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Abstract

Monoclonal antibody drugs, with their unique mechanisms of action and high
efficacy, have played an immeasurably important role in the treatment of ma-
lignant tumors and autoimmune diseases, becoming a global research and de-
velopment hotspot. Based on the Cortellis database under Clarivate Analytics,
and employing a method that combines quantitative analysis with expert in-
sights, this study presents a comprehensive panorama of the global research,
development, and commercialization of monoclonal antibody drugs from mul-
tiple dimensions, including overall R&D and commercialization status, major
countries/regions, technologies and types, targets and mechanisms of action,
market share, and product transactions. The analysis results show that there
are 133 monoclonal antibody drugs approved globally, among which humanized
monoclonal antibody drugs account for 37.6% of the total number of approved
monoclonal antibody drugs. The therapeutic targets are primarily concentrated
on HER, TNF, CD20, PD-1/L1, VEGF, and CD3, with drugs acting as HER2
tyrosine kinase receptor inhibitors representing the largest number. The United
States leads far ahead in the research, development, and commercialization of
monoclonal antibody drugs, while China ranks second in the total number of
monoclonal antibody drugs under development and approved; however, the num-
ber of approved monoclonal antibody drugs in China is only eight. In 2017, there
were 22 monoclonal antibody drugs with sales exceeding US$1 billion. The to-
tal number of transactions for monoclonal antibody drugs worldwide reached
1,408, with drug development and commercialization licensing being the primary
transaction mode. In the future, the development trend of monoclonal antibody
drugs will advance toward novel targets, new indications, and new treatment
regimens, which will generate more “blockbuster drugs.”
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Abstract

Monoclonal antibody drugs have become a global R&D hotspot, playing an in-
valuable role in the treatment of malignant tumors and autoimmune diseases
through their unique mechanisms of action and high efficacy. Based on data
from Clarivate’ s Cortellis database, this study employs a combination of quan-
titative analysis and expert insights to present a comprehensive landscape of
global monoclonal antibody drug R&D and commercialization across multiple
dimensions, including overall development and commercialization status, key
countries/regions, technologies and categories, targets and mechanisms of ac-
tion, market share, and product transactions. The analysis reveals that among
133 monoclonal antibody drugs currently on the market worldwide, humanized
monoclonal antibodies account for 37.6% of the total. The primary targets are
concentrated on HER, TNF, CD20, PD-1/L1, VEGF, and CD3, with HER2 ty-
rosine kinase receptor inhibitors representing the largest category. The United
States leads overwhelmingly in monoclonal antibody drug R&D and commer-
cialization, while China ranks second in total number of monoclonal antibodies
in development or on the market, though only 8 have been approved for domes-
tic market launch. In 2017, 22 launched monoclonal antibody drugs achieved
annual sales exceeding $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.
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BRI MBI EN T (1) Adalimumab (Humira) fisA#i Adalimumab
£#2H BASF Knoll #1 Cambridge Antibody Technology (CAT) &etf 48 TNF-
2 NRRFRERE, BRRNMAARET [5]. 2001 £, Abbott ¥ BASF Knoll, #¥#&%
mEmH. Adalimumab F 2002 FRExERRASERR (FDA) i, #F

2003 FRBHMNGREER (EMEA) #t#, 2013 £, Abbott EWH
LZREER AbbVie

WMIrIFo ¥R, AbbVie fasE Adalimumab EERRVEFFFLMNEEE, T, Abbott 5 Eisai
KR, B Adalimumab BFAFENEXTRNAZR. SEREEHHHENSA Eisai.
HZEZH#1, Adalimumab HE2RELFHREREHXTR. EFEAEXTR. BBHFEXT
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fE: 2010 FRMEREXTRIERAE, 2013 FRMUBEMEEFRERNE, 2017 ERHAHE
EBRE ChinaXiv &EHATIERHFENE. (2) Infliximab (Remicade) ZXFIFE &
Infliximab 28 Johnson & Johnson. Merck. Mitsubishi Tanabe Pharma [EfF
ZHAN/R IgGlk ARG LRNREBFRERAK 6], TERTATRSERK. RHEEHL. LR
EEXTR. BEMEEX. BERXTXR. B REBREER, BARARIHFEB.

Infliximab F 1998 &318 FDA #t#, 7£2E. KM, AAMPERRHE, 2578 Infliximab
F 2006 EHANFRE, #F 2017 FHANEBRERAGSKER. (3) Rituximab (Rituxan;
MabThera) fIZ& 8 Rituximab 28 Roche £7=8# CD20 ARB&RBFREHIE,
ZARE— M HRBERTHEATHNRARERG, BHERNRATEL—NEENERER, BASR
AFRE B,

1997 &, Rituximab ##§%E FDA #t4, BFarERattisane
&, MEXKER

FarEM B AIFEFTSHERE; 1999 £, FERRARUNBEER (CFDA) #it#
Rituximab #0, AFETIREHERMITENEA BMAKRMERE. Rituximab (375mg/m?2
RETE) KAWNT, BERST B ARIFEFESHEENARE, ERMMXREEERERFIRKER,
MERESETKBENTHEERN 5 EREEFER, MMUEHESZHN B ARIFEFSHEREE
T EEE [7)e (4) Trastuzumab (Herceptin) #iZEREH Trastuzumab B Genentech
ARFR, MERBRSEEUIMIRNFRSHEEMNREILA Roche, ZHREHRE N RERT
a7 HER2-BRMEM AR EETE, b8 a7 HER2-AEFIAFLARENIERZY, #BA
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7Y, BARANKEER, Bevacizumab F 2004 F£&5x3%1E FDA #tERTaTHBteE
BHipke, BRiEhEIEERR. B MEihE. RRSGHEE. SHEE. SE. NER. mop
EE. BEESZNEMEERNE, Bevacizumab F 2005 F7EEGHFE#, 2010 ChinaXiv
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5 254aEk, Bevacizumab BREHIER AR EHEBRSHTANERES, HiREHEN
BTHR [9) (6) Nivoluma (Opdivo) #EFIALEH Nivolumab 28 Bristol-Myers
Squibb (BMS) # Ono Pharmaceutical BE&FEZHN—Fin PD-1 2 NRLH 1gG4
BTG, ZAE FDA #EME M PD-1 ERAY), BTEMT AR aRIIEEE
[10], BARIMEFLET. BMS 8 Nivolumab F 2014 F£#8EFELRSETBHE
(PMDA). %=E FDA #y#tti, 2015 F£#BEM EMA #it#, H#B Ono Pharmaceutical
# BMS #£%E. RUNBEALFEHEE. 2018 £ 6 A, CFDA #t# Nivolumab BHuEst®
HOGEMERE, XEREHETIROE MU PD-1 NN BETTETIGEY), BTATREEK
AF2& (EGFR) ERRTAEMEEEHREESEE (ALK) B, BEESESRARLT
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BLEMLR, Nivolumab BHE43K#HE 11 MEME, SR BEHRE (— %K), MR
fife (Z4%). B4AE. SRESSMER. £EMHR. KTUE. BitE. iFE. B84 Merkel
MisE. BABE. 5% (), k% Nivolumab EMERRENE%, Nivolumab #iHn
PihEZ FerEF, (7) Ustekinumab (Stelara) 45522841 Ustekinumab 2 Johnson &
Johnson MAM—MEENN. @ AR IgGlk BmiEhs, Hisn IL-12/10-23 89 p40
T& [11], Ustekinumab F 2008 &E£&MEALT, HET 2009 £ik18%E FDA #t#E L
™, 2011 E3R%BHEE PMDA #it# b, Z&ibErEREANFEEBERERR. JEER
REFEXTRINRTBER. Ustekinumab B Johnson & Johnson #EEGM. EEFMHZ
HiH#HE, (8) Denosumab (Pralia) #1324 Denosumab 28 Amgen MAREME
mizAF kB 2FEVEF (RANK) BiEHNL A RERERE, BAEAMERR. 2007 £,
Daiichi Sankyo M Amgen 3% Denosumab £ BAMNFLREENRF, HF 2012 £ 4
Al@sE RANMARK (BT*5, 120mg) EAAXTGHEY, BFAT S L4 SHEHRRN
BEEFHRIEURALAERRNEES,

Denosumab F 2013 Fi@&dhsi@iEikd FDA #g, ATB8RHN RESEHEHN). T8
BEBERESEXHKE (REEEH. EREES) WAL, THEMEERESSME. ChinaXiv
BEHTIFEMBNEARRZFMESNERERUR S EARBRENIERFET [12]. HIER
#i, Denosumab B&ELEK 80 ZMERL™. (9) Pembrolizumab (Keytruda) s
¥ Pembrolizumab 28 Merck RN —#5 PD-1 SHEANARLERERGE, &
LIRS PD-1 5 PD-L1 #1 PD-L2 w44, @RAAmER KSR, Pembrolizumab 2%
E FDA #t#ENE N RKIBHERR, MKBEYRCYHTXNNMETE, A8 EnE
% [13], Pembrolizumab F 2014 #3R1§%E FDA #t)#, 2015 F£XERM EMA #t#,
2016 F3%%EHA& PMDA #t)#, #i Merck EXE. NMBAHHHEE, 2018 £ 7 B,
Pembrolizumab #HE#H#E CFDA #t)#, s BMS 8 Nivoluma Z/E% 2 PMERE
HELEHE PD-1/PD-L1 g5y, ERTFREBHEEERE,
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FHEMNEE, HEFBEMEHN Nivolumab mEIGE#H Pembrolizumab E@BHEMIEN, BE
Pembrolizumab EREMTREME S, 5512 —&I6/ A ATIERE, Pembrolizumab
WA A G RIET K. (10) Ranibizumab (Lucentis) &EEk&# Ranibizumab ZH
Roche #TF Genentech #l Novartis &EFANE R ANRURNEAREKEF (VEGF)
BHRPRENAFE, B Bevacizumab MESEREBFTEMIM~A. Roche WHZAE
FZENFWHAAF, Novartis MIAH ZAEEELIMNERMMXAMRNF], Ranibizumab
F 2006 F3%%E FDA #tf, BTFFEREXMERTME (AMD) MilEKAT [14]. KEE,
Ranibizumab £%)F 2010 £. 2012 &£& 2015 FEH#ERTRMESKEZ (RVO) &
BHEDDIK. ERBEMEERDKE (DME) RERBAMEREZ (DR) 89477,

2012 %, Ranibizumab # CFDA #t)g L, BFEEFEBREXEER
Tt (wWAMD) #3&

ChinaXiv &1E#ATIER 2 2017 EHER 10 ZETU LN ETEREZYCE Table
2 The monoclonal antibodies of annual sales over $1 billion. Globally, 1,408
monoclonal antibody drug transactions have been recorded, with drug devel-
opment and commercialization licensing representing the primary transaction
type. Future trends will focus on novel targets, new indications, and innovative
treatment regimens, promising the emergence of more “blockbuster drugs.”

Keywords: monoclonal antibody; clinical development; commercialization
transaction

2.6 Current Status of Product Transactions

To date, a total of 1,408 monoclonal antibody drug transactions have been
recorded. The three main transaction types are drug development and commer-
cialization licensing (29% of all transactions), drug funding (15%), and early-
stage drug R&D collaboration (14%). The top ten monoclonal antibody drug
commercialization deals by value in 2017 are detailed in .

The following cases illustrate key transaction patterns from that year:

(1) Vir-Visterra $1 Billion Early-Stage R&D Collaboration

On October 18, 2017, Vir and Visterra entered into a $1 billion agreement to
jointly advance and commercialize infectious disease programs including VIS-
FLX, VIS-RSV, and VIS-FNG based on Visterra’ s Hierotope platform. The
collaboration combines Visterra’ s antibody design and production capabilities
with Vir’ s infectious disease expertise, covering VIS-FLX, VIS-RSV, VIS-FNG,
and two additional R&D programs.

(2) Incyte-MacroGenics $900 Million PD-1 Monoclonal Antibody Li-
censing Deal
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On October 24, 2017, Incyte and MacroGenics announced a global partner-
ship for the PD-1 monoclonal antibody MGAOQ012. Under the agreement, In-
cyte gained exclusive worldwide rights to develop and commercialize MGA(012
for all indications, while MacroGenics retained development pipeline ownership.
Incyte paid $150 million upfront, with MacroGenics eligible for 15-24% sales
royalties upon approval and commercialization.

(3) ImmuNext-Sanofi $500 Million CD40L Drug Development and
Commercialization Agreement

On January 9, 2017, ImmuNext partnered with Sanofi to develop innovative
protein therapeutics for autoimmune disorders. The anti-CD40L monoclonal
antibody candidate INX-201, in preclinical development for lupus and multiple
sclerosis, offers therapeutic potential across multiple autoimmune diseases. Im-
muNext could receive up to $500 million in milestone payments plus double-digit
sales royalties.

(4) Merck-Domain $257 Million Adenosine Receptor Research Col-
laboration

On January 23, 2017, Merck collaborated with Domain, providing $257 mil-
lion in milestone payments and royalties to support Domain’ s GPCR technol-
ogy platform for adenosine receptor drug development. Merck gains worldwide
rights to resulting assets, with next-generation adenosine receptor antagonists
representing a key addition to its immuno-oncology pipeline.

(5) Celularity-TNK Therapeutics $200 Million CAR Patent Exclusive
License

On June 12, 2017, Celularity signed an exclusive patent license agreement with
TNK Therapeutics (a Sorrento Therapeutics subsidiary) covering CAR con-
structs for anti-CD38, anti-CD20, anti-CD123, anti-CD16, and anti-CD19 CAR-
T cell therapies. Celularity paid $100 million upfront (50% of the $200 million
total) to access anti-CD38 CAR structures and placental /umbilical cord blood-
derived or adult cells.

(6) AbCellera Biologics-Pfizer $90 Million Therapeutic Antibody Re-
search Collaboration

On January 5, 2017, AbCellera Biologics partnered with Pfizer to develop novel
therapeutic antibodies. AbCellera applied its proprietary monoclonal antibody
screening platform to identify functional modulating antibodies against undis-
closed membrane protein targets, receiving $90 million in commercial milestone
payments and research support.

(7) HanAll Biopharma-Harbour BioMed $81 Million HL161 and
HLO036 Licensing Agreement

On September 12, 2017, HanAll Biopharma (Daewoong Pharmaceutical Group)
and China’ s Harbour BioMed signed a strategic partnership for Greater China
rights to innovative biologics. Harbour BioMed gained exclusive rights to
develop, manufacture, and sell the anti-FcRn fully human monoclonal antibody
HL161 (for myasthenia gravis, neuromyelitis optica, ITP, pemphigus) and the
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novel anti-TNF eye drop HL036 (for inflammatory ocular diseases including
diabetic retinopathy, wet AMD, dry eye, non-infectious uveitis). HanAll
receives up to $81 million in milestones plus tiered sales royalties, retaining
rights outside Greater China.

(8) US Government $30.5 Million Funding for Emergent BioSolutions’
Viral Hemorrhagic Fever Antibody

On February 13, 2017, Emergent BioSolutions received funding from the US
Biomedical Advanced Research and Development Authority (BARDA) for mon-
oclonal antibody development against viral hemorrhagic fever. The 36-month
base period is valued at $7.4 million, with total potential funding reaching $30.5
million if all options are exercised. Emergent will utilize its Center for Innova-
tion in Advanced Development and Manufacturing (CIADM) facilities.

(9) Kiniksa Pharmaceuticals-Primatope Therapeutics $21.3 Million
KPL-404 Licensing Agreement

On September 30, 2017, Kiniksa Pharmaceuticals licensed KPL-404, a mono-
clonal antibody inhibitor of CD40/CD40L interaction in preclinical development
for autoimmune diseases.

(10) Bill & Melinda Gates Foundation $20.5 Million Funding for
Achaogen’ s Gram-Negative Bacteria Antibody

On May 4, 2017, Achaogen received funding from the Bill & Melinda Gates
Foundation to develop a monoclonal antibody against Gram-negative bacteria
(including neonatal sepsis) for developing countries. The agreement includes
$10.5 million in funding plus a $10 million equity investment.

3 Summary and Outlook

Since FDA approval of the first therapeutic monoclonal antibody drug in 1986,
monoclonal antibody drugs have matured across all dimensions—from target
discovery to technological improvement, clinical research to commercialization
strategies—establishing themselves as mainstream innovators in the pharmaceu-
tical field.

The global monoclonal antibody drug market has reached approximately $100
billion, maintaining over 10% annual growth in the past decade—significantly
higher than the 5-6% industry average. The United States represents the world’
s largest monoclonal antibody drug R&D hub. PD-1/L1 drugs and antibody Fc
fusion proteins demonstrate broad market prospects, while multi-specific anti-
bodies and antibody-drug conjugates are entering new developmental phases.

Future monoclonal antibody R&D will concentrate on three directions: novel
targets, new indications, and innovative treatment regimens:

(1) Novel Target Discovery
The identification of PD-1/PD-L1 rapidly expanded the oncology monoclonal
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antibody market. With advances in post-genomics and metabolomics, increas-
ingly diverse monoclonal antibody targets will be discovered and investigated,
continuously expanding the drug category.

(2) New Indication Expansion

Single indications address limited patient populations. As basic research deep-
ens and clinical trials achieve breakthroughs, monoclonal antibody drugs will
penetrate therapeutic areas beyond malignant tumors and autoimmune diseases,
enhancing competitiveness and market potential.

(3) Innovative Treatment Regimens

Clinical evidence demonstrates that combination therapies often achieve signifi-
cantly superior efficacy compared to monotherapies. Developing novel treatment
regimens can substantially improve drug utilization frequency and applicability
scope.
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