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Research advances of bispecific antibody drugs in tumor therapy
YUE Yali"?, YIN Jun"?, GAO Xiangdong"?, YAO Wenbing"**
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?School of Life Science & Technology, China Pharmaceutical University, Nanjing 210009, China

Abstract Tumor immunotherapy is currently the new direction for the treatment of cancer. Bispecific antibody
can bind two different antigens, so the development prospect in the field of tumor treatment is very attractive. The
most compelling trifunctional antibody and bispecific T-cell engager in bispecific antibodies have been marketed
separately, with representative drugs as catumaxomab and blinatumomab, respectively. So far, nearly 100 antitumor
bispecific antibody drugs are undergoing clinical trials and in-depth understanding of their mechanisms of action
will provide more powerful solutions for cancer treatment. This review summarizes the progress of catumaxomab,
blinatumomab and current highly promising bispecific antibody drugs, for the further development and application

of tumor therapy.

Key words bispecific antibody; antitumor; catumaxomab; blinatumomab; progress
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S GEREHUASE L, B AR S F R EROR, 13K
MK, dE TG BURURE 5 PP 1 2544 T
INZFE R A 7 BT BN HEB SV R,
fHL I 3 g e

XURE S PE BT 25 Wy A e v o7 0l b e |
1 H B = REPUIAR (trispecific antibody , TrAb ) FlI XX
RSt rE T 20 46 B2 PUAA (bispecific T cell engager,
BiTE) C&A ) i, =IhRehtikny ks
W) 2 B B PT ( catumaxomab , 5 i 44 : Removab,
1% [E Fresenius Biotech 2y ] ), 3&[E FDA 7£ 2006
AR 2009 45 73 550 4 #E A g b B 40 R R O 1
(epithelial cell adhesion molecule, EpCAM ) [H: By
S A0 H R 09 AL 25 . 2010 4RI 24 & 48 B R
( European Medicines Agency, EMA) L £ % & 8§
PUH TR YT EpCAM BH P it 87 & & 00y % 4
AU RS T AN AT PR B AR R 2
T 0t B47 (blinatumomab , B i 44 : Blineyto, 38
[ Amgen 24 H]) o 2014 423 (6] FDA i it v H:
FHTEIT LN 2 30 % 6 04 B 1 52 2 v 3
BV B 240 i 2 1 3k 8 40 L 3 0l 9 ( B-cell acute
lymphoblastic leukemia, B-ALL) ,2016 4F 9 A $45
I T I6 7 AR R W R R JLE, 2017 4
7H 11 H, K E FDA HEAE I T8 97 2k g
R YE & & BidE YA 1 B-ALLYY A SO %
KPP EG ek FRHT A H FE AR 750 I R
WEFE I SURE S M BT 19 WF 5 a0 g e AT 2 0A , D) 30
R RURE S PE BT AR 25 Wy 8 b IR IR T ST I Rk S
L FH B8 B Al

1 FZZREH

2R PG S ) AR R B R A
S5 RZEMMN Fe X, —hnbr i 4568 R 550
RS VR L MR AN M b AR Ok 0 BB I B R
EpCAM, 55 — It R 4 & B f M4 & T 40 1
) CD3, Fe X n] 5 E WEAHMI . B 48 7% 10 40 M 45 g%
Y E 1Y Fe SZAREE G I 30E LB DI RE , A XS 4
F Bt R 150 kDU (1),

1.1 WG RIATR

RZRAPOE SIS T 4R R nan i, F
FHBTTAAAR S 20 A 0 200 M 75 DA S 4t e IR 7
AR AR I RSB R E (E 2) o

Ami-Epcpy

/MilgG2a

wti-cm

7

KHIgG2b

-—w
FolX 4
B1 RZERBHLH

PRIMIF TS TR A e 22 2 BT A0t 98 4
(IRE T LA R A B s BB IR T 5 , W] 75 3 ADCC
BN I L AN A T A%k, Riesenberg 45 i
Wl TR 2R AP EpCAM FH Y i 5] 1 98 40 L 19
VA FRRE T L AT UL 3 fir e 40 -5 A1 o B A 4 i
( peripheral blood mononuclear cell, PBMC ) F124 4y
LIFE T, PBMC 2375 i 8 20 i J& [T e, bk B2
MMM F IR LR . AP a /KN,
SRFE AR IR /N BB T 1 D0 5 LA 5 - B TR
B I E Z AR SRHR A7 16 ok LA A FRA
RYPR S ™ . HL EpCAM [y Fab H Bt 544
FEAE IR /IS U AR A R R R BT 5 ]
3G, W] Fo DXOR g 48 A i 25 1t A 45 H
YEM

1.2 AR

12,1 MLAEES 2005 4F, % 8 4k & T AR5
AR A T /KT TR 17 T S s R85 A7 M T R %
FERGUIG RIS . JRITas REW],8 il bl
7 B IS 267 th o ik — 20 2 ), Jo i Ik 2
Balfe 38 J&, B A 8 B R ACRE AR ER A 2 1 W] S
BT 2007 4 % ORI E T TR R R
oy T/ 103 e R I, 8 o 245 9 f K 52 7] i
( maximum tolerated dose, MTD ) FlZ2 4= TR . BF
FAR IR, B 25500 200 peg = S HURE KA
KA, B 10,20 50 #1150 g 1945 2557 2
o L0 PR ) ) i, B A R B R 2R
BATIA T 5 IR T RO IR 2 B R A 2010
AF %5 129 {5 O SR A8 5 RN 129 5113 B Sl H R A
EpCAM FHHERE B8 47 T R 2Ryt /710
Wm RIS, 25 R R - R 2R PPUAIT G B E BE
frimRrpERE"
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fH]:T&ffﬂ - IL-2
JIEGELY ) o, TV O 40

IL-1, IL-2, [L-12, IL-6,

EpCAM CD3 '
(’ f’ W
[ ]
ADCCHUN 771 \ - ® * /] GMCSF

TNF-a, IFN-y, DC-CK1,

Fey RUIT/IIL e /*
ISR AN,

FI A 5240

2 RZAEBGUE LS

ADCC - HUAAA A A0 B A5 I 20 T34 5 CK - M R T EpCAM : b B2 Al a5 BT 2075 Fey R Fey 5244 ; GM-CSF s 4t fa- 5 i 40 fa 412 % 1) %

P75 IL: A 35 IFN-y : TR v; TNF-: IR IRAE IR T

1.2.2 FHpciEH W2 —4&3a T AR/ N1
fifiJE (non-small cell lung cancer, NSCLC) & # 47
FKTE SR Ry 1 I R, PR Sk 4y
(2 ~20 wg) BB YLt PHoE
BURER, RRRPGU(S pg) MHLZEKAR (10 mg)
SRZRAPU(T. S ng) TR (40 mg) IGY7 5
Al WLEE B N & R 5% & i (alanine aminotransferase
ALT) K& & iz %5 2 [} ( aspartate aminotransferase ,
AST) Fl y-43 2 Bk 4% AKX ( gamma glutamyl transpep-
tidase, GGT) /& =3 2%, FF i BT EEE 14 d Y&
FILKFE BT RZREG(S pg) I FEK
Fir (40 mg) JE AL EI DL AN B304, B op LA
oIk TS 4 251 MTD
L3 #HyRMa A FhHRF

Ruf %51 3% 10 Gl I K H8 4 JEAT T I
TR 2 Ry 1R, HRE R
N, RZRBGURYIM IRy 2. 13 d, 5 24557 i
150 g Y I 5 % 3 TR B WA, HfeJa — KTt 25
ifa P E P YIPUAR . ISR RCE R 1/ 1 im R
RILEGE R BE K T EpCAM B3
A MEECT- HIFEAK 99. 9% ,23 il i & oA 6 Bl
1% IofEg AR A BR LA T o 25 25 880K I il i
F M H TNFoo FlIL-6 AKOF, 25 5L iR 80% B3
() IL-6 Tt ,60% B4 1Y TNFoo Jh iy . 70 5P 89 8
Ay LI 3 R 3 58 vh 0 A B/ BT 4R
(human anti-mouse antibodies, HAMA ) /K F, fiFF B
BRI X ) HAMA B, 15 4321808 3 1
YNBIT ARG A 14 19 HAMA B ERR .
1.4 RRRR

ERZRAHH 1T/ 0 8GRI b, f&w

LR R AEAS BRI A 4 B8 (83% ) % L
(61% ) WXt (57% ) \J5 9 (39% ) . Itk B 4 Hfu s
1 (26% ) 4 BRI (30% ) FIIF D REAG: A5 (liver
function tests, LFT) & %, 4% 5 & ALP.GGT, AST
MBLLR Thm o 15 B2 8 i 6 )WL 5E 3|
PR R, B A BN R
AHOGIEGY (M5 | I BB 4= M 48 R0 K g A L
SO I/ MBI R TRty T R AR DA R
i, 15% BHEKAE TIHRITHLH™EAR
L

RZREHURARXSJrF B 150 kD i =20
R/ TeG2a FIR B 1gG2b A5 i B e B AA, —
YRS B 45 G Mg 40 i EpCAM, J) — 5%
PRSI 4 S T 4 B CD3, Fe XA g
NN ARG AN M S5 e e A Y Fe Z AR &
FERAE HAE TN RE . Im R FTHESE CUESE R %2R
BOXT IR 240 M A s e o T/ USBI DRAE 5 I
SET MR TE SR 2 R B AT $R v T S HNR T Y S
PRAETE 3 KBRS 03 o S5 DL AN B S
e R I L K FIER o

2 tEmntER

fl gt B4 R i DNA H5 20 4 A CD19
4T CD3 B v [ 70 1A Fy o ] 725 IX 30 1 — Bl o
PERVE R 1K FF F R A H A, 7] 732 CD19 "1k B
KA CD3 " T K E AN, A5 T 20 xR
S B %, AR T il 55 kDPOY ([ 3)
g BT AT TR 2R IR E A0 s
IR ECL 200 0 1 ot B AT ik e
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2.1 WERIAFR

PRAME PR TS5 AW, gt T n] R vk
254 CD3 ™ T HRELZH L A0 CD19 * B ik EL40AE, /=
T 248 i XoF 9k E 988 40 if & 2 v UK ST 1 4 = A
F R [RIZG e B o gl i B g5 CD8 ™ T 41
JAT CD4 " T 4 73 5 L0 &, 45 5 /R CD8* T
20 M XS A B Vi R T, B AR IR A 2 vk
FER AR T 40 X e o8g 40 i, B 7= A A 5
M0 REPE. WS S ) T 40l 23 335 CD69 Fil
CD25 , 73 W5 & V240 L A~ ( 40 TFN=y | TNFou [ IL-2
IL-6 Fil IL-10) I EATH5 2 (161 4) .

Xof SRR AT A BT R WS PEDEY, 45

T cpeo
1T cp2s
T UKL
T FIE
| AN
T 4T
T disy

— T 4fi1(CD”)

4 I AL L

LA

VI‘¢LE> ﬁﬂ

R

PLCD3 HLTE T (4

4
7

e
»
A\

RER M AL 2 h, ik 8 h J59 84
THER AT B 40 SRR T T AT 100 £, 3
Izl a4 T CD8 T T 41 Mg Xt IL-6 , IL-2 Fl
TFN-y ({43 7KF , % CD25 .CD69 Fl MHC 11 (1)
FIRIK T, KF CD19 ™ Sk B bk B 48 L Y %5 i fig
3%, Dreier 22 R IR RS A A PBMC FIA B
PP EL 98 4 i ( NALM-6 ) (7)1 B JHE 4 PR B8 K 15
o BB (NOD/SCID ) /N B A F 55 1 4 ik BT
AIBTIIRE TG P o WP s R, TRt B ] )
NOD/SCID /N F NALM-6 ik B i A K, 1715
I IR B E R

729 CD3 ™ T HRELAMML, 470 CD19 * bk B b UL 2T, 195 294 et SR m] 322 e o A 200 MO HHE A M9 A 1 i, A S T 20 MO0 , T ML B

T e FLER URL G 55 40 A BRI % g 44

2.2 BARHIR

2.2.1 AR R T IGER e T 38
1152 S P AR 78 AT 4 bk 08 SR 5 19 49 ok B 5 119 3
B2 25K RE R 0. 005 mg/m”, X445 27 it =0. 015
mg/(m” - d) B}, 5 4 il 58 4 0 A7 {5135 43 0
B GRS MEIA PR NG BAE B-ALL R HEAT
T BTG T PRI, 8 91 28568 1 40 i 7%

G VAT IR AR B 15 & &, 405 d g Bt o
T RHAER N T8% O L %) 36 f5il 5 K MR Ik
AR B-ALL 3% AT T % — 50 1 911 K ik 56,
69% I F 3 IR B SE A it , LR E A R 9. 8 4
T S BRS84S 52 [ FDA it ofis
Tt BT T A YT RN S I €0 1A B 0 2 5
PR BHE 9 5 % BT A PR R 1 B-ALL
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2.2.2 JUEAHR X149 ] 18 % LI 95 K BHE
IATERTR B-ALL B HE4T 7 gt sadt 1/ 10 4
RIS  IZ B MTD 4 15 ng/(m*+d) . KT
A 200 L PR e 5 5 M ) 42 2 KU, 1885 240 1)
PIER A S pg/(m®-d) 7 d N3 % 15 pe/
(m’-d), B 5 &0 Bk 28 d. WS IR RS,
39% 1 F A nl SR B 58 G, R e R & AR A
NAAANA RSN 7.5 AP,

2.3 BRIAFHARY

WEFE AT 131 5] 35 64T T b ik Bt 11
1/ T3 R AR B , BF 5 405 S s I b B g HL A
LR Eh h 2 MR 2 2 W gl
BT T IAREE AF 4 bk EL R 0 i PR A 5 A0 111
ALL {IG RIS 45T 5 pg/ (m® - d) JA77 5 WLEE
F| CD19 " %% B 4UAAE SN E I iH 2% o FEIRIT I
W1, T A0 el BE IR S 4138 R B S 3080 H AR, Bl
JGIH CD8* T 4 M F1 CD4* T 41l i % 1 4 5 i
w717
2.4 RRER B

2008 45, Bargou 252 {7 T 148 AP R R
TR BRI, B4 + 2% 4T B 400 st 20 | 1 4 i
WD FEWA C RN A TR, AT R AR 22 2R
GUiE A E [ BT RS pRES AL S IR RS R B
%o 2015 AR TR Z2 vty 11 3090 PR 3t 36 45
2% WY KA AR TR SE B AE ,52% Y R
FH B2 RGEA R . 2 JLRE T/ T it
b, R UL R BB & A (80% ) | 3k i
(30% ) XM (41% ) FEls(33% ) 7,

TRt BT AR X 43 B i R 55 kD B RURE
SR T AT EEBLIR , BT CD19 BT CD3 f HiBk i
Pl et — Bl G g Sk (1 3k R Rl S A R i
PRI 25 JAIE S 1 18 40y ek B4 7 A &0 A pAy
FIRE C19* Nk Bk 40 M B9 2R 4506 Mk I IR
WFFE4E SR ST T Ik BB A YT 52 % A 1 i
1K B-ALL e & )5, A B AR A7 045 DL 38 s
T WL AS BLSORE J2 J AL Skooi L & i v s
R I R R 1 K B

3 MEFFEREEYHFEL

HUAR XURE S PR DT L 2% ORI 45 5 SR 4R
i R AR DGR, 8 AN 22 5 I W A0 B A
MRS o AHSEPRIE OUEAEAS XK, H AT #E

VE eI 16 ¥ A I g AH ST IR 25 IR R 5k
TR AN, AT 5 BOR IT AR A RS Y 7
PP TR, U SR L R 2 0 X T 2 41
HIEWHS WS RS TR, gk
T3 G852, v ) Ve IR A ST I LR S
UM o MR S M A7 A 2 (] A 88 1 94 e 9
AHICHT IR A RE A 45 Lo B e g v 1, T i 4 i )
I 238 X PR I AR RE AT, P 0t e S 1
AR FEANRIF A R, A BT as Rk
H],CD4 x CD70-IgG AU XUHE S P B (4 xf 3R 35 . —
T A0 55 2 5 VR o 7 D 100 200 i 2 300 o ok Pk
441 HER2 x EGFR-IgG % XU S At 7t (A
i ek HER2 I EGFR 1) [oh /87 4 fifa 2 20 11 B &
THBR , XA 05 B — Bt Dt 1) 3 200 G . 2 4 4
FRT S WU SR BB 5 VLR T 38 i 7 5%
T IR L 40 0 > K 45, 34 P 0 55 JH Ath 218 784 (1) H 92 44
o AN, BURE S BT AFMI3 5 i 55 4E B AR R
A 0 5 SIS e 9 200 1 5 A, e e g T P B
WAEC &dE Al ROFFE B B, 124 4 Ik A e
b R AR BT I SRR S BUR 2 A
100 il (55 1), Hoh 4 R ER 0 AR AL Tl IR 1/ 1 3
Fils K ET A oE B Be (18 5) o Navicixizumab | Cibi-
satamab FI AFM-13 J&H P Al 5T & Fif 5t B Uk 5
PEHUARZG Y, TR IE DA % 3 R iR A 7 {7
3.1 Navicixizumab( OMP-305B83)

Navicixizumab 2 XU E A 48 25 14 35§ ( DVD-Ig) A
DAL SURE S UA 38 2 BT Delta FERC{A 4 ( delta-
like ligand 4, DLLA ) F01fi & P9 B2 A= K K7 ( vascular
endothelial growth factor, VEGF) [ T {15 51 4
I e A ) A o R S MR AR B PR A
S55 % — i #8 [n] DLLA, Bjj 11 Notch 45 ¥ i g 1%
S, NS RERE A T o 9 — i
G VEGE, BEIBT 55 i 48 g |- 9 VEGE
SEAREE G, DT N B 20 i i) 38 58 . A BF ST R
B, BELIBT DLLA (915 55 30l i e 2 3 20 VEGE |1
FeIk R, N B 20 Aok BE S B, T navicixizumab A]
[ Fsf 1 3 7 ol S U0 A5 5 B 10 e A o IR OIS
SR, 259050 SO ARL I FEAIS navicixizumab (1)
FHZG T BN N B2 A0 M A 3G 58 &5 o i AN ok 5
FhAZAE M) NOD/SCID /)N R A T A navicixizumab &b
PG, HR AR R s AU DA gL A PR B
AR/ TE O 5L 9 A0 Ik S R RS A /S BRUBE A v
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navicixizumab 5¢4:BHW; DLL4 F1 VEGF J5to, v] Wi4%
S AH 0L 11 358 BT IR 3 1 2016 4, navicixi-
zumab TESHAE B R AT T 3 25 24550 5 8 4
G RIS 25 R A AT TE AACR, 10 mg/kg Pk TE

AP R B £ A5 e, IR L 7.5 mg/
kg 2525 3 JR AR SR R AT I8 o 75 25 W50 4 33 g il
Kb, 46 (] & E A 2 1 O S AR E SR BLER 43 I
I, 16 5 o 1 B2 E , B I PR 2 2 N 39% . H

5t navicixizumab Ji5 X% 2 i 1) bk =5 R 2R R A

RV

HI

navicixizumab 1E AL FIlE KX B R B .

F1 O LT RAER UM SR S LA 25 )

E2) WL LI mEW IFRBE 3& IE
Catumaxomab Trion Research/Neovii Biotech EpCAM/CD3 Fi S I AR
Blinatumomab Amgen CD19/CD3 =i AP b L 40 AR F L
MEDI-565 Amgen/MedImmune CEACAM5/CD3  Phase III 5 W36 b gsd
AFM-13 Affimed CD30/CD16a Phase 11 AR R
MM-111 Merrimack HER2/HER3 Phase 11 RN RN L)
Anti-CD3-anti-HER2-activated T cells TransTarget/Barbara Ann Karmanos HER2/CD3 Phase 1T F 55

Cancer Institute
Anti-CD3/anti-EGFR-activated T cells Barbara Ann Karmanos Cancer Institute EGFR/CD3 Phase 11 I R I 2 MR R i g
Ertumaxomab Trion Pharma/NeoPharm HER2/CD3 Phase 11 FL
FBTA-05 Trion Research CD20/CD3 Phase 11 I E 0 A I
IMC-gp100 Immunocore/MedImmune gpl100/CD3 Phase 11 A fh KR
Labetuzumab govitecan IBC Pharmaceuticals/Immunomedics CEACAMS/TOP1  Phase 11 5 i E e
Pentacea Immunomedics CEA Phase 11 /N ili i
Cibisatamab Roche CEACAMS5/CD3  Phase IT /N B i 8
Vanucizumab Roche VEGFA/ANGPT2 Phase I =249 45 1% B i
Istiratumab Merrimack/Shire/ Adimab IGF1R/HER3 Phase 11 BI85 |0 I ses
MP-0250 Molecular Partners VEGFA/HGF Phase 11 AR/NH Mg | SEAA9RE
MCLA-128 Merus N. V. HER2/HER3 Phase I1 /N B il 15 968 S A400
MCLA-117 Merus/ Institute Gustave-Roussy et al CLECI2A/CD3  Phase I 2 VE&E8EH:E LA
Anti-CD3 anti-CD20 bispecific Genmab CD20/CD3 Phase T I3 RS0 EEE
antibody
REGN4018 Regeneron MUC16/CD3 Phase 11 SO0 SIS 59 50955
REGN-5458 Regeneron/Sanofi APRIL/CD3 Phase II & &8 56
Hu3F8-BsAb Memorial Sloan-Kettering Cancer Center/ GD2/CD3 Phase II  JWUAHZ4NMEIRE S0 B IR
Y-mAbs
EMB-01 FRIEAE IR R EGFR/c-Met Phase 1 S{As%
AK-104 (HifE 1 2) L Ry A B 2 CTLA4/PD-1 Phase I S2{Asg
Duligotuzumab Genentech HEFR/HER3 Phase 1 LA
AFM-11 Affimed CD19/CD3 Phase T & a4k
Solitumomab Micromet EpCAM/CD3 Phase 1 S
PF-5057459 Pfizer VEGF/Ang2 Phase 1 SiX N
PF-6671008 MacroGenics/ Pfizer CDH3/CD3 Phase 1 SR
Pasotuxizumah Bayer/ Amgen PSMA/CD3 Phase 1 T 5 IR
AMG 330 Amgen CD33/CD3 Phase 1 SRR L
AMG 420 Micromet/ Amgen BCMA/CD3 Phase 1 A R et
AMG424 Xencor/ Amgen CD38/CD3 Phase 1 B4 2 g it
AMG-757 Amgen DLL3/CD3 Phase T /NS
AMG427 Amgen FLT3/CD3 Phase I ZEEBEVE A il
Navicixizumab Celgene/OncoMed Pharmaceuticals DLIA/VEGF Phase 1 Ll iR AR R N
ABT-165 AbbVie DLI4/VEGF Phase 1 ZE i e
JNJ-63709178 Johnson & Johnson/Genmab CD123/CD3 Phase 1 2 a1 IR
JNJ-61186372 Johnson & Johnson/Genmab EGFR/c-Met Phase 1 AR /INZ0 it i g
XmAb20717 Xencor CTLA4/PD-1 Phase 1 SRR
XmAb-13676 Xencor/Novartis CD20/CD3 Phase 1 P8P I B 2 S I
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E2) WML LI DEW TF R BB 3 NEIE
XmAb14045 Xencor IL3RA/CD3 Phase 1 13K 2 58 e
XmAb-18087 Xencor SSTR2/CD3 Phase I B2 P943008 | 15 fmath [6) S50
REGN-1979 Regeneron/Sanofi CD20/CD3 Phase 1 B 41 it ik B JRE
Mosunetuzumab Genentech CD20/CD3 Phase 1 P TR B 40 B 1 IS
FAP-DR5 Roche/Millennium Pharmaceuticals FAP/DR5 Phase 1 SN
MGD-013 MacroGenics/ -4 B 2} PD-1/LAG3 Phase I [V FR GEENEMRE SLA0E
MGD-007 MacroGenics/Servier GPA33/CD3 Phase 1 e RN L]
Orlotamab MacroGenics CD276/CD3 Phase 1 SN
Duvortuxizumab MacroGenics/Johnson & Johnson CD19/CD3 Phase [ EY0 ok e
Flotetuzumab MacroGenics/Servier CD123/CD3 Phase 1 EBE AR SR LR A AE L IR
MEDI-4276 MedImmune HER2 Phase 1 RN L]
MCLA-158 Merus LGR5/EGFR Phase 1 25 E e
AMV-564 Amphivena Therapeutics CD33/CD3 Phase 1 HREI AR B LR IE
ATOR-1015 Alligator Bioscience CTLA4/0X40 Phase I SR
CC-93269 Celgene BCMA/CD3 Phase 1 LR EER
ABL-001 ABL Bio/National OncoVenture VEGF/DLIA4 Phase 1 SN
RO-7121661 Roche PD-1/HAVCR2  Phase 1 AR/l  SoiAd
RG-6026 Roche €D20/CD3 Phase T VAL B 4l I ARHE 27 42 0k U0
Anti-CD3/anti-CD20 bispecific Barbara Ann Karmanos Cancer Institute CD20/CD3 Phase 1 W
antibody
FS 118 F-star/Merck Serono PD-L1/LAG3 Phase I IR GEENEME (SLA0H
TG-1801 Novimmune/TG Therapeutics CD19/CD47 Phase I B 41 el o4k LR
GBR-1342 Glenmark Pharma CD38/CD3 Phase 1 A R gt
ERY-974 RN 25 GPC3/CD3 Phase 1 SR
A319(HPE 1 2%) fitRERE R 2y CD19/CD3 Phase I B 2k
M-802 (HE 1 %) R ZKAEY) HER2/CD3 Phase 1 B HER2 BHVEFLAE
M-701 (i 1 38) R Z KA EpCAM/CD3 Phase I BRI
IBI318 (i [E 1 2%) {554 Wi 25/ Lilly PD-1/unknown Phase 1 Jilign
KN-026 (Hr[E 1 28) SRIN T NI AR R HER2/HER2 Phase I B FLIR
7ZW-25 Zymeworks/ [ 5 41 M| HER2/HER2 Phase T Ty OR SRR AN e
TNB-383B Teneobio/ Abbvie BCMA/CD3 IND EA A cdinit
0XS-3550 University of Minnesota/Oxis Biotech CD33/CD3 Preclinical B ] itd 34k [0 958
MCLA-129 Merus/ D125\, EGFR/c-Met Preclinical SZ{AYH
ATOR-1144 Alligator Bioscience CTLA4/GITR Preclinical [fil #i§ 40 GE MR S iA
Y-111 R Z KEDY) PD-L1/CD3 Preclinical /)Nt L il 28 (0 20088
50 - HIPLIR 45 & B B (fragment of antigen binding, Fab)
ol FIHE CEA ) Fab 25810 TG 05— 3 [ AUH St
ol YUk, Fe st TUBR, —Imbi 4 5 B 45 & 2 ik CD3
= 2 BT I, 53 — i L T 4% 6 A R IR
& 20 - ( carcinoembryonic antigen, CEA ) BRI 40 i, CEA
of PEVR AN - B35 4 250 PO D
o — o, P I/ 2O L TR A S B
& S & & Cibisatamab 7] i 5 T Wk LA 1 CEA Ol
& = A 5 2 N B P 225, AR5 T 5 CEA 1922

5 2019 4R R YT USRI BURE S E IR 25 MR et

3.2 Cibisatamab( RO-6958688/RG-7802)
Cibisatamab & F] F§ CrossMab % &R ¥ 41 CD3

KA G, X e ek CEA A fifJe 40 i HL AT A 58k
TR AR AR o 7 1 B SR BE BRI Y NOG /N R Y |
PEAT NS A ARk S Al RS AR M £ , cibisatamab b
PRESE R B R (R FR I 46 /) , W RE IS R g
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TV 0 b 9 T B, O R A1 SR AR A 92 D
PD-L1 ~' ik g . Lehmann 25" 5% cibi-
satamab YR PIG M, 45 RRWI LT85 T 40005
I A4 6L ) B A5, I 3 e 2 22 (8] A AC I, T T
S 0T e 20 T S . X SRl R T A ST A T
cibisatamab [ T WG RBFFE 0T S , 9120 W92 45 51
ISAHE 2017 420 ASCO ., 7 25 24577 5 336 18 0 53 1)
S— By B, 80 i H A B R WK T A cibisatamab
0.05 ~600 mg FEATIHIT . & BB, 38 i i i
ki3 5t cibisatamab 5 ~ 160 mg FlI atezolizumab ( PD-
L1 B g BEHUIAZ ) 1 200 mg EATICG T2 .
I R FE LS SR R 5 — B BoFnEs B Be s A 2 il
XPRIT A TR RN, 43 A 4 BiIF S )85 e s
FRE o B UL RSN AT A i VA O S 1w
3.3 AFM-13

AFM-13 J& 55l it — B4k 7 9144 CD16a 45
FAI A CD30 Sh ka4 e dl &, B R AL =4 1 1Y
e[ BURE S M ik B LA . AFM-13 0] 2% A 25
A R 4 L B CD30 A3 AR K Al i | Y
CDI16a , i - F8 557305 5 SR 4% 1 40 L 52 PR i Jeg
L 1) 247 . Reusch 25 (OB 7E 245 5 B
7N, AFM-13 3 CD30 B fif g 40 it ik 2 A A1 o 1Y)
R EEA DTG, 2 AAEAE CD30 BH A 48 1 %) 175 20
T, AFM-13 A SEH AR 4TS, BT
X LLIG PRI 5T 45 5, X 28 il 52 % s META 1 2 A
SRR R E AT T AFM-13 19 T R, 7
425705 0. 01 ~7 mg/kg WL AE ST Z 0L
IR LR BN, BEXT AFM-13 [T 32 B 47,26 i
BE 3 IR T R IR 4 SO, 13 3R 9T R
RoBRERFEMEBE R 11.5% , Fim 5 H FH
61.5% . I WA RN A Kbe k¥ S %
O B O RN IR A g . H AT, IE AR AT
AFM-13 9 T/ TG R TR 5T

4 R E

TEid A0y 30 4 HL B DNA SEHHARFEH
J T ARG ARHW AT & R, X ifes A5 4~ e s 2
TR Z A BRAR , TR SR IR YT RE NS T AT L 2 b
TANRIT 7oK o DU 25 W AE MR IR T il & 45
2 RFEBMER, MU SR W 5y T =
FHIERE T — 2B AT G BB EHEOR

3R P AR R AR 1 AUy SR SR 25 0 A 22 5 A
AV TR =B TIT T 5, ABATA7 A RIS 15 i
oo AR LI SE R IERRALE, S EEEH
AFasE Al T 2B A B A R8Ik Wi, w]
X RURE SO R 25 ARX 231 U FI45 5 6E )
BEAT BIRBE, G 2500 2 4k A R AL
PR ENE

TEARK , ZACBUR SR DT AR FA AL 35 A9
RN A, AR PR T 5 S e 20 -5 e 240
J b AP T VR T o ELA Fe e S ) 2 AL
TR o 2 URE 57 1R 1L 1% 25 0 0 i 8 2L 40
ANIE W A R XT T 25 1 et
T R MR A BT 2ok S K — B 2 IS 4t
PRAG ] AR XHEA TR G, PT RRAER A A i 40 L i
AR SCHUS A A AR, 15 259 2R R 4 45 B
A B AR, A REIE W A DU R TG 1 . H5 XL
R SEPEHTIR 25 5 G e A A s 4 o 50 HEA TR 5
2yl PrREIGTMIE AR AR T — KA
TRIEA AR 2 A E 2 XU TR 251
BAHE LT T MR IR T o

£ % x

[1] de Almeida R,Nakamura CN,de Lima Fontes M, et al. Enhanced
immunization techniques to obtain highly specific monoclonal
antibodies| J |. MAbs,2018 ,10(1) ;46 —54.

[2] YuS,Li A,Liu Q,et al. Recent advances of bispecific antibodies
in solid tumors[ J]. J Hematol Oncol ,2017 ,10(1) ;155.

[3] Sado Y,Inoue S,Tomono Y ,et al. Monoclonal suncus antibodies ;
generation of fusion partners to produce suncus-suncus hybrido-
mas[ J|. Acta Histochem Cytochem,2017,50(2) ;71 —84.

[4] Cymer F,Beck H,Rohde A, et al. Therapeutic monoclonal anti-
body N-glycosylation — Structure , function and therapeutic poten-
tial[ J]. Biologicals 2018 ,52:1 - 11.

[5] Li XR,Liu R,Liu FK,et al. Culture process for fully human anti-
VEGF165 monoclonal antibody[ J]. J China Pharm Univ(
ALK S FIR) ,2015,46(6) ;734 —739.

[6] Fan G, Wang Z, Hao M, et al. Bispecific antibodies and their
applications| J]. J Hematol Oncol ,2015 ,8 ;130.

[7] Brinkmann U, Kontermann RE. The making of bispecific antibod-
ies[J]. MAbs,2017,9(2) ;182 -212.

[8] Kontermann RE, Brinkmann U. Bispecific antibodies[ J]. Drug
Discov Today,2015,20(7) .838 —847.

[9] Trivedi A, Stienen S, Zhu M, et al. Clinical pharmacology and
translational aspects of bispecific antibodies[ J|. Clin Transl Sci,
2017,10(3) :147 - 162.

[10] Riesenberg R,Buchner A,Pohla H,et al. Lysis of prostate carci-



55 50 55 3 ]

TEET , 55  OURR SRS 25 1 R G ) 7 U ) WS 2

297

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

noma cells by trifunctional bispecific antibodies ( alpha EpCAM
x alpha CD3) [ J]. J Histochem Cytochem,2001,49 (7) :911
-917.

Sedykh SE, Prinz VV, Buneva VN, et al. Bispecific antibodies
design, therapy, perspectives[ J|. Drug Des Dev Ther,2018 ,12:
195 -208.

Kubo M, Umebayashi M, Kurata K, et al. Catumaxomab with acti-
vated T-cells efficiently lyses chemoresistant EpCAM-positive
triple-negative breast cancer cell lines[ J |. Anticancer Res,2018 ,
38(7) :4273 —4279.

Knédler M, Korfer J, Kunzmann V et al. Randomised phase 1II trial
to investigate catumaxomab ( anti-EpCAM X anti-CD3 ) for
treatment of peritoneal carcinomatosis in patients with gastric
cancer[ J]. Br J Cancer,2018,119(3) ;296 —302.

Ruf P, Lindhofer H. Induction of a long-lasting antitumor immunity
by a trifunctional bispecific antibody[ J]. Blood,2001,98(8) :
2526 -2534.

Heiss MM, Stréhlein MA |, Jiger M, et al. Immunotherapy of malig-
nant ascites with trifunctional antibodies[ J . Int J Cancer,2005 ,
117(3) :435 —443.

Burges A, Wimberger P, Kiimper C, et al. Effective relief of
malignant ascites in patients with advanced ovarian cancer by a
trifunctional anti-EpCAM X anti-CD3 antibody: a phase I/11
study[ J]. Clin Cancer Res,2007 ,13(13) ;3899 —3905.

Heiss MM, Murawa P, Koralewski P,et al. The trifunctional anti-
body catumaxomab for the treatment of malignant ascites due to
epithelial cancer:results of a prospective randomized phase I1/11T
trial[ J]. Int J Cancer,2010,127(9) :2209 -2221.

Goéré D, Flament C,Rusakiewicz S, et al. Potent immunomodula-
tory effects of the trifunctional antibody catumaxomab[ J]. Cancer
Res ,2013,73(15) :4663 —4673.

Mau-Sgrensen M, Dittrich C, Dienstmann R et al. A phase I trial
of intravenous catumaxomab: a bispecific monoclonal antibody
targeting EpCAM and the T cell coreceptor CD3 [ J]. Cancer
Chemother Pharmacol ,2015,75(5) ;1065 — 1073.

Kantarjian H, Stein A, Gokbuget N, et al. Blinatumomab versus
chemotherapy for advanced acute lymphoblastic leukemia[ J]. N
Engl J Med ,2017,376(9) :836 —847.

Ribera JM. Efficacy and safety of bispecific T-cell engager blina-
tumomab and the potential to improve leukemia-free survival in
B-cell acute lymphoblastic leukemia[ J]. Expert Rev Hematol
2017,10(12) :1057 - 1067.

Dreier T, Lorenczewski G, Brandl C,et al. Extremely potent, rapid
and costimulation-independent cytotoxic T-cell response against
lymphoma cells catalyzed by a single-chain bispecific antibody
[J].Int J Cancer,2002,100(6) :690 —697.

Topp MS, Stelljes M, Zugmaier G, et al. Blinatumomab retreat-
ment after relapse in patients with relapsed/refractory B-precur-
sor acute lymphoblastic leukemia[ J]. Leukemia,2018,32(2) .
562 -565.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[33]

[34]

[35]

Durer S, Durer C, Shafqat M, et al. Concomitant use of blinatu-
momab and donor lymphocyte infusion for mixed-phenotype acute
leukemia:a case report with literature review[ J |. Immunotherapy ,
2019,11(5) :373 -378.

Bargou R, Leo E,Zugmaier G,et al. Tumor regression in cancer
patients by very low doses of a T cell-engaging antibody[ J ]. Seci-
ence 2008 ,321(5891) :974 -977.

Topp MS, Kufer P, Gokbuget N, et al. Targeted therapy with the
T-cell-engaging antibody blinatumomab of chemotherapy-refracto-
ry minimal residual disease in B-lineage acute lymphoblastic leu-
kemia patients results in high response rate and prolonged leuke-
mia-free survival[ J ]. J Clin Oncol ,2011,29(18) :2493 —2498.
Topp MS, Gokbuget N, Zugmaier G, et al. Phase II trial of the
anti-CD19 bispecific T cell-engager blinatumomab shows hemato-
logic and molecular remissions in patients with relapsed or refrac-
tory B-precursor acute lymphoblastic leukemia[ J]. J Clin Oncol ,
2014,32(36) :4134 —4140.

Martinelli G, Boissel N, Chevallier P, et al. Complete hematologic
and molecular response in adult patients with relapsed/refractory
philadelphia chromosome-positive b-precursor acute lymphoblas-
tic leukemia following treatment with blinatumomab : results from
a phase 11, single-arm , multicenter study[ J]. J Clin Oncol ,2017 ,
35(16) :1795 - 1802.

Topp MS, Gokbuget N, Stein AS, et al. Safety and activity of blin-
atumomab for adult patients with relapsed or refractory B-precur-
sor acute lymphoblastic leukaemia; a multicentre, single-arm,
phase 2 study[ J]. Lancet Oncol ,2015,16(1) ;57 —66.

Carter PJ, Lazar GA. Next generation antibody drugs: pursuit of
the high-hanging fruit’ [ J]. Nat Rev Discov,2018,17(3) ;197
—-223.

von Stackelberg A, Locatelli F,Zugmaier G,et al. Phase 1/Phase
IT Study of blinatumomab in pediatric patients with relapsed/
refractory acute lymphoblastic leukemia[ J]. J Clin Oncol 2016,
34(36) :4381 —4389.

Jen EY,Xu Q,Schetter A, et al. FDA approval ; blinatumomab for
patients with B-cell precursor acute lymphoblastic leukemia in
morphologic remission with minimal residual disease [ J]. Clin
Cancer Res,2019,25(2) :473 -477.

Zhu M, Wu B,Brandl C,et al. Blinatumomab, a bispecific T-cell
engager ( BITE® ) for CD-19 targeted cancer immunotherapy
clinical pharmacology and its implications[ J]. Clin Pharmacoki-
net,2016,55(10) :1271 - 1288.

Tammen A, Derer S,Schwanbeck R, et al. Monoclonal antibodies
against epidermal growth factor receptor acquire an ability to kill
tumor cells through complement activation by mutations that se-
lectively facilitate the hexamerization of igg on opsonized cells
[J].J Immunol, 2017 ,198(4) :1585 — 1594.

Mazor Y, Hansen A, Yang C, et al. Insights into the molecular
basis of a bispecific antibody’s target selectivity[ J]. MAbs,2015 ,
7(3) :461 -469.



298 Y @ B A X &% Jounal of China Pharmaceutical University 2019,50(3) :289 —298 45 50 ¥
[36] Mazor Y,Oganesyan V, Yang C et al. Improving target cell speci- gen T-cell bispecific antibody (CEA TCB) for the treatment of

[37]

[38]

[39]

[40]

[41]

ficity using a novel monovalent bispecific IgG design[J]. MAbs,
2015,7(2) :377 -389.

Kosaka T, Tanizaki J, Paranal RM, et al. Response heterogeneity
of EGFR and HER2 Exon 20 insertions to covalent EGFR and
HER2 inhibitors[ J ] . Cancer Res,2017,77(10) :2712 -2721.

Li Y, Hickson JA, Ambrosi DJ, et al. ABT-165,a dual variable
domain immunoglobulin (DVD-Ig) targeting DLI4 and VEGF,
demonstrates superior efficacy and favorable safety profiles in pre-
clinical models [ J ]. Mol Cancer Ther,2018,17 (5 ) 1039
-1050.

Lee D,Kim D, Choi YB,et al. Simultaneous blockade of VEGF
and D14 by HD105 , a bispecific antibody , inhibits tumor progres-
sion and angiogenesis| J |. MAbs,2016 ,8(5) :892 —904.

Klein C,Schaefer W, Regula JT. The use of CrossMAb technology
for the generation of bi- and multispecific antibodies[ J]. MAbs,
2016,8(6) ;1010 - 1020.

Bacac M, Fauti T,Sam J,et al. A Novel Carcinoembryonic anti-

[42]

[43]

[44]

[45]

solid tumors[ J . Clin Cancer Res,2016,22(13) ;3286 —3297.
Lehmann S, Perera R, Grimm HP et al. In vivo fluorescence ima-
ging of the activity of CEA TCB, a novel T-Cell bispecific anti-
body, reveals highly specific tumor targeting and fast induction of
T-cell-mediated tumor killing [ J ]. Clin Cancer Res, 2016, 22
(17) 4417 -4427.

Wu J,Fu J, Zhang M, et al. AFM13; a first-in-class tetravalent
bispecific anti-CD30/CD16A antibody for NK cell-mediated im-
munotherapy[ J]. J Hematol Oncol,2015,8.96.

Reusch U, Burkhardt C,Fucek I,et al. A novel tetravalent bispe-
cific TandAb ( CD30/CD16A ) efficiently recruits NK cells for
the lysis of CD30* tumor cells [ J]. MAbs,2014,6 (3).728
—-739.

Rothe A ,Sasse S,Topp MS, et al. A phase 1 study of the bispe-
cific anti-CD30/CD16A antibody construct AFM13 in patients
with relapsed or refractory Hodgkin lymphomal[ J]. Blood ,2015 ,
125(26) ;4024 -4031.

PR 2R =0 2018 AR EETL SR AR A AR

5 A 10 H, B % ABIN AT 2B RA BRI 2 I ) 510 5 o i A [ ot & 3 SUE A SE Y
IR VRSt BT B B & JR R , K23 IEZUA A T 2018 4R BE I Hi 1 276 TRYLA A BHE AR Y Mtz T 7
ZA 2018 4EFZYTIFA AR BB A S 445 A 2018 £EFEVLIRAT [ PRl A R SR . BALEIRTLIRAE Bha 4
ARE 3 I, FALTHRITT ATy — R — AL 2 T K

P, AWK 2 BAER TN B R AL BH 5 B2 B A 28 Hh STk i BB TARE AT, Wb 4245 K
B T AR AR B S B 52 B, e gl i it R B TE TS SR A ) S f o

TAER , B I 5 [ A e 2 Tl R 247 b A SR D 1), R it b ) R8T , 2T OR RIS ) , ST T 2o U —
R B, B B 257 M e BT, S B B B 1 W Skl o R4 )5 IR R R v, BRASORE AR I 17
BT EBUTI S B MESR, SO AR QUEHE J1, B ol S R R8T, 5% ek Qg ST IR OL A B &, R 0 HiEsh
FHEBR I REEAL , 55 01 A R 5 S HTL I (S B AR RS RS v [ A8 AL R b STk A8 D srll o

(BH4t)






