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Challenges in Kinase Drug Discovery

A Attrition rates in small molecule R&D are high.

I The most common reason for failure is non-clinical toxicology or
clinical safety.
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Challenges in Kinase Drug Discovery

A Attrition rates in small molecule R&D are high.
I The most common reason for failure is non clinical toxicology or
clinical safety.
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Undesirable Physicochemical properties
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Taken from Leeson and Springthorpe
Nature Rev./Drug Disc. 2007, 6, 881-890.
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Challenges in Kinase Drug Discovery

A Attrition rates in small molecule R&D are high.

I The most common reason for failure is non clinical toxicology or
clinical safety.

AUnwant etdardogoeftf6 activity is o
I Undesirable Physicochemical properties
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Challenges in Kinase Drug Discovery

A Attrition rates in small molecule R&D are high.
The most common reason for failure is non clinical toxicology or

clinical safety.
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Challenges in Kinase Drug Discovery

A Attrition rates in small molecule R&D are high.
I The most common reason for failure is non clinical toxicology or
clinical safety.
AUnwant etdardogoeftf6 activity is o

I Undesirable Physicochemical properties
I Allkihnasess hare the same substrateé

A The majority of kinase inhibitors have low therapeutic

margins.
I Only one kinase drug is on the market for a non-oncology
Indication.

The Challenge, particularly outside of oncology, is to deliver selective
Inhibitors within desirable druglike property space.




Why FBDD?

A Fragments are efficient binders.

I Judicious fragment elaboration allows the optimization of
molecules with desirable physical properties.

1M ==

1TmM -

100 300 500
Molecular weight




Why FBDD?

A Efficient optimization of fragments to drug candidates is
enabled by crystallography and SBDD.
I Opportunity to design for specificity.
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Takeda FBDD Platform and Capabilities
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Br ut Oymsire Kinase - Btk

A Tec family kinase required for B-cell receptor
signaling in B cells and FCgreceptor signaling in
myeloid cells

Antigen

A Aberrant signaling through Btk implicated in the
pathogenesis of diffuse large B-cell lymphoma,
mantle cell ymphoma and chronic B-cell leukemia

A Ibrutinib (PCI32765) approved for the treatment of

B lymphocyte mantle cell ymphoma
%@m‘i A Btk has high structural similarity with LCK (SRC
chuég famlly kinase anti'target)

i . . . .
L A Btk is not expressed in T cells. LCK is expressed in

T cells. Selectivity over LCK was sought to avoid T
cell driven pharmacology.

Hendrix, Nat Chem Biol. 2011
Kuppers, Nature Rev. Cancer, 2005, 5, 251-62

TNFo, IL-1B, IL-6
Macrophage 4
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Published Lead Series and Team Objective

A Published Btk inhibitor series were either covalent or high molecular

weight >500 Daa n d

W I

t h

| ow

|l 1 gand

ef fic

A

NH,

O

N

P
Ibrutinib

MW 440; clogP 4.1

7N\

—N
Q

Acalabrutinib

MW 466; clogP 2.6

N

()

NH N:
N NHz
A\ HN._ _N
& p/ IN N/ Cad \ﬁ N \
N~ N Nz

&,éf\ O\EjH

Hanmi HM71224 ?
MW 486; clogP 5.1

Irreversible inhibitors
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Reversible inhibitors

Could we deliver a reversible Btk inhibitor with high selectivity against LCK with a
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Btk Conformational Changes & LCK Specificity

A H3.pocket is formed by the A-loop in Btk but not in Lck. Occupying H3
pocket provides specificity against Lck

“

:.’ we. < + H3 Pocket

A Other kinases cannot adopt this conformation which allows CG11746
molecule to bind both the hinge and occupy the H3 pocket putatively
resulting in the observed specificity.
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Screening Strategy and Results

Flow Scheme Results

506 Hits

Single point screen of
SUREF library at 200ni
Caliper assay

4.6% hit rate

IC5o 0N 50 compounds

IC5, ON hits
> 40% inhibition

l

Confirmation STD 1H NMR

BTK % inh @ 200 uM

BTK pIC50

20 fragment crystal
structures

X-ray crystallography
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20 Diverse Fragment Structures

Cinnoline fragment 1 had the highest
LE and largest -DH component

Hit Prioritization

X-ray crystallography

Vector analysis filter

1
l

ITC Experiments
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Rank by -DH and LE
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