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LETTER

QTc prolongation with bedaquiline treatment for drug-resistant
pulmonary TB in a programmatic setting

Dear Editor,
Bedaquiline (BDQ) in an optimised background
regimen (OBR) achieves early sputum conversion in
difficult to treat multidrug-resistant TB (MDR-TB)
patients with additional resistance to fluoroquino-
lones (FQs).1,2 However, BDQ has the potential to
affect the QT interval of the cardiac cycle within days
or weeks of initiating treatment.2,3 The multi-drug
treatment regimen includes other drugs that can also
prolong the QT interval with an additive or syner-
gistic effect on QT interval going beyond 500 ms
(using either Bazett or Fridericia correction formu-
lae).4,5 This study aimed to characterise effects on the
QTc interval when BDQ is used with other drugs to
treat drug-resistant TB (DR-TB).

BDQ was introduced in India in 2016 under the
Conditional Access Programme (BDQ-CAP) at six
nodal DR-TB treatment centres. TB patients who
were resistant to isoniazid and/or rifampicin, along
with additional resistance to any or all FQ and/or
second-line injectables, or with mixed pattern
resistance, or patients declared as failures of prior
MDR-TB treatment were eligible to receive a BDQ-
containing regimen. For patients willing to partic-
ipate in BDQ-CAP, after informed written consent,
a pre-treatment evaluation was done, details of
which are already published.1 On the 12-lead
electrocardiogram (ECG), QTc interval was noted
and heart rate correction was applied using Bazett’s
formula. If the QTc(b) was found to be �470 ms,
treatment was initiated with BDQ, along with an
OBR. BDQ was administered at 400 mg once daily
for 2 weeks, followed by 200 mg 3x weekly for 24
weeks. The drugs that were used in the OBR
included clofazimine, levofloxacin or moxifloxacin,
along with pyrazinamide and linezolid. Patients
were classified based on the drugs in the OBR at the
time of treatment initiation. After 24 weeks of
treatment, BDQ was stopped and the remaining
drugs in the regimen were continued for 18–24
months as per the standard of care. During the
treatment period, QTc(b) intervals were regularly
monitored. In patients with abnormal QTc(b), ECG
was repeated to confirm the QTc(b) prolongation.
Serum potassium, magnesium and calcium were
checked and corrected if found to be abnormal.
Other causes of prolonged QTc(b) were ruled out
and a cardiologist’s opinion was obtained. Division

of AIDS criteria were used to assess the severity of
the adverse events as mild (450–470 ms), moderate
(.470–500 ms) or severe (.500 ms or a difference
of �60 ms from baseline value), and patients were
observed for any change within acceptable limits.6

The study protocol allowed temporary withholding
of treatment if QTc(b) was .470 ms until the
abnormalities were corrected. The BDQ-containing
regimen was permanently discontinued if QTc(b)
was .500 ms and patients were given a regimen
without QT-prolonging drugs.

Of the 620 patients enrolled in the BDQ-CAP
between June 2016 to August 2017, five were
excluded, either due to missing values of baseline
QTc (n ¼ 3), missing follow-up QTc (n ¼ 1) and
non-BDQ regimen (n¼1). Among the 615 patients,
346 (56.3%) were men and the mean body mass
index (BMI) was 17.4 kg/m2 (standard deviation
[SD] 3.5). Pre-treatment investigation of the cohort
included haemoglobin (mean 6 SD: 11.5 6 2.0 g/
dL), platelet counts (mean 6 SD: 2.5 3 103 6 1.8 3

103) and liver enzymes: alanine aminotransferase
(mean 6 SD: 34.1 6 21.6 U/L) and aspartate
aminotransferase (mean 6 SD: 23.9 6 19.4 U/L).
Varying degrees of QTc(b) prolongation were
observed while on treatment: 195 (32%) patients
showed an absolute QTc(b) interval of .470 ms,
whereas 151 (25%) had �60 ms increase in QTc(b)
from their baseline values. Although BDQ was
temporarily withheld in a few patients in the study,
unfortunately this was not documented. However,
permanent discontinuation of BDQ was done in 14
patients due to prolonged QTc interval (n ¼ 2),
vomiting (n¼2), anaemia (n¼1), chest pain (n¼1),
complete heart block (n ¼ 1), death (n ¼ 1),
haemoptysis (n¼ 1), seizures (n¼ 1), thrombocyto-
penia (n¼1) and diarrhoea (n¼1). Two patients had
peripheral neuropathy secondary to other drugs in
the regimen, but the BDQ-containing regimen was
permanently discontinued. Prolongation of QTc(b)
interval was noticed more frequently during the first
6 months of treatment when BDQ was part of the
treatment regimen as compared to later months
(Figure).

BDQ was stopped after 6 months and during the 7–
12 months post-BDQ treatment period, ECG data
were available for 424 patients, of whom 33 (7.8%)
had an absolute value of QTc(b) .470 ms; 48
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(11.3%) had �60 ms increase of QTc(b) from their
baseline values, while in the rest the values were
within admissible range. Multivariate analysis was
done to identify the predictors of QTc(b) prolonga-
tion. Female sex, age �25 years and use of FQs along
with one or more QT prolonging drugs had a higher
risk of QT interval prolongation, whereas weight
�40.0 kg had a protective effect. Similarly, regimens
with three potential QT-prolonging drugs had a
significant effect on QTc interval as compared to
two drugs or BDQ alone in the treatment regimen
(Table). Variables such as age and alcohol use
determined QT prolongation during the post-BDQ
treatment period. Pre-treatment haematology and
biochemical laboratory variables were not found to
be statistically significant (with RR of 1) in the
multivariable model.

This cohort of DR-TB patients was able to tolerate
BDQ-containing regimens well, similar to other
cohorts.7–13 Although 21 patients (3.5%) developed
QTc(b) .500 ms at any one time point during the
entire treatment period, repeat ECG (triplicate ECG)
showed QTc(b) of ,470 ms; treatment was there-
fore continued, except in two cases. These two
patients had QTc(b) .500 ms even in the repeat
ECGs, and the BDQ-containing regimen was there-
fore permanently discontinued. This could be
attributed to differences in ethnicity and racial
variation. Similar to our findings, another study
also that showed factors such as age, sex, concom-
itant anti-TB drug(s), and BMI determine QTc
prolongation.7 However, Njedka et al. reported that
HIV status, age �50 years, and sex did not increase
QTc values in the initial months of BDQ treatment,

Figure Proportion of patients with ECG showing prolongation in QTc(b) above 470 ms. BDQ¼
bedaquiline; CFZ¼ clofamizine; FQ¼ fluoroquinolone; ECG¼ electrocardiogram.

Table Multivariable Poisson regression fitted to assess the effect of treatment regimen and other variables on prolongation of
QTc(b) . 470 ms (n¼ 596)*

Variable

First 6 months (BDQ usage) Post-BDQ treatment period

RR (95% CI) P value RR (95% CI) P value

Age, years (�25) 1.40 (1.08–1.808) 0.011 2.37 (1.02–5.51) 0.045
Female sex 1.49 (1.15–1.92) 0.002 0.69 (0.33–1.46) 0.336
Baseline weight, kg (�40) 0.71 (0.56–0.9) 0.005 0.66 (0.32–1.36) 0.259
Excessive alcohol use in the past year (yes) 1.36 (0.69–2.71) 0.375 3.16 (1.19–8.4) 0.021
Tobacco use in the past year (yes) 0.55 (0.26–1.18) 0.123 0.19 (0.03–1.31) 0.091
Regimen BDQ þ CFZ 1.42 (0.98–2.06) 0.06 0.82 (0.31–2.19) 0.689

BDQ þ LVX 1.68 (0.84–3.4) 0.145 1.46 (0.22–9.55) 0.69
BDQ þ MFX 1.51 (0.92–2.5) 0.105 1.69 (0.52–5.49) 0.384
BDQ þ CFZ þ LVX 1.88 (1.09–3.26) 0.024 2.61 (0.69–9.94) 0.158
BDQ þ CFZ þ MFX 2.10 (1.41–3.13) ,0.001 2.24 (0.87–5.78) 0.094
BDQ alone† Reference — Reference —

* Of the 615 patients, five patients had baseline QTc (b) above 470 ms, whereas in 14 patients alcohol and smoking status were not known and they were not
considered for the univariate or multivariate analysis. Hence, 596 patients were analysed.
† BDQ alone denotes a regimen with combination of other drugs that do not have QTc prolongation effect.
BDQ¼ bedaquiline; RR¼ relative risk; CI¼ confidence interval; CFZ¼ clofazimine; LVX¼ levofloxacin; MFX¼moxifloxacin.
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whereas moxifloxacin-containing regimens did.14

Diacon et al. and information from Janssen Phar-
maceuticals Ltd. (Beerse, Belgium) has established
an increased risk of QTc prolongation when BDQ is
used with FQ and certain antimalarial drugs.15 Pym
et al. reported that patients with concomitant use of
clofazimine had an increased risk of clinically
significant QTcF prolongation.2

The WHO recommends monthly ECG monitoring
for patients receiving BDQ along with other QTc
prolonging drugs.16 However, TB control pro-
grammes in many countries face a major obstacle in
obtaining access to 12-lead ECG equipment and
interpretation of results. There is no standard
frequency of QTc monitoring and it varies between
studies.17 Our study indicates the need for a pre-
treatment cardiac evaluation and supports less
frequent ECG monitoring during and post-treatment
periods. Limitations of the study includes the use of
the Bazett formula for QT correction (as available in
the ECG machine), which could have overestimated
the QTc prolongation. The role of concomitant use of
other potentially QT-prolonging drugs was also not
analysed in this study, as they were not captured
uniformly across the field study sites.

Considering current WHO recommendations for
regimen composition and treatment monitoring of
DR-TB patients, our study provides additional
evidence on the safety of BDQ-containing regimens
besides identifying high-risk categories for QT
prolongation. On this basis, TB programmes can
safely consider the widespread implementation of
BDQ-containing regimens in the management of DR-
TB under programmatic settings.
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