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THE SCENE HAS CHANGED

The ICH E14 Q&A document was revised and endorsed in all regions on December 10,
2015

> The revision of E14 is a consequence of activities that have been ongoing for
several years

> Extensive experience has been gained by the FDA from applying exposure
response (ER) analysis on data from TQT studies and patient data

> Enabled through the centralized (IRT) review of QT studies

> The IQ-CSRC prospective study with the objective to validate the approach of
applying exposure response analysis on data from standard clinical
pharmacology studies
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TQT STUDY EXAMPLES: ALBIGLUTIDE
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Day 4 represents the approximate C.., after a single 30 mg dose of albiglutide . . .
Day 39 represents the approximate C,, after repeat 50 mg doses of albiglutide Albiglutide Concentration (ng/mL)
ER slope: -0.0003 ms per ng/mL

(90% Cl: -0.0004 to -0.0001)

> 85 subjects, 4 treatment, parallel with nested XO study, 39 days of dosing

> Precision: Mean SD of gQTcl = 6.1 ms
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EXPERT PRECISION QT 1 SAD STUDY (2)

~—— MeanPredicted ----- 90%Cl

qu@ TcF (msec)

quQTcF (msec)

SAD FIH study with 8 dose groups (6+2)
Linear model with an intercept captures the data nicely

Variability in highest dose group handled
QT effect (@®xeQTcF) > 10 msec can be excluded
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EXPOSURE-RESPONSE ANALYSIS: MAD STUDY

AAQTCF (ms)
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—=— Observed QTcF (mean = 90% confidence interval)
—— Model predicted effect on QTcF (mean = 90% confidence interval)

2

=1 T T T T T T ) T
0 200 400 600 800 1000 1200 1400
Plasma Concentration (ng/mL)
Linear model Intercept: 3.9 ms (90°/0 Cl: 1.0 to 6.8 ms)

with intercept:
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Slope 0.016 ms per ng/ml (0.011 to 0.021 ms)



OBJECTIVES OF THE IQ-CSRC PROSPECTIVE STUDY

The objective of the initiative was to evaluate whether QT
assessment in early phase clinical studies can replace or
serve as an alternative the TQT study

> Therefore, a prospective clinical study was conducted in
healthy subjects with design similarities with a standard
FIH study

> The underlying idea was to apply exposure response (ER)
analysis on robust ECG data from early phase clinical
studies without change in standard design

> Collaborative project between the IQ-consortium, CSRC
and FDA

» Design of study, selection of drugs and doses and
statistical analysis discussed and agreed upon with FDA
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IQ-CSRC STUDY DESIGN

Patients and treatment Study drugs and dosing Methodologies

> 20 male and female > Study dr ugspo Fii tviev 3ECG methodology as in TQT
healthy subjects drugs, well characterized from studies (iCardiacos |
> Three treatment periods previous studies QT technique)
> Nine subjects were to > One QT negative, Placebo > Primary analysis: Based on
receive each drug, 6 on > Dosing on 2 days: exposure response
placebo > Day 1. Dose intended to give
> Target to have at least 6 app. 10 to 12 ms QTc effect.
on active and 5 on > Day 2: Dose intended to give
placebo app. 15to 20 ms effect
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MOXIFLOXACIN EXPOSURE-RESPONSE ANALYSIS

Corrected Values

ddQTcF [ms)

T T T
o 1000 2000 3000 4000 5000 6000

Moxifloxacin [ng/mL]

Red bars denote observed median (IQR) AAQTcF within each concentration decile

Slope,mean LB90% CI UB90% Treatmenteffect Cmax Predicted QTc LB 90% CI UB 90% CI Criteria

ms per ng/mL CI (intercept)ms  Day1, effect mean,
ng/mL ms

0.0065 0.0059* | 0.0072 23 1862 14.4 10.6 179** Met

* The positive slope is statistically significant. ** QTc effect above 10 ms at the Cmax of Day 1 cannot be excluded.
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HYDRODOLASETRON EXPOSURE-RESPONSE
ANALYSIS

Corrected Values
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ddQTcF [ms]
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Hydrodolasetron [ng/mL]

UB90% CI  Criteria

Slope,mean LB90% UB90% Treatmenteffect Cmax Projected QTc LB 90% CI

ms per ng/mL CI CI (intercept)yms  Day1, effect mean,
ng/mL ms

0.021 0.014* | 0.029 32 211 Wl 3.7 11.6%* Met
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LEVOCETIRIZINE EXPOSURE-RESPONSE ANALYSIS

Corrected Values

ddQTcF [ms]
5
|
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T T T T T T
(o] 200 400 600 800 1000 1200

Levocetirizine [ng/mL]

Slope,mean LB90% CI UB90% Treatmenteffect Cmax Predicted QTc LB 90% CI UB 90% CI Criterion

ms per ng/mL CI (intercept)yms  Day 2, effect mean,
ng/mL ms

0.0014 -0.0013 | 0.0041 0.7 1005 2.1 23 6.1*% Met

* QTc effect above 10 ms can be excluded at the geometric mean Cmax on Day 2.
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RESULTS: PRIMARY ANALYSIS

11b

Positive drugs (Day 1)
0.033 0.025  0.042 0.2 284 9.7
0.004  0.0034 0.0047 -3.0 3623 11.6
0.021 0.013 0.028 3.1 211 7.4
0.0065  0.0059 0.0072 2.3 1862 14.5
222 18.9 25.6 1.1 0.42 10.5

Negative drug (Day 2)
0.0014 -0.0013 0.0041 0.7 1005 21

6.2
6.8
3.0
10.5
6.3

-2.3

12.8
171
11.0
17.7
14.9

6.1

* Slope from linear model for comparison. Predicted effect for dofetilide using Emax model: 11.6 ms; 90% Cl 7.0 to 16.0
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REVISED E14 Q&A (R3) DOCUMENT
DECEMBER 10, 2015

Question 5 (revised)
Important Considerations

> If there are data characterizing the response at a sufficiently high multiple of the
clinically relevant exposure (see E14 Section 2.2.2), a separate positive control
would not be necessary.

Decision-making
» Both the intersection-union test and the concentration-response analysis can
estimate the maximum effect of a drug treat ment
using a concentration-response analysis as the primary basis for decisions to
classify the risk of a drug, the upper bound of the two-sided 90% confidence
interval for the QTc effect of a drug treatment as estimated by exposure-response
analysis should be <10 ms at the highest clinically relevant exposure to conclude
that an expanded ECG safety evaluation during later stages of drug development
Is not needed. (See E14, Section 2.2.4 and Q&A #7).
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DOES PRECISION OF THE QT MEASUREMENT
MATTER?

~=— 150 mg AMEOO1 QTcF (mean = 90% confidence interval)
-  Model predicted effect on QTcF (mean = 90% confidence interval)

> Not much in the case
of a large effect.

AAQTCF (msec)

Darpo, B. et al. Detection of ECG
effects of (2R,4R-monatin), a sweet
flavored isomer of a component
First identified in the root bark of the T .
Sclerochitin ilicifolius plant. Food — : = . c : ,
ChemToxicol. 2015 Dec 29. o] 500 1000 1500 2000 2500 3000
pii: S0278-6915(15)30132-0. doi: AMEO001 Concentration (ng/mL)
10.1016/j.fct.2015.12.023. [Epub

ahead of prinf] ER slope: 0.0163 ms per ng/mL
(90% CI: 0.0150 to 0.0175)
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PROPOSED CRITERIA FOR NEGATIVE QT
ASSESSMENT USING EXPOSURE-RESPONSE
ANALYSIS

Criteria for negative QT

Corrected Values

assessment: e |
The upper bound of the 2-
sided 90% confidence e

interval (Cl) of the predicted
placebo-adj ust ed ¢
below 10 ms at clinically
relevant plasma levels of the
drug.

I I T I T T T
0o 200 400 600 800 1000 1200

Levocetirizine [ng/mL]

* Darpo B, Garnett C, Keirns J and Stockbridge N.: Implications of the IQ-CSRC
prospective study - time to revise ICH E 14. Drug Safety 2015; 38: 773-80
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EXPERT PRECISION QT

02743918 )
6825709269 Flag for review all low-
51753896014 b E RT =) confidence beats
Use measurements from
42768725322%:7216 high-confidence beats
Incoming Data I Minimize for periods of HR l
variability, noise and signal 10 ECGs
artifacts within timepoints @)

m Manual Adjudication

Adjudicate all problem beats
(pass-fail), no re-measurement
In 3 of 10 ECGs manually assess all
parameters, including for QC
Final QC by cardiologist
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COMPARING PRECISION IN 7 TQT STUDIES
PERFORMED BY NOVARTIS

‘Test drug vs Placebo ‘ ‘ Moxifloxacin vs Placebo ‘

Figure 1
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Figure 2 ‘Test drug vs Placebo ‘ ‘ Moxifloxacin vs Placebo
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Residual Variance

Meiser K, et al. Comparing QT interval variability of semiautomated and high-precision ECG methodologies in seven thorough
QT studies-implications for the power of studies intended for definitive evaluation of a drug's QT effect.
Ann Noninvasive Electrocardiol 2017 Jan;22(1). doi: 10.1111/anec.12416. Epub 2016 Dec 19 | ERT



THE ROLE OF PRECISION FOR EARLY QT
ASSESSMENT

> Sample size to exclude a QTc effect > 10 ms using ER analysis
in SAD Study

> Early QT assessment with conventional semi-auto analysis
will be much less likely to exclude a small effect with a
negative drug
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