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iPS cell-derived cardiomyocytes, iCell
Cardiomyote

Cor.4U Human iPS Cell-Derived

Cellular Dynamics
International (CDI)

Axi :
Cardiomyocytes 108ETEsS
Human embryonic stem cell-derived

cardiomyocytes GE Healthcare
Stem cell derived cardiomyocyte product,

hiPS-CMC Cellectis/Takarabio
ReproCardio Reprocell
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Chem-Bio informatics Seciety 1CBE saoull Mopnng 2004

Chem-Bio Informatics Society (CBI) Annual Meeting 2014

"iPS cells, ion channels, in sifico technologies:
Leading to a New Drug Discovery Paradigm"

Dates : October 28 (Tue) - 30 (Thu), 2014
Venue : Tower Hall Funabori (4-1-1 Funabori, Edogawa-ku, Tokyo)

Conference Chairperson: Kohei Sawada (Eisai Co., Ltd.)
Organizing Chairperson: Takatoshi Kawai (Eisai Co.. Ltd.)
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Chem-Bio Informatics Society (CBI) Annual Meeting 2014  Secretariat
CBI 2 2014 FFREHH R




BB 2014410 B 28 H 14:00-15:30
BT 407

P& ma s VA S T N

in sifico TERRFEIZETS CGIPA DELF . BLUHAORYEH
Moving toward in silico arrhythmic assessment: The paradigm of CiPA and efforts in
Japan
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Ionic and molecular basis of the cardiac action potential. (ICH) ®
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2009 BFTHL
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HRQ  BIRERE
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hERG is not predictive, premature, unwarranted
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CSRC/HESI/FDA WORKSHOP AT THE FDA WHITE OAK FACILITY JULY 23, 2013
RECHANNELING THE CURRENT CARDIAC RISK PARADIGM:
ARRHYTHMIA RISK ASSESSMENT DURING DRUG DEVELOPMENT
WITHOUT THE THOROUGH QT STUDY

Agenda:Drug-induced proarrhythmia is a major safelv issue m pharmaceuncal development that
marked!y |mpacls drug d|scovery and development J ide

Thus results in adverse Iabelmg
for some compounds and can mhlblt the development of new clmlcal entities due to concern of
possible QT signals and the subsequent complexities of the clinical development pathway.

This workshop w1l| examme and dlscuss 2w par “1 gm, focus

fet Thls new approach has khe real
potential to obvnale the need for clmlcal Thorough QT Studles making CV risk assessment more
efficient.

Session 1: Paradigm Shift: New Approach to Assessing TdP Risk without the Thorough QT Study
Session 2: Proposed Assay Schema

Session 3: Implications and Next Steps

Audience/Panel Discussion

FDAIBYEM S DIRE

July 2015 Abandon ICH E14
July 2016 Revise ICH S7B

FDALY s fzdocument (201346 - 78 3)
FFRERRORTERBRIECEY 2 SIERERARBRO N BN & =R

Need for and feasibility of a
comprehensive non-clinical assay for the
pro-arrhythmic potential of new drugs

*food and Drug Administration; ChanTest H ’Certava; ‘Abbvie; "'Universi(y of Wisconsin; gl Lilly; 5t
Paul’s Hospital; ESimcyp; andependent Consultant; “°GE




. 3 What It Is: Proposal to be developed by numerous
S stakeholders (Regulators, Pharma, Academics, CRO’s)
© Model (67 . 007 Model 5095 - 604} » - An evolving initiative with evolving workflows in need of wide

crscmbed [T participation and input of multiple parties

il ki Fiwmt.m" - A proposal that needs to be qualified

What It is Not: Predetermined or predefined
regulatory schema with undue influence of vendors
- An approach that will render useless various approaches
e for internal decision-making (e.g., binding studies, in-vivo
Changs in AUC respect to todel 1 Sersifivity Specificiy . N
studies, other useful alternatives)

ROC enalysis

Comprehenstve ProArrhythmia Assay Schema Background | August 19,2013 | AbbVie 5

Rechanneling the cardiac proarrhythmia sofety
paradigm: A meeting report from the Cardiac Safety
Research Consortium

What it Will Do: e e o P el Lo R GRS Db s s s t s it
- Standardize in vitro assays used to characterize drug Comprehensive In Vitro Proarthythmia Assay (CiPA)
effects, standardize in silico models, establish best

practices for stem-cell derived cardiomyocyte models Fiamctional Effects

(comparable to “acceptable” TQT studies evolved) Ca:;i::‘:l::-‘:::ts

- Provide proarrhythmic ranking based on calibration/validation Vialtagt: Cloeri i H;“m‘::’gg";:m
efforts with agree-upon standards SR Wit mpma;z;r:hm“ » Studies
— Likely lead to revision of S7B, E-14 guidelines, more sophisticated + a:g:::::‘mgy
ECG modeling of drug effects in future "’sﬁ‘;’,iiﬁ,ﬁ?ﬁ,‘il" 2‘::?;‘;2‘:22‘;;":;": o

R Rank-ordered
What It Will Not Do: "ty Pl

- Maintain regulatory status-quo for an imperfect
surrogate marker of proarrhythmia
- Replace biological studies with fully integrated systems

'

Schematic of the elements of the CIPA. Abbreviations: HT. high throughput; Maaval manual ¢

Comprehensive ProArrhythmia Assay Schema Background | August 19,2013 | Abtvie 6 Am Heart J. 2014 Mar;167(3):292-300. doi: 10.1016/.ahj.2013.11.004

CIPATMERL &S5 &3 o o
EMEREIRY 27 FRD/INT T L CIPA Guiding Principles

The Comprehensive In Vitro Proarrhythmia Assay (CIPA) is an initiative that
will evaluate proarrhythmic risk based on mechanistic electrophysiologic
understanding of proarrhythmia with three primary components:

Comprehensive In Vitro Proarrhythmia Assay (CiPA}

Functional Effects

on Multiple 1. In vitro drug effects on multiple cardiac ion channels
Cardiac Currents Integrated 2. In silico reconstruction of electrical effects

\ la . i i i i i

(ﬁk;fmnm Proarrhythmia . Hun;::x:ular 3. Confirmation using human stem-cell derived cardiomyocytes

Score 458
o . E:;nﬁ;m{orv The objective of the CIPA initiative is to engineer an assay for assessment of
roghysiology . ) ! gl
2 the proarrhythmic potential of new drugs that has improved specificity
in Silico Cellul ; Data :
i Silice Ca o '}‘“"f’““"*"""dj compared with the hERG assay plus Thorough QT study.
Rank-ordered
Proarshythmi 5 e ) .

'T;b}fw"" (:m;‘x;ﬂ The CIPA initiative has a number of collaborators including, FDA, HESI, CSRC,
SPS, Japan NIHS, Health Canada, EMA, PMDA, academicians, in silico
modelers as well as industry partners from pharmaceutical and device
companies.

Schematic of the elements of the C PA. Abb s: Hi, hgh throughput; Mansal, manual patch vol

‘K;’aé;rtjj 20]:4’ ~Mavr;lﬁ7(3):292’-‘2’4;)6“. doi: 10.1016/j.ahj.2013.11.004



CiPA initiative

Comprehensive In
Vitro ProArrhythmia
Assay Schema

mprehensive ro ProArrhythmia Assay {CiPA)

What It Is: Proposal to evaluate proarrhythmic risk based
on mechanistic electrophysiologic understanding of
proarrhythmia with two primary components

I Invitro drug effects, multiple cardiac channels
+
in silico reconstruction of electrical effects

Il. Confirmation using human stem-cell derived cardiomyocytes

What It is Not: Approach that negates well-controlled
preclinical in vivo ECG assessment in preclinical studies

What It Will Do:

- Prevent early (often unwarranted) attrition due to early
testing for hERG liabilities with updated technologies and
knowledge of proarrhythmia

- Provide a more complete assessment of proarrhythmic
risk (rather than surrogate QT prolongation alone)

- Replace TQT study (high sensitivity) for higher specificity,
less “false positives” based on functional hERG studies

- Potentially “rescue” drugs mislabeled with risk warnings
by small degrees of QT prolongation in TQT studies

What It Will Not Do:
- Not replace need for careful clinical assessment of
electrophysiologic effects in phase 1 ECG safety studies

MmMoret
OQMpret

2nsive In Vitro ProArrhythmia Assay (CiPA)

What It Is: Reflection of evolving practices by some
Pharma for early in vitro detection of QT prolongation

- Regression techniques predict proarrhythmia from in vitro effects
of 3 currents better than hERG assessment alone (Kramer et al, 2013)
- In silico reconstructions show that hERG block may be mitigated by
other {e.g. calcium) channel block {Mirams et al., 2011)

- Recognition that hERG represents only one of multiple ion currents
defining cardiac repolarization {surrogate marker of proarrhythmia)

What It Is Not: Novel approach never considered or
employed by pharma, academics as part of exploratory/
frontloading safety studies

i
© MICE Models: Superior to the HERG
Model in Predicting Torsade de Pointes

James Kramer'*, Carlos A, Obejero-Paz'*, Glenn Myaif’, Yuri A. Kuryshev', Andrew Bruening-Wright',
Joseph S. Verducci* & Arhur M. Brown'

! ChanlestCorparctior, 1 4656 NeoParkway, Clevelond, OH 44128, “leadscope Inc., 1393 Deblin e, Colymbus, Ohio 43215
21k Cha Sete Urveeedy, 840 N Carkirs Mol 1958 Nail Ave, Crbimbus. OH 23910
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REDEERE current issues
EDAAYEBRBT v A DHERICHEZ?

lkr, lks, Ik, INaF, INas, lca
(SPS2014THHEEMN)

EDLSBINGA—I—ZRRTEIOMN?
BAIfR7FE voltage-dependence, SBEHRTFM rate dependence
FE=(c B9 %3#ER block kinetics, BEEFT—4 & LTEUS

1
voltage-clamp protocol DIE¥E1L

#high-throughput autopatchgfig

EDOFEHBUEFTINEZBWZOMN?
O’Hara-Rudy model? (or FDA model?)

HEANCHEEE DL S EITRSDOM?
repolarization instability, EAD, reduced up stroke...

COMPOUNDS SELECTED FOR CIPA PROARRHYTHMIA TESTING

*+ Quinidine
* Vandetanic
* Methadone
* D Sotalol
Compounds Identified as Intermediate Risk for Manifesting Human TdP
* Aslamizole
» Cnlorpremazine
* Gsaorde
» Clarthromysin
« Clczapine
* Damreridene
* Drepergel
* Terfenacine
* Pimozide
* Risperdone
* Ondansstror

Compounds ldentified as No or Very Low Risk for Manifesting Human ToP
Dlazem
* Loratadine
* Metoproiol
* Mexleting
* Nfedipire
»  Nirendnioe
* Ranclazne
* Tamexifen
*  Verapamil
* Flecanide

3. Confirmation using human stem-cell derived cardiomyocytes

R5W
ERNCE>THEEREYOMRIZ  NEEOMF TIMETE 212
BRREER (BIX M) IKABRIICE MAOHMEEFEILZN

REDFRE
MRt DIRE(L
ERFE

multi-electrode array
voltage-sensitive optical recording

It
BEEOMENED LS RS

July 2015 Abandon ICH E14

July 2016 Revise ICH S7B

AXIEBIFIEEFEEK K3 ZOBMBEADHS
ZERE
ETEIRY X7 OFEEEIc > WT
AAYF ¥ RIVTF v Lin silico BRERFACOWT GREEL~L,

# BERL~L)
hiPSOE Din vitro HERESERBENOERIK>WT

BEEMS N TLWSTQTERICRbIBARRICOWT
BHAEOHm B
stem cell+in silico (ZOBOEREE)
stem cell (hiPS)-derived DEF O BREBEZRIERT . EEEFIL

ion channel assay+whole heart model (Z D& ORMBERELE)

J-iCSA (Japan Cardiac Safety Assessment)
CIPACKTBBEI VI I V2, VY=Y TFIL?

xEH

CiPA iniciativeM8EU & S5 & T2 EMERER Y X I FRADONZ T L

Comprehensive In Vitro Proarrhythmia Assay
BREBMEETY RRIY NETEXAZZXARETW:
RYMETER Y R 7 FHli=

multiple cardiac ion channels, In silico reconstruction,
human stem-cell derived cardiomyocytes
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EMETERY X 7 ADEEENTN
hERGRERICX 3 2Btk (false positiveZEH5T)
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System Biology
WETF, @R, HE EBREBRVWTESZEVATLEULTER

EfDERIDA Fl R RS ?
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£ Cariani 1992
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Virtual Venmcle- Computer Predl Dangers of
Arrhythmia Drugs Better than Animal Testing

Researchers developed a computer mode! of a human heart to study whether certain drugs will help treat an abnormal
neartoeat, or cause serious side effects
By Latry Greenemeler | Thotacay, Sediemer 1. 201

Drugs useful in the long- of cardiac which occurs

when electrical impulses in the heart become irregular and put patients atrisk of

.udd‘ndnh‘- luded .wm-buwebmdﬁms,mofm
o eakal 1 Ap— +

known as tachyarrinvthmia, have faltered. Several clinical trials, including the
;mmxxmwmmwmmeuwwm
use of certain drugs desij 16 correct inide end flecainide,

in particular—actually ingrensed the risk of death.
DD ECAA U FrRIIVDEREAER
CIFRLGERIRAOTYNEDERE DS
B 5 XY, ENLEOEER- BEERYF
BEBEALEETILOANRELLAME?

Clency snd bez colleagues coented MRI-besed reconstructions
they bad enliected, A stivmuhs is applied to the vistuel heert,
shepeci the wave can help reveal irvogalar hecztbeats.

oF 148,

UNVERSIEY

EBEICLDEADEDEN
EMEFINY S 2L—Ya YHERER

I, block I I block
~ Kr Experiments s ~
Human Canine Guinea Pig Human Canine  Guinea Pig
\’\ b .
5} bock
* .-
o S

Simulations

( Human Canine  Guinea Pig Human Canine

Y, (mvp

8%, z
fock 0% b 0%, .E. 90%1,, 0% 1,
5 ': block & 50 Block block
¢ et o -

o

Hmt (mn 0 (mq 7 Tm\e(mi]

M
ﬂm(ml) Time (me)

O'Hara T, Rudy Y. Am J Physiol Heart Circ Physiol 2012,302 H1023-H1030

CeRIAL O DRVEI GDMENT KEV STEPS ¥ COMPOURD 3
SO N e

!pw Cardiac Safety Research Consortium

Mome AboutUs Fapers Other Papers of Interest  Projects  Think Tanks & Meetings
CSRC-HESI-FDA Meeting . .
A Cardiac Safety Research Consortium Thinktank: s

vvvvvvv Fechanmeling the Current Cardiac Risk Faradigm: Atetythinia Risk Assessrent During 0rug.
Do PR ST Ty

in SiliCO msauuwam
7:30am - 600pm

(meating stants at :00am, registration and continental breakfast start at 7.302m;
White Ozk FDA Campus, Building 21, Great Room
{plesse enter through Building 1)

10903 Kew Hampshire Avenve, Silver Spring, MD 20953
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