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The application and evaluation of cardiac models for
drug safety assessment, are we spoilt for choice?
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Background




The ECG

1st action potential for each heart beat occurs in the Sino-Atrial node

This initiates a wave of excitation that spreads through the heart and
generates an electrical signal that can be detected at the body surface
the electrocardiogram (ECG)
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What is the risk of drug-induced effects on the
ECG?

Substantial number of drugs withdrawn from sale owing to QT interval
prolongation & Torsades de Pointes (twisting of the points - QRS)

© An ECG is a recording of the electrical activity that initi-
/  ates each heartbeat.
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Development of cardiac risk strategy

Genetic evidence — LQT disorders (e.g. Curran et al. 1995)

Pharmacological evidence for withdrawn drugs i.e. linkage with hERG
activity, e.g.

Terfenadine — Rampe et al 1993
Cisapride — Rampe et al 1997

Regulatory guidance and requirements, e.g.

CPMP/986/96: ICH S7B:
The assessment for The non-clinical evaluation
the potential for QT of the potential for delayed
prolongation by non- ICH STA: ventricular repolarisation
cardiovascular Safety Pharmacology (QT interval prolongation)
medicinal products studies for human by human pharmaceuticals
pharmaceuticals

‘ 1996 ‘ 1997 ‘ 1998 ‘ 1999 ‘ 2000 ‘ 2001 ‘ 2002 ‘ 2003 ‘ 2004 ‘ 2005 ‘ 2006 |2007?>

20157

E14:

The clinical evaluation of
QT/QTc interval
prolongation and

proarrhythmic potential for
non-antiarrhythmic drugs
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There’s something else going on

TdP Likely TdP Possible The paraqligm that “hERG > QT
- prolongation -> TdP” is no longer
acceptable

Increased understanding of cardiomyocyte
electrophysiology has supported improved
models of possible causation

This has led to increased number of ion
channel profiling in discovery projects
(typically to include hERG, Navl.5,
Cavl.2)

In-silico approaches to offer an
interpretation of the multi-ion channel data

Valentin JP (from presentation at Computational Cardiovascular Science Workshop, Oxford, Sept 2014)
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Membrane currents that generate a normal action

potential
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Limitations of “molecularising” the ventricular
Action Potential

Although able to generate inhibition curves for compound X against all
the key channels in isolation, testing in an integrated system is needed
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Virtual simulations provide an
interpretation and a prediction of the

integrated system from isolated ion
channel screens
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Where does M+S fit in decision making?

OUTPUTS
INPUTS

Portable,
integrated form

Clearly defined
assumptions

Integrated, mathematical
representation of all inputs

Enhanced
understanding

Predictions vs observations

Enhanced decision making

Visser et al (2014) CPT Pharmacometrics Syst. Pharmacol
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Modelling approaches




Rationale and background

Unlike some empirical models, mechanistic models are able to integrate individual ion
channel effects measured using automated patch clamp systems (APC)

The end of the action potential from left ventricular myocytes correlates with the end of the
QT-interval on the ECG

Therefore action potential simulations are a useful surrogate for ECG effects

However, recent initiatives e.g. CiPA present a greater opportunity of usage of in-silico
models

Furthermore these models provide an excellent means for developing novel biomarkers for
predicting beyond QT e.g. TdP/proarryhthmia risk

et Ref 1. Ref 2.
——. ._. Q /_.-—‘
5 . for each &l A / ECG effects
g | | % 8
= ' channel » s - » 5 5 o » < / e.g. QT-
- N L!__J S |~ APD—L R ( 8- Q
. e T , | interval)
Concentration Time Concentration
Cardiac ion channel Action potential Simulated action Action potential duration
HTS panel model potentials concentration-effect curve
No. compounds  1000’s 100’s 10’s

screened
experimentally:
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Which model to use?

Cell Type (Different Shape)
(:;*SAN [\ atrium D Purkinje [ | Ventricle < >0ther

Species (Colour Coded)
Mcanine [T]Frog [ |Guinea Pig [[JHuman [T]Mammalian [7]mouse [Rat [ | Rabbit

Model ‘Evolution’ Tree

Noble Family and tenTusscher Family

e
@ =

Bristow&Clark1982

tenTusscher2006 | | Fink2008 || Fink2008 ‘
Nordin1993 ‘ / Hilgemann&Noble1587 \ | == || ||
Noble1989 / Earm&Noble1930 \ | Noble1991 |
Noble1998

I |
2] L3 Iribe2006
| Noble2000 | Sakmann2000 ‘

Luo&Rudy Family

Luo&Rudy1991

Luo&Rudy1994

1 + + +

. Faber& | |Puglisi& | |Clancy& | | Clancy&
D':'g;'g"a Rudy || Bers || Rudy || Rudy
2000 || 2001 || 2001 2002

L 1
Priebe& 9
Zeng || Riemer | [Clancy&
Beuckelmann 1995 || 1998 Rudy
1998 1999

Bernus2002 u ‘Seemann2003

Davies et al (2016)

Drug Discovery Today (in press)
&

Niederer et al (2009) Exp. Physiol.

Rice1999 ‘

‘ Mahajan2008 || Shannon2004 |
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Adrian, Peachey, 1973
Reconstruction of the action potential of frog sartorius muscle
Albrecht, Colegrove, Friel, 2002
Differential Regulation of ER CaZ+ Uptake and Release Rates Accounts for Multiple Modes of CaZ+-induced Ca2+ Release
Albrecht, Colegrove, Hongpaisan, Pivovarova, Andrews, Friel, 2001
Multiple Modes of Calcium-induced Calcium Release in Sympathetic Neurons I: Attenuation of Endoplasmic Reticulum Ca2+ Accumulation at Low [Ca2+]i during
Weak Depolarisation
Aslanidi, Boyett, Dobrzynski, Li, Zhang, 2009
Mechanisms of transition from normal to reentrant electrical activity in @ model of rabbit atrial tissue: interaction of tissue heterogeneity and anisotropy
Aslanidi, Stewart, Boyett, Zhang, 2009
Optimal velocity and safety of discontinuous conduction through the heterogeneous Purkinje-ventricular junction
Beeler, Reuter, 1977
Reconstruction of the action potential of ventricular myocardial fibres, with modifications to demonstrate uncertainty.
Beeler, Reuter, 1977
Reconstruction of the action potential of ventricular myocardial fibres
Beeler, Reuter, 1977
Reconstruction of the action potential of ventricular myocardial fibres
Benson, Aslanidi, Zhang, Holden, 2008
The canine virtual ventricular wall: a platform for dissecting pharmacological effects on propagation and arrhythmogenesis (Epicardial Cell Model)
Benson, Aslanidi, Zhang, Holden, 2008
The canine virtual ventricular wall: a platform for dissecting pharmacological effects on propagation and arrhythmogenesis (Endocardial Cell Model)
Benson, Aslanidi, Zhang, Holden, 2008
The canine virtual ventricular wall: a platform for dissecting pharmacological effects on propagation and arrhythmogenesis (Midmyocardial Cell Model)
Bernus, Wilders, Zemlin, Verschelde, Panfilov, 2002
A computationally efficient electrophysiological model of human ventricular cells
Bertram, Arnot, Zamponi, 2002
Role for G protein G-beta-gamma isoform specificity in synaptic signal processing (Pre-Synaptic Cell)
Bertram, Arnot, Zamponi, 2002
Role for G protein G-beta-gamma isoform specificity in synaptic signal processing (Post-Synaptic Cell)
Bertram, Pedersen, Luciani, Sherman, 2006

A simplified model for mitochondrial ATP production .
Bertram, Previte, Sherman, Kinard, Satin, 2000 270 models In the

The Phantom Burster Model for Pancreatic Beta Cells (fast bursting model)
Bertram, Previte, Sherman, Kinard, Satin, 2000 9]

The Phantom Burster Model for Pancreatic Beta Cells (medium bursting model) electrophy5|0|ogy
Bertram, Previte, Sherman, Kinard, Satin, 2000

The Phantom Burster Model for Pancreatic Beta Cells (slow bursting model) page
Bertram, Rhoads, Cimbora, 2008

A phantom bursting mechanism for episodic bursting: original model
Bertram, Rhoads, Cimbora, 2008
A phantom bursting mechanism for episodic bursting: modified to include channel noise in the leak current
Bertram, Sherman, 2004
A Calcium-based Phantom Bursting Model for Pancreatic Islets
Bertram, Smolen, Sherman, Mears, Atwater, Martin, Soria, 1995
A role for calcium release-activated current (CRAC) in cholinergic modulation of electrical activity in pancreatic beta-cells
Bondarenko, Szigeti, Bett, Kim, Rasmusson, 2004
Computer model of action potential of mouse ventricular myocytes (Apical Cell Description)
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Is model granularity a function of processor speed?

i Color by
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Figure 2: Generally, the size and complexity and mathematical models
has increased over time in correlation with the availability of
computational power.
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Applying single cell models to drug development

SCIENTIFIC

Avaitable onfine at wiw sciencedrect com

REPg}RTS

Tror A P o Pt
ene ore Hiophysies I - ’ P e ok s 0 030
& loleeular .
BLSEVIER R e Biology An in silico canine cardiac midmyocardial action potential duration model as NG S RS
ow i a tool for early drug safety assessment A Journal of Pharmacological and Toxicological Methods
oeen MICE Models: Superior to the HERG : = o
SR Davie,! H. B. Mistry L. Hussen,* C. - Pollard 1. Vakestn, 1. Swiaton,'* % B 3 evier.comAocata/iphermi
2 3 i i N. Abl-Ges
Preclinical cardiac safety assessment of pharmaceutical rovshos e SO S SUBECT AREAS Model in Pred'c"ng Torsade de Pointes P
§ i i RAD, Maccesed, Unbed Kinpsom Jomes Kramer, Corlos A, Obejer-Poz’, Glenn Myct, Yori A Kuryshev', Acrew Brsring Woigh'
compounds using an integrated systems-based computer it 3¢ At Y i s s S S Vordoc & Asber M. B i Ei Prediction of Thorough QT study results using action potential @
model of the heart simulations based on ion channel screens

Do ML My HIL e L Pl CF, Vakot JP. Swiokon — Alhough ceil lnes expressiog fon channels (1C5) and the
advent of plate bused ehctrophysology devices Rave enabled

3 mokccular uaderstundiog of e acton polential

e of caly APDUADT sk asesmes 5, 26

e e g S LM St U Gary R. Mirams “*, Mark R. Davies " Stephen ). Brough °, Manthew H. Bridgland-Taylor °, ¥i Cui®,
Najah Abi-Gerges

AP) 3 David ). Gavaghan”,

Dean Bottino®, R Christian Penland®, Andrew Stamps®,
Martin Tracbert", Bérengére Dumotier", Anna Georgicvat,

bri mling 3. Sco e 1o be consensus on bow 1o use these data i understand Recownd. Gt kg vt S ot ) 11
Gabriel Helmlinger', G. Scott Lett* APDAQT sk, pasticulacly -m.“m,. madibes 2 rasge 27 March 2013 o e candinc BERG n
“The Bitasycs Grup LLC. US4 of maly Gompeniry cleckopbpiiy ki e e
X i MERC sy b b cmbrcel b7 il P o 4P s, o
Pred Pharmaceusicals USA fo assessment of 3 o 1330 2013 E"M.K S o b g cemtortan D el o chantots (Mulile 1
Deperimen o Chotl g, Usksy o S Corcles 054 20 tmacgraied sysicm that aniculaics these Pithed hERG,
S e 4G, Boel Svitoriond ations 1.4l very mach prsen. Cometly f vetricaba VT Y i T e 5 o s g o e s W
Mg & St Mo Pl ot e mdryocadal mpecyes (VMM waaly e eposracion e e arriccr wnro
Moking & Somiein, vt e i el R b Combrde, US4 Ot MMl Ly ol wih the o s wave (4, ot og o X ey
¥ teir effects on opacally 1)) are wsed for In v AP studkes 10 assess this. Aloogh 3 - tves (Type | negatives (Type 2 errom) G assay. The best Ao 3
Availible online 7 July 2005 chinge i AFD s 90% repolariation (APTa) wes wicd 10 gty e high Sroeghput AP platform s yet 1o be developed, thore c d
e, Toapots el i) o b e ekl v b il s gy —
e AP e fopehot v e oddoey Jord4 Prarruivians s
hat can be used 10 priceitize composeds fik AMS far o he buman et oedtad gene (HERG, Ky 11.1) channe has played an espectlly mgosant ke frard
Atstrace later stage cell-based assays o coml cardinc safty and the ARG pusch lamp sy % & hey regory requirement befose & it in man " froery
Siace o escripton of the s vesieiubar custia model - ; ——
Blockade of the delayed rectifier potassium chanael curreat, fx,. has been associated with .m,- mma (5). multiple models Bave been poblished 1o represent different x Mt
QT proonpaion i the o and Bl g carios eyt e o it o sl e B
{acrassingly clar et compound-indsced lateractions with wektiple caxdiac lon chasels ey ..,,..mmm codieg @ 13 aer the e . e
foct QT profongation that woukd resukt from inhibition of only Jx, [Redfern, W.S., Carlsson, L., ¢¢ al . 14). Applicaticn o
3. Relationshigs between preclinical cardisc electrophysiology, dinical QT interval ||mhm‘,un«m and cardias safety has recently re-
toraide de points for & brosd range of dence for @ provisionl salety margin i drig
development,Cardiorasc. Ra. (1) 33-45, Scch am escamcet may o0 b femitle i vir, 0 i compunncnl mln. oo ol compnd gy 1 v e T 4 i e e e
factorial processes that are also time-depen d bishly pon-lineac Ko, Tonsi & s ey X — — .
Limited prectinkal data. fx, hERG ass bttt
(Giseart, GA.. Limbesis, 1T, McDermat okongtion i i i o, i b s 1
e T e Experimentally calibrated population of models e i) 8 ontrs —
Cardiovasc. Pharmacol. 37(5), 607-618), wei atory guidance H ine i H iabili o maey posmtily el dewg hav b g a —
Sl Py h Todcwing e 10 predicts and explains intersubject variability " e aialy td e o S
enspnghis in cardiac cellular electrophysiology i st he it
. g ik o o anersandng o ]
- Ofiver 1. Bitton”, Alfonso Bueno-Orovio®, Karel Van Amme’, Hua Rong Lu, Rob Towart’, David J. Gallacher’, ftween e 4nd weas deugs? We v thio
oy vume|  Simulation of multiple ion channel block provides [ a0 Banca Rodeiguer e nr
ot 101016 o, 2005 06,006 H H y H:H 5 Mthamatica nastte, Unbvarity of Outood, Oxtord CIX1 Tol, Uinited Kingpieen, and Trasalstional Scances, P armiacotog, Revearc?
o improved early prediction of compounds’ clinical ;’*Tvr-m o o . 2 A new classifier-based strategy for
1 i focts that cam be Waltham, " 122000 in-sili i =t i
torsadogenic risk i o in-silico ion-channel cardiac drug 5
o Collir s i s of vy in o shctepyiclogicl . rmscqendy, o s i dclopod o
ivty of barts from ndividusis of o tome weties are & -yplcl” behavior whkin o particular popelstion (1), Thercor, safety assessment Jor
Gary R. Mirams*, Yi Cui?, Anna Sher!, Martin Fink?, Jonathan Cooper?, T imome, Howew i
Bronagh M. Heath*, Nick C. McMahon?, David J. Gmgmn’. and Denis Noble' P e 20 harapis. Lintations of . ' Hiteah B, Miskry ", Mark R Davies” and Giovan Y. 1 Verob”
S . e o 83 conpomnds e e iy vty 1 s+ 4y ol nc e s e
T ——— FOLTnL g paeed s
o ";‘W e ;"" - A o 2 SN U Vit o s 2 e Aron Payscbopics S e ionk determinans of intersubiect varisbibty exhibited i ex- of cardic coeopinicogy oc aodeh seprsemtaes of
P b v ve ot i
Pt e 1 g 1 iy 1 e o P et e e e L S LD
e . St o o o g i O e e o
o by o 00 = b
i b ch s e et o et
o e gt o e s o e
Aims The tevel of inhibtion of the humen Eer-30 go-rsaned gune PERG) Crarmel & one of the @riest prackvaal popudation of over P Provwus studes have.
ke unnd to jredct e ik of 4 compe 1 Torade-de-Pomtes (180 b Wie o o Gmhiad e ekl
T 1o o e s o g s 3.6 o P 1ENG ey i e e e b e S e o et
S0 (o) i i e KRG 7 G1s ot . gt 1 P o MR S T i et i 11 100 o et 1 B
ko T2, g o TP g PERG I sy, v et 5 ey 5 St
ot e vt o -G s G a0 e ey ek o T . peciihe copacey of th ekl o ot tha moc
. 100 i el cndocuna. Pl cooton s D 1 () e el e e Mo AR s o Ourmock showed ecuiver
Wtiads A e e il PG, N 9 1 g amod itk v e 48 To D Mt md o s g et esve-tne-out cros-veclton). Ou o howed eieled
AN results  waagran the ehormaion on mult-anrel Dk, we fave performed ST WD 3 ARty o matel the precine shape. smpbtnde, and rate dependence of 3pGc s 1 sporthe AP secordings ot | He. G the reduced mmmber e 3 ore statstical model
models of Grduc o (for BDY. dog, I human vestrculr myocte models). Drug acian i modebed usng Fnally. e approach
i i e i © ki o i o S e ey e sy vt har 5
sl ingy. Vit i et ot i o o
e e S e T 0 b e e oy Lo SRS S —
150 pmonguion, . Serpat conanions, proiesmgeoed et of D 70 ik scond wh o —
oy, v e roied b g T — ~
Conciaten vy pees amdne) il T Introduction
1e8G v e O p— e
et ke e oy The cmepnce o 4 dro camin cundac bl s 4
Warworts " Compa matai + Dog e + o + Wk b + Yt s o e o e b Prammacestical indodey. 1 e e 1500 o the ey 190
= e mirapoylurwy dhate grugigesirs
i e ol oo T bty “
o e s e o e & el
i respoms s S, L5 1 0 Pl (A7)
i won of Te W heart My reo Methresens Ho
1. Introduction i 0 AP morphology and duration. which may cxplain the different
e win, and T w o - ° (ndividual sesp the
s
o ety et the physcopl s g
51 e et 8 e
- i e
o o e oo 1o ol chen 513 AR, U EA st e 18 5 R
e e o e .
hgect il ot a6 44 In purticalay WCov13 and Wierl S bave boen rocopuired 40
TS g f el ot s b b Bl e s et e ot e etk T e e st et ek
i | o | ki sy EEGR———

gtinformatics.com




Previous in silico approaches

Several literature studies have implemented in silico approaches
for categorising risk score, using statistical methods, mechanism

based models and ensemble approaches: — —
Kramer et al. (2013) integrating in a statistical m j 3@% 8| 5 l ?w
model the data they obtained from APC platforms ° - &M 3
for compounds divided between TdP and non-TdP k ool )
drugs

Sitagliptin
20 ‘ B‘ & 92
15}
0}

20 20

5 (ms)

Mirams et al. (2014) combined ion channel
screening data sets from multiple labs into

different mechanistic models to evaluate the B I 0 | R S ] I |
prediction of the outcome of the TQT study e T I
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Davies et al. (2012) used an ensemble of a
mechanistic model to integrate multichannel data
to predict action potential changes from a canine
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Case study 1 - Sitagliptin

Model predicts prolongation
Clinical study shows prolongation
Consistent prediction across datasets and model structures

Right prediction, right dose

Sitagliptin
20 20 —— M & .Q
15 15 —
10 10 -
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| | |
: |

Change in APDy; (ms)
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Mirams et al (2014) JPTM
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Case study 2 - Raltegravir

Models predict prolongation
Clinical study shows no effect

Does the model suggest that an effect would be seen at higher clinical
concentrations? Or False positive

Consistent prediction across datasets and model structures
Wrong prediction? wrong dose?
Raltegravir
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Modelling the interpretation?

How do we provide guidance to the interpreter when there is
uncertainty in the predictions

Dependent upon multiple other human factors, such as:
Individual scientist or project leader,

Their own understanding of modelling techniques (prior
exposure)

Project motivations
E.g. For Case study 2, what should the project have done?
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3D heart modelling

These model systems assume
that emergent properties will be
predicted when considering the :
physiological environment < Ll

But which is represented and
how should we interpret such [ Channel assay —]

results? IL

In silico > |

==

Okada et al (2015) Sci Adv
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Example of semi-mechanistic (black box) model
S, =1— s
: : : : : 1+ (‘TC-:U)
Q. Which compounds will show cardiac risk, which D]
ones will not?

The underlying mechanisms are unknown

7 1 + aopScar + a15na

1 + aySkr

Data-set Sensitivity% Specificity% Balanced Accuracy%
Binary Test Question (Yes/No)

This model Original model This model Original model This model Original model
Human 1 97 97 91 83 94 90
Torsade de Pointes Risk
Human 2 93 100 97 a7 95 98.5
Torsade de Pointes Risks
Human 3 57 50 90 85 73.5 67.5
QTe Prolongation
Rabbit 96 72 73 81 84.5 66.5
Prolongation
Rabbit 50 31 87 80 67.5
Shortening
Dog 67 60 84 76 75.5
Prolongation
Dog 67 48 78 87 72.5 67.5
Shortening

Better metrics are highlighted in green. Worse metrics are highlighted in red.

Mistry et al (2015) Front. Pharmacol.
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So which should we use?

«» ‘Simple’ Statistical/QSP models:
Kramer/Mistry/Cardiotox Predictor

+ Mechanistically detailed ‘QSP”

Aslanidi Purkinje model
2009

models? ——
<+ But which one, evaluate all isa =~

tricky task in itself: e

Decker 2009

- Difrancesco Noble 1585 [§

«» 3D models (UT-Heart/Predict) |

Faber Rudy 2000 )

Fink 2008 -
+ Modular approach (Certara CSS) )

Grandi 2010 Epi

lyer 04

lyer 07

Li2010

Luo Rudy 1991

Luo Rudy 1994

Mahajan 2008

Maleckar 2009

Matsuoka 2003

Noble 1998

Noble 91

O'Hara 2011 Endo

O'Hara 2011 Epi

https://travis.cs.ox.ac.uk/FunctionalCuration/db.htm|
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External environment




What is CiPA CiPA

HESI Mission: Engage scientists from academia, government and industry
to identify and resolve global health and environmental issues.

Of which the Cardiac Safety Technical Committee proposes a new paradigm
for a mechanistic assessment of proarrhythmia that is not measured
exclusively by potency of hERG block and not at all by QT prolongation

CIPA initiative will ultimately require the modification or replacement of the
existing ICH S7a/b guidelines and elimination of E14 guidelines

CIPA could eliminate the need for a TQT study for compounds entering
clinical development, based upon on the assessment in the proposed

studies:
» 1. In vitro drug effects on multiple cardiac ion channels (currently 7
proposed)

» 2. In silico reconstruction of electrical effects

» 3. In vitro drug effects on human stem-cell
derived cardiomyocytes
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What are the options and what opportunities

Clear desire to extensively evaluate compounds (ongoing and over next
12-18 months), both in silico and in vitro

CiPA have therefore published a list of 29 compounds covering different
cardiac safety risk categories that will result in a community driven
screening and evaluation against a core set of compounds

The data generated by this initiative could be used to support
new/existing models for the translational challenges™ and safety
evaluation of drugs.

» Standardizing/reproducibility of ion channel screening

» In silico model selection, calibration and evaluation exercises,
(however O’'Hara model is a preferred candidate)

» Stem cell study sensitivity/robustness

But we wish to avoid data being available only by way of conference/
journal article PDF tables!

U e.g. from Gintant presentation - http://www.cardiac-safety.org.php53-3.ord1-1.websitetestlink.com/wp-content/uploads/2014/12/3.-CiPA-
Overview-Workstreams-Gintant-Rechanneling Dec-11-2014 FINAL.pdf
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http://www.cardiac-safety.org.php53-3.ord1-1.websitetestlink.com/wp-content/uploads/2014/12/3.-CiPA-Overview-Workstreams-Gintant-Rechanneling_Dec-11-2014_FINAL.pdf
http://www.cardiac-safety.org.php53-3.ord1-1.websitetestlink.com/wp-content/uploads/2014/12/3.-CiPA-Overview-Workstreams-Gintant-Rechanneling_Dec-11-2014_FINAL.pdf
http://www.cardiac-safety.org.php53-3.ord1-1.websitetestlink.com/wp-content/uploads/2014/12/3.-CiPA-Overview-Workstreams-Gintant-Rechanneling_Dec-11-2014_FINAL.pdf
http://www.cardiac-safety.org.php53-3.ord1-1.websitetestlink.com/wp-content/uploads/2014/12/3.-CiPA-Overview-Workstreams-Gintant-Rechanneling_Dec-11-2014_FINAL.pdf
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Data sets and Evaluation




Previous in silico assessments have not studied a
consistent set of compounds

Study

Compounds in
common with at least
1 other study®

No. unique in silico
study compounds

Compounds
common to CiPA
list”

Mirams 2014 (39 cmpds) | 11 28 1
Kramer 2013 (55 cmpds) | 28 27 20
Davies 2012 (53 cmpds) 6 47 5
Mirams 2011 (31 cmpds) | 18 13 13

? 7 compounds have appeared in more than 2 studies, amiodarone, cisapride, dofetilide, nifedipine, pimozide,
quinidine and terfenadine. No compounds have been used in every study.

b8 compounds (azimilide, clarithromycin, domperidone, metoprolol, ondansetron, ranolazine, tamoxifen,
vandetanib) from the CiPA list have not previously been the subject of an in silico cardiac study.
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Davies et al (2016) Drug Discovery Today (in press)




Consequences of different compound sets

Different compounds used for these studies means comparison across
in silico tools is difficult

The composition of the compound sets heavily influences the model

performance
100 100 T T
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70 70
£ 60f - -4 ¥ 60r
2 =
= 50 g 50f
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C Q
S 40 g 40f
30 . 30
20 . 20
10 [ b 10
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Number Of Compounds Number Of Compounds

Davies et al (2016) Drug Discovery Today (in press)
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Improved data sharing would allow more joined-up/

translational model evaluation

External

) compound data
Data packages: In-house data p

lon channel
screening data

In house screens Literature sources

Model
simulation
2 5 -
Clinical ECG/AE Limited to some TQT
Internal sources data or systematic
data reviews
Post-marketing

Likely unavailable

data
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What do we do with the results

Does the score have the final say?
We need to think about this up front?
What if we don't like the results!!
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Before setting out on evaluating our models we
need to consider the consequences?

Accuracy Usefulness

Region of I F 150% @)—

unattainability!

Typical range for
QSP models??

0% ®
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Before setting out on evaluating our models we
need to consider the consequences?

Accuracy Usefulness

. ER = -
Region of ]: 100% ©

unattainability!

< Model A
<—— Model B

0% ®

So which is the
model to use?
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Deciding which model to choose?

In fact there are many, many models rather than just A and B

What if model A (the higher scoring model) was actually an older
(rabbit) model and model B was the ‘preferred’ (human) model?

Does credibility of the model (i.e. underlying data, maturity)
mitigate for a slightly lower accuracy?

Which is more important, prediction accuracy or confidence in
the model structure?

How much should we consider the onward user — e.g. attempt to
define a rule set for supporting onward decision making
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Summary and Questions:

In the cardiac field we not only have different modelling types (and
scales) to choose from but also a multitude of different structural (and
differentially parameterised) models

Choosing the representative model(s) is tricky and requires evaluation

A carefully designed and tailored set of compounds and outcomes are
essential for a reasonable evaluation of these models for the purpose of
decision making

Consideration for the outcomes of an evaluation is important in advance
to reduce potential bias

Can we go back (supposing the score directs us) from more
physiologically detailed models?

Can different granular models peacefully co-habit?
Should mechanism based models be used as a black box model?
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Reminder: CiPA initiative

The cardiac in vitro proarrhythmia assay proposes to replace TQT
studies with a combination of in_silico (O’Hara model) and in vitro tests

Important for ‘Modelling and Simulation’ to support getting this right

Vanoxerine story: How to unpick those safe from those risky? They can
look mighty similar

_——hERG: 9 nM _——hERG: 74 nM
e ——nhCav1.2: 16 nM 1003 hCav1.2: 175 nM
17— hNav1.5_P: 35 nM hNav1.5_P: 517 nM
= 800/0__<hNav1.5_L: 85 nM . 80%- - hNav1.5_L: 411 nM
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20%- "hcavi2 hERG  hNavi5 Q. 20%-
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Obejero-Paz et al (2015) Sci. Rep.
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The (Financial) Modelers' Hippocratic Oath

| will remember that | didn't make the world, and it doesn't satisfy my
equations.

Though | will use models boldly to estimate value, | will not be overly
impressed by mathematics.

| will never sacrifice reality for elegance without explaining why | have
done so.

Nor will I give the people who use my model false comfort about its
accuracy. Instead, | will make explicit its assumptions and oversights.

| understand that my work may have enormous effects on society and
the economy, many of them beyond my comprehension.

Emanuel Derman and Paul Wilmott, January 7 2009
http://www.wilmott.com/blogs/eman/index.cfm/2009/1/8/The-Financial-Modelers-Manifesto
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