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Abstract

Moxifloxacin (MX) is an 8-methoxyquinolone antimicrobial drug, which is often used as a positive control in thorough QT (TQT) studies.
In the present study we established the population pharmacokinetics model of MX and the relationship of MX concentrations with

the QT and various corrected QT (QTc) intervals, and compared the results with other ethnicities. The MX data used for modeling

were obtained from a published TQT interval prolongation study of antofloxacin with MX as the positive control. In this four-period
crossover study, 24 adult Chinese healthy volunteers received either 200 or 400 mg of oral antofloxacin once daily, 400 mg of MX, or a
placebo. Population concentration-effect models were used to investigate the relationship between MX concentrations and QT interval
prolongation, baseline-adjusted QTc (AQTc), or AQTc adjusted with time-matched placebo corrections (AAQTc). The influencing factors
of MX PK and the concentration-QTc relationship were determined through covariate screening. Simulation studies were conducted in
R2.30 by using the final model with the estimated population mean and intra-individual and inter-individual variability. The estimated
pharmacokinetic parameters and the estimated slope of the MX concentration-QT/AQTc/AAQTc relationship were described using
models and were compared to results for other ethnicities from the literature. We showed that the population pharmacokinetic
parameter estimates for total plasma clearance (CL/F), the volume of distribution of central compartment (Vc/F), the distributional
clearance in plasma (Q), the volume of distribution of peripheral compartment (Vp/F), and the absorption rate constant (K,) were 8.22
L/h, 104 L, 3.98 L/h, 37.7 L, and 1.81 1/h, respectively. There was no significant covariate included in the final model. QT interval
prolongation of MX estimates ranging from 9.77 to 12.91 ms at the mean average maximum concentration of MX (4.36 yg/mL) and a
mean slope ranging from 2.33 to 2.96 ms per yg/mL. In conclusion, no ethnic differences were observed for the MX pharmacokinetic
parameters and QT interval prolongation.
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Introduction

Some non-antiarrhythmic drugs have an undesirable property
of delaying cardiac repolarization, which can be measured
as QT interval prolongation on a surface electrocardiogram

randomized, double-blinded, placebo and positive-controlled
study conducted in healthy male and female volunteers.
Because of the considerable impact of factors influencing the
QT interval (eg, heart rate), heart rate-corrected QT interval

(ECG)". Delayed cardiac repolarization can introduce the
risk of torsade de pointes (TdP). QT interval prolongation on
a surface ECG is considered to be a biomarker of proarrhyth-
mia. The design of a thorough QT (TQT) study for non-anti-
arrhythmic drugs according to the description of the ICH E14
guideline has been optimized in recent years and is typically a
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(QTc) measurements are considered to be the RR interval in
ECGs. The primary aim of a TQT study is to assess QT/QTc
interval prolongation. The ICH E14 guideline states that the
absolute QTc interval prolongation of a drug of more than
450, 480, and 500 ms or a QT interval prolongation change
from baseline of 30 ms and 60 ms must be considered when
analyzing QT/QTc interval prolongation data®. QT interval
prolongation is considered to be positive if the upper bound of
the 90% two-sided confidence limit of the AAQTc at the mean
maximum concentration (Cy,x) for the dataset exceeds 10 ms
or an effect on the mean QT/QTc interval exceeds 5 ms/.



A positive control is recommended for validating the TQT
study results. The conventional corrections of the QT interval
include Bazett’s (QTcB) and Fridericia’s (QTcF) corrections.
However, they may not always optimally correct the heart rate
QTcP. In addition, population- and individual-corrected QT
intervals (QTcP and QTcl, respectively) have been reported to

4 Concentration-QT interval

be superior correction factors
relationship modeling has gained as much attention as the tra-
ditional by-time method for analyzing QTc intervals. It can be
a more effective method for estimating the QT prolongation of
anovel drug during drug development.

Moxifloxacin (MX) is an 8-methoxyquinolone antimicrobial
activity drug®. A single oral dose of 400 mg MX is often used
as a positive control in TQT studies. MX is metabolized in the
liver through sulfate and glucuronide conjugation. Pharma-
cokinetic (PK) studies conducted in several regions®” have
revealed ethnic differences in the PK of MX between Japanese
and Chinese or German patients. Variations in the genotypes
of the metabolizing enzymes can lead to ethnic differences in
PK for specific metabolites. However, Kawai® indicated that
the effects of MX did not differ between ethnicities because it
was too weak to significantly reduce the clearance of the MX
parent compound. In several studies, the QTc prolongation of
MX did not significantly differ among Japanese, Korean, and
Caucasian patients” '’. However, in another study, the QT
effect of MX was found to be higher in Caucasians compared
to Africans and Asians!".

The pharmacokinetics of MX and the result of the TQT study
may have been affected by ethnic factors. However, it is still
unclear whether ethnicity had an effect due to limited data™"l.
Accordingly, we established a population pharmacokinetic
model to compare the PK and QT interval along with various
types of QTc effects of MX to demonstrate the sensitivity of the
study in detecting changes in a mean AAQTc of more than 5
ms or up to 10 ms in a Chinese population. Subsequently, we
compared the results to results obtained for other ethnicities.

Materials and methods
Study design and population
The MX data used for modeling were obtained from a TQT
interval prolongation study of antofloxacin with MX as the
positive control. A positive prolongation within the normal
range without risk of the QT interval caused by antofloxacin
has been reported in a conference presentation?. In this
four-period crossover study, adult healthy volunteers (n=24)
received either 200 or 400 mg of oral antofloxacin once daily,
400 mg of MX, or a placebo™. All the volunteers signed
informed consent forms before they were enrolled, and the
study protocol was approved by the hospital ethics committee.
Blood- and time-matched ECG samples were collected for
PK analysis and QT interval measurements at 0.5, 1, 2, 3, 4, 6,
8,12, and 24 h after treatment on d 1 and d 5. Samples for the
trough concentration and time-matched ECG were collected
before treatment on d 2, 3 and 4. MX concentrations were
measured through a validated high-pressure liquid chroma-
tography (HPLC)-tandem mass spectrometry method (MS/
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MS) as previously described™. The pre-dose ECG measured
at —5 min was considered to be the baseline for the QT interval
for the statistical calculations.

Population pharmacokinetic models

Several candidate population pharmacokinetic models, includ-
ing one and two compartment models with or without lag
time, were tested to describe the pharmacokinetics of MX.
According to the principle of significant changes in the objec-
tive function value (OFV, OFV >6.63, X* distribution with 1
degree of freedom) and bootstrap success rate (at least 80%),
the final pharmacokinetic model of MX was described as a
two compartment model with an absorption rate constant
(K,), total plasma clearance (CL/F), distributional clearance in
plasma (Q), and volume of distribution of the central compart-
ment (V./F) and peripheral compartment (V,/F).

Population pharmacokinetic analysis was performed using
NONMEM (Version 7.3; GloboMax LLC, Hanover, MD, USA)
with PsN 3.4.2. The estimation method was the first-order
conditional estimation method (FOCE) with an eta-epsilon
interaction. All figures were plotted using R version 2.30
(http:/ /www.r-project.org/). The 95% confidence intervals
(CIs) of the 2.5th and 97.5th percentiles of the simulated data
for the compartments were compared with the observed data
and used to assess the reliability of the final model.

Heart rate-corrected QT and changes in adjusted QTc (AQTc,
AAQTC)
The QT interval depends strongly on the RR interval. An
appropriate correction of QT intervals by RR intervals is essen-
tial to obtaining the corrected QT interval, which is used for
evaluating drug-induced QT prolongation. In this study, four
heart rate correction methods were used to adjust the influ-
ence of the RR interval.

The Bazett correction, QTcB=QT/RR".

The Fridericia correction, QTcF=QT/RR"**,

Study-specific correction, QTcP=QT/RR’, where B is the
slope of the regression of In(QT) on In(RR) for an individual
subject with drug-free data in the study population. This cal-
culation indicates that all the subjects have the same power
term for the QT correction.

Individual correction, QTcI=QT/RR”, where [ is obtained in
the same manner as QTcP but is calculated for each individ-
ual. This calculation indicates that the subjects have their own
power parameter.

The change in AQTc was the QTc interval change from base-
line, and the change in AAQTc was AQTc of the time-matched
difference between MX and placebo.

One-stage concentration-QT interval model

The one-stage concentration-QT interval model, which indi-
cates the raw QT interval, was directly estimated using the
observed MX concentration and RR. The relationship between
the MX concentration and QT was determined using linear
and nonlinear E,,, models. The data did not support an E,,,,
model. Therefore, a linear mixed-effect model of concentra-
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tions with RR interval correction was selected according to
Equation 1:

QT=(Intercept+slopx Conc)xrri+e (Eq 1)
where intercept represents the intercept of the linear mixed
model; Conc and rr are the concentration and RR interval,
respectively; slop indicates the slope of the linear mixed effects
model; f is the parameter of the RR interval effect; and ¢ is the
residual error and is typically normally distributed.

Two-stage concentration-QTc interval model
The two-stage concentration-QT interval model, which indi-

cates the raw QT interval, was corrected according to heart
rate; heart rate and baseline correction; or heart rate, baseline,
and placebo correction, and then fitted by a linear mixed-effect
model of observed concentrations and QTc, AQTc, and AAQTc
intervals directly by using Equations 2, 3, and 4, respectively.

QTc=Intercept+slopxConc+e (Eq 2)
AQTc=Intercept+slopxConc+e (Eq3)
AAQTc=Intercept+slopxConc+e (Eq 4)

Statistical model
An exponential error model (Equation 5) and proportional
error model (Equation 6) were used to account for the inter-
individual variability (IIV) of the PK and PD model, respec-
tively:
Pi=Pry - exp(1;) (Eq 5)
Pi=Pry - (1+ni) (Eq6)
where Pry is the parameter estimate for a typical population,
Pi is the parameter estimate for the ith individual, nji are the ith
individual random effects and are assumed to be distributed
as 6-N (0, ®%).
The additive proportional error model and combined addi-
tive and proportional error models were tested in the model-
ing process by using the following Equations 7, 8, 9:

Y=ipred+e;; (Eq7)
Y=ipred - (1+&,) (Eq 8)
Y=ipred - (1+&y)+ey; (Eq9)

where Y represents the observation; ipred is the individual
predicted concentration or QT/QTc interval; and &;; and &, are
the proportional and additive residual errors, respectively,
and each is assumed to be normally distributed as N (0, o).
Interoccasion variability was ignored because there were no
significant changes in the OFV when variability was included
in the model.

Covariate model

The collected sex, age, race, weight, height, and body mass
index (BMI) data were evaluated as candidate covariates to
explain the IIV of parameters in the model estimation. The
criterion for a covariate to be added to the final model was a
decrease of more than 6.63 in the OFV, which corresponds to
a P value of 0.01 (X* distribution with 1 degree of freedom).
Finally, stepwise backward elimination was conducted.
The criteria for a covariate to remain in the final model was
P<0.005, and the increase in OFV, which corresponds to a P
value of 0.005, is 7.88 (X* distribution with 1 degree of free-
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dom) in the OFV.

Model validation

The models were evaluated using visual predictive check
(VPC) methods. Additionally, 1000 Monte-Carlo-simulated
datasets were obtained from the final model output by using
the population mean values and a covariance matrix. A non-
parametric bootstrap procedure (1000 replicates) was used to
evaluate the final model and parameter estimates.

Concentration-QT interval prolongation simulations

Simulations of 500 new subjects were conducted in R version
2.30 to explore the exposure-response relationship by using
the population mean and intra-individual variability and IIV
of the parameter estimates of the concentration-QT interval
final model. For the simulation, four types of QTc were used.

Results

Subject demographic characteristics

Twenty-four healthy Chinese volunteers received MX (400 mg
once daily). Half (n=12) of them were men [mean age (stan-
dard deviation), 26.00 (4.41) years]. The mean body weight,
height, and BMI of the subjects were 58.58 (6.51) kg, 166.42
(7.47) cm, and 21.17 (1.76) kg/m?, respectively. A total of 539
plasma concentrations were recorded for compartment PK
modeling. A total of 537 QT intervals and time-matched heart
rates were recorded for concentration-QT interval modeling.

Population pharmacokinetic model

Among all the investigated models, the two-compartment
model with first-order absorption most accurately described
the population model for the PK of MX. After the demograph-

Table 1. Parameter estimates, standard error, and bootstrap confidence
intervals of the pharmacokinetic final model.

Pharmacokinetic Estimates 980 successful bootstrap
parameter (RSE %) median (95% PI)
CL/F (L/h) 8.22 (5.10) 8.17 (7.37-9.04)
V/F (L) 104 (6.70) 103 (93.1-115)
Q (L/h) 3.98 (20.2) 3.90 (2.36-6.09)
V/F (L) 37.7 (12.1) 39.1 (30.0-48.0)
K, (1/h) 1.81(18.1) 1.82(1.35-2.38)
Interindividual variability

CL/F, % 23.7 (12.5) 22.9(17.5-29.2)
V/F, % 27.9 (14.0) 27.0 (18.7-34.9)
Q, % 0, FIX -

V/F, % 32.6 (52.4) 36.1(13.6-60.3)
Ka, % 69.1 (20.5) 67.7 (44.3-96.4)
Residual variability

Proportional error (%) 15.9 (17.6) 15.5(12.9-18.0)
Additive error (ug/mL) 7.68 (111) 7.87 (0.880-13.7)

Clearance (CL), volume distribution of central compartment (V,), inter-
compartmental clearance (Q), volume distribution of the peripheral
compartment (V,), and absorption rate constant (K,).
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Figure 1. Diagnostic plot of final pharmacokinetic model. (A) Individual predicted concentration versus observed concentration. (B) Population
predicted concentration versus observed concentration. (C) Conditional weighted residuals versus population prediction. (D) Conditional weighted
residuals versus time. The black line and red line in (A) and (B) represent the line of identity and regression line, respectively, whereas (C) and (D) are
the position where the conditional weighted residual equals O and the red lines are the regression line.

ics were evaluated as candidate covariates to explain the IIV
of the parameters, no significant covariate was included in the
final model.

Table 1 summarizes the population final model parameters
and bootstrap validation. The estimated values of typical
parameters (relative standard error percent, RSE%) for CL/F,
V./F, Q, V,/F, and K, were 8.22 (5.10) L/h, 104 (6.70) L, 3.98
(20.2) L/h, 37.7 (12.1) L, and 1.81 (18.1) 1/h, respectively. This
model provided a favorable fit, as shown by the goodness-of-
fit plots (Figure 1). VPCs of the final model on d 1 (Figure 2A)
and d 5 (Figure 2B) revealed that the data simulated from the
final model were consistent with the observed data.

QT categorical analysis

Table 2 summarizes the categorical analysis of QT and QTc
(QTcB, QTcF, QTcP, and QTcl) prolongation. The observa-
tions of absolute QT prolongation of more than 450 ms with

Table2. Number of observation (ratio of observation) with categorical
analysis of QT, QTcB, QTcF, QTcP, QTcl prolongation.

QT (%) QTcB (%) QTcF (%) QTcP (%) QTcl (%)
Number of observation about absolute QT or QTc prolongation
>450 ms 31(5.77) 20(3.72) 11(2.05) 17 (3.17) 7 (1.30)
>480 ms 12 (2.23) 0 (0) 0 (0) 0 (0) 0 (0)
>500 ms 3(0.56) 0 (0) 0 (0) 0(0) 0(0)

Number of observation about absolute QT or QTc prolongation change
from baseline

>30 ms 82 (15.27)
>60 ms 6 (1.15)

28(5.21)
0(0)

17 (3.17)
0(0)

20(3.72)
0(0)

18 (3.35)
0(0)

the categorical analysis of the aforementioned factors were
31 (5.77%), 20 (3.72%), 11 (2.05%), 17 (3.17%), and 7 (1.30%),
respectively. Moreover, 12 (2.23%) and 3 (0.56%) observations
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Figure 2. The visual predictive checks for the pharmacokinetic final model for dose regimens of (A) 1 d and (B) 5 d. Open circles represent observed
moxifloxacin concentrations, and the solid and the dashed lines represent the median and the 95% CI of observation, respectively. The middle red
shadow areas represent the 95% confidence intervals of the median for the results of a simulation of the final model that was run 1000 times, and
the blue shadow areas represent the 95% confidence intervals of the 2.5th and 97.5th percentiles of the results of a 1000 times simulation of the

pharmacokinetic final model.

of absolute QT prolongation exceeded 480 and 500 ms with
the categorical analysis of QT, respectively, and none of the
absolute QTc prolongation changes exceeded these values.
The observations of absolute QT, QTcB, QTcF, QTcP, and QTcl
prolongation changes from the baseline of more than 30 ms
were 82 (15.27%), 28 (5.21%), 17 (3.17%), 20 (3.72%), and 18
(3.35%), respectively. Six (1.12%) observations of absolute QT
prolongation were more than 60 ms in the categorical analysis
of QT, and none of the absolute QTc prolongation changes
from the baseline exceeded 60 ms.

One-stage concentration QT interval model

The one-stage concentration QT interval model adequately
described the concentration-QT relationship. The diagnostic
plots of this model (Figure 3) showed that the population-
predicted concentrations, individual-predicted concentra-
tions, and observed concentrations and their closeness to the
trend and identity lines as well as the conditional weighted
residual value were distributed evenly around zero with most
points located between —4 and +4. Figure 4 shows the VPC
for the one-stage concentration QT interval final model in dose
regimens for d 1 and 5. Most observed concentrations were
within the CIs, and the median and 95% confidence interval
lines were near the middle of the 1000 results, which suggests
that the model exhibited adequate predictive power. Sev-
eral higher QT points [labeled with an identity (ID) number]
were consistently obtained from the same patient (ID=2),
which might be related to the higher baseline (484 ms) for this
patient.

Table 3 summarizes the results of the parameter estimates
and their IIV and the bootstrap of the final one-stage concen-
tration QT interval model. Sex as a significant covariate on
Intercept was established as the covariate model. Intercept was
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Table 3. Parameter estimates, relative standard error, and bootstrap
confidence intervals of the pharmacodynamic final model.

Pharmacodynamic Estimates (RSE%) 1000 successful bootstrap

parameter median (95%Cl)
Intercept (ms) 399 (0.600) 399 (395-404)
slop (ms'mL/pg) 2.33(24.0) 2.35(1.16-3.37)

B 0.430 (4.10) 0.431 (0.397-0.468)

0 Intercept_sex 0.0511 (20.2) 0.0525 (0.0307-0.0739)
Interindividual variability

Intercept (%) 2.30(24.9) 2.08 (0.987-3.04)
slop (%) 84.0 (50.1) 78.3 (15.0-223)

B (%) 13.9 (39.4) 12.5(0.139-22.0)
Residual variability

Additive error (ms) 61.1 (26.4) 60.1 (36.3-97.5)

SEX=0, female; SEX=1, male.

described as a function of sex (Equation 10), where 6, (399 ms)
is the population parameter of Intercept, and BOjercept e (0.0511)
is the parameter of sex effects on intercept, which results in a
longer intercept QT for women (20.4 ms) than for men.
Intercept=0*(1+0utercept sex) (Eq 10)

The estimated B is 0.43. The estimated slope is 2.33 per
pg/mL, which indicates a 2.33 ms increase in the QTc inter-
val for every 1 pg/mL increase in the MX concentration. The
estimated AAQTcF was 10.16 ms at a mean maximum con-
centration (Cy.x) of 4.36 pg/mL, which exceeded 10 ms. The
one-stage concentration QT interval model indicated that MX
induces QT prolongation.

Two-stage concentration QT interval model
Table 4 summarizes the parameter and standard error esti-
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Figure 3. Diagnostic plot of the final one stage concentration-QT interval model. (A) Individual predicted concentration versus observed concentration.
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Figure 4. The visual predictive checks for the pharmacodynamic final model in dose regimens of (A) the first day and (B) the fifth day. Open circles
represent observed QT, and the solid and dashed lines represent the median and the 95% Cl of observation, respectively. The middle red shadow areas
represent the 95% confidence intervals of the median for the results of 1000 times simulation of the final model, and the blue shadow areas represent
the 95% confidence intervals of the 2.5th and 97.5th percentiles of the results of 1000 times simulation of the pharmacodynamic final model. Data
points that were judged extreme are labeled with the ID number in this graph.
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Table 4. Parameter estimates, standard error, point estimation at maximum MX concentration of 400 mg and it's one-sided upper limit of 95%
confidence intervals of the different methods of pharmacodynamic final models.

Method Interceptmale/female (SE, ms)

Slope (SE, ms-mL/ug)

Point estimate* (ms) Upper bound of 95%Cl (ms)

One-stage model

QT 399/403 (2.46) 2.33(0.559) 10.16 14.17
Two stage with heart rate correction

QTcB 401/422 (2.31) 2.34 (0.593) 10.20 14.46
QTcF 398/402 (2.99) 2.24 (0.579) 9.77 13.92
QTcP 400/420 (2.36) 2.33(0.578) 10.16 14.30
QTcl 396/416 (2.96) 2.54 (0.507) 11.07 14.71
Two stage with heart rate and baseline correction

AQTcB 3.06 (1.28) 2.39 (0.568) 10.42 14.49
AQTcF 1.17 (0.996) 2.27 (0.558) 9.90 13.90
AQTcP 2.38 (1.04) 2.37 (0.538) 10.33 14.19
AQTcl 1.89 (1.13) 2.57 (0.491) 11.21 14.73
Two stage with heart rate, baseline and placebo correction

AAQTcB 0.669 (2.19) 2.76 (0.598) 12.03 16.32
AAQTCF 2.22(2.00) 2.96 (0.626) 12.91 17.40
AAQTCP 1.53 (2.00) 2.95 (0.596) 12.86 17.14
AAQTcl 2.24 (1.85) 2.91 (0.554) 12.69 16.66

*The QT prolongation of moxifloxacin estimate at the mean average maximum concentration of MX (4.36 pg/mL).

mates from the two-stage concentration-QT interval model.
The point estimation and its one-sided upper limit of 95% Cls
of the different methods were calculated at the maximum MX
concentration of 400 mg. In the two-stage models with heart
rate correction, the estimated slopes of QTcB, QTcF, QTcP, and
QTcl were 2.34, 2.24, 2.33, and 2.54 per 1 ng/mL, respectively.
The corresponding prolongations of QTcB, QTcF, QTcP, and
QTcl at the mean C,,,, of MX were 10.20, 9.77, 10.16, and 11.07
ms, respectively. In the two-stage models with heart rate and
baseline correction, the estimated slopes of AQTcB, AQTcF,
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AQTcP, and AQTcI were 2.39, 2.27, 2.37, and 2.57 per 1 pg/mL,
respectively. The corresponding prolongations of AQTcB,
AQTCcF, AQTcP, and AQTcI at the mean C,,,, of MX were 10.42,
9.90, 10.33, and 11.21 ms, respectively. In the two-stage mod-
els with heart rate, baseline, and placebo correction, the esti-
mated slopes of AAQTcB, AAQTcF, AAQTcP, and AAQTcI were
2.76, 2.96, 2.95, and 2.91 per png/mL, respectively. The cor-
responding prolongations of AAQTcB, AAQTcF, AAQTcP, and
AAQTcl at the mean C,,,, of MX were 12.03, 12.91, 12.86, and
12.69 ms, respectively.
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Figure 5. Predicted AQTc or AAQTc by concentration for simulations with 500 new subjects. Open circles represent observed AQTc or AAQTc, the black
solid line represents the population prediction, the green dashed line represents the C,.,,. The middle red shadow areas represent the 50% confidence
intervals of median for the results from simulations with 500 new subjects of final model, and the blue shadow areas represent the 95% confidence
intervals of the 2.5th and 97.5th percentiles of the results of simulations with 500 new subjects of the final model.
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Figure 5 shows the observed concentration-AQTc¢/AAQTc
and the corresponding predicted median with CIs for the
results of simulations with 500 new subjects. The 95% Cls of
the 2.5th and 97.5th percentiles of the results of simulations
with 500 new subjects of the final model were consistent with
most of the observed AQTc or AAQTec.

Discussion

The estimated values of typical parameters (RSE %) for CL/F
and V./F from the PK model were 8.22 (5.10) L/h and 104
(6.70) L, respectively, which are within the ranges of CL/F
(6.7-14.3 L/h) and V/F (62.9-189 L) reported in previous
studies™). In one of those studies, MX concentrations and
QTCcF data from 20 TQT studies submitted to the Food and
Drug Administration (FDA) were analyzed, and no ethnic dif-
ferences were observed in the PK of MX among Caucasians,
blacks, and Asians®®’.

The observations of MX absolute QT prolongation changes
of more than 450, 480, 500 ms or absolute QT prolongation
changes from baseline of more than 30 and 60 ms were higher
than the measurements obtained in the categorical analysis
of the QT correction methods, specifically QTcB, QTcF, QTcP,
and QTcl. The MX concentration-QT/QTc relationship was
well described by the one- and two-stage linear models with
QT correction methods. The results reveal MX as the posi-
tive control in the TQT study (mean QT/QTc interval >5 ms
and upper bound of the 90% two-sided confidence limit of the
AAQTc >10 ms; Table 4). The concentration QT interval mod-
els were established by the measured concentration data and
time matched QT/QTc. Table 4 indicates that the estimated
slopes in this study were 2.24-2.96 ms per 1 ug/mL. The ¢
test revealed no significant difference in the estimated slopes
among the various QT correction methods. Estimated QT/
QTc/AQTc/AAQTc intervals at the mean C,,, of MX were
9.77-12.86 ms, and the one-sided upper limit of 95% Cls of the
different methods of MX was 13.90-17.40 ms.
of the two-stage models, the AAQTc interval was longer than
the QTc and AQTc. The estimated QTcF and AQTCcF intervals
(9.77-9.90 ms) were shorter than the intervals obtained from
the other QT correction methods in this study (10.16-11.21
ms). However, the estimated AAQTCF interval (12.91 ms) was
the longest among all the QT correction methods.

In the results

Recent studies have reported the sex- and ethnicity-specific
effects of MX on the QTcF interval™ ?" 3. In one of those
studies, the QT effects of MX were greater in Caucasians than
in Africans and Asians, and the QTc values were higher in
patients with a lower BMI compared to individuals with a
higher BMI™. These differences could be related to a simple
difference in exposure (PK susceptibility) or the exposure-
response relationship (pharmacodynamic sensitivity)!"".
However, the pooled analysis of 20 TQT studies submitted to
the FDA revealed the estimated slopes to be 1.6-4.8 ms per 1
pg/mL with no statistically significant differences between
ethnicities. The confidence limits for this comparison were

[20]

wide'™. The estimated slopes in our study were 2.24-2.96 ms

per 1 pg/mL, which was within the reported range and near
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the middle of the range. Moreover, we observed a larger base-
line for QT of MX (20.4 ms) in women compared to men, but
there was no sex difference in the slope estimates. Therefore,
an appropriate concentration-QT model is reliable and can be
used in QT risk assessments in TQT studies. In the present
study, various QT correction methods for linear models were
used to describe the relationship between MX concentrations
and QT interval prolongation, which provides reference and
comparison data for other studies.

In conclusion, a two-compartment model with first-order
absorption and various QT correction methods for linear mod-
els fully characterized the time-concentration and concentra-
tion-QT interval relationship, respectively. The results of
pharmacokinetic parameters and various QT correction meth-
ods for linear models are consistent and within previously
reported ranges. No ethnic differences were observed in the
MX PK and QT interval. In our study, various QT correction
methods for linear models were used to describe the relation-
ship between MX concentrations and QT interval prolonga-
tion, which may provide a reference and comparison data for
future studies.
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