Model-based QTc interval risk assessment in
Phase 1 studies and its impact on the drug

development trajectory

Author: O. Lillin, W. Comisar, J. Stone, D. Tatosian, R. de Greef. Institution: MSD

Introduction ECG quality discussion

A thorough QT study (TQT) is a required part of a new drug application. The TQT is an intensive and We present the results of three Phase 1 C-QTc analyses and discuss: In all examples the quality of the data was less than in a TAT, however the model predicted QTc
expensive study, usually done after proof-of-concept is shown. Regulators are amenable to the 1) the impact on the drug development trajectories of each of these compounds and effects were in excellent agreement with predicting the outcome of the TQTs.
use of PK-QTc relationships in the context of QT risk assessment. 2) type of ECG data used in these examples.

e With PK-QTc analyses:
» A PK-QTc analysis of Phase 1 data can offer several advantages: Methods and Results - Iarge measurement errors and different types of variability sources are accommodated
- Predict expected results of a TQT and aid in planning appropriate study design - variability is separated from structural patterns (drug effect, circadian rhythm, etc.)

] i i i i _ S - predictive power is not diminished by using less ECG quality data that are typically taken
Acceler_ate_ the development trajectory by allowing for the TAT to be planned in parallel with Three examples of novel compound candidates which identified as weak to moderate hERG in Ph 1
the beginning of the Phase 3 program In Phase 1.

inhibitors based on preclinical in vitro assays are included. Mixed effects models with circadian
: _ rhythm as covariate on the intercept QTc and direct linear drug effect[4] were developed based
e Advantages of using Phase 1 data: ) : : :
) . on concentrations and QTc data from Phase 1 studies. Only fasted data were included to avoid
- available at an early stage of the development trajectory : : ) -
: . ) food effect on QTc getting confounded with drug effect. All studies (within a compound) were
- large dose span, often including the supra-therapeutic dose of the TQT : :
conducted with the same formulation.

) same_populanon as the TAT (health_y volupteers) . . Data could be pooled across the Phase 1 studies for each compound since ECG samples were
- planning for matching ECG and PK is feasible, or model based individual PK predictions : : : o S T
collected in the same manner. Circadian variations in ECG were similar in all subjects: dosing

can readily be used times, activity and food schedules were controlled the same wa
- sample size (by dose) is smaller than in the TQT, but availability of many more dose groups ' y y

- enables a good description of the exposure-response relationship.

Population PK-QTc models successfully characterized the QTc data of Phase 1 trials for three
compounds. The Phase 1 PK-QTc analyses were predictive of the TQT for Drugs A and C; study is
ongoing for B. These early results were useful not only for internal decision making but also in the
dialogue with regulators.
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We denote the therapeutic dose with X mg and report other doses as fractions of X.

e Some challenges with early PK-QTc assessment are:
- lack of assay sensitivity (positive control)
- limited clinical pharmacology profile (DDl to guide choice of supra-therapeutic dose in the TQT)
- reduced power to exclude small increases in QTc

- evidence to support lack of PK-QTc relationship.

e The PK-QTc models were built in several steps:

- A placebo model was built on drug-free data to capture non-drug related variations

- Covariates (sex, age, BMI, Japanese, placebo effect, circadian rhythm, type of ECG)
were tested on intercept QTc in an additive fashion

- Several models (linear, power, Emax, delayed effect) were tested (all data)
to capture the drug effect.

- Model qualification: model robustness has been demonstrated through extensive bootstrap
(1000 samples) and model predictiveness has been demonstrated through prediction

corrected VPCs (1000 samples) for Drugs A and B. Abstr. 2172
Drug A: Drug A: Figure 1: PK-QTc relationship for Drug A
Data from four Phase 1 studies were included: Impact
ECG assessments were mixed, comprising both Holter and 12-lead measurements B il U — B
Studies Doses, Design No of subjects, Demographics (some in triplicate). =1 o
Time points ~ e
No of samples * The final PK-QTc model was: 3 P
- Structural model: intercept QTc (QTc0) I N R T s
. . - Covariates: study, ECG type, placebo effect, circadian rhythm (one 24 h harmonic) 5
g!smlg g'g4x - 11X mg BG sul1)jeDcts 1 Adglt healthy men - Drug effect model: direct linear effect g
Dlng © . os_esa 9(?5yI;K’ 1%4 ECG | andwomen - Error structure: Inter-individual and inter-occasion variability additively on QTc0; e
0se period cross-over / Sampies inter-individual variability additively on SL; residual error additive % 0
- Model qualification: Model robustness was demonstrated by all parameters of a bootstrap = 2
Rising 0.2X — 5X mg 48 subjects Adult healthy men following a n.ormal distribution. A pcVPC showed that the model has good agreement with %
Multiple 5 doses Day 1,7 and13 and women the observations. e T 5
Dose 5 parallel cohorts 657 PK /909 ECG samples _ 2= = hemn. | | | s, -
* Impact of PK-QTc analysis: 0 1 3 5 7 10 11
- Establish safety margin of therapeutic window Doses [X mg]
Japanese, SD: 0.4X - 9X mg 24 subjects Adult healthy Phase 1 PK-QTc modeling predicted high likelihood of <10 ms QTc prolongation at
ﬁﬂDDand |3;/|dDOS1eg$(C;())(SS-OV|?r gillg F?I?\/I ;é??égf | ‘Jasanese men doses =< 3.5-fold the thera pGUtiC dose Figure 2: Prediction corrected Visual Predictive Check for Drug A
: 1.6X, 3X mg, samples and women
- Predict TQT 450 1
_ The predicted QTc prolongation (mean and upper Cl) at supra-therapeutic dose was 10 (14) ms n
Elderly, 0.6X —2.4X mg 39 subjects Elderly healthy and the TQT was predicted to be positive; the largest observed dQTc in the TQT was 12 (14) ms. o ]
Multiple 5 doses Day 1,7 and 28 men and women.
Dose 5 parallel panels 376 PK /513 ECG samples Supra-therapeutic dose was 10-fold the therapeutic dose to allow optimal characterization of -
the small drug effect that has been predicted by the PK-QTc analysis on Phase 1 data. The PK-QTc 3
analysis predicted the TQT results well in spite of differences in ECG quality. 7 a0
® - Negotiate ECG strategy in Phase 2/3 w3
PK-QTc modeling provided an early indication of the necessity to plan for appropriate ECG P2 4 Note: _ o
monitoring in Phase 2/3 and helped negotiate less stringent monitoring than would have been o I I ot :gﬁlgﬁhk";%ﬁikg{fnlg';st';h”e:;:;i‘;;bnze({;Y;Sk:;gg';;'i}ﬂe";’gi‘;":ﬁ;’ﬂ‘,’;nd
necessary otherwise. 0 5 10 15 2 2 - R5e-c§ sgﬁ(riﬁ?nngligsthoe :n:dsi;n:]uaﬂtiere%rgogéﬁ)ﬂzés are the 5-th and 95-th
Time (h) percentiles of the observations.
Drug B: Drug B: Figure 3: PK-QTc relationship for Drug B
Data from four Phase 1 studies were included: Impact B  aE e
ECG assessments were triplicate 12-lead measurements. e < — 7
Studies Doses, Design No of subjects, Demographics 7 ©]
No of samples A PK-HR model (linear mixed effects) showed a small drug effect and supported selection of the s
population corrected QT, QTcP, as appropriate for removing QT's dependence on heart rate. 5 g |
R!smg 0.02X - 6X mg 48 subjects Young and elderly « The final PK-QTc model was: S
Single 11 doses, 5 panels pre-dose, 1,2,4,6,8,12,24 h healthy men and Structural model- int £QTc (QTc0) g
Dose 801 PK /1071 ECG samples women - otructura’ modet. fmercept LIc1nie : : : 8
- Covariates: age, sex, Japanese, placebo effect, circadian rhythm (one 12 h harmonic) B
- Drug effect model: direct linear effect -
Rising 0.4X — 4X mg 113 subjects Young, - Error structure: Inter-individual and inter-occasion variability additively on QTcO0;
Multiple 5 doses, 9 panels pre-dose, 4,24 h middle-aged and residual error additive -
Dose 809 PK / 1105 ECG samples elderly healthy - Modellquallflcatlon: _Mo.del .robustness was demonstrated by all parameters of a bootstrap | | | | | | |
men and women following a n_ormal distribution. A pcVPC showed that the model has good agreement with 0 1 2 3 4 5 6
the observations. Doses [X mg]
Japanese, 0.1X-3Xmg 18 subjects Young healthy * Impact of PK-QTc analysis: Figure 4: Prediction corrected Visual Predictive Check for Drug B
RSD 5 doses, 2 panels pre-dose, 1,2,4,6,8,12,24 h Japanese men - Aid in design of the TAT e —
270 PK/ 360 ECG samples Phase 1 PK-QTc predicted <2 msec QTc prolongation at Phase 3 doses, with a predicted =
QTc change of <10 ms occurring at a 4.5 to 5.5-fold margin over clinical exposures. The predicted
_ QTc prolongation at supra-therapeutic dose was 4.5 (6.8) ms and the TQT is predicted to be »
Japanese, 0.5X—-2X mg 40 subjects Young and elderly negative (study ongoing).
RMD 3 doses || pre-dose, 4,24 h Japanese healthy .
348 PK /468 ECG samples men and women Supra-therapeutic dose of the TQT was 4-fold the therapeutic dose. "
.
- Negotiate ECG strategy for Phase 3
Modeling permitted earlier Ph3 start prior to conduct of TQT study without the need for extensive -
ECG measurements in Ph3. .
te:
1 - glge markers and lines are observed prediction corrected QTc;
- Black solid line is the mean and black dotted lines are the 5-th and 95-th
percentiles of the simulated predictions;
- Red solid line is the median and red dotted lines are the 5-th and 95-th
T s i ) i percentiles of the observations.
Drug c_ Drug c Figure 5: PK-QTc relationship for Drug C
Data from one Phase 1 study was included: Impact e
o it —
ECG assessments were triplicate 12-lead measurements. _w
Studies Doses, Design No of subjects, Demographics %
Time points A PK-HR model (linear regression of naive pooled change from baseline) showed a clinically not g
No of samples relevant drug effect and supported selection of QTcF. 5 7
Risi X _ 16X _ y Health Linear regression PK-QTc models with variability were step-wise evaluated. Inter-individual % < - ff,,x*”#
ISing 0.02X - 16X mg 16 subjects, predose, 2, 4, oung healthy men variability, inter-occasion variability and residual error were tested in all combinations on intercept g el
Single and placebo 6,8, 12,24 hrs QTc and drug effect slope proportionally and additively. a .l
Dose 11 doses, 2 panels, 456 PK /561 ECG samples ]
5 periods * The final PK-QTc model was:
- Structural model: intercept QTc (QTc0) = | | | |
- Drug effect model: direct linear effect 0 1 2 3 4
- Error structure: Inter-individual and inter-occasion variability additively on QTc0; Doses [X mg]
residual error proportional
- Model qualification: Model robustness was demonstrated by all parameters of a bootstrap Figure 6: Visual Predictive Check for Drug C
following a normal distribution. A VPC showed that the model has good agreement with | | | |
the observations. :

* Impact of PK-QTc analysis:

- De-risking TAQT il
A Ph1 C-QTc analysis predicted no drug effect on QTc changes (drug effect slope was not significantly
different from zero), which enabled more rapid development with deferral of TQT to be in parallel to
Phase |IB. The analysis was used to power the TQT study, which was found to be negative.

QTCF

Note:
- Blue markers and lines are observed prediction corrected QTc;
- Black solid line is the mean and black dotted lines are the 5-th and 95-th
percentiles of the simulated predictions;
X = = = = - Red solid line is the median and red dotted lines are the 5-th and 95-th
cone percentiles of the observations.
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