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Data Visualisation: Saying it all in a
bite -sized chunk




Overview

w Data visualisation
wLess is more?
w The many dimensions of drug discovery data

w Multi-Parameter Optimisation

w Conclusions




Data Visualisation
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Why use data visualisation?

w Visualisation systems provide visual representations of data
sets designed to help peoptarry out tasks more efficiently

w Visualisation allows people to analyse data when tRey y" Q (
know exactly what they are looking for

wX g KSY (KS NBaugmant Humayi SafaRilitiéis2
rather than replace people with computational decision
making methods




Use of data visualisation
When the stati sAnes 0 tuarigts v e

X1 Y1l X2 Y2 X3 Y3 X4 Y4

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76
13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71

9.0 8.81 9.0 877 9.0 /AN Property Value

11.0 833 11.0 926 110 7.81 |Mean(x) 9

140 9.96 140 810 140 884 |Variance(x) |11

6.0 724 6.0 6.13 6.0 6.08 | Mean(y) 7.5 (2dp)

4.0 426 4.0 310 4.0 5.39 | Variance(y) |4.122or

120 1084 120 913 120 8.15 4.127 (3dp)

70 482 70 726 70 642 |
Linear y =3 + 0.5x

5.0 5.68 5.0 4.74 5.0 5.73

regression (2dp)




Use of data visualisation
When the stati sAnes 0 tuarigts v e

T T T T T T T T
4 6 8 10 12 14 16 18

X2

Property Value

21 Mean(x) 9

" 1:_ Variance(x) |11
] g Mean(y) 7.5 (2dp)
) Variance(y) | 4.122or

T T T T T T T T T T T T T T T T
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18

X3 X4 4.127 (3dp)
Pearson r 0.816 (3dp)
Linear y =3 + 0.5x

regression (2dp)




A few (obvious?) doo0s

AN

v o

W52y QU0 RAAUZ2ZNIL GKS RIFGOLF

Same Data, Different Y-Axis . .
Gun deaths in Florida

Interest Rates Interest Rates
3.154% 3.50% Number of murders committed using firearms
0
3.152% 3.00%
3.150% 2.50%
200
3.148% 2.00% 2005
Florida enacted
3.146% 1.50% its ‘Stand Your
400 ’
Ground’ law
3.144% 1.00% ove) L
3.142% I I 0.50% 600 - P -
aaox M H_H B 0.00% , - 4
2008 2009 2010 2011 2012 2008 2009 2010 2011 2012 - -
873
1,000

1990s | 2000s 12010s

Source: Florida Department of Law Enforcement

C.Chan 16/02/2014 €% REUTERS
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A few (obvious?) doo0s

w52y Q0 RAA&G2 NI

G6KS RI G

b But do simplify the less important information

140
120 S

100 \
B0 ———

40 -

: _\—’//

L o o
1987 19901993 1996 1999 2002 2005 2008

140 —

100
B0
60 —

40

20+

Ot
1987 1990 1993 1996 1999 2002 2005 2008
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A few (obvious?) doo0s

AN

W52y QU0 RAAUZ2ZNIL GKS RIFGOLF
b But do simplify the less important information

w Consider the squint test
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A few (obvious?) doo0s

AN

w52y Q0 RAAG2NI GKS RIFOI
b But do simplify the less important information

w Consider the squint test

w Use consistent layoL 1998

1999 2000
III-I- III-I- III-II
2002 2003 2004
IIII.I IIII.I IIII.I
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A few (obvious?) doo0s

AN

w52y Q0 RAAG2NI GKS RIFOI
b But do simplify the less important information

w Consider the squint test
w Use consistent layout

w52y Q0 FT2NOS UKS NBIFIRSNI a2 O

M central
East
W south
$300,000 -{ I west
k4
3 5200000
so | “ |
Jan  Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec

$100,000
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(obvious?) doo0s

w52y QI

RA a2 NI

G6KS RI G

b But do simplify the less important information

w Consider the squint test

w Use consistent layout

w52y QI

w52y QI

F2NDS (GKS NBIFIRSNJ 2
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Less is more?




The predominance of social media

Social network sites worldwide ranked by number of
active users (in millions, as of January 2017,)

1871

Facebook
1,871

317

Unkednli
106




Designing a Visualisation

w Tufte: What makes for such graphical elegance? ... Good
design has two key elements: Graphical elegance is often
found insimplicity of desigmndcomplexity of data

Carte Figuralive. ses peces suersoes o Bowmes 3e 8’ Xomée Frei améz,‘fm campagne 2o < Russie 1812 1813,
Diessd . NMimazd, eur. Gend Pould et— ' elraite
zeasée pax- Duspectoue Cienéral des wosied en. s, Ao 20 N ; 1865.
e obies 3 hommes pisots omrpcisntés oo osgeuns 3 vt eecis & paison- 3 willwiti: powe i illeoommes i o ac plas et entiawes @ _yoscou

X,
260 soues . Lo touge: diigue-Les romames, quiveutiem—sen Russie s lewoin conac-quis o doctau—s — fos reusciguements qui ows—dewwi & dvessee la cale. om i puiode %
daws fes ousrages T;ﬁﬂl Chiers, decfequr; de-Fezendac; de. (fbmmf:l‘qy aejounal iwidiese Jacol, r‘:n&lm 2e M tomic depuis fe- 28 Oclobee . A .
te, o & anel 2w Beimee Jixo 3w Marichal O, ¥ avaionin st 34 § e
ot

Fowe wicus. foine- juger ol Ko dimimation e Laswie) o puprposi g 9 ¢ adtachis swe Ainsk/
e Mobilow evomrejoratrvess Onschacs—WidboK., avaions—tonjouss marchi avee fawméc .

10000

TABLEAU CRAPHIQUE della températute en degiés dy thermométre de Réaunr au dessous de zéro.

i
Zas Casaguar paswent au gelop — . i
lo Nidmen gelé.. [ Tul 90 1e 9 9
3 - = - —
[ 30" e 28 9! —2(le 14 9! 115
e X' o
PIY T i = 4-1_:—175 X == - T
— 3016 X"
THung.por Ragnie, 3. Faz. 3 Narse 3% 003 Paris [ —

w Minard'sgraphic of Napoleon's Russian march and retreat

© 2017 Optibrium Ltd.



The many dimensions of drug discovery
data
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Drug discovery example

[ SGQa f221a G &a2YS RNMXzZ2 RA A&
b Library of 264 5HT1a compounds
b Measured potencies and other ADME/physicochemical properties

b Six differenichemotypes

2(arylcycloal | Arylpiperazineq120) | Arylpiperidines | Aminotetralines | N- Aporphines(20)
kylamine) 1- (51) aryloxyethylindol

ealkylamines

(29)

indanols




Potencies of chemotypes

107
L] .
.
- . PR —
o
——
< — .
(o}
N
by
- — 8_
o
o L
©
i N
— 7 ’
T
LN
6 PR S
.
- .
> 2(arylcycloalkylamine) 1-indanol arylpiperazine arylpiperidine aminotetraline N-aryloxyethylindoleal kylamine aporphine

© 2017 Optibrium Ltd.




éebut we have many pr ope




Data in drug discovery

w?2 KFIidQa OSNIIFAYyK
b We know some simple properties of our compounds
w2 KIFIiaQa y20 a2 OSNII AYyK
b InvitrdIn vivomeasurements

o0 experimental variability

b In silicopredictions

o statistical error

b Inference/translation



Uncertain data

w A good RMSE for logS (solubility) is 0.6

w Assuming normal distribution a logS value of 2
OUKIGQa mnnxav YSIyay

b 68% of the time this represents an actual value between
1.4 and 2.6 (25uM to 400uM)

b 95% of the time this represents an actual value between
0.8 and 3.2 (6uM to 1.6mM)

b 99% of the time this represents an actual value between
0.2 and 3.8 (1.6puM to 6.3mM)

© 2017 Optibrium Ltd.



LogS d Without Error Bars

logS
N

|
o




LogS d 1 Standard Deviation

logS
N
|
—@—




LogS 0 3 Standard Deviations

logS
N

|
@

© 2017 Optibrium Ltd.



Importance of Uncertainty

Desired value > Threshold

A V

100 10 1 0.1
UNDESIRABLE DESIRABLE

Property Y




Importance of Uncertainty

Desired value > Threshold
A B C

X xv

100 10 1 0.1
UNDESIRABLE DESIRABLE
Property Y



Importance of Uncertainty

Desired value > Threshold

A | B I C
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Property Y



Importance of Uncertainty

Desired value > Threshold

A B , C
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Importance of Uncertainty

Desired value > Threshold
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Importance of Uncertainty

Desired value > Threshold
A B C

X xv

100 10 1 0.1
UNDESIRABLE DESIRABLE
Property Y



Importance of Uncertainty

Desired value > Threshold

D E |
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Importance of Uncertainty

Desired value > Threshold
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Importance of Uncertainty

Desired value > Threshold

D E |
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100 10 1 0.1
UNDESIRABLE DESIRABLE
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éand dondot forget

w We probably have guite a few properties we need ftt
optimise!

b Each will have their own uncertainty

L 91 OK gAft KIS AGa 26y ONJ

b Each will have its own level of importance relative to the
other properties




Multi -Parameter Optimisation

~optibrium



Guiding Decisions in Compound Optimisation
Multi -parameter optimisation

Hit Drug
_ _ _ _ A Potency o
wldentify chemistries with an Saey
optimal balanceof properties ., Absorption
£ | solubility
8 Metabolic
o stability
wQuickly identify situa_tions e
when such a balance is not
. Potency
possible A Safety
bFall fast, fail cheap S E—
. S 1Solubility,
EOnly whenconfident 5 Metabolic
. stability
>

BAvoidmissed opportunities
No good drug

Property 1

M.D. Segall (2012) Curr. Pharm. Oe%9) pp. 12921310



Back to our 5HT1a library

w Example criteria we might like to achieve for an ideal compour

Potency pK) > 7 High
logS(log uM) >1 High
Human Intestinal + High
Absorption (category)

BBB log([brain]:[blood]) -0.2->1 High
logP 0->3.5 Medium
P-gp (category) No Medium
hERG plIC50 X p Medium
2C9pK X c Low
2D6 affinity (category) Low/Medium Low
Plasma protein binding  Low Low
(category)



Putting it all together (MPO):
Probabilistic Scoring* 9 Scoring Profile

Property Desired Value Importance
B 5HT1a affinity (pki) > 7 "
W logs N e
M HIA category + e
W logP 0->35 [ —
W BBB log([brain)[blood])  -0.2-> 1 ————
M BBB category * % Score Editer: SHT1a affinity (pKi) ? X
B P-gp category no
B hERG pIC50 £ 5 Category: ~  Importance: EEEE—
W 2C9 pkKi = 6 Insert Delete 1.01
206 affinity category low medium Range Score

[ PPBS0 category low ,

-inf -> & 0.05

B-»8 0.05-» 1.00
8= inf 1.00 0.5

0.0
4.77 6.36 7.95 9.54

ok | Cancel

* Segallet al. (2009) Chem. &iodiv 6 p. 2144



Multi -parameter Optimisation
Probabilistic Scoring*

w Property data
b Experimental or predicted

w Criteria for success
b Relative importance

3
y,

AScore (Likelihood of Success
wConfidence In score

w Uncertainties in data
b Experimental or statistical

Data do not

as error bars
overlap

Score

1

-

separate these

0.8

Error bars show
ﬂ G — cONfldence in
overall score

'H( Bottom 50%
0.6 | _¢_'\ .

fadal may be rgjected
04 *o with confidence
BéSt 4 Cor;poun;lzs ordi—fred b)z/oscore24 W() rSt

*M.D. Segall (2012) Curr. Pharm. DEX9) pp. 12921310



The best compound

/0
MPO Score: 0.5017

The context:

Property
B 5HT1a affinity (pKi)
M logs
B HIA category
M logP

[ BBE log([brain]:[blocd])

B BBE category
B P-gp category
B hERG pIC50
W 209 pKi
206 affinity category
[ PPBY0 category

Desired Value
= 7
=1

.
0-»35[
0251

+
no

£ 3
£ 6

low medium

lowr

Importance

© 2017 Optibrium Ltd.




The best of each chemotype

© 2017 Optibrium Ltd.

The context:

Property
B 5HT1a affinity (pKi)
M logs
B HIA category
M logP

[ BBE log([brain]:[blocd])

B BBE category
B P-gp category
B hERG pIC50
W 209 pKi
206 affinity category
[ PPBY0 category

Desired Value
= 7
=1

.
0-»35[
0251

+

low medium

lowr

Importance




