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Progress in Tumor Immunotherapy with Monoclonal Antibodies

FANG Wei', LI Xin**

("Department of Clinical Laboratory Medicine, Guangdong Provincial People’s Hospital (Guangdong Academy of Medical Sciences),
Southern Medical University, Guangzhou 510000, China; *Medical Research Institute, Guangdong Provincial People’s Hospital
(Guangdong Academy of Medical Sciences), Southern Medical University, Guangzhou 510000, China)

Abstract mADbs (monoclonal antibodies) are immunoglobulins generated from a single B cell clone.
These antibodies exhibit high affinity and specificity by binding selectively to distinct antigens, which have been
broadly applicated in disease diagnosis and therapeutic interventions. Tumorigenesis ensues from prolonged inter-
actions of susceptible cells with various oncogenic factors and the occurrence of multiple genetic mutations. Tu-
mors, characterized by their lethality and refractory nature, significantly impact human life and well-being, exacer-

bating the overall national healthcare burden. Monoclonal antibodies excute their anti-tumor effects through variety
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of mechanisms, including the modulation of cell signaling pathways, direct cytotoxicity, engagement of immune ef-

fector functions, immune checkpoint blockade, and functioning as carriers for delivery of chemotherapeutic drugs,

which display great efficacy in controlling tumor growth. With the evolvement of antibody discovery technologies,

coupled with the emergence and in-depth exploration of diverse antibody formats such as antibody fragments, bi-

specific antibodies, TCR-mimic antibodies, and glycosylated antibodies, the future holds substantial promise for

monoclonal antibodies to make significant strides in the realm of cancer immunotherapy.
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18904F , BEHRINGH1 KITASATOM & YK {E [ Mk
BNV TS AR ORI T — FRAELE T IR 1 A
IR 2 iR PR (antibody) . 7E2 R R E— A
gL, — SO T RL AR R A P A T e A B
€ 7 IR, HEIDELBERGERAMI AVERY % 5E
PR AR R E PUR MR E . 7E19474F, FA-
GRAEUSPHIE B H1 7 2 HH 38 B 1 59 2 45 1 2 48
M= A= . Bt 5, NOSSALZEWHIERH 1 g B 2 2400,
BB AN B o B 7 AR B — Bl oRe SR P AR, e
SO U FE PTAR (monoclonal antibodies, mAbs). B
TR S SRR, AT G 7R
SLIEGUARIR ST MR, dndn BE 60 3R B v BE U R IR
BRI AP A R B B N BRI KD, J7E
19804F HEAT 1 55 — 191 5 v B U440 v 7 I 988 () N\ Ak
RIS BEEPURTORI K, Bl AR 5L A
/INER BRSPS i s R A o A 2 S 1
S ) R AT AR P R A NI BT 7Y, 19974528
—ANHEE BT R B R 25 ) R 2% BT (Rituximab)
24 CF I 3054 5 5w BE PR 251 A T I R Bt
IR IRYT (1) AFRPURSSPUMIE 2591 T 3%
B2 4 60010354, BT 2026456 2 4k 423 111 800
{0364 7 TELFH TS BE DU LE IR S ih
JrHR bR, AR T eI ERHL
RIVEEA . PR B AR T R Rt .

1 NEEm o4

PO A2 G % 5 40 ) 87 7 i )T 7 A 1) % A
J 43 WA () — Fh AR 5, R X R R e M 1 R
o NIEBIPUR EZ i SAAF A R, 5
IgG. IgA. IgM. IgDANIgE®. Frb, NJEMIIgG1AN
IgG4 B HiAR 4 T IR IRV TT » fES5 K b, $iik
FH 79 4% A 7] 1) 2 (high, H)8E R 2% AH A 42 (light,
L)% (B BGE )M R, B 25 B A 7 — Al AR X I
(variable area, V)Fl1—ME %2 [X 15 (constant area, C), C
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DR B LE AE—ii, LEEA HEEY ] AN
Ko A6 E I CAR SR . (ERAN VIX FR AT 3/
ARIX R 4 B B 1 B AME 2 X (complementarity-
determining region, CDR)], ‘B2 Hu A 55 14 1) 43
TIEAE, 3N HMAX (CDR1. CDR2AII CDR3) 5 748
X (VHAN VL)AL, 43 SIS T8 2% LRI 2% HiE
(PN Uiy o 50 BEHTAR R I HH AH X 2212 1 4 21 28 3%
A I 2 GEE A LR BLE) . X2 EllE
K531 RIS 5 /N ek g i i R et i 2 L
Fe 2 4 (FeRn) B LS P R #EAT I 45 5, 1X &
LR AR A5 L AE B v 4 0 1% P 5508 B R TRD, T
TR EFre 20 T s TR 251 (1) 4y
F TR S L K AT MG -3 8 Y on bR
SR GERA I EGA ) SEaRAN DI RE el H 9% 5
P DL R o438 HL R A ) A Bt >0

2 B PEARIIERHLE

B B PR B 08 i — R AIWL G AT BT
YER, ‘BAEMR G YT v 0 32 ZEHLE a0 B s .
2.1 HMHIARRIESHRS

B [ AR AT DL 3 22 AL o 40 o) 40 LS
HREea, ARG SRS I T (Wi N A
KA ¥ (vascular endothelial growth factor, VEGF)«
JH 4 e 4 K 5] F (hepatocyte growth factor, HGF)],
45 & I BH W 240 g 3% 10 52 4R 2208 (BRI P 1k 324K 515
SR TS ), LD 40 SR T S AR R IA
K0T AR BEL I 2 DU AR Bk B 47T (Avastin) (1) 32 22
YEMLEI, 7T 1 VEGF 5 3 [F]J8 52 /& (VEGFR 1A
VEGFR2)45 &, AT il M A= sl U7 75 2 3 i
™, RS 55 T 0 BT AN 75 2L B S BE B A (1) Fedh
M2 5 | & I Fab%h f3cR S vy, 51 o ith
LIk LT (Bevacizamab) Al 7l 2 & FLPT (Cetuximab)
5522 B A KR 7 524 (epidermal growth factor recep-
tor, EGFR)FI A I ¢ £ K K32 & (human epidermal
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Table 1 The FDA approved monoclonal antibodies for tumor therapy (until June 2023)
bRk R 2 4 i h A4 TR Al B /A SEYNATH SRALI ]
INN Drug name Company Target/form Indications Year of approval
Rituximab Mabthera Genentech (Roche) CD20/chimeric IgG1 Follicular lymphoma, dif- 1997
fuse large B cell lymphoma,
leukemia
Trastuzumab Herceptin Genentech (Roche) HER2/humanized IgG1 HER2" breast cancer 1998
Alemtuzumab Campath Genzyme (Sanofi) CD52/humanized IgG1 Chronic myeloid leukemia 2001
Ibritnmomab Zevalin Biogen, Acrotech CD20/radioactive labeling Non-Hodgkin’s lymphoma 2002
mouse IgG1
Tositumaomab-131 Bexxar Corixa (GSK) CD20/mouse 1gG2a Non-Hodgkin’s lymphoma 2003
Cetuximab Erbitux ImClone (Eli Lilly) EGFR/chimeric IgG1 Colorectal cancer, head and 2004
neck cancer
Bevacizumab Avastin Genentech (Roche) VEGF/humanized IgG1 Colorectal cancer, non-small- 2004
cell lung carcinoma, HER2"
breast cancer
Panitumumab Vectibix Amgen Amgen/human IgGl Colorectal cancer 2006
Ofatumumab Arzerra Genmab, Novartis CD20/human IgGl Leukemia 2009
Denosumab Xgeva Amgen RANKL/human IgG2 Bone metastasis, giant cell 2010
tumor of bone
Ipilimumab Yervoy Medarex (BMS) CTLA-4/human IgG1 Melanoma, renal-cell 2011
carcinoma, colorectal cancer
Pertuzumab Perjeta Genentech (Roche) HER2/humanized 1gG1 HER2' breast cancer 2012
Gazyva Genentech (Roche) CD20/glycosylated Leukemia, follicular 2013
Obinutuzumab humanized IgG1 lymphoma
Ramucirumab Lapatinib Dyax, Eli Lilly VEGFR2/human IgG1 Gastric carcinoma, non- 2014
small-cell lung carcinoma,
colorectal cancer
Nivolumab Opdivo Medarex (BMS) PD-1/human IgG1 Melanoma, non-small-cell 2014
lung carcinoma, renal-cell
carcinoma
Pembrolizumab Keytruda Merck & Co. PD-1/humanized 1gG4 Melanoma, non-small-cell 2014
lung carcinoma, Hodgkin’s
lymphoma
Blinatumomab Blincyto Micromet (Amgen) CD19, CD3/bi-specific Philadelphia chromosome- 2014
mouse scFv negative precursor B-cell
acute lymphocyte leukemia
Necitumumab Portrazza ImClone (Eli Lilly) EGFR/human IgGl Non-small-cell lung 2015
carcinoma
Cetuximab Unituxin United Therapeutics ~ GD2/chimeric IgG1 Neuroblastoma 2015
Darzalexb Dasabuvir Genmab, Janssen CD38/human IgGl Multiple myeloma 2015
J&J)
Eculizumab Empliciti Abbvie, BMS SLAMF/humanized 1gG1 Multiple myeloma 2015
Ollamumab Lartruvo ImClone (Eli Lilly) PDGRFa/human IgG1 Soft tissue sarcoma 2016
Atezolizumab Tecentriq Genentech (Roche) PD-L1/humanized IgG1 Bladder cancer, non-small- 2016
cell lung carcinoma, triple
negative breast cancer
Avelumab Bavencio EMD Serono, Pfizer PD-L1/humanized IgG1 Merkel cell carcinoma, 2017
urothelial carcinoma, renal-
cell carcinoma
Durvalumab IMFINZI MedImmune (Astra- ~ PD-L1/human IgG1 Non-small-cell lung 2017

Zeneca)

carcinoma, small-cell lung

carcinoma
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INN Drug name Company Target/form Indications Year of approval
Mogamulizumab Poteligeo Kyowa Kirin CCR4/humanized 1gG1 Mycosis fungoides, Sézary 2018
syndrome
Cemiplimab Libtayo Regeneron. Sanofi PD-1/human 1gG4 Skin squamous cell 2018
carcinoma, basal-cell
carcinoma, non-small-cell
lung carcinoma
Moxetumomab pasu-  Lumoxiti Innate Pharma, CD22/mouse IgG1 Hairy cell leukemia 2018
dotox AstraZeneca dsFvPE38 cytotoxin
conjugates
Isatuximab Sarclissa ImmunoGen, Sanofi ~ CD38/chimeric IgG1 Multiple myeloma 2020
Tafasitamab Monjuvi, MorphoSys, Incyte CD19/humanized 1gG1 Humanized IgG1 2020
Minjuvi
Naxitamab Danyelza Y-mAbs GD2/humanized IgG1 Neuroblastoma 2020
Dostarlimab Jemperli GSK PD-1/humanized IgG4 dMMR-endometrial cancer, 2021
dMMR-advanced solid
tumor
Amivantamab Rybrevant Genmab, Janssen EGFR, cMET/bi-specific EGFR exon 20 insertions 2021
J&I) human IgG1 non-small cell lung cancer
Tebentafusp Kimmtrak Immunocore Gp100, CD3/bi-specific Metastatic uveal melanoma 2022
conjugated antibody
Teclistamab TECVAYLI  Jannsen (J&J) CD3, BCMA /bi-specific Multiple myeloma 2022
mouse-human IgG4
Tremelimumab Imjudo MedImmune (Astra-  CTLA-4/human IgG2 Hepatoma 2022
Zeneca)
Retifanlimab Zynyz Incyte PD-1/humanized 1gG4 Merkel cell carcinoma 2023
Epcoritamab Epkinly Abbvie CD20, CD3/bi-specific Diffuse large B cell 2023
humanized IgGl lymphom, B cell lymphoma
Glofitamab Columvi Genentech (Roche) CD20, CD3/bi-specific Diffuse large B cell 2023
humanized IgG1 lymphom, follicular
lymphoma
NK cell
Macrophage
Growth
@ factors ®
of 1 o °J\
d Q> "
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Fig.1 Antibody effector mechanism
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growth factor receptor, hAEGFR)[%5 4 . HERI.
HER2. HER3HI HER4Z A % 2 BR WG <[] (¥ 3% 12E
W FER I, Fab Jv BXAENS LE S P f% R A2 4 v /D (1
P B e AR T, D 2 AR IR B AR F I
2111 i 3 T << ) 25 752 A BN 52 AR (1) A A0 AN 23 A A R
KT -

2.2 MESEMHIER

2 i 1) B P2 T B 7 M A BAH A i A
] CD20 ) TR B 453 1 3= 24 FH AL, 451 2am B b 22 B
470 (Obinutuzumab), ‘& A1 T HL4H fl £ 1] CD2055
FHIELE, MBI caspase AL 17 T % M B Y
PP MAET . X5 MR SR SERERR P 1t 4 At
oA I, HAR T ALsh s A E A . RE AR S
175 R Jio B 5 1 SR 4L 23 2 (1 /i BU 21, BRI,
#1[7 CD52+ CD47. HLA-DR. CD74H1CD99f{] ¥
Pl iE it 9E caspase i ML R ULBh E H H A,
X BN L AR B B EE R, R [ CDS21
B[ B30 ( Alemtuzumab) L] B B 12221,

PO A 4 41 B 75 1% (antibody-dependent cel-
lular cytotoxicity, ADCC), & H PRI Fegh it 5 %
S22 20 O 2 T ¥ FeyRITa 2 8] 1 AH FLAE R A S R
S G RT DLIE It Fabgh #3845 6 20 M 38 1 A
ARG 8IS Fedi M35 ik FeyRI1a ) H 404 &
Sl R AR Y, — 4R 2% $ T (Rituximab)
X bk YR BB IR T AR SR W, Rk FeyRITafiGss
MR (TR 1580 B A RN AR IR ) H 4
2 BTV TT Ja AR TR A 56 1580 4 TR
[ 52 A rey 56 A1 A8 A 1) B8 3, LA RO B 9 A L B
KBS, XK ADCCXT BPT iR N I7 R A &
B RS,

HHIRE5E R B, BT APO-1 R HUAEAR IR Y DL
ANTE]T ADCCHIRMAAR A6 (1) 28 i 75 4 H (comple-
ment-dependent cytotoxicity, CDC) 1] /5 =i T 8
UM T . FETCAMACRI I I3 1) 26140, $T APO-1
Byt RMMIET:, XA AR T A S 4l
IR T — 3, R YR HTS FEFR B A BLAE W] DL B
BRI TP, XK PUT Ol S T
A 39 20 T %) LR A PR g e 451 R R K BT 1
(tumor necrosis factor, TNF)AH I 77175 FRCAR 1) %2
PRDRAMIDRSE A HUAREE S, S EFASHSCE H 5
£ AT IHESESESY, A likiicaspase
BT T PR AR T 5290, B AR 25 i I PR 2 B

BEASTRA TR, (HET IgMEE TR S Bk 1gG Rl fE
PRALTE G AR T, XS 25 NI
HE?:':Z%[Z&}OJI]O
23 REMRIER

B AR FRLUALE OB IR T R B BRI B T B R
TE BRI A0S 5 M2k 2 B b, (AR
B 62 250N Th REAE Vi 22 18 97 IR IR 245 ) Hh e % 22 0%
FEEPVER B, FIH 1gG FeSZAk (FeyR)HE K ik /I
U FLR B, Fe/t 510 G 28 380N D R 7E i 2 2R 41
FR) 2 B ) PR s 1 B EEAE A, XL
R E T PR TR FeX . A4 F i Feys2
& (FcyRI. FcyRlla. FcyRllb. FcyRIllaflFeyRIlb)LL
FAMA I FMA Clq(complement 1 q)#& 92 7] FIAH H
FERSRAF B3, AN 1) 1gGIE B0 AS [ () FeyRAH
MR ANFERSER A1, FEA 2 N 1gG4
WA TCEHE B CIqPY e e e 1 I Fey 32/ i FeyR1la Al
FeyRIIb, 77 il ok 258 48 LA B 45 ) P sl i/
DALt mT DAAR AR AN [F] 28 2 B R FH SR 438 2 ) A [
FIDIRERLRIE3S, 32 (PR A1 5T B, ADCCHIHT
AARAR S 14 4 i 75 WA FH (antibody-dependent cellular
phagocytosis, ADCP)/& il i $iL A Fc/FeyRAH ELAE FH A
FH . [FRIFE, Hvd R % R e IS AMA R
C2I P T FE NCDCAE FHER AL T [ E 4R

MU 4R %475 (natural killer, NK)ZH i 2 [
) FeyRIllaZs 5 Hi AL 17 40 fL (1) ADCC A2 — 45 7
EER IR 1 WA B iBUR = i G Sl I I E b A
F1%) 24 I 5 P RO S [ B R b IR 4 %, SR T, N4
MOAEFTAR A T B e 3 B 4 A B HL Sk = 1
AR NAEHECY A FH FoyREE IR R B /N BRI 22 MA Y
W FC M SR T FoyR A (1)1 5 WA & 45 3 24E
FH 0 a1 A2 A% 0 i/ e 200 A A e ek A 2 3 T
PUARIKS BT S B2 40, il /)N BR s A A S
T, PN T PR 1 58 A T R
P52 A4 FoyRIV (1) SR A% 240 it / 5k 4 A6 o s 200
M5 NKAEMEOEPY, b A SRk, fE4H % CD19,
CD20AIHE AL B L5t gp75 (1 B Ht P i Js v o7 5
A% 441 M/ 5 40 4 AR 1L,

2T B 4D 1 EEAE P R0 A R
&R/ E A AR B . ML RN (&
SRS T B A ) R IA IR FeyR, 25 5 7=k —
FALEAGEPESE, M2 E g0 (AR RS E
W4T ) 5 Ut/ 5 ADCC, 1ERANRIEE i /K
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(1) FeyR A5 5 = /KT 1) ADCPM Y. B SRR T4t i
BEPERURLE R A LA B e R AN R TR TR
— P AL, AE A R A A AT R i ADCCAK
EWEAE S H bR R SE AR T4,

¥% ¥ ADCCAHI ADCPLL S #MAHLHI 41, EH2E
ik CDCala] 4538 i 4 MA O 20 i 75 7 (complle-
ment-dependent cellular cytotoxicity, CDCC)F1 %A
AR A i A R AL, 5 BT it CD20 ) A1) 2% &
FRLPTAN B AR LT (Ofatumumab) 155 A 5 1 it
JEERA G

3 BnERAERERTPRINA
3.1 RERECEE
B 38 I 0 A 5 AR T e T 4 Ak A7 e 8 4
JfL b, T 38 oA BT S e A R 2 AR 3
PO AU T IR T Tk A E e T
R B4 i AH 2¢ 28 1 4(cytotoxic T-lymphocyte-associ-
ated protein 4, CTLA-4)j& —Fp i pi 70+, 1F
A0 B TR R 40 _EimRiE, CTLA-4ild — R 5
AR AR AR ELAE A B7TECAAR ) 528 A1 7 3R 30 fo
326 00 0 9 106 3 2 M AL 1470, I S e Pk A o) 5
B3z 4k CD281WAH BEAEH , M BEBTEOE (S 57 %,
TSR TR U 5 R 48 F (Ipilimumab) /2 —
Mt CTLA-4 R A 4 N, T 20114E 3845
% B 245 5 s BB HE R (Food and Drug Adminis-
tration, FDA)fL#E b 17, @ i i PR CTLA-4/B7()4H H.
YEF Jf 8t CD2815 5 & T 0 . A2 1t 4
MUFET 2R [ 1 (programmed cell death protein 1, PD-1)
Je HFC AR (programmed cell death 1 ligand 1, PD-L1)
W AH OGP B bR, LG HE M) PD-1 B IR 48 52 51
(Pembrolizumab). Z4EUH]JCHHi(Nivolumab). PhK
AR BT (Cemiplimab) A1 2 15 ) B 471 (Dostarlimab)
DL B ] PD-L 1 R BT 47 2R SR 4T (Atezolizumab) - Fi 4
3T (Avelumab) FH 48 T & #4571 (Durvalumab)Pl, 3
Al G A A i EL A R 2 4 R 30 22 X -3 (lymphocyte
activation gene-3, LAG-3). T S Bk 8 A& 26
B H 4538 H3(T cell immuno-globulin and mucin
domain-containing protein 3, TIM-3)F1 T4 g G2 Bk
B AMITIMEE #4355 (T cell immunoreceptor with Ig
and ITIM domain, TIGIT)%5 3 K52 3] 1 4024 K
RVE, BT 3L [F] R i ik FH T 32 e A &5 & ) # )
55 AL, H AT PD-1R1PD-L1BH W7 ¥ 545

BRI AR B X RL B S R A
s BT 2 IE AR BEAT 22 U R EG PRl R
4y 2 A 5 1 PD-18 4T PD-L 1R BT I R A B
. HAl, £XF LAG-3 /55 F .41 (Relatlimab) 5
gy M T B LI B VR 9T A AT D) BR BOR 290 9T 1) #
PV /L] 38 € 288 AT TIGIT B 8 i A1) G 47t
(Tiragolumab)-5 Bl 55 BR B 5T A ¥R 97 12 W TR/
1 i I e ) PR 8 3 2 A B R e %) il
(2 R 7R, FETO i e AEAF 71, Relatlimab/il
NivolumabF & 677 HUS 182 A B8 (10270 3 %
te4.6H), HAE 1934 A i H Az Bl U5 1 TA) S AR AR A7
WA it 4 5.3 2 57 (NCT03470922)7, IX 264
#5227 FDAS T #EAE T Relatlimab il NivolumabX
16T Opdualagl TR IT H R PERE B 5008, [RIHEAR
T =R HEN T 7 B S A A A R . AE Tii-
ragolumabJ1E LT, 5 5 H AtezolizumabAH L,
T I 12 e AR AT AL AR A A7 AAE 13,9 H g Az B
Vi AR A B (NCT04256421)5%, RS EK [ B
Vi BE RN IR T RLES , (HIX SE R B TR
GBS A 5 A ) B4 1l PR AT 78 45 SR A gt PR 52
BRIk, DL R 2 T A U0 e A S i AU e
22 30 ST 25 0 B [ 255 ) s PR TS 2

Iy — P S e A s BH TR 5 3 T LS AL
CLAR BETIRE S B2 1R 7 252 A FH iash PEdu A B R
A /N B B i PR BT 9 9 R TR — A A BT I& Y
Mg, AHEE U T R BA Phiit . R BB
TREMAERE, STTREBETUAREL, 728
025 FERERE il R B VEAE 5 B B e BE LA .
PLCD28IH L TGN-1412, T B REE 2 1% A T4
J (PR ) SZAK (T cell receptor, TCR)Z 5 11 . T H
T M HG FEL, AT g B B0 0 G A B PR
BReS At 7 —Far BE RO AL ] O, SRT, WAtk
AT HE 2 R B KRS, TGN-141281 8 PRI R IR 50 5t
EW) T IX— i, 6 B I 7 { H] TGN-1412)5
ANAHERE T T AL T R, S ETA 2
TPEEREIER . H AT AE T Im PRI R i Eh 1
BRI S AT 41BB. OX40. FE Y MR BTN
JiJed SR IR T 52 AR #H 9% 8 1 (glucocorticoid-induced
tumor necrosis factor receptor-related protein, GITR).
ICOS(induced T cell costimulator)f1 CD27%%, 7| &
T 1 mg/kglfI#E A 41 BB 5 5 7 51471 (Urelumab,
IgG4)iRIT ol M E &t MR, 5—FA
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B8 5B ) #E 7] 41 BB 2 F6E 54T (Utomi-
lumab, 1gG2)7E 77 & 48 = 4210 mg/kghf HAE AR
HA KPR 520 10509, FeyRBH M40 i 3 10 1) FesZ
TG AT 3 s PE BT AR BT, DA 0% 2 TN,
R ) E ek v R IE A4 52 K FoyRIIb I B4
I, FF I CAF eSS A S5 A4 75 5 T4 M A R e 55 s
PEHUA T B2 7= A2 22 4 1) TR BRI 77 . Sk
ARSI BB PURR RIS TA ML AL, ]t (e it
T T(regulatory T cells, Treg)4H i 1) 2 BE FFE v, 12F
— SRR SR o X R A F B 5 TR A
1] GITR. OX40. ICOSULK CTLA-4 5 5 B Hi 4
TR B I R BT FEH Sz GE , I BAE B 4E
4~ % -2(interleukin-2, IL-2)-Fcfil & 85 1 vt & B0 24
BRI
3.2 inik-ZiiEEk

PR ZiY E 54 (antibody-drug conjugates,
ADC) W = A 3 B2 B o 4 R B BE A
(mAb). 4l 5 714 (cytotoxic payload) I
(linker). 4 ADC5 R340 i _E i H ARSI 45 & i,
ADCH] LA i 52 4R/ T 10 N A F R 4 i 55 3= 1
A A 138 30 0L [ 00 L PV 00 L, B A A o i
[ RE T ADCH (A B 85 254, AT Al PR DN A BY A
HoAt 77 A g 0 28, A ReMEdf. H
B, ©A 502 Mt J5 4 HAE ADCH I R A 2RI PRI
KRR A X B AEHER2 . TR E AR BT
J5i-2(trophoblast cell-surface antigen 2, Trop-2)f1B4
R AHT I (B cell maturation antigen, BCMA)7*71,
BEHAT, OF 140 ADCHE 3 [H & A 255 2R
(FDAHER TRy . HATAL T35 UG PR
K HIADCs IS5 fER 2

CD197E B4 & A0 LI 5 A B, AT
B 2SR AM, #)1Z2 3RIE, 26T BAUMEAE b
JRIH)— N R AERE 55 71, Loncastuximab tesirine-1pyl
&MU ALY ADCZ5Y), I NIEAL I $T CD19FtAA |
JrE A TR gt TR I SR SR AR SG3 199 AT ) 4 R ARF
e i BY D) A AR R - T A RRE R T . 2021
FFDAFX T | Loncastuximab tesirine-lpyl{F 5.2
16 9T 2R NE BCHE VR PR TR 12 PR K B4R Ik B 98 Rl AE
A B A A, axX 8 B S /D4 52 0k R Rk S T
14 5097 7. BCMATE 2 R 1% 8898 (multiple
myeloma, MM) I N & AL R E R FER, FF
7E MM4H it it 33k 78, TR, BCMA CU UE W /2

—MA AR AR R PR, T H TR ReYT,
CAR-TITVE RUR R EPUR (BsAbs) Itk 254 5
A YI(ADCs), 2035 5k MEEHE TR 1t 22 R 1 Bl IR (re-
lapsed and refractory MM, RRMM) & 3 757 4% )5 -
Belantamab mafodotins& —F & €1 $1-BCMA ADC,
120204 8 7 # FDAJIA L, 19BN RRMM &
F R RZE T U0, (£ IX T BE HL T OhR 25 THH 56
W, 9744 R 3 — IR DK S A 2.5 mg/kg
Belantamab mafodotin. &4 M2 31%, 73%H)
R R 1 RS 64 1 BE K [ 1 e 501, 4R
1M, Belantamab mafodotin 1] i 3 £ ™ 55 [ AR i n] /83,
BLFE MR AL LT BRI AN /e v A . H A IR
7E 147 DA Belantamab mafodotin iy ¥ —J7 ¥ F1 54k
7 L G PRRES , TR TT 2 K1 Rl i
E

HER27E K27 20% ) 3L 5 b g Rk B,
7E 20134, Ado-Trastuzumab emtansine(T-DM1)—4>
PL$T -HER2$HT4E Trastuzumab HFEARY , 38 i 52 & 1B
P S 42591 5 ol 0 57 DML (—Fh 32 8 R R AE W)
454 I HER28E W] ADC, 3R T 697 HER2 PH M #%
Fo v AL A A B2 R IR IS, i
H W BEHL S BL %2 52 T-DM 1 (n=495) 3 57 1 % Je &
A (n=496) . T Ar ok e AL A7 S AN A A AR A
WE 32 T-DMIL ) B T B AL T He 2 hia & e
IR B A ) B B, = B MRS (triple nega-
tive breast cancer, TNBC)4H ik = M &= 24k, 22
W 2 ARBHER2R L, W PR ] 7 EAT B ia
J7 BCHER2BE [/ 7V B e 52 B4, A7 TNBCH) &3
HEFEIRITIEFEA R . Sacituzumab govitecans& —Ff
2 FDAHLUER ADC, 38 NJEAG BT Trop-2 52 5 b
U (hRS7) ] U1 F 32 4255 A0 #0044 B 1410 ]
7 SN-381E A 4 . L5 HA FDAHEHE ) ADC(#E
BT KO AR L, SN-38Ff 3 13 )12 & JE 1. H
T HH R R HOR (P PEGHEE ] ), Saci-
tuzumab govitecanft ZG# X HifA L (drug to antibody
ratio, DAR)J5 T 2| | AR m 7K1, 29097.6, T
H A7 IE7E {6 FH 1 ADCII DARZ) A 4. Sacituzumab
govitecan T 20204F 4 H FEF3% & 1084 TNBCHE & 1)
Il R 56 (NCT01631552) F HIAR B 45 R, 345 1N
TR ITFDARLAE, F T HEE PR R TNBCE, 7EIX I
RIS, M 2R 33.3%, Wi B IR R A SRR AR IS [A] SN 7.7
™~ H . Sacituzumab govitecanftF | B EH G T I 1H
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2 WEEFDARUERE = HAIRAKIXIEH A THEIETTAIADC R S IR (B E20235F67)
Fig.2 The FDA approved and at phase III clinical trial antibody-drug conjugates for tumor therapy (until 2023 June)

F prAE LR 24 ESTREAY AT /2T AL FRALINT TH]
INN Name Company Target/form Indications Year of ap-
proval
Bentuximab Adcetris Seagen CD30/chimeric IgG1 ADC Hodgkin’s lymphoma, ana- 2011
plastic large cell lymphoma
Ado-trastuzumab Kadcycla Genentech HER2/humanized IgG1 ADC HER2" breast cancer 2013
emtansine (Roche)
Nitoxizumab- BESPONSA Wyeth (Pfizer) CD22/humanized 1gG4 ADC B-acute lymphoblastic 2017
Ozagremycin leukemia
Rituximab-Hyaluronidase ~ Rituxan Hycela Genentech CD20/chimeric IgG1 ADC Follicular lymphoma, dif- 2017
(Roche) fuse large B cell lymphoma,
leukemia
Gemtuzumabozogamicin-  Mylotarg Wyeth (Pfizer) CD33/human IgG4 ADC Acute myeloid leukemia 2017
Ozawa gamin
Polatuzumab vedotin Polivy Genentech CD79b/humanized IgG1 ADC Diffuse large B cell 2019
(Roche) lymphoma
Darzalex Wien Padcev Astellas, Seagen  Nectin-4/human IgG1 ADC Urothelial carcinoma 2019
Trastuzumab deruxtecan Enhertu AstraZeneca, HER2/humanized IgG1 ADC HER2" breast cancer, gastric 2019
Daiichi Sankyo carcinoma
Daratumumab- Darzalex Faspro Genmab, Jans- CD38/human IgG1 ADC Multiple myeloma 2020
hyaluronan-FIHJ sen (J&J)
Belantamab BLENREP GSK BCMA/humanized [gG1 ADC Multiple myeloma 2020
Sacituzumab govitecan TRODELVY Immunomedics ~ TROP-2/humanized IgG1 ADC Triple negative breast cancer 2020
(Gilead)
Loncastuximab Zynlonta ADC Therapeu-  CD19/humanized IgG1 ADC Diffuse large B cell 2021
tics lymphoma
Tisotumab-Vedotin Tivdak Genmab, Sea- CD142/human IgG1 ADC Cervical cancer 2021
gen
Mirvetuximab- ELAHERE ImmunoGen FRa/chimeric IgG1 ADC Platinum-resistant ovarian 2022
Soravtansine cancer
Trastuzumab- SYD985 Byondis HER2/humanized IgG1 ADC Metastasis breast cancer Phase 111
Dukangmycin
Depatuxizumab- ABT-414 Abbvie EGFR/chimeric IgG1 ADC Glioblastoma multiforme, Phase 11T
Mafodotin gliosarcoma
Disitamab-Vedotin Ticction (RC48) RemeGen HER2/humanized IgG1 ADC Locally advanced or metastatic ~ Phase IIT

breast cancer with low
expression of HER2

R Kb, RS &L 114 R TNBCIH B
M RHLADC.

4 BITMERZEATHNARED
4.1 IR RN T4 S 83 (bi-specific
T-cell engagers, BiTEs)F1TCR{Z#$71{4A(TCR mim-
ics, TCRm)

udk v BLS 2K IgGHUR A R 2 Ab 78 T Ho 4
NIRRT LR 0 T3 2 3 0, R OREE 7 R %
b RS A R BT AR BN AR /D B R W)

fiesdt 7 AR oA, (HAB B2 7 HAE M FF
B 1] 4 R AN A 23 2 RV FE BB RE, BRIk, e A1k
WEE TSR EER, R TiayTE
FU/IN LA R Z A RS g PR3 BLAE B R AEIX A
UL, BRI — A= e, fRIE TiR)T
PR R 2K, JRAE R A A RS A3 3] — B R L)
.

ZIRIXANZ AR, PUik T BOr SGBE R A A& 1 vl
P B PR 25 K B AR AT BiTEs . BiTEsilid #
6] TCRE & WA IR S sl PE iR v B, Ji i
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ST - RS ST BT R

B AL A PR  BCS TR &, T A
TABER Ak, (21 TANREA T AREGR M A%, AT 28
S T2 f 5 e RE R i TR A ELAE AR 2 9 /)
JSF ) 54 Fvpufa i B (single-chain fragment vari-
able, scFv)-5 A4 G 38 2 0] 1) M i ek e 1 H
fR 2 A 1 B AR S ) T 400 A A 20 T A 8 R ik
B LA E544), AR H T TAN s vl S 80 Z %
REWOE , KA 7 NBEMMP LT, Rz 2k
I 4 B AH D0 4 2 B P 2R A 4iE (immune effector cell-
associated neurotoxicity syndrome, ICANS), BiTEs%>
FHEUAITHRIA RFA R A0, FEAEH—Z
PIBE IR, XA R A 1S LG 2 2O 2, 6]
T b 2 KRR 55 B I 36 [ 1 DL K 47 TL-6 32 A4 R 4T
TNF-afit {0 B AT AL 3 . RS AR I Bk
H5VF 2 CAR-TA ST LA R, BITEsA 7 Z4MEAL
SE i, EATAH 2R HE ST AT O,

AR, FIH TCRmAE Y HE A Fr BU) BiTEs Al
CAR-TAH o052 3 1A 2 K O%0E, X e hi il
BT ] U 32 A SR 25 1 2 AR (major histo-
compatibility complex, MHC)-#T I 2544, A IT3E I
I ATRE A PR A YE ], B e MHCIN AT 5 5% R 4
MANEH. BT 5HAMZ IR B, 5 5
HLAZE (7 FE PR S B2 DR 5 A HLAS5A37 3 PR
[F) A S ML, TCRmRF R AR B A% . REAAAEND
AT, (B TCRm#U A TAEAI IR A2 — PR
4.2 BEEACHISOELAYIGE

BARRIR N 1gG 5 5o B oA A g v 97 Hh &
7 ORCR, EAT R SR R S Ry AT DL R
e AR 1, 3 L) A e 2 FelR B A . 7
FE20024F A W AR W, F S BEHE R AL FerT A ik
H 5 NK4H i FeyRITalf 254, Al LA N IgG 1 ik
) ADCCP¥. JE25 BERE R AL AR T B AT X 1 A ik
CLE B P 2 A, R vh 3% CD20(2 Obinu-
tuzumab). C-CHE&1LEIT 3244 4(4 Mogamulizumab).
H & 5% ik CD19(21 Inebilizumab) sk, IL-5R o4
Benralizumab) 144, Uik W £E 35 5 AR R 1 AR 771
NG AOIERR LI . AR, R
AN 50 B o B AR B0 AR D BRSPS T2 1)
s HE SRR . AHACT LR A A T A
FefE N8 AU, ARa BR AL B AR I HiikIgG
HA AR 24 B 22 R 1, I E Ak 9l R R FH Y,

1 55 0% FegRITafl FegRITasE Al /758735 £

I FH T 2 Bl g BE LR, AL FEHE A CD193R Y7 oRig
K B4H A bk 2589 11 fth 25 78 BRL T (Tafasitamab) AR ]
HER2 G 7 B 1A 7L i e 1 3 4% 22 & BT (Margetux-
imab)!*%) 138 58 6 F ) 4 FegRITbAZ 44 535 Al 77 11 58
A O T s PR G s v, BRI 5 DRS
LGP, I0X40. 41BBHICDA40, KA EA11E
Ht FegRITb BH 14 41 it 2 1 i A3 R 4, AT A 5 4
A BT TAHAL B 224 3B 07, HAfEN, 31X Fh SR s
AJ DL #E ) OX 40 41BBHIICOS (11385 11 B v [
PUpA K B 58D Treg 4l M I ADCC, MM R 1 7%
FEA FIRFE. 4N, pH<6.5 1] #58 IgGXf FcRn3f
AT 57% IR IR G CLt % e 1 B T G 2 1 45 R
PLCD20 . v fE i, DR EFCRnJEM I E K- 5
WIS, (e 1gG7S AL LG58 C1qUi A fl CDC I 2
A T R TG B 741, SLRL H I A B 4t i 3%
THI 2325 [ 38 B kMR 52 A4 b ELAE FH () 2878 CLg R
BT & e, DA IR A6 1 20 B e R A e i
J&i , Uk BRTH B TG 1R D BE (1) Felt BR 584 L gk it
{1 FH Tt PD-L 1 52 5 [ 24 4 428 L 65 B R B R B
Pt, 1E A RN T Re1gGA B AR TT %, B 47l
Fr1gG4 5 FegRs AR BAEH, i Ti697 B8 Bk g
e ) PUPD-1 1 & B F Bk BT (Tislelizumab)! %0101,
4.3 FFIgGRIE b I Bk

bR T IgGHR SRS, FH TR B EAEIRG
A BYGTAR TF R IEA T R . ldn, DL SR AR ER
N BRI R AIRAEAE (1) IgM A Ta B oAk T &
T URE g A SRR S B BRARPE AR, BN P
WPETZARIXRZ 5 T 2 M 4 G AR . — AN
IR A, BAREATRCDCIA N, HENIAS
LFeyRsifi i, KA/ FADCCERADCP! ™, IgAFI
IgERAME T 2 5 HAR SN 00 & il fedt, R
EATTE A 1gGAN A 1) Fe 2 AR A0 HAE A, B FeaRI(TE
FAZ TR L TR M b 2 RO b 4 R0 ) RN
FcRel/FeyRell(TEHLAZ A M . FEBRPERI AR AEK
Y1 FHRE FR PERL AN A R IEHI, T IgAL 1gMA
IgERYUAA S FeRnMH BAEH , Rk 5 1gGAI L, 1
T 3 A R 10, R R g GHUMRAE S e B A |
RA AT, (HEAE AR b 77— 20 TR B
Tff 78 R 8 & RGE , 75 IR WA X e SR AR T 2
TF R 1gGEiih

VE a8 Tk B o [ e A ] A 1) 4 938 B0 R K
58 CDCEL ADCCHI AT %, & BIFE 22 S 4
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i3 A2 S e B, RT3 -a. TNF-abL &3
() v 2 AR A B R 1 5%, Rl IL-2 AT IL-15, H5AS
[7) [ 905 52 AR RO RR ELAE R 1081, — ek 41 it D) 7 i
HITIEIL NI AR B B
44 BREBTT

R B B E N — Fh B — 7 IR AE — LB R
HHRES T R, AR R & T S
I7 U7 A TEERZGY) . AR R s A A
L GBS G A AR L R VA /B T VR R A
RIS, HArc T 2 R B T BRI E I HL
) F B 2 K S A L 4, R A T % R
RO 43 AT ADCC, e AT LA Sl A B Bt
Ji9Rg G928 Js LB AR Lok, I NKZH A S5 1 ADCC
Tt I T 8 44 R TS R A B e S PR R L, MR R
156 240 PR FL B 2 A B EE 1 TR R, W S EUER
G ET NG FOVARNI R o Sk i1 i Pl T P el
DLIEE— 30 38 X o G 02 SR, bR R 22 R 9 S
$UPD-1/PD-L 1 HLHL KA P8 2 8 FLTIR 7 1) 77 =M
e, YR G LT BRSPS 78 %8 BT H AT IR
FE IR R 56 FH (NCT03082534 FINCT03082534). [H]
FE, 75 FU g Hh s S e 2w 10 o 550 DL 9 e
HER2 B HUIR YT & — PR AT & B0 S0 o I PR AT IE
PR, WA Tk 2 s RV T AT A e )
TR LR 24 T 24 7 R (01 AR ) R AR

B TS A VF 2 S e i & 5, (RN
A A F L] . PR, S8 2 AN A AU
A% CAH A 5 X3 5 TR M s 2. #L ] CTLA-41
PD- 1 (1% B b B AR I8 A2 I PR T /S BRBEZRY Hh )
RO EAR T A AT —PraR M, [FRE, TEFR
PR R B, 5 R A R 48 R G SR PTG
BVRIT B I SRS FAE A — PR T R A
J& , FDARLHE T 55 ) 48 35 R0 40 BOR G SR B v
7RI ' FENE AN RS FDARGE ) S dar
R WIS T, BT IEFE AT IR RIS 4k 82T
b 7E AR R R B T A Sk A A LAG3 AN
TIM3JE % 5 PD- 175 50 T4 - 3R IE , LAG3EX
AP0 PD-111) G A 7 i LT 1E 78 347 Jie S5 B 41 il
J8 (NCT02658981)Fl1 H Ath i iE (NCT02460224) 11l
RS . 7E AT (NCT03680508) A1 Hdth )1 Fth sz 448
(NCT03744468)" , A7 K LARIHT TIM3 AT PD- 14T
PRI GBI I R 5 .

F— A A B ECE SRS R R R

Wt 55 O TR S A B S LRI AR K, 4-1BBZ
—FPAEAE T THHMUR NKA0 A Lz ik, H b
IEFEREAT V-G 4-1BBISN I HT 1A 551 PD-1 41K &
TEIT B AR RS (NCT02253992 F1NCT02179918).
— MR GITRISE SN BUAA, FIIEETAE, 5
90 G BT I A 8 ) A AF B e T e T b B
P A A FEANAE S0 B T R IE ) OX4084 )
AP, N AT 2 AR (NCT0171473941
NCT01750580).

5 B4

FERE D8R R A BRVE T N A BAE T 0 — A 1
JER, R ST P RGN — ARSI, A
FH T8 7 10 8 5 ek —— R 2 5 B 3 LA
K 254 B, TR IA T BT v L4 LA
B, T LA BT B B TR VAT R 3 104E
TR BT S 2 — . B2 M\ S206 SR FE RN PR
R RO, R BT T i, bA TR SR
S T B MR G VR T 4 iR R
KELIGARR . SR, b TIrFREK, B
T MEHUIA S ET 2 M, T2 (L 2 Fh 2 0%, A03E
SRIZH L AR« FRa 4 R A K £ 5 R 0 S i
T A% 25 7 4 R P T B S A AR i 2 AT AR e —
WU AR . R, RS S B HUARLE MR AT Oy
T AT T 52 1 R, AEAZ U i B T3 78 5 H AR
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