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Progresses in Research and Development of Monoclonal Antibodies

Fu Zhihao®, Xu Gangling”, Huang Jing, Yu Chuanfei, Wang Lan’, Wang Junzhi (Key Laboratory of the Ministry
of Health for Research on Quality and Standardization of Biotech Products, National Institutes for Food and Drug
Control, Beijing 102629, China)

Abstract Objective: The research and development progress of monoclonal antibodies drugs was reviewed
so as to provide references for the industry. Methods: Through referring to the literature and related databases,
the research progress of classical monoclonal antibody drugs, as well as the derived antibody conjugate drugs
and bispecific antibody drugs was reviewed and summarized. Results and Conclusion: More than one hundred
therapeutic monoclonal antibodies (mAbs) have been approved worldwide since the first therapeutic mAb was
marketed in 1986. 42 imported mAbs and 31 domestic mAbs have been approved in China. With more than 30
years of research and development, mAbs have showed special superiorities and wide application prospect in the
fields of tumor, autoimmune, metabolism, virus infection and other diseases.
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1 FDA
e SR [HLEES JHl LIt T VA 0y
1 Muromonab— CD3 OKT3 Mouse CD3 SR 1986
2 Edrecolomab Panorex Mouse 17-1A HE 1994
3 Rituximab Rituxan Chimeric CD20 R A bk LR 1997
4 Daclizumab Zenapax Humanized CD25 B HIE RS A 1997
5 Basiliximab Simulect Chimeric CD25 B 1998
6 Palivizumab Synagis Humanized RSV RS 1998
7 Trastuzumab Herceptin Humanized HER2/neu FLIRE 1998
8 Infliximab Remicade  Chimeric TNF o BB & 1998
9 Gemtuzumab Ozogamicin Mylotarg Humanized CD33 M I 2000
10 Alemtuzumab Campath Humanized CD52 R 2001
11 Ibritumomab Tuixetan Zevalin Mouse CD20 N 2002
12 Adalimumab Humira Humanized TNF RREBPEI TR 2002
13 Efalizumab Raptiva Humanized CDlla BN 2003
14 Omalizumab Xolair Humanized IgE T B 2003
15 1311-Tositumomab Bexxar Mouse CD20 N 2003
16 Natalizumab Tysabri Humanized o 4—integin 2 R A AE 2004
17 Cetuximab Erbitux Chimeric EGFR 25 H i 2004
18 Bevacizumab Avastin Humanized VEGF AN 2004
19 Panitumumab Vectibix Fully human EGFR e P 2006
20 Ranibizumab Lucentis Humanized VEGF BB 2006
21 Eculizumab Soliris Humanized C5 M1 H IRAE 2007
22 Certolizumabpegol Cimzia Humanized TNF o B 2008
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23 Golimumab Simponi Fully Human TNF BT R 2009
24 Canakinumab Taris Fully Human IL1B B ARG IZR B 9E - 2009
25 Ustekinumab Stelara FullyHuman — IL-12/23 HRB I 2009
26 Ofatumumab Arzerra Fully Human  CD20 e PR IR B 1 ML 2009
27 Tocilizumab Actemra  Humanized  IL-6 ERIBMET R 2010
28 Denosumah Prolia Fully Human RANKL BT 2010
29 Belimumab Benlysta  Fully Human Bly-S RGN BERIE 2011
30 Iplilimumab Vervoy Fully Human CTLA-4 RO 2011
31 Brentuximab Vedotin Adcetris ADC CD30 R 2011
32 Pertuzumab Perjeta Humanized ~ HER2 FLAYE 2012
33 Raxibacumab ABthrax Human Anthrax Toxin IRIH. 2012
34 Trastuzumab-DM1 T-DM1 ADC HER2/neu TR 2012
35 Obinutuzumah Gazyva Humanized ~ CD20 I 2013
36 Siltuximab Sylvant Chimeric IL-6 RITRR TR 2 [CAE 2014
37 Ramucirumah Cyramza  Human VEGFR2 i 2014
38 Vedolizumah Entyvio Humanized Integrin a4 7 Bz tESE R 2014
39 Pembrolizumab Keytruda ~ Humanized ~ PD-1 VRO R 2014
40 Blinatumomah Blincyto  Mouse Bi-specific P L% 2014
41 Nivolumab Opidivo Human PD-1 HEBMRORE 2014
42 Secukinumab Cosentyx  Human IL17A b 2015
43 Dinutuximab Unituxin ~ Chimeric GD2 o 2R R 2015
44 Alirocumab Praluent ~ Human PCSK9 i L T 1 2015
45 Evolocumab Repatha ~ Human PCSK9 i L T i 2015
46 Idarucizumab Praxbind ~ Humanized  Dabigatran EiRall! 2015
47 Mepolizumab Nucala Humanized  IL-5 A 2015
48 Daratumumab Darzalex Human CD38 B 2015
49 Necitumumab Portrazza ~ Human EGFR Jitiges 2015
50 Elotuzumab Emplicit ~ Humanized ~ CD319 R 2015
51 Obiltoxaximah Anthim Chimeric Bacillus Anthracis I 2016
Anthrax
52 Ixekizumab Taltz Humanized  IL17A HE 2016
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53 Reslizumab Cinqair Humanized  IL-5 W it 2016
54 Atezolizumab Tecentriq  Humanized ~ PD-LI BEFS IR s 2016
55 Daclizumab Zinbryta Humanized CD25 Z RAPEML 2016
56  Olaratumab Lartruvo  Human PDGFR « WAL R 2016
57 Bezlotoxumab Zinplava ~ Human Clostridium ARMERR T B R IRTT 2016
Difficile Toxin B
58  Brodalumab Siliq Human IL-17 BEHCIRAR 2017
59  Avelumab Bavencio  Human PD-LI R TE IR AN 2017
60  Dupilumab Dupixent ~ Human IL-4R o TR MR R 2017
61 Ocrelizumab Ocrevus Human CD20 Z RAELL 2017
62 Durvalumab Imfinzi Human PD-L1 DRI bRz 9 2017
63 Sarilumab Kevzara ~ Human 11.-6 FREBPES T R 2017
64  Guselkumab Tremfya ~ Human 1L-23 GRS 2017
65  Inotuzumab Ozogamicin Besponsa  Humanized — CD22 AP A 2 400 L 1 a5 2017
66  Benralizumab Fasenra ~ Humanized  IL-5R JrERBRRR ARG 2017
67 Emicizumab Hemlibra Humanized Coagulation Factor A BY[fil /555 2017
IX and X
68  Ibalizumab Trogarzo ~ Humanized ~ CD4 ZH M2 HIV 2018
69  Tildrakizumab Tlumya Humanized — IL-23 B 2018
70 Burosumab Crysvita ~ Human FGF23 X AR I 2018
71 Erenumab Aimovig  Humanized ~ CGRP (IBSE 2018
72 Mogamulizumab Poteligel ~ Humanized ~ CCR4 T 20 1 i 2018
73 Lanadelumab Takhzyro  Human Kallikrein P I A K 2018
74 moxetumomab Pasudotox Lumoxiti ~ Mouse CD22 BN 1M 2018
75 Fremanezumab Ajovy Humanized ~ CGRP (GBS 2018
76 Galcanezumab Emgality Humanized CGRP EBS ] 2018
77 Cemiplimab Libtayo Human PD-1 i IR bR AT 2018
78 Emapalumab/lzsgemapalumab ~ Gamifant ~ Human IFN= W I 20 P AR ELZH 240 2018
JHL3 LR i

79 Ravulizumab Ultomiris Humanized C5 L4126 1 DR SE 2018
80  Caplacizumab Cablivi Humanized ~— vWF /NP 595 2019
81 Romosozumah Evenity Humanized Sclerostin LERDTILIN 2019
82 Risankizumab Skyrizi Humanized 11.-23 B 2019
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83 Polatuzumab Vedotin Polivy Humanized CD79b VRIEBMER B 4R 2019
84 Brolucizumab Beovu Humanized VEGF HEREAR 2019
85 Crizanlizumab Adakveo Humanized P-selectin DR 0 2% 1. 2019
86  Enfortumab Vedotin Padcev Human Nectin—4 T e 2019
87  fam—trastuzumab Deruxtecan Enhertu Humanized HER2 FUI 2019
88 Teprotumumab Tepezza Human IGF-1R IR R R S5 2020
89  Eptinezumab Vyepti Humanized CGRP it I 2020
90  Isatuximab Sarclisa Chimeric CD38 Z RN BT 2020
91 Sacituzumab Govitecan Trodelvy Humanized Trop-2 BN e 2020
92 Inebilizumab Uplizna Humanized CD19 A2 A BER 2020
93 Tafasitamab Monjuvi Human CD19 B ZH Ak L 2020
94 Belantamab Mafodotin Blenrep Human BCMA Z R RE 2020
95 Satralizumab Enspryng  Humanized 1L-6 A2 BER 2020
96 Atoltivimab, Maftivimab, and  Inmazeb Human Ebola Virus Wi gy 2020
Odesivimab—ebgn
97  Naxitamab Danyelza ~ Humanized GD2 i 22 LA 98 2020
98 Margetuximab Margenza Humanized HER2 FLIRE 2020
99 Ansuvimab Ebanga Human Ebola Virus ey A 2020
100 Evinacumab Evkeeza Human ANGPTL3 e UL [ P 2021
101 Dostarlimab Jemperli Humanized PD-1 TE N g 2021
102 Loncastuximab Tesirine Zynlonta ~ Humanized CD19 B itk 41 e 2021
103 Amivantamab Rybrevant  Humanized EGFR/MET A/ INEpH Bt i 2021
104 Aducanumab Aduhelm Human B —amyloid S/ N 2021
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| 2000  FlZERHUESR 0 EPE Rituximab Rituxan  Roche IR E g7 45

2 2002 MHZEREPUESIR  OBEET Trastuzumab Herceptin  Roche L

32004 URIEERPUESTR AP Basiliximab Simulect  Novartis MAfET

42005  PUEAPHUEHK  BO%E Cetuximab Erbitux ~ Merck KGaA £ Hh

5 2007 JERAPGRBTTSIR S Infliximab Remicade Janssen H RIS fe e
Pharmaceutical

6 2010 BAARBPUESIR KSR Adalimumab Humira  AbbVie R T R A

7 2010 DUERBRSABUTGNR  Z4ETT Bevacizumab Avastin  Roche S5 I

8 2010 HRPEE 1 B Etanercept Enbrel  Pfizer FRBPE S Je 25

9 2012 HERSABTESIR WG Ranibizumab Lucentis  Novartis RS A

10 2013 FEERYPUESIHR i Tocilizumab Actemra  Roche FERBPE ST R

11 2017 RFIRBBUHEGE  REE Golimumah Simponi  Janssen Pharmaceutical XL ST 48 45

12 2018 FapHA Vo R 1 5 BlWibi Aflibercept Eylea Bayer T B AR P

13 2018  MRGATERRAPIIESIR ZEEe Idarucizumab Praxbind  BI Boehringer Ingelheim 37 #E
Pharma GmbH & Co.
KG

14 2018  ZHEADLEAPTHFGIE  BRAKIR Nivolumab Opdivo  Bristol Myers Squibb %/

15 2018  MAMERIBRAPESNR AT Gk Pembrolizumab ~ Keytruda Merck & Co., Inc. E2 i

16 2018 {RIKJCIABHUESIE  BiEHL Evolocumab Repatha  Amgen (435

17 2018 ARPEBRBHUESIR & Eculizumab Soliris ~ Alexion Pharmaceutical [l 4T85 [ JRAE

18 2018  JURFERIAHUEH &ALk Emicizumab Hemlibra Roche B

19 2018  WAZERMPBUESTE  bAHEEY Pertuzumab Perjeta  Roche TN

20 2019 BEOBRHFEGNE REKR Omalizumab Xolair  Novartis EA

21 2019,  LEQUAHIESR Hikk Ustekinumab Stelara  Janssen Pharmaceutical )5 45

22 2019 AEEASLHPUESTR TR Secukinumah Cosentyx  Novartis A

23 2019 HUEFRABTIESHE N4 Denosumab Xgeva  Amgen B E 41 e

24 2019 EESEFIEREAPUESI AEE Certolizumab Cimzia ~ UCB Pharma KHBIEST R

Pegol

25 2019  GATEZIJUHPUERE  JRET Daratumumab ~ Darzalex Janssen Pharmaceutical ‘B §%%

26 2019  DIFPDUHRBTERR 5 Belimumab Benlysta  GlaxoSmithKline I BFRIE

27 2019 REBRHAPUHESNE WK Ixekizumah Taltz Eli Lilly B

28 2019 FERRDCEPTERTE L Durvalumab Imfinzi  Astrazeneca Ak /N Bt i

20 2019 W ZERIJURPIIEINE  RRAE Guselkumab Tremfya  Janssen Pharmaceutical 4355
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30 2019  BRIPE ARSI Tk Alirocumab Praluent Sanofi e AL e 1
31 2020 i) PG SR B sy Abatacept Orencia Bristol Myers Squibb KRBT R
32 2020 EEZERAPTE S BRPEE Trastuzumab Kadcyla Roche FLNRIE

i Emtansine
33 2020  PBEEFIEREABCE SR B Atezolizumah Tecentriq  Roche JINGR g
34 2020  AEEFIEREABUI SR LA Vedolizumab Entyvio Takeda Pharmaceutical & REME 90
35 2020 HEAGZERABUIESTR EaE A Brentuximab Adcetris Takeda Pharmaceutical ¥k
Vedotin
36 2020 AP MU SR TR Brodalumab Lumicef Kyowa—kirin AR JE
37 2020  EEFILEPTESIE A6 %  Dupilumab Dupixent  Sanofi RN R A
38 2020  DIARZBREAFTIEST  F5H 2 Blimatumomab  Blincyto Amgen B 48 i
39 2020  FIRFIICEAPESTIR  IAPEIL Lanadelumab Takhzyro Takeda Pharmaceutical it %4 I 45 7K i
40 2021 AP RIHHTSHR B Burosumab Crysvita Kyowa—kirin AR B8 A
41 2021 BRI ER BT R 43 Satralizumab Enspryng ~ Roche AL M K
42 2021 AR AR LB Obinutuzumab Gazyva Roche Wk
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