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Introduction RESOLIAN

* Bispecific refer to compounds that binds to two sites
(epitopes)

* Introduced in 1960 by Nisonoff et al, but the idea had to
wait until 1975 for the invention of hybridoma

* There are mainly two type:
QlgG Like
Non-IgG Like
> Bites (bispecific T-cell engager)
»DART (Dual-affinity Re-targeting Antibody)



BsAbs potential RESOAN

* Over 100 BsAbs at various stage of clinical trials
* BsAbs with different mode of action have been approved

c-MET EGFR

 Cis (same cell)

0 Amivantamab used for non-small cell lung cancer

» Trans (two different cells) ..
4 Blinatumomab used for acute lymphoblastic leukemia

- Endogenous target
O Emicizumab a FVIII replacement for Haemophilia A ! S

CcD3



Example of BsAbs half-life

EdCAM CD3

(4

c-MET EGFR
cD19 I.
Catumaxomab
! t72%5s days
Blinatumomab
HER2 HER3 l,
' Amivantamab
tY2: n3days
cDh3
tYa: 21 hrs

Zenocutuzumab

tY2: 4.6 days

N
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FiXa

Emicizumab

t¥4: 45

weeks
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Guideline RESOLIAN

 FDA 2019 Guidance

“Section IV.A3 states; ‘An immune response to one domain may inhibit a specific
function while leaving other intact. FDA recommends that sponsors direct initial
screening and confirmatory tests against the whole therapeutic protein product.

*Examination of immune responses to therapeutic protein products with multiple
functional domains, such as bispecifics and ADCs may require development of
multiple assays to measure immune responses to different domains of the
molecules.

« EMA 2017 Guideline

s*Section 7.4, A strategy based on the competitive inhibition principle of the
confirmatory assay to dissect the specificities of the antibodies to individual
moieties may be used.
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Resolian Strategy RES O AR

 Domain characterisation is recommended to be performed
in the ADA assay

ADA assay are less complex compared to Nabs

Nabs may even require the use of cell-based assay which
may add to the complexity

However, if the ADA assay is already developed and
validated without the domain characterisation

The Nabs assay may be developed to include domain
characterisation
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Bispecific ADA tiers approach " °>°tIAN

Report as Report as
screen Conf. Negative Monospecific

Negative Confirmatory 2a

Negative

Negative
Screening ole Drug
Positive Confirmatory
assay

assay

Monospecific

Confirmatory 2b
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Assay development tool kit RESONAN

Anti-Monospecific 01 PC Anti-Monospecific 02 PC

¥y —>» «— (4
i
Monospecific 01 Monospecific 02

Bispecific
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Screening and confirmatory assay format i
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4ti-Monospaciﬁc 01 ,,

Anti-Monospecific 02

' Biotinylated Bispecific }ﬂamd _—

v
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Screening assay

N
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ecific 01

\Yt
—
Excess

®  Monospecific 01 \

&
‘
ific 01 ‘/ﬂti-Monospeciﬁc 02

' Biotinylated Eispey

\BIOANALYTICS

Monospecific 01
Confirmatoy 2a

/

" =
[~
t\n/l

Excess o
Monospecific 02

Biotinylated Bispecifi

Confrimatory 2b

¥  Monospecific 02



Confirmatory assay sensitivity

Confirmatory inhibition (%)

100+
98-
96
94+
92=

90 4
60 -

40+

204"

W Conf whole drug

mm Conf Monospecific 01

mm Conf Monospecific 02

HPC MPC LPC1
PCs ID

LPC2

Whole Drug

Wens 82 EEP

RESOLIAN
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RESOLIAN

Single vs bispecific (Plates)

« Total number of plates: :
] Bl Single domain ADA
] mm Bispecific ADA
: : g 407
O Single Domain assay: g
~42 plates 5
£
Z 20-:
O Bispecific Domain assay: :
~106 plates ]
0.
é‘oo
o°é\ Validation Parameters
&



Single vs bispecific (Days) RESOLIAN

El Single domain ADA
Bl Bispecific ADA

 Total number of days:

O Single Domain assay:

~26 days

Number of experimental days
s
1

O Bispecific Domain assay:

~33 days

& &
s &
(=] é ‘Q (\@
o‘b 0\) O\'ﬂ'
& > w

Validation Parameters
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Case study RESOTAN

Monospecific

Confirmatory 2a

Negative Negative
A

.
,‘““gB Positive —»<_
ay
///

_~Whole Drug™_
Confirmatory > Positive

7

/" Scree
s
\‘\\ assay

SS:

Rt

N

Monospecific
Confirmatory 2b

Hl Screened Negative
El Screened Positive

=3 Confirmed posmve agamSt whole drug =3 Confirmed Positive against both monospecifics

_ _ =3 Confirmed Positive Monospecific 02
E Confirmed negative against whole drug mm Confirmed Positive Monospecific 01
= Confirmed Negative against both monospecifics



Summary

Customer Need

Resolian Process

Customer Outcome
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Bispecifics (Bs) are biopharmaceutical products that bind to two sites (epitopes)

The customer required an ADA assay against the whole Babs but also wanted to perform domain
specific characterisation

Resolian suggest to perform domain characterisation in the ADA instead of Nabs

To successfully develop a domain characterisation. ADA against each domain are required from the Sponsor
along with versions of mono-specific drugs for each of the arms of the BsAbs.

A bridging assay format with acid pre-treatment to improve drug tolerance is recommended
Resolian developed a screening assay against the whole drug and three different confirmatory assays.

The ADA response was characterised against the whole drug, and against each of the monospecific drug
arms.

The validated assay (screening, confirmatory tiers and titre) supported sample analysis throughout the
method lifecycle. The customer is assured that the assay meets the regulatory requirements (both EMA
and FDA).
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Resolian Strategy for Nabs RES O AR

Cell-based assay is mainly advised for Nabs assay

The mode of action of the drug is evaluated to assess suitable
assay format: cell-based assay or ligand binding assay

Sourcing functional cell line that respond to both domain of the
bispecific can be challenging

Initial attempts is made to purchase commercially available cells
which can respond to each monospecific domain or both
domains

One vs two independent assays

If no appropriate cell line can be sourced the ligand binding assay
is taken forward
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Nabs casestudy = "5>0R0AT

The ADA developed did not include domain characterisation
As such Nabs aimed to include domain characterisation
Assessment of a cell-based assay nabs vs the ligand binding assay in
parallel
Challenges expected :
% Sourcing a functional Cell based assay that respond to both
bispecific domains
“* Sourcing the positive control containing neutralising antibodies
against each of the domain
<+ Achieving desirable sensitivity (250-500 ng/mL), for the whole drug
and the monospecific domain
% One assay format that allows for domain characterisation



Cell based assay format

}/_._._

Receptor
Heterodimer,
ligand bound,
phosphorylated

= neutralising ADA O

LY

s

1. Assaysystem
2. Drug +ligand

3. Drug+ligand plus a nAb to one arm. This
has the potential to cause a false
negative if one arm is not neutralised by
ADA and therefore is still free to bind to
and prevent ligand activation

4.  Mono target version of drug + ligand +
nAb

= ligand

2

Drug bound to receptor
heteradimer, prevents

ligand bound, no
phosphorylated signal

s —

!
i

o

|
X
X

@ }ﬁ"{

!

A nAb to one arm of
bispecific drug may still
leave the alternative arm
free to still bind to receptor
Heterodimer, prevents
ligand bound, no
phosphorylated signal,

~ L

@
R4

\

o La /
causing a false positive /

'// = 'single target’ version of drug

~
| [
J

Y

\
|

Q @

Using a bivalent ‘single
target’ versions of each arm
will prevent a ‘free
unneutralised arm from
being able to still bind to
receptor, enabling ligand
engagement and rescue of

hosphorylated signal
\\F_J pnory g s

<
N
N
-
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Functional Cell
based assay that
respond to both
bispecific domains?



Nabs against a bispecific therapeutic ""°>°L!AN

* Ligand induce receptor
= tralising ADA @® =ligan . o o
) gond aqonistcurve Heterodimerisation

* Leading to protein
- Ao downstream

e phosphorylation and
enzyme activation

. Assay system

. Mono target version of drug + ligand +

Lum Signal

 Enzyme then hydrolyse
— . : the substrate to
- Drug#+ligand plusapilito onearm. This generate

has the potential to cause a false

negative if one arm is not neutralised by

ADA and therefore is still free to bind to 10000 T T T T 1 C he m i I.u m i nesce nt

and prevent ligand activation 0.001 0.01 0.1 1 10 100

Ligand Conc (ng/mL) S i g n a |.

nAb



Cell based assay format FESO AN

= neutralising ADA @ -ligand yi/, =drug f,/( = ‘single target” varsion of drug d The Sig nal WaS

: - i . also
s = = Bispecific and monospecifics Antagonist curve
Y {5 , successfully
Receptor . g s .
Hete:)c:dimer, |nh|b|ted N the
e ° presence of the
. N e - . Bispecific and

Monospecific 01 +

Monospecific 02 mix o AS SuCh th'S Ce”
line would have

S/N Ratio

g
Assay system
Drug + ligand
Drug + ligand plus a nAb to one arm. This

has the potential to cause a false

. ~ Bispecific
- Mozospeciﬂc 01 O n e Of th e
; -k Monospecific 02 monospeCIfIC

negative if one arm is not neutralised by Drug bound to receptor
ADA and therefore is still free to bind to heterodimer, prevents on Iy be en
and prevent ligand activation ligand bound, no .
phosphorylated signal Su |tab|e for One
Mono target version of drug + ligand + .
nAb te0 . . ; : . . domain not both
\ / 0.001 0.01 0.1 1 10 100 1000
~ e -

Antagonist Conc (ng/mL)



Cell based assay format

' = neutralising ADA ®
/-'-'-
™
Y
Receptor
Heterodimer,
ligand bound,
phosphorylated
|
L
Assay system
Drug + ligand

Drug + ligand plus a nAb to one arm. This
has the potential to cause a false
negative if one arm is not neutralised by
ADA and therefore is still free to bind to
and prevent ligand activation

Mono target version of drug + ligand +
nAb

= ligand

Drug bound to receptor
heterodimer, prevents

ligand bound, no
phosphorylated signal

A

S —

!

A nAb to one arm of
bispecific drug may still
leave the alternative arm
free to still bind to receptor
Heterodimer, prevents
ligand bound, no
phosphorylated signal,

5 X e
% causing a false positive

™,
et -

Y /4}:
oy M1

o B

= ‘single target’ version of drug

~
\
W
J

k

f
|

G (@

Using a bivalent ‘single
target’ versions of each arm
will prevent a ‘free
unneutralised arm from
being able to still bind to
receptor, enabling ligand

engagement and rescue of

VT hosphorylated signal 2

3.981071705535

2.5118864315096
i}
K]
3
Z
@

1

5848931924611
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Nabs agonistic curve

10

—e— Anti-ID against Monospecific 01

T T T T 1
100 1000 10000 100000 1000000

PC Conc (ng/mL)

Anti-ID against
Monospecific 02

Mixture Anti-ID against Monospecific
01 and Monospecific 02

* Nabs signal restoration was
demonstrated against the
bispecific and against one
domain



LBA Assay format FES O RN

The
|:| tthdg
bdgth

'ﬁf

{gf— - x vy ' Jk, Ny f)\y

* Option 1 for LBA assay was  Option 2 for LBA assay was
to use the receptor as the to use the biotinylated drug as
capture and then use the the capture and then use the
sulfotag conjugated drug as sulfotag conjugated receptor

the detection. as the detection.



S/N Ratio
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LBA: Option

Assessment of sulfotag bispecific binding to
biotinylated receptor 1 and 02

Nabs inhibition against binding to Receptor 01

10000

p
16 5‘
- Z

*’«':_
100 . J
| ‘/////// 100 q-1§§ih... ==
10 ./ / f x X
A / :
(E
10—
.2
L
©
0.1 T T T 1 14
0.001 0.01 0.1 1 10 b4
A
Bispecific in well Conc (ng/mL) 1=

—e— Receptor 01 -+ Receptor 02

0.1+

0.01 1 1 1 1 1 1
1 10 100 1000 10000 100000 1000000

Nabs conc (ug/mL)



LBA: Option 02 RESO AN

Sulfotag receptors binding response curve

107 =

106-

105+

« Option 2 did not have any
evidence of hook effect

* This format was therefore
appropriate to take forward

* This format did not have

104-

RLU signal

102-

10(.](1)00001 0.0(;001 0.0:)01 0.(;01 0.:)1 051 ; 1I0 1(I)0 S u ffi Ci e nt d ru g to | e ra n Ce
Monospecific sulfotag in well Conc (ng/mL) ® H e n Ce ; th e req u i re m e nt to u Se
—o— Receptor 01 the bead methOd.

-= Receptor 02
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BEAD assay for Nabs domain characterization MESO AR

BEAD method using the L L ‘Y’ L '\\a ‘\z \"

kingfisher to achieve desired o oepor
Day 1
drug tolerance 7

X
Eluted Nabs were added to an \\\( k, \b "*‘o _;}3 T
} S

MSD plate coated with

| \»&za ==
o - k E ' | 2. Also Block a small
Acid Dissoci ate —_ spot strep MSD Plate
the sample ~, ovel might
S I SIS &

bispecific drug N > T
Both Sulfotag receptors were \‘\L \‘\‘ \k \\M"\
used to detect Nabs against Day2 |

f v =
whole dru g st Lm",;'.ig“‘-"“\\ W @ & R\’ )
N/"‘H SR Y
h ® -
N, et (GO e s
{ ’;g—» :% Ea%gp?:: Neutralise /

\s

=/
\ / /’ { Wash the MSD plate and

A\ Y (AR ee— \ #/  thenadassuitotag
then add the samples receptor 01 or 02
mmmmmmmmmmmmmmm

' Wash the MSD plate blocked > —
on Day 01 and then add
Biotinylated Drug 1 .




BEAD assay for Nabs domain characterization

« Each sulfotag receptor added for
domain specific characterisation

« Assay was developed and
validated in singlicate (<10% CV
across the plate).

« Sensitivity at 200 ng/mL for the
whole drug and monospecific

N
RESOLIAN

BIOANALYTICS

LLY yy @ L \ e

Streptavidin Beads Sulfotagtarget  Sulfotag target Strep MSD Plate
receptor 1 receptor 2

Bispecific Nabs  gjotinylated bispecific

Day 1

; e
\
g X k, &' ;’u;/ g} ‘I‘:'c:z:tte the complex
v% Acid Di te

Neutralise with Tris and

Q‘@a
e & \\ 2. Also Block a small
cid Dissociaf spot strep MSD Plate
the sample %, Ovemight
—

Day 2 I

Add Streptavidin coated $

O

magr:ﬁilcbbe;:gsslaumu;em ighi\ \\ ‘\
. z
‘}

" — Acid Dissociate %
to release the Nabs, this
completes the SPEAD
« &5 W, process. Discard the beads 3
S ———b attached to biotinylated
. Drug and Neutralise
\ Y samples )

characterisation
pC Concentration Combination Detection Detection
(ng/mL) detection Receptor1 | Receptor 2
10,000 10,000 4.9 3 1.6
Intra-assay CV (%)
(S/NC for PC, RLU 200 200 6.8 2.4 2.4
for NC)
(0] 0 6.5 27 39
10,000 10,000 123 95 13.4
Inter-assay CV (%)
(S/NC for PC, RLU 200 200 7.8 28 125
for NC)
(0] 0 10.7 6.2 147

<_// //_‘ ead Buffer: E

\J\‘

\.

Wash the MSD plate and
then add Sulfotag
receptor 01 or 02

L

eeeeeeeeee

Wash the MSD piate blocked
n Day 01 and then add
Biotinylated Drug




Summary e o O A

Bispecifics (Bs) are biopharmaceutical products that bind to two sites (epitopes)

Customer Need The customer required one Nab assay against the whole Babs but also wanted to perform domain specific

characterization as this was not performed in the ADA

Resolian suggest to perform domain characterisation in the ADA instead of Nabs but in this case there was

no option

To successfully develop a domain characterisation. Nabs against each domain were required from the
Sponsor. Anti-IDs against each domain were pooled to make the PC.
Resolian Process

Resolian developed a screening assay against the whole drug and the option for domain characterisation.
The Nabs response was characterised against the whole drug, and against each of the monospecific drug

arms.

The validated assay supported sample analysis throughout the method lifecycle. The customer is assured

Customer Outcome that the assay meets the regulatory requirements (both EMA and FDA).
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