The Safety Related Attrition
Challenge: A Medicinal
Chemists Perspective
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Reasons for Attrition

Adtrition for each criterion (o)
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New Drug Approvals Fall in 2010 as Safety
Concerns Slow U.S. FDA Decisions

By Cathering Larkin - Dec 30, 2010 10:58 PM GMT
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Twenty-one new drugs were approved in the U.5. this vear, the fewest since 2007, as the Food
and Drug Administration showed moere willingness to delay or reject medicines with potential

safety risks.
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Discovery Toxicology Investment Needed
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What is the problem?

Evidence, prevalence, occurrence .
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The various toxicity domains have been ranked first by contribution 1o preducts withdrawn from sale, then by artrition during clinical -

development. Neote general agresment between pairs of equivalent studies. 0% 19% 10-19% > 20%
Adapted from Redfern WS et al. The Toxicologist 2010; 114 (S-1), 1087, :I - -




AstraZeneca Safety Data Strategy
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A chemists view of toxicology
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Target Related
Toxicity

Reactivity &
bioactivation

Off Target
pharmacology

Physicochemical
properties

Substructures

Whole molecule property (Typically)

Earlier Hazard idenftification
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Earlier identification of chemical hazards
Those who cannot

Yoo

remember the past are
condemned to repeat it.”

1 George Santayana: Life of Reason, Reason in
F Common Sense, Scribner's, 1905, page 284
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Reactivity & Off Target Physicochemical
bioactivation pharmacology properties
Substructures Whole molecule property (Typically) * SMARTS matching
* QSAR models
In Silico approaches | +Similarity based
PP methods
Assays (Safety Assessment and DMPK)
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Chemtox risk assessment
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Structural Alerts

= Still appearing to cause problems for
medicinal chemists

m = Example: J. Med. Chem. 2008, 51,
4239-4252

F “‘we were
. surprised to
. find mortality

PY within 12 h

N (0] H

postdose in 2
ﬁj of 3 rats in the F
N 12 mg/kg

/8 IDEAL y group.” w

toxic via
fluoroacetate
generation

-

-

clinical candidate

Integrate structural alerts

Into design tools
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hERG: example of a mature target?
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hERG: example of a mature target?

Less cardiac arrythmia liability over time

100% A

80% A

% in hERG ICq, bin

20% A

0% -

60% -

40% -

2004

2005 2006 2007
Year Measured in lonworks

~73%

m> 10 uM
03to 10 uM
H < 3uM

Strategies to avoid well understood, many projects can avoid

through early focus — evidence of improved compound design?




Are we improving design against hERG?

D T

2009

78% > 10pM

2007

74% > 10uM

2005

68% > 10uM

count

Binned predicted plC;,
~30% fewer compounds with predicted hERG activity < 10uM since 20056




Working with hERG in Projects

=" Project hERG Model Project Herg Model

= Sub-structure corrections e

= Interpretable with respect to SAR ¥ . bl

n LIpOph|I|C|ty MOdel for CIOgD ‘{_’;—I 5_ --------------------------- .. ....... AR
= Better performance than global “ '

Models for some projects 40 45 50 55 6.0

Herg_pIC50 Predicted
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Molecular Matched Pairs

AP
R—X — R—Y

Probability for given
transformation
XtoY
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But context may be
important

RT - X Iﬁl}
¢

R2 - X
!

w-x

sy icePaird: A Hovel Agoriibim to ldentily, Encode, and Exploil Malched
Molecubar Padrs with Lhns pecified Cones in Medicinal Chasnisiry

Danlal J. Wamer, Edward J, Griffen and Stephan A, 51-Gallsy
Aourndl of Chemigal inforrmation ond Mo fing
2010 0 (8), v380-1257
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Matched Molecular Pairs & hERG

J. Chem. Inf. Model. 2010, 50, 1872
GSK and Univ. Sheffield
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Local ARERG distributions = localised redwced graphs

~||1 H-||51 N=]08

*[Zn]: aliphatic linker  *[%c]: featureless ar. ring *[V]: H-bond acceptor ar. ring
F:‘.“—l Fln.“ F-H[—‘

Figure ). Global and local AP distributions for the H =— OQCH;
transformation in the hERG data set. Colors as in Figure 2. Dilferent
trends ane observed, depending on whether the reduced graph node
of the attachment point is an aliphatic linker [Zn), a hydrophohic
aromatic rimg [Sc], or a polar aromatic ring |V ]. P values signify
the siatistical significance of this observation. The number of
examples for ¢ach case 15 shown above the respective pie chart.




Molecular Matched Pairs

A P Probability for given
R—X —— R—Y transformation
XtoY

+jve
-ive

But context may be
important

-x @)
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R"— X

Learning machine : Design Tools

Ref: Griffen, E. Future Medicinal
Chemistry 1:405-408 (2009)

S WicePairds A Hovel Algoritbm o |ldentily, Encode,; and Lxplofl Matched
Molecubar Padrs with Lhns pecified Cones in Medicinal Chasnisiry

Danlal J. Wamer, Edward J, Griffen and Stephan A, 51-Gallsy

Hourredl of Chemial Information ond Modtling

2010 0 (8), v380-1257




Predictive Secondary Pharmacology

Proteins

« Vast number of ligand-protein
interactions described in literature

™ standard Target Panel _
« Molecular structures & associated

VAR activity available and searchable
*& 0 in-silico
____________ mase Yy 4

thrlblt%
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_____

Additional screening targets

T
______
______
T
________
______
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Molecule

Inclusion of additional screening targets
can lead to earlier risk assessment
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Use of PSP in problem solving

AZ compound shown to
cause cataracts in rats A .
cyl cyanamide

Circulating metabolites 0 e—{

observed WN w2 O

Q. Could there be an M A

association between ’ SN
metabolites and cataract N
formation? ‘ J

Acylcyanamide
substructure looks J
potentially reactive “ M4
N
« Speculated protease ? _
inhibition? -

M5

|
ActraZ r*:;:_,.



Use of PSP in problem solving

PSP search
« Conducted on acyl cyanamide substructure

O
@< ~ o
M /N—:N j‘> R‘/< Where R is any carbon
H /N ——N containing group
H

Results (Selected examples) Conclusions
WO 03/086325 A2 * Potential as cysteine and
Cyanamides useful as reversible inhibitors of cysteine proteases ™\ . . o s
Cyanamide derivative as Cathepsin K, Cathepsin S, Cathepsin F, serine prOtease inhibitors
Cathepsin L and Cathepsin B inhibitor: Useful in the treatment of . .
rheumatoid arthritis, multiple sclerosis, autoimmune diseases, hlghllg hted
osteoporo_sis_, asthma, Alzheimer's disease, atherosclerosis and . . .
endometriosis >+ All peptidomimetic
US 6878706 B1 : H
Cyanamides useful as reversible inhibitors of cysteine proteases InthItOI'S
US 20080267917 Al  Structural & biological

N-functionalized amides as hepatitis c serine protease inhibitors _/

relevance uncertain
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Use of PSP in problem solving

Results (cont’'d)

J. Med. Chem., 1986, 29 (10) 1922-1929

/

H

benzod@@damide

AZ1234

_Acyl, n-protected alpha-aminoacyl, and
peptidyl derivatives as prodrug forms of the
alcohol deterrent agent cyanamide

O
w _ + HN—=N
OH—=N

cyanamide

Benzoylcyanamide highlighted as
closest analogue

Benzoylcyanamide is a prodrug of
cyanamide

Cyanamide inhibits aldehyde
dehydrogenase (ALDH) in-vivo in rats
« Prodrug provides sustained activity

compared with cyanamide (reduced
acute effect)

Cyanamide inhibition of ALDH
implicated in formation of cataracts in
rats lenses in-vitro

« Journal of toxicology and environmental
health. Part A (2009), 72(9), 577-84

Formation of cyanamide consistent with
AZ1234 metabolism A
AstraZeneca .2



Availability of suitable data sets
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Reports Structured data — observations aligned to exposure

Analysis

Data repurposing a significant but necessary challenge

Increasing desire for precompetitive data sharing




Availability of suitable data sets

= Biowisdom Collaboration
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= Metadata from text mining available alongside biological
& chemistry data

= Some challenging questions now readily searchable...

= Example. Find compounds that have activity X that

have a 1 month rat study %



Physicochemical Properties and toxicity

= High lipophilicity
associated with higher
probability of poor
outcomes against various
relevant endpoints

m Pfizer ‘rule of 3/75" based

on in-vivo outcomes
Bioorg. Medchem. Lett. 2008,
18, 4872

= Recent focus on
minimizing lipophilicity
contribution to potency in
LG and LO

Review:

M. J. Waring, Expert
Opinion on Drug
Discovery (2010), 5(3),
235-248

Paar salubility for MPT 150G ‘
(Yalkowsly)

I vive rattodcalogy (Hughes) ]

Phespholipidesis (bases of pka ) I
(Plesmen)

Phosphalpidosis (basss) (Tamizawa) |
1 1 | 11 1 | | 1 | | |
3 4 5 8




Phospholipidosis

|
|
Mechanisms g
Catlonic
MR nmirmhhm
Cytosol, pH 7.2 e N R
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and assays
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S Predictive In-
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Are phospholipogenic compounds associated with more

toxicities than non-phospholipogenic compounds?




Phospholipidosis
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Phospholipogenic compounds show more non-PLD

related findings in all organs despite lower exposure




Importance of Dose and Exposure

‘All things are poison, and nothing is without
poison; only the dose permits something not to
be poisonous’ - Paracelsus — 1493-1541

3bl]-

250

From Pfizer:
Bioorg. —
Medchem. Lett.

20004 2008, 78,4872 —
o— 150 H Clean
O Uncertain
100 B Toxic
50
u_l
[ | 100nM TuM 10uM 100uM 1000uM

Threshold (Total Drug)



The importance of binding kinetics

and residence time

Table 2. Dirugs with slow or irreversible dissociation rates.

Crrug Target Dissal:iati-:-nhu:l
Candesartan Argictensin Il receptor 1 NEh
Tiotrapium FMuscarinic mi3 recsptor HTh
Cesloratadine Hiztarmine H1 receptor =EBh
Maraviroc CCRES 10.5h
Lapatinik ECF reczpror 22 min
Buprznarphine H-opicid recepror 184 rmin
Clresartan Argictensin Il receptar 1 72 min
Armlodipine L-typ= calcium channel F7 min
Aprepitant Meurokinin 1 recsptor 154 min

| Crsltamivir Viralmeuraminidase 33-50 min
Crarunawir HI-1 proteaze =240 h
Aspirin Cycloceyaensss Irreversikble
Cmeprazole HE* ATFaz= Irreversible
Lansoprazole HE* ATFPaz= Irreversikble
Clavulanats E-lactamase Irreversible

u Sulbactam B-lactamase Irreversikble
Tazobkactam B-lactamase Irreversikble
Selegiline Monoamine cxidase Irreversikble
Tranmyloypromire | Monoamine cxidase Irreversikble
Celecowib Cycloooyaensss 2 Irreversible

u Finasteride Steraid So-reductass Mechanism-bazed
Formestans Aromatase Fechanism-bazed

u Frocarkazine Guanine alkyliransferase Irreversikle
Crrlistat Pancreatic lipase Irreversikle

. Wigabstrin CABA trarsaminass Irreversikble

Diata from Turmminz and Copeland 2008 Table 2 [5], Swinney 2003
Takble 1 7] and Swirney 2004 Takble 1[2).




Summary

= Significant investment in Discovery Toxicology needed to
improve safety related attrition rate

= Repurposing of data a significant but necessary challenge

= Precompetitive sharing of data sets should offer significant
value in some areas

" |n silico approaches are showing value in improving
compound design & safety hazard identification

= Physicochemical property control important — mechanistic
understanding is limited

= Earlier understanding of biochemical mechanisms and
Kinetics may offer pharmacodynamic opportunities

Ashm:a%



Acknowledgements

= PLATO & PSP

= Scott Boyer

= Tobias Noeske

= QOla Engvist

= Mike Rolf

= Catrin Hasselgren

= PLD

= Paul Ciaccio
= Jim Damewood
= |inda Barone
= James Fikes

= WizePairZ & Application
= Dan Warner
= Ed Griffen
= Stephen St Gallay

= Data Repurposing
= Biowisdom

® Sherri Mattis
= Dave Cook

= |DEAL

= Andrew Poirrette
= John Cumming

Asm%



Extras

1
AstraZ r:?



Use of PSP in problem solving

Chem. Res. Toxicol. 2005, 18, 790

Nitroxyl generated from cyanamide

NH_ Catalase/ OH - R
NZ © HO, NH s N2 o4 N4
NZ i

cyanide nitroxyl

Molecular and cellular proteomics, 2009, 85, 887
Nitroxyl implicated in protein modification via cysteine
Disulfide or sulfinamide formation
HNO Q

_SH
R R/S\S/R or R/S\NH

2

Response likely dependent on cellular location scavenging mechanisms etc

Credible hypothesis generated, new structural alert?
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Use of PSP in problem solving

Journal of toxicology and environmental health. Part A (2009),
72(9), 577-84

OH ALDH1A1 OH
Oxidative ) /\/\)\/YH SN _~_OH
stress o o

4-hydroxynon-2-enal 4-hydroxynon-2-enoc acid

Toxic Non-toxic

Toxic lipid derived aldehydes formed by oxidative stress

4-hydroxynon-2-enal (HNE) formation leads to lens damage
Detoxified by ALDH1A1

Inhibition of ALDH1A1 leads to increased toxicity

Credible hypothesis generated, new structural alert?
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Phospholipidosis

Phospholipogenic

InVitro

Assay”*
~130 POS \ . .
Reports | _Re240 | g0 o) Phospholipogenic
identified | Confirm | empds oLD b / Data Set
POS PLD 1 pos WEM"ory 46 Compounds

Pathologist
Non-Phospholipogenic InVitro

Assay*
~160 NEg Norl- |
Reports | Readto| 40 oR Phospholipogenic
identified | Confirm | cmpds / Data Set
NEG | NoPLD I NEG In 55 Compounds

Silico

NEG
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