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Background. The Comprehensive in vitro Proarrythmia Assay (CiPA) Cell lines. The cells lines used were CHO hCa,1.2 a1C, B,, 0, — o peak — o peak e ek

|n|t|at.|ve proposes to use ngncllnlcal data anq mechanlstlc? model of thg | for Ca2* channel experiments (CRL), HEK293 hNaV1 5Q 51 for — 1.0 94 - - Ca? ramp 1.0 4 - - Ca* ramp 1.0 - - Ca2+kr§|m+p

ventricular myocyte to predict Torsade De Pointes (TdP) risk beyond clinical Na* channel experiments (SB Drug Discovery), and HEK293 O peax INa

QT prolongation. Under the CiPA paradigm, drug effects on cardiac ion _ _ ’ _ = 0.8 - 0.8 - 0.8

channels underlying the ventricular action potential should lead to hERG1a for hERG experiments (Gail Robertson, UW Madison). g 2

reasonable predictions of drug-induced electrocardiogram (ECG) changes C 06 - 06 - 06 -

and TdP risk. However, two clinical studies have reported ECG changes?® or Electrophysiology. Cells were recorded at near physiological %

TdP cases' not anticipated based on patch-clamp data of four drugs* °. In temperature (37 + 2°C), using manual whole-cell patch clamp C 04 - 0.4 0.4 -

Vicente’s study?, chloroquine and lopinavir/ritonavir are associated with PR method and protocols found at _g

and QRS prolongation, suggestive of block of cardiac Ca?* and Na* channels _ . 8 092 - 02 - 02 -

that mediate the peak component, respectively. However, Crumb’s study® hitps://www.fda.gov/media/131157/download. Lt ' |

showed marginal block of those channels. Obejero-Paz’s study* reported 0 : 0 5 0 _ : _
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study1preported thal’:t)?) out of 26 patients developed TdP. The goal of this |* hera R [Lopinavir] (M) [Ritonavir] (uM) [Chloroquine] (uM) [Vanoxerine] (uM)
study is to assess cardiac ion channel block profiles by these drugs using H Concentration-inhibition plots show the fractional inhibition of each ion channel current by the drugs. Data points presented are mean + SE of the fractional inhibition values at each
more physiologically relevant protocols to reexamine alignment of cardiac ion m‘ﬂﬂl""" concentration (4-5 cells per concentration). To obtain IC., and n, (Hill slope), individual fractional inhibition values were fit with the Hill equation. Dotted gray lines are the free C,_, for
channel data with drug-induced ECG changes. " < « Ca* ramp each drug obtained from Sggaard et al., 19902 and Vicente et al., 20193

Methodology. Effects of chloroquine, lopinavir, ritonavir, and vanoxerine on c‘\:, L

cardiac hERG, Ca?*, and Na* channels were assessed at near physiological S 02 s < Lopinavir Ritonavir Chloroquine Vanoxerine
temperature using voltage waveforms that mimic ventricular action potentials =l block \ N ‘ % block at C % block at C % block at C % block at C

and following best practices. Block potencies were reported as the — © 025 ICso | Ny _ ma ICso | Ny . 1 1Cs | Ny . 1 ICs | Ny _ e
concentration associated with 50% inhibition (IC,). " ae - e Ca? peak Nominal Corrected Nominal Corrected Nominal Corrected Nominal | Corrected
Results. Lopinavir and ritonavir showed similar block of hERG and Ca?%* A hERG 89 0.4 21 25 17.2 /0.5 5 5 0.9 |1.2 22 27 0.007| 1.0 55 74
channels at the clinical unbound maximal plasma concentration (free C, ., ). 40 mV omy oMV Ca?* peak 10.2 |04 24 27 52 0.6 5 6 49 |07 14 16 0.08 | 0.5 24 33
Chloroquine showed preferential block of hERG and some Ca2* and peak 80 mV \1-2 Vis 80 mm-z vis

Na* component at C_... Vanoxerine showed preferential block of hRERG — Ca®* ramp 2.5 10.6 2> 30 2.8 10.8 3 4 8.6 104 19 20 0.05 0.6 24 36
channels. Peak Na* 5.1 |0.9 8 9 5.8 | 1.8 0 0
glc;rllccalllu ;ggsa'n%a;?éaac;rﬁ;ﬁ:;?: ]rcliﬁldie:;esc?t_s”(])i];tzﬁjsdeydur: ggrzggpeesd t\r/]vee I with C ) Na* "Corrected data accounts for drug losses in the recording apparatus due to non-specific binding. Losses were determined in hERG recording solution and were extrapolated for
importance of assessing drug block of cardiac ion channels using | — other channels.

physiologically relevant experimental protocols to enhance translation of .

nonclinical findings to clinical outcomes. “ull block CO"CI usions

R ECG signal reflects activities of ion
channels in different parts of the heart.
The PR interval is initiated by At free C

max?

depolarization of the pacemaker due to < « Lopinavir and ritonavir both showed similar hERG and Ca?* channels block and increased potency for Ca2* channels at higher
activities of Ca** ang other ion channels. N concentrations, consistent with the increase in the PR and QT intervals.
Drugs that block Ca?* channels prolong 02s < « Chloroquine showed hERG, Ca?*, and peak Na* channel block. These nonclinical data align with the observed prolongation of the
the PR. The QRS interval is started by Na* Na* ~ _
ventricular depolarization, and is N N 1 ms QT, PR, and QRS intervals.
; ; : ; pr:OIOnng rt])y dru%s thathbl?ck Na* ) 40 mV « Vanoxerine preferentially blocks hERG channels over other channels. This block profile is suggestive of TdP risk hence explains
E - channels that mediate the fast or pea 15 mV : :
—— i QT - component. During the QT interval, the 95 m\/_\_l_l_\1'2 vis TdP cages seen in patlents' _ _ _ _ _ _ _
A - K > ventricles depolarize and repolarize. « Assessing drug block of cardiac ion channels using physiologically relevant experimental protocols enhances the translation of
Ca?" peak Na* . Drugs that impact repolarization cause nonclinical findings to clinical outcomes.
hERG, Ca“, QT chanaes: hERG blockers (tQT). Ca2* A. Sample trace and voltage protocol used to measure drug effects on hERG : : _
J (1Q1), This work can be improved b
late Na* blockers (|QT) and Na* channel blockers channels. The step-ramp protocol was intended to mimic the voltage changes during _ _ P _ y _ o o _
- late component (LQT). a ventricular action potential. RERG current was measured at the peak during the 1) Further increasing stimulation frequencies to evoke ionic currents within the heart rate range to better estimate % block at C,,_,,
repolarization ramp. B. Ca?* channel recordings. Whole cell current was measured since drug block can be frequency-dependent.
.y T : .y T ' 2+ ' 2+ . C. le trace - : :
Dru Clinical findin Previous nonclinical findin during the 0 mV step (Ca** peak) and during the ramp (Ca** ramp). C. Samp
9 9 9 and voltage protocol used to elicit Na* current. Peak Na* current was measured 2) Verifying concentrations of drugs exposed to all ion channels under study.
Lopinavir/Ritonavir PR 13 Lopinavir during the -15 mV step. Full block traces (gray) were recorded in the presence of : : — : _ : _ ,_
QT 1 Ritonavir policies. The mention of commercial products, their sources, or their use in connection with material reported herein is not to be construed as either an
Preferential hRERG and some Ca2* actual or implied endorsement of such products by the Department of Health and Human Services.
and late Na* block5 References:
1. Piccini JP, Pritchett EL, Davison BA, Cotter G, Wiener LE, Koch G, Feld G, Waldo A, van Gelder IC, Camm AJ, Kowey PR, lwashita J, Dittrich HC. Randomized, double-blind, placebo-controlled study to evaluate the safety and efficacy of a single oral dose of vanoxerine for the conversion of subjects with recent onset
Chloroquine PR 13 Block of hERG?® atrial fibrillation or flutter to normal sinus rhythm: RESTORE SR. Heart Rhythm. 2016 Sep;13(9):1777-83.
ot . 5 2. Sggaard U, Michalow J, Butler B, Lund Laursen A, Ingersen SH, Skrumsager BK, Rafaelsen OJ. A tolerance study of single and multiple dosing of the selective dopamine uptake inhibitor GBR 12909 in healthy subjects. Int Clin Psychopharmacol. 1990 Oct;5(4):237-51.
QRS 1 No Ca?* or Na* block 3. Vicente J, Zusterzeel R, Johannesen L, Ochoa-Jimenez R, Mason JW, Sanabria C, Kemp S, Sager PT, Patel V, Matta MK, Liu J, Florian J, Garnett C, Stockbridge N, Strauss DG. Assessment of Multi-lon Channel Block in a Phase | Randomized Study Design: Results of the CiPA Phase | ECG Biomarker Validation Study.
QT 1 Clin Pharmacol Ther. 2019 Apr;105(4):943-953.
] _ _ o ot 4 4. Obejero-Paz CA, Bruening-Wright A, Kramer J, Hawryluk P, Tatalovic M, Dittrich HC, Brown AM. Quantitative Profiling of the Effects of Vanoxerine on Human Cardiac lon Channels and its Application to Cardiac Risk. Sci Rep. 2015 Nov 30;5:17623.
Vanoxerine TdP in 3 of 26 patients? | Similar hERG and Ca?* block 5. Crumb WJ Jr, Vicente J, Johannesen L, Strauss DG. An evaluation of 30 clinical drugs against the comprehensive in vitro proarrhythmia assay (CiPA) proposed ion channel panel. J Pharmacol Toxicol Methods. 2016 Sep-Oct;81:251-62.



https://www.fda.gov/media/131157/download

	Slide Number 1



