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Introduction: Many drugs for the treatment of TB prolong the QTc interval, which is associated with anincreased
risk of developing a life-threatening arrhythmia known as torsades de pointes. Sutezolid and delpazolid are no-
vel oxazolidinones with demonstrated bactericidal activity. We aimed to assess the effects of sutezolid or del-
pazolid co-administered with bedaquiline, delamanid and moxifloxacin on the QTcF interval (Fridericia’s
correction). Furthermore, we developed a population pharmacodynamic model to assess the effects of drug ex-
posure on the QTcTBT interval (TB-specific correction).

Methods: Participants were randomized to receive standard-dose bedaquiline, delamanid and moxifloxacin
with varying doses of either sutezolid (no sutezolid, 600 mg daily, 1200 mg daily, 600 mg twice daily, 800 mg
twice daily) or delpazolid (no delpazolid, 400 mg daily, 800 mg daily, 1200 mg daily, 800 mg twice daily). The
QTc interval was determined using weekly ECG assessments.

Results: Data from 149 participants, yielding 2373 ECG observations were available for analysis. Nine partici-
pants (6.0%) experienced a Grade 3 QTcF prolongation as defined by the Common Terminology Criteria for
Adverse Events v5.0. The population pharmacodynamic model predicted a 13.2 ms (95% CI: 10.9-15.3) increase
of the QTcTBT in the first week of treatment, but no further increase after that. The exposure of bedaquiline’s M2
metabolite was found to drive part of the QTcTBT. No exposure-response relationship was identified for the
other drugs investigated.

© The Author(s) 2025. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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Conclusions: The drug regimens containing standard doses of bedaquiline, delamanid and moxifloxacin, and
varying doses of sutezolid or delpazolid were not found to pose a high cardiac risk in a population without further
QTc-relevant risk factors. However, close monitoring of the QTc interval remains essential in patients with TB
treated with combination drug therapy with known QTc-prolonging drugs.

Introduction

Novel and repurposed TB drugs are critical for the development of
shorter, safer and more patient-friendly treatment regimens for
people with TB.! The approval of bedaquiline, delamanid and pre-
tomanid in the last decade marked the beginning of a new erain
the history of TB treatment. Sutezolid and delpazolid are novel
oxazolidinones that are structural analogues of linezolid, with de-
monstrated bactericidal activity and a good safety profile.??
SUDOCU and DECODE were Phase 1Ib clinical trials and aimed
to assess the safety, tolerability and exposure-toxicity relation-
ship of sutezolid and delpazolid, respectively, in combination
with standard-dose bedaquiline, delamanid and moxifloxacin.

Many anti-TB drugs are associated with a significant
QT-interval prolongation caused by the inhibition of the human
ether-a-go-go-related gene (hERG) potassium channel.“™*° This
delays repolarization, resulting in a prolonged QT interval and in-
creasing the risk of developing a potentially life-threatening ven-
tricular arrhythmia known as torsades de pointes (TdP).*! Tt is
therefore essential to evaluate the effects of novel and repur-
posed drugs on the QT interval, especially when given in combin-
ation with other drugs.

The QT interval is strongly correlated with heart rate.
Therefore, heart rate corrections (QTc) are required for meaning-
ful interpretation and comparisons. The method for correcting
the QT interval for heart rate is not standardized, and multiple
correction factors have been proposed. Fridericia’s correction
(QTcF) is the most frequently used correction factor and employs
a fixed correction over the entire treatment duration.!?**
Fredericia’s correction method has been shown to undercorrect
the QT interval in higher heart rate ranges and thus lead to short-
er QTcF intervals in untreated TB patients with active TB, who of-
ten present with tachycardia. Bazett’s correction (QTcB) was
found to be even less accurate and is not recommended any
longer in adults.’® Previous studies have shown that the heart
rate often decreases after initiation of TB treatment, potentially
indicating the need for a TB-specific correction method to avoid
overcorrection or undercorrection of QT over the course of the
treatment and to ensure better comparability of baseline and
treatment QTc values in TB patients. For this purpose, population-
specific correction factors with time-fixed correction values fall-
ing between those used in the calculation of QTcB and QTcF or
time-varying methods have previously been proposed.'®~!8
These approaches can improve correction accuracy and aid the
assessment of QTc prolongation in patients undergoing treat-
ment for active TB.

In this study we aimed to assess the cardiac safety profile
of two regimens containing a fixed combination of bedaquiline,
delamanid and moxifloxacin and one of two novel oxazolidi-
nones, sutezolid or delpazolid, and performed a population-
pharmacodynamic analysis to quantify the effects of drug
exposure on the QTc prolongation. Furthermore, we aimed to

assess proposed QT correction methods for their ability to accom-
modate the dynamic changes in heart rate during TB treatment
and present a case study of a participant that had a significant
QTc prolongation in the PanACEA SUtezolid DOse-finding and
Combination EvalUation (SUDOCU) trial.

Methods

Study design

Data were obtained from the Phase IIb dose-finding trials SUDOCU and
PanACEA DElpazolid dose-finding and COmbination DEvelopment
(DECODE). Participants were recruited in Tanzania and South Africa.
Inclusion and exclusion criteria were identical for both studies. All partici-
pants enrolled were adults with smear-positive drug-sensitive pulmonary
TB. All participants with pre-existing cardiac pathologies and ECG abnor-
malities such as a QTcF of >450 ms, or a history of chronic heart disease,
sudden (cardiac) death in the family history, or receiving concomitant
QT-prolonging medication were considered ineligible for study participa-
tion. A full description of the study design and a list of inclusion and ex-
clusion criteria have previously been published for DECODE and were
identical in SUDOCU.'® The trials were registered with all institutional
and national authorities of the participating sites, as well as with the eth-
ics committee of the coordinating centre in Munich, Germany
(clinicaltrials.gov IDs: NCT03959566, NCT04550832).

In short, participants were randomized 1:1:1:1:1 to one of five arms
(per trial, resulting in a total of 10 arms), each of which contained
standard-dose bedaquiline (2 weeks of 400 mg daily, thereafter
200 mg thrice weekly), delamanid (100 mg twice daily) and moxifloxacin
(400 mg daily) with varying doses of either sutezolid (no sutezolid,
600 mg daily, 1200 mg daily, 600 mg twice daily, 800 mg twice daily)
or delpazolid (no delpazolid, 400 mg daily, 800 mg daily, 1200 mg daily,
800 mg twice daily). The duration of the experimental treatment was
12 weeks in SUDOCU and 16 weeks in DECODE.

Electrocardiography assessment

ECGs were recorded weekly after 10 min of supine rest and before the dai-
ly drug dose. All recordings were obtained using an ELI 230 electrocardio-
graph, which was distributed to all sites. QTc was calculated
automatically and uploaded to a central database. Site investigators im-
mediately reviewed the ECGs to assess the overall quality of the record-
ing, rhythm and morphology, and to screen for possible QTc
prolongation. Data used for the analysis were based on the automated
machine readings. QT intervals were not manually corrected.

The baseline (reference) QTc was defined as the mean of three ECGs
performed before receiving the study treatment, using Fridericia’s correc-
tion. During treatment, if a prolongation of >50 ms or an absolute QTcF
value of >480 ms was observed on a single ECG tracing, two additional
recordings were performed. The mean of the triplicate measurements
was used to grade adverse events. Based on the mean of triplicate
ECGs, a change from baseline of >60ms or an absolute QTcF of
>501 ms was scored as a Grade 3 prolongation according to the
Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.%°
Stopping criteria in SUDOCU corresponded to a Grade 3 QTcF prolongation
and were modified to either an absolute QTcF of >501 ms or a change
from baseline of >60 ms at an absolute QTcF of >480 ms in DECODE.
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In such cases the experimental treatment was discontinued, and the par-
ticipants were closely observed. Participants with prolongation were fol-
lowed up until the event was considered resolved.

Statistical analysis

Baseline demographics and clinical characteristics were stratified by
study and outcome group (Grade 3 CTCAE v5.0 prolongation versus no
or lower-grade prolongation) and summarized using proportions for cat-
egorical variables and median with range for continuous values.
Hypothesis testing for the difference between baseline characteristics be-
tween participants with and without prolongation was done using a
chi-squared statistic, unpaired t-test or Mann-Whitney test where appro-
priate. A repeated-measures mixed-effects model adjusted for sex and
age was used to compare QTcF and heart rate changes across both stud-
ies. A P value of <0.01 was considered statistically significant. STATA/SE
18.0 (StataCorp, College Station, TX, USA) was used for analysis and
visualization.

Assessment of QT correction methods

To assess which correction method decorrelates heart rate and QTc inter-
val the best, uncorrected QT interval and heart rate were extracted from
the database. Subsequently, all QT observations were corrected using
QTcF, QTcB and Olliaro’s method (QTcO), and using the TB-specific time-
varying correction method (QTcTBT).?>1*16:18 The mathematical formu-
las for these corrections are presented below:

QT(t)
TeF(t) = — Y
QTcF(®) RR(O™S

QTcB(t) =
RR

Q)
QT0() = o st

QT()

QTcTBT() = —log (2)+TAST
OA4081—(OA0781)*(1—6T)

RR(t)

Where QT(t) denotes the observed QT interval at timepoint t (ms), RR(t)
the observed interval between two R-wave peaks at time t (ms), and
TAST denotes the time after the start of treatment (weeks).

Linear regression was performed to assess which correction factor
corrected the QT interval best pre-treatment, early-phase treatment
(0-2 weeks), mid-phase treatment (2-6 weeks), late-phase treatment
(6 weeks—end) and over the entire trial duration. The best-performing
correction factor, as determined by the slope closest to zero of the linear
regression, was subsequently used as the correction factor for the deter-
mination of the QTc-prolonging potential of the investigated treatment
regimens using population pharmacodynamics.

Population pharmacodynamics
Structural and stochastic model

A non-linear mixed-effects model describing QTc over time on treatment
was developed. Linear, step function, power, Eq, and negative expo-
nential models were investigated. Data from the SUDOCU and DECODE
studies were analysed jointly. Interindividual variability was assumed to
be log-normally distributed, except for the increase in absolute QTc
over time, which was assumed to be normally distributed. To assess

the effect of within-day natural variability in QTc, a circadian rhythm
model was investigated. Cosine functions with one- and two-phasic oscil-
lations were considered.

Covariate analysis

Stepwise covariate modelling was performed to assess significant covari-
ates.?! A forward significance level of 0.05 and a backward significance
level of 0.01 were used as cut-off values. Covariates relating to disease
severity and demographics were investigated on the baseline QTc [time
to positivity (TTP) in liquid TB culture, presence or absence of lung cavita-
tion, Ralph score, HIV coinfection, age, sex and race].?? Magnesium, cal-
cium and potassium concentrations were evaluated as time-varying
covariates as these electrolytes have been shown to impact the QT inter-
val.?? Exposure metrics for the identification of an exposure-response re-
lationship were generated using previously published population
pharmacokinetic models for sutezolid and delpazolid, and a non-
compartmental analysis for bedaquiline, bedaquiline’s metabolite M2,
delamanid and moxifloxacin.?*?> DM-6705 concentrations were not
available for analysis. A summary of the exposure metrics is presented
in Tables S5 and S6 (available as Supplementary data at JAC Online).
Having sutezolid or delpazolid co-administered was investigated as a cat-
egorical variable on the QTc increase and drug exposure metrics were as-
sessed as a continuous covariate on the QTc increase using linear and
Emax functions.

Model evaluation

Model evaluation was based on objective function value (OFV),
goodness-of-fit plots and visual predictive checks (VPCs). A decrease in
OFV of >3.84 was significant at the P=0.05 level. Model development
was performed using NONMEM 7.5 using Pirana 2.9.9 as interface and
PsN 5.3.1 for additional functionalities.?®~?® Dataset management and
plot generation were performed using R 4.1.3 in R Studio.?®3°
Parameter precision was determined using the sampling importance re-
sampling (SIR) algorithm.>?

Results

In total, 75 newly diagnosed adult participants were enrolled in
the SUDOCU trial between June 2021 and February 2022. Two
participants withdrew their consent shortly after randomization.
Therefore, the safety and analysis population included 73 partici-
pants. The DECODE study enrolled 76 participants between
November 2021 to September 2022. The baseline characteristics
of the participants in both studies are displayed in Table 1.
Baseline QTcF and baseline HR differed between participants
with and without a Grade 3 QTcF-interval prolongation in the
SUDOCU study.

The mean QTcF change from baseline, aggregated across all
treatment visits and dosing arms, was 23.7 ms (95% CI: 22.5-
24.8) in SUDOCU and 19.0 ms (95% CI: 17.6-20.4) in DECODE.
The heart rate decreased by —-19.1bpm (95% CI -19.9 to
—18.2) in SUDOCU and —18.1 bpm (95% CI: =19.0 to —17.1) in
DECODE on treatment compared with baseline. Mean changes
in QTcF and HR did not differ between the two studies (P=0.072).

In the SUDOCU study, there were no absolute QTcF values of
>480 ms. A QTcF prolongation of >60 ms compared with the
baseline value occurred in 6 (8.2%) participants. In the DECODE
study, the highest mean of triplicate QTcF values was 492 ms and
was recorded 2 weeks after the start of treatment in an otherwise
asymptomatic participant. This participant was recruited in error,
with a QTcF above the eligibility cut-off of 450 ms at screening.
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Table 1. Baseline characteristics in participants with and without Grade 3 QTcF prolongation according to CTCAE 5.0, either an absolute QTcF of

>501 ms or a change from baseline of >60 ms

Baseline characteristics Total Prolonged Non-prolonged P value
SUDOCU
Safety population, n (%) 3 (100) 6 (8.2) 7 (91.8)
Male, n (%) 4 (74.0) 4 (66.7) 0 (74.6) 0.670
PLWH, n (%) 2(2.7) 0 2 (3.0) 0.665
Age (years), median (min-max) 33.0 (20.0-58.0) 34.0 (25.0-45.0) 33.0 (20.0-58.0) 0.969
Weight (kg), median (min-max) 53.0 (42.2-75.2) 53.8 (43.1-62.5) 53.0 (42.2-75.2) 0.892
Body temperature (°C), median (min-max) 36 8 (35.2-38.5) 37 2 (36.2-38.4) 36 8 (35.2-38.5) 0.042
Ralph-Score, median (min-max) 2 (5-105) 0 (8-100) 2 (5-105) 0.833
TTP (days), median (min-max) 8 (2.8-37.6) 6 (4.0-9.8) 7 (2.8-37.6) 0.067
QTcF (ms), median (min-max) 389 7 (348.7-429.0) 356 2 (348.7-383.0) 391 7 (353.3-429.0) <0.001*
HR (bpm), median (min-max) 91.7 (60.3-123.7) 116.2 (93.0-123.7) 90.7 (60.3-120.0) <0.001*
DECODE
Safety population, n (%) 6 (100) 3(3.9) 3 (96.1)
Male, n (%) 0 (78.9) 2 (66.7) 8 (79.5) 0.594
PLWH, n (%) 1 (14.5) 0 1(15.1) 0.467
Age (years), median (min-max) 34 0 (20.0-57.0) 26.0 (23.0-27.0) 34 0 (20.0-57.0) 0.053
Weight (kg), median (min-max) 53.0 (40.0-84.0) 43.5 (42.7-55.0) 53.0 (40.0-84.0) 0.151
Body temperature (°C), median (min-max) 36 8 (35.0-38.4) 36 8 (36.2-37.6) 36 8 (35.0-38.4) 0.600
Ralph score, median (min-max) 8 (2-117) 0 (75-83) 7 (2-117) 0.255
TTP (days), median (min-max) 4 (2.9-40.0) 8 (4.2-5.4) 3 (2.9-40.0) 0.613
QTcF (ms), median (min-max) 394 7 (347.0-443.0) 376 7 (347.3-424.0) 395 0 (347.0-443.0) 0.229
HR (bpm), median (min-max) 90.3 (40.0-120.0) 110.7 (66.3-115.7) 90.3 (40.0-120.0) 0.292

PLWH, people living with HIV; HR, heart rate.
* = significant at the P <0.01 level.

There were no other participants with QTcF values exceeding
480 ms. Three participants experienced a prolongation compared
with baseline of >60 ms (3.9%), resulting in three Grade 3 adverse
events. The highest recorded change from baseline was 94.7 ms in
the 11th week after the start of treatment in an asymptomatic par-
ticipant with an absolute QTcF of <450 ms.

The ECG monitoring values of participants experiencing a
Grade 3 CTCAE 5.0 prolongation are displayed in Figure 1.

Only one participant across both studies experienced symp-
tomatic palpitations and we describe the narrative surrounding
this event herein. A 45-year-old female participant in the
SUDOCU study with pulmonary TB and newly diagnosed diabetes
mellitus type 2 presented for a scheduled visit at Day 63 after the
start of treatment with an increased QTcF interval and palpita-
tions. The prolongation compared with baseline was 70 ms at
an absolute QTcF of 453 ms. No morphological abnormalities of
the ECG were noted. The participant reported previous episodes
of palpitations starting 2 months before the start of treatment.

Study medication was withheld and the patient was admitted
to the hospital for observation. Tests upon admission showed
some abnormalities, but none were deemed significant to ex-
plain the QTcF prolongation. During the second night of admis-
sion, she experienced a syncope-like event with an increased
awareness of fast heart beats. Symptoms improved after IV ad-
ministration of 500 mL of normal saline within 1.5 h. An ECG per-
formed during a following episode of palpitations was
remarkable for a narrow QRS complex sinus tachycardia with a
heart rate of 135 bpm; a TdP event was ruled out.

The participant was observed for 19 days and then dis-
charged from the hospital with standard TB treatment and in-
tensive QTcF follow-up investigations. The participant’s QTcF
prolongation was likely due to the trial medication in combin-
ation with recently initiated antidiabetic treatment and the ef-
fects of an ongoing TB infection. Close monitoring and a shift to
standard TB treatment resulted in stabilization without further
complications.

Assessment of QT correction methods

In total, 1207 and 1166 ECG observations were obtained
from the SUDOCU and DECODE trials, respectively. Table S1
shows the linear slope between QT/QTc and heart rate over
time on treatment. The TB-specific time-varying QT correction
factor and Olliaro’s correction factor normalized the QT inter-
vals best during the entire treatment period. In contrast,
Fridericia’'s model generally undercorrected the QT interval,
whereas Bazett’s method generally overcorrected the QT inter-
val. Figure 2 illustrates the different QT correction factors at dif-
ferent timepoints during treatment. The QTcTBT was selected
for assessment of the QTc-prolongation potential on the phar-
macodynamic model.

Population pharmacodynamics

A step function best described the increase in QTcTBT over time
on treatment. The step function was implemented between
baseline and Week 1, indicating that the full QTc-prolonging
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Figure 1. Absolute QTcF and change from baseline (CFB) values in participants with a Grade 3 prolongation. Values represent either a mean of triplicate
measurements (at timepoints with recorded prolongation) or single readings. Six participants in SUDOCU (top) and three participants in DECODE (bot-

tom). Displayed are all baseline, treatment and follow-up timepoints.

potential was observed during the first week of treatment with no
increase in QTc thereafter. A summary of the tested base models
is presented in Table S2.

The baseline QTcTBT was estimated at 400 ms (95% CI: 396-
403). No statistically significant difference in baseline QTcTBT be-
tween SUDOCU and DECODE was identified. An increase of
13.2 ms (95% CI: 10.9-15.3) was observed after the start of
treatment. There was no evidence that increase over time dif-
fered by dosing group or between studies. Participants with a
low baseline QTcTBT typically had a longer QTcTBT prolongation
on treatment.

Female participants were found to have a 13.5 ms (95% CI:
7.85-18.8) longer baseline QTcTBT compared with men.
Furthermore, QTcTBT increased linearly with increasing age by
0.367 ms per year (95% CI: 0.110-0.587) per year. A linear rela-
tionship between the QT prolongation and bedaquiline M2
AUCo_,4 was identified. A forest plot detailing the effects of the
covariates on the QTcTBT is presented in Figure S3. No effect of
sutezolid or delpazolid exposure, or other tested covariates,
was identified. A summary of the covariate analysis is presented
in Table S3. Table 2 shows the final model parameter estimates,
and VPCs of the final model are presented in Figure 3. VPCs strati-
fled on arm and model code are presented in Figure S1. A VPC
with M2 as independent variable is presented in Figure S2.
Furthermore, parameter estimates of an alternative model using
QTcF instead of QTcTBT are presented in Table S4. The final model
code is presented in text S1.

Discussion

We performed an analysis of the cardiac safety of approved-dose
bedaquiline, delamanid and moxifloxacin combined with differ-
ent doses of either sutezolid or delpazolid in participants with
drug-sensitive TB. Our analysis showed an average of a 24 ms in-
crease in QTcF between before and during treatment in the
SUDOCU study and an average increase of 19ms in the
DECODE study. The effect was considered clinically and statistic-
ally comparable across both studies. In total, 6.0% of participants
had a Grade 3 CTCAE v5.0 QTcF prolongation. One patient experi-
enced palpitations that were caused by sinus tachycardia. No fur-
ther complications were observed. All Grade 3 QTcF prolongations
were due to a change from baseline of >60 ms. No participants
had an absolute QTcF prolongation of >500 ms as a mean of trip-
licate measurements, the threshold thought to be associated
with an increased risk for TdP.

The model-based analysis of the QTcTBT showed an increase in
QTCTBT of 13.2 ms within 1 week after administration of the first
treatment dose. No further increase in the QTcTBT interval was ob-
served after the initial increase. The observed increase in QTcTBT
aligns with previous studies reporting QTcF prolongation following
bedaquiline and delamanid administration, with a model-based
analysis predicting median drug-induced QTcF increases of
12.5ms (95% CL: 6.1-24.5).2° Furthermore, we showed that fe-
male participants had a significantly longer baseline QTc interval
compared with men and that the QTc interval increases with
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Figure 2. Performance of correction factors for QT in four phases of treatment. Pre-treatment, early phase (Weeks 1-4), mid-phase (Weeks
5-8) and late phase (Week 8 to end). The red, yellow, green, blue and purple lines represent the linear regression of the uncorrected QT,
QTcB, QTcF, QTcO and QTcTBT, respectively. Black dots represent uncorrected QT measurements, and the purple dots the observations after

the QTcTBT correction.

age. The exact physiological reason remains unknown; however,
there is increasing evidence that gender-specific differences likely
result from sex-specific hormones, while the impact of age is pos-
sibly associated with changes in the cardiac electrophysiology.>%*2

All QTc observations were performed between 8 AM and 10
AM, before the intake of the daily doses of the study drugs. As
the QTc prolongation is likely due to a direct inhibitory effect of
the drug on hERG channels in the heart, and the heart is highly
perfused, the highest QTc prolongation is expected to occur at
the time where the drug plasma concentration is at maximum
(Tmax), Or shortly thereafter. Thus, the maximum observed
QTcTBT increase might be an underestimation of the effect, espe-
cially for drugs with a relatively short half-life (i.e. sutezolid and
delpazolid). This might also explain why we were able to identify
an exposure-response relationship for M2, a metabolite known
for its long half-life, but not for the other compounds. The main
metabolite of delamanid (DM-6705) also accumulates over
time on treatment and has been shown to be associated with
QTc-interval prolongation.®*2° Because M2 concentrations might
be correlated with DM-6705 concentrations, the M2 exposure-re-
sponse effect might be influenced by DM-6705 exposure.

We were not able to identify an exposure-response relation-
ship for sutezolid and delpazolid on the QTcTBT, possibly due to
sutezolid and delpazolid concentrations generally being very
low at the time of QTc measurement compared with at Thax,
making it difficult to discern any correlation between drug

Table 2. Parameter estimates for the QTcTBT model

Typical value
Parameter (RSE%) 95% CI (SIR)
Fixed effects
Baseline QTcTBT (ms) 400 (0.4) (396-403)
QTcTBT prolongation (ms) 13.2 (8.8) (10.9-15.3)
Effect of female sex (ms) 13.5 (18) (7.85-18.8)
Effect of age (ms/year)® 0.367 (26) (0.110-0.587)
Effect of M2 exposure 0.783 (30) (0.320-1.17)
(ms/mg/L*h)°
Random effects
11V baseline QTcTBT (CV%) 4,00 (9.2) (3.46-4.75)
IIV QTcTBT prolongation (CV%) 78.6 (19) (53.8-118)
Correlation baseline QTcTBT and -48.7 (50) (—65.2 to —25.2)
QTcTBT prolongation (%)
11V additive error (CV%) 50.2 (10) (40.6-62.3)
11V additive replicate error (CV%) 40.9 (12) (32.6-51.5)
Error model
Additive error (ms) 8.77 (9.5) (7.89-9.60)
Replicate additive error (ms) 4.92 (13) (4.41-5.49)

RSE, relative standard error; I1V, inter-individual variability; CV, coefficient
of variation.
%Parameterized as ms change per unit of deviation from median value.
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Figure 3. VPCs of the QTcTBT for the SUDOCU (left panel) and DECODE (right panel) studies. The lines represent the 2.5th, 50th and 97.5th percentiles of
the observed data, and the shaded areas the 95% CIs for the same percentiles from model-simulated data. Blue dots represent the observations.

exposure and QTc changes. Preclinical studies showed that sute-
zolid did not have any effects on the hERG ion channels (Pfizer,
unpublished data). No effect on the QTc prolongation was ob-
served in the Phase Ila study following sutezolid monotherapy.
Changes from baseline to Day 14 of treatment were —4.2 +
14.5ms and —=3.1+12.1 ms (mean+SD) in the 600 mg twice-
daily and 1200 mg daily arms, respectively.

Because the QTc measurements were obtained in the morn-
ing, no correction had to be made for the effect of the circadian
rhythm on the QTc interval, which has been observed in previous
studies.®>® This was supported by the model-based analysis, that
was not able to identify an effect of the circadian rhythm.
However, this might also be due to the correction factor used.?’

The QTcTBT correction factor was found to best correct the ob-
served QT interval over heart rate, during time on anti-TB treat-
ment. Previous studies investigating QTc prolongation of anti-TB
drugs often used Fridericia’s correction, which was shown to un-
dercorrect for participants with high heart rates.*® As treatment-
naive pulmonary TB patients typically have a higher heart rate at
the start of treatment due to disease-related tachycardia, which
normalizes over time when treated successfully, Fridericia’s
correction might bias the QTc-prolongation assessment. The
QTcF of participants at the start of treatment is potentially
artificially low due to the undercorrection of Fridericia’s
formula. Therefore, QTc-prolongation assessments using the
QTcF correction method in a treatment-naive TB population might
overestimate the QTc-prolonging potential of the investigated
drug. In our population, the model-based estimated QTcF base-
line was 388 ms, whereas using the QTcTBT it was 400 ms.
Subsequently, the model-based estimated increase of the QTcF

was 21.8 ms whereas the increase in QTcTBT was 13.2 ms, illus-
trating the need for a TB-specific QT-correction method.
Furthermore, using the QTcTBT correction method identified four
(two in SUDOCU and two in DECODE) participants with a Grade 3
QTc prolongation versus nine using the QTcF correction method.

In conclusion, the drug regimens containing standard-dose
bedaquiline, delamanid and moxifloxacin, and varying doses of
sutezolid or delpazolid were not found to pose a high cardiac
risk in a population without further QTc-relevant risk factors.
However, close monitoring of the QTc interval remains essential
in patients with TB treated with combination drug therapy with
known QTc-prolonging drugs.
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