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Increasing Emphasis on Multispecific Antibody
Formats in Clinical Development and Discovery
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Increasing Reliance on Subcutaneous Delivery and High API

Concentrations Challenges Multispecific Formats

T+1
[VL-CH1:VH-CL*Fab]-heteroFc
*+ Hetero H, CrossMab'®
%%ﬂ % + CrossMab 1:1
- = CrossMab®172122
+ CrossMap®<t |gG* '

« CrossMab (IgG-kih)!"
+  Knobs-into-holes and CrossMAb*

[VL-VH-S:VL-VH-S*]-heteroFc

« DART-Fci.182022
+ HLE-BiTE®®™

2+2

lgG-scFv
+  IgG(H)-scFv2'®
= IgG-(scFv),"®
. IgG-‘SGFV‘GA 7
= IgG(H)-scFv?'

* 1gG-HC-scFv"!
+  scFv-lgG®

LC-scFv:Fd-Fc
IgG-scFv'e2

- IgG(L)-scFv2'®
*  I1gG(L)-scFv?!
+  |gG-scFV(LC)"

scFv-CL:scFv-CH1-Fc

= scFvlg"*e

% ﬂ - scFv4-Ig

VL-VL-CL:VH-VH-CH1-Fc
- CODV-g

[Fab*scFv]-heteroFc

N

+  scFv-Fab lgG™
. XmAb0|9
+  scFv-Fab-Fc'®

+  Fab-scFv-Fe?'222
¢+ Fab-Fc/scFv-Fc™
+ Fab-scFv-Fc(kih)"

1+2

scFv-heteroCH3-[scFv*]

«  TriBi minibody’#!

scFv-lgG

scFv-LC:Fd-Fc

SN 20

scFv-Fc-scFv

VL-VL:VH-VH-CH3

%\%‘{&Iy ;

scFv-HC-1gG"
scFv-lgG'®
scFv-(H)lgG?!
scFv2-(H)lgG™

scFv-lgG'®
SCFY(LC)-IgG"
scFv-(L)IgG?!

without hinge

+  (scFv),-Fc™®

+ scFv2-Fc-scFvz2 (e.g. ADAP-
TIR)'

* ADAPTIR*

+ Intrabody®'

Di-diabody'®
Diabody-CH3?!

scFv-heteroFc

T

DR

scFv- KIH?!
scFv-kih-Fc'®
scFv-Fe/scFv-Fe'
scFv-Fe(kinh)'!
scFv-Fc*?

[VL-CH1:Fab-VH-CL*Fab]-Fc

N

+ F(ab)3 CrossMab'®
+ Fab-CrossMab® -t |gG™*
CrossMab Fab'!

%%a / +  2:1 CrossMab®
CH

Fab-scFv-Fc

+ Fab-scFv-Fc'
W + BsdAb®

scFv-scFv-Fc

+ taFv-Fc'®
- tandem scFv-F¢?!

with hinge
« scFv,-Fc'”

+  scFv-Fc-scFyit1e

VL-LC:VH-Fd-Fc

DVD-Ig 011816171818

« DVD-IgG*
+ Dual-variable domains®®

Biswas et al. 2023 https://doi.org/10.1080/19420862.2023.2207232

Therapeutics Discovery (TD)

Number of Marketed Biotherapeutics

[e)]
o
1

()}
o
1

S
o
1

N
o
1

Route of Administration (b)

B Intravenous
[ Subcutaneous
s Other

0
1985

1 1995 2000 2005 2010 2015 2020
Year

Martin et al 2023 https://doi.org/10.1080/19420862.2023.2191301

o)) [os]
o o

S
(=)

]
o

Number of Marketed Biotherapeutics

0
1

=i
==
==

985

APl Concentration

0-10 mg/mL
10-50 mg/mL
50-100 mg/mL
100+ mg/mL

(a)

1990 1995 2000 2005 2010 2015
Year

-
janssen )'

PHARMACEUTICAL COMPANIES OF

Gobmoohmn

2020


https://doi.org/10.1080/19420862.2023.2207232
https://doi.org/10.1080/19420862.2023.2191301

Many Novel Multispecific Antibody Formats Rely on
Single Chain Antibody (scFv) Building Blocks
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Engineering and optimization of scFv molecules,
a 25-year-old problem:

Review > Immunotechnology. 1997 Jun;3(2):83-105. doi: 10.1016/s1380-2933(97)00067-5.
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and bispecific antibody fragments
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scFv Containing Molecules Are Consistently More Prone to
Aggregation Than Fab-based Molecules at Higher Concentrations

Stability after 40°C Incubation @ > 50 mg/mL
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“Stapling” of scFv Fragments To Stabilize Against
Concentration and Temperature Induced Aggregation

Hypothesis: Solution: Stapled scFv

scFv breathlng
w Tm O%\NQ
Stapling

Oligomer/Aggregate

f Design goals:
- * Prevent scFv breathing and resultant aggregation
~ . .
* Universal solution for all scFv molecules

» Retain biological potency and critical quality attributes

« No disulfide mispairing or unwanted side products

S
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Location of Anchor Positions and Rigid Linker Region
Desighed To Prevent Disulfide Scrambling

dstaple
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Stapling Increases Conformational Stability
Through Disulfide Bond Formation

Melting Temperature Increase by ~ 12 °C

Cris7a Cris7b  Cris7a
SC Sp SC sp SC sp

Cris7b”‘

SC sp kDa
= G2
= 49

- 38

S -

= 17

f14

Reduced Non-reduced

50 spFv

Cp (kcal/mole/°C)

Temperature (°C)

Therapeutics Discovery (TD)

Cris7a scFv
- Cris7a spFv
Cris7b scFv
== Cris7b spFv

-]——r‘l_m

80

Tm increases are independent of
orientation and linker length

Molecule . . AAH spFv Linker
Orientation
name scFv spFv ATm kcal/mol Length

Glk2 (k) LH 579 68.6 10.7 18.5 18
HL 57.3 64.7 7.5 10.5 14
CAT2200 (1) LH 572 68.8 11.6 52.3 17
HL 559 674 11.5 54.1 17
scFv1 (k) LH 597 716 11.9 53 18
HL 570 68.6 11.5 64 18

Differential Scanning Calorimetry

Structural Validation

X-ray crystallography

 —
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spFv Staple Forms a Consistent Structure
Within Multiple Antibodies

_ Glk1LH - Glk1 HL

spFv HL unbound (blue, green) spFv HL unbound (blue, green)
vs. scFv LH bound (silver) vs. spFv LH bound (silver)

.
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spFv Forms Proper Disulfides in Bispecific
Antibody Format i

Cys119-Cys237 Pep 1 CGGSGGQVQLLQSAA
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Bispecific Aggregation at High
Concentrations is Alleviated by Stapling

150 mg/mL thermal stress scFv Bispecific AUC
scFv Bispecific 100 .2 o7 98 5% Monomer
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Cp (kJ/mol/K)

Improvements to Aggregation Without Compromising

Other Critical Attributes of a Bispecific

Conformational Stability
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spFv Retains Biological Potency of scFv
Parent Bispecific Molecule

Therapeutics Discovery (TD)
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Stapling Consistently Improves Thermal Induced Aggregation
of scFv Molecules in Complex Formats

Stability after 40°C Incubation @ > 50 mg/mL
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