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An overview of the ADC design and development landscape

— Introduction to the field
— Key components of ADC architecture

— How different companies have approached the challenges faced during
development

= Clinical landscape and progress
— How drug developability can build the best product by design
— Summary and future development
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What is an Antibody Drug Conjugate (ADC)?

* Antibody
* Linker
* Cytotoxic payload
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Targeted delivery of drugs using ADCs

Non-targeted - . Antibody-drug conjugates
Antibod
chemotherapy drugs nibodies (ADCs)

Maximum tolerated dose

Maximum tolerated dose .-~ Therapeutic

. - ; window
Minimum efficacious dose
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Minimum efficacious dose
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Understanding the key mechanistic requirements of an ADC is

critical to successful design and development

Simple concept - complex products

* Multiple components and multi-step mechanism of action

 Specific requirements for each step / component. For example, stable
in circulation but drug released in tumour cells
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What are the key components of an ADC?

Targeting
protein

* Targets antigen with high
affinity and with and low
expressionin healthy tissue

+ Minimal non-specific
binding

* Maintains binding, stability,
internalisation and PKwhen
conjugated to linker-drug

Q

i

Conjugating

unit

* Electrophile capable of
reacting with lysines and
native/engineered cysteines
or residues OR

* Functionality to react with
engineered peptides OR

* Site-specific moiety capable
of rebridging disulfide

Polymer

* Used to enhance ADC PK

* Enhances aqueous solubility

* Modulates payload release
through shielding and
distance from mAb

* Examples include — Amino
acids, alkyl chains and
polymers including PEG

Release
linker

* Cleavable or non-cleavable

« Sufficiently stable during
ADC synthesis/storage and
in systemic circulation

« Efficient intracellular drug
release — Driven by pH,
enzymes, reactive thiols,
antibody catabolism

* High potency (nM-pM)

* Defined MOA e.g. DNA
Alkylator/tubulin inhibitor

* Suitable functional handle
to attach to linker

* Examples include
auristatins, maytansinoids,
PBD dimers, duocarmycins
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Main challenges faced in ADC development

ADC challenge Reasons Efficacy Toxicity
Antigen Antigen heterogeneity (tumour, metastases) J

Insufficient expression in tumour J

Expression on healthy cells ™
Payload MOA Resistance of tumour cell to payload MOA J
Heterogeneity of Naked antibody — competitive inhibitor J
drug-antibody ratio (DAR) | Low DAR — Insufficient drug delivered N

High DAR — Fast clearance d 20
ADC instability Systemic release of drug AN

Disarming of ADC d

Fragmentation of antibody J D
Suboptimal PK High DAR (fast clearance) N 2

Immunogenicity (fast clearance) N N
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Multiple conjugation options can be evaluated to identify suitable
functional attachment as part of the design stage

Native lysine
conjugation

Native and
engineered” cysteine
conjugation

Transglutaminase
conjugation

Native disulfide

conjugation Glycan

conjugation
l~ 'l
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Multiple conjugation options can be evaluated to identify suitable
functional attachment as part of the design stage

N

Engi g R pnl Enzyme
ngm-eere A conjugation
azide (—_\ " -
Engineered
ketone Formylglycine

conjugation
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Early ADC included use of cleavable or non-cleavable linkers

Examples of ADC drug linkers

Cleavable linkers Noncleavable linkers
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Valine-Citrulline (protease sensitive)

N-Maleimidomethylcyclohexane-1-carboxylate (MCC)
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Payloads for ADC development are typically highly potent

Anti-mitotic

OMe
Calicheamicins

o X
H H H

Auristatins

Tubulysins

Maytansinoids
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PBD dimers

Camptothecins Anthracyclines A g
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Marketed ADCs have clinically relevant efficacy but are still
associated with toxicity

Release date
Target

mAb isotype

Toxin

Conjugation site
Release mechanism
Clinical dose

Clinical toxicities

12

2000-10; 2017
CD33
1gG4
Calicheamicin
Lysine
Hydrazone + disulfide
~0.1 mg/kg

Veno-occlusive disease
Neutropenia
Thrombocytopenia

.
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2011
CD30
IgG1
MMAE
Cysteine
Dipeptidic
1.8 mg/kg

Neutropenia
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2013
HER2
1gG1
DM1
Lysine
Non-cleavable
3.6 mg/kg

Thrombocytopenia

2017
CD22
IgG4
Calicheamicin
Lysine
Hydrazone + disulfide
0.02 mg/kg

Veno-occlusive disease
Neutropenia
Thrombocytopenia
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ipolatuzumab

Har Injection

Pum-m |

|Polw:|r

u-umwf.ur

Ere Oone wial

Ouand uses pot

Polivy™
2019
CD7%9%
IgG1
MMAE
Cysteine
Dipeptidic
1.8 mg/kg

Neutropenia
Thrombocytopenia
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Approved ADCs: Conjugation approaches used

Conjugation to lysine residues

Kadcyla® (Immunogen / Roche-Genentech)

FDA approved Feb 2013 for breast cancer

Conjugation on
lysine )
* 5.8 months longer survival than standard therapy

* Significantly longer PFS

mAb = -
Conjugation to interchain cysteine residues
Adcetris® (Seattle Genetics / Takeda-Millenium)
\ & o / \ x K / FDA approved Aug 2011 for Hodgkin lymphoma
& S, Vg 5 ” *¥ x * B 12 3 4058 708 2
101-S ihc ° . .
Mild reduction drug conlj::.:e:alion 75% ORR in HL patients
— —— = ADGETRS. * 1/3 responders had complete remission
mAb ADC
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Seattle Genetics: Drug-antibody ratio (DAR) matters

14

>

Schedule gd4dxd

DAR 2, 4 and 8 purified by HIC from heterogeneous
mixture

Correlation between DAR and PK
Highly loaded DAR species cleared faster

-
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Highly loaded DAR species had lower efficacy

Mean tumor volume [mm’l
g8 8§ 8 8
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Hamblett et al., Clin Cancer Res. 2004. 10, 7063
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Seattle Genetics: Maleimide instability can lead to conjugation of
drug to albumin

Antibody-drug conjugate Albumin-drug conjugate

Proposed mechanism of drug transfer from an antibody to albumin through the thioether fragmentation reaction.

1000 A 6 B
L]
O 4 | ;
ﬂ th e 3'
"v"‘wﬂ"‘h.-}j‘\;.r ag} 0 O 1F6-Cdvz-mec-MMAF E ) O 1F6-Covz-moMMAF
";" B 1F6-Cdv2-bac-MMAF g} B 1F6-Cdva-bac-MMAF
(] a
HVW\\“-"E?‘ q 1_
B Y
c' 1u| T L] T ] 1 ] ] 1 ] ] | 1 L T ] ]
- Bromoacetamide proposed as 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

) . Time {Days) Time (Days)
alternative chemistry

‘< o
Alley et al., 2008. Bioconjugate Chem. 19: 759-765
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Seattle Genetics: self-stabilizing maleimide

a b 5 o diaminopropionic acid (DPR)
o} R o] R . O
W Fast yo\
5/$H N”’l“drug — EN/J\dmg 4 W':\ g:l\)\R
RS -~ s Ry 1 R
o) Slow / 0 0 i t(|:szn
Ab Compound R, Compound n NH Compound n
R =H (slow) + H,0 L
R=CHyNH, (fast)| 1 $CH-CHz-NH; 5 1 7 3
6 2 8 4
............................................ 2 7 CHy-CH3
0 R 0 oY H O ”C’I’Q
DEVE I L s B H O o™ ”J‘I{\w@‘r‘w“ o
SH J(?L E\ / \’,J\N drug 3 :CH,—C—R;> Ry= iN NU)LN,@/\ EH 19 f;‘ L H 3
7 N dru ¢ Ab H : H I 3 ™ CHz™ 0 0
Ab . l.'f H g O IOI (8] \.‘L CH:; CH:;
o . HO s {CHyICR, NH
HO __ Stabilized ADC _ 5 HN"0
a b ty €
1007 100 cAC10-x  (h) = cAC10-x
@ t @ -5 04 IS —©- 5, in vitro
s % W e % o618 b o . " S.nvivo
° o E d A . 2 80 - A
2 604 —al :_:AC1D—‘_| 25 22 604 27 52 S =5 4, in vitro
ight chain ] P S 60 W 4. invivo
& 40- %% 40 —A-8 135 % 4 = “‘x\f .
g cAC10-1 . '§ = -B8-3 -40 = 1
5 204 heavy chain < 2 20 4 « 4 ND E 20 -
. B b s 0
0w T T T 1 0 # I | r 4 o T T T T T T 1
0 6 12 18 24 0 6 12 18 24 0 1 2 3 4 5 & 7
Time (h) Time (h) Time (d)

— The rate of hydrolysis depends on the distance between the succinimide ring and the amine
— ADC stability depends on rate of ring opening

.~ "
Lyon et al., Nature Biotechnology, 2014. 32, 10
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Seattle Genetics: Effect of drug-linker hydrophobicity

PEG,,4 as a stretcher PEG;4 as a side chain
no PEG
glucuronide=- side chain PEG stretcher PEG
glucuronide- ﬁ ﬁﬁ MMAE
FaWa W W Wy W Wa W Wy Va Ry ¥y ¥
Antibod ' . N
Y 8 Antioody | PEGa4 18 2.00 4.00 6.00 8.00 10.00 12.00

retention time (min)

A m=-v s emmeamm e s am e m e e e e am e e e s e e e

-
o
= E12004 -
-
__; E umtreated Eﬂlnﬂ + unireaied
-]
..................................................... oo -~
: 109 E ¥ PEGg, stretcher ; - ne PEG, 1 mglkg
= PEG 24 side chain &
e > Bo0 & no PEG 2 - PEG,, side chain, 1 mglkg
= 5 > 5001
-— =]
E E - PEG;, side chain e & no PEG, 0.5 mgikg
m -]
= 2 300 E
B - E = PEGg., side chain, 0.5 mglkg
o =
2
PEG24 =tretcher E o E
0.1 r [] 20 40 1] = []
0 T 14 days post implant E [} 20 40 60 L 100
day ) days post implant

— PEG configuration influences apparent hydrophobicity and PK
= Invivo efficacy correlates with PK profile
— PEG can mask the hydrophobicity of the drug

. .~ 'l
Robert Lyon, Seattle Genetics. 2014. PEGS Boston
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Pfizer: Forcing ring opening for improved maleimide stability

Fraction of ring-opening after 2-4
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(= g —— Payload3 O as
0o a8 M oo
o i i e Ty 2dups 100 200 300 400
Time after dosing (h) o

Tumey et al., Bioconjugate Chem., 2014. 25, 1871
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Genentech: Attempts to control DAR by engineering cysteines into
the antibody sequence, named THIOMABS

— Approach based on engineering-in cysteine residues as conjugation sites
— Location of engineered cysteine residues affects reactivity and antigen binding
— Conjugation require reduction for uncapping of engineered cysteine residue

M Binding to antigen
- B Binding to SA (measure of eng cys reactivity)

Capped THIOMAB

il

CuSC} or dhAA
Oxldatlon

Reduced Re-oxidized THIOMAB
O Cysteine or glutathione
¥ Cytotoxic drug ‘S &

Junutula et al., 2008. Nature Biotechnology 26(8) ; ABZENA

CE P.I'D

Reductio
Conjugation 4
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Genentech: Location of the engineered cysteine matters

Cc O LC-V205C-ADC d O LC-V205C-ADC € oo
O HC-A114C-ADC 0 HC-A114C-ADC ’
4 Fe-5396C-ADC e e, & FC-S396C-ADC = 100
# HC-A114C-Antibody _ & Vehicle §
120 4 ¢ Control ADC - 4 10 - - !
% N .g ? }Tolal antibody
2 ] 5 g G LCV205C-ADC
3 60 E- E 0.1 - HC-A114C-ADC
E 30 o S 0.01- [
& ol——, e =1 0.001 . . : .
0.0001 0.001 0.01 0.1 1 0 7 14 21 28
ug/mi Study day (dosing on day 0) Time (day)
Therapeutic acthity ||
d 100 d LCNAECAFC
- LEVZDEC-ADE . g e
3 . -
i
oo _ 200 -
E E Ay HC=A1 14T 00 % o -
= ) - a 10 5 =0
B o = o A ! S5 h d o FC
_a FoeESSaa AT I 400 -
0 10 20 30 0 1 e
Time (d) o . :
o L] Z0
Tima [minj
.~."
Shen et al., 2012. Nature biotechnology. 30(2) (]
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Genentech: Location of the engineered cysteine matters

d b 0 LC-V208C-A0C O HC-A114C-AC
60 LC-V205 HC-A114 K- 0. TBiday K DOBSd Ay
o
o

Fractional solvent
accessibility

&sﬁ:\-\%@c’
\E.F ‘zp QD
, a 10 20 a
B00- Time {d)
— B Control
= 450+ BB LC-205C Low
=] LC-V205C High
= S004 HC-A114C Low
180, B HC-A114C High
Fo-S35C Low Low — 30 mg/kg
o Fo-S38C High  High — 50 mg/kg

Day 5

= The rate of succinimide ring hydrolysis and stability of ThioMAB variant impacts the PK, efficacy and tolerability profile of the ThioMAB ADC

.~ "

. (
21 Shen et al., 2012. Nature biotechnology. 30(2) ' ABZENA



ThioLogics: Disulfide-bridging based on maleimide chemistry

O

* Disulfide bridging approach o X
o . - X o R-NH,
* Bromomaleimides, thiomaleimides | N_/< » || N-R
.. . Xand ¥ =B

* Maleimide-based chemistry Y k. e xi Br, Y -
* No data on efficiency of e S i

conjugation, stability, PK, efficacy,

safety Castaneda et al., 2013. Tetrahedron Letters. 54(27): 3493-3495

Acid-cleavable thiomaleamic acid linker

: O
' S
PhS O o—(ﬂ T-Fab Z — ﬁh‘@_\o _«“
| N—@—/ NH —» :sj o DOX
hS O,.J}H 11 12

b
OMeQ OH 07 ' . » ©
S S OH
c
| 0 -—— | 5
S s 0_4
OH — © — o
C OH 13
10 Scheme 4 Assembly/cleavage study of Fab ADC 13: (a) TCEP, pH 8.0, 37 °C,

1.5 h, then 10,37 °C, 1 h; (b) pH 7.4, 20 h; (c) pH 4.5, 72 h.
-~ "

. Castaneda et al., 2013. Chem. Commun. 49 ; ABZENA



ThiolLogics: stabilising maleimide linker chemistry through hydrolysis

— Cysteine 34 on albumin reacts with maleimide, however with a bromo leaving group present,
this limits the retro-Michael reaction of the conjugate

= Hydrolysis is still required but can be performed at basic pH to lock the protein conjugate and
limit the de-conjugation reactions

O:Q_/EO Thiol stable
A

\

Retro-Michael
on hydrolysis

pH9

Retro-Michael
on hydrolysis

‘< o
Smith et al., Org. and Biomol. Chem. 2013, 49
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Igenica: Disulfide-bridging based on maleimide chemistry

Dithiopyridylmaleimide (DTM-MMAF)

TR
5 O
I\ it
S \P\O);;AMMAF )
Ly © 1) Her-MC-MMAF (conventional)
TCEP A DTM-MMAF
—— p- » 2) Her-DTM-MMAF (bifunctional)
(o] .
7 o 3) HB121-MC-MMAF (isotype control)
N\/\/\)"\MMAF
(o]
MC-MMAF BT474 Xenograft tumor model
(Study conducted at MSKCC)
1000
R T R TN i ES AL 0 7 13T P Wy T - HBE121 (EDHT.I‘GI]
e " f : Her-MC-MMAF ~ 8001 =& Herosplin naked)
-1 y i ; - er-mc-|
= l'. ,!',\ /i'., " DAR ~3.5 E ~+ Her-DTM-MMAF
R \ , \ A = 6004
5 \_ / ] \ //! . 2
: g Nl g 4001
o m— £ - = & = £ e an £ — - E — - — E
Bt e W TS TSt -+ U MYVl M e i & 200.
[\ Her-DTM-MMAF | .
Homogeneous | DAR =4 7 T 1'41 21 28 35 42
= | Days
. / Treatment
Jos  zmmmss )N 4 - ._--"- S AENTTR TR (@ 1 mgiKg)

David Jackson, 2013. World ADC World Summit: San Francisco

T. Migone, 2014. World ADC World Summit: Frankfurt
24
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ThioBridge® site specific conjugation at accessible disulfides via an
addition/elimination reaction mechanism

o DAR 4

|sulf|de ThloBrldge
Reductlon Conjugatlon

0~ '0

. ' ABZENA



ADCs using the ThioBridge® linker demonstrates architectural
design and the impact on ADC success

ThioBridge® ThioBridge®

Format 1, DAR 4 Format 2, DAR 4 ThioBridge®
I, Format 5, DAR 8

1O

ThioBridge® ThiOBridge® t\* 'I "-?.ﬁ..”__':‘-' ”:- R / \ 4
Format 3, DAR 4 Format 4, DAR 4

(©) Val-cit-PAB-MMAE

“| Glutamic acid

Polyethylene glycol
\/\ Polyethylene glyco Reagent architecture influences the properties of the ADC

_}-Bis-sulfone linker

.~ "
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ThioBridge® linker demonstrates high ex vivo and in vivo stability
with overall positive impact on ADC efficacy

ThioBridge®
Change in average DAR in PK study Side-chain PEG, DAR 4
. o ® H H e 1 —*— Vehicle
ThioBridge _ Maleimide (Affinity capture then HIC) e uou
Side-chain PEG, DAR4  conjugate, av. DAR 4 <
:E)’ 20004
50 LU 0 h 50 LU 0 h . . g
. . 4 ThioBridge® 2
. ; I\ Side-chain PEG, DAR 4
0 PBS ¢ PBS ﬁ 2 4/5 CR
50 7.0 9.0 110 130 150 170 1?n|91 5.0 70 9.0 110 130 150 170 1%% 31 ﬁ /
1001y 96 h| "W 96 h ’ 0 1|o 2|o 3|o 4|0 slo
80 80 . Days post treatment
60 human| €0 human
40 mouse| 40 mouse . ® Adcetris®
. " B 1- Adcetris®, av. DAR™~4 30004 — Vehide
20 ~o~ 0.4 mglkg, Q4Dx4
) monkey 0 _I/\/\w "’E Dosing
50 70 90 110 130 150 170 190 50 70 90 110 130 150 7.0 190 0 . . . . . . . . . E 20004
m m 0 100 200 300 400 500 600 700 800 900 GEJ
Time (h) %
>
3 1000
ThioBridge® 5
Side-Chain PEG, DAR 4 0 l|I T T T 1
0 10 20 30 40 50
Days post treatment
.~."
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Concortis: C-Lock™ conjugation at interchain disulfides

— Disulfide bridging approach

Triazine one step method

ID\X\PH %CP (2 - A2 —Cwl
? i == Sl

Triazole one step method

301 2 5 SH
i SH
20 . L2
. pH 6.0-9.0 @— Sj\;}u ?
10 o \
L L2-+B
n

0 25 5 75 10 125 15 175 min

David Miao, Concortis, 2013 World ADC Summit San Francisco . .
WO 2013/ 173391 Al e
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Innate Pharma: Bacterial transglutaminase (BTG) catalysed linker
conjugation

- 1 step conjugation (20 eq reagent)
PHNGase
BTG |
BTG . F
E}'I NzsT "?:"EI' 'E : N287 N297 NH,-step1-@
NH;- i) v
@ = toxin
Aglycosylated 1gG o= x 2 for N297S
: Single mutation x 4 for N297Q
e N297S or N297Q
— 12004 Slnglennfeh}a:ﬂun
% 1:; . f « Karpas 288 (5.C.) in SCID mice 2 step Conj Ugation
B - :ilnd;:::.gmdwhenmurﬂmmmi
'E x - 10 mice per group BTG Z-step2- @
R o NHystept-R ~ “Hf=  @=txn  SRE=O
- 1gG1S-spIbeMMAE imglkg
+ Abcerrs g:gm - SCNIOC ot breMMAE E:mg Aglycosylated 1gG
Singl tati
N2TS or N297Q om X20rNTS
= Requires mAb degycosylation
— Enzyme sensitive to organic solvent concentration
— 1 step process required 20 eq reagent per site
— 2 step process: 10 eq first step / 1.5 — 2 eq second step
"
L’Hospice et al, Mol. Pharmaceutics, 2015, 12, 1872 °
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Innate Pharma: Linker chemistry directly correlates to species-
specific stability

H
N

d o

cAC10Q % Gl %

T & a5 i il
(0]
b _ﬁ“ OI\’H’J\WMMAE . G
°© a NHP Human
5 - 5 -

Rat Mouse
(8] 5 = 3
MMAE
4

cAC10Q

E 3~ E 3
3 (St

R ] Ll 1 0 T T 1
cAC10Q 0 50 100 150 ] ] 100 150

RV I

cAC10Q

— Mouse serum loss of drug was more pronounced with the longer chemical linker
o~
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Same linker chemistry but different location is affected by different
serum stabilities

— Data from Pavel Strop’s group at Rinat have also showed that location of the same cleavable
linker demonstrates a range of serum stabilities

— Mouse instability is particularly pronounced and relates to the in vivo stability

Mouse Hat Cyno Human  Maouse
plasma plasma plasma plasma  invivo
stability stability stability stability stability

Site  Position Pavload {%) {%) {%) (%) (%)
A LC 200-202 C6-VC-PABC-AurG1071 5 o4 99 939 0
=} HC 160 C6-VC-PABC-Aurgiol 12 59 100 100
c HC 135 C6-VC-PABC-Aur0101 22 g7 a8 96
b HC C-terminus C6-VC-PABC-Aur0101 34 97 99 100 -
E HC 150-192 Ce-YC-PABC-Aur0101 12 g7 97 100 0
F LC C-terminus C6-VC-PABC-AUr0101 B6 99 100 98
G N297A C6-VC-PABC-Aur0101 33 100 a9 100 - Change in ADC potency
H N2S70 C6-VC-PABC-Aur0101 100 100 100 100 - as a function Of linker stability
| HC 294-297 C6-VC-PABC-AUr0101 100 100 100 100 57
1000-
B A
2 1004
=
* This qualitative correlation between the linker 2 0] s
stability and ADC activity can be plotted § *C *D e ;
T 17 %G $|H
h

e
-

0 20 40 60 80 100
)

Dorywalska et al, Bioconjugate Chem., 2015, 26, 650 Linker stability (%) :

~
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Ambrx: Controlling DAR by engineering in non-natural amino acids
(NNAAsS)

A HC-A121X: Pacetylphenylalanine (pAcPhe)

=]

alkoxy-amine—derivatized auristatin | Anti-Her2-IgG-nAF

&

: Heavy Chain
Oxime = (HC-A121X)
0 o] ] s 2008
H H ligation ™ Exp: 50116 Da
“ N N N 0. o | :
Efﬁ’;\’w% L+ — = Obs 50118 Da
0 0 o _0 o \@ oH 4.5 |
37°C !
1-4 days imﬂmq e s e sswa i 5185 s 54044
A MDA-MB-435 Her2+ B MDA-MB-435 Her2+ C MDA-MB-435 Her2- D Pharmacokinetics
3.0E+09 2.0E+09 2.0E+09 100000
-g- =+ Vehicle ‘g‘ —Vehicle T 4gEsgg |~ Vehicle = ~o-1gG
& 256409 ==IgG 3 =C=lgG-nAF 0.2 mg/kg N -E -8-gG-nAF
B G AR < 15E+09  —-IgG-nAF 1 mglkg < £
-..E._ 2.0E+09 | E ~8-|gG-nAF 5 mg/kg g 1.4E+09 =
g 2 2 126400 %
2 156400 treatment i 1.0E+09 B 1.0E+08 E 10000
s l l e - S treatment §
& 105409 | % 8 60e+08 'I' t
o e 5.0E+08 » E
2 50E+08 E 2 4.0E+08 F
2 = 5 20E+08
OIDE+m | . i " OIEM e - — e — —— ulOE‘m " . = = 1m
5 B S 4 & 5 4 o 5 10 15 20 25 30 B B Bb i o om & 0 100 200 300 400
Days Post Tumor Implant Days Post Tumor Implant Days Post Tumor Implant Time after IV injection (hours)

= Fab conjugation: 30-fold excess of reagent, 1-2d at 37°C
= 1gG conjugation: 20-fold excess of reagent, 4d at 37°C

‘- o
Axup et al., 2012. PNAS 109(40): 16101-16106
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Allozyne: Controlling DAR by engineering in azido non-natural
amino acids (NNAAs)

* AzAbs are mAbs with site-specifically engineered azide handles designed for bioconjugation

* Azide handles are incorporated into the Ab in the form of a NNAA at a specific “stop” codon
(VIGENERE platform)

* Azide-Alkyne “Click” chemistry

* Cycloaddition can be carried out using both metal-catalysed and metal-free reactions

copper-catalysed reaction (CUAAC) Strain-promoted metal-free reaction (SPAAC)
toxin Alb o 25
\

N
Cu(l) catalyst \ /+
> toxin [,/N o ¥ N/,—N\ITI SPAAC
Ab—N @ N @
2

N o ADC
N WQO-2011136645-A1

.~ "
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Sutro: Controlling DAR by engineering in azido non-natural amino

acids (NNAAs)

(DNA)

input "

S R S S S —

(Catalyst)
h --------- - d

cell-free extract (E. coli)

Cu Free Click
Conjugation Chemistry

o P
: - 5
R R
A o

1 A

.Azido nnAA

DBCO Linker-Warhead

4 § )
= N. 20
é/ﬁ

[+] o [+]
HN H H
N. N N.
DMDNDV\ONDVAHJ\,\)\WI‘, ‘)L'P\/;WQ(LW
o A, 6. 0 _O a Co#

Aaron Sato, Sutro, 2014. Bioconjugates San Francisco
34

SKBR3 Binding Assay

nnAA Incorporation and Expression
L] Conjugated Variants Compared to Herceptin

Supprassion of sk coden
@ oz o
I

ow om
33

3 F

nnAA Incorporation Efficiency 01 10 100 1000
) nM

Conjugation Efficiency (Drug/MAb Ratio) Cell Killing Assay

| DAR: 1 ' ,ll i DAR CF-Trastuzumab
| 0.4 1in 1.1 1004 - )
_'II-\"'"""'&:'.'.':..-. __' ‘;S"—Iﬁl Ii..._.-\__ i
| 1 07 ] | 1.5 e
L1 Z > &
_____ U §Z
L AN T3
i i =
| 1.1 | 16 |
— | .! 1 ,-1-. 4 WA oot ool LX)
—s e gL i

Top sites: nearly complete conversion in 4 h, 2.5 molar excess reagent

s 2 .
w

ALY ik R
HC(Site 1) HC(site 2)
DAR: 1.80 DAR: 1.95
LN ll‘lﬂ.ﬂ Lu—mz AT 0N 47T WREOSE RS ::nn SRR
______ :_L: L el S B x_ = r.-‘lln. 15 LE 1SN

— Specialized expression system
— Lacks mAb glycosylation

.~ "
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Catalent: Controlling DAR by engineering in enzyme recognition

sequence - SMARTag™ Technology

[ FGE recognition site (5 aa) ‘ Pictet-Spengler ligation
< N-terminus ~J C-terminus =2 Protein of
( ) CxPxR |

] interest
’Ila
HN_
m_lﬂ'ﬂe
M
Y
Formylglycine generating \_.- -._/
enzyme
SH (FGE) H 20 —»
;"S‘N/(n)"i > ?j‘ur’r‘z’{ k
H H
o o
H H

cysteine Aldehyde bearing formylglycine

[
f

FGE is highly selective for Cys in CxPxR sequence to generate C-C bond Formation Using Proprietary HIPS Chemistry
an aldehyde tag (SMARTag™)

MCI-MBT Single Dose Efficacy

[ [ [ ]
l L :mu
% 4== SMARTag™ ADC E“”” 1
L £ 400 = ——Linker 1, 10 mg/kg
- p—e - = Linker 1, 5 mgikg
H E 300 T-DM1, 5 mglkg
:% 504 é 200 | I T 'l' ===|sotype ADC-Linker 1, 5 mg/kg
25 == T-DM1 0
1 5 8 12 15 19 22 26 29 33 36 40
Days post-treatment
T T * T T ' Idase=5mgn<g
20 40 B0 80 100
Days post-dose
=# Isotype ADC, Linker 1 -~ Linker 1 = Linker 4
=== T-DM1 === Linker 2 =#= Linker &
. . ‘N
David Rabuka, Redwood / Catalent, 2014. World ADC Summit Frankfurt
35
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Pfizer: Controlling DAR by engineering in transglutaminase (TG)
recognition sequence - LLQG Tag

0 D
+ ""M\/\/_< — >—/_{1 "\/L< E
H; H Mouse (SCID) C16-HC-AcLys-veMMAD stability Rat C16-HC-AcLys-veMMAD stability

100
glutamine tag payload conjugate g - . E a0 ~ oae
-= DAR1 5 60 - DAR1
(acyl donor)  (acyl aceptor) ;e - AR g " = oA
. H 40
specific non-specific 3 °
Time (hr} Tme:rﬂ
C16-HC-AcLys-veMMAD (Loading 1.9) C16-LC-AcLys-vceMMAD (Loading =1.8)
DAR 2 150 G H
150+
DARO 100 DARO  DAR2 Mouse (SCID) C16-LC-AcLys-veMMAD stability Rat C16-LC-AcLys-vcMMAD stability
o 1004 o 100 1004
Eﬂ §50- %m\\.pmn gm— ~ bARo
1 DAR 1 DAR = & = pAR1 = 604 - DART
2w ~DARZ  § —— DAR2
0 — 0 3 =
T T T T 1 T T T T 1 # 20 # 209
10 15 20 25 30 35 10 15 20 25 30 35 - .
Time (min) Time (min) 0 50 100 150 ° 50 100 150
Time (hr) Time {hr)

— Efficiency of conjugation and stability depends on the location of the LLQG tag (vc-
PAB instability)

— 5-10 fold-excess of reagent
— Enzyme sensitive to organic solvent — challenging for hydrophobic drugs

‘< @
Strop et al., 2013. Chemistry&Biology 20:161-167 M
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NBE Therapeutics: SMAC™ Technology (Sortase Mediated Antibody
Conjugation)

3h, 4h, 5h

payload with glycine
peptide modification

%
»*

‘o

Tt
X= LPXTG Sortase recognition motif * — cellular toxin S O
¥= glycine-stretch, preferably 3 or 5 glycines F F K
H;C\ —<CHL{H1_S\£ j\/ " o 800 T Contol
0 N i -o- Con
L O A g - = aiws
E] o] i i n n " ) 1
" 2 A Gly Gly Gly Gly Gl Y i & Tras-DM1
uncleavable SMCC-DM1 linker g
CH,0 'g
1 2 SKOV3 Ovarian carcinoma
Z By 2 : xenograft model
HCO  H .200 : — 10 mice/group
. . . .. 0 10 20 30 40
* Ligation between C-terminal LPXTG sortase B recognition day
motif and glycin-stretch of peptide modified payload ] 4 “
L]

* Requires engineering

.~ "
Ulf Gewunder, NBE Therapeutics, 2014. PEGS Boston
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SynAffix: Enzyme-catalysed post-recombinant glycan remodelling
followed by chemical conjugation

glycan

native
glycoprotein

remodeling

>

By enzymatic
incorporation

conjugation |

o. fw_m

tagged
glycoprotein

Post-recombinant mAb modification

38

Two steps of conjugation required:

Enzymatic tagging (conserved glycan in the Fc
fragment) or engineering of one (or more)
alternative glycosylation site(s)

Chemical conjugation:

Strain-promoted alkyne-azide cycloaddition
(SPAAC) between cyclooctyne and azide.

BCN is 100-fold more reactive than plain
cyclooctyne

Debets et al., Acc. of Chem. Res., 2011. 44, 805

chemistry

>
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Mersana: Fleximer™ technology for high DAR ADC production

Cysteine-Based Fleximer-Drug Antibody Conjugation

® ® ¢

. l::'l.: :-' |: :-l'::-.-: :-i.::.. .::'.. / E HH Z . - > i ‘
®*® @ @ @ == I o i,_
Dolaflexin ADC Structure and Drug Release

-~ -, Partially Reduced Antibody Dolaflexin ADC
tff}n. Jf:fJ/L {:ff}n. b.':3+ ot Low HER2 2+ expression ~79,000 antigens/cell
) 1 g .,JL-.,.. . _1a 1 JIMT-1 Xenograft Model
i- w 'E 1000 | e Mokl
o owm o owm R — adoyla 20 mgik
@_ ?“v Mw*ﬁi_,m E 800 Kok g
a Intracellular - Trastuzumah Dolafexin ADC
kL Drug Release E 600 087 mgikg
Q'I:*ﬁt;*j(n AP Lo E’ 400
= Doloflexin—10 kD.a Fleximer E 200 Trastuzurmat Dol in ADC
- 6-8 drugs per Fleximer = e
= 3-4 Fleximer chains per antibody 0 20 40 60 80
_ DAR ~20 Days Post Doas

— Asana ASN004 (DAR15) advancing into the clinic

.~ "
Yurkovetskiy et al., 2014. Poster #2645, AACR San Diego ;
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Amunix: XTEN™ technology for high DAR ADC production

o AN AN, PEG ® % &
 S——

o o o
”/M/\M“/YN\)\“ Polypeptide Backbone = XTEN l
o 0 v —
.—

Proteolysis of XTEN
Linker Cleavage (Optional)

— Genetically encoded polypeptide that mimics the polymer properties of PEG
— Can be engineered to incorporate payload attachment sites

XTEN polymer produced in E. coli

‘< @
Volker Schellenberger, Amunix. 2013. PEGS Boston
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Concortis’ K-Lock™ lysine conjugation

H, _NH,

80-90 NH2 groups Only 1-2 sites are involved

NH, NH, in K-Lock conjugation
- Claims to take advantage of the : 2
microenyironmental differences of each Iysing I| '|| P —
side chain (PKa, solvent exposure, hydrophobic . (|
pockets) A '!I
IIII:I | IIl
: : - . _ s 11 %3
— No information on efficiency of conjugation, s S \
stability, PK, in vivo efficacy ) A \xh o

Source: David Miao, Concortis, World ADC Summit San Francisco, October 16, 2013
41
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Multiple conjugation options can be evaluated to identify suitable

functional attachment as part of the design stage

Native and ) g

1 * Payload )(])\/Br
engtm.eered P Native lysine
cysteine o 0 : .
conjugation payions SO Fﬁg[o conjugation
Q5 |
o
Transglutaminase
conjugation
€ =enzyme Native disulfide conjugation Glycan conjugation ‘.

ThioBridge® GlycoConnect™ v ABZENA

42



Multiple conjugation options can be evaluated to identify suitable
functional attachment as part of the design stage

Prenyl transferase

Y ConjuAll™

||
W

Engineered azide

u, iy
= - N R >
=N: (T ey
“ J‘ Pt Ak i
i i)
- (7 N ] |
= | :
1 _ L1 1 "
Lk e 1 - . 1k
1A o
. b . 2]
\I ] e d
Payload o-NH; : ke
v :
.

Engineered ketone
Formylglycine conjugation
SMARTag™

€ =enzyme ‘- o
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SGN-CD33A: Engineered cysteine with Spirogen’s PBD payload

|'|H'1

A {1
val-ala dipeptide |
h2H12ec Aq \/gr /@/{ IoMe MeOI \ﬁ@ [ |

SGD-1882 (PBD Dimer)

malelmidocaproyl (mc)

. H2

SGD 1910 (Drug Llnker) '. lzw B '.u:o © 600 hwa‘uo 0,00 1200 '1.1'00
SGN-CD33A - average of 1.9 drugs / antibody

MDR- HL-60 MDR* TF1-alpha
1IFE 1200+ -+ Untreated ?12&}- - Untreated
E = I+ SGN-CD334A, 30 meglky E O SGN-CD33A, 100 mcglkg
g & SGN-CD33A, 100 meglhg 2 1000 & SGN-CD33A, 300 mcglkg
= B0 =2 Control ADC, 100 mcgikg = 8004 < Control ADC, 300 mcg/kg
E 200- -+ GO, 1000 megikg .~ J— - GO, 1000 meglkg
§ o 2 a0
| 3
- 200 = 2007
= 5
= ]
= 0 20 rh - = o0 20 40 60 80 100

Day Post Tumor Implant Day Post Tumor Implant

‘< @
Sutherland et al., 2013. Blood. 122(8):1455-1463
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Immunogen: Indolinobenzodiazepine dimers

45

OR

HWMH

dd=DMa (R = Mo

2d=HHS (R = N=hydroy succinimida)

H-ﬂ,_.-'-n-'-»._.-ﬂa..,.-'-u OR

G2 Ur?:a S5 3‘1&%

Zm=0hda (R = Ma)
ImefHS (R = Mdiydroxy succinimida)

2d (di-imine) Both allkylates
and cross-links DNA

eleradiliny ef Ab-IGN Comjugates (qw = 3)In CO-1 Mice

o= Canbeel

s aniFRETm [E gl
e PRI [TE pgigl
o= gl FREIm (115 ggig)

st FEE2E (TS gy
10 duaths § day IT

mmE W oady W omimRE DR

A& Tresim et

Delayed toxicity observed for 2d but not
for 2m

Cleavable linker had greatest Tl

Miller et al., 2013. #C160. AACR-NCI-EORTC
Whiteman et al., 2013. #C161. AACR-NCI-EORTC

2m (mono-imine) Only alkylates DNA
Non-cleavable

Ab-3m
ADC with cleavable linker
and 3m mono-imine IGN

50, .

“qoﬂﬁ"*’a“f“ﬂf“x ,-.\/J».:E,H—

::‘ﬁﬂm O

3m (mono-imine) Only alkylates DNA
Cleavable

Mono-imine IGN-ADC with a Cleavable Linker had Greatest Therapeutic Index

Anti-FRa-2d

e e 1580
{ = Contral l

- 10 gy 1080
! tim |
- - 50 pgig -
i P

-t

! " ! -t._.u-+* ""‘f‘ - !

Anti-FRe-2m

Anti-FRg-3m

Tﬂ

M O0E W MED Adive

MW e O o Active 18 U B hctive
80 3 W& 26 Highly Acive & W UG highly acive
Ab-2d MTD = 75 pglkg Ab-2m MTD = 200 pglkg Ab-3m MTD = 700 pg/kg
*  Didmine IGN MED =10 pg/kg *  Meane-imine IGN MED = 20 pg/kg *  Mene -iminelGN MED = 40 pg/kg
*  DMNA-crosslinker TI=T7.5 *  DMA-alkylator TI=10 *  DMNA-alkylator TI=17.5
and -alkylator Delayed Toxicity *  HNon-cleavable Mo Delayed Toxicity +  Cleavable BN Mo Delayed Toxicity
*  HNon-cleavable IGN linker Liver Toxicity linker No Liver Toxicity
IGH linker
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Nerviano Medical Sciences / Genentech: PNU-159682

o
o Ap T i

improved analog

200

OMe Ohde
Doxorubicin (DNA) Nemorubicin (DNA) PNU-159682 (DNA)
nM-uM ~ 3 x more potent > 1000 x more potent e |
2000 - —-f
NMS5249 ]
(MC-VC-PAB-EDA-PNU159682) hi0

Thio-HC-aCD2Z-NMS0249, Imefkg

Turnor Valumea [ rim’ )

}. qql N f,f

= Metabolite of nemorubicin “-ai_;

= Picomolar potency
= Thio-HC-Tmab-NMS249 efficacious at 1 mg/kg in Fo5 mammary tumour transplant model

‘< @
Thomas Pillow, Genentech, 2014. PEGS Boston

46 r ABZENA



Synthon: SpacelLink - Duocarmycin

o a
Ry \Ir_ﬁNw/Q—mmuruer " {\m 0
E_’j| . o) QHI« ”-%
Cleavable peptide o ©.,0 -
o P _..{ }NF{ nﬂ 0
o] O oy O 7 O N R 1 protealyti TN
\\. / Joto UJLN..]-.._N.,__. LNJ-%,,.J' bt m dsafag}gm E“';']’.JUL“” HN Ri
¢ N H PR I m
5}-4%0 n O " sdfdimination modile Ha
MH
. HEN"L:O
Anti-HER2 (trastuzumab) 4. Adlenin N-3 attack Rl il Il
« Linker coupling to DNA alkylator l @
deactivates and stabilizes drug — A
P Rs » Ba 1, /o
reactivation only upon drug release from Nl N/O N})
L mAb LY b g (XS
DMA-alkylating unit in blue cyclization 5o
DNA-binding unit in red « Just a single cleavage required for drug /;-J;r:
release; peptide cleavage leads to Active Drug H Hm Ri
guantitative release of active species )
Cydization Module
+ Allows for optimization of DNA binder (CMDrug

— DNA-alkylating agents; bind to DNA minor groove
= Fully synthetic, picomolar potency
= Proprietary cleavable linker — cleaved by esterases in mice — knockout mutants needed for pre-clinical models
— SYD983 (anti-HER2) selected for development
Gijs Verheijden, Synthon, 2013. PEGS Boston .~;"
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Heidelberg Pharma: Alpha-amanitin

OoH 1103 -
| 1004 4 E‘ ‘1
CH—CHZOH , - — .
H¥{L—CH O (] 80 « Herceptin-Amanitin
il 4}3 i - Herceptin
HH—c:H—r:—NH—tl:H—c—NH—c:H!—c % is = a-Amanitin
c=0 Het NH E sl > 100,000 x
o I L -
HO g N OH | Y g5
M | t=a HzCH; 20
‘I:Hz 104
— — R—— p— —— J— 0
,—}C CH—NWH—C—CH—MNH—G—CH,—MNH

& g g g 1077 10" 10"® 10® 104 107 104 10%
HC=COR
a-Amanitin R = NH; Concentration [M]

f-Amaniiin R = OH

sescgpses Control |
(Vehicle)
- JIMT-1 breast cancer model
1400 Median tumor volume —#&— Taxotere
15 malkg
= From green death-cap mushroom (A. phalloides) -~
20 mg/kg

= Hydrophillic bicyclic octapeptide

—— Herceptin

Median tumor wolume [mmd)

= RNA polymerase Il inhibitor 10mghg
— Hepatotoxicity mediated by OATP1B3 Rl
30 pglkg
— Active at very low doses, cell-cycle independent, active in 6 13 20 27 34 41 48 55 €2 . psc
MDR-pOSitiVE ceIIs ‘1‘ Days post Tumor inoculation ?gbﬂﬁigﬂl
A N |
= Process of amanitin production by fermentation establish /S S S |
0
W

Jan Aderl, 2014. Bioconjugates San Francisco
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Tube Pharma: Cytolysins — fully synthetic tubulysin payloads

49

o) T 1004 ¥« e DAR 4 conjugate 1
J\ g v DAR 4 conjugate 2
(\ o 4 TPOOA4 free drug
\)L R2 o
T/\ﬂ/ ﬂ < 50
s N |
h N z
]
)\ = s
Tubulysin A-F COOH = 0 .

R1 =iBu, Et, Pr,tBu R2 =H, OH _'1 6 1' 2' é &
Log [Compound] (nM)

[

Tubulysins isolated from Myxobacteria

Bind at vinblastin binding site of tubulin, destabilize the tubulin skeleton u be
Highly cytotoxic, induce apoptosis and have anti-angiogenic activity P arma
Cytolysins are tetrapeptidic analogues of the natural class Tubulysins

Many different Tubulysin/Cytolysin derivatives are accessible by total synthesis in sufficient quantities for preclinical and clinical
development

o~ '-
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ADC Chemistry Design & Developability Options

50

o
R g y IAVAVAVAVAV
PEG Rasasamasaclieoe
DARTSs ZR Auristatins
ThioBridge® Ss
V.. Domains 0 [ ST o Maytansines
" R~ \ Disulfide Sagtes
0, $ Cyclic PEG Duocarmycins
CyPEG® PS
ScFv . PP PV Anthracyclines
Fab o S o p
5 : DID o N
bod \ Enzyme-Cleavable PBD dimers
Minibody Cvclodextri o
’% c’?’ Maleimide yelogextrin Camptothecins
Targetin Conjugatin Release : :
g . & ) g & Polymer . ¥ Payload Imaging & labelling
rotein unit linker .
e HO,
o Lty
Native/Engineered mAb o O v p 3
(IgG1/2/4) VE/ o . . DOTA
A &O/U\O/Ha \L Rhodamine
oudto oo
NHS-ester Carbonate Ffnt ey
Polysaccharide Jqu g A
4 @_;% R Desferrioxamine Fluorescein  pjorotiior®
AFP Albumin - )J\ o, . . .
Click chemistry won Other therapeutics/applications
e Synthetic Non T,
itde T TN/ \V/ \\
‘1%&! g;%? /;@ HZN’O\)" polymers cleavable ¥y *;ff Re g x
‘%% § / Oxime peptides Y Oligo
RN _§§§ Biotin
, Other polymers Net Ly
Liposome ABDURIN ‘ O ., v
Enzyme mediated N )

Kinase inhibitors

Immunomodulators

b

4
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Tools For The Design, Optimisation and Manufacture of Antibody
Drug Conjugates (ADCs)

\V

J
g

Conjugation Release

Technology Linker
i Auristatins
- N [
< Duocarmycins
Maytansinoids
o % [
5 PBD dimers
e
&% ~r=,,  Calicheamicins

AL .
e Anthracyclines

N (e
» [
| _ Q."D‘.‘ . .
: Q
S 0, '. - Bt
oz/j)kj o R
0,8

Amanitins

- { s
© - Tubulysins

o~ "
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The importance of linker selection in relation to why ADCs fail

/ Irm:sr_Nr._w Dr_ugs _ @ CrossMark \ / BioDrugs (2017) 31:521-531 CrossMark \
hitps://doi.org/10.1007/510637-017-0520-6 DOI 10.1007/540259-017-0254-1
REVIEW
REVIEW ARTICLE
Clinical toxicity of antibody drug conjugates: a meta-analysis . . .
of payloads y y g comjug y Recent Developments in ADC Technology: Preclinical Studies
Signal Future Clinical Trends
Joanna C. Masters' - Dana J. Nickens? « Dawei Xuan® + Ronald L. Shazer” -
Michael Amantea® Penelope M. Drake' - David Rabuka'
- Major clinical toxicities of ADCs include hematologic, =  FcyR-mediated internalization ........ a possible explanation for
hepatic, neurologic, and ophthalmic events, which are the dose-limiting toxicity of thrombocytopenia that is
often dose-limiting. These events may be off-target effects associated with certain ADC treatments, including Kadcyla®
caused by premature release of payload in circulation
- N\ J
/ ONCOIMMUNOLOGY \ / \
e s Taylor & Francis . .
. sl IRl «civodies
REVIEW %M Review
Antibody structure and engineering considerations for the design and function Factcors Affecting the.Pharmacology of
of Antibody Drug Conjugates (ADCs) Antibody-Drug Conjugates
) " " d con s . ) Andrew T. Lucas 23, Laufren S. L. Price !, Allison N. Schorzman !, Mallory Storrie 2,
Ricarda M. Hoffmann®®* Ben G. T. Coumbe™**, Debra H. Josephs®“, Silvia Mele?, Kristina M. llieva™, Anthony Cheung™®, Joseph A. Piscitelli 2, Juan Razo 2 and William C. Zamboni 123
Andrew N. Tutt®, James F. Spicer®, David E. Thurston®®, Silvia Crescioli*®, and Sophia N. Karagiannis {*?¢
- T-DM1 has been demonstrated to be internalized by - ....certain formulation characteristics of Adcetris® may make it
. . . . . 3 1 ’ 1
megakaryocytes in vivo via FcyRlla binding. This has been recognisable to the host’s immune system and mononuclear
proposed to be involved in the development of phagocyte system (MPS) resulting in hepatic accumulation due
thrombocytopenia induced by T-DM1. to MPS-based clearance.
- AN J
.~.'l
) p
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The importance of linker selection in relation to why ADCs fail

AbbVie discontinues Rova-T
programme

30th August 2019

by AbbVie has announced the discontinuation of its

Anna Smith Rova-T (rovalpituzumab tesirine) research and
development programme, following a failure to
demonstrate survival benefit at a pre-planned interim
analysis.

AbbVie Out $5.8 Billion After Scrapping Rova-T Program

53

ImmunoGen Announces Top-Line Results from Phase 3 FORWARD | Study of Mirvetuximab
Soravtansine in Ovarian Cancer

March 1, 2019 at 6:30 AM EST

Trial Did Not Meet Primary Endpoint of Progression-Free Survival

Efficacy Signal Seen in High Folate Receptor Alpha Patients: Additional Analyses to be
Conducted

Favorable Tolerability Profile Confirmed

Combination Regimens to be Evaluated as an Independent Path Forward to Support Registration in Ovarian Cancer

ImmunoGen Announces Completion of Operational Review
June 27, 2019 at 6:30 AM EDT

Company Will Prioritize Continued Development of Mirvetuximab Soravtansine and a Select
Portfolio of Earlier-5tage Candidates

Cash Runway Extended Through Readout of Mirvetuximab Soravtansine Pivotal Trial in Ovarian

Cancer

N
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Addressing the failures of ADCs in the clinic: toxicity of ADC is a
design issue

‘ | I/’ Complement
) dependent
\\ ( y cylotoxicity
XS (o) {CDC)
Antibody

dependent
celiular
cytotoxicity
(ADCC)

Effector cell
(NK cell)

L
= FoyRllla

Membrane
altack complex

Programmed cell death
({PCD) (apoplosis)

1. Instability of linker-payload leads to early payload release 2. Non-specific targeting of via Fcy-receptor binding

* Hepatic
» Recognition by host phagocytes causes accumulation
* Dose limiting thrombocytopenia
* FcyR-mediated internalization
* Dose limiting Neurologic, ophthalmic, vascular
* Presumed early payload release ‘.

' ABZENA
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Developability properties for de-risking lead candidate selection
and widening the therapeutic window

Site-specific

Does not block Vs.

Ag+ binding \ random attachment
F -.. !_. \.‘“ pe 2 U

Homogeneous drug
attachment with high «
reproducibility

_, Stable linker — does not
de-conjugate or cross
conjugate

Steric shielding of FcyR
binding —improvement in
tox profile

K
FcRn binding not affected, ?{_ B

retaining long-circulatory half-life il Applicability for all payload classes, and
architectural design for DAR optimisation

.
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ADC Design and Developability process

Stage 0: mAb selection Stage 1: up to 12 Candidates, about 2 months

56

Product
Concept &

Reagent choice: conjugation,
spacer, linker & payload

Stage 2: 6 Candidates about 1 month

Payload Ex Vivo ’
rallerce In vivo xenograft

stabilit :
Studies ty studies (mouse)
evaluation

Physchem In vivo PK

stability X studies (mouse)
studies

Reagents & ADC

Synthesis of :
y In vitro potency Evaluate

assays binding to cells

candidates

sl R i

0 “o%
DAR:012345678 100 10! 10° 108 o

5

BIGUN DRANEIH D VRDONE O WHHAD ln ViVO

In vivo tolerability Lead

mAb concentration (pg/mL),
H : &

mmmmmmmmmmm

toxicity (rat) (NVP) Candidate

The process flow demonstrates requirements for each step of ADC development

N
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ADC Discovery, PD, Scale up and Manufacture Workflow

/ ' g -
Discovery |

Optimization

‘ a5
X
——— ]

1-50 mL falcon tube scale Sartobind nano AKTA purifier <1 g scale

anoen _RErel.
peoo

T

i
E|

1-20 L Sartorius BIOTAT® RM Sartobind

1

Sartobind Jumbo

0.1-1L SARTOFLOW Smart 2-50 L SARTOFLOW Advanced

50-100 L Sartorius Palletank 50-2000 L Sartorius FlexAct system
with LevMixer
57

AKTA ready gradient 1-250 g scale

.
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Analytical equipment typical for ADC characterisation

= Mass Spectrometry

* Orbitrap-MS: QE plus with DIONEX nLC (Thermo)
* Q-TOF-MS: Xevo G2-S with Nano-Acquity UPLC (Waters)
 TOF-MS: Xevo G2-XS with H Class UPLC (Waters)

— HPLC-UV/FLD systems

* Three DIONEX HPLCs, Ultimate 3000
* Two Agilent HPLCs, Bio-Inert 1260

= Other

» CE system (Perkin Elmer LabChip HT Touch GXIl)

* Qiagen tissue homogeniser

* Perkin ElImer Lambda 25 UV/VIS spectrophotometer
* Nanodrop 2000 spectrophotometer

— Additional biophysical capability

* Unchained Labs UNcle biostability platform Qiagen Tissuelyser I

Xevo G2-S, Waters

Uncle biostability
platform

* Subvisible particle analyser - Malvern Panalytical Zetasizer Ultra
 Vapro Vapour Pressure Osmometer AN 4
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Summary of common ADC analytics

59

Intact Mass Analysis

Peptide Mapping

Quantitative N-glycan
profiling

Charge variants

Protein integrity
DAR profile

Aggregation profile
Amino acid composition

Protein folding

Binding

Effector functions

Intact and subunit (Heavy and light chain) mass

Peptide fingerprint

Sequence coverage

Site specific modifications like oxidation, deamidation,
lysine clipping, site- specific N-glycosylation

Major N-glycan distribution on released glycans

% Neu5Gc/Neu5Ac

Charge molecular isoforms
% intact antibody

ADC drug load

% monomeric
Sequence

Higher order structure, protein folding

Antigen binding curve

Competition assay (e.g. blocking receptor/ligand)
Affinity

ADCC

CDC

RP-MS

RP-MSMS

HPLC-FLD

CEX-UV

Microcapillary CZE

Electrophoresis — SDS-PAGE or CE-SDS
RP-MS

HIC-UV

SEC-UV

DLS, SLS, Fluorescence
Amino acid analyser with ninhydrin detection
RP-FLD

1H NMR fingerprint
DLS/SLS/Fluorescence
ELISA/FACS
ELISA/FACS

SPR

Cellular assay/SPR
Cellular assay/SPR

»

4
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Targeted delivery of drugs using ADCs can fulfil the full potential of
widening the therapeutic index with 4t generation ADC linkers

Non-targeted Antibodies 1st/2nd 3rd 4th
chemotherapy drugs Generation ADCs Generation ADCs Generation ADCs

Adcetris®, Kadcyla®,

MyloTarg®, Besponsa® clinical trials halts

MTD MTD
MTD e I ]
________________ . MTD T
________________________ Therapeutic - -
MED T *~.__Index
MED
MED T —_—

MED ‘w @’
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Summary and future development

» The field of Antibody Drug Conjugation is an exciting area of drug design and
development

» ADCs have demonstrated clinical benefits, but toxicity is leading to clinical failures

» Improvements in ADC design and developability including 4t generation linker
chemistries are addressing this toxicity issue

» New payloads with novel mechanisms of action are leading ADC design
» Alternative formats to mAbs are leading novel bioconjugate drug development
» New ways of exploiting ADCs are in wider applications outside of oncology

.~ "
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Thank you for listening —

Any questions!
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