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Challenges and Opportunities of Global Bio-Therapeutic Industry: BsAb'and*TsAb
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(Treos Bio Reports Positive Final Results of Phase I/l Off-The-Shelf CRC Cancer Immunotherapy in 2020 ASCO Poster Presentation)

1. fiiJE (CIMAvax-EGF, Atalante 1, NEO-PV-01, DCVAC/LuC)

2. FLEE (3257, VRP-HER2, NeuVax)

3.  Z5E ¥ (Oncovax, PolyPEPI1018)

4. %8 (Survax, AV-GBM-1, DCVax-L, NeoVax)

5. '%J8 (llixadencel, Rocapuldencel-T)

6. EAEHE (MRNA-4157)

7.  BIHJE (OCDC, DCVAC/OvCa)

8. JRIZE(GVAX)
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Historical median OS of 15-16 months with sunitinib in newly | Median OS of 48 months with ilixadence!
diagnosed mRCC patients_ (Heng et al. 2009; Ko et al. 2014) | (Laurel st al., J Immunother Cancer 2017)
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IHER{tF5E0=: CD20, Her2, CTLA-4, PD-1, VEGFr, RANK-
L..... ILxxxx

1. Case Study: CD20 Rituximab by IEDC/Genentech,
Obinutuzumab (GA101) by Genentech, Chimeric mAb vs.
Fully humanized mAb

Case Study: PCSK9 vs. pH-dependent mAb

. Case Study: Herceptin, TD-M1 and Pertuzumab (Still not
there yet)

CTLA-4 mAb: Tocixity

PD-1 mAb: Keytruda, Optival and others (Distinguished
indications such as CRC...)
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TARGET: Very few of good targets left for oncology study
NATURE of mAb THERAPEUTICS: Low toxicity and high dosage
COST: High cost for manufacturing

BIC: Hard to pickup so-called Best in class

TARGET: FHEGEMRSHEEEIEIMRFBIEREZIESR

For the first time mAb therapeutics can be designed, engineered and
developed based on the theory of Quantitative Pharmacology

NATURE of mAb THERAPEUTICS: F#EVEEYZHEEHEI1 +1> 2, &RISHH
St

COST: BSFREF A

BIC: B SiERYiAImiEEIBIC

Subcu. (subcutaneous) Injection Possibility (vol. <1ml/per injection when
the dosage is 50 mg/dose or less).
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Four Critical Desires for Bispecific mAbs

. Biological synergy (low dose)

. Reduced toxicity (dosing flexibility)

. Very minimal CMC issues

. Less worries about immunogenicity
issues after a long time treatment
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Select a right molecule: %F:—/7] LA NI PR
WS BRI /e e I R R, B
51, AWEmEE, 2, w3, WA, 4,
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7RG B 2SN 5 5 By AR R B
f1FEPhysicochemical-FE AL 4524 Fl

Manufacturability-4 77 %4 125 & .

SR, H RTAR 2 PUARAERE R B BT R 56 4 Bk
B RO, P AR 5 AT REA %
Hifidbs Gk, 224, PK/PDAI G M)

AR RS bR (InERIEKF v, AE k.
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Antibody Therapeutics, 2020, Vol. 3, No. 1 18-62. Siwei Nie et al
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1) SDA (single domain antibody) : HiEHifk, HFRAVHH,
=R R ESANGE#EN XM,

2) Fv: BEW/IRE, EHETXVHMZ#EITEXVL;

3) ScFv: [AASEHTABXVHARENZEX VL, EEET
linker I 7% BORE VHAT VLR 7E — R R O B — ik

4) Fab: HHBNRE, —NREHEZEXVHFIEEXCH,
A—NEFRENTXVLAEEXCL;

5) ScFab: iEidlinker¥FabfPiAkEEERE R .

NPt FR R Z M E B E DR A LA R F Rk
ER. WBIEAFEMKEK, TPP (Target Product Profile)B FiAFl,
FEREAI S FHRRD. EHBHAE. EHRSEEREMN
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Antibody Therapeutics, 2020, Vol. 3, No. 1 18-62. Siwei Nie et al
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a = Defined molecules == Defined molecules == Biologic == Multi- a, The biopharmaceutical industry began at the end of the

undefined molecular target  and molecular targets  drugs specificity nineteenth century, roughly coincident with the marketing of
1082 aspirin by Bayer. A merger of chemistry and pharmacology yielded
Humulin defined therapeutic molecules (wave 1). This alliance held sway
5 0017 until the 1970s, when it began to decline with the ascendancy of
T - target-centric rational drug discovery (wave 2). Recombinant
= 2000 Hemlibra
o Mylotarg 9 proteins, which have become the biggest-selling drugs, emerged in
% ~1970s ¢ the early 1980s (wave 3). We are now at the start of the fourth
X Rational drug ’ major wave of molecular therapeutic agents, which comprises
d
p discovery L’ multi specific (as opposed to monospecific) drugs.
_V r
T T T T T T T s gt} T I
1900 1920 1940 1960 1980 ‘ 2000 2020 2040
130 2q14 b Conventional drug: € Obligate multispecific drug:
OKT3 Blincyto
enadions] * Forms 1 drug-target interface * Forms 2 or more drug-target interfaces
antibodly * Can act throughout body ' I T !
1 Only Worlfs i its blnding I target Class 1 ‘tetherbodies’ Class 2 ‘matchmakers’
- — i . i . alters function of target ® Enrich drug at relevant e Linkdrugto a
b, A typical 1T1D biologic drug with a single site of action biological effector

drug—target interface (circled in red)120. ¢, Obligate multi
specific drugs comprise two major categories: tetherbodies
and matchmakers. The matchmaker drug MZ1 (yellow) is
shown; this drug forms two interfaces, both of which are
circled in red. The first interface contacts the effector,
ubiquitin ligase subunit VHL (cyan), and the second interface
contacts the target, the bromodomain 2 of BRD4 (BRD4BD2)

(green)121. MZ1 BRD4BD2
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ARHE U SO Bt 8B 96T U 2 BB B0 B S e RGN LR HAR e =K
e

b iR e

M CortellisBdf 2T, H AT & AU ™ i 2, fEL19F0 LT IR PRI BO 1764k T I PR i
RO H o 23 0 99 AN FI53AN G H I Btk IR 40 dske 1 385 ARHIE 22 ) S WLBLRE S i e X0 I H 3k —
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1) FLMEARL (Anti-angiogenesis): L& AL SRR AR, (RIEIOBAL, T EOMEER, PUimE A4 g
FEFMRE T IVE I C28) 2 R . SUHLT-REFI I BT A, B2 LA M A R IKEE, BIIVEGF.
VEGFR2. DLL4LL S ANGPT2, SKIagHiE A4= s R .

2) PUFEAERL (Anti-tumorigenesis) = HU A B0 2R R T AE PR F Bz — . XL
Hrr, KH#i4r#0 5 NHER2. HER3. EGFR. cMet. LLKLRP5/6%%.

3) WEERHLIE % (Enhancing tumor immunity) : PR IETT B AESE =R A B B P8 5o SN,
X A DUE IS B RT AR B OE(E S CBD “BRIMIT” D, Flun4-1BB. OX40%; Bl FH WITZH M s b
HES (B “RaRIZ4E” O, flinis R RS E KB HICTLAARIFTPDL/PD-L1IRYTY . EARIIL, 1A
10-30% 11995 A\ fit 52 25 T PD-1/CTLAAPLIRIATT o 383 (RIS LIS A AS [F I TAN R S SRS 5, XU H
fedt— DA ARG PR BT “RRIZE” BRI MR e v yT R BT e e PR
TR ) — B SRR . WA AT DU LI b I v, Ok BITE R0 R S A 5 e i
TG RIS LIS S, AT PESRE e NPT Gl I N 1) IR B a7 Wi AR BE I EIAE o E TP AT
FE R 43 54T 10FF A9 R Z ZE BT 0 T AEWT

4) EWHHEHFIRE (Modulating tumor microenvironment (TME)): A T ¥6i& S R4 %, Mg mT LLE
Ik g 4> F (UNTGFB. CD73) FIFASE G i HIHI AN, S0l I8 S B 458 1) G 28 40 P 1) T A0
WA . A B4 PR T e R AT R T o IR 8 S 15 v ) S e SR A P o

5) FE[m FREZEIRAIERE (Depletion of target cells) : X AN T H A2 K 2 BT XTI A L
i, R A S R08 40 R @i P S ADCC. ADCPLA X CDCA5ThRE, B 440 JFi 0 £0H MOk B R
B,

PR WL

H & P RGUETR A TR KRN AR, H A2 A 104 S 124U 00 H Ak TR KRR TR B . 31X
SR I K 43 0 2 S ok [R] BF HR 0 22 AN 98 IR 1) T B SR 380 b B0 B8 2 (1 0 ) 8 S B R Tk . T8
WX ERHA : Il-1a x IL-1B+ IL-17 x IL-13+ IL-4 x IL-13FIBAFF x IL-17%%.

FATI6YT EARBR
Wﬂﬁﬂ?%l?i%ﬁ;iﬁﬁﬁﬂ%ﬁ%ﬁ\ AP LLBUIRAE,  ERANE SN PR 2 U4 A XU SR D BE 2R 1 7 3k
AT ST R
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= Asymmelric IgG-like

= Symmetric lgG-like

= BsAb fragments

Antibody-receptor fusion B

.> P‘<. .J%*-'«asv 4

B, B e
B

S

@ Antigen A B Antigen B / ScFv $ Linker Disulfide bond

J Zhang, 1 Yi, P Zhou Antibody Therapeutics, 2020, Vol. 3, No. 2 126-145

The bsAbs developed by Chinese biopharmaceutical companies in different formats. The structure
diagrams of YBODY®, CRIBTM, ITabTM,

FIT-IgTM,WuXiBodyTM, and SMABTM are illustrated. (A) YBODY® composites three segments including a
Fab, scFv, and Fc region, wherein the Fab

targets tumor-associated antigen (TAA), scFv to IAA, and heterodimeric Fc is stabilized by KiHs and a salt
bridge. (B) and (C) In CRIBTM platform,

the charge network among various Fc bonds is manipulated to increase the formation of heterodimers. (D)
In ITabTM, a Fab domain binds to CD3 and

two scFv domains bind to tumor surface antigen to form an immune synapse to recruit and activate T cells
at the tumor site. (E) In tetravalent FIT-IgTM

technology, two parental antibodies are combined into one single molecule, where the Fab A is
structurally fused to Fab B in tandem at its N-terminus. (F,

G, and H) In WuXiBodyTM, TCR C/C pair, (where TCR C and TCR C represent the and chains of human TCR
constant region, respectively),

is used to substitute the first constant domain of the heavy chain (CH1) and the constant domain of the or
light chain (CL) of one of the two Fabs,

while maintaining the variable regions of heavy chain (VH) and light chain(VL) pair (VH/VL) of this Fab and
the whole structure of the other Fab to

be their native forms. WuXiBody can be assembled by 1 or 2 of the different Fabs connected with each Fc
of a heterodimer or a homodimer to provide

1+ 1 asymmetric bivalent (F), 2 + 1 asymmetric trivalent (G) and 2 + 2 symmetric tetravalent (H) bispecific
antibodies (bsAbs), respectively. (I-L) In

SMABTM, a VHH is fused to the C-terminal end of each light chain (1), or to the N-terminal end of each HC
(J), or to the N-terminal end of each light

chain (K), or to the C-terminal end of each HC (L) to provide 2 + 2 symmetric tetravalent bsAbs. (M) 17 of
20 bsAbs, which are currently under clinical

trials in China have disclosed their structural formats, among which include seven asymmetric 1gG-like
bsAbs (7 of 17, 41.2%), six symmetric 1gG-like

bsAb (6 of 17, 35.3%), one bispecific fragment (1 of 17, 5.9%), and three antibody-receptor fusion proteins
(3 of 17, 17.6%). Asymmetric 1gG-like structure

can be sub-classified as scFv-Fab 1gG (A), hetero-H+ common LC IgG (B), hetero-VHH (C), and Duobody (N).
Symmetric 1gG-like structure can be

sub-classified as (Fab)2-1GG (E), VHH-Fc-VHH (0), tandem VHHs-Fc (P), (Fab)2-(scFv)2-Fc (Q) where the two
identical scFvs target antigen A and

two Fabs target antigen B, and IgG-(scFv)2 (R); bispecific fragments structure involved scFv(s) and Fab(s)
(D), and an antibody-receptor fusion protein

(S) consisting a whole monoclonal antibody connected on its two C-terminal of HCs with the ex-cellular
domain of the receptor.



= T cell redirection

= Dual checkpoint blockade

= Dual signaling inhibition
Co-localized blocking
Biparatopic bsAbs
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MOAs of 18 bsAbs in Chinese clinical trials. (A) Among the 18 bsAbs, five of which
are by T-cell redirection (5 of 18, 27.8%), six by dual-

checkpoints blockade (6 of 18, 33.3%), two by dual signaling inhibitions (2 of 18,
11.1%), one by co-localized blocking (1 of 18, 5.6%), two by biparatopic

bsAbs (2 of 18, 11.1%), and two by tumor-targeted immunomodulators (2 of 18,
11.1%). (B) T-cell redirection refers to bridge T cells and tumor cells by

binding to both a TAA and IAA and redirecting the cytotoxic activity of effector T
cells to attack specifically to the tumor cells. Represent projects in using

the MOA include M802 (HER2 X CD3, by YZYBio), M701 (EPCAM X CD3, by YZYBio),
A-319 (CD19 X CD3, by Generon), K193 (CD19 X CD3,

by Lvzhu), and ES101 (PD-L1 X CD137, by Elpiscience). (C) Dual checkpoints
blockade is by two-checkpoint blockers integrated into one antibody to

inhibit two immune checkpoints simultaneously. AK104 (PD-1 X CTLA-4, by Akeso),
KNO46 (PD-L1 X CTLA-4, by Alphamab), IBI318 (PD-1 X PD-

L1, by Innovent), HX009 (PD-1 X CD47, by HanxBio), IBI322 (PD-L1 X CD47, by
Innovent), andMGDO013 (PD-1 X LAG-3) are six of these examples.

(D) Dual signaling inhibitions are to target two different receptors for preventing
the receptors from phosphorylation and/or from the activation of both
receptor-mediated signaling pathways to inhibit tumor proliferation. EMB-01 (EGFR
X c-MET, by Epimab) and SI-B001 (HER3 X EGFR, by Biokin)

are two of these typical bsAbs. (E) Co-localized blocking is by inhibiting two or more
tumor cell intrinsic and extrinsic pathways to raise the possibility

of superior antitumor activity compared with the monotherapy. SHR-1701 (PD-L1 X
TGF-, by Hengrui) is one of such bsAbs. (F) Biparatopic bsAbs

are by binding to two different epitopes of the same antigen or same receptor to
enhance the antigen—antibody affinity and to improve the drug efficacy.

Both KN026 (HER2 X HER2, by Alphamab) and MBS301 (HER2 X HER2, by
Mabworks) bind to the D2 and D4 subdomains of HER2. (G) Tumor-

targeted immunomodulators are designed for binding to both one TAA(e.g.HER2,
CD20) to inhibit TAAsignaling pathway and one immunomodulating

receptor (e.g. PD-1, CD47) to regulate the immune system to attack the tumors.
IBI315 (HER2 X PD-1, by Innovent) and IMMO0306 (CD20 X CD47, by
ImmuneOnco) utilize such MOAs.

JZhang, J Yi, P Zhou Antibody Therapeutics, 2020, Vol. 3, No. 2 126-145



Identifier Drug Company Targets BsAb format and platform Indication Phase BiSPECiﬁC antibody patents
CTR20171194  MS02 YZY Bio HER2 x CD3 scFv-Fab 1gG; YBODY HER2-positive advanced solid tumor 1 from Chinese applications
CTR20181212 M701 YZY Bio EpCAM x CD3 scFv-Fab 1gG: YBODY Malignant ascites 1 R
CTR20182027 AKI104 Akeso PD-1 x CTLA-4 1gG-(scFv)2: Tetrabody Advanced solid tumor and advanced or metastatic b/l granted by the United States
gastric adenocarcinoma or gastroesophageal Patent and Trademark Office
junction adenocarcinoma
CTR20190205 A-319 Generon CDI19 = CD3 (scFv)2-Fab: ITAB Refractory or relapsed B cell lymphoma 1
CTR20190853 KMNO026 Alphamab HER2 x HER2 Hetero H, common LC IgG: CRIB  Advanced gastric and gastroesophageal junction 1
carcinoma with overexpression and low expression
of HER2
CTR20182404 SHR-1701 Hengrui PDL1 x TGFg Antibody-receptor fusion Metastatic castration resistant prostate cancer 1
CTR20181823 Advanced
malignant
solid tumor
CTR2Z0O181760 MBS301 Mabworks HER2 = HER2 Duobody HER2 high expression of locally advanced. 1
inflammatory or early breast cancer, metastatic
breast cancer, metastatic gastric cancer, ete.
CTR20190427 KMNO46 Alphamab PD-L1 x CTLA-4 Hetero VHH-Fe: CRIB Advanced unresectable or metastatic esophageal i
squamous cell carcinoma
CTR20190197 Triple negative breast cancer 1
CTR20190195 Non-small-cell lung cancer 11
CTR20181996 Chinese advanced solid tumor and lymphoma 1
subjects
CTR20190241 EMB-01 Epimab EGFR x ¢-MET F(ab)>-1gG:; FIT-1g Advanced/metastatic solid tumors, including but 1
not limited to non-small-cell lung cancer,
colorectal cancer (no RAS-positive mutation),
gastric cancer, liver cancer, and other solid tumors
CTRZ20190340 IB1318 Innovent PD-1 = PD-LI Duobody Advanced malignant tumor 1
CTR2OI908EE ES101 Elpiscience PD-L1 x CD137 Tandem VHH-Fe¢ Advanced solid tumor |
CTR20191955 K193 Lvzhu CDI19 x CD3 Flab)s-(scFv)a-Fe B-cell lymphoma 1
CTR20191677 IBI315 Innovent HER2 = PD-1 Duobody Advanced malignant tumor 1
CTR20192612 IMMO306 ImmuneOnco  CD47 x CD20 Antibody-receptor fusion Lymphoma 1
CTR20192299 HX009 HanxBio CD47 = PD-1 Antibody-receptor fusion Malignant tumors such as liver cancer, stomach 1
cancer, and colorectal cancer
CTR20200502 SI-BOO1 Biokin HER3 x EGFR 1gG-(scFv)z Locally advanced or metastatic epithelial tumor, 1
including esophageal squamous cell carcinoma,
lung squamous cell carcinoma, triple negative
breast cancer, head and neck squamous cell
carcinoma, colorectal cancer, etc.
CTR20200175 IB1322 Innovent PD-L1 x CD47 Not available Solid tumors and hematological tumors 1
CTR20200549 MGDO13 ZLAB PD-1 = LAG-3 DART Advanced liver cancer (including hepatocellular 1
carcinoma and intrahepatic cholangiocarcinoma)
CTR20200289 Advanced gastric adenocarcinoma or 1
adenocarcinoma at the gastroesophageal junction J Zhang, 1 Yi, P Zhou Antibody
with previous treatment failed .
CXSL1900112  SI-B003 Biokin Undisclosed Not available Undisclosed IND Therapeutics, 2020, Vol. 3, No.
CXSL1900131 K. D600 Kanda Undisclosed Mot available Advanced malignant tumor IND 2126-145
CXSL1900150 PME001 Biotheus Undisclosed Not available Advanced solid tumor 1
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