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ALK FEP Experiments



ALK Algorithm Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood was used as 20 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

* 1343 Compounds made it through the filter



NBN Error Tolerance- <20 nM DefGood in AKL

* 27% error confined to the range of 3.7 — 109 nM



<20 nM DefGood in AKL, 27% error (FEP
interval); Random seed = 1515533876005
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<20 nM DefGood in AKL, 27% error (FEP
mtemrval); Random seed = 4;9
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<20 nM DefGood in AKL, 27% error (FEP
interval): Random seed = 121783
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Random Forrest Error Tolerance- <20 nM
DefGood in AKL

* 27% error confined to the range of 3.7 — 109 nM




RF <20 nM DefGood in AKL, 27% error (FEP
nterval); Random seed = 1515533876005
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<20 nM DefGood in AKL, 27% error (FEP
rterval); Random seed =429
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RF<20 nM DefGood in AKL, 27% error (FEP
nterval); Random seed = 12%783

h]
]
o
@
=
2 o9
k=]
o
e
T oos
70—
0.7
B0~
0.6
50—
0.5
0.4 o
0.3 30—
0.2
20—
0.1
P (ACTIVE=1) (0.93) 1071 4
0.0 i _ R
0.0 0.1 0.2 0.3 0.4 05 0.6 07 08 0.9 10 o | | | | | | | | |P (ACTII"-"E—U ‘-IfS -“-CTI"-':E (0.7842)
N = 2 70 Falze Positive Rate

® P{ACTIVE=1) @ random

Top 10% M 9.74 nM
.3:0 S _ Predicted Active Predicted Inactive

Bottom 10% Mean 12,000 nM Active
IC50 .
Inactive 17 161



ALK



ALK NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 5 and 25 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

* 1343 Compounds made it through the filter



<5 nM DefGood in ALK . —
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<10 nM DefGood in ALK
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<15 nM DefGood in ALK
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<20 nM DefGood in ALK
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<25 nM DefGood in ALK .
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Decision on DefGood

e <20 nM has the best performance overall. <20 nM may not have the
best top 10% IC50, but it is second best at 6.7 and the chemical space
defined as good is much larger than the <5 nM NBN without losing
significant potency on average. Also the specificity is much higher.



RF - <15 nM DefGood in A
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True FPositive Rate

N=269
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RF - <25 nM DefGood in A%LK
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Decision on DefGood - RF

e <20 nM has the best performance overall. This mirrored the NBN
DefGood, and the DefGood for the NBNs in the future will be used for
the RFs as well.



PNN - <20 nM DefGood in AKL

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 20 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.35
and Theta Plus = 0.65



PNN - <20 nM DefGood in AKL
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PNN - <15 nM DefGood in AKL (unparameterized)

P (ACTIVE=1) vs ACTIVE (0.6697)
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PNN - <25 nM DefGood in AKL (unparameterized)

I P (ACTIVE=1) vs ACTIVE (0.6741)
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PNN - <15 nM DefGood in AKL (parameterized
(theta minus = 0.15; theta plus = 0.55)
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PNN - <25 nM DefGood in AKL (parameterized
(theta minus = 0.45: theta plus = 0.45)
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Decision on DefGood - PNN

e <20 nM has the best performance overall. This mirrored the NBN
DefGood, and the DefGood for the NBNs in the future will be used for
the RFs as well. Parameterization for each model adds significant time
to the process. A rough benchmark can be applied where point of
failure is discovered and then the model is parameterized to ensure

that the situation is optimal for the PNN.



NBN Error Tolerance- <20 nM DefGood in AKL

 0-50% absolute error



<20 nM DefGood in AKL, 5% error; Random
seed = 1515533876005
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<30 nM DefGood in ALK, 10% error
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<20 nM DefGood in ALK, 15% error
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<20 nM DefGood in ALK, 20% error
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<20 nM DefGood in ALK, 30% error
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<20 nM DefGood in ALK, 40% error
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<20 nM DetGood in ALK, 45% error
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<20 nM DefGood in ALK, 10% error; Random
seed = 429 | az
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<20 nM DefGood in ALK, 20% error; Random
segd =429
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<20 nM DefGood in ALK, 30% error; Random
seed 479
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<20 nM DefGood in ALK 40% error; Random
seed 479
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<20 nM DefGood in ALK, 45% error; Random
seed 479
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<20 nM DefGood in ALK, 10% error; Random
seed =121783
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<20 nM DefGood in ALK, 20% error; Random
seed = 121783
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< 20 nM DefGood in ALK, 30% error; Random
seed = 121783
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<20 nM DefGood in ALK, 40% error; Random
seed = 121733
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<20 nM DefGood in ALK, 45% error; Random
seed = 121783
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<20 nM DefGood in ALK, 50% error; Random
seed =121783
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Conclusion - NBN

* An NBN could be generated for ALK with a decision value of <20 nM
as defined as active. The predictivity of the algorithm could be
preserved in three random train/test cycles. The point of failure was

45%, 45% and 50% error.



RF Error Tolerance- <20 nM DefGood in ALK

 0-50% absolute error



RF-< 20 nM DefGood in ALK, 5% error;
Random seed = 1515533876005
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RF-< 20 nM DefGood in ALK, 10% error
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RF-< 20 nM DefGood in ALK, 25% error
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RF <ZO nM DefGood in ALK, 30% error
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< 20 nM DefGood in ALK, 10% error; Random
seed 479
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< 20 nM DefGood in ALK 20% error; Random
seed 479
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< 20 nM DefGood in ALK 25% error; Random
seed 479
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< 20 nM DefGood in ALK 35% error; Random

sged 479
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< 20 nM DefGood in ALK 40% error:; Random

seed 479

0.9

True Positive Rate

0.8

0.7

0.6

05

0.4

0.3

0.2

01

P (ACTIVE=1) (0.677)

0.0
0.0 0.1 0.2 03 04 0.5 06 07 0.3 09 10

False Positive Rate

N=270

® P({ACTIVE=1) @ random

Top 10% Mean
IC50

507

707

G0

a0

P (ACTIVE=1) vs ACTIVE (0.6147)

0

20 G0 100 140 180 220 270
20 120 160 200 240

_ Predicted Active Predicted Inactive

Active

Inactive

54 124



< 20 nM DefGood in ALK, 10% error; Random
seedmf 121783

P (ACTIVE=1) vs ACTIVE (0.7666)
[ [ I [

&0 100 140 180 220
40 20 120 160 200 240

Active 71 21
Inactive 21 157

N=270
_ Predicted Active Predicted Inactive
Top 10% Mean 13.4 nM
IC50




< 20 nM DefGood in ALK, 20% error; Random
seedﬁ =121783

P (ACTIVE=1) vs ACTIVE (0.7301)
[ [ [ [

Go 100 180 220
40 80 120 160 200 240

N=270
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

15.9 nM
Active 63 29

(2 micromolar
mistakes) Inactive 22 156




< 20 nM DefGood in ALK, 30% error; Random
seed = 121783 - 7

/ P (ACTIVE=1) vs ACTIVE (0.6817)
I I I [ I

P (ACTIVE=1) (0.777)

&0 100 180 220
40 80 120 160 200 240

Active 56 36
Inactive 27 151

N=270
_ Predicted Active Predicted Inactive
Top 10% Mean 19.0 nM
IC50




< 20 nM DefGood in ALK, 35% error; Random
seed = 121783

/ P (ACTIVE=1) vs ACTIVE (0.6611)
| | | | |

Go 100 140 180 220
40 20 120 160 200 240

® P (ACTIVE=1) @ random

N=270
_ Predicted Active Predicted Inactive
Top 10% Mean 19.5 nM
IC50

Active

Inactive 36 142



< 20 nM DefGood in ALK, 40% error; Random
gged =121783 : >

f P (ACTIVE=1) vs ACTIVE (0.6171)
I I [ I I

&0 100 180 220
40 20 120 160 200 240

Active 53 39
Inactive 56 122

N=270
_ Predicted Active Predicted Inactive
Top 10% Mean 128 nM
IC50




Conclusion - RF

* A Random Forrest could be generated for ALK with a decision value of
<20 nM as defined as active. The predictivity of the algorithm could
be preserved in three random train/test cycles as error was

introduced in the training set. The point of failure was 30%, 35% and
40% error.



PNN - <20 nM DefGood in ALK, 5% error ;
Random seed = 151553387@005

PI[ACTI'u'E 1)v ACTI‘u‘E (0.6631)
[ [

N=270

_ Predicted Active Predicted Inactive

Active
Inactive 33 145

Top 10% Mean IC50



PNN -

1.0

09

True Positive Rate

0.8
07
0.6
0.5
0.4
03
0.2
0.1

0.0

N=270

Top 10% Mean

IC50

< 20 nM DefGood in ALK, 10% error

807

70—

G0

07

40—

307

20

P (ACTIVE=1) vs ACTIVE (0.6498)
| | | | | | | | | ] | | |

P (ACTIVE=1) (0.725)

0.0 01 02 03 0.4 0.5 06 07 0.8 09 10

100
120

140
160

180
200

220 270

20

_ Predicted Active Predicted Inactive

Active 51 41
40 138

240

False Positive Rate

® P (ACTIVE=1) @ random

Inactive



PNN - <20 nM DefGood in ALK 15% error
= 1.0 o2
hid
P
P a0—
2
0.8
70
0.7
G0
0.6
&0
0.5
P
0.4
30
0.3
02 207
0.1 10
P (ACTIVE=1) (0.T01)
0.0 o '.-’ P (ACTIVE=1]) vs ACTIVE (0.6344)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0 _I | | ] | | | | | | | | |
False Positive Rate 20 G0 100 140 180 220 270
® P(ACTIVE=1) ® random o 40 20 120 160 200 240

N=270
Top 10% Mean _ Predicted Active Predicted Inactive
IC50

Active 33 59
Inactive 22 156




PNN - < 20 nM DefGood in ALK, 20% error

= 1.0
% 0.9 a0
0.8
O
07
B0
0.6
50—
05
.
04
3077
0.3
20
0.2
10—
0.1
T S o r-' | | | | | | | | IP‘ I[.ﬁ.CTII'u'E=1] ':.:'s .ﬁ.CTI'u:E (0.5966)
0.O[J.[J 01 0.2 03 0.4 0.5 0.6 07 0.8 0.9 1.0 20 []u]} 100 140 120 220 270
False Positive Rate o 40 B0 120 180 200 240
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Top 10% Mean 1,400 nM Predicted Active Predicted Inactive
IC50 Active

Inactive 33 145



PNN - <20 nM DefGood in ALK, 20% error

(reparametrized; (0.95, 0.85) (Theta minus and plus)

80
707
60—

A0

.
30
207
10—
- / P (ACTI'u'E=1] Vs ACTI‘u‘E (0.6035)
| | | |
20 G0 100 140 180 220 270
False Positive Rate 120 160 200 240
® P (ACTIVE=1) @ random
. ___
Top 10% Mean 779 nM Predicted Active Predicted Inactive
IC50 Active

Inactive 11 167



PNN - < 20 nM DefGood in ALK, 15% error;

Rapmdom seed =429

@® P (ACTIVE=1) @ random
N=270

Top 10% Mean
IC50

o
a P (ACTIVE=1) vs ACTIVE (0.6591)
[ [ [ [ I
&0 100 140 180 220
40 20 120 160 200 240
_ Predicted Active Predicted Inactive
Active 45 47

Inactive 29 149



PNN - < 20 nM DefGood in ALK, 20% error ;
Random seed = 429

/ P (ACTIVE=1) vs ACTIVE (0.6560)
| | ] | |

[]0] 100 140 180 220
40 20 120 160 200 240

_ Predicted Active Predicted Inactive
Active 45 47
Top 10% Mean 1C50 | 600nM |

Inactive 35 143

N=270



PNN - < 20 nM DefGood in ALK, 25% error ;
Rapodom seed =429 . y

i P (ACTIVE=1) vs ACTIVE (0.6378)
| | | | ]

&0 100 140 180 220
40 a0 120 160 200 240

_ Predicted Active Predicted Inactive
Active 46 46
Top 10% Mean IC50 637 nM

Inactive 41 137

N=270



PNN - < 20 nM DefGood in ALK, 30% error ;
Rar)odom seed =429 - y

i P (ACTIVE=1) vs ACTIVE (0.6058)
| ] | | |

Go 100 140 180 220
40 20 120 160 200 240

_ Predicted Active Predicted Inactive
Active 44 48
Top 10% Mean IC50 680 nM

Inactive 55 123

N=270



FININ - < ZU T11IVI DEITa00OUd Il AL\, SU70 €10l ,
Random seed = 429 (reparametrized) Theta minus
=0.75; Theta plus = 0.65 :

80

70

G0

a0

P (ACTIVE=1) vs ACTIVE (0.5776)
| ] | |

20 &0 100 140 180 220 270
i] 40 20 120 160 200 240

_ Predicted Active Predicted Inactive

N=270

® P(ACTIVE=1) @ random

Active 37 55

Inactive 32 146



PNN - < 20 nM DefGood in ALK, 10% error;
Random seed =121783

/ P (ACTIVE=1) vs ACTIVE (0.6575)
[ [ [ I [

&0 100 140 180 220
40 a0 120 160 200 240

False Positive Rate

Active 44 48
Inactive 27 151

N=270
Top 10% Mean | 375 nM _ Predicted Active Predicted Inactive
IC50




PNN - < 20 nM DefGood in ALK, 15% error;

Random seed = 121783

N=270

0.0
0.0 01 0.2 0.3 0.4 05 0.6 07
® P (ACTIVE=1) @ random
Top 10% Mean 115 nM
IC50

/ P (ACTIVE=1) vs ACTIVE (0.6185)
[ [ [ [ I

G0 100 180 220
40 a0 120 160 200 240

_ Predicted Active Predicted Inactive

Active 37 55
Inactive 26 152



PNN - < 20 nM DefGood in ALK, 20% error;
Random seed = 121783

/ P (ACTIVE=1) vs ACTIVE (0.6033)
[ [ [ [ I

[&{] 100 180 220
40 20 120 160 200 240

Active 34 58
Inactive 31 147

N=270
Top 10% Mean 115 nM _ Predicted Active Predicted Inactive
IC50




Conclusion - PNN

* Across three random seeds, the % error that lead to a significant
enrichment failure and/or top 10% IC50 increase in the retrospective
test was 20%, 30% and 15% for each unique random seed.

* Finally, reparameterization needs to be undertaken with each dataset.
It did not significantly alter the outcomes of when failure was
encountered as a result of error. In the future, a model will be

parameterized on the original dataset and unaltered for the error
experiment.



Aurora B Kinase



Aurora B Kinase NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 5 and 25 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

e Resulted in 1481 compounds after cleaning the data



<5 nM DefGood in Aurora B
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<10 nM DefGood in Aurora B
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<15 nM DefGood in Aurora B
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<20 nM DefGood in Aurora B
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<25 nM DefGood in Aurora B
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Decision on DefGood

* <10 nM has the best performance with regard to enrichment and
mean top 10% IC50.



RF-<10 nM DefGood in Aurora B

1.0

2
o
o
z a5 ,—l
2 0.9
LE)
=
= 40—

08

35
07
30

06

05 257

0.4 20

0.3 15—

0.2 107

0.1 E—

P (ACTIVE=1) {0.872)
00 o P (ACTIVE=1) vs ACTIVE (0.8105)
0.0 0.1 02 03 0.4 0.5 06 07 03 09 10 [ T T T T T T T T T T I T T T
False Positive Rate 20 (] 100 140 180 220 260 207

® F(ACTIVE=T) @ random 8] 40 g0 120 160 200 240 280

N=297
Top 10% Mean

_ Predicted Active Predicted Inactive

Active 20 26
Inactive 9 242

IC50



Decision on DefGood - RF

e Work in ALK showed DefGood in the NBN was similar to DefGood in
an RF. Therefore, this value for DefGood from the NBN design was
used as DefGood.



PNN - <10 nM DefGood in Aurora B

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 10 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.05
and Theta Plus = 0.45



PNN - <10 nM DefGood in Aurora B
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PNN - <20 nM DefGood in Aurora B

* Initial DefGood failed to generate a useful model. Therefore, 20 nM
was evaluated as the decision value

* Properties List (46 calculatable properties were used)

* Parameterization (Global Accuracy for Activity at a 20 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.05
and Theta Plus = 0.65



PNN - <20 nM DefGood in Aurora B
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Decision on DefGood - PNN

* The PNN failed to generate a useful predictive algorithm with a
definition of good at <10 nM or at <20 nM

e A PNN will not be used for aroura B kinase



NBN Error Tolerance- <10 nM DefGood in
Aurora B

 0-50% absolute error



<10 nM DefGood in aurora B, 5% error;
Random seed = 1515533876005

405 nM :
(one micromolar Active 37 9

and one >10000 Inactive 63 188
11\

. 20 G0 100 180 220 260
0.0 01 0.2 0.3 0.4 0.5 0.6 07 0.8 0.e 10 1] 80 200 2 280
N _ 2 9 7 False Positive Rate
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_ Predicted Active Predicted Inactive
Top 10% Mean
IC50




t

<10nM DefGood in aurora B, 10% error
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False Fositive Rate

N=297

® Score(1) @ random

Top 10% Mean 403 nM _
IC50 (one micromolar Active 28
and one >10000 Inactive 41

220 260 287
200 240 280

_ Predicted Active Predicted Inactive

18
210



<10nM DefGood in aurora B, 15% error
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<10n
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M DefGood in aurora
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0.8

07

0.6

0.5

0.4

03

0.2

01

Score (1) (0.791)

0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0T 0.8 09 1.0

False Positive Rate

® Score (1) @ random

Inactive

Active

B, 20% error

a0

357

257

20

107

5—

Score (1) vs ACTIVE (0.7479)
[ I I I [ I I I I I I I [ I I

20 &0
[u] 40 20

100 140 180 220 260 287

120 160 200 240 280

Predicted Inactive
13
194

33
57



<10nM DefGood in aurora B, 25% error
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<10nM DefGood in aurora

B,; 30% error
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<10nM DefGood in aurora B, 10% error;

Random seed =429
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<10nM DefGood in aurora B, 20% error;

Random seed = 429

0.9
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<10nM DefGood in aurora B, 25% error;
Random seed =429

307

257

207

157

ol Score (1) vs ACTIVE (0,7202)
il T T T T T T T T T T T T T T

20 G0 100 140 180 220 260 207
o 40 =1u] 120 160 200 240 280

N=297 o Scoe () ® rancom False Positive Rate
_ Predicted Active Predicted Inactive
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Inactive 47 204




<10nM DefGood in aurora B, 30% error;
Random seed = 429

Score (1) ws ACTIVE (0.6881)
[ I I I I I I I I I I I I I I

20 G0 100 140 180 220 260 297
0] 40 20 120 160 200 240 280

N=297 o Score () ® random False Positive Rate
_ Predicted Active Predicted Inactive
Top 10% Mean 1,000 nM
IC50

Active 23 23
Inactive 46 205




<10nM DefGood in aurora B, 10% error;

Random seed = 121783 : _H_/_,_/—

Score (1) vs ACTIVE (0,7445)
I I I I

G0 100 140 180 220
40 a0 120 160 200 240

Active

N=297 ® Score (1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean 42.7 nM
IC50

Inactive 28 223



<10nM DefGood in aurora B, 20% error;
Ran@grr seed =121783

Score (1) vs ACTIVE (0.6781)
T T T T

&0 100 180 220
40 20 120 160 200 240

Active

N=297 ® Score (1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

Inactive 58 193



<10nM DefGood in aurora B, 25% error;
Random seed = 1217/83

Score (1) ws ACTIVE (0.6729)
I I I [

G0 100 140 180 220
40 g0 120 160 200 240

Active

N=297 ® Score (1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

Inactive 53 198



<10nM DefGood in aurora B, 30% error;
Random seed = 1217833

Scaore (1) ws ACTIVE (0,6955)
I I I I

40 B0 120 160 200 240

Active

N=297 @® Score(1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean 67.4 nM
IC50

Inactive 52 199



<10nM DefGood in aurora B, 35% error;
Random seed = 121783

Score (1) vs ACTIVE (0.6350)
T T T T

&0 100 180 220
40 20 120 160 200 240

Active

N=297 o Store () @ rendom False Positive Rat
_ Predicted Active Predicted Inactive
Top 10% Mean 67.4 nM
IC50

Inactive 52 199



Conclusion - NBN

* An NBN could be generated for aurora B kinase with a decision value
of <10 nM as defined as active. The predictivity of the algorithm could
be preserved in three random train/test cycles. The point of failure
was 30%, 30% and 35% error.



RF Error Tolerance- <10 nM DefGood in
Aurora B

 0-50% absolute error



RF- <10nM DefGood in aurora B, 10% error
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RF-<10nM DefGood in aurora B, 15% error
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B, 20% error

RF- <10nM DefGood in aurora
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<10nM

Random

DefGood in aurora B, 10% error;

seed =429
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<10nM
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t

@

0.9

True Positive R

0.8

07

0.6

05

04

0.3

DefGood in aurora B, 15% error;
seed =429

0.2
B P (ACTIVE=1) vs ACTIVE {0.7607)
04 T | | | | | | | | T | | T | |
P (ACTIVE=1) (0.811) 0 20 0 B0 a0 100 120 140 180 180 200 220 oan 280 280 287
0-0[]_[1 01 0.2 0.3 04 05 0.6 07 0s 0.9 1.0
False Positive Rate
N=297 ® P (ACTIVE=1) @ random . . . .
_ Predicted Active Predicted Inactive
Top 10% Mean e = -
IC50 ctive

Inactive 24 227



<10nM

DefGood in aurora B, 20% error;
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<10nM

DefGood in aurora B, 10% error;
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<10nM DefGood in aurora B, 20% error;
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<10nM DefGood in aurora B, 25% error;
Random seed = 121783 e
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Conclusion - RF

A Random Forrest could be generated for aurora B kinase with a
decision value of <10 nM as defined as active. The predictivity of the
algorithm could be preserved in three random train/test cycles as
error was introduced in the training set. The point of failure was 20%,
20% and 25% error.



Conclusion - PNN

* Not done due to early failure on control set



32 Adrenergic Receptor



32 Adrenergic Receptor NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 5 and 25 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

* Resulted in 641 compounds after cleaning the data



<5 nM DefGood in beta-adren
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<10 nM DefGood in beta-adren

/
2 o9 14—
2
08
12—
07
10—
06
a—
05
04 5]
03
a—
02
2
0.1
Score (1) (0.929) o i Scaore (1) vs ACTIVE (0,8798)
00 | | | | | | | | | | | | |
0.0 0.1 02 03 04 05 06 07 08 09 10 10 . - — o . o
False Positive Rate 0 20 40 [5u} a0 100 120

@® Score (1) @ random

Active 15 1
Inactive 17 96

N=129
_ Predicted Active Predicted Inactive
Top 10% Mean 33.7 nM
IC50




<15 nM DefGood in beta-adre
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<25 nM DefGood in beta-adren
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Decision on DefGood

* <15 nM has the best performance overall by far.



RF - <15 nM DefGood in beta-adren
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Decision on DefGood - RF

e Work in ALK showed DefGood in the NBN was similar to DefGood in
an RF. Therefore, this value for DefGood from the NBN design was
used as DefGood.



PNN - <15 nM DefGood in beta-adren

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 15 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.05
and Theta Plus = 0.25



PNN - <15 nM DefGood in beta-adren
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Decision on DefGood - PNN

* In ALK, the DefGood for a PNN mirrored those of the RF and the NBN.
Therefore, DefGood from the NBN was used as DefGood for the PNN.
Parameterization for each model adds significant time to the process.
A rough benchmark can be applied where point of failure is
discovered and then the model is parameterized to ensure that the
situation is optimal for the PNN. This will be applied to the discovery

of the error tolerance threshold for the PNN in the beta 2 adrenergic
receptor space.



NBN Error Tolerance- <15 nM DefGood in
beta-adren

 0-50% absolute error



<15 nM DefGood in beta-adren, 5% error;
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<15nM DefGood in beta-adren, 10% error
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beta-adren, 15% error
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<15nM DefGood in beta-adren, 20% error
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<15nM DefGood in beta-adren, 40% error
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<15nM DefGood in beta- adren 45% error
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<15nM DefGood in beta-adren, 50% error
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<15nM DefGood in beta-adren, 10% error;
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<15nM DefGood in beta adren, 20% error;
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<15nM DefGood in beta- adren 30% error:;
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<15nM DefGood in beta- adren 40% error:;

Random seed =429 ’

| Score (1) ws ACTIVE (0.7700)
[ I I I I I I I I I I I I

10 a0 a0 ¥0 =lu] 110 128
8] 20 40 G0 g0 100 120

_ Predicted Active Predicted Inactive

Top 10% Mean 109 nM Active 17 1
IC50 (one 900 nM Inactive 67 44
mistake)

N=129




<15nM DefGood in beta-adren, 45% error;
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<15nM DefGood in beta- adren 50% error;
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<15nM DefGood in beta-adren, 10% error;
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<15nM DefGood in beta-adren, 20% error;
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<15nM DefGood in beta-adren, 30% error;
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<15nM DefGood in beta-adren, 40% error;
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<15nM DetGood in beta-adren, 45% error;
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<15nM DefGood in beta-adren, 50% error;
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Conclusion - NBN

 An NBN could be generated for the 2 adrenergic receptor with a
decision value of <15 nM as defined as active. The predictivity of the
algorithm could be preserved in three random train/test cycles. The
point of failure was 50%, 50% and 50% error.



RF Error Tolerance- <15 nM DefGood in Beta
Adrenergic Receptor

 0-50% absolute error



RF-<15nM DefGood in beta-adren, 5% error:;
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RF: <15nM DefGood in beta-adren, 10% error
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RF <15nM DefGood in beta adren, 20% error
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RF- <15nM DefGood in beta-adren, 30% error
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RF <15nM DefGood in Qeta—adren, 35% error
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<15nM DefGood in beta-adren, 10% error;
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<15nM DefGood in beta adren, 20% error;
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<15nM DefGood in beta adren, 25% error;
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<15nM DefGood in beta-adren, 10% error;
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<15nM DefGood in beta-adren, 20% error;
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<15nM DefGood in beta-adren, 30% error;
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<15nM DefGood in beta-adren, 35% error;
Random seed = 121783
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<15nM DefGood in beta-adren, 40% error;
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<15nM DefGood in beta-adren, 45% error;
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Conclusion - RF

* A Random Forrest could be generated for B2 adrenergic receptor with
a decision value of <15 nM as defined as active. The predictivity of
the algorithm could be preserved in three random train/test cycles as
error was introduced in the training set. The point of failure was 35%,
25% and 45% error.



PNN- <15nM DefGood in beta-adren, 5%
error ; Random seed = 1515533876005

P (ACTIVE=1) vs ACTIVE (0.8247)
[ [ [ [

N=129

01
P (ACTIVE=1) (0.873)
0.0
0.0 01 0.2 0.3 04 0.5 0.8 07 08 0.5 1.0
I iti
@® F(ACTIVE=1) @ random
Top 10% Mean IC50

_ Predicted Active Predicted Inactive

Active
Inactive 3 108




PNN- <15nM DefGood in beta-adren, 10%
error ; Random seed = 1515533876005
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PNN- <15nM DefGood in beta-adren, 5%
error ; Random seed 429 . ,
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PNN- <15nM DefGood in beta-adren, 10%
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PNN- <15nM DefGood in beta-adren, 15%
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PNN-<15nM DefGood in beta-adren, 20%

error ; Random seed =429 — ,

P (ACTIVE=1) vs ACTIVE (0.6460)
[ [ [ [

40

_ Predicted Active Predicted Inactive
Top 10% Mean IC50 | 130,000 nM Active 7 11

Inactive 16 95

N=129



PNN - <15nM DefGood in beta-adren, 5%
error; Random seed = 121783

T

P (ACTIVE=1) vs ACTIVE (0.7752)
I I I I

IC50 Active
Inactive 11 100

@® P(ACTIVE=1) @ random
N=129
Top 10% Mean 1.900 nM _ Predicted Active Predicted Inactive




PNN - <15nM DefGood in beta-adren, 5% error; Random seed = 121783
(reparameterized Theta minus = 0.55; theta plus = 0.95)
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PNN - <15nM DefGood in beta-adren, 10%
error; wRandorr seed = 121783

P [ACTIVE=1) vs ACTIVE (0.7519)
I I I I

IC50 Active
Inactive 10 101

® F(ACTIVE=1) @ random
N=129
Top 10% Mean 1.200 nM _ Predicted Active Predicted Inactive




Conclusion - PNN

* Across three random seeds, the % error that lead to a significant
enrichment failure and/or top 10% IC50 increase in the retrospective
test was 10%, 20% and 5% for each unique random seed.
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C-Abl NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 5 and 25 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

* Resulted in 1439 compounds after cleaning
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True Pasitive Rate

<10 nM DefGood in c-Abl
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<15 nM DefGood in c-Abl
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<20 nM DefGood in c-Abl
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True Positive Rate
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Decision on DefGood

* <15 nM has the best specificity and enrichment. Not the best mean
IC50, but that is because of one significant mistake (800 nM).



SVM

* Doesn’t work (Support vectors could not be generated)
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PNN - <15 nM DefGood in c-Abl

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 15 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.05
and Theta Plus = 0.65
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PNN - <15 nM DefGood in c-Abl
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NBN Error Tolerance- <15 nM DefGood in c-
Ab|

 0-50% absolute error
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True Positive Rate

<15 nM DefGood in c-Abl, 10% error
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True Positive Rate

<15 nM DefGood in c-Abl, 15% error
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<15 nM DefGood in c-Abl, 20% error
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<15 nM DefGood in c-Abl, 30% error
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True Positive Rate

<15 nM DefGood in c-Abl, 40% error
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<15 nM DefGood in c-Abl, 45% error
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<15 nM DefGood in c-Abl, 50% error
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<15 nM DefGood in c-Abl, 10% error; Random
seed =429
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<15 nM DefGood in c-Abl, 20% error; Random
seed =429
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<15 nM DefGood in c-Abl, 40% error; Random
seed =429
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<15 nM DefGood in c-Abl, 45% error; Random
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<15 nM DefGood in c-Abl, 50% error; Random
seed =429
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<15 nM DefGood in c-Abl, 10% error; Random

seed =121783
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<15 nM DefGood in c-Abl, 20% error; Random
seed = 121783

Score (1) vs ACTIVE (0.8329)
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<15 nM DefGood in c-Abl, 40% error; Random

égeed =121783
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<15 nM DefGood in c-Abl, 45% error; Random
seed =1217/83 —
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<15 nM DefGood in c-Abl, 50% error; Random
seed = 121783
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Conclusion - NBN

* Across three random seeds, the % error that lead to a significant
enrichment failure and top 10% IC50 increase in the retrospective test
was 45%, 50% and 45% for each unique random seed.

* An NBN can be very tolerant of data error in the c-Abl space.
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RF - <15 nM DefGood in c-Abl, 5% error ;
Random seed = 1515533876005
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RF - <15 nM DefGood in c-Abl, 10% error

50 70 j=lu] 110 130 150 170 180 210 230 250 0 2F0 2890
40 80 80 100 120 140 1860 180 200 220 240 280

_ Predicted Active Predicted Inactive

60 17

Top 10% Mean 34.9 nM _
IC50 (one 800 nM Active
compound) Inactive 20 192




RF - <15 nM DefGood in c-AIE)I, 15% error
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True Positive Rate

RF - <15 nM DefGood in c-Abl, 20% error
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RF - <15 nM DefGood in c-A
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RF - <15 nM DefGood in c-Abl, 35% error
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RF - <15 nM DefGood in c-Abl, 40% error
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RF - <15 nM DetGood in c-Abl, 10% error;
Random Seed = 429
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RF - <15 nM DefGood in c-Abl, 20% error:;
Random Seed =429
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RF - <15 nM DefGood in c- AbI 25% error;
Random Seed =429
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RF - <15 nM DefGood in c- A I, 30% error;
Random Seed =429
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RF - <15 nM DefGood in c- AbI 10% error;
Random Seed =121783
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RF - <15 nM DefGood in c-Abl, 20% error:;
3andom Seed =121783
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RF - <15 nM DefGood in c-Abl, 30% error:;
Rgndom Seed =121783
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RF - <15 nM DefGood in c-Abl, 35% error:;
3§ndom Seed =121783
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Conclusion - RF

* Across three random seeds, the % error that lead to a significant
enrichment failure and top 10% IC50 increase in the retrospective test
was 35%, 25% and 35% for each unique random seed.

* An RF can be very tolerant of data error in the c-Abl space, but it is
less tolerant than an NBN.



PNN - <15 nM DefGood in c-Abl, 5% error ;
Random seed = 1515533876005
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PNN - <15 nM DefGood in c-Abl, 10% error
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PNN - <15 nM DefGood in c-Abl, 15% error
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PNN - <15 nM DefGood in c-Abl, 20% error
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True Positive Rate

PNN - <15 nM DefGood in c-Abl, 25% error
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PNN - <15 nM DefGood in c-Abl, 30% error
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N=289

_ Predicted Active Predicted Inactive

Top 10% Mean IC50 503 nM (one >10,000 _
Active 30 47

nM compound, ranked
first) Inactive 39 173




PNN - <15 nM DefGood in c-Abl, 35% error

0.9

True Positive Rate

0.8

07

06

0.5

0.4

0.3

0.2

0.1

P (ACTIVE=1) (0.668)

0.0

0.0 0.1 02 03 04 05 06 07 0.8 0.9 1.0 o P (ACTIVE=1) vs ACTIVE (0.6250)
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T

False Positive Rate 10 a0 50 70 a0 110 130 150 170 190 210 230 250 70 289

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
® F(ACTIVE=1) @ random

N=289

_ Predicted Active Predicted Inactive
Top 10% MeanIC50 (4300

Active
Inactive 48 164



PNN - <15 nM DefGood in c-Abl, 5% error;
Random seed =429 4

 —

N=289

Top 10% Mean IC50 | 61.5 nM _ Predicted Active Predicted Inactive
(one >800 nM Active

Compound) Inactive 5 207



PNN - <15 nM DefGood in c-Abl, 10% error;
Random seed =429

Top 10% Mean 420 nM _ Predicted Active Predicted Inactive

IC50 (one >800 nM Active 32 45
Inactive 13 199

compound, and
one >10,000 nM)




PNN - <15 nM DefGood in c-Abl, 15% error;
Random seed =429

% 0.9 e
- 08 80
[ =
0.6 7
05 35
0.4
0.3
0.2
0.1 o ¢ ) ws ACTIVE (| )
P(ACTIVE=H)(0754 [ T+ T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 . 110 130 T 150 170 190 210 230 . = oy B R
0.0 01 0.2 0.3 0.4 05 0.6 [ 0.8 09 1.0
False Positive Rate
® P (ACTIVE=1) @ random
Top 10% Mean 390 nM Predicted Active Predicted Inactive
IC50 (one >800 nM Active 34 43
compound, and Inactive 17 195

one >10,000 nM)



PNN - <15 nM DefGood in c-Abl, 20% error ;
Rgﬂndom seed =429

N=289

_ Predicted Active Predicted Inactive

Active 42 35
Top 10% Mean IC50 480 nM
Several uM mistakes Inactive 40 172




PNN - <15 nM DefGood in c-Abl, 25% error ;
Random seed =429

eeeeeeeeeeeeeeeee

_ Predicted Active Predicted Inactive
Active 45 32
Top 10% Mean IC50 1,200 nM

Inactive 52 160

N=289



PNN - <15 nM DefGood in c-Abl, 30% error ;
Random seed =429

_ Predicted Active Predicted Inactive

Active 46 31
Top 10% Mean IC50 840 nM
Several uM mistakes Inactive 61 151




PNN - <15 nM DefGood in c-Abl, 5% error;
Random seed =121783

09

True Positive Rate

07

0.5

03

P (ACTIVE=1} (0.819)

0.0 0.1 0.2 0.3 0.4 0.5 086 0.7 0.8 0.9 1.0
False Positive Rate

N=289

Top 10% Mean IC50 | 110 nM _ Predicted Active Predicted Inactive
(two >800 nM Active

compounds) Inactive 2 210



PNN - <15 nM DefGood in c-Abl, 10% error;
Random seed =121783

P (ACTIVE=1) (0.766)

&0 100 140 180 220
40 20 120 180 200 240

N=289
Top 10% Mean 370 nM _ Predicted Active Predicted Inactive

IC50 (several severe Active 8 69

mistakes) Inactive 2 210




PNN - <15 nM DefGood in c-Abl, 15% error;

Random seed = 121783

N=289

Top 10% Mean
IC50

_ Predicted Active Predicted Inactive

Active 5 72
Inactive 2 210



Reparameterization Control - 15% error;
Random seed = 121783

e Theta minus — 0.05
e Theta Plus — 0.85

 Reparameterization failed to recover predictivity Mean 10% IC50 —
2,500 nM




Conclusion - PNN

* Across three random seeds, the % error that lead to a significant
specificity failure, enrichment failure and/or top 10% IC50 increase in
the retrospective test was 30%, 25% and 15% for each unique random
seed.

* Reparameterization failed to rescue the 15% learner.



Activated Xa



Factor Xa NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 2.5 and 25 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

e Resulted in 1657 compounds after cleaning the data



True Positive Rate
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IC50
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True Positive Rate

0.0

<5 nM DefGood in Xa

Score (1) {0.817)

0.0 01 02 03 04 0.5 0.6 0T 0g 09 10
False Positive Rate

@ Score (1) @ random

N=332

Top 10% Mean Active

IC50

Inactive

a1

757

707

857

60—

557

50—

a5

357

30T

257

207

/ Score (1) vs ACTIVE (0.7413)

280 300 332

280 320

_ Predicted Active Predicted Inactive

66
69

15
182



True Fositive Rate

<10 nM DefGood in Xa

0.9
0.8
07
0.6
0.5
04
0.3
0.2

0.1

Score (1) (0.796)

0.0
0.0 0.1 0.2 03 0.4 05 0.6 07 0.8 09 10

False Positive Rate

@® Score (1) @ random

N=332
Top 10% Mean

IC50

Inactive

118

1107

1007

a0

20

70

G0

S0

30

207

Score (1) ws ACTIVE (0.6921)
T T

20 G0 100 140 180 220 260 300 332
40 a0 120 160 200 240 280 320
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Active

83 35
47 167



True Positive Rate

<15 nM DefGood in Xa

09
08
07
0.6
05
04
03
0.2

01

Score (1) (0.794)

00
0.0 01 0.2 03 0.4 05 06 07 0.3 09 10

False Fositive Rate

® Score (1) @ random
N=333

Top 10% Mean _
Active

IC50
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1107
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a0

807
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Inactive

Score (1) vs ACTIVE (0.6748)
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62

36
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True Positive Rate
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07

0.6

0.5
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0.1

0.0

<20 nM DefGood in Xa

0.0 01 0.2 03
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N=332

Top 10% Mean
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70
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Score (1) (0.783)

0 1.0

False Positive Rate

Y,
I
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20 G0 100 140 180 220 280 300 33z
o 40 80 120 160 200 240 280 320

_ Predicted Active Predicted Inactive

Active 113 36
Inactive 70 113



Decision on DefGood

e <2.5 nM has the best IC50 mean at top 10% and enrichment. The
specificity is the worst compared to the others



True Positive Rate

09
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07
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0.5

0.4
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01

0.0

RF -<2.5nM DefGood in Xa

54.0

0.0 01 0.2 03

® P(ACTIVE=1) @ random

N=289

Top 10% Mean

IC50

04

05

06

0.7

0.8

P (ACTIVE=1) (0.953)

52 57

50.0—

47 5

45.0—
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30.0—

27.57

25.0-

2257
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. P (ACTIVE=1) vs ACTIVE (0.8796)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

0.9 10 10 30 50 70 a0 110 130 150 170 180 210 230 250 270 280 310 333
- - (1] 20 40 80 80 100 120 140 160 180 200 220 240 260 280 300 320

False Positive Rate

_ Predicted Active Predicted Inactive

Active 38 16
Inactive 16 263



PNN -<2.5 nM DefGood in Xa

* Properties List (46 calculatable properties were used)

* Parameterization (Global Accuracy for Activity at a 2.5 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.05
and Theta Plus =0.75



PNN - <2.5 nM DefGood in Xa

e 1.0
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=
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P (ACTIVE=1) (0.78) 5.0
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N=333
_ Predicted Active Predicted Inactive

Top 10% Mean _
IC50 Active 18 36
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NBN Error Tolerance- <2.5 nM DefGood in Xa

 0-50% absolute error



<2.5 nM DefGood in Xa, 5% error; Random
seed = 1515533876005 :

Score (1) vs ACTIVE (0.8455)
|||||||||||||||||

Active

N=333 ® Score(1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

Inactive 70 209
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2.5 nM DefGood in Xa, 10% error
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I I I I I I

Score (1) (0.902)
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<2.5 nM DefGood in Xa, 15% error
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<2.5 nM DefGood in Xa,

0.9
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<2.5 nM DefGood in Xa, 30% error
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<2.5 nM DefGood in Xa, 40% error
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<2.5 nM DefGood in Xa, 10% error; Random
seed 479 -

357

307

257

207

157

107

Score (1) vs ACTIVE (0.8098)
[ I I I I I I I [ I I I I I I I I

) : 20 (=]0] 100 140 120 220 260 300 333
False Positive Rate 8] 40 a0 120 160 200 240 280 320
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Top 10% Mean
IC50

Active 45 9
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<2.5 nM DefGood in Xa, 20% error; Random
seed 479 -

307

257

207

157

Score (1) ws ACTIVE (0,7922)
[ I I I I I I I [ I I I I I I I I

False Positive Rete 20 &0 100 140 180 220 280 300 333
@ Score (1) @ random 1] 40 20 120 160 200 240 280 320

N=333
_ Predicted Active Predicted Inactive
Top 10% Mean 9.1
IC50

Active

Inactive 78 201



<2.5 nM DefGood in Xa, 30% error; Random
sged 479 -

357

307

0.6

257

207

score (1) ws ACTIVE (0.7545)
[ I I I I I I I I [ I I I I I I I

20 &0 100 140 180 220 260 300 333
o 40 a0 120 160 200 240 280 320

eeeeeeeeeeeeeeeee

N=333 ® Score(1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

Active 51 3
Inactive 175 104




<2.5 nM DefGood in Xa, 35% error; Random
geed 429

e Rat

09

True Positiv

06

05

0.4

0.2

0.1

0.0
0.0 0.1

02

® Score (1) @ random

N=333
Top 10% Mean
IC50

0.3 0.4 05 0.6

20.7 nM
No mistakes

greater than 200
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Score (1) (0.772)

09

False Positive Rate

54

257
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' Score (1) ws ACTIVE (0,7291)
I T T T T T T T T T T T T T T T T
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20 G0 100 140 180 220 260 300 333
8] 40 =1u] 120 160 200 240 280 220

_ Predicted Active Predicted Inactive

Active 33 21

Inactive 65 214



<2.5 nM DefGood in Xa, 40% error; Random
seed 479

Score (1) ws ACTIVE (0.7015)
[ I [ I I I I I I I I [ [ I I I I

20 G0 100 140 180 220 260 300 333
o 40 a0 120 160 200 240 280 320

_ Predicted Active Predicted Inactive

IC50 Inactive 77 202

N=333




<2.5 nM DefGood in Xa, 45% error; Random

seed =429 -
a0
.
35
307
25
04 207
0.3 157
02 107
0.1 57
Score (1) (0.636) ol Score (1) vs ACTIVE (0.6157)
0.0[][] 0.1 0.2 03 0.4 05 0.6 07 0.8 0.9 1.0 ! I I I I I I ! I I I I I I I ! I
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<2.5 nM DefGood in Xa, 10% error; Random
seecjm: 121783 : — ’

I_'_/

Score (1) (0.871) ol Score (1) ws ACTIVE (0.3125)
[ I I I I I I I I [ I I I I I I I

20 &0 100 140 180 220 260 300 333
o 40 a0 120 160 200 240 280 320

N=333
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

Active

Inactive 35 244



<2.5 nM DefGood in Xa, 20% error; Random
seed = 121783

Score (1) vs ACTIVE (0.8053)
|||||||||||||||||

Active 39 15
Inactive 37 242

N=333
_ Predicted Active Predicted Inactive
Top 10% Mean 10.0 nM
IC50




<2.5 nM DefGood in Xa, 35% error; Random
seed 121783 -

True Positive Rate

Score (1) ws ACTIVE (0.7366)
[ I I I I I I [ [ I I I I I I I I

0.0 20 G0 100 140 120 220 260 300 333
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<2.5 nM DefGood in Xa, 40% error; Random
seed = 121783 ;
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<2.5 nM DefGood in Xa, 45% error; Random
seed = 121783 . ;
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Conclusion - NBN

* An NBN could be generated for Factor Xa with a decision value of <2.5
nM as defined as active. The predictivity of the algorithm could be
preserved in three random train/test cycles. The point of failure was
35%, 45% and 45% error.



RF Error Tolerance- <2.5 nM DefGood in Xa

 0-50% absolute error



RF-<2.5 nM DefGood in Xa, 5% error;
Random seed = 1515533876005
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RF-<2.5 nM DefGood in Xa, 10% error
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RF-<2.5 nM DefGood in Xa, 20% error
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RF-<2.5 nM DefGood in Xa, 25% error
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<2.5 nM DefGood in Xa, ;O% error
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<2.5 nM DefGood in Xa, 10% error; Random
seed =429 . ’
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<2.5 nM DefGood in Xa, 20% error; Random
seed 429 = —
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<2.5 nM DefGood in Xa, 25% error; Random
seed 429 = —
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<2.5 nM DefGood in Xa, 30% error; Random
seed =429 .
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[ [ [ [ [ [ [ [ I [ [ [ [ [ [ [

20 &0 100 140 120 220 280 300 333
120 160 200 280 320

N=333 ® P(ACTIVE=1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

Active

Inactive 49 230



<2.5 nM DefGood in Xa, 10% error; Random

seed = 121783 - ;
= 1.0
% 50
a5—
P
35—
30—
25—
20—
15—
10—
5—
- P (ACTIVE=1) vs ACTIVE (0.8135)
l T T T T T T T T T T T T T T T T
20 &0 100 140 180 220 260 300 333
0 40 g0 120 160 200 240 280 320
L ] { Vi L

N=333
_ Predicted Active Predicted Inactive
Top 10% Mean 12.5 nM
IC50

Active

Inactive 13 266



<2.5 nM DefGood in Xa, 20% error; Random

seed =121783 o -
e 10 50
&
45—
a0
357
307
257
20—
15
107
5
/
o P (ACTIVE=1) vs ACTIVE (0.7507)
[ I I I I | | I I I I I I I I | I
20 G0 100 140 180 220 2E0 300 333
® P(ACTIVE=1) @ random a 40 g0 120 180 200 240 280 320

200 nM
Active

(2 micromolar
mistakes) Inactive 22 257

N=333
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50




<2.5 nM DefGood in Xa, 25% error; Random
seed = 121783

P (ACTIVE=1) vs ACTIVE (0.7287)
[ [ [ [ I

Go 100 180 220
40 20 120 160 200 240

N=333
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

130 nM
Active 31 23

(One mistake -
930 nM) Inactive 33 246




<2.5 nM DefGood in Xa, 30% error; Random
squ =121783

P (ACTIVE=1) vs ACTIVE (0.6903)
[ [ [ [ [ I I [ [ [ [ [ [ [ [ I [

20 [=]8] 100 140 180 220 2E0 300 333
[¥] 40 80 120 160 200 240 280 320

® P (ACTIVE=1) @ random

N=333
_ Predicted Active Predicted Inactive
Top 10% Mean 680 nM
IC50

Active

Inactive 51 228



Conclusion - RF

A Random Forrest could be generated for Factor Xa with a decision
value of <2.5 nM as defined as active. The predictivity of the
algorithm could be preserved in three random train/test cycles. The
point of failure was 30%, 30% and 30% error.



PNN - <2.5 nM DefGood in Xa, 5% error ;
Random seed = 1515533876005

P [ACTIVE=1) vs ACTIVE (0.7270)
|||||||||||||||||

333333

@ P (ACTIVE=1) @ random
N=333
_ Predicted Active Predicted Inactive

P (ACTIVE=1) (0.769)
Top 10% Mean IC50 | 83.5 nM
(one 2,000 nM Active
compound)

Inactive 20 259




PNN - <2.5 nM DefGood in Xa, 10% error

1.0

54

a0
0.9

True Positive Rate

08

o7

0.6

05

257
0.4

207
03

1567
0.2

107
0.1

P (ACTIVE=1) (0.753)

0.0

0.0 01 02 03 0.4 05 06 07 08 09 10 P (ACTIVE=1) vs ACTIVE (0,7138)
Faise Positive Rate T T T T T T T T T T T T T T T T T

® P (ACTIVE=1) @ random
20 [a]n] 100 140 180 220 280 300 333

8] 40 =1u] 120 160 200 240 280 220

N=333
Top 10% Mean 120 nM _ Predicted Active Predicted Inactive

IC50 (two micromolar Active 19 35
mistakes) Inactive 23 256




PNN - <2.5 nM DefGood in Xa, 15% error

10

09

True Positive Rate

03

07

0.6

0.5

04

03

0.2

0.1

P {ACTIVE=1) (0.7T18
{ }(0.718) P (ACTIVE=L) vs ACTIVE (0.6840)

00 I T T T T T T | | T T T T T T T T
0.0 0.1 0.2 0.3 04 0.5 0.6 0T 08 09 1.0

Faloe Positive Rat z0 &0 100 140 180 220 260 300 333
alse Fosiiive hale o 40 &0 120 160 200 240 280 3z0

® P (ACTIVE=1) @ random

N=333
Top 10% Mean 120 nM _ Predicted Active Predicted Inactive

IC50 (two micromolar Active 20 34
mistakes) Inactive 28 251




PNN - <2.5 nM DetGood in Xa, 20% error

0.9

True Positive Rate

0.8

0.7

0.6

0.5

0.4

0.3

0.2

01

P (ACTIVE=1) (0.686)

0.0

0.0 0.1 02 0.3 0.4 05 06 07 0.8 09 10 0 P (ACTIVE=1) vs ACTIVE (0.6573)
False Positive Rate I T T T T T T T T T T T T T T T T

® P(ACTIVE=1) @ random 20 (=]0] 100 140 120 220 260 300 333
8] 40 a0 120 160 200 240 280 320

N=333

_ Predicted Active Predicted Inactive
Top 10% MeanIC50  [89nM

Active

Inactive 39 240



PNN - <2.5 nM DefGood in Xa, 25% error

09

True Positive Rate

08

0.7

0.6

0.5

0.4

03

0.2

01

P (ACTIVE=1) (0.654)

P (ACTIVE=1) vs ACTIVE (0.6307)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1.0 | | | | | | | | | | | | | | | | |

0.0 o_|

False Posifive Rate 20 &0 100 140 180 220 260 300 333
® P(ACTIVE=1) @ random o 40 80 120 160 200 240 280 320

N=333

Top 10% Mean IC50 915 nM _ Predicted Active Predicted Inactive

Active
Inactive 56 223



PNN - <2.5 nM DefGood in Xa, 5% error;

Random seed =429

N=333

Top 10% Mean IC50 | 66.3 nM
(one >800 nM
Compound)

P (ACTIVE=1) vs ACTIVE (0.6773)
[ I I I I I I [ [ I I I I I I I I

20 [=]0] 100 140 180 220 260 300 333
[u] 40 g0 120 160 200 240 280 320

_ Predicted Active Predicted Inactive

Active
Inactive 10 269




PNN - <2.5 nM DefGood in Xa, 10% error;

Random seed = 429

05
04

03

@® P (ACTIVE=1) @ random

N=333
Top 10% Mean 145 nM
IC50 (one >800 nM

compound, and
one >1,000 nM)

P (ACTIVE=1) (0.696)

P (ACTIVE=1) vs ACTIVE (0.6653)
[ I [ [ [ [ [ [ [ [ I [ [ [ [ [ [

20 &0 100 140 180 220 260 300 233
o] 40 a0 120 160 200 240 280 320

_ Predicted Active Predicted Inactive

Active 12 42
Inactive 15 264



PNN - <2.5 nM DefGood in Xa, 15% error;

Random seed =429 =
% 0.9 45
.
35
30
25
2077
16—
107
o
[ o ol P (ACTIVE=1) vs ACTIVE (0.6082)
[ I [ [ [ [ [ [ [ [ I [ [ [ [ [ [
® FACTIVESY) @ random 20 60 100 140 180 220 260 300 333
0 40 20 120 160 200 240 280 320
N=333 . : . .
Top 10% Mean 190 nM _ Predicted Active Predicted Inactive
IC50 (two micromolar Active 10 44
mistakes) Inactive 22 257




PNN - <2.5 nM DefGood in Xa, 20% error ;
qudom seed =429

: P (ACTIVE=1) vs ACTIVE (0.5924)
[ I [ I I I I I I I I [ [ I I I I

20 G0 100 140 180 220 260 300 333
0] 40 20 120 160 200 240 280 320

_ Predicted Active Predicted Inactive
Active 10 44
Top 10% Mean IC50 1,000 nM

Inactive 27 252

N=333



PNN - <2.5 nM DefGood in Xa, 5% error;

Random seed = 121783

@ P (ACTIVE=1) @ random

N=333
Top 10% Mean IC50 | 190 nM

(2,500 nM

compound is ranked
first)

P (ACTIVE=1) vs ACTIVE (0.7448)
[ [ [ [ [ I I [ [ [ [ [ [ [ [ I [

20 G0 100 140 180 220 260 a0o0 333
&) 40 20 120 160 200 240 280 320

_ Predicted Active Predicted Inactive

Active 17 37
Inactive 8 271




PNN - <2.5 nM DefGood in Xa, 10% error;
Random seed = 121783 :

357

30—

257

207

167

107

P (ACTIVE=1) vs ACTIVE (0.7058)
| | | | | | | | ] | | | | | | | |

N=333
Top 10% Mean 120 nM _ Predicted Active Predicted Inactive
IC50 (2,500 nM Active 16 38
compound is Inactive 10 269

ranked first)



PNN - <2.5 nM DefGood in Xa, 15% error;
Random seed = 121783

P (ACTIVE=1) vs ACTIVE (0.6980)
[ [ [ [ [ [ [ I [ [ [ [ [ [ [ [ I

Top 10% Mean 120 nM _ Predicted Active Predicted Inactive
IC50 (2,500 nM Active 18 36
compound is Inactive 18 261

ranked first)



PNN - <2.5 nM DefGood in Xa, 20% error;

Random seed = 121783 ; .

30

257

20

157

107

P (ACTIVE=1) vs ACTIVE (0.5965)
® F(ACTIVE=1) @ random I T T T T T T T T T T T T T T T T

N=333
Top 10% Mean 210 nM _ Predicted Active Predicted Inactive
IC50 (2,500 nM Active 19 35
compound is Inactive 26 253

ranked first)



PNN - <2.5 nM DefGood in Xa, 30% error;
Random seed = 121733

on
o

357

30—

257

207

157

107

P (ACTIVE=1) vs ACTIVE (0.6423)
P (ACTIVE=1) (0.668) | | | | | | | | | | ] | | | | | |

20 &0 100 140 180 220 260 300 333
o 40 a0 120 160 200 240 280 320

Top 10% Mean 290 nM _ Predicted Active Predicted Inactive

IC50 (2,500 nM Active 21 33
Inactive 49 230

compound is
ranked first)




PNN - <2.5 nM DefGood in Xa, 40% error;
Random seed = 121783 X

50

P (ACTIVE=1) vs ACTIVE (0.5972)
[ [ I I I I I I I [ I I I I I I I

N=333
Top 10% Mean 200 nM _ Predicted Active Predicted Inactive
IC50 (2,500 nM Active 22 32
compound is Inactive 82 197

ranked first)



PNN - <2.5 nM DefGood in Xa, 45% error;
Ranmdom seed =121783

J P [ACTIVE=1) vs ACTIVE (0.5685)
|||||||||||||||||

Active 22 32
Inactive 85 194

N=333
Top 10% Mean 1,200 nM _ Predicted Active Predicted Inactive
IC50




Conclusion - PNN

* Across three random seeds, the % error that lead to a significant
enrichment failure and/or top 10% IC50 increase in the retrospective
test was 20%, 10% and 30% for each unique random seed.



HIV Protease



HIV Protease NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* SDESCRIPTIONS MATCHES ".*strain.*" OR SDESCRIPTIONS MATCHES
" *\/18.*" OR SDESCRIPTIONS MATCHES ".*NL4-3.*" OR
SDESCRIPTIONS MATCHES ".*mutant.*“ was removed

* DefGood scanned between 2.5 and 25 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True
e Resulted in 2544 compounds after cleaning the data



<2.5 nM DefGood in HIV Protease

o 1.0
"
r
W 122
=
S 0%
(=]
a 11077
4
=z
'_
08 100
80—
0.6
70
05
G0
0.4 50—
40—
0.3
30
02
20—
0.1 1o/
Score (1) (0.906) ¥
ol Score (1) ws ACTIVE (0.8097)
0.0 l I I [ I I I I I [ I I I I [ I I I [ [
0.0 0.1 0.2 0.3 04 05 08 0.7 0.8 09 10 25 il 125 175 225 275 325 375 425 475
False Positive Rate u] a0 100 160 200 280 300 350 400 450 510

® Score (1) @ random

N=510
_ Predicted Active Predicted Inactive
Top 10% Mean 8.31 nM

IC50 Active 111 11
Inactive 114 274




<5 nJVI DefGood in HIV Protease

2 5
o
[uat
@
=
Z 09
o
@
2
" os 120
0.7
1007
0.6
80
0.5
0.4 B0
0.3
e
0.2
207
0.1
Score (1) (0.895) o , Score (1) vs ACTIVE (0.7788)
00 Tt 1 T T T T T T T T T T T T T T T T T
0.0 01 02 0.3 0.4 05 08 or 08 08 10 25 75 125 175 225 275 325 ars 425 475
0 50 100 150 200 250 300 350 400 450 500

False Positive Rate

@® Score (1) @ random

N=509
_ Predicted Active Predicted Inactive
Top 10% Mean 15.0 nM

IC50 Active 123 28
Inactive 65 293




<10 nM DefGood in HIV Protease

187

1607

True Pasitive Rate

1407

1207

1007

207

G0

Score (1) (0.87) u_-'-"? Score (1) vs ACTIVE (0,7355)
[ [ I I I I I I I I I I I I I I I [ I I

0.0
0.0 01 02 0.3 0.4 0.5 0.6 07 ne 09 1.0 25 758 125 175 225 275 325 avs 425 475
[u] 50 100 150 200 250 300 350 400 450 510

False Fositive Rate

@® Score(1) @ random

N=510 _ Predicted Active Predicted Inactive

Top 10% Mean Active 166 21
Inactive 98 255

IC50



<15 nM DefGood in HIV Protease

1.0

0.8

True Positive Rate

08
07
0.6
05
0.4
03
0.2
0.1

0.0

0o 01

N=509
Top 10% Mean

IC50

0.2 0.3 0.4

® Score (1) @ random

1.66 nM

21

180

160

140

120

100

20

G0

Score (1) ws ACTIVE (0.7199)
[ I I I I I I I I I I I I I I I I I I I

Score (1) (0.874)

125 175
100 150 200

_ Predicted Active Predicted Inactive

Active 187 24
93 205

225 2758
280 300

325 a7a

05 250 400

06 0y 0.8 IR} 1.0

False Positive Rate

Inactive



<20 nM DefGood in HIV Protease

True Positive Rate

0.0
0.0 0.1

N=510
Top 10% Mean

IC50

02

0.3 0.4

® Score(1) @ random

15.0 nM

0.5

0.6

07

2007

1807

1607

1407

1207

1007

80

G0

Score (1) (0.851) old score (1) ws ACTIVE (0.6970)
[ I I I I I I I I I I [ I I I I I I I I

25 75 125 175 225 275 325 375 425 475
08 09 10 0 50 100 150 200 250 300 350 400 450 510

False Fositive Rate

_ Predicted Active Predicted Inactive

Active 181 44
Inactive 70 215



<25 nM DefGood in HIV Protease

2207

200

True Fositive Rate

1807

1607

1407

120~

1007

207

G0

40—

207

. y/ Score (1) vs ACTIVE (0.7038)
Score (1) (0.875) T T T T T T T T T T T T T T T T T T 1

0.0 25 78 125 175 225 275 325 3rs 425 475
0.0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.3 09 1.0 [i] 50 100 150 200 250 200 350 400 450 089

False Positive Rate

N=509 ® Score (1) @ random
_ Predicted Active Predicted Inactive

Top 10% Mean 11.8 nM _
IC50 Active 204 30

Inactive 75 200




Decision on DefGood

* <15 nM has the best performance with regard to enrichment and
mean top 10% IC50.



RF - <15 nM DefGood in HIV Protease

s 10
“E P ——————
& 211
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@ 09
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z _
2 180
08
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07
140
0.6
120
05 100
0.4 80—
0.3 807
a0
0.2
20—
0.1
ol P (ACTIVE=1) vs ACTIVE (0.7447)
P (ACTIVE=1) (0.92) T T T T T T T T T T T T T T T T T T 1
0.0 25 75 125 175 275 275 325 375 425 475
0.0 01 02 0.3 0.4 05 0.6 0.7 08 0.9 10 o 50 100 150 200 250 300 350 400 450 500

Falze Positive Rate

N=509 @® P (ACTIVE=1) ® random
_ Predicted Active Predicted Inactive

Top 10% Mean 18.7 nM
Active 179 32

Inactive 43 255

IC50



Decision on DefGood - RF

e Work in ALK showed DefGood in the NBN was similar to DefGood in
an RF. Therefore, this value for DefGood from the NBN design was
used as DefGood.



PNN - <15 nM DefGood in HIV Protease

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 15 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.05
and Theta Plus = 0.35



PNN - <15 nM DefGood in HIV Protease

1.0
= 21
1
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=
g 09
o 180
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0.8
1807
0.7 140
0.6 1207
05 100
B0
0.4
B0
03
o
0.2
20
0.1 0 P (ACTIVE=1) vs ACTIVE (0.6798)
T 1 T T T T T T T T T T T T T T T T 1
P (ACTIVE=1) (0.805)
25 75 125 175 225 275 325 a7s 425 475
0.0 0 50 100 150 200 250 300 350 400 450 509
00 01 02 03 04 05 06 07 08 09 10

Falze Positive Rate

N=509 ® P (ACTIVE=1) @ random
_ Predicted Active Predicted Inactive

Top 10% Mean 117 nM _
IC50 Several Active 126 85
significant Inactive 41 257




NBN Error Tolerance- <15 nM DefGood in HIV
Protease

 0-50% absolute error



<15 nM DefGood in HIV Protease, 10% error;
Random seed = 1515533876005

Score (1) ws ACTIVE (0.7240)
I [ I I I

425
400 450

01
0.0 [ [ [ I [ [ [ [ [ [ [ [
0.0 01 0.2 0.3 04 0.5 0.8 07 0.8 0.a 1.0 —= T = - = o
False Positive Rate u] a0 100 150 200 250 300 350
N=509 ® Score (1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean 1.83 nM _
IC50 Active 174 37
Inactive 69 229




<15 nM DefGood in HIV Protease, 20% error;

21

True Positive Rate

1807

1607

1407

1207

100~

207

G0

£ Score (1) ws ACTIVE (0.7198)

ol
SRR T T T T T T T T T T T T T T T T T T 1

0.0

0.0 01 02 03 0.4 05 0.6 07 0s 0.9 10 25 74 125 175 225 275 325 ara 4245 475

o &0 100 150 200 250 200 350 400 450 09

_ Predicted Active Predicted Inactive

Active 177 34
Inactive 87 211

False Positive Rate

® Score(1) @ random

N=509
Top 10% Mean

IC50




<15 nM DefGood in HIV Protease, 30% error;

o 1.0
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A ] o Scare (1) vs ACTIVE (0.7143)
0.0 [ I I I I I I I I I I I I I I I I I I I
0.0 0.1 0z 0.3 04 0.5 06 a7 08 0.9 10
25 75 125 175 225 275 325 375 425 475
False Positive Rate o 50 100 150 200 250 300 350 400 450 509

@® Score (1) @ random

N=509
_ Predicted Active Predicted Inactive

Top 10% Mean _
IC50 Active 175 36

Inactive 78 220




<15 nI\/I DefGood in HIV Protease, 40% error;

= 211
[nal
a
=
£ o9
£ _
~ 180
=
P oos
1601
07
140
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120
03 100
0.4 a0
03 B0
02 a0
0.1 207
SEREMIET 5 Score (1) vs ACTIVE (0.6524)
0.0 T T T T T T T T T T T T T T T T T T 1
0.0 0.1 02 0.3 0.4 0.5 06 0.7 0.8 0.9 1.0 25 75 125 175 225 275 325 378 425 a7s
0 50 100 180 200 250 300 250 400 450 500
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_ Predicted Active Predicted Inactive

Top 10% Mean
IC50 Active

Inactive 42 256




<15 nM DefGood in HIV Protease, 45% error;

True Positive Rate

N=509

Top 10% Mean

IC50
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<15 nM DetGood in HIV Protease, 50% error;
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<15nM DefGood in HIV P’otease, 10% error;
Random seed =429 ; -

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
False Positive Rate

N=509 ® Scors (1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean 1.58 nM
IC50

Active

Inactive 80 218



<15nM DetGood in HIV Protease, 20% error;

Random seed =429
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<15nM DefGood in HIV

Protease, 30% error;
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<15nM DefGood in
Random seed =429
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<15nM DefGood in HIV P

Random seed = 429
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<15nM DefGood in HIV Protease, 10% error;
Rano!grr seed = 121783

Score (1) ws ACTIVE (0.7118)
I I I I I

400 450

Active 177 34
Inactive 74 224

N=509 o score () @ rangom False Positive Rate . .
_ Predicted Active Predicted Inactive
Top 10% Mean 10.6 nM
IC50




<15nM DefGood in HIV Protease, 20% error;
Random seed = 121783

Score (1) vs ACTIVE (0,7093)
T T T T T

425
400 450

Active 175 36
Inactive 70 228

N=509 @ Score (1) @ random reise rosfe Rate . : . :
_ Predicted Active Predicted Inactive
Top 10% Mean 10.6 nM
IC50




<15nM DefGood in HIV Protease, 30% error;
Random seed = 121/83

Score (1) vs ACTIVE (0,7049)
T T T T T

425
400 450

Active 168 43
Inactive 71 227

False Positive Rate
N=509 ® Score (1) @ rando m 5 5 . 5
_ Predicted Active Predicted Inactive
Top 10% Mean 7.52 nM
IC50




<15nM DefGood in HIV Protease, 40% error;
Randprr seed =121783
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<15nM DefGood in HIV Protease, 45% error;
Random seed = 121783

Score (1) ws ACTIVE (0.6370)
I I [ I I
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400 450

Active 152 59
Inactive 104 194

N=509 ® Scors (1) @ random Falze Positive Rate - . .
_ Predicted Active Predicted Inactive
Top 10% Mean 16.5 nM
IC50




<15nM DefGood in HIV Protease, 50% error;

Random seed =121783
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Conclusion - NBN

* An NBN could be generated for HIV Protease with a decision value of
<15 nM as defined as active. The predictivity of the algorithm could
be preserved in three random train/test cycles. The point of failure
was 50%, 45% and 50% error.



RF Error Tolerance- <15 nM DefGood in HIV
Protease

 0-50% absolute error



RF- <15nM DefGood in HIV Protease, 10%
error G
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-- <15nM DefGood in HIV Protease, 20%
"ror
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RF- <15nM DefGood in HIV Protease, 30%
error
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<15nM DefGood in HIV Protease, 10% error;

Random Seed =479
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<15nM DefGood in HIV Protease, 15% error;
Randorr seed =429

1607

09

True Positive Rate

1407
08

1207
07

100
0.6

20—

05

0.4

03

0.2 207
ol P (ACTIVE=1) vs ACTIVE (0.7401)
0.1 T T T T T T T T T T T T T T T T T T 1
P (ACTIVE=1) (0.88) 25 75 125 175 225 275 325 ars 425 475
0 50 100 150 200 250 300 350 400 450 510
0.0
0.0 0.1 0.2 03 04 05 0.6 07 0.8 09 10

Falze Positive Rate

N=510 ® P (ACTIVE=1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean 10.3 nM
IC50

Active

Inactive 44 279



<15nM DefGood in HIV Protease, 20% error;
Random seed =429
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<15nM DefGood in HIV Protease, 10% error;
Random seed = 121783

P (ACTIVE=1) vs ACTIVE (0.7492)
[ [ I [ [ [
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N=510 o CTVESD ® ranon False Positive Rate . .
_ Predicted Active Predicted Inactive
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<15nM DefGood in HIV Protease, 15% error;
Rano[grr seed = 121783

P (ACTIVE=1) vs ACTIVE (0.7346)
[ [ [ [ [ [
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400 450
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Conclusion - RF

* A Random Forrest could be generated for HIV Protease with a
decision value of <15 nM as defined as active. The point of failure was
35%, 20% and 15% error.



PNN Error Tolerance- <15 nM DefGood in HIV
Protease

 0-50% absolute error



PNN-<15nM DefGood in HIV

Protease, 10%
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PNN-
error

<15nM DefGood in HIV Protease, 20%
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PNN- <15nM DefGood in HIV Protease, 25%

error
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PNN - <15nM DefGood in HIV Protease, 25% error; Random seed = 1515533876005
(reparameterized Theta minus = 0.55; theta plus = 0.75)
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PNN- <15nM DefGood in HIV Protease, 10%
error; Random seed =429

P (ACTIVE=1) vs ACTIVE (0.6689)
| | | | | |
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PNN- <15nM DefGood in HIV Protease, 15%
errorﬁ;mRandom seed =429

P (ACTIVE=1) vs ACTIVE (0.6475)
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PNN- <15nM DefGood in HIV Protease, 10%
errorﬂ;mRandom seed = 12178

P (ACTIVE=1) vs ACTIVE (0.6488)
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PNN- <15nM DefGood in HIV Protease, 20%
error;mRandom seed = 12178
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PNN- <15nM DefGood in HIV Protease, 25%

error; Random seed = 12178

P(ACTI‘u‘E 1) ACTI'u'E (0. 5993)

® P (ACTIVE=1) @ random

N=509
_ Predicted Active Predicted Inactive
Top 10% Mean 498 nM
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Inactive 77 221



PNN - <15nM DefGood in HIV Protease, 25% error; Random seed = 12178

(reparameterized Theta minus = 0.05; theta plus = 0.25)

P (ACTIVE=1) vs ACTIVE (0.5995)

2 211
o
a
.2
z 09
o
v 180
=
=
0.8
160
07
140
0.6 120
05 100
0.4 20—
0.3 o
o
0.2
20—
0.1
P (ACTIVE=1) (0.668 o
¢ }(0.668) | —— — — — |
0.0 25 75 125 175 225
0.0 0.1 02 0.3 0.4 05 0.8 0.7 0e 0.9 10 o &0 100 150 200

False FPositive Rate

® P(ACTIVE=1) @ random

N=509

Top 10% Mean 498 nM

IC50

Active

Inactive 79

275
260

325
300 350

ara
400

_ Predicted Active Predicted Inactive

210



Conclusion - PNN

* Across three random seeds, the % error that lead to a significant
enrichment failure and/or top 10% IC50 increase in the retrospective
test was 25%, 15% and 25% for each unique random seed.

* Parameterization did not alter the failure point for each random split
evaluated

 Split 121783 had a significant mistake (>100,000) even in the 0% error
set. Used 12178 as the random seed



JAK2



JAK2 NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 5 and 25 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

* V617F mutant data was removed from the dataset as we were only
interested in WT JAK2

e Resulted in 3624 compounds after cleaning the data



<5 nM DefGood in JAK?2
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<10 nM DefGood in JAK2
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<15 n1IO\/I DefGood in JAK?
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<20 nM DefGood in JAK2
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<25 n1!\/l DefGood in JAK?
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Decision on DefGood

* <15 nM has the best performance with regard to enrichment, ROC
mean top 10% IC50. The <5 definition of good had excellent
enrichment and a better ROC, but when mistakes were made by the
algorithm, they were severe.



RF - <15 nM DefGood in JAK2
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Decision on DefGood - RF

e Work in ALK showed DefGood in the NBN was similar to DefGood in
an RF. Therefore, this value for DefGood from the NBN design was
used as DefGood.



PNN - <5 nM DefGood in JAK?2

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 5 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.95
and Theta Plus = 0.95



PNN - <5 nM DefGood in JAKZ (0.95, 0.95)
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Decision on DefGood - PNN

* Parameterization failed to generate theta values that were useful in
parameterizing the PNN.



NBN Error Tolerance- <15 nM DefGood in
JAK?

 0-50% absolute error



<15 nM DefGood in JAK2, 5% error; Random
seed = 1515533876005
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<15nM DefGood in JAK2, 10% error
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<15nM DefGood in JAK2, 15% error
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<15nM DefGood in JAK2, 20% error
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<15nM DefGood in JAK2, 30% error
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<15n|\/| DefGood in JAK2, 35% error
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<15n|\/| DefGood in JAK2, 40% error
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<15nM DefGood in JAK?2, 10% error; Random
seed 479
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<15nM DefGood in JAKZ 20% error; Random
seed 479 -
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<15nM DefGood in JAKZ 25% error; Random

sged 479
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<5nM DefGood in JAK2, 30% error; Random
seed 479 :w

True Positive Rate
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Top 10% Mean 418 nM
IC50
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<15nM DefGood in JAK2, 10% error; Random
seed = 121783

¥
[ Scare (1) ws ACTIVE (0,7156)
I I I I I

Score (1) (0.782)

450
400

N=725 ® Score (1) @ random . . . .
_ Predicted Active Predicted Inactive
Top 10% Mean
IC50

1,427 nM
Active 134 39

(4 micromolar
mistakes) Inactive 227 325




<15nM DefGood in JAK2, 0% error; Random
seed =121783

Top 10% Mean 1,427 nM
IC50 (4 micromolar
mistakes)

This sample was
discarded

N=725
_ Predicted Active Predicted Inactive

Active 134 39
Inactive 227 325



<15nM DefGood in JAK2, 10% error; Random
seed = 12178

; Score (1) ws ACTIVE (0.6918)
I I [ I [

450
400

® Score (1) @ random

Active 112 61
Inactive 148 404

N=725
_ Predicted Active Predicted Inactive
Top 10% Mean 65.7 nM
IC50




<15nM DefGood in JAK2, 20% error; Random

1/
_ .I'IIJ Score (1) vs ACTIVE (0,6907)
N=725 ® Score (1) @ random . . . .
_ Predicted Active Predicted Inactive
Top 10% Mean

Inactive 109 443



<15nM DefGood in JAK?2, 30% error; Random
seed - 12178 2

;’J Score (1) ws ACTIVE (0.6857)
I I I I

Active 122 51
Inactive 187 365

N=725 ® Score (1) @ random Falze Positive Rate
_ Predicted Active Predicted Inactive
Top 10% Mean | 136 nM
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<15nM DefGood in JAK2, 35% error; Random
seed = 12178

;’J Score (1) ws ACTIVE (0.6737)
I I I I I

450
400

Active 106 67
Inactive 132 420

N=725 ® Score (1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean 117 nM
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<15nM DefGood in JAK2, 40% error; Random
seed = 121783

Score (1) vs ACTIVE (0.6397)
T T T

450
400

Active 95 78
Inactive 143 408

® Score(1) @ random
N=725
_ Predicted Active Predicted Inactive
Top 10% Mean 141 nM
IC50




Conclusion - NBN

* An NBN could be generated for JAK2 kinase with a decision value of
<5 nM as defined as active. The predictivity of the algorithm could be
preserved in three random train/test cycles. The point of failure was
40%, 30% and 40% error.

* Importantly, the split with a random seed of 121783 had a
catastrophic mistake from the very beginning without error. Another
random seed was used instead



RF Error Tolerance- <5 nM DefGood in JAK2

 0-50% absolute error



RF- <15nM DefGood in JAK2, 10% error
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RF- <15nM DefGood in JAK2, 20% error
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RF- <15nM DefGood in JAK2, 25% error
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RF-<15nM DefGood in JAKZ 30% error
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RF-<
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15nM DetfGood in JAK2, 35% error
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RF- <15nM DefGood in JAK2, 40% error
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<15nM DefGood in JAK2, 10% error; Random
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<15nM DefGood in JAK2,

seed =429
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<15nM DefGood in JAK2, 20% error; Random
429
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<15nM DefGood in JAK2, 30% error; Random
seed =429
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<15nM DefGood in JAK2,

seed =121783
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<15nM DefGood in JAK2, 20% error; Random

seed =121783
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<15nM DefGood in JAK2, 30% error; Random
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<15nM DefGood in JAK2, 35% error; Random
seed = 121783

P (ACTI‘u‘E=1] vs ACTI‘u‘E (0.6025)
I

450

N=725 @® P(ACTIVE=1) @ random
_ Predicted Active Predicted Inactive
Top 10% Mean 743 nM
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Conclusion - RF

A Random Forrest could be generated for JAK2 kinase with a decision
value of <15 nM as defined as active. The predictivity of the algorithm
could be preserved in three random train/test cycles as error was

introduced in the training set. The point of failure was 40%, 30% and
35% error.



Conclusion - PNN

* PNN failed in the control phase



MEK1



MEK1 NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 5 and 50 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

* Resulted in 823 compounds after cleaning the data



<5 nM DefGood in MEK1
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<10 n1!\/l DefGood in MEK1
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<15 nM DefGood in MEK1
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<20 n1IO\/I DefGood in MEK1
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1.0

350 /

<25 nM DefGood in MEK1

3257

True Positive Rate

30.07
27 .57
25.07
2257
20.07
17 .57
156.077
12.57]
10.07

7.5

5.0

287
Scare (1) ws ACTIVE (0,7766)
Score (1) (0.847) | T | | | | | | | | | | | | | |

0.0 10 30 a0 70 an 110 130 150
0.0 0.1 0.2 03 0.4 05 06 0.7 0.8 0.9 10 o 20 40 &0 2o 100 120 140 185

® Score (1) @ random

N=166
_ Predicted Active Predicted Inactive
Top 10% Mean

IC50 Active 25 10
Inactive 24 106




<35 nM DefGood in MEK1
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<50 nM DefGood in MEK1
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Decision on DefGood

e <35 nM has the best performance with regard to enrichment and
mean top 10% IC50, although <50 nM has a similar performance. The
precision of the <35 nM NBN was 0.629 whereas the precision of the
<50 nM NBN was 0.66. Therefore, <50 nM was used as DefGood



RF - <50 nM DefGood in MEK1
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Decision on DefGood - RF

e Work in ALK showed DefGood in the NBN was similar to DefGood in
an RF. Therefore, this value for DefGood from the NBN design was
used as DefGood.



PNN - <50 nM DefGood in MEK1

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 5 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.05
and Theta Plus =0.75



PNN - <50 nM DefGood in MEK1
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Decision on DefGood - PNN

e Parameterization resulted in a useful PNN with the <50 nM DefGood.
Parameterization for each model adds significant time to the process.
A rough benchmark can be applied where point of failure is
discovered and then the model is parameterized to ensure that the
situation is optimal for the PNN. This will be applied to the discovery
of the error tolerance threshold for the PNN as was done in the beta
2 adrenergic receptor space.



NBN Error Tolerance- <50 nM DefGood in
MEK1

 0-50% absolute error



<50 nM DefGood in MEK1, 5% error; Random
seed = 1515533876005
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<50nM DefGood in MEK1, 10% error
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<50nM DefGood in MEK1, 20% error
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<50nM DefGood in MEK1,

30% error
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<50nM DetGood in MEK1, 35% error
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<50n|\/| DefGood in MEK1,
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<50nM DetGood in MEK1, 20% error;
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<50nM DefGood in MEK1, 30% error;
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<50nM DefGood in I\/IEK1 35% error;
Random seed =429
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<50nM DefGood in MEK1, 40% error;
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<50nM DefGood in MEK1, 20% error;
Random seed = 121783
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<50nM DefGood in MEK1, 30% error;
Randqq seed = 121783
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<50nM

DefGood in MEK1, 35% error;
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<50nM DefGood in MEK1, 40% error;
Randgrr seed = 121783
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Conclusion - NBN

* An NBN could be generated for MEK1 kinase with a decision value of
<50 nM as defined as active. The predictivity of the algorithm could
be preserved in three random train/test cycles. The point of failure
was 40%, 35% and 40% error.



RF Error Tolerance- <50 nM DefGood in MEK1

 0-50% absolute error



RF- <50nM DefGood in MEK1, 10% error
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RF- <50nM DefGood in MEK1, 20% error

P (ACTIVE=1) vs ACTIVE (0.7018)
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RF- <50nM DefGood in MEK1, 25% error
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RF- <50n|\/| DefGood in MEK1, 30% error
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<50nM DefGood in MEK1, 10% error;
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<50nM DefGood in MEK1, 20% error;
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<50nM DefGood in MEK1, 25% error;
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<50nM DefGood in MEK1, 30% error;
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<50nM DefGood in MEK1, 10% error;
Random seed = 121783
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<50nM DefGood in MEK1, 25% error;
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Conclusion - RF

* A Random Forrest could be generated for MEK1 kinase with a
decision value of <50 nM as defined as active. The predictivity of the
algorithm could be preserved in three random train/test cycles as
error was introduced in the training set. The point of failure was 30%,
35% and 25% error.



PNN- <50nM DefGood in MEK1, 5% error ;
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PNN- <50nM DefGood in MEK1, 5% error ;
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PNN - <50nM DefGood in MEK1, 5% error; Random seed = 429 (reparameterized
Theta minus = 0.15; theta plus = 0.85)
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PNN - <50nM DefGood in MEK1, 5% error;
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PNN - <50nM DefGood in MEK1, 10% error;
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PNN - <50nM DefGood in MEK1, 15% error;
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PNN - <50nM DefGood in MEK1, 20% error; Random seed = 121783
(reparameterized Theta minus = 0.35; theta plus = 0.35)
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PNN - <50nM DefGood in MEK1, 25% error; Random seed = 121783
(reparameterized Theta minus = 0.35; theta plus = 0.35)
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Conclusion - PNN

* Across three random seeds, the % error that lead to a significant
enrichment failure and/or top 10% IC50 increase in the retrospective
test was 5%, 5% and 25% for each unique random seed.

e Parameterization did not alter one of the failure points, and moved
the point of failure from 20% to 25% in the last random split.



PARP1



PARP1 NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 5 and 25 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

e Resulted in 1933 compounds after cleaning the data



<5 nI\/I DefGood in PARP1
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<10 nM DefGood in PARP1
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<15 nM DefGood in PARP1
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<25 nM DefGood in PARP1
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Decision on DefGood

e <20 nM has the best performance with regard to enrichment and
mean top 10% IC50.



RF - <ZO nM DefGood in PARP1
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Decision on DefGood - RF

e Work in ALK showed DefGood in the NBN was similar to DefGood in
an RF. Therefore, this value for DefGood from the NBN design was
used as DefGood.



PNN - <20 nM DefGood in PARP1

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 20 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.05
and Theta Plus = 0.55



PNN - <20 nM DefGood in PARP1
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Decision on DefGood - PNN

e Parameterization resulted in a useful PNN with the <20 nM DefGood.
Parameterization for each model adds significant time to the process.
A rough benchmark can be applied where point of failure is
discovered and then the model is parameterized to ensure that the
situation is optimal for the PNN. This will be applied to the discovery
of the error tolerance threshold for the PNN as was done in the beta
2 adrenergic receptor space.



NBN Error Tolerance- <20 nM DefGood in
PARP1

 0-50% absolute error




<20 nM DefGood in PARP1, 5% error; Random
seedﬁ = 1515533876005
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<20nM DefGood in PARPl 5% error; Random
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<20nM DefGood in PARP1, 10% error;

N=388

Random seed =429
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<20nM DefGood in PARP1, 20% error;

Rgndom seed =429
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<20nM DefGood in PARPl 30% error;

N=388

Random seed = 429
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<20nM DefGood in PARP1, 40% error;
Rarmwdom seed =429

Score (1) ws ACTIVE (0,7223)
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<20nM DefGood in PARP1, 45% error;

Random seed =429

N=388 ® Score (1) @ rand
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<20nM DefGood in PARP1, 20% error;
Randg?rr seed =121783

Score I[lj vs ACTIVE (0.8108)
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<20nM DefGood in PARP1, 30% error;
RandS)rr seed = 121783
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<20nM DefGood in PARP1, 40% error;
Random seed = 121783

Score (1) ws ACTIVE (0,7755)
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<20nM DefGood in PARP1, 45% error;
Ranqu seed = 121783

Score (1) vs ACTIVE (0,7315)
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<20nM DefGood in PARP1, 50% error;
RaanW seed = 121783
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Conclusion - NBN

* An NBN could be generated for PARP1 kinase with a decision value of
<20 nM as defined as active. The predictivity of the algorithm could
be preserved in three random train/test cycles. The point of failure
was 5%, 45% and 50% error.

* The 5% failure point had one mistake ranked at the bottom of the top
10% which was >300,000 nM.



RF Error Tolerance- <20 nM DefGood in
PARP1

 0-50% absolute error




RF- <20nM DefGood in PARP1, 10% error
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RF- <20nM DefGood in PARP1, 20% error
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RF- <20nM DefGood in PARP: 25% error
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1.0

RF- <20nM DefGood in PARP1, 30% error
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RF- <20n|\/| DefGood in PARP1, 35% error
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RF- <20nM DefGood in PARP1, 40% error
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<20nM
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<20nM DefGood in PARP1, 20% error;
Randorr seed =429
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<20nM DefGood in PARP1, 25% error;
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<20nM DefGood in PARP1, 30% error;
Random seed = 429
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<20nM DefGood in PARP1, 10% error;
Random seed = 121783

P (ACTIVE=1) vs ACTIVE (0.8095)
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<20nM DefGood in PARP1, 20% error;
Ranchrr seed =121783
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<20nM DefGood in PARP1, 25% error;
Random seed = 121783
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<20nM

DefGood in PARP1, 30% error;

Randorr

seed =121783
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<20nM DefGood in PARP1, 35% error;
Random seed = 121783

P (ACTIVE=1) vs ACTIVE (0.6745)
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<20nM DefGood in PARP1, 40% error;
Random seed = 121783

P (ACTIVE=1) vs ACTIVE (0.6404)
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Conclusion - RF

A Random Forrest could be generated for PARP1 kinase with a
decision value of <20 nM as defined as active. The predictivity of the
algorithm could be preserved in three random train/test cycles as
error was introduced in the training set. The point of failure was 40%,
25% and 40% error.



PNN- <20nM DefGood in PARP1, 5% error ;
Random seed = 151553387635005
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PNN - <20nM DefGood in PARP1, 5% error; Random seed = 1515533876005
(reparameterized Theta minus = 0.05; theta plus = 0.95)
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PNN- <20nM DefGood in PARP1, 10% error ;
Rand@gm seed = 1515533876005
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PNN- <20nM DefGood in PARP1, 20% error ;
Randgqm seed = 15155338761905
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PNN- <20nM DefGood in PARP1, 25% error ;
Random seed = 1515533876005
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PNN - <20nM DefGood in PARP1, 25% error; Random seed = 1515533876005
(reparameterized Theta minus = 0.55; theta plus = 0.65)
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PNN- <20nM DefGood in PARP1, 5% error ;
Random seed = 429
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PNN - <20nM DefGood in PARP1, 5% error; Random seed = 429 (reparameterized
Theta minus = 0.05; theta plus = 0.75)
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PNN - <20nM DefGood in PARP1, 5% error;
Randmc;_om seed =121783
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PNN - <20nM DefGood in PARP1, 10% error;
Randqm seed =121783

P [ACTIVE=1) vs ACTIVE (0.6715)
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PNN - <20nM DefGood in PARP1, 15% error;
Ran@gm seed =121783

P [ACTIVE=1) vs ACTIVE (0.6658)
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PNN - <20nM DefGood in PARP1, 20% error;
Random seed = 121783

P (ACTIVE=1) vs ACTIVE (0.6450)
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Active 42 63
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PNN - <20nM DefGood in PARP1, 20% error; Random seed = 121783
(reparameterized Theta minus = 0.35; theta plus = 0.75)
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PNN - <20nM DefGood in PARP1, 25% error; Random seed = 121783
(reparameterlzed Theta minus = 0.35; theta plus = 0.65)
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Conclusion - PNN

* Across three random seeds, the % error that lead to a significant
enrichment failure and/or top 10% IC50 increase in the retrospective
test was 25%, 5% and 25% for each unique random seed.

e Parameterization did not alter one of the failure points, and moved
the point of failure from 20% to 25% in the last random split.
However, reparameterization did rescue a significant failure in this
instance as the first random split went from 5% to 25%.



TYRO3



TYRO3 NBN Design

* Rules - SRELATIONS = "=" OR SIC50S > 999 OR SIC50S < 10 => TRUE
* Sort ascending and remove duplicates

* DefGood scanned between 5 and 35 nM

e 80-20 split for both actives and inactives

* NBN — ECFP4 used Classifier where Prediction was Active = True

* Resulted in 277 compounds after cleaning



<5 nM DefGood in TYRO3
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<10 nI\/I DefGood in TYRO3
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<15 nM DefGood in TYRO3
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<20 nM DefGood in TYRO?3
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<25 nM DefGood in TYRO3
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<35 nM DefGood in TYRO?3
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Decision on DefGood

* <25 nM has the best performance with regard to enrichment and
mean top 10% IC50.



RF - <25 nM DefGood in TYRO3
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Decision on DefGood - RF

e Work in ALK showed DefGood in the NBN was similar to DefGood in
an RF. Therefore, this value for DefGood from the NBN design was
used as DefGood.



PNN - <25 nM DefGood in TYRO3

* Properties List (46 calculatable properties were used)

e Parameterization (Global Accuracy for Activity at a 25 nM decision
value was used, and a 5-fold stratified sampling cross validation was
used to parameterize theta minus and theta plus) Theta Minus = 0.75

and Theta Plus = 0.05. This parameterization is not allowed in the
PNN algorithm, and PNN was not used as a result



NBN Error Tolerance- <25 nM DefGood in
TYROS3

 0-50% absolute error



<25 nM DefGood in TYRO3, 5% error:;
Random seed = 1515533876005
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<25 nM DefGood in TYRO3, 10% error;
Ranqloom seed = 1515533876005
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<25 nI\/I DefGood in TYRO3, 15% error;
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<25 nI\/I DefGood in TYRO3, 20% error;
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<25 nM DefGood in TYRO3, 25% error;
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<25 nM DetGood in TYRO3, 30% error;
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<25 nM DefGood in TYRO3, 5% error:;
Randmom seed =429 |
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<25nM DefGood in TYRO3, 10% error;
Random seed = 429 , [
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<25 nM DefGood in TYRO3, 5% error:;
Random seed = 121783
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<25nM DefGood in TYRO3, 10% error;
Random seed = 121783

Score (1) vs ACTIVE (0,8750)
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Conclusion - NBN

* An NBN could be generated for TYRO3 kinase with a decision value of
<25 nM as defined as active. The predictivity of the algorithm could
be preserved in three random train/test cycles. The point of failure
was 30%, 10% and 5% error.



RF Error Tolerance- <25 nM DefGood in
TYROS3

 0-50% absolute error



RF- <25nM DefGood in TYRO3, 10% error
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RF- <25nI\/I DefGood in TYRO3 15% error
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RF- <25n|\/| DefGood in TYROB 20% error
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<25nM DefGood in TYRO3, 0% error; Random
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<25nM DefGood in TYRO3, 5% error; Random
seed 479 [
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<25nM DefGood in TYRO3, 10% error;
Random seed =429 '
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<25nM DefGood in TYRO3, 0% error; Random
seed =121783
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* 121783 failed to give a good model in the RF, 12178 was used instead



<25nM DefGood in TYRO3, 0% error; Random
seed =12178
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<25nM DefGood in TYRO3, 5% error; Random
seed = 12178
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Conclusion - RF

A Random Forrest could be generated for TYRO3 kinase with a
decision value of <25 nM as defined as active. In two out of three
cases, the algorithm could accommodate small amounts of error. In
one case, a successful algorithm could not be generated as the
original dataset with a split using 121783 as the seed generated a top
10% IC50 of >800 nM. Therefore, another seed (12178) was used, and
this set was found to generate a useful NBN. The point of failure was

20%, 5% and 5% error.



Conclusion - PNN

e A PNN could not be used.



