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Can the thorough QT study be replaced by ECG assessment in early phase clinical development? |

Borje Darpo  (iCardiac Technologies)

Exposure response (ER) analysis has during the last years evolved as an important tool to evaluate a
drug's effect on cardiac repolarization, the QTc interval. Extensive experience from thorough QT
studies show a good correlation between the 'by timepoint' QTc effect mandated by ICH E14 and the
predicted QTc effect using ER analysis. Based on this experience and occasional published case
reports, it has been suggested that careful ECG evaluation in First-in-Human studies using ER
analysis could replace or serve as an alternative to the E14 thorough QT study.

With the objective to validate this approach, the Clinical Pharmacology Leadership Group of
the Consortium for Innovation and Quality in Pharmaceutical Development (IQ) and the Cardiac
Safety Research Consortium (CSRC) conducted a prospective study. Six marketed drugs with a
well-characterized QT effect, of which 5 have been shown to be mildly positive, were evaluated in a
study in healthy subjects designed to be similar to a conventional single- ascending-dose study.
Drugs and doses were identified in collaboration with the US FDA, which also confirmed the results
through an independent analysis. Each positive drug was given to 9 subjects (6 for placebo) in two
dose levels chosen to cause 10 to 12 ms and 15 to 20 ms QTcF prolongation. Twelve-lead ECGs
were extracted from continuous recordings predose and serially after dosing and ECG intervals were
measured using the High Precision QT technique.

The slope of the concentration/change-from-baseline QTcF (AQTcF) was significantly positive
for ondansetron, quinine, dolasetron, moxifloxacin and dofetilide and an effect above 10 ms could
not be excluded for the lower doses of these drugs. For the negative drug, levocetirizine, a AQTcF
effect above 10 ms was excluded at 6-fold the therapeutic dose. The known effect on cardiac
conduction with quinine and dolasetron was also observed.

The study provides evidence that careful and precise QT assessment in early phase clinical
studies can replace the thorough QT study. In addition to sharing the results from the study, potential

clinical and regulatory implications will also be addressed.



tyvar 1. BERBRBROFTLOEIT
JEE  BAERRE - 1L B

M MEAERIENRNE A O AR TR AT L2OBLRES % DS — CIPA Update
Workshop CSRC-HESI-SPS-FDA Meeting / [Q-CSRC Meeting, December, 11,12 2014
el T

R RS (M ENEN AT ARV AEFEME] & ——2— a8 be)

2013 4F 7 H 2 FDA A TR St72 CSRC/ HESI Thinktank Meeting C, BT DMliZe 4%
FHIZ 31T D/ 3T 5 A NIENTIRE 2 A T 20 RE DB RNOITLEDLENHD, EOBL
H T, "TEALDEEPREINT,

DR CIRESNT-HT /Y74 A 1, nonclinical proarrhythmia assessments (the Comprehensive
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AGHH Tl EFL2 H R OSEORE KA FEL, BifTD STB / E14 paradigm (IKr assay): hERG
— QTc — TdP risk 7>% CIPA / Phase 1 ECG paradigm (multichannel assay): multi- channels —
in silico — iPS — human ECG — TdP risk ~&ZE00-2 285 53 MfE NIENRVEH DR A
TR AT LOBRES R DORLEEELET D,



tyvar 1. BERBRBROFTLOEIT
JEE  BAERRE - 1L B

NNFAFL T AR 30 B0l 321 —#UT-Heartd 4 %

I #—  CRECKSERZEHEHT srigoa sl 2 e

AN OBIFRE OBIZIL, L&IZ Torsade de Pointes (TdP)EFHIE LD ESEH 72 AN EE R AT AE DY
AY % T AT T 25 ICH-STB, ICH-E14 [ZXVE BT BN TWD, BIfE, HANTLD TdP F84Y
A7 FAEL L Tl IEFEMED B\ AT thorough QT iRBR TH 5, L LikBROaAMAEL, %
7= % DA N2 EBNGEAF B HPE L AL ~DEE M- TS ATREE MRS T D,
ZDT= K0 @G T2l HIE DB RS FIR S L TVD,

B LG TR R R A SR A JE R - N R B 2 A2 TE T B, BRT
WBIZ OIFFET — 2%, ARERIEICIE SV TF A — Vbl 2 2L —# (UT-Heart) & B 5
L C&E7=, UT-Heart TiX, 2600 5 EOHIILE T /LA D IA AT ONE-7 L o g OB (R
FERARAT & o ERAEK O BB AR G fFAT O 2 RN CTUND T |l 2 ORI DA A2 | BN
MNHLEXOMO~/VF A7 — VB AH R REUREZ LT HENFHETHD,

BHNZ, UT-Heart Z T 10 FEEEAOIEAN X L CUIR B & 3 A T i R A s 975, 2
UL TP BANLLERETCEHBELCRI O I —a Thoh, 6 14 F v 3L
(Ikr,IcaL,lks,Ina, Ik 1,Ito) | 2%t §- DA DS E % Sy F 77 FIZIODBNEL | 44 72 5 A P BE 125t
TAEAT L F ¥ FNVOAERE S I2L —XOMILET WA U, fEE, ko QT g%
FEAEIZ U7 ML, MR D Tkr B SR D e B HEIZ L 7o BT H A B BE LS SE A3 TdP &
FESHDIAVEFAM T TR Uiz, AWFFEIE, =—FAOEREN TR, HkEERX, T
EBL R B o oy 1135 50 gz . B 1 R 1R L o L RIBFZEIC L0 T b,

(2, WP Tl D N DB OIIRE L~ VT A4 T v FIAER EOBIRIZ OV T
95, AL, LEXO QT MIFED A5 T IO K (notch, asymmetry, flatness Z5)IZH 5
Bh B2 5, MEOHIRITIT. T EOTRE(LERIENRIE ALY AY ZHEGHHITHE OO T2 5Ei %
WS TWD, UL, EAF U EIRDLDERECE DI EE 5 2 | RERREV AL
EDIDNTHHEL TWDDINITHOW TR DR ETHY | AR SN Z 0, T T
UT-Heart & HWTZNODBRE B GNNZT 2T AT > TD, FRERAYIZIX QT F“ﬁﬁmtb
IEMEICAIENRIE AR A &R AT 9~ 52 FTRE IS T2/ L IR B 1T D W 7= R IR DR R A H I LT
WD, ABFZEIE, B K FZOMILEHIR, v — — 3 — IR OVRIEA 2 50 A4 L o LRI AF 4
(2R T2 Tz,



tyvar 1. BERBRBROFTLOEIT
JEE  BAERRE - 1L B

ERFENTIZ LDV FQTRBR T AT/ D DN 2 - et IR S h5H—

mE IE (CRMEEN AT ARVREFIFEME o ———1558R )

BUAE D= 35 5 O BRI R BR 38 BEREIZ 3517 2 DB PR RTAMIE, ICH (H 2K EU R385 B HIFRFn =
PR E-14 WARTANNTEASELEF ML (QT MRIER) OITER W REMEA T T 252
EMEFTHD, HRTHRITARTAL A 2010 FFITEASIVTLARE, £ REME 3T, AR
Thorough QT #Ek% FhE LEGIR IR 23 Tioiu Tud, LLZRAYS 2013 4= 07 A lZBifEshr-
CSRC/HESI/FDA Think-tank Meeting C, FDA 143 9 ICH E-14 &X' STB HARTA NI
SEHM S —E DIRE 2 FF O Z L2780 T 2T, R REDOBLRNG 2015 45 7 JIZ E-14 ZFE L,
2016 1T STB ZE T DLV BEER RSN, ZORREMES T 2 I AR REREAm
ERERNIMZB W TEIERGIEIL, BrLWWORZE SER O P SO G E - TS,

ZNHDRFEINTWAHIED 1 DIZE 1 HRABRTHELNLDLT —#%H LI ER (Exposure
Response) fi#T, $ L<I% C-QT (Concentration-QT) T R IXNVAIENT 24TV FHIZ QT MFE%
P 507 E D 0%, FTLWRERHIFIT FIELE 2 DN HZ b H 205, o, & LIIERES
(L CORRPELA BN - 2B F D FRAL SOBRE R 2T T VTR EZTIL,
ENTIX E-14 TARTAL@BALRTLVIAONTEE 2 7 ThY, RO AR RER Tl ik
ZUNHENTWDEE X ThHDH, A% F T, 1Q (International Consortium for Innovation and
Quality in Pharmaceutical Development) & CSRC (Cardiac Safety Research Consortium) 73 3[r]
T 2013 AR LD FHE - FHE L7 fH N CORAIE DOEFRRBROME R L% S F x| WIHHEAR R
SELNDT —H %ML Thorough QT fREANDAFLNDNE HERIFLE DIFHREGDHT-DIT,
BT YA TN AR AR, WEHE T VS48 LR MU, EXT LU
SIMTIRREE | B RRR E HHEZR IO T, Thorough QT FUBREDIEW A EFK LR DAL EHFHIHLAR
FVERT D,



Tyt a2, eh iPS MIBRIZIBH L FEE R ABR
JER A AR, BE A

Eh iPS a2 P o Dl e A IR AR A L 2DV T

B i (ESZERan R ENTEAT SR

BT 3 L Al A BRI BR TR T 375 T RS IEER  C L2 2 R X IR I
BRRBRThD, L0DT DI Z SV ME T EE RNEIRRE DUAZZRET DT DIZEE T, WE
SLABEYI DAY — =2 7RSI TS, 1990 AR ICHA S0 ER QT MIROLE R
ZfijJkE % Torsades de pointes (ML L EMI) DR AEFHIZZSMTFIT, T TOHHIES
ShDFEE AR ER (ICH S7B) LK FABR(ICH E14) T QT ZEEAE M Z 3L TV 5, hERG F v R=/L
PRENIAINE QT ERJEMREAZ S X T 2EnD, ENUTF v L& 7 O3B E -
72 hERG #BRIEDTHOND, LL, hERG iREROD Z TIXUAZ LA +43 T, SHIZEN A%
SRR E A G oW T A RS IR R BRI Tho D, Lok, hERG iRBRIE T A EG =R 2
<, SRR Oy MK T OFR bV vbiLD, IR OFEAREIZIE, EN0 AR O
BT ¥ RN ~OERFET S SO A7 FRIPEDS IR SIS, BN PS MRS5S L TLCK, sk
fel % fifi > 7= 22 VERTARIE O RESLIC IR R LB B TRY, FEERE ICIZE R EL THEET 22008
RELTC, ZAUT LR BMERABREDOL R 22— a3 ThD,

BUEDHIT BT DRI AL, iPS MR D S (L FRIAIMEDE N, 0 LFFE S OE Y, RiFE 5
fE- BT DFE72 LT MR D A P RSB PRV S B2 5 2L Th D, T x ORFFELLRNCIT L
AR H 3k 2 FEBRIEASHESL S CUNRD S T2T20012 S B HIR OAE % DT A OB % Hu
BT DN TE I o7, Foxid, Teb iPS Zp bilfaz R L7z 3 O MERI A E X
SR EATE SR OB - A HEA L (H24-E3E-457E-030) JOHI T, B iPS 43k L i Al e o> 22 A P SR Al v
~OJS ARG PEE R TR L T R EBMIE T b L A fENL L | AIFFEH R [F T D FEBRAE
ROFBUEA M FUZSEBRT TR R LT, BUTEMRR FREE SR O B BRI 5 a2 ) — R L Tnd,
WE4EI, Japan iPS Cardiac Safety Assessment (JICSA)Z kL . BIEBTHI RV —2 T A
(CSAHi) . k[E® FDA/HESI/CSRC/SPS D A 73 —7)357427% Comprehensive in vitro Proarrythmia
Assay (CiPA) SEHEL | O ZE PR ARG L O E BRI L 2 HEEL T D,

ARV RUT LTI, RSO M2 > 7- FEELEREBR L & 2 FCTRIEEIC/2 > THDH D0,
Bt 7o, e AR IRl O RE A& 7 — X7 7 L IR IR O Dl Ze 4k TR 1 % 75 4%
T 5, EHIT, fill FDA 23R L7Z ICH E14 OB IE& STB OWETOEEDOH T, BN iPS Mifuz H
W2 2 SR EEERER O M2 E O I IRV EIIISIEEL T D00, #am L7z,



toial2. eh iPS HIRIZLAET LV FER KRR
JER W Rk, B FRAR

Successes and Evolving Challenges Posed by the Comprehensive In Vitro Proarrhythmia Assay

(CiPA)
Gary Gintant (AbbVie Inc)

It is well recognized that delayed cardiac repolarization (manifest as QT prolongation on the ECG) is
a surrogate marker for Torsades-de-Pointes (TdP) proarrhythmia, and that many drugs that delay
cardiac repolarization reduce iKr (hERG) current through the Kv11.1 potassium channel encoded by
the KCNH2 gene. Preclinical and clinical strategies to detect such drug effects have effectively
prevented compounds from further development (and thus stopped withdrawal of newly marketed
drugs). This success has come with an additional cost of removal of novel drug candidates from
the drug pipeline, as a) block of iKr current can be a gross oversimplification of a drug’s effect on
repolarization, and b) delayed repolarization-QT prolongation in preclinical models need not reflect
clinical responses. The goal of the Comprehensive In Vitro Proarrhythmia Assay (CiPA) initiative
is to provide a more robust early preclinical assessment of proarrhythmic risk of evolving drug
compounds, thus minimizing the necessity of a thorough QT study (mandated by the ICH E14
guideline) to detect a 10 msec prolongation of the QTc interval (a surrogate marker of
proarrhythmia). This goal will be accomplished by integrating a) effects of drugs on human cardiac
ionic currents in heterologous expression systems, b) in silico reconstructions of human ventricular
electrophysiologic responses linked to proarrhythmia, and c¢) confirmation of effects on ionic
currents/ventricular electrical activity using human induced pluripotent stem-cell derived
cardiomyocytes (hiPSC-CM’s). This presentation will discuss progress made with the mechanistic
CiPA paradigm, including the role of hiPSC-CM’s in the overall integrated assessment of
proarrhythmic risk. The goals and preliminary results from a pilot study with hiPSC-CM’s using
both microelectrode array and voltage-sensitive optical approaches will be discussed, along with
challenges for the ionic current, in silico, and myocyte-based approaches in detecting cellular
proarrhythmia. The potential of hiPSC-CM’s for detecting proarrhythmic liabilities (beyond their

role in CiPA) will also be discussed.
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