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[A% 1] Timeline from 1975 showing the successful development of therapeutic antibodies and their applications

300 Billion
Caplacizumab (Cablivi): anti-vWF for acquired aTTP. ‘ in2025
(Evenity): anti-Scle in for i
\ ‘ s 4
160 Burosumab (Crysvita): anti-FGF23 for XLH 1
| Ibalizumab (Trogarzo): anti-CD4 for HIV infection /]
150
r

150 Erenumab (Aimovig): anti-CGRPR for migraine prevention
Rituximab (Rituxan):

140 e ok e ‘Atezolizumab (Tecentriq): ant-PO-L1 for bladder cancer

130 anti-CD25 for multiple sclerosis Reslizumab (Cingaero, Cinqair): anti-IL-5 for asthma

120 ) Pembrolizumab (Keytruda): anti-PD-1 for melanoma
Abciximab (Reopro): Nivolumab (Opdivo): anti-PD-1 for melanoma & NSCLC 115
110 anti-GP liblila for Ramucirumab (Cyramza): anti-VEGFR2 for GC
prevention of blood clots
100 in angloplasty Ipilimumab (Yervoy): anti-CTLA-4 for metastatic melanoma Avelumab (Bavencio):

Brentuximab vedotin (Adcetris):
90 anti-CD30 for Hodgkin lymphoma, systemic ALCL

Muromonab-CD3
Ustekinumab (Stelara): anti-IL-12/23
for Psoriasis

(Orthoclone OKT3):
anti-CD3 for kidney

Panitumumab (Vectibix):
ant-EGFR for CRC

transplantation
rejection treatment

Ranibizumab (Lucentis):
ti-VEGF-A for Macular

degeneration

anti-PD-L1 for MCC
Durvalumab (Imfinzi):

anti-IL-17R for plaque psoriasis

Necitumumab (Portrazza): anti-EGFR for NSCLC
anti-GD2 for

Trastuzumab

sovestil Pertuzumab (Perjeta): anti-HER2 for BC \

lymphoma
Ab

anti-HER for BC
Infliximab
(Remicade):
anti-TNFa for
Crohn’s disease

(Prolia): for bone loss. ‘

Market Value (Billion)
~
o

Eculizumab (Soliris): anti-C5 for Paroxysmal noctural hemoglobinuria ‘

20 Bevacizumab (Avastin): anti-VEGF for CRC; Cetuximab (Erbitux): anti-EGFR for CRC |
10 Omalizumab (Xolair): anti-IgE for asthma
0

03 Adalimumab (Humira): anti-TNFo for RA

I S SR - (R R I R I S S I I ]
LT T T T T TS S S

Year

Many biotech companies that promised antibodies as anticancer "magic bullets" were launched from 1981 to 1986. The height of the line
and numerical annotations represent the estimated market value of mAb therapeutics in each indicated year (shown as billions of US dollars).
Antibodies colored in red represent the top 10 best-selling antibody drugs in 2018. Ab, Antibody; ALCL, systemic anaplastic large-cell lymphoma;
alTP, acquired thrombotic thrombocytopenic purpura; BC, breast cancer; CD, cluster of differentiation; CGRP, calcitonin gene-related peptide;
CGRPR, alcitonin gene-related peptide receptor; CRC, colorectal cancer; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; EGFR, epidermal
growth factor receptor; FGF, fibroblast growth factor; GC, gastric cancer; GD2, disialoganglioside GD2; HER2, human epidermal growth factor
receptor 2; IgE, immunoglobulin E; IL, interleukin; IL-17R, interleukin-17 receptor; mAb, monoclonal antibody; MCC, merkel-cell carcinoma;
NSCLC, non-small cell lung cancer; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; TNFa, tumor necrosis facotr a;
RA, rheumatoid arthritis; RANKL, receptor activator of nuclear factor kappa-B ligand; VEGF-A, vascular endothelial growth factor-A; VEGFR2,
vascular endothelial growth factor receptor 2; VWWF, von Willebrand factor; XLH, X-linked hypophosphatemia.

241 Lu RM et al. Development of therapeutic antibodies for the treatment of diseases. Journal of Biomedical Science. 2020,27:1-30
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0|28t A2t= 1474 2000 CH 24Ut BIG 5 (Humira, Remicade, Avastin, Herceptin,
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[E 1] Top 10 best-selling monoclonal antibody drugs in 2018

Indication 2018 Revenue
No. Drug (1% US FDA Approval year) (SInLL (USD)
Rheumatoid arthritis (2002)
Psoriatic arthritis (2005)
Ankylosing spondylitis (2006)

. Juvenile Idiopathic Arthitis (2008)
Adalimumab L )
1 . Psoriasis (2008) AbbVie $19.9bn

(Humira) L
Crohn’s disease (2010)
Ulcerative colitis (2012)
Hidradenitis suppurativa (2015)
Uveitis (2018)

Melanoma (2015)

Nivolumab Non-small cell lung cancer (2015) . .
2 Bristol-Myers Squibb 7.6bn
(Opdivo) Renal cell carcinoma (2015) I y au! $
Head and neck squamous cell (2016)
Melanoma (2014)
Head and neck cancer (2016)
Pembrolizumab Non-small cell lung caccer (2015)
3 Merck & Co 7.2bn
(Keytruda) Lymphoma (2018) $
Cervical cancer (2018)
Microsatellite instability-high cancer (2018)
4 Trastuzumab Breast cancer (1998) Roche $7 0bn
(Herceptin) Gastric cancer (2010) '

koreaBig” wssoeus 4 B s
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Colorectal cancer (2004)
. Non-small cell lung caccer (2006)
Bevacizumab A
5 . Breast ERB2 negative cancer (2008) Roche $6.8bn
(Avastin) .
Renal cell carcinoma (2009)
Glioblastoma (2011)
Non-Hodgkin’s lymphoma (1997)
Rituximab Chronic | hocytic leukemia (2010
6 |‘u><|ma ronic ymp ocyl IF eukemia ( ) Roche $6.8bn
(Rituxan) Rheumatoid arthritis (2006)
Pemphigus vulgaris (2018)
Crohn’'s Disease (1998)
Rheumatoid arthritis (1999)
Infliximab Ankylosi dylitis (2004
7 " IXI,ma " yo#lng sggn ylits ( ) Johnson & Johnson $5.9bn
(Remicade) Ulcerative colitis (2005)
Psoriatic arthritis (2005)
Psoriasis (2006)
. Psoriasis (2009)
Ustekinumab o -
8 Psoriatic arthritis (2013) Johnson & Johnson $5.2bn
(Stelara) L
Crohn’s Disease (2016)
Paroxysmal nocturnal hemoglobinuria (2007)
Eculi b Atypical h Iyti i d 2011
9 cu}|z‘uma yplcal emolytic uremlc syh rome ( ) Alexion $3.6bn
(Soliris) Generalized myasthenia gravis (2017)
Neuromyelitis optica spectrum disorder (2019)
Omalizumab Asthma (2003)
10 ) L . L Roche 3.0bn
(Xolair) Chronic idiopathic urticaria (2014) $

Z2{:Lu RM et al. Development of therapeutic antibodies for the treatment of diseases. Journal of Biomedical Science. 2020,27:1-30
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[23 2] mAB Market Analysis (2012-2017)

(A) FDA and EMA approvals (C) Molecule analysis . Other (Escherichia coll, or undisclosed) (E) Company market share
2012-2017 (i) (6248, BiTEs) (i) 7% ot
"‘“" 2012 2013 2014 2015 2016 2017 ot 4% sp2f0 0%

B CCommm % o -

NSO
l(mlmlau 1%

h O LI-I-;; O s ()

Average 2002-2012 :onnw;.]fsif.nnmn
L /
I_ 1.6 new mAbs , &
0 Biosimilars o
(B) Disease targets (D) Market trends (F) Manufacturing locations

e -

o o SO WO

Bl ssssssasat
Sales (US$ billion)

il

0
2018 2019 2020 2021 2022

(A) Following a decade of stagnation (2002-2012) with an average of 1.6 new mAbs approved per year between 2002 and 2012, recently the
regulatory bodies in the USA and the EU have streamlined approvals, resulting in 35 mAbs and 11 biosimilars entering the market since 2013. (B)
While mAbs are increasingly used for broader targets, oncology and hematology remain the most prevalent medical applications. (C) Inspection
of the molecular structure of mAbs and production organisms of choice reveals the human nature of mAbs, which are mostly engineered on the
l9G1 subclass with a kappa light chain and are produced almost exclusively using mammalian cells. (D) The mAb market is enjoying a healthy
pipeline and is expected to grow at a faster pace, reaching a valuation of USD 130-200bn. (E) Nonetheless, new companies are unlikely to take
over the market, which is currently dominated by seven companies. (F) Finally, Asia is expected to increase its share of mAb manufacturing, which
is currently performed predominantly (close to 93%) in the USA and Europe.

24 Grilo AL, Mantalaris A. The Increasingly Human and Profitable Monoclonal Antibody Market. Trends Biotechnol. 2019;37:9-16
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[E 2] US FDA-approved monoclonal antibody on the market

us
mAb Brand Name Company Target Format Technol. Indication® App
roval*
Kidney
Muromonab Orthoclone Centocor CD3 Murine 1gG2a Hybridoma transplant 1986
CD3 OKT3 L
rejection
. L Prevention of
Abciximab Reopro ;entocor/ Eli GPllIb/llla Chimeric 19G1 Hybridoma blood clo ts in 1994
Lilly/ Janssen Fab .
angiopl asty
Biogen/
Rituximab MabThera, | g e D20 Chimericl gG1 | Hybridoma | NHL 1997
Rituxan
Genentech
Prevention
- ) MedImmune/ . . of respiratory
Palivizumab Synagis AbbVie RSV Humanized IgG1 | Hybridoma syncytial vir us 1998
infection
Infliximab Remicade Janssen TNFa Chimeric 1gG1 Hybridoma Crohn’s disease | 1998
) Roche/ . .
Trastuzumab Herceptin HER2 Humanized IgG1 | Hybridoma Breast cancer 1998
Genentech
Campath Berlex/
Alemtuzumab path, Genzyme/ CD52 Humanized IgG1 | Hybridoma CML 2001
Lemtrada . .
Millennium
Adalimumab Humira AbbVie TNFa Human IgG1 Phage display | RA 2002
Ibritumomab Biogen/
) Zevalin Schering AG/ CD20 Murine 1gG1 Hybridoma NHL 2002
tiuxetan
Spectrum
Roche/
. ) Genentech/ . )
Omalizumab Xolair . IgE Humanized IgG1 | Hybridoma Asthma 2003
Novartis/
Tanox
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BMS/
Cetuximab Erbitux Merck&Co/ Eli | EGFR ChimericIgG1 | Hybridoma | COlorectal 2004
) cancer
Lilly/ ImClone
Bevacizumab Avastin Roche/ VEGF-A Humanized IgG1 | Hybridoma Colorectal 2004
Genentech cancer
. . Biogen/ . . . .
Natalizumab Tysabri Elan ITGA4 Humanized IgG4 | Hybridoma Multiple sclerosis | 2004
) - Transgenic Colorectal
Panitumumab Vectibix Amgen EGFR Human IgG2 . 2006
mice cancer
Roche/ .
Ranibizumab Lucentis Genentech/ VEGF-A Humanized IgG1 Hybridoma Macular . 2006
. Fab degeneration
Novartis
Humanized Paroxysmal
Eculizumab Soliris Alexion c5 Hybridoma nocturnal 2007
19G2/4 L
hemoglobin uria
Certolizumab Cimzia Celltech/ TNFa HumanizedFab, Hybridoma Crohn’s disease | 2008
pegol ucCB pegylated
Medarex/ Transgenic
Ustekinumab Stelara Centocor/ IL-12/23 Human IgG1 mice 9 Psoriasis 2009
Janssen
Canakinumab llaris Novartis IL-18 Human IgG1 Trgnsgemc Muckle-Wells 2009
mice syndrome
Rheumatoid and
Golimumab Simponi Centocor/ TNFa Human 1gG1 Transgenic | psoriatic arthriti, | , g
Janssen mice ankylosing
spondylitis
Ofatumumab | Arzerra Genmab/ GSK/ | Human 19G 1 Transgenic | oy, 2009
Novartis mice
Tocilizumab RoActemra Chugai/ Roche/ IL-6R Humanized IgG1 | Hybridoma RA 2010
Actemra Genentech
. Ti i
Denosumab Xgeva, Prolia Amgen RANKL HumanlgG2 n:iacnesgenlc Bone loss 2010
. GSK/ ) Systemic lupus
Bel Benl BL H | Ph |
elimumab enlysta HGS yS uman lgG1 age display erythe matosus 2011
- BMS, Ti i Metastati
Ipilimumab Yervoy / CTLA-4 Human IgG1 ransgenic elastatic 2011
Medarex mice melanoma
Hodgkin
. L lymphoma
Brentuximab . SG/ Chimeric 1gG1; . o
K A D H
vedotin dcetris Takeda CD30 ADC ybridoma systemch 2011
anaplastic large
cell ymphoma
) Roche/ . .
Pertuzumab Perjeta HER2 Humanized IgG1 | Hybridoma Breast cancer 2012
Genentech
Roche/ )
Ti H | B .
rastuzuma Kadcyla Genentech/ HER2 umanized 1gG1 Hybridoma Breast cancer 2012
bemtansine ADC
ImmunoGen
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Raxibacumab Abthrax GSK/ B. anthrasisPA Human IgG1 Trgnsgenlc Anthrgx 2012
HGS mice infection
Obinutuzumab | G32Va: Biogen/ Roche/ | Humanized I6G1 1\ ioma oL 2013
Gazyvaro Genentech Glycoengineered
Siltuximab Sylvant Centocor/ IL-6 Chimericlge1 | Hybridoma | 2SHEMan 2014
Janssen disease
Ramucirumab Cyramza EliLilly/ ImClone | VEGFR2 Human IgG1 Phage display | Gastric cancer 2014
Genentech/ Ulcerative colitis
Vedolizumab Entyvio Millennium/ adB7integrin Humanized IgG1 | Hybridoma . 12014
Crohn disease
Takeda
. . CD19, Murine bispecific .
Blinatumomab Blincyto Amgen D3 tandem scFv Hybridoma ALL 2014
. . BMS/ . Transgenic Melanoma,
Nivolumab Opdivo Ono PD-1 Human lgG4 mice NSCLC 2014
Pembrolizumab Keytruda Merck&Co PD-1 Humanized IgG4 | Hybridoma Melanoma 2014
Reversal of
Idarucizumab Praxbind BI Dabigatran HumanizedFab Hybridoma idnadbfc;:(tjran- 2015
anticoagulation
Necitumumab Portrazza EliLilly/ ImClone | EGFR Human IgG1 Phage display | NSCLC 2015
) ) o United o )
Dinutuximab Unituxin . GD2 Chimeric IgG1 Hybridoma Neuroblastoma | 2015
Therapeutics
Secukinumab Cosentyx Novartis IL-17a Human IgG1 Irr]?cr;sgenlc Psoriasis 2015
Severe
Mepolizumab Nucala Centocor/ GSK | IL-5 Humanized IgG1 | Hybridoma eosinophilic 2015
asthma
Alirocumab Praluent Regeqeron/ PCSK9 Human lgG1 Trgnsgenlc High cholesterol | 2015
Sanofi mice
Amgen/ Transgenic
Evolocumab Repatha Amgen Astellas | PCSK9 Human IgG2 mice 9 High cholesterol | 2015
BioPharma
Daratumumab Darzalex Genmab/ CD38 Human IgG1 Trgnsgenlc Multiple 2015
Janssen mice myeloma
. ) . . Multiple
Elotuzumab Empliciti BMS/ AbbVie SLAMF7 Humanized IgG1 | Hybridoma 2015
myeloma
Ixekizumab Taltz EliLilly IL-17a Humanized IgG4 | Hybridoma Psoriasis 2016
) Celltech/ UCB/
. Cingaero, ) . .
Reslizumab L Schering- IL-5 HumanizedlgG4 | Hybridoma Asthma 2016
Cingair
Plough/Teva
Olaratumab Lartruvo EliLilly/ ImClone | PDGFRa Human IgG1 Trgnsgemc Soft tissue 2016
mice sarcoma

KoreaBig™ aauoous

1B e



b
tu
NE
[oell

A22H AlY L 7 lene s

Prevention of

Clostridium Transgenic Clostridiu m
Bezlotoxumab Zinplava Merck&Co difficile Human IgG1 ) 9 S . 2016
) mice difficile infection
enterotoxin B
recurrence
. . Roche/ ) .
Atezolizumab Tecentriq PD-L1 Humanized IgG1 | Hybridoma Bladder cancer | 2016
Genentech
Elusys Prevention of
Obiltoxaximab Anthim Y ) B.anthrasis PA Chimeric IgG1 Hybridoma inhalation al 2016
Therapeutics
anthrax
Inot b ) . )
no uzumg Besponsa Wyeth/ Pfizer CD22 Humanized IgG4 | Hybridoma ALL 2017
0zogamicin
MedImmune/
Amgen/ Kyowa Transgenic
Brodalumab Siliq, Lumicef Hakko Kirin/ IL-17R Human IgG2 miceg Plague psoriasis | 2017
AstraZeneca/
Valeant
MorphoS ) o
Guselkumab Tremfya Jas:er? ys/ IL-23p19 Human IgG1 Phage display | Plague psoriasis | 2017
) ) R T i ) .
Dupilumab Dupixent egeqeron/ IL-4Ra Human lgG4 rgnsgemc Atopic dermatitis | 2017
Sanofi mice
. Regeneron/ Transgenic
Sarilumab Kevzara . IL-6R Human IgG1 K RA 2017
Sanofi mice
) ) . Merkel cell
Avelumab Bavencio Merck/ Pfizer PD-L1 Human lgG1 Phage display . 2017
carcinoma
Biogen/ Roche/
Ocrelizumab Ocrevus Genentech/ CD20 Humanized IgG1 | Hybridoma Multiple sclerosis | 2017
SIGMA-TAU
Emicizumab Hemlibra Chugai/ Roche | FactorlXa X ;L;;r;iri}lizced 9G4, Hybridoma Hemophilia A 2017
Medimmune/
. Kyowa . .
Benralizumab Fasenra . IL-5Ra Humanized IgG1 | Hybridoma Asthma 2017
Hakko Kirin/
AstraZeneca
. H i | ¥ .
Gemtuzumabozo |\ 1o Pfizer D33 umanized I9G4: |y b idoma | AML 2017
gamicin ADC
Durvalumab Imfinzi Medimmune/ PD-L1 Human IgG1 Trgnsgemc Bladder cancer | 2017
AstraZeneca mice
Kyowa Transgenic Xinked
Burosumab Crysvita Hakko Kirin/ FGF23 Human IgG1 ) 9 ) 2018
mice hypophosphatemia
Ultragenyx
Hereditary
Lanadelumab Takhzyro Dyax Plasma kallikrein | Human IgG1 Phage display | angioedema 2018
attacks
. Mycosis
M | ) K Hakk ) ) :
ogamull Poteligeo ygwa ako CCR4 Humanized IgG1 | Hybridoma fungoides or 2018
zumab Kirin

Sezary syndrome
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Erenumab Aimovig Novartis CGRPR Human IgG2 T@nsgenlc MIgrth? 2018
mice prevention
Galcanezumab Emagality Eli Lilly CGRP Humanized IlgG4 | Hybridoma |gra|n§ 2018
prevention
) ) Merck&Co/ S . ) o
Tildrakizumab llumya Phearrcma of Sun IL-23p19 Humanized IgG1 | Hybridoma Plague psoriasis | 2018
. . T i
Cemiplimab Libtayo Regeneron PD-1 Human mAb rrr]?;esgenlc cSCC 2018
Primary
. ) h h ti
Emapalumab Gamifant Novimmmune IFNy Human IgG1 Phage display emop ggocy c 2018
lymphohis
tiocytosis
. . . Migrai
Fremanezumab | Ajovy Teva CGRP Humanized IgG2 | Hybridoma |gra|n§ 2018
prevention
Taimed
Ibalizumab Trogarzo Biologics / Thera | CD4 Humanized IgG4 | Hybridoma HIV infection 2018
technologies
Moxetumomab . MedImmune/ . . Hairy cell
L t CD22 M IgG1 dsFv | Ph displ ) 2018
pasudodox umoxit AstraZeneca unne g st ape dispiay leukemia
humanized Paroxysmal
Ravulizumab Ultomiris Alexion c5 Hybridoma nocturnal he 2018
19G2/4 S
moglobinuria
Acquired
. o von Will ebrand | Humanized . thrombotic
Caplacizumab Cablivi Ablynx factor Nanobody Hybridoma thrombocyto 2019
penic purpura
Osteoporosis
Amgen/ in postmenop
Romosozumab Evenity UCBg Sclerostin Humanized IgG2 | Hybridoma ausal women at | 2019
increased risk of
fract ure
) . . BI/ . ) o
Risankizumab Skyrizi AbbVie IL-23p19 Humanized IgG1 | Hybridoma Plaque psoriasis | 2019
Polatuzumab ) Humanized IgG1; . Diffuse largeB-
) Pol Roch D7 H 201
vedotin oy oche D798 ADC yridoma cell ymphoma ?
. ) . . Macular
Brolucizumab Beovu Novartis VEGF-A HumanizedscFv | Hybridoma$ ) 2019
degeneration
Crizanlizumab Adakveo Novartis P-selectin Humanized IgG2 | Hybridoma Sickle cell disease | 2019

* Marketing end date on July 30th, 2011; # Year of the first US FDA approval & Indication of the first US FDA approval; $ Rabbit hybridoma technology.
£2{:LuRM et al. Development of therapeutic antibodies for the treatment of diseases. Journal of Biomedical Science. 2020;27:1-30
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A2 2 90%0f Yst= 550047H0|0, LI 2| 600{7) 22210 7| AMCTHA (pivotal
Phase Il, Phase II/lll, Phase II)0IlA A&202 S0 ACHT, 4]. [22 3]0M= 27| Yt
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£ QNS =OIE 4 UCHA]

[23! 3] Antibody therapeutics in late-stage clinical studies

100

W Cancer

20 l Non-Cancer

40 IIIII|

0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year of article publication

N
(@)

Number of mAbs in late-stage studies

2020 values based on data publicly available as of December 5, 2019; other data from ‘Antibodies
to watch’ articles published in mAbs starting in 2010. “Late-stage”clinical studies include pivotal
or registrational Phase 2, Phase 2/3 or Phase 3 studies. Biosimilar antibody and Fc fusion protein
products were excluded. A table of antibodies in late-stage studies sponsored by commercial firms is
maintained by The Antibody Society.

£ : Kaplon et al. Antibodies to watch in 2020. MAbs. 2020;12(1):e1703531-24

4%. 22124 7|2lE 3

A AMEC=Z HWEE L e SHREH S HARMY SHO| Y4 (modality)s AT
SHIA0| 2Zt5HA| (humanized mAb) 2t FFIZESEA| (fully human
o
=2

=
Sofl JHE =D ASS 1FA| o2 &l & ACH 2 oM 0L
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&2 (fully human mAb)of| Blist 2412 4=F0i|A2| 2t0|Z O|5H5tL O|F 242t2| A=
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Y 7|eSE0| tishM 22 &, 222 oY 7IeS5S Sofl AEE SHRHME 28
Al
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=
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7| S 4 E0A; ook

gl

4-1, A2 2A| M =R7|=
(08 4]0ME SA AGTH OFRASHA|, 7|02I8k|, QAZIsHeA|, QIS 22t 24t
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[2% 4] Schematic overview of antibody humanization from murine antibodies
(green domains) to fully human antibodies (blue domains) and associated suffixes

(A) (8)
Vi
wedy N W
19705 v | I I 1 19805
100% mouse seq. 34% mouse seq.
Hybridoma ]| Gl . I Gene splicing
Murine Chimeric
(-memab) (-ximab)

©) (D)
@ & N
e L E

1990s .. .l 2000s

10% mouse seq. 100% human seq.
CDR-grafting . I . . Phage display
Transgenic mice
Humanized Human
(-zumab) (-umab)

(A) The murine monoclonal antibody. (B) The chimeric monoclonal antibody: variable regions are of
murine origine, and the rest of the chains are of human origin. (C) Humanized monoclonal antibody:
only includes the hypervariable segments of murine origin. (D) Fully human monoclonal antibody.
CH: domains of the constant region of the heavy chain; CL: constant domain of the light chain; Fab
and Fc: fragments resulting from proteolysis; VH: variable domain of the heavy chain; VL: variable
domain of the light chain.

£%] :LuRM et al. Development of therapeutic antibodies for the treatment of diseases. Journal of
Biomedical Science. 2020;27:1-30, L& 45 4
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[22! 5] Approaches for the development of therapeutic antibodies

(A) Mouse hybridoma (B) Phage display (C) Transgenic mouse (D) Single B cell

weFv or Fab

{“E Human

Phage-displayed Ab libraries

‘ Harvest splenocytes,
generate hybridomas
Sort B cells with
PRI Biopanning (-] ©0 labeled antigens
© with targets © (o] © =

‘ (3-5 cycles)

%, "M - } 1 CP

L] ] Human IgG
= coe\ Q}M{p “M" VDG 1 ! Vf !

Mousemab =% H i - ()
L 1] " PCR, construct V,,and V,

Humanized mAb Human mAb

(A) The traditional mouse hybridoma technigue starts by immunization of mice with desired antigens to trigger an immune reponse. Harvested
splenocytes are fused with myeloma cells to produce hybridoma cells that persistently secrete antibodies. After the screening, selected leads
are used to generate chimeric or humanized antibodies. (B) Phage display. A human phage-displayed human antibody library is used to select
antigens of interest. After 3-5 rounds of biopanning, immuno-positive phage clones are screened by ELISA; then DNA sequences are analyzed to
construct and express human lgGs. (C) Transgenic mouse. Similar to the mouse hybridoma technique or single B cell methods. (D) The single B
cell technique. From infected or vaccinated donors, PBMCs are prepared for isolation of suitable B cells by flow cytometry. Following the RT-PCR,
VH and VL information of each B cell informs the generation of human mAbs.

22 LuRM et al Development of therapeutic antibodies for the treatment of diseases. Journal of Biomedical Science. 2020,27:1-30
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5| SO0IE S&O|Lt. 0|% DIRA Rl YAHIRZA|C] HAMA 24|1E S5517] 2loiA tiet
=

Moz Iy

[

YYUSO| 7[0|2ehA| L QlZtaretz|o|ct.

7|02l St A= DIRATA O &l QAo S2F detE e 34 2 F
(variable region)2H2 HAHE 2 LHHZ| £2|= gene splicing 78S S5 25 QI7to] A
O thAst AR ZHZA 34% FY=o| OrRA Rel HI MBS THR =5 C|21QI= &

ZH2|Z2A|O[C(Figure 4). ol HARYUFT FHEE SOSURT AU0 H=F0] Al

LY5t= HAMAS FAIZ et £F2 OfLI0AM 2L} 7 E 2| =24|0f tiet S+= A5e|
ALt
7|02 7HE Ol &4 U 04 Reff MBS 20 20|14t St =20| A&& A2

O, O 2HEOI M At Ao 2Tl AN A2] 7HARS W EYMY, O|2H HEHE
AE2|(complementarity-determining regions, CDRs)2t 1! 5h= G0| O1R 2235tS &
2 EIQACE, ofof| OrRATY 2R £ S0 2ot CDRsPHS SAHA QIZHA(0) O]
AlSt2} sz 30| ZE|UCH 0|4 CDRs-grafting 7|58 Sofl /HLE S22l
90%0] 717k 27t 72 F7IMEE ERStL 2

He 7129 2|2A o] 4YEE2 HAMA O|+E sllZotR B2 Y420 SHAx| 2|7}
O] Y S SollM 7Y=L O] FDA S22 2oL SAIZRACE. SHR|C, O] AR 2| HA|
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[E 3] US FDA-approved full human mAbs

No. Antibody Brand name Company Approval® Target Technology
1 Adalimumab Humira Abbott 2002 TNFa Phage display
2 Panitumumab Vectibix Amgen 2006 EGFR XenoMouse
3 Ustekinumab Stelara J&J 2009 IL-12 HuMabMouse
4 Canakinumab llaris Novartis 2009 IL-1B HuMabMouse
5 Golimumab Simponi J&J / Merck 2009 TNFa HuMabMouse
6 Ofatumumab Arzerra GSK / Genmab 2009 CD20 HuMabMouse
7 Denosumab Prolia, Amagen 2010 RANKL XenoMouse

Xgeva
8 Belimumab Benlysta GSK 2011 BCAF Phage display
9 Ipilimumab Yervoy BMS 2011 CTLA-4 HuMabMouse
10 Ramucirumab Cyramza Eli Lilly / ImClone 2014 VEGFR2 Phage display
11 Nivolumab Opdivo BMS 2014 PD-1 HuMabMouse
12 Alirocumab Praluent Sanofi / Regeneron 2015 PCSK9 Velocmmune
Mouse

13 Daratumumab Darzalex J&J / Genmab 2015 CD38 HuMabMouse
14 Necitumumab Portrazza Eli Lilly / ImClone 2015 EGFR Phage display
15 Evolocumab Repatha Amgen 2015 PCSK9 XenoMouse

16 Secukinumab Cosentyx Novartis 2015 IL-17a XenoMouse

17 Olaratumab Lartruvo EliLilly 2016 PDGFRa HuMabMouse
18 Atezolizumab Tecentriq Roche 2016 PD-L1 Phage display
19 Avelumab Bavencio Pfizer 2017 PD-L1 Phage display

20 Brodalumab Silig Valeant Pharma 2017 IL-17R XenoMouse
21 Dupilumab Dupixent Sanofi / Regeneron 2017 IL-4R Velocimmune

Mouse

22 Durvalumab Imfinzi ,'\Aﬂsi?;rznenr:::ae/ 2017 PD-L1 XenoMouse
23 Guselkumab Tremfya Jassen 2017 IL-23 Phage display
24 Sarilumab Kevzara Sanofi / Regeneron 2017 IL-6R Velocimmune

Mouse

25 Erenumab Aimovig Novartis / Amgen 2018 CGRPR XenoMouse

26 Cemiplimab Libtayo Regeneron 2018 PD-1 Velocmmune
Mouse

27 Emapalumab Gamifant Novimmmune 2018 IFNy Phage display

28 g/zzztgg;mab Lumoxiti '\A/';?;rzne?sg;/ 2018 D22 Phage display

# Year of the first US FDA approval
2|1 Lu RM et al. Development of therapeutic antibodies for the treatment of diseases. Journal of Biomedical Science. 2020,27:1-30
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0|I

ojotz| tjAZ20|g S EESI 2zt

[

2|24 $E222E 2517 floiMs

0

2| QIZto| SHA|CHH (scFv)S THOIR| EHO| E5iA|Z] IOFR| 2t0|E212|(phage-displayed

scFv library)E F+&3H{0F BHCt. scFv7t THOFR| Q] EHO| YHE Mofz| 2t0|22{2|= Y=Y

OHCHBA|T (PBMC) 2 56| T2 =0| MRNAS 20f 02 {7IAl E4A2 S5) (DNAZ &2
3 %, PCRS S5 S Q45 72 29001 34 2 3 2 V)E BE5

A ZHHEL|(
Of IOFA|0| = (phagemid)ofl et =M 2t EICHFigure 6A). O|Z |

= -
0|E2{2]:= Tt (diversity) Z2O0IA Th7i 10°~10"° »F2| TS scFv

2| 2to|E2{2|24 HItE|0, 0|42 742|1 HIo| 21 d (biopanning)0|2t &t=, EF &
20| i Sote oA FESE HENEE s =N AYRL S0 ST &+~ A= &
HE Al&stH Lt ootz 2tolE2{2|E g&3t H0| 21 (biopanning)& [ 6]2| C

Ooff =AStE[0] AT,

[2% 6] Construction and affinity selection with phage-display antibody library

(A) Human B cell mANA (8) Human IgG

¥
Reverse transcription to cDNA *\v..
‘b Vi Wl '
LR

Isotype-specific PCR for V,, and V,

Cloning of PCR fragments into phagemid G2
vector G
Vv Fab scFv
Electroporation into E-coli competent cells; Vi, V.
helper phage rescus 5
v wSger RS
Generation of phage library c‘-’ e
(©)
Immaobilized antigen to Phage antibody Phages bind
Antigens solid phase library to antigens
= =
-\
Next panning w’:"'
round ot
Cﬂﬁ ! Elution
Phage library Analysis of phage E-coli infection and
generation recovery titer ampllflclhcn helper phage rescue

(A) Outline of the procedure for constructing a phage-displayed antibody (Fab or scFv) library. (B) Structure of IgG molecule. Fab consists of the
light chain and the first two domains of the heavy chain. scFv is composed of the variable heavy (VH) and variable light (VL) domains joined by a
short flexible polypeptide linker. (C) Biopanning with a phage-displayed library. Initial pools of antibodies on the surface of phages are applied to
antigens immobilized on a solid surface, e.g., ELISA plates or magnetic beads. Non-specific phages are removed by stringent washing. Antigen-
bound phages are eluted and re-infected into E.coli to produce a subset of phages for the next cycle of panning. After several rounds, the
antigen-binding clones are sufficiently enriched and individual clones can be selected for further analysis.

22 LuRM et al Development of therapeutic antibodies for the treatment of diseases. Journal of Biomedical Science. 2020,27:1-30
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22 ¢ A2 JHEE L Us ARAHS2 THIES &40 205t = CTLA-
4 (Cytotoxic T Lymphocyte Antigen-4), PD-1 (Programmed Death Receptor-1), PD-
L1 (Programmed Cell Death-Ligand 1) S X EEOZMN THEE {EH ¢ &3 &
Q07101 2HO0| A A2, 0|5t 2 2A|S 7H20 S ATE D s HIHY &
Az 2A0ll= AM AGtt EFZISO| ZRfeto2M THIZS| UM et 242 =0
= BMSQ| Yervoy(&: CTLA-4)2} Opdivo(&¥: PD-1), MSD2| Keytruda (&¥: PD-1),
Roche?| Tecentriq(&¥: PD-L1), Merck/Pfizere| Bavencio(&¥: PD-L1), AstraZeneca

9| Imfinzi(&+¥: PD-L1), Regeneron?| Libtayo(&<: PD-1)7} QICt.

When trials targeting VEGF and VEGFR were pooled together under “VEGFR-axis’, this mechanism-of-
action becomes the third largest target of PD-1/PD-L1 combination trials that were opened in the past

two years.

22 Carter Paul J., Lazar Greg A. Nex generation antibody drugs : pursuit of the high-hanging fruit.
Nature Reviews Drug Discovery. 2018;17197-223
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4.3.4. HANEZ|ZA| CAR-T/NK 7|&
FU2L A2 7152 0|8310] AMELt S0|H 2 Bt3 5= 7|02t 4|(Chimeric
Antigen Receptor, CAR)E TM|ZE(CAR-THIE) EE= NKMZE(CAR-NK)O|| QIQ|H o2 =2
AlIA A 2l0M Dz BiYSt =, 0|52 & SHAL0I|A CHA| YT 24 NZL0|| Cist HY
BEE SUAF|2 S=0ll= AB Bre|QICt 2010 0| %,
R-THEES 2| 24| 2 0|&0t YAIFS] Z2H50| 2= LEE|D 0], 2| 20174
8Y0l= =BIE|AS| CAR-T 2|24 'Z2|0HKymriah: EJARHI AZA) 7 MA| 2|22 D=
FDAZRRE g7 LY Wl 22} oy 22424 THojS0ls Bue, L5t s
1080= 220 E9| CAR-T 2|24 'O AFHEH Yescarta: HAIZER HZFH) 7t CHE |
2HO|| B-25HA| Q= HIZ 221G TZ0| Cioto] HOKSOIS L2224, FMRt 2| =242
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BT, CAR-TO BISHA CAR-NKS ATiZ(22 S| 70| 0|2012| T Qi Agfo|ni, B
R0l Chet sete AR EUAE E25D, DHYOY YOKS L2 ARESS HF CART
2 CAR-NK 7/%0] 0{0} 8 2|2 Totrn 9ict,

435, SH-2%= A 7=

HEZAQ THIo|AE9| A2 = EH SAlste MERT|E EINSZE S17|TE0] MZE
S 2AH7L Op7|E 4~ QU0 MIE MHA obH|ete| ZetE S510] A|HZ| EnE 7|0HE
4= QIC} §HA|-2kE Al (antibody-drug conjugate, ADC)= B2 /0| UM S T
7t QIAISI0] MIZZLY O &1 SHA|0f AAHZ HAE 20| WEE|0f YME AIEE RES
0] 2|22 712|A EC} 2|22 ADCR|2A|2 24&01<l Mylotarg(Wyeth/PfizerAh)2
oM 3

Ho 2
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Lu RM et al. Development of therapeutic antibodies for the treatment of diseases. Journal of
Biomedical Science. 2020:27:1-30

https://www.reportlinker.com/p05775053/?utm_source=PRN

Grilo AL, Mantalaris A. The Increasingly Human and Profitable Monoclonal Antibody Market. Trends
Biotechnol. 2019;37:9-16

Kaplon et al. Antibodies to watch in 2020. MAbs. 2020;12(1):e1703531-24

Carter Paul J., Lazar Greg A. Nex generation antibody drugs : pursuit of the high-hanging fruit.
Nature Reviews Drug Discovery. 2018;17197-223
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U238, ZUY Bto| 4k A St U OjZ g 20|, SH=HI0|2E2((2020)
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