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Current status and trend of R&D of monoclonal antibodies

GAO Qian JIANG Hong YE Mao GUO Wen-juan
(Wuhan Library, Chinese Academy of Sciences, Wuhan 430071, China)

Abstact Monoclonal antibodies have played an inestimable role in the treatment of cancer
and autoimmune diseases with their unique mechanism and high efficiency, which have become
the focus of research in biopharmaceutics. In this paper, all the data was extracted from Clarivate
via Cortellis. Through the combination of quantitative data analysis and expert wisdom, the
competitive landscape of monoclonal antibodies was presented from various dimensions,

including the overall trend of R&D and industrialization, focus countries, technology and drug
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categories, targets, market share and commercial deal. The results showed that among the 133
kinds of launched monoclonal antibodies recently, 37.6% of them belonged to humanized
monoclonal antibodies. HER, TNF, CD20, PD-1/L1, VEGF and CD3 were the “hot” antibody
target molecule, of the total number of target-based actions which was the most numerous in
HER?2 tyrosine kinase receptor inhibitor. The total volume of monoclonal antibodies in China
ranked second to the United States. But there were only 8 monoclonal antibodies approved in
China, which was far below the level of United States. There were 22 launched monoclonal
antibodies achieved annual sales over $1 biliion in 2017. Access to 1408 monoclonal antibodies
deal records, drug development/commercial license was the primary agreement type. In the future,
the development trend of monoclonal antibodies will be focused on new targets, new indications
and new therapeutic schemes, and then more “blockbuster drugs” will be produced.

Key words Monoclonal antibodies Clinical R&D Commercial deal
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Fig.1 Quantity distribution of monoclonal antibodies in R&D and industrialization
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Table 1 TOP10 target-based actions of monoclonal antibodies

4 FZEER A E K (4D
1 HER?2 [ 52 B Wi 52 A 4 1 551 111
2 TNF-ofic A i 7] 109
3 TNF &84 90
4 B k41 CD20 7R i) 71 80
5 T2 M AE T2 8 -1 i) 74 77
6 VEGF it fA 4711 75
7 T P B BT 12 2 -1 B AR 577 68
8 TR T2 AR 56
9 HER?2 [ 52 B BB 52 1A 1 715 77 40
10 CD3 W57 38
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2017 4, 2RO EH Ry E S T 10 LR TTHAE 22 4, B EAHE
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(1) Adalimumab (Humira) FJiXAREH]

Adalimumab 4] /& 1 BASF Knoll fil Cambridge Antibody Technology (CAT) & 1ERFR
f) TNF-o4 N5 s B fi A, 3l ] 44 9 Rak R S4BT, 2001 4, Abbott Y54 BASF Knoll,
FH BT . Adalimumab T+ 2002 E3RAF 36 M M 25 M LR (FDA) #itiE, 3T
2003 IR WM 25 B R (EMEA) fikiE. 2013 45, Abbott (R 55 & fE 75 24 AbbVie
MLy K, AbbVie 1157 Adalimumab J& HIH A I M & . BLHT, Abbott 55 Eisai i&
M, ¥ Adalimumab F TVRY7 8RR R HAS . 561 & BV 1T 4% 1045 Bisai. #E
HAT, Adalimumab 7E4 3K CERAERIBAERTI R . GFERFRPERTT R AR ICHT R
SRELPERHER . 50 B R AE 15 NERNE . /[, Adalimumab EL28 AL =N MJE: 2010

AERIE R KT ARG NE, 2013 SFIRALIRELMEEAE RIERAE, 2017 4R 3t b B PR
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(2) Infliximab (Remicade) ¥EKF| G # 3
Infliximab /& Hi Johnson & Johnson. Merck. Mitsubishi Tanabe Pharma 3 [FJAfF & (19 A /§R
IgG1k [FAZ48E ERYiR& B EHUAL, FEMTHRT w2 BUR. Bmttam R BXEFER
TR SREYEEAER . BB TR PEPLE AR AR, I8 44 0 B R T A
Infliximab T 1998 4E3k73 FDA fIL#E, 7635 KRyl H AR E 3L R4 . 35 Infliximab
T 2006 FHENFE, FHT 2017 FiENEFKERY W H .
(3) Rituximab (Rituxan; MabThera) % 8
Rituximab /& F Roche 427 [{ 4T CD20 A Rk & B4 a0 14, 1224 /2 55 — MRl it
TR B T DA, R A RRA YT S AN E N B, @ AR % .
1997 4F, Rituximab K733 [H FDA fit#, FHTI657 2R YRS IR, BE 5 3R]
TIRYT HoA B AR ARE A SR 1999 4, PEA ML M EEEEE (CFDA) i
Rituximab #f [, FHTI697 SEIH I IR AT 57 1K B M0k 298« Rituximab (375mg/m? ArifE
FED BT, RERE T BARIFETSMERIAER, EAMURE SH RBIRR
%, M HAER F K BE N RAGN S Ead7%, NG EEZM B ARdEE
R AL T AT RE
(4) Trastuzumab (Herceptin) HiZ2k 84
Trastuzumab [ Genentech A 7 T, 1 )& B H 4 55 36 1 DLAR B IX ) TT K 5 48 B AR e
ik%5 Roche, %2552 A BR 1 AN 3ME A Ti6 7 HER2-FH M A NIEAL B s B ik, 2 i ANiR)T
HER2-FH P L e (X S0 1 245490, 3 FH 44 9 i Z PB4 o Trastuzumab 5256 T 1998 4F7E 3%
[ 7, K RIBE SRAZ I T HER2-I 8 R0k 1 AU e 1) — 23R ), s 25 F 1
AP =5 = 23077, 2010 4F XRALAH T HER2-PAMERE R 1 B YR YT . Trastuzumab
T 2003 FEFENPE T . BEE IR TSR N, Trastuzumab BH T30 . U9 840 . B
ity 0 68 55 22 TR 1RV T S He 22 e S A ROMETE I A IR I PR S B P AR B T
iEs
(5) Bevacizumab (Avastin) JU{% Bk B4t
Bevacizumab /& Roche Jiff I Genentech FF /& [ 4= Bk 25 AN A |32 F 322 i Jhsgd i b L A=
JRZGH, B4R DARER . Bevacizumab T 2004 4F 1 X343 FDA it TRy e it
SN 77 = e e 7Y e S A E N 7 N AN 0N N v 211 Vi O N = 21 O N = N

HE . WO . IR S 2 A SR IE N E . Bevacizumab T 2005 fEERKPNER L, 2010



SEERE BT TIRIT R ESE B, 2015 45 X CEDA ity TVA 97 B /N 40 i fifi e
5 e Z5HHLE, Bevacizumab IR B 1F 7 SN RENS 54097 25 A4, IR =R
RV TT R,
(6) Nivoluma (Opdivo) ZNERFIJL#AHT
Nivolumab #Z i1 Bristol-Myers Squibb (BMS) £l Ono Pharmaceutical 14T & (K — i
PD-1 584 NJEALH] 1gG4 B F e BEfiAA, %2452 FDA #t#ER & Mt PD-1 254, AT
by i HE VR T R ) 2R 2R U0, 3 ] A4 M JE # . BMS 1) Nivolumab - 2014 3743 [
AREEZ S EEIT AR (PMDAD. 3E[E FDA [ittdE, 2015 43R EMA b, Fh
Ono Pharmaceutical A1 BMS £ 3¢ [H | BRHHAT H A 3L [7] 618 . 2018 £ 6 H , CFDA it #E Nivolumab
FAPUAE SR VR R, IR R R AN BL PD-1 O EE S R e RE SR 254, H
TRIT R A KB 524 (EGFR) 4= B 5 AZ B VAN 8] AR Rk (R0 A CALKD [PE. BEAE
P2 1 B T SRA ST JE 10 1 J AN W iR 52 1) JR 0 MG U B B el N R (NSCLC)
DYNE
H BB, Nivolumab SUAHARSRAL 11 ANERE, 2l BEFEE (—. 2480, 4k
NI (2. BAE. 2METSMERE. SSEE. kIvs. BivE. HE.
Fe RNt Merkel 40 M0 Jee: < 16391 15 8 - B 08 C L ASD, BEAS Nivolumab 3& SNE HI AT 22, Nivolumab
T BBE AW Tt
(7) Ustekinumab (Stelara) {R4%F7 #57
Ustekinumab #& Johnson & Johnson WA ) —Ffii g A1 /7. 4 NJEAL IgG 1k HveFEPiLiA,
FHBE SON IL-12/10-23 B p40 TEFE0, Ustekinumab - 2008 4E7E N5 K Fi, BEJS T 2009
FIR1FEE FDA bl LT, 2011 F3845 H A PMDA bt Erii, 125 Hk i & NiE o
B EPEHCRRIE T 5 BRI o P OG5 R AN 7 B IR - Ustekinumab H Johnson &
Johnson FEXKHHN . & [F A H AT 74 & .
(8) Denosumab (Pralia) Hii# B
Denosumab #& Hi Amgen B % 11915 M8 [0 4% B 1 kB 524 AL 1 (RANKD FLAARI 4 A
PP T PR, 8 4 NI BB, 2007 4E, Daiichi Sankyo M Amgen %575 Denosumab 7
HAIH K BB ERUR], F6T 2012 4F 4 H BARS i 4% RANMARK (F¢ RS, 120mg) £ H
ATt FTIR9T 2 KB SR T BUR B S T RO DL A i SE AR T B B e R
Denosumab 1~ 2013 431 PRI%IEE KT FDA fitdE, H BB (L EE R &

G H RS B B M SSIF RO O EEVEE 3T . BRI IE55) WA L BBt R v 45 AE



757 A AR I 3R B T 5 0B 25 2R DA R L R R e R VR o7 02, Bk H A
Denosumab CL4&7E 4Bk 80 ZNE K Ll
(9) Pembrolizumab (Keytruda) 18 F|2k A

Pembrolizumab & fl Merck B & [ —Ff1 5 PD-1 S22 45 & I N IEAL S se BEpLAR, mTLARH
W PD-1 55 PD-L1 1 PD-L2 (454, @4 AR BR ST, Pembrolizumab 52 2% [F FDA
PEHE R R A AR IR SRR, TS AR PRI AT X o B BRI T, R R B 2
(131, Pembrolizumab - 2014 4-3}45 35 [E FDA #itifE, 2015 43RG RAH EMA #tiE, 2016 43k
3 H A PMDA #t#E, I i1 Merck 7E3€ [E L WA H AT 448 . 2018 4 7 FJ, Pembrolizumab
1y 7 [ 3543 CFDA L, i A4k BMS [¥] Nivoluma 2 J& 55 2 A~ IE /2 [E - 1li ) PD-1/PD-L1
SRPILY, &R T B R

H LT BAK, Pembrolizumab #H4K AL L Fi&RRE: MEFEBE (—. =20, JE/AHR
e (—. Z80. SMEFTLMERM. kovE. MHERE. EE—RME, 2016410 H,
Pembrolizumab AR /INH I JifiJeg — 266 97 3& SAE, 17 Nivolumab T 7€ 1 # BE1E MiyE 1518
KW, AR TE 2017 FFAE VUL, 465 A8 4555 (1) Nivolumab [Hi i % Pembrolizumab &
R (I 35 b . BB Pembrolizumab & RIE (KIS 22, 4F 1) — 2R Al /N il ¥ 7388 B
JiE, Pembrolizumab [T 377 0k P oK

(10) Ranibizumab (Lucentis) &2k #.4i

Ranibizumab /& H1 Roche i F Genentech Fil Novartis £ 15 & f 55 —AC N IFEAL T A
FAEKET (VEGF) HH R wbEdiiAa B, 1 Bevacizumab 3573 HiAk i BUATA N T fi
Jo Roche #MlI41% 2478 3 [ (KR W ALAUR], Novartis T4 1% 246 78 3 [ LA A [ 5 A1 X 1k
ZAF. Ranibizumab T 2006 3K FDA #ibik, FTHEBAHCHE ALY (AMD) 1IkK
WHITU4, BfiJ5, Ranibizumab 435 2010 £, 2012 4 K 2015 4F gl b v F T 40 0 f5 5 fik oL 28

(RVO) FEITEBEAK « BE IR 1S BEAK M (DME) J B FRIGAL A2 (DR) [IVRYT -

2012 4, Ranibizumab # CFDA it Erii, A TRIEFERAH KRR (WAMD) H)R
JT o
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Table 2 The monoclonal antibodies of annual sales over $1 biliion in 2017

2017 FEHER ([LFEI0)

44 iR () A
B FEE (U Bl (EUD  HA UP)  MEM (ASD Fofth FE 22 /41X

AbbVie Inc

1 Adalimumab (Humira) 187.67 123.61 34 60.66
Eisai Co Ltd
Johnson & Johnson

2 Infliximab (Remicade) Merck & Co Inc 77.55 50.88 8.37 6.03 12.27
Mitsubishi Tanabe Pharma Corp

3 Rituximab (Rituxan; MabThera) = Roche Holding AG 75.04 41.98 17.16 2.97 12.92

4 Trastuzumab (Herceptin) Roche Holding AG 71.24 27.39 21.56 2.99 19.28

5 Bevacizumab (Avastin) Roche Holding AG 67.93 29.39 18.03 8.29 12.19
Ono Pharmaceutical Co Ltd

6 Nivolumab (Opdivo) 58.86 31.02 9.38 18.46
Bristol-Myers Squibb Co

7 Ustekinumab (Stelara) Johnson & Johnson 40.11 27.67 12.44

) Amgen Inc

8 Denosumab (Pralia) 38.31 24.29 2.88 11.14
Daiichi Sankyo Co Ltd

9 Pembrolizumab (Keytruda) Merck & Co Inc 38.09 23.09 15
Roche Holding AG

10 Ranibizumab (Lucentis) 33.24 14.36 18.88
Novartis AG

11 Eculizumab (Soliris) Alexion Pharmaceuticals Inc 31.44 12.35 9.86 3.28 5.95

) ) ) Johnson & Johnson
12 Golimumab (Simponi) 28.76 9.54 8.19 2.24 8.79

Merck & Co Inc
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14

15

16

17

18

19

20

21

22

Omalizumab (Xolair)

Pertuzumab (Perjeta)
Secukinumab (Cosentyx)

Natalizumab (Tysabri)

Tocilizumab (Actemra)

Vedolizumab (Entyvio)

Certolizumab pegol (Cimzia)

Cetuximab (Erbitux)

Ipilimumab (Yervoy)

Daratumumab (Darzalex)

Mitsubishi Tanabe Pharma Corp
Roche Holding AG
Novartis AG

Roche Holding AG
Novartis AG

Biogen Inc

Roche Holding AG

Takeda Pharmaceutical Co Ltd

Astellas Pharma Inc
UCB SA

Eli Lilly & Co
Merck KGaA

Bristol-Myers Squibb Co

Johnson & Johnson

26.89

223

20.71

19.73

19.56

18.52

16.77

16.09

12.44

12.42

17.69

10.28

12.75

11.13

7.67

12.29

10.36

6.45

9.08

8.84

7.79

3.08

5.53

4.17

5.04

1.21

6.4

0.69

9.2

7.96

8.59

0.69

1.53

4.58

3.36

3.58
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BILEAT, PATCREHUAZEMIN A 5 HOR LA 1408 I, XA EEA YT R 5L
VFRT 2958 Bl L2 IR AR =, X =hhsg B 2L 5 BT 28 5 R L9143 T A 29%.
15%F1 14%. 2017 =5 50 BEHUIAR 25 M0 8 b AL 3E 5 4 AHE 42 10T O 1 0L 4
(1) Vir 5 Visterra §t VIS-FLX. VIS-RSV. VIS-FNG & Z5#)ik ik 10 1235 70 -2 141
B R A
2017 5 10 A 18 H, Vir 55 Visterra i s Wi, 3 [F4E 2 A1 5 Mk Ak 5 T J5 & Hierotope
-G BB XS AL Y295 (1) VIS-FLX. VIS-RSV. VIS-FNG 2 & it&il. f&fit&l, XUk
) Visterra B0 45 E P SEAR I BUAR 25 M0 B RIBIAE R AR 5 Vir 764 4 s 1 & L Ag
g4, AEJEHE M4 VIS-FLX. VIS-RSV. VIS-FNG VLK FBAMRATERIE « A1
A2 5 (K G A B 10 125578
(2) Incyte 5 MacroGenics Bt PD-1 B 57 [EHAZGY MGA012 iE/R 9 12.3£ TTHZE M FF
R G RT ML
2017 4£ 10 H 24 H, Incyte 1 MacroGenics 1F 3 J# PD-1 & [ H 5C EHTAZ Y MGAO12
(A EREAE . AR AIEDIUL Incyte K373 MGAO12 A7 & RIAE (¥ 4 BROM S HF & R Ak,
(AR, ifii MacroGenics #4-4k 22 (R B HF R SR 18 LUK MGAO12 (T AL
Incyte [1] MacroGenics 34 —%8 1.5 {232 TCH Ak LL3K A MGAO12 14 BRI R Al
AL . R MGAO012 Fe & il FE k4, MacroGenics ¥ A BRI M Incyte K75 15% %
24% 18 B R o
(3) ImmuNext 5 Sanofi 3t %% ¥ 9 F CD40L AR 5 £ T AW I K 5Lk
AT
2017 45 1 3 9 H, ImmuNext 15 Sanofi & —fr G1EHML, FZES B & by 5 sk
I BIHT R A 29 HITT AW TE o BE IR CDAOL F B 5 BRI 2454 INX-201 IEARE I PR AT F
R E, o LLBEARIE R 2 R MEREARE 2 80 2 Fh 1 B S i 1) BT RAF (KIVR 78 1, Rk
P %A A A VR L R RE Z 2 I IR R TF K . AR P, ImmuNext 76235045 1 ¥ AR
TUKIAE] S AL TG, [RIIEAT AL 500 B B R AN
(4) Merck 5 Domain BERRE ZARLWIE R 2.57 1L E TCHIBE LAY
2017 %1 H 23 H, Merck 5 Domain XA 1E, Merck 32T 2.57 443G T0 i BLAZ I AN

AN 2% SCHF Domain AW 1) G 8 FABESZAK (GPCR) SEHIA R FH T4 [ IR 1 52 AR 254 (1)
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KA, 17 Merck H4 SRAFHF A= A2 (FAH & B3 7= 119 A BRBURIE AR . % T Merck 1M 5 »
B — AR SRS HURE f& Merck %2 b 83 77 i JR TE AU B Ab 78, WIF 0 I S AR P57 OF
FERFTHIARSA AW, DU T 4 b R B Q38 (V08 4L A S 7 1
(5) Celularity PA 2 {23755 TNK Therapeutics & BIR &SR Z4E (CAR) HIEF M
5 VAT AX
2017 £ 6 H 12 H, Celularity 5 TNK Therapeutics ( Sorrento Therapeutics fit] 4= %t /A 7] )
ZAT T 5 CAR MEAH R B A VAT PR, ELFE$T CD38. $it CD20. 41 CD123. 471 CD16.
Pt CD19 ) CAR-T 407 1% ARIEVML, Celularity H4 56352 AL EHT 2 1236 T0HI 50%AFE A
TR, FEIRAFH CD38 CAR (145K LA K Jif 55 B 5 200 R/ i ot 1L 974 4 L o AR 4
(6) AbCellera Biologics 55 Pfizer BL#T HIIGIT P IE B 0.9 1235 70 KB LA TEHMY
2017 41 A 5 H, AbCellera Biologics 5 Pfizer iA & 1E, FLREIJFR B HIGIT7 HEPUA.
AbCellera #4 I F H LA (¥ S st BEHUAR T P 5, BUEUR BUER G AR A FF 1 2R 11 #ERR 1 T B
WATPiA. WIEPMLZEK, AbCellera Biologics #5355 0.9 1235 70 1 i MV B RE A% 2% AN BIF 7T 52
.
(7)HanAll Biopharma 1 Harbour BioMed &t HL161 1 HL036 Hi{&iAK 0.81 12375
RIZWFF R 5 AL VAT B
2017 4F 9 H 12 H, [ 24 4 K RE il 265 48 41 T 1) HanAll Biopharma 5 1 [ Harbour
BioMed (HMIFHEEZS) 5 RGRIE &1, R E AL Kb A X TT K& B B AE MR 4y 1 25 %
PEPE R II o FE T LML, FIEAE 2RI IAL, 1E R EIX R, I
FIEVE) JF R A= R 4T FeRn 1943 IR S 52 BE BT HL161 FIGHT A5 s PR FE A
T (TNF) IR HL036, Firh HL161 I TVRITEAENLG /1. MAh A RER . Syt
BB P E RIESE S — R P BLE 1gG A3 (7™ 5 A s ;. HLO036 F TiRYT R JE
VERRBRE, BIiE RN R A, IRV R B A, T HRAE . AR P A 4 LA S
HAth TNF /> S92 5% . HanAll Biopharma K5 3K 15 515 0.81 12,35 7o i e b LR RR K,
DL 3R453 b T 5 A4 B M B 45 A . Hanall Biopharm #4-(5 B iX 5 AN 254078 K vh H X BAAMRIAL
o
(8) EEBUF B Emergent BioSolutions A ] 0.305 123 U R 1677 R B H Ml #h B
TLRETUA LY
2017 %2 H 13 H, Emergent BioSolutions A & 535 H AW E 2@ B 5T K&
(BARDA) KRB BIUMS, T JT AR YT 5 B H A 84 B B o B oA 245 . iz bl —
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A 36 AN HRIZEARNSTY, FEAALSAT AL N 740 JiET0. WMRATHERA R, 1THE
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Table 3 2017 commercial deals of monoclonal antibodies TOP10
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