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QT Changes of Unforeseen Implications
and Bedaquiline: An Observational Study
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ABSTRACT

Introduction: Bedaquiline (BDQ), a diarylquinoline class of
antimicrobial, is one of the latest anti-mycobacterial agents to be
developed in several decades. Despite the drug being a great hope
for the Drug Resistant Tuberculosis (DR-TB) patients, previous
studies have raised alarm about BDQ-induced QT prolongations
of serious clinical implication. Unfortunately, knowledge about
adverse drug reaction of BDQ on Indian patients remains limited.
Therefore, dedicated research focused on safety of BDQ in Indian
population can provide valuable insight.

Aim: To assess the short-term safety of BDQ on Indian DR-TB
patients.

Materials and Methods: This prospective observational study
was conducted over a period of one year on 49 DR-TB patients
under BDQ therapy. Data of all the DR-TB patients from the first
14 days of BDQ therapy were enrolled in the study. All adverse
events during this period were closely observed and recorded.
Electrocardiography (ECG) were recorded daily during this period.
From the observed QT value, a ‘corrected QT (QTc) value was
calculated using Fridericia’s formula (QTcF). Values above 440 ms
were noted as prolonged QTcF and values >500 ms were given a
special consideration.
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Results: Total 49 patients were recruited in the present study, with
mean age of 38.63+1.63 years. A total of 124 reports of adverse
events or symptoms were recorded during the 14 days in-hospital
period. Nausea was the most commonly reported complaint (n=33)
followed by headache (n=30) and arthralgia (n=28). A total of 278
observations of prolonged QTcF values (>440 ms) was noted out
of 686 ECG recordings. The mean QTcF values among day 1, day
7 and day 14 showed statistically significant difference {p=0.01,
95% CI (Confidence Interval)}. Moreover, a mean increase of
14.2% was observed in the QTcF values between day 1 and day
14. There were a total of 69 observations of QTcF value more than
500 ms. The incidence of such value was maximum on day 14
(n=9). The QTcF values were found to follow three distinct trends:
a) Initial rise then fall (n=9), b) Initial fall and then rise (n=10) and
c) Rise followed by further rise (n=30).

Conclusion: The present observational study was targeted to
detect the short-term safety of BDQ in the DR-TB patients during
the initial 14 days of therapy. The patients complained of several
non serious adverse effects. Three distinct patterns of QT changes
and reduction of QTcF values were relatively new findings with the
merit for further investigation. However, a longer perspective of
adverse events was beyond the scope of this study.
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INTRODUCTION

Tuberculosis (TB) has been found to affect more than 10 million
people globally in 2017 and approximately 1.5 million people died
out of TB from all over the world in 2018 [1,2]. Moreover, emergence
of DR-TB has become a threat to the global community. It was found
that 20% of the previously treated cases and 3% newly diagnosed
cases were Multi Drug Resistant TB (MDR-TB) [2]. Additionally,
Extensively Drug Resistant TB (XDR-TB) is now reported from 105
countries and approximately 9.7% MDR-TB patients are actually
XDR [1]. Further alarm was raised from a study in South Africa which
found that only 56% MDR-TB patients could be treated successfully
and hence, MDR-TB constitutes 1/3® of the total deaths from
antimicrobial resistance globally [3]. Therefore, the need for new and
effective drugs to treat such patients is the need of the day.

Bedaquiline (BDQ), a diarylquinoline class of antimicrobial, is one of
the latest anti-mycobacterial agents which is developed in several
decades [4-7]. This new drug demonstrated inhibitory action against
the proton pump for Adenosine Triphosphate (ATP) Synthase of
Mycobacterium sp [8-11]. A number of studies had been conducted
in different parts of the world with BDQ and demonstrated a better
‘sputum conversion’” with BDQ-combining regimens compared to
non BDQ regimens [12-22]. Moreover, BDQ-containing regimens
were found to be more cost-effective [23].

With the data of positive results from the clinical trials, BDQ received
approval in the United States of America (USA) by the Food and
Drug Administration (FDA) in 2012 and in Europe by the European
Medicines Agency in 2014 [24]. South Korea, South Africa, India, the

Russian Federation and Peru also approved this drug by the 2014-
15 [25,26]. In India, 14% previously treated and 2.4% new patients
are MDR compared to global average of 20% and 3%, respectively
[1,2]. However, a high burden of TB in India constituting 27% of the
global TB cases prompted the relatively new drug to be incorporated
into the Revised National Tuberculosis Control Program (RNTCP) in
2016 in India for MDR-TB cases in a conditional access program [2].
Though the drug appeared to be a great hope in the DR-TB patients,
knowledge about adverse drug reaction profile BDQ still remains
limited due to various reasons. The drug received an accelerated
approval in the USA after phase 2b study [27]. Considering higher
number of deaths in the BDQ arm, the drug received a black-box
warning from US-FDA though the deaths could not be related to
BDQ [28,29]. BDQ, though excellent in terms of the minimal inhibitory
concentration, has some intricate risks for the human body like
possible cardiac toxicity due to its action on the hERG (human Ether-
a-go-go-Related Gene) potassium channels, possibilities of hepatic
damage, phospholipidosis as well as potential drug interactions
[30]. The drug is still very new in the market and use is restricted in
most of the countries. There is scarcity of data from phase 4 trials as
well as information from pharmacovigilance activities. India having a
higher burden of TB patients has the potential to provide newer and
rare adverse effect data of BDQ. Indian patients are also genetically
as well as phenotypically different from the patients of other TB-
burdened countries and hence there remains the possibility of the
drug to act differently. Hence, dedicated research focused on safety
of BDQ in Indian population can provide valuable insight to the globe
which is often beyond the scope of the trails with efficacy as primary

Journal of Clinical and Diagnostic Research. 2022 Feb, Vol-16(2): 0C24-0C28



www.jcdr.net

end points. So, designing a study involving daily adverse effect data
collection for initial 15 days from Institutionalised patients could
be more ‘real life’ compared to clinical trials and might have the
potential to detect newer things due to use in a ‘less rigid’” inclusion
criteria than clinical trial. Probably, this initial phase of treatment is
the time of body to respond to the new compound more ‘acutely’
and will have the potential to detect possible ‘idiosyncratic, bizarre
or novel’ reactions leading to dropouts or mortalities [31].

Therefore, the present study has been planned to elicit a safety report
of BDQ on the MDR-TB patients during their in ‘Institutionalised
treatment phase’ under the ‘conditional access program’.

MATERIALS AND METHODS

This was a prospective observational study on the DR-TB patients
under BDQ therapy at the DR-TB centre of Burdwan Medical College
located at Eastern part of India. This centre predominantly caters
the patients from Eastern India and particularly from several nearby
districts from the state of West Bengal. The study commenced
after receiving approval from the Institutional Ethics Committee
(IEC) (letter no: BMC/1544/19). The data recording and storage
was anonymised and there was no personal identifier. Therefore a
‘waiver of consent’ was obtained from the IEC for this research. The
study was conducted over a period of one year from August 2018
to July 2019.

Inclusion criteria: Data of all the MDR-TB and XDR-TB patients
receiving BDQ therapy were enrolled in the study.

Exclusion criteria: Only one patient who was on a conditional
access to a simultaneous administration of BDQ and delamanid
was excluded from the present studly.

Study Procedure

As per the conditional access protocol, the DR-TB patients who
were selected for BDQ therapy were Institutionalised in the DR-TB
centres for initial 14 days of treatment [32]. All MDR-TB patients
with additional resistance to fluoroquinolones received the BDQ
containing regimen. The regimen for MDR-TB with resistance to all
fluoroquinolones used here were six months BDQ with 6-12 months
Kanamycin (Km), Ethionamide (Eto), Cycloserine (Cs), Pyrazinamide
(2), Linezolid (Lzd) to be followed by 18 months of “Eto Cs Lzd
E” (E: Ethambutol). The doses of BDQ were 400 mg once daily
for first two weeks, then 200 mg thrice a week till completion of
six months. Doses of other drugs were Km 750 mg, Eto 750 mg,
Cs 750 mg, Z 1500 mg, Lzd 600 mg, Ethambutol 1200 mg once
daily. The regimens used for XDR-TB were six months BDQ with
6-12 months Kanamycin (Km) or Capreomycin (Cm), Ethambutol
(E), Pyrazinamide (2), Ethionamide (Eto), Cycloserine (Cs), Linezolid
(Lzd), Clofazimine (Cfz) , followed by 18 months of “Eto Cs Lzd Cfz”.
BDQ was used in the same dose as of MDR-TB. The doses of other
drugs were Km 500 mg or Cm 750 mg, Eto 500 mg, Cs 500 mg,
Z 1250 mg, E 800 mg, Lzd 600 mg, Cfz 200 mg once daily. All the
patients received oral pantoprazole 40 mg twice daily, domperidone
10 mg thrice daily and vitamin B complex tablets once daily.

Baseline renal function, liver function, blood glucose investigations
were done routinely before starting the treatment. Baseline ECGs
were obtained from all the patients. After starting BDQ containing
regimen, the patients were closely observed by attending Physicians’
daily visits. Data of all such visits, laboratory tests and ECGs were
recorded on real-time basis. ECGs were recorded daily during this
period. All adverse events during this period were closely observed
and recorded.

All baseline information related to clinical, laboratory and ECG
parameters were noted for each patient. ECG recordings were
evaluated for QT prolongation and other significant changes. As per
the RNTCP guideline for BDQ usage, ‘QTc’ values were calculated
from the observed QT values using the Fridericia’s (QTcF) formula
(QTcF=QT/3V(RR Interval) [33,34]. Values above 440 ms were
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noted as prolonged QTcF. QTcF values >500 ms were given special
consideration as they indicated cessation of therapy.

Moreover, a separate record was maintained for any report of
mortality during the study period. All adverse events, reported as well
as obtained from laboratory parameters and ECG recordings, were
analysed for causality by WHO-UMC (World Health Organisation-
Uppsala Monitoring Centre) scale. In accordance with the WHO-
UMC scale, an adverse drug reaction is deemed “Certain” when
it has a plausible time relationship to drug intake, which cannot be
explained by any disease or other drugs, and if the dechallenge
and rechallenge are satisfactory. An adverse drug reaction is termed
“Probable” if it has a reasonable time relationship to drug intake
and is unlikely to be attributed to any disease or other drugs, if
dechallenge is clinically reasonable and if rechallenge is not required.
An adverse drug reaction is called “possible” if it has a reasonable
time relationship to drug intake, which could also be explained by
disease or other drugs, when information on drug withdrawal may
be lacking or unclear. An adverse drug reaction is termed “unlikely”
if it the time to drug intake makes the relationship improbable (but
not impossible), with the disease or other drugs providing plausible
explanations [35].

STATISTICAL ANALYSIS

All obtained data were tabulated, and descriptive statistics were
applied. The statistical differences in mean QTcF values among day
1, day 7 and day 14 of BDQ therapy were tested using repeated
measures Analysis of Variance (ANOVA) test. All statistical tests were
performed using International Business Machines (IBM), Statistical
Package for the Social Sciences (SPSS) version 20.0.

RESULTS

Total 49 patients were recruited in the present study with mean
age of 38.63+1.63 years. Gender distribution was predominantly
skewed with males more than 65%. Most of them were smokers
[Table/Fig-1]. Laboratory parameters mostly within normal limit
except for low haemoglobin value [Table/Fig-2].

Variables Values
38.63+1.63"
32 (65)/17 (35)**
36 (73.5)/13 (26.5)**

1.8+0.26*

Age (years)

Gender (Male/Female)

Marital status (Married/Unmarried)

Smoking (Packet years)
Diagnosis (MDR-TB+FQ resistant/XDR-TB)

43 (88)/6 (12)**
[Table/Fig-1]: Baseline demographic data of the enrolled DR-TB patients.

*Values in mean+standard error of mean (SE); **Values as n (%)

Variables Mean=SD
Haemoglobin (g%) 9.69+0.30
Total leucocyte count (/cmm) 8295.83+239.33
Neutrophil (/cmm) 66.67+0.62
Eosinophil (/cmm) 2.94+0.12
Lymphocyte (/cmm) 26.10+0.75
Monocyte (/cmm) 2.33+£0.11
Total serum bilirubin (mg%) 0.80+0.01
SGPT (IU/L) 26.52+0.47
SGOT (IU/L) 24.79+0.43
Alkaline phosphatase (IU/L) 144.96+2.69
Total protein (g%) 6.73+0.07
Albumin (g%) 3.81+0.05
Globulin (g%) 2.94+0.04
Urea (mg%) 13.48+0.42
Creatinine (mg%) 0.86+0.02
Serum Na* (mEg/L) 133.48+0.42
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Serum K* (mEg/L) 3.78+0.04
Total cholesterol (mg%) 1565.42+1.55
Triglyceride (mg%) 107.85+1.94
HDL (mg%) 39.38+0.69
LDL (mg%) 81.71+1.21
VLDL (mg%) 24.17+0.64
Serum uric acid (Mg %) 5.81+0.08
Random blood glucose (mg/dL) 139.73+4.03

[Table/Fig-2]: Laboratory parameters of BDQ recipients.

SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum glutamic pyruvic transaminase;
HDL: High density lipoprotein; LDL: Low density lipoprotein; VLDL: Very low density lipoprotein

A total of 124 reports of adverse events or symptoms were recorded
during the initial 14 days in-hospital period. Nausea was the most
commonly reported complaint (n=33) followed by headache (n=30)
and arthralgia (n=28). There were also reports of other complaints like
diarrhoea (n=15), anorexia (n=9), chest pain (n=7) and haemoptysis
(n=2). Among the list of complaints, nausea, headache and joint
pain were chosen more frequently by the patients as their ‘most
troubling’ or ‘most pertinent’ complaint.

ECG recordings were observed for QTcF value. A total of 278
observations of prolonged QTcF values (>440 ms) was noted out
of 686 ECG recordings (A total of 9 observations on day 1, 86 on
day 7 and 183 on day 14). The mean QTcF values among day 1,
day 7 and day 14 are shown in [Table/Fig-3] and the difference
among them was statistically significant (p=0.01, 95% Cl).
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[Table/Fig-3]: Mean QTcF change over time.

Moreover, a mean increase of 14.2% was observed in the QTcF
values between day 1 and day 14. There were total of 69 observations
of QTcF value more than 500 ms. The incidence of such value was
maximum on day 14 (n=9). On further analysis of data, the QTcF
values were found to follow three distinct trends: a) Initial rise then
fall (n=9); b) Initial fall and then rise (n=10); and c¢) Rise followed by
further rise (n=30) [Table/Fig-4].
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[Table/Fig-4]: QTcF Patterns: i. Initial rise to sustained fall, ii. Initial fall to sustained
tial rise followed by further rise.

rise, iii.

A subgroup analysis was carried out in these patients. Though
majority patients had shown only rising trend (n=32) of QTcF value,
fall in QTcF at some point of time (subgroups a and b) was noted
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in 34.7% patients which was an appreciable number (n=17). One
patient had shown only downward trend in QTcF value from the
baseline. Such fall in QTcF value was not a result of stopping any
drug or adding any new therapy.

In the absence of ‘dechallenge’ and ‘rechallenge’, there was no
‘certain’ or ‘probable’ causal relationship of the adverse events.
Majority of the adverse events fell under the ‘possible’ category
[Table/Fig-5].

ADRs Possible, n (%) Unlikely, n (%)
QT prolongation 185 (66.5) 93 (33.5)
Tachycardia 9 (53) 8 (47)
Reported symptoms
Nausea 29 (88) 4 (12)
Headache 28 (93) 2(7)
Joint pain 24 (86) 4 (14)
Anaemia 4 (8) 45 (92)
DISCUSSION

The present observational study was targeted to detect the short-
term safety of BDQ in the MDR and XDR-TB patients over the initial
14 days of therapy. The patients complained of a number of adverse
effects ranging from minor gastrointestinal side-effects to headache
or arthralgia. However, all of these were non serious in nature. There
was no major change in the laboratory parameters during these
14 days of duration. In the ECG, mean QT interval was increased.
However, three distinct patterns of QT changes were noted where
a subgroup of patients showed rise in QTcF values followed by a
fall, another subgroup showed a fall of QTcF followed by rise and
the third subgroup showed only rise in QTcF. The third pattern
was more common than the previous two. Reduction of QTcF is a
relatively new finding that calls for further investigation.

The pilot study, where BDQ was added to the background regimen
in the first eight weeks on 23 patients reported nausea 26.1%
which was most commonly. Bilateral hearing impairment, extremity
pain, acne, and non cardiac chest pain were noted in 13, 21%, 17
and 13% of patients. However, the researchers commented that
other than nausea, the other reported adverse events were similar
to placebo [36]. During the first two weeks of initiation, nausea
remained a common complaint and only few chest pains were
noted in the present study.

A dose ranging study that recruited 68 treatment-naive TB patients
in two centres of South Africa of which 60 patients were subjected
to BDQ alone and was conducted over a period of 14 days.
Among the 57 patients who completed the study only 8 patients
(13.3%) experienced at least one adverse event of mild to moderate
severity [21]. The duration of follow-up of this study was similar to
the present study with common findings like reported events of
headache and nausea. However, the incidences of adverse events
were considerably higher in the present study. It should be noted
that the present study focused on real-world data where BDQ was
used as an add-on therapy over a baseline antitubercular regimen,
whereas the dose ranging study mentioned earlier evaluated the
adverse effects of BDQ monotherapy. Multiple antitubercular drugs
in the background might have enhanced the frequency of common
adverse events in the present studly.

In another phase Il study from Japan, Treatment Emergent
Adverse Events (TEAE) were noted in 83% patients. Among these
TEAEs, hypoesthesia, nasopharyngitis, acne and hepatic function
abnormalities were the commonest to occur [37]. These adverse
events were not found in the present study. Probably, the shorter
exposure of two weeks did not lead to these adverse effects.

At the time when the phase 3 trials of BDQ were going on, there were
published reports of BDQ compassionate use in two XDR-TB patients
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in Italy. There was no report of any nausea, vomiting or arthralgia. The
authors did not notice any QT change in these two patients [18]. This
finding was different from the present study. However, it should be
noted that the report was only on two patients and hence, could have
been inadequate to detect any adverse effect.

None of the above studies had mentioned any QT prolongation.
However, the phase 2b study on 160 MDR-TB patients that
preceded the conditional approval of BDQ had sufficient reports
of QT prolongation. The mean QTcF was increased by 15.4 ms
following 24 weeks of BDQ therapy. One patient had a single reported
event of QTcF >500 ms. Though increased number of deaths was
reported in the BDQ arm, the authors concluded that there was
no association of such deaths to BDQ plasma concentration. The
other reported adverse effects like nausea, arthralgia, headache,
hyperuricaemia were similar to the placebo arm of the study [38].
The present study had a close similarity in the pattern of the non
serious adverse events. However, there were a greater number of
events of QTcF of >500 ms. The mean rise after two weeks was as
high as 60 ms (14.2%) in the current study, but this data cannot be
compared to the above mentioned study as data from the phase 2b
study revealed the rise only after the 24" week.

Another report of an XDR patient where BDQ, delamanid and
clofazimine were co-prescribed had a consistent rise in QTcF above
500 ms from the 5" week of therapy leading to discontinuation
of clofazimine with some benefit for few weeks. In this patient, all
the above three drugs have the potential to raise the QT interval.
Though clofazimine was withdrawn, there was only sporadic report
of cardiotoxicity with it and even after discontinuation further rise
of QTcF above 500 ms probably suggests contribution of BDQ or
delamanid, either alone or in combination [39].

However, there was a mark of caution from WHO about BDQ
and the clinical use of BDQ is mostly supported with monitoring
of ECG. A larger survey that identified 1044 BDQ-treated patients
found that drug withdrawal was done in eight patients. One patient
had grossly overdosed to BDQ during the continuation phase due
to misconception and succumbed to a heart block which was
associated with QT prolongation [40].

A systematic review further analysed the available evidence with
BDQ and QT prolongation. It found that despite use in combination
with other potentially arrhythmogenic drugs like fluoroquinolones or
clofazimine, the increase in most cases were <20 ms. Out of total
1303 patients, QT values >500 ms were found only in 42 patients.
Many centres, though conducted monthly or weekly ECG to detect
the QT changes, there were inconsistency in reporting QT and also
in the frequency of ECG [41]. Again reported incidences were higher
in number in the present study and this could have been a result of
daily ECG recordings revealing a more vivid picture of QT changes.

Though QT prolongation was noted in other studies, lowering of
QT interval was not reported in the clinical trials, large cohorts, or
case reports with BDQ. The subset of 19 patients who showed
a reduction in QT interval in the present study, were otherwise
asymptomatic. Also, the subset of patients where QT interval had
shown an initial fall followed by a rise remained asymptomatic. The
plasma electrolytes were within normal range during this period.
There is little explanation of such events with our present knowledge.
It is not known that whether such findings were missed in earlier
studies due to less intense ECG monitoring or did not occur due to
some other reasons including genetic background.

Limitation(s)

Small sample size was a limitation of the present study. There was
also no attempt to record of efficacy. Shorter duration may be
another point of criticism. However, intense and regular monitoring of
adverse events and daily ECG monitoring in completely hospitalised
patients definitely are some strong points in the favour of this study
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which were hardly ever reported in the previous studies. The study
also targets to detect the short-term safety and hence a longer
perspective of adverse events following BDQ is beyond the scope
of the present study. Further studies are therefore recommended to
explore the possible reasons behind such finding.

CONCLUSION(S)

The present study found that BDQ is generally well tolerated after
initiation of therapy for MDR and XDR-TB. Asymptomatic QT
prolongation over 500 ms occurs with BDQ. Reduction of QT without
any associated symptoms or laboratory abnormality may be found in
a subset of patients due to unknown reason. Further studies including
pharmacovigilance activities are therefore, recommended to explore
the novel findings.
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