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Drug Discovery: Requires Prediction
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Drug Discovery: ADME Prediction

In Silico
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Drug Discovery: ADME Prediction

In Silico

&
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Credibility?

Global Models

o Cover as much chemical diversity as
possible

o Capture ‘long-range’ trends in
properties

» May not differentiate between
close analogues

Local Models

» Based on data for specific chemistry

» May provide higher resolution for
that chemistry

o Qutside of ‘chemical space’ may
rapidly lose predictive power
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Drug Discovery: ADME Prediction
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User Interface: ADMEnsa Interactive™
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Drug Discovery: ADME Prediction

In Silico

CYP1A2 Local Model build

* Training Set Results: Training predicted Pre/;/f;c/ged C‘i/z-g;;;ct/y

» 55 compounds
» 89% of the training compounds Observed Low 25 > 0.83

are correctly classified. _

Observed High 1 24 0.96

» 18% false negative i.e.

observed low predicted high. % Compounds

. . correctly assigned 0.96 0.82

> 4% false positive i.e. observed within a predicted ' '

high predicted low. class.
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Likely error in prediction is “known”

* 79% validation compounds
correctly classified

o 82% tests compounds correctly
classified

* No false positive:
» Highly confident in prediction
Low

» Average false negative = 32%

» ~32% of the predicted high
could be observed low.

CONFIDENTIAL 7

. . Predicted Predicted %correctly

Va I |dat|0n Low High classify
Observed Low 8 4 0.67
Observed High 0 7 100
% Compound's
correctly assigned
within a predicted 100 0.63
class.
T t Predicted Predicted %correctly

€S Low High classify
Observed Low 6 3 0.67
Observed High 0 8 100
% Compounds
correctly assigned
within a predicted 100 0.73
class.
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Drug Discovery: ADME Prediction

In Silico

Target Product Profile

Score and rank compounds against

User-defined scoring profile

Models | Scoring IDesign I Pa50 | Chemical Space | Selechion I

— Current Scoring Profile: Diabetes

2DE affinity cateq... low medium
MEEE categary

W F-gp categary na
W 2CH pki <6
PFE categary lonay

User Interface:
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Property I Desired Walue I Scores I
LoglCh0 <03 Above:0.7 Below:1

WlogS »1.5 Above:1 Below: 0.1

W HIA categon + +1-01

M logP 135 Above:0.3 Below:1

WhERG plCB0 <6 Abaove: 0.4 Below:1

WEEE log([brain].[bl... <-0.5 Above: 0.6 Below:1

high: 0.8 low: 1 mediumn...
+06 -1

nol wes 0B

Above: 0.7 Below:1
high: 0.8 low: 1

=

Disbetes Structure COMPOUND_NAME LogC50 B
90 ll 0371 ¢: [1*sbutyl-3-methyl-1'H.2H 5 0409 =
&l lI- 0371 /@\ )J\:%:Uj [2-(342-(3fluaraphenylaming)- 1,658
£ ll 037 -/( [7-[.H-dimethylsuifamoyi} 3-0 0398
- |
R
93 0.367 e I5-{5-chloro-2-(pentsulforglipl .30
94 ll 0,386 % [2"(3.4-dichlarabenzyllspinalte] 1638
35 ll 0381 @ﬁr [2(2.4-dimethosybenzyljspiral 0456
96 ll 0356 ng 6" 8"dlichloro-3-methyl-1H 2H 1432
P,
97 0353 [ [/‘Y\m2—[naphthalene—Z—su\lunamld. 0398
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Filtering

Threshold
|
1.04d Undesired ! Desired
Score
0.1
|
0 | | | |
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Property Z
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Probabilistic Scoring

Threshold

1.04 Undesired Desired

Probabilistic
Score 0.55

0 | | | |
100 10 1 0.1

Property Z - D
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Probabilistic Scoring
Score, Uncertainty and Rank

Score: The best estimate of
the likelinood of success of a
compound against the
scoring criteria.

=1 x|
=131

Models | Scering | Desian |p450 |

LI je]ke/k-IKe]

Standard deviation: A
measure of the uncertainty in
this estimate.

Rank: A 'utility value' enabling
compounds to be ranked in
order of priority, based on a
combination of score and
uncertainty
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Drug Discovery: ADME Prediction
In Silico

Overview of Entire Library against
Target Product Profile

Property Histogram of compounds passing scoring thresholds

Activity (%inhibition) 100%
[ ] Solubility o
B HIA
™ logP -
B CYP2C9 Affinity
CYP2D6 Affinity 253
M P-gp ..
™ BBB log([brain];[blood]) 0%

B BBB category

Risk of poor oral bioavailability? cusDP

Aa@aiapagos Company

CONFIDENTIAL




Colour-coded Rank Order

in “Chemical Space”

Criteria
W hERGIC50 >1uM
B Absorption +
M Ag. Solubility >100uM
M Calc. logP <3.5
2D6 1C50 >1uM
B 2C9 IC50 >1uM

Proportion of compounds
passing Criteria

100%

“Good” compounds concentrated to right-centre of
space as plotted

Limited proportion of soluble compounds

Limited no. of individual compounds pass most
criteria

5%

a0%

5% I
174

Individual compound
scores against Criteria

E| & | MDDR 20,000 random selection: scored for

[ini]

Rank order of compounds
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Colour-coded Rank Order
in “Chemical Space”

alfx

MDDR 20,000 random selection + FDA Approved Drugs

o |
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Colour-coded Rank Order

in “Chemical Space”

F ':-
- o* .. 2.
- I-'). " "'
] -.‘ .}'- :--_-: - ) ;.: a:- :
= . - : r L L "
5 . : .

. L] & ]

Criteria
B hERGIC50 >1uM

B Absorption +
B Aqg. Solubility >100uM

Calc. logP <3.5
2D6 IC50 >1uM
B 2C9 IC50 >1uM

- Proportion of compounds
4

5%

a0%

.4

Higher proportion of compounds passing each
criterion relative to MDDR set

Increased proportion of individual compounds
passing most criteria

But — a number of compounds which would not
appear to be good starting points in an oral drug
discovery programme!

i ssing Criteria
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Individual compound
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Rank order of compounds

scores against Criteria
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> Colour-coded Rank Order
in “"Chemical § [

Paracetamol

Chloramphenicol
'o/N\\*o

Ethanol

Hydrocortisone
acetate

ﬂl k | FDA Approved Drugs: scored for oral systemic availability ﬂ ﬂ
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" Library Design: ADME

gl |T Test Library #3 on Approved drug space
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Criteria

¥ hERG IC50
B Absorption

B Aqg. Solubility >100uM

M Calc. logP
~ 2D6 IC50
B 2C9 IC50

il

>1uM
+

<3.5

>1uM
>1uM

Proportion of compounds
' ia

Individual compound
mgainst Criteria

Rank order of compounds
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Drug Discovery: ADME Prediction
In Vitro -
[

Throughput Credibility?
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Drug Discovery: ADME Prediction

ADMEnsa Routine In Vitro Assays

* Solubility » Hepatocyte stability
* LogD » Caco-2

* pKa » P-gp ATPase activity
» CHI » hERG

- PAMPA » Cytotoxicity

* Plasma stability
* Plasma protein binding

» Liver microsomal stability
(Phase I and Glucuronidation)

Liver S9 metabolism
CYP450 metabolism

UGT metabolism

Enzyme kinetics

P450 inhibition
Time-dependent inhibition
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Drug Discovery: ADME Prediction

In Vitro

v

In vitro cascade to generate the most relevant data

CONFIDENTIAL

Aqueous | Microsomal ||
solubility stability PAMPA
| Plasma protein Bi-directional || CYP450
binding Caco-2 inhibition
Hepatocyte .
stability Cytotoxicity
BioFocus

21

A Galapagos Company



Drug Discovery: ADME Prediction

In Vitro

Human Liver Microsome Incubations:
Stability Across Project Timeline

100

20 .

¢ Compounds
80

70

60

50

% Turnover

40

30

20

10

0 50 100 150 200
Compound Submission Order
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Drug Discovery: ADME Prediction

In Vitro

Human Liver Microsome Incubations:
Stability Across Project Timeline

¢ Compounds

70 =20 per. Mov. Avg.

30 F% = 25

0 50 100 150 200
Compound Submission Order

% Turnover
(3,1
o
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Screening cascade:
Oral dose, CNS target

L
“ ”» . . Nanomoi pK;=8.9
Heat map” of predicted ADME properties against Bio_availability — 39
Brain/Blood = 4:1
T LS S IN
0P %NS 4 o
The Nanomolar Tm, |
R I o
Ps oo(. ?’:’:h?;/
, Ay,
AL ’&y Bioavailability = 72%
Low Score High Score LR e Brain/Blood = 0.01:1
-
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Drug Discovery: ADME Prediction

In Vitro

Target Product Profile

Score and rank compounds against

User-defined scoring profile

Models | Scoring IDesign I Pa50 | Chemical Space | Selechion I

— Current Scoring Profile: Diabetes

2DE affinity cateq... low medium
MEEE categary

W F-gp categary na
W 2CH pki <6
PFE categary lonay

User Interface:
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WlogS »1.5 Above:1 Below: 0.1
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Drug Discovery: ADME Prediction
In Vitro

Assessment of ADME risk against
Target Product Profile

Property

Activity
B solubility
PAMPA
O logP
B CYpP2C9 affinity
CYP2D6 affinity
M P-gp interaction
W Cytotoxicity ..

B hERG
CONFIDENTIAL Risk of poor oral bioavailability? cusDP
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Drug Discovery: ADME Prediction

In Vivo

=
[ ]
Throughput
B gnp '
=
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" Drug Discovery: ADME Prediction

In Vivo
Rat oral "cassette” dosing

1 Compound
selected

AN

4 Compounds not
selected

3)
c
o

&
c
X
@

=
(o
o

-

(ng/ml)

2.0 4.0
Time (hrs)
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Drug Discovery: ADME Prediction

In Vivo

LEAD MOLECULE SELECTED FOR PROGRESSION

RAT DOG MAN
Cl (ml/min/kg) 40 6 8 (14)?
vd (L/kg) 4 6 5 ?
T1/2 (min) 70 700 430 (250)?
F (%) 45 118 80?
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Drug Discovery: ADME Prediction

In Vitro- In Vivo

Half-Life (minutes)

CONFIDENTIAL

Mouse Rat Dog Human
Liver microsomes (1 pM) 6 8 55 91
Hepatocytes (1 pM) >200 >200 >200 >200
In vivo 35 70 700 ?
Oral bioavailability (%) 35 45 118 ?
20 BioFocus
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A = Rat
B = Dog
C = Monkey

CONFIDENTIAL

Rat Clamrancs (%LBF)

Dog Clearance [(%LBF|

[LBF)

Monksy Cloaranza

Allometric Scaling

Clearance / Liver blood flow
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Evans et al., Drug Met Dispos, :?f’ 1255-1265 (2006)
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Drug

Discovery: ADME Prediction

In Silico

Al

Numbers unlimited

Can be based on s human data

Flag potential risks for h iority lab testing
Gauge the challenge of achieving the TPP
Guide chemistry to “low risk” areas for TPP

Why wouldn’t you? (If “usual” ADME rules apply)

All libraries on Approved drug space L
——— JCUS
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Drug Discovery: ADME Prediction

In Vitro

Hum gm Liver Microsome Incubations:
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Compound Submission Order
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Drug Discovery: ADME Prediction

In Vivo

In Vivo Models

e Limited compound numbers
e Complex interactions

» Assess the real challenges for achieving TPP
e Flag primary risks for testing in man

e Are the tests relevant for your TPP?
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ADME Models in Drug Discovery

000 moleculesl

In Vitro In Vitro

Balanced Drug
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