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Drug Discovery Process

[ . : Finding a molecular target (gene or protein)
Target |dentification that is associated with the disease of interest

_ - _ Screening large compound collections in order
Hit Identification to identify compounds that interact with the
i target enzyme or receptor

< Lead Generation

.. Optimising the properties of the lead by
Lead Optimisation further chemical modification to convert it into

Modifying chemically the hit by iterative
synthesis to produce leads

¢ drug development candidate
: : Performing preclinical and clinical trials to
\ Validation confirm the properties of new potential drug
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Lead Optimisation (1)
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r-group A
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r-group B r-group C r-group D

12 reagents : 19 reagents : 12 reagents : 41 reagents

d1 d2 d3 d4 d5 d6 d7
d8 d9 d10 d11 d12 d13
d14 di5 d16 d17 d18
d19 d20 d21 d22 d23
d24 d25 d26 d27 d28
d29 d30 d31 d32 d33
d34 d35 d36 d37 d38
d39 d40 d41

—> Combinatorial library with 12x19%x12x41 = 112176 possible
combinations/compounds

bl b2 b3 b4 b5 b6
b7 b8 b9 b10 b1l
b12 b13 b14 b15

b16 b1l7 b18 b19

al a2 a3 a4
ab a6 a7 a8
a9 al0 all al2

clc2c3c4
c5 c6 c7 c8
c9 c10 c11 c12
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Lead Optimisation (2)

Database Models
SRUCTURES DESCRIPTORS CRITERIA
SPACE SPACE SPACE
(2,3 or 4 dim. ) (50 -80 dim.) (10-20 dim.)
A ST TS AT
583
vy
B
e Many compounds - M ol « Multi-obiecti
 Discrete space any possioie Uiti-objective
descrlptors optlmlsatlon

e Not homogeneous
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Focused Library Design - objective

PROBLEM : huge time to compute the properties of interest
for the 112176 possible compounds

OBJECTIVE : select a small subset of reagents in each r-group
to obtain a sub-library of reasonable size

e exploratory - diverse library
» focused - targeted library 4— Multi-objective optimisation

r-group A r-group B r-group C r-group D

12 reagents ' 19 reagents ' 12 reagents ' 41 reagents

d2 d3 d4 d5 d6 d7
d9 d10 d11 d12 d13
d14 di5 d16 d1l7 di8
d19 d20 d21 d22 d23

d1

BR

=
QD

=
N

|
|
|
|
|
|
|
|
|
|
1 d8
|
|
|
|
|
|
|
|
|

—> 3x3x3x3 = 81 combinations
BUT there are about 5x1011 such sub-libraries

d39 d40 d41
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Principles of W.E.A.L.D.

r .
e Select a sub-library at random

e |terate using exchanges to improve the quality of the
current sub-library

. Stop If there i1s no more possible exchange

& How to quantify the quality of a sub-library ?

< How to perform exchanges ?
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How to quantify the quality of a sub-library ?

e The quality of a combination is quantified by a desirabiliy
value laying between 0 and 1 that summarises the 8
properties

Database + Models Desirability

7 N T

R AR BR DR C|] P1 | P2 P3 | P4 | P5 | P6 | P7 P8 |DESIRABILITY

a7 |b16| d3 | c3 |-1.76|-2.48|-3.90| -3.57 | -0.55 | -3.50 | 0.97 |-15.09] 0.6908
al | b3 d8 | c2]-1.80|-2.65|-2.39|-1.45|-0.53 | -3.05| 0.93 |-31.89] 0.6023
all bl | d3 | c8|-1.29|-1.59 -1.89|-0.69|-0.92|-2.06| 1.00 | 11.63 | 0.5956
a8 |b15/d18| c8 |-1.20|-2.54 | -2.88|-1.14|-1.13|-2.27| 0.77 |-10.90] 0.5910
a3 | b2 |d13| c1 |-2.48|-2.34|-2.73|-1.31|-0.29 | -2.52 | 0.65 |-33.49]| 0.5406
a2 |b14| d3 | c4 |-2.13|-2.46|-2.56 |-1.76 | -1.47 | -2.78 | 0.74 |-39.79] 0.5129
a8 | b6 |d30| c6 |-2.08|-2.86|-2.94|-1.31|-1.22|-2.29| 0.76 |-66.83] 0.4891
alO| bl |[d40| c7 |-1.60|-2.25|-2.17|-0.84|-1.62 | -2.66 | 0.86 | -72.06] 0.4732
a6 [b19|d17| c5 |-2.13|-2.56 |-3.37|-0.92|-2.15|-1.64| 0.60 | -22.29] 0.4498
a6 |b17|d37| c7 |-1.77|-2.26 | -3.21 | -1.59 | -2.24 | -2.72 | 0.57 | -66.78] 0.4310

L IBlolo N |osw Nk |2
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How to quantify the quality of a sub-library ?

Desirability = |-| (o )y@‘—> weight
0P

l Ls i property

function that maps the it property between 0 and 1

fi(pal) 1 fi(p) 1 fi(p) 1
- 1_| -,
-/l 7 NN o ~
/ / 1/ “ NN
1/
/ // | /I v\ \\ \\
0 | T 0 1/ , h , 0 = >
MINp; MAXp; Pi MINp; OPTp MAXpi p; MINp; MAXp; pi
maximise Pi reach an minimise Pi

optimal value
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How to quantify the quality of a sub-library ?
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How to quantify the quality of a sub-library ?

Example In 2 dimensions
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How to quantify the quality of a sub-library ?

5000 1000015000

0

0.0 0.2 04 0.6 0.8 1.0

Desirabilities of the 112176 compounds of the whole combinatorial library
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How to quantify the quality of a sub-library ?

The quality of a combination is quantified by a desirability
value laying between 0 and 1 that summarises the 8
properties

Desirability = ﬁ [.(0. )]

=1

The overall quality of a sub-library is quantified by a loss

function that summarises the differences between the 81
desirabilities and their ideal value 1

Loss = — i (1 - Desirability, )
8li=
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Principles of W.E.A.L.D.

r .
e Select a sub-library at random

e |terate using exchanges to improve the quality of the
current sub-library

. Stop If there are no more possible exchanges

& How to quantify the quality of a sub-library ?
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How to perform exchanges ?

4 Select a reagent to be ejected from the current sub-
library

< select the “worst” one

< » Select a new reagent to replace the ejected one

< select according to probabilities for reagents to enter the
sub-library

- Apply the exchange if the loss decreases

When no more possible exchange with reagents
that have a probability of selection > 0
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Application of W.E.A.L.D. on a real library

—> Which sub-library 3x3x3x3 to choose ?
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Application of W.E.A.L.D. on a real library

Application of W.E.A.L.D. algorithm on a real database
(4 r-groups - 112176 compounds)
with 100 different initial sub-libraries 3x3x3x3

LOSS OF THE
RESULTING SUB-

NRAR

Mean
[min;max]
std. dev.

DESIRABILITIES
OF THE SELECTED
COMPQUNDS

[0.1307 ; 0.1619]
0.0075
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-
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o
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Application of W.E.A.L.D. on a real library

DESIRABILITIES OF THE DESIRABILITIES OF THE
SELECTED COMPOUNDS WHOLE DATABASE
0.6291 0.4803
[0.5145 ; 0.6908] [0 ; 0.6908]

2000
15000
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5000

| ¥
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0
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Outline Of The Talk

® Context of the research
- Steps in drug discovery
- Lead optimisation
- Focused library design

®  Qur contribution: Weighting Algorithm for Library Design
- Principles of W.E.A.L.D.
- Application on a real library

® Comparison with 2 other existing methods

- Ultrafast Algorithm (Agrafiotis & Lobanov , 2000)
- Piccolo Algorithm (Zheng et Al., 2000)
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Comparison with Ultrafast Algorithm

Agrafiotis & Lobanov , 2000

® PRINCIPLES

(1 Initialise a sub-library 3x3x3x3 at random, S, and
evaluate its quality

[ Randomise the order of the reagents in each r-group
[1 For each r-group (i=1,2,3,4)
For each reagent of the r-group (J=1,2,...,N,)
Evaluate the quality of the sub-library

obtained by combining this reagent with
the selected reagents of the current library
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Comparison with Ultrafast Algorithm

Agrafiotis & Lobanov , 2000
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Comparison with Ultrafast Algorithm

Agrafiotis & Lobanov , 2000
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Comparison with Ultrafast Algorithm

Agrafiotis & Lobanov , 2000

® PRINCIPLES

(1 Initialise a sub-library 3x3x3x3 at random, S, and
evaluate its quality

[ Randomise the order of the reagents in each r-group
[1 For each r-group (i=1,2,3,4)

For each reagent of the r-group (J=1,2,...,N,)
Evaluate the quality of the sub-library
obtained by combining this reagent with
the selected reagents of the current library

[] In each r-group sort the reagents in descending order of
guality and select the 3 best ones. Combine those selected
reagents and evaluate the quality of the resulting sub-library
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Comparison with Ultrafast Algorithm

Agrafiotis & Lobanov , 2000
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Comparison with Ultrafast Algorithm

Agrafiotis & Lobanov , 2000
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Comparison with Ultrafast Algorithm

Agrafiotis & Lobanov , 2000

® APPLICATION of the 2 methods on a real library
with 50 different initial sub-libraries 3x3x3x3

LOSS OF THE
RESULTING SUB-

DESIRABILITIES
OF THE SELECTED

D

NUMBER OF
ESIRABILITIES

ULTRAFAST
ALGORITHM

25

15

5

0

0.Q Q.05 10 -I]-.:lE .20

400 &0

0

0.0 0.2 0.4 06 O.8 1.0

=1

LIBRARIES COMPOUNDS CALCULATIONS
Mean 0.1443 0.6217 7857 (7%)
[min;max] | [0.1302 ;0.1975] | [0.4802 ; 0.6908] [4131 ; 12231]

std. dev. 0.0156 0.0347 2599

0

1000 BOo0Q L2040

Mean
[Mmin;max]
std. Dev.

W.E.A.L.D
ALGORITHM

0.1375!
[0.1302 ; 0.1616]
0.0077'!

oo 30

[N Q.05 10 1}.:15 D20

0.6301
[0.5145 ; 0.6908]
0.0258

400 BOD

0

0.0 2 04 ﬁ:ﬁ a8 1.0

12

2633 (2.35%)

)

[2240 ; 3142]
230

1000 8000 L2000
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Comparison with Ultrafast Algorithm

LOSS
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0.10

Agrafiotis & Lobanov , 2000
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Comparison with Piccolo Algorithm

(Zheng, Hung, Saunders and Seibel, 2000)

® PRINCIPLES

— Initialise a sub-library at random

— lterate using exchanges to improve the quality of the
current sub-library

— Stop If there are no more possible exchanges or if
more than r successive exchanges did not increase the
guality of the current sub-library
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® PRINCIPLES
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Comparison with Piccolo Algorithm

(Zheng, Hung, Saunders and Seibel, 2000)

® APPLICATION of the 2 methods on a real library

with 30 different initial sub-libraries 3x3x3x3

LOSS OF THE
RESULTING SUB-

DESIRABILITIES
OF THE SELECTED

NUMBER OF
DESIRABILITIES

LIBRARIES COMPOUNDS CALCULATIONS
Mean 0.1383 0.6290 4298 (3.83%)
[min;max] [0.1302;0.1532] [0.5296;0.6908] [1161;8532]
std. dev. 0.0063 0.0265 1790
o 1 | k= |
PiccoLo |- : g , - !
ALGORITHM |= ! - I:‘
pH=0.9 - 3 =
TR A S R S 1] -
o0 o005 o1e olis azo 00 o2 94 ok o8 10 = o 00 BODD 13000
Mean 0.1375; 0.6301 2633 (2.35%)
[min;max] | [0.1302;0.1616] | [0.5145;0,6908] [22/40;3142]
std. Dev. 0.0077: 0.025|8 : 230
1
W.E.A.L.D. ' %
ALGORITHM =

o1 2 30

0.0 005 o100 olis ozo

0 400 &0

0o 0.2 o4 olf oE Lo

0 40k BOOO 12004
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Comparison with Piccolo Algorithm

(Zheng, Hung, Saunders and Seibel, 2000)

® APPLICATION of the 2 methods on a real library

with 30 different initial sub-libraries 3x3x3x3

LOSS OF THE
RESULTING SUB-

DESIRABILITIES
OF THE SELECTED

NUMBER OF
DESIRABILITIES

LIBRARIES COMPOUNDS CALCULATIONS
Mean 0.1723 0.5868 921 (0.82%)
[min;max] | [0.1413;0.2117] | [0.4319;0.6908] [513;1917]
std. dev. 0.0174 0.0390 361
1 | =1 1
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0.0 o 10 1 .24 eI | 02 a4 O o0& 1.0 0 1 4000 000 12000
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[min;max] | [0.1302;0.1616] | [0.5145;0!6908] [2240:;3142]
std. Dev. 0.0077 0.0258 230
1 1
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Comparison with Piccolo Algorithm

(Zheng, Hung, Saunders and Seibel, 2000)
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Conclusion

Our algorithm

 issimple

e Is fast

e gives “good” sub-libraries

e works well, whatever is the dimension of the
whole library
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Future research

/%@K /M@I%\‘ Desirability
SRUCTURES DESCRIPTORS CRITERIA [0,1]
SPACE SPACE SPACE
(2,3 or 4 dim.) (50-80 dim.) (10-20dim.)
AT iy
v{ Y
B 0 ,‘ 1

- —-

= Design of Experiments : how to gather data (more diverse
as possible) to estimate in-silico models

= Impact of prediction error on the desirabilities and on the
optimisation process when combining different prediction
models: how to take the prediction error into account
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