAZ IR B RIT 7R, T-DM1 A E 22 2
FPTL pCR F0h 44. 4% , A RE & B0 BRZH 1) pCR
H(55.7% ), APHINITY AJF 53 #2715 i B4 45 R 1
SCE IR LA B PE R B 5 A2 e AR 1) S W] A B
AI7 AR 7Rl 22 BR BT AN i A 22 2R T,

HAR 54T B, Horbibk LS B e B s e K .
LA 2 BR BT 0 it v 5 2 BR B BT AL 7 IR 5 ]
TIRYT i 2 AU 1 HER2 BH 4 L L s

2.2 XURESREUA  BURRREBUR RS G T Rl
SERETUATIRE R S e TR , n] LAGS & AN [R]RE AR
BRAL, BURE S UAAT BTN =, B SR A4t
I Ie R B2 0T XU TR IR W) 8500, A RS HER2 FH 1
MBC i S f# Tk 75 %8, H AT HER2 XURR Sk 2R
PR R Z e E I R RTECE 1/ TG R
zanidatamab (ZW25 ) 0] [ ] AN EE 8 1) HER2 32
(LA SRR 2 F1 4) o 5l ZBRERGTAR LL, ZW25
FRPRF st X e 200 ML P S RT3 48 o, SR 1 s P A
T R, DA S o BEL IR G A A P R A RS A
AR, P A AT R A T D Pl A ] HER2 3%
S HER2 Z0RAfE ™ . HHT7E HER2 FHAEI 1]
FLUIE HER2 FHPEMIY] 5 8 4545 #8 (adenocarci-
noma of esophagogastric junction, AEG) £ i ] HER2
FRPE AR E g8 b AT I/ 135 i R0 ( NCT04224272
NCT04466891 \NCT03929666 . NCT05035836 . NCT05152147 ),
KNO26 i —Ff HER2 XU seEbiiA, HFTC 78 HER2
FRPE MBC Hrgg il 1 3 RIS, SR B Ry
i 52, RIS 7E 4 52 5k oK Ak B ) S o Pt g i
115 22 B B RN 22 R BB AT S Tk
A, zenocutuzumab ( MCLA-128 ) J& —Fh 41 % HER2
1 HER3 [ 1eG, A AR A ADCC %0 ., MCLA-128
) AR U Se B 4 T HER2, 285 [t 4 T HER3,
MNTTREWTIA S I 25 5 FME 5% T, iXFl HER2 F1 HER3
Y XU L ) i ] ARLGREAR & T HER2 Al HER3 53—
AT HER M 25 L], MCLA-128 (447t g 1 1]
5 ADCC 4511 NK Af i 30 HIEAEx
A HER2 FH i 88 ( NCT02912949 | NCT04100694 ) &5,
MR S AR F1 HER2 IR 3K 1 MBC i3 £ 4T
T 8916 PR3, 56 ( NCT03321981 ) , PRS-343 J&—FhxY
FrRm A E , e CD137(4-1BB) #1 HER2, CD137
ST R BE Rl T (tumor necrosis factor, TNF) SZ{AHH F
WA o BAESEZ AR AR AR R
HIEEE o, CD137 2 g St T 4i i bR a5 40
HUOE MR . SR, T A0 B ok 170
FROGM B FFEHE . CD137 A1 HER () 00 #E [ 45
ATRERE CD137 L T 405 HER BHA: i 40 i 55
AR O R e T Al R 2UE
FURGUMMRETE . 240 1k, 0 AH KT PRS-343 11y
I RHTIRE G R T ZE R . —JUEAE#EATHY T 4
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15 (NCT03330561 ) 1E7EPPAY PRS-343 7 HER2 FH 'k
SR v B R A% ) & ( maximum tolerated dose,
MTD) . J5—IUEFEZA T T b i35 (NCT03650348)
IETEVEAL PRS-343 BX A FITREER SAIGYT 289A 1) HER2
PAPERE RS PSS Y MTD 22 PR R0, e 1)
HER2 FiI CD3 (0G40 EX101 \M802 AT A ik T 41
Ji, 3% CD3 PRPEZHAEXT HER2 FRVELHAR AR5 255
FBEAMGRE ST, ] HER2 409 T ilEE 570 12
S TL AL 4 ( mitogen-activated protein kinases,
MAPK) K22/ J5 & R ( AKT) RO BER 1L, % HER2
FRPEZ R B A i R M 58 B & A AV, 0T BAT
ADCC FAMAYKHS 4Rl 724 F ( complement dependent
cytotoxicity ,CDC) , HATIX PRI 47ETT e T M1l R
5, LA HER2 FIRRFFHESE T2 A 1 (programmed cell
death protein 1,PD1) Ay ¥ & 1% B S04 SSGI-705
IBI315 i 7E k47 T Wi R 56 (NCT05145179 ,NCT-
04162327) . HAdXUREET HER2 BAHTIEAL TG R
AT AR Br . HER2 (Per)-S-Fab $iif % Bk HL4T Fab
540 FeyR W a FAHTESE , FEASM R i X HER2 [
R A A 1) A A L e [ B A P T 4 ] S
R,
3 HiF

o T 250 & 1 25 R BT HER2 J7 3 ()
B, HER2 [HPE MBC HI6Y7 52 B 7835 16 1 A8
R4, Rl B TORA TR AR, FL 2 X HER2 [
PERIZIBARE W IR o AW BT 259 s i H
AR B A S, FFAR PSR e R A AR TR ST . TR
I A VF 2 BB 245 W) TEAEEA 7 PR AT B 1 R
BovPAl, it IS AR IS UIIHE X 2L 259 () I A A
WS, B TIPAET Y R — PR R BT HER2 §E
13597 25405 HAUAS [ LA B 25 B AT 45 1Y
TRENE , AR S AR ALY Einsy AEEEST (A
SIUAIRYT A o TEIm PR S 2 5 AR IR YT RIS 2
HI e 2O AT LA [RINR 7 SR ik 2 1) A HEA
AR, XS LUS W A & e s Tl o

S 3k

[1] Owens MA, Horten BC, Da Silva MM. HER2 amplification ratios by
fluorescence in situ hybridization and correlation with immunohisto-
chemistry in a cohort of 6556 breast cancer tissues[ J]. Clin Breast Canc-
er, 2004,5(1) :63 —69.

[2] Slamon D,Eiermann W,Robert N, et al. Adjuvant trastuzumab in HER2-
positive breast cancer[ J]. N Engl ] Med, 2011,365(14) :1273 -
1283.

[3] Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus

- 493 -

a monoclonal antibody against HER2 for metastatic breast cancer that
overexpresses HER2[J]. N Engl J Med, 2001,344(11) ;783 -792.
[4

[

Barnhart BC, Quigley M. Role of Fe-FeyR interactions in the antitumor
activity of therapeutic antibodies[ J]. Immunol Cell Biol, 2017,95
(4) :340 - 346.

[5] Nimmerjahn F, Ravetch JV. Fey receptors as regulators of immune
responses| J]. Nat Rev Immunol, 2008 ,8(1) :34 —47.

[6] Treffers LW, van Houdt M, Bruggeman CW, et al. FeyRIIb restricts
antibody-dependent destruction of cancer cells by human neutrophils
[J]. Front Immunol, 2019,9:3124.

[7] Nimmerjahn F, Ravetch JV. Fey receptors: old friends and new family
members| J]. Immunity, 2006,24(1) ;19 -28.

[8] Vogelpoel LT, Baeten DL, de Jong EC, et al. Control of cytokine pro-
duction by human Fe gamma receptors ; implications for pathogen defense
and autoimmunity[ J]. Front Immunol, 2015,6.79.

[9] Pegram MD, Baly D, Wirth CJPAACRAM. Antibody dependant cell-
mediated cytotoxicity in breast cancer patients in phase [l clinical trials
of a humanized anti-HER2 antibody[ C]. Proc Am Sssoc Cancer Res
Annu Meet,1997.

[10] Clynes RA, Towers TL, Presta LG, et al. Inhibitory Fc receptors mod-
ulate in vivo cylotoxicity against tumor targets[ J]. Nat Med, 2000,
6(4).443 —446.

[11] Qian BZ, Pollard JW. Macrophage diversity enhances tumor progres-
sion and metastasis| J]. Cell, 2010,141(1) :39 -51.

[12] Grugan KD, McCabe FL, Kinder M, et al. Tumor-associated macro-
phages promote invasion while retaining Fe-dependent anti-tumor func-
tion[ J]. J Immunol ,2012,189(11) :5457 - 5466.

[13] Shi Y, Fan X, Deng H, et al. Trastuzumab triggers phagocytic killing
of high HER2 cancer cells in vitro and in vivo by interaction with Fey
receptors on macrophages[ J]. J Immunol, 2015,194(9) .4379 -
4386.

[14] Ferris RL, Lenz HJ, Trotta AM, et al. Rationale for combination of
therapeutic antibodies targeting tumor cells and immune checkpoint
receptors; harnessing innate and adaptive immunity through IgGl iso-
type immune effector stimulation[ J]. Cancer Treat Rev,2018,63:
48 - 60.

[15] Muntasell A, Cabo M, Servitja S, et al. Interplay between natural
killer cells and anti-HER2 antibodies: perspectives for breast cancer
immunotherapy[ J]. Front Immunol, 2017 ,8 :1544.

[16

—

DiLillo DJ, Ravetch JV. Differential Fe-receptor engagement drives

an anti-tumor vaccinal effect[ J]. Cell, 2015,161(5) ;1035 - 1045.

[17] Gall VA, Philips AV, Qiao N, et al. Trastuzumab increases HER2
uptake and cross-presentation by dendritic cells[ J]. Cancer Res,
2017,77(19) ;5374 —5383.

[18

[

Lehrnbecher T, Foster CB, Zhu S, et al. Variant genotypes of the

low-affinity Fey receptors in two control populations and a review of

low-affinity Fey receptor polymorphisms in control and disease pop-

ulations[ J]. Blood, 1999 ,94(12) :4220 —4232.

[19] Musolino A, Gradishar WJ, Rugo HS, et al. Role of Fey receptors in
HER2-targeted breast cancer therapy[J]. J Immunother Cancer,
2022,10(1) :003171.

[20] Musolino A, Naldi N, Dieci MV, et al. Immunoglobulin G fragment



. 494 .

[21]

[22

[

(23]

[24]

[25]

[26]

[27]

[28]

—
N
=

[

—
(953
(=)

[

[31]

[32

[

[34]

Chinese Journal of New Clinical Medicine, June 2022, Volume 15, Number 6

C receptor polymorphisms and efficacy of preoperative chemotherapy
plus trastuzumab and lapatinib in HER2-positive breast cancer[ J].
Pharmacogenomics J, 2016,16(5) :472 —477.

Tamura K, Shimizu C, Hojo T, et al. FeyR2A and 3A polymorphisms
predict clinical outcome of trastuzumab in both neoadjuvant and meta-
static settings in patients with HER2-positive breast cancer[ J]. Ann
Oncol, 2011,22(6) ;1302 —1307.

Botticelli A, Mazzuca F, Borro M, et al. FCGRs polymorphisms and
response to trastuzumab in patients with HER2-positive breast cancer:
far from predictive value? [J]. World J Oncol, 2015,6(5) :437 -
440.

Gavin PG, Song N, Kim SR, et al. Association of polymorphisms
in FCGR2A and FCGR3 A with degree of trastuzumab benefit in the
adjuvant treatment of ERBB2/HER2-positive breast cancer; analysis
of the NSABP B-31 trial[ J]. JAMA Oncol, 2017,3(3) :335 - 341.
Musolino A, Naldi N, Bortesi B, et al. Immunoglobulin G fragment
C receptor polymorphisms and clinical efficacy of trastuzumab-based
therapy in patients with HER-2/neu-positive metastatic breast cancer
[J]. J Clin Oncol, 2008,26(11) :1789 - 1796.

Herter S, Birk MC, Klein C, et al. Glycoengineering of therapeutic
antibodies enhances monocyte/ macrophage-mediated phagocytosis and
cytotoxicity[ J]. J Immunol, 2014,192(5) :2252 -2260.

Richards JO,Karki S,Lazar GA et al. Optimization of antibody binding
to FeyR Il a enhances macrophage phagocytosis of tumor cells[ J].
Mol Cancer Ther, 2008 ,7(8) :2517 —2527.

Di Modica M,Sfondrini I.,Regondi Vet al. Taxanes enhance trastuzumab-
mediated ADCC on tumor cells through NKG2D-mediated NK cell
recognition[ J]. Oncotarget, 2016,7(1) ;255 - 265.

Umaiia P, Jean-Mairet J, Moudry R, et al. Engineered glycoforms
of an antineuroblastoma IgG1 with optimized antibody-dependent cel-
lular eytotoxic activity[ J]. Nat Biotechnol , 1999,17(2) ;176 —180.
Shields RL, Lai J, Keck R, et al. Lack of fucose on human IgGl N-
linked oligosaccharide improves binding to human FeyR Il and antibody-
dependent cellular toxicity[ J]. J Biol Chem, 2002,277(30) ;26733 -
26740.

Shinkawa T, Nakamura K, Yamane N, et al. The absence of fucose
but not the presence of galactose or bisecting N-acetylglucosamine of
human IgG1 complex-type oligosaccharides shows the critical role of
enhancing antibody-dependent cellular cytotoxicity[ J]. J Biol Chem,
2003,278(5) :3466 —3473.

Ferrara C, Grau S, Jiger C, et al. Unique carbohydrate-carbohydrate
interactions are required for high affinity binding between FeyR Il
and antibodies lacking core fucose[ J]. Proc Natl Acad Sci U S A,
2011,108(31) :12669 - 12674.

Pereira NA, Chan KF, Lin PC, et al. The “less-is-more” in ther-
apeutic antibodies: afucosylated anti-cancer antibodies with enhanced
antibody-dependent cellular cytotoxicity[ J]. MAbs, 2018,10(5) ;
693 -711.

Fiedler W, Stoeger H, Perotti A, et al. Phase | study of TrasGEX,
a glyco-optimised anti-HER2 monoclonal antibody, in patients with
HER2-positive solid tumours[ J]. ESMO Open, 2018,3(4) :e000381.
Eisner F, Pichler M, Goletz S, et al. A glyco-engineered anti-HER2

[36

[37

[39

[40

[41

[42

[43

[44

[45

[46

[

[

]

[

[

[

]

]

]

[N

—

]

[

monoclonal antibody( TrasGEX) induces a long-lasting remission in
a patient with HER2 overexpressing metastatic colorectal cancer after
failure of all available treatment options[ J]. J Clin Pathol, 2015,
68(12) :1044 - 1046.

Lazar GA, Dang W, Karki S, et al. Engineered antibody Fc variants
with enhanced effector function[ J]. Proc Natl Acad Sci U S A, 2006,
103(11) :4005 -4010.

Oganesyan V, Damschroder MM, Leach W, et al. Structural charac-
terization of a mutated, ADCC-enhanced human Fc fragment[ J]. Mol
Immunol, 2008 ,45(7) :1872 - 1882.

Stavenhagen JB, Gorlatov S, Tuaillon N, et al. Fc optimization of ther-
apeutic antibodies enhances their ability to kill tumor cells in vitro and
controls tumor expansion in vivo via low-affinity activating Fey recep-
tors[ J]. Cancer Res, 2007 ,67(18) ;8882 —8890.

Mimoto F, Igawa T, Kuramochi T, et al. Novel asymmetrically engi-
neered antibody Fe variant with superior FeyR binding affinity and
specificity compared with afucosylated Fec variant[ J]. MAbs, 2013,
5(2):229 -236.

Nordstrom JL, Gorlatov S, Zhang W, et al. Anti-tumor activity and
toxicokinetics analysis of MGAH22, an anti-HER2 monoclonal anti-
body with enhanced Fevy receptor binding properties[ J]. Breast Cancer
Res, 2011,13(6) :R123.

Mezni E, Vicier C, Guerin M, et al. New therapeutics in HER2-
positive advanced breast cancer; towards a change in clinical prac-
tices? [J]. Cancers(Basel) ,2020,12(6) :1573.

Im SA, Bang YJ, Oh DY, et al. Abstract P6-18-11 :long-term responders
to single-agent margetuximab, an Fc-modified anti-HER2 monoclonal
antibody, in metastatic HER2 + breast cancer patients with prior anti-
HER2 therapy[ J]. Cancer Res, 2019,79(4_Supplement ) .P6 — 18 —11.

Nordstrom JL, Muth J, Erskine CL, et al. High frequency of HER2-
specific immunity observed in patients(pts) with HER2 + cancers
treated with margetuximab(M) , an Fc-enhanced anti-HER2 mono-
clonal antibody(mAb)[J]. J Clin Oncol, 2019, 37(15_suppl) ; 1030.
Catenacci DVT, Kang YK, Park H, et al. Margetuximab plus pem-
brolizumab in patients with previously treated, HER2-positive gastro-
oesophageal adenocarcinoma ( CP-MGAH22-05) : a single-arm, phase
1b-2 trial[ J]. Lancet Oncol, 2020,21(8) :1066 —1076.

Bang YJ, Giaccone G, Im SA, et al. First-in-human phase 1 study
of margetuximab( MGAH22) , an Fc-modified chimeric monoclonal
antibody, in patients with HER2-positive advanced solid tumors| J].
Ann Oncol, 2017,28(4) :855 -861.

Rugo HS, Im SA, Cardoso F, et al. Efficacy of margetuximab vs tras-
tuzumab in patients with pretreated ERBB2-positive advanced breast
cancer; a phase 3 randomized clinical trial[ J]. JAMA Oncol, 2021,
7(4).573 -584.

Liu L, Yang Y, Burns R, et al. Abstract 1538 margetuximab medi-
ates greater Fc-dependent anti-tumor activities than trastuzumab or
pertuzumab in vitro[ C]. Cancer Res,2019,79(13_Supplement ) :1538.

Scheuer W, Friess T, Burtscher H, et al. Strongly enhanced antitumor
activity of trastuzumab and pertuzumab combination treatment on HER2-
positive human xenograft tumor models[ J]. Cancer Res, 2009 ,69

(24) ;9330 - 9336.



[48]

[49

[

[50

[

[51]

[52

[

Hh [ Ml A 2

2022 4F 6] H15% e

Swain SM, Miles D, Kim SB, et al. Pertuzumab, trastuzumab, and
docetaxel for HER2-positive metastatic breast cancer( CLEOPATRA) .
end-of-study results from a double-blind ,randomised , placebo-controlled
phase 3 study[J]. Lancet Oncol, 2020,21(4) :519 -530.
Gianni L, Pienkowski T, Im YH, et al. 5-year analysis of neoadju-
vant pertuzumab and trastuzumab in patients with locally advanced
inflammatory, or early-stage HER2-positive breast cancer ( NeoSphere ) :
a multicentre, open-label, phase 2 randomised trial[ J]. Lancet Oncol,
2016,17(6) :791 —800.

Hurvitz SA, Martin M, Symmans WF et al. Neoadjuvant trastuzumab ,
pertuzumab, and chemotherapy versus trastuzumab emtansine plus
pertuzumab in patients with HER2-positive breast cancer ( KRISTINE) .
a randomised, open-label, multicentre, phase 3 trial[ J]. Lancet
Oncol, 2018,19(1) .115 - 126.

Piccart M, Procter M, Fumagalli D, et al. Adjuvant pertuzumab and
trastuzumab in early HER2-positive breast cancer in the APHINITY
trial; 6 years’ follow-up[ J]. J Clin Oncol, 2021,39(13) :1448 -
1457.

Weisser N, Wickman G, Davies R, et al. Abstract 31 preclinical

development of a novel biparatopic HER2 antibody with activity in low

[55

[57

[WAS B4 2022 -06 -08 ][ AL %%

[N

[

[

[

- 495 -

static breast cancer: results from a phase [ study[J]. Clin Cancer
Res, 2022,28(4) :618 - 628.

Geuijen C, Rovers E, Gallenne T, et al. Abstract LB-261; mecha-
nism of action of MCLA-128 , a humanized bispecific IgG1 antibody
targeting the HER2 : HER3 heterodimer[ J]. Cancer Res, 2015,75
(15_Supplement ) : LB -261.

Alsina M, Boni V, Schellens JHM, et al. First-in-human phase 1/2
study of MCLA-128, a full length IgG1 bispecific antibody targeting
HER2 and HER3:final phase 1 data and preliminary activity in HER2 +
metastatic breast cancer(MBC)[J]. J Clin Oncol,2017, 35(15_
suppl) : 2522.

Hinner MJ, Aiba RSB, Jaquin TJ, et al. Tumor-localized costimu-
latory T-Cell engagement by the 4-1BB/HER2 bispecific antibody-
anticalin fusion PRS-343[J]. Clin Cancer Res, 2019,25(19) ;5878 —
5889.

Deng W, LiuJ, Pan H, et al. A bispecific antibody based on pertu-
zumab Fab has potent antitumor activity[ J]. J Immunother, 2018,
41(1).1-8.

S

B SLIE £ ]

to high HER2 expressing cancers[ J]. Cancer Res, 2017,77 (13_ A5 AfER
Supplomont) : 31, FEE B . LR HER 2 R SO ADFIEE (D] o [ P

BrE#,2022,15(6) 1488 —495.

[53] Zhang J, Ji D, Cai L, et al. First-in-human HER2-targeted bispecific

antibody KNO26 for the treatment of patients with HER2-positive meta-



