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Bedaquiline: A Mini Review
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A b s t r ac t
Tuberculosis is a pandemic, chronic infectious disease which affects more than 10 million people in the world. About 3.5% of patients of newly
diagnosed have reported having multidrug-resistant tuberculosis (MDR-TB). The standard treatment of MDR-TB has many cons like high cost, less
effectiveness, and more drug interactions. Thus, to overcome these disadvantages a new novel compound which belongs to the diarylquinolone
group called bedaquiline has been developed as a part of combination therapy in adults with MDR-TB for its bactericidal activity. It mainly acts
by inhibiting the adenosine triphosphate synthase enzyme of Mycobacterium tuberculosis. This drug was introduced as a new addition to the
standard TB regimen after 50 years.
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Tuberculosis is a chronic infec tious disease caused by
Mycobacterium tuberculosis associated with significant morbidity
and mortality.1,2 According to World Health Organization (WHO),
it affects more than 10 million people in the world and labeled
as a worldwide pandemic. 3 It is considered as the second most
leading cause of death after HIV.4 The treatment outcome for
drug-sensitive TB is highly effective when compared with the
treatment outcome of MDR-TB. About 3.5% of patients of newly
diagnosed have MDR-TB. 5
Multidrug-resistant tuberculosis is defined as those patients
who shows resistance to the most important two first-line drugs
that are isoniazid and rifampicin. 6 There are many problems
reported in the treatment of MDR regimen, such as high cost, less
effectiveness, with more drug interactions, and longer onset of
action.7 Thus, to overcome these drawbacks a new novel compound
has been developed called bedaquiline. After 50 years,8 the new
antitubercular drug with a different mechanism of action was
approved by Food and Drug Administration on December 28,
2012 as a part of combination therapy in adults with MDR-TB for its
bactericidal activity over M. tuberculosis.9 Mycobacterium tuberculosis
requires mycobacterial adenosine triphosphate (ATP) synthase to
synthesis ATP. Bedaquiline which belongs to diarylquinoline group10
inhibits the enzyme mycobacterial ATP synthase and prevents the
ATP synthesis in bacteria leading to bacterial death. Bedaquiline
specifically binds to subunit C of the mycobacterial ATP synthase
enzyme. The gene which encodes the C subunit of the enzyme is
atpE.11 Any mutation in this gene can alter the effect of bedaquiline.
Some of the preclinical studies were also conducted in guinea
pigs in which bedaquiline was administered for 6 weeks and found
to be effective in the eradication of M. tuberculosis from both primary
and secondary lesions in lung granuloma.12 In mice, the combination
of bedaquiline–rifapentine–pyrazinamide produces significant
bactericidal activity.13 There was a synergistic interaction between
pyrazinamide and bedaquiline14 as pyrazinamide being indirect an
inhibitor of ATP synthase.15
In the first-stage phase 2, randomized, controlled trial which
were conducted in 47 patients to evaluate whether addition of
bedaquiline to the standard second-line antituberculosis regimen
would alter the conversion of sputum culture to negative showed
that the 23 patients who took (TMC207) bedaquiline 400 mg daily
for 2 weeks followed by 200 mg three times a week for 6 weeks had
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required only less time for sputum conversion to negative when
compared with the patients who took placebo. Most frequently
patients experienced nausea with bedaquiline intake and QT
prolongation also occurred in the patients taking bedaquiline
compared with the placebo.16
In the second stage of phase 2b, randomized, double-blind,
multicenter placebo-controlled trial involved 79 patients who took
bedaquiline had shown the reduction in median time to conversion of
culture from positive to negative when compared with placebo from
125 days to 83 days. Most frequently patient experienced nausea,
vomiting, and arthralgia while taking bedaquiline. The most serious
adverse effect observed is QT prolongation which was markedly
higher in patients taking bedaquiline when compared with placebo.
When the bedaquiline treatment was stopped after 24 weeks, the
improvement in QT prolongation was observed. Number of death
is also more in patients taking bedaquiline when compared with
placebo. The total number of death bedaquiline groups is 10 and 2 in
the placebo group. Out of 10 death in bedaquiline group, 5 occurred
due to progression of the disease, 4 occurred due to unrelated cause,
and 1 occurred due to motor vehicle accident.17
A retrospective cohort study for 6 months was conducted to
determine the tolerability and short-term microbiological efficacy.
After 6 months of bedaquiline initiation culture conversion was
achieved in 97% with 85 days requirement for median time to
culture conversion. But the most important adverse effect observed
was an elevation in liver enzymes and QT prolongation. One death
also occurred during the study period but it was reported as
unrelated to antituberculosis treatment.18
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An interim cohort analysis was conducted in South Africa
where a load of extensive drug-resistant tuberculosis (XDR) is
higher. Out of 63, 48 patients with 6 months follow-up either
remained culture-negative or achieved culture conversion after
bedaquiline initiation. Overall, the study shows that bedaquiline
may be safe and also efficacious even in those patients with
HIV infection on antiretroviral therapy and also in patients with
pre-XDR and XDR.19
A phase 2, open-label, multicenter noncomparative single-arm
trial involved 233 patients taking bedaquiline for 24 weeks, and
they were followed up for a further 96 weeks with a clinical visit
every 12 weeks. Efficacy was determined by triplicate spot sputum
samples during every visit by liquid culture. The drug sensitivity test
for bedaquiline and other antitubercular drugs was determined
at the baseline and after 24 weeks of bedaquiline administration.
At the end of 120 weeks, culture conversion was 73.1% in MDR-TB,
70.5% in pre-XDR-TB, and 62.2% in XDR-TB patients.20
Similarly, the study was conducted in Japan to evaluate the
safety, efficacy, and pharmacokinetics of bedaquiline in adult
Japanese patients who received bedaquiline for 24 weeks or more
(maximum 48 weeks) with background regimen (BR). The time
required for culture conversion was 14–15 days. But adverse effects,
such as abnormal hepatic function, hypoesthesia, nasopharyngitis,
acne, and nausea were reported.21
To assess long-term outcomes and safety of prolonged
bedaquiline treatment for MDR-TB a retrospective cohort study
was conducted in 45 patients with MDR-TB. Bedaquiline was
administered for a prolonged duration (>190 days) in which 36
patients had shown the favorable outcome, three patients died,
five patients were lost to follow-up, and one patient failed and
acquired bedaquiline resistance. Several serious adverse effects
like QT prolongation occurred but no recurrence was reported.
But overall no significant difference in adverse events and outcome
was observed when bedaquiline was administered for a prolonged
period. Since bedaquiline shows a satisfactory outcome in patients,
it was considered that prolonged treatment with bedaquiline was
overall safe and also well tolerated.22
In another retrospective observational study, it was proved
that bedaquiline and surgery can be safely combined in selected
patients with specific indications.23 A higher dose of bedaquiline
for long-term does not lead to cardiotoxic or hepatotoxic effects.24
In MDR-TB burden countries, the study was conducted to
determine the impact of the total cost of adding bedaquiline to BR
which showed that by adding bedaquiline to BR the outcome of
the patient improved at the same time decreasing the healthcare
cost. 25 Bedaquiline use in patients with MDR-TB and end-stage
renal disease was also found to be satisfactory.26
Bedaquiline is available as a 100 mg tablet. Bioavailability
of the drug increases when it is taken along with food. Once
administered, more than 99% bind to plasma protein. The terminal
half-life of the drug is 4–5 months. The drug undergoes oxidative
metabolism by the cytochrome 3A4 enzyme. The metabolite
obtained is N-monodesmethyl metabolite. This metabolite potency
is 4–6 times less when compared with the parent drug. As the drug
is metabolized by cytochrome P450 enzyme, when the enzyme
inducers or enzyme inhibitors are taken along with bedaquiline,
the efficacy of bedaquiline is altered. Elimination is mainly by
feces. 27 The most important side effect is QT prolongation and
hepatotoxicity.28 Recommended dosage is 400 mg orally daily for
2 weeks followed by 200 mg three times weekly.29

The standard drug for MDR-TB has many cons, such as high
cost, more drug interactions, and less efficacy but bedaquiline has
the ability to overcome these disadvantages and also decreases
the time necessary for sputum conversion30 and thus provides
satisfactory outcome in this form of TB. Though rifampicin interacts
with bedaquiline and reduces its bioavailability by 50%, the addition
of bedaquiline to the standard drugs, such as pyrazinamide,
rifampicin, and isoniazid were found to be effective.31 Bedaquiline
has bactericidal activity on both dormant, as well as replicating
bacteria and thus shortens the duration of TB treatment. 32 It was
also found to be effective in the treatment of leprosy. 33 Currently,
the routine use of bedaquiline for more than 6 months was not
recommended by WHO. 34 But WHO acknowledges that if the
regimen is unlikely to achieve cure or if there is the risk of additional
drug resistance, then clinicians and national TB programs may be
compelled to use bedaquiline beyond 24 weeks in selected MDR-TB
patients.35
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