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Bedaquiline: A long but much fruitful wait since seventies
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Abstract

Tuberculosis (TB) is a major health problem in developing countries. It is one of the leading cause of deaths due
to infectious disease in the world. Drug treatment had been successful with anti tubercular drugs available but multidrug
resistant tuberculosis (MDR-TB) and extensively drugresistant TB (XDR-TB) are serious forms of TB which have
emerged as real concern. Bedaquiline (TMC-207 or R207910), is a new anti TB agent been approved as a part of drug
regimen therapy in pulmonary MDR-TB. Bedaquiline acts on energy metabolism of the bacteria. It acts as a bactericidal
drug. There are two important black box warnings for this drug, firstly prolongation of QT interval and secondly
increased risk of death with bedaquiline as compared to placebo treatment.Fast track approval for bedaquiline was based
on two phase 2 trials. The FDA has approved bedaquiline on Dec 2012, for the treatment of MDR-TB in adults (>18
years) as part of combination therapy under the fast track designation, priority review and orphan-product designation
based on two Phase Il trials. Careful use of this drug along with monitoring of the potential adverse effects and drug
interactions becomes very important, as this new anti-tubercular drug has being approved after forty years, since last anti
tubercular drug was approved.
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1. Introduction

Tuberculosis (TB) is a one of the leading cause of deaths due to infectious disease in the world.® It is caused by
acid fast bacilli, Mycobacterium tuberculosis. In 1993 World Health Organization (WHO) introduced “directly observed
therapy short-course” (DOTS) as a global step to control TB.*?

Multidrug resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB) are serious forms of TB which
have emerged as real concern.? MDR-TB are resistant to at least two most powerful first-line anti-TB drugs, isoniazid and
rifampicin and XDR-TB are resistant to isoniazid and rifampicin, in addition to any flouroquinolone, and to at least one of
the three following injectable drugs: capreomycin, kanamycin or amikacin.®

WHO has reported that about 3.7% of newly diagnosed TB patients globally have MDR-TB strains, whereas, in
previously treated TB patients it was around 20%.°* Present challenges faced with MDR-TB treatment are cost factor,
effectiveness, prolonged regimen and poor tolerance by the patients.* Need for a new anti-tubercular drug became a need
for the hour. Last drug approved was back in seventies around four decades back.’

Bedaquiline (TMC-207 or R207910), is a new anti TB agent been approved as a part of drug regimen therapy in
pulmonary MDR-TB.® It is effective TB even for those strains that are resistant to streptomycin, pyrazinamide, ethambutol
and moxifloxacin.>® It has bactericidal and sterilizing activity against M. tuberculosis and other mycobacterial species. It is
found to active within macrophages, and is a promising agent in shortening the duration of anti- TB treatment.°

2. Pharmacokinetics

The maximum plasma concentration (Cmax) is reached after 5 h with a half-life of 173 hours. Its highly plasma
protein bound (99%).”® Its bioavailability is increased with food.® It is metabolized to an active metabolite N-
monodesmeghyl in liver, mainly by CYP3A4.This active metabolite has lesser bactericidal activity as compared to the
parent drug.

3. Mechanism of action and antimicrobial properties

Bedaquiline acts on energy metabolism of the bacteria.® It inhibits adenosine 5'-triphosphate (ATP) synthase a
crucial enzyme for Mycobacterium tuberculosis growth.”® It inhibits proton pump activity of the enzyme by acting on
subunit C of the enzyme, leading to bacterial death, hence it acts as a bactericidal drug.®*°

Bedaquiline has minimal inhibitory concentration (MIC) of 0.03-0.12 mg/L, for both drug susceptible and
resistant strains of mycobacterium.®” Even dormant bacterias are killed. This additional cidal property makes it more
superior to other first line anti TB drugs.®™
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4. Adverse events, precaution and contraindications

Common adverse effects are nausea and diarrhoea, arthralgia, pain in extremities, hyperuricemia, rash, and
somnolence.®®*2  There are two important black box warnings for this drug, firstly prolongation of QT interval and
secondly increased risk of death with bedaquiline as compared to placebo treatment. Therefore it should be only used
when other regimens are not effective or tolerated.® In all patients being put on bedaquiline, ECG should be done before
starting treatment and at least 2, 12, and 24 weeks after starting therapy.®'® Baseline potassium, calcium, and magnesium
levels should be monitored.®™ It is contraindicated in patient less than 18 years of age group and with history of torsade de
pointes or congenital long QT syndrome.®** It is category B, so should be used cautiously in pregnancy as data in humans
are lacking.®'° It is not known whether bedaquiline or its metabolites are excreted in human milk.°

5. Drug interactions

Bedaquiline is metabolized by CYP3A4. Concurrent use of strong CYP3A4 inducers (e.g., rifampin, rifapentine,
rifabutin) may reduce the effect and cause treatment failure, therefore, should be avoided.®!%*? Co administration with
CYP3A4 inhibitors e.g. ketoconazole, ciprofloxacin and other quinolones may increase systemic concentrations and result
in increased adverse effects and hence, should be avoided.'***

6. Clinical trials

In an early bactericidal study, seventy five previously untreated were positive or pulmonary TB were randomized
into three arms.”' First one was given oral bedaquiline (25 mg, 100 mg, or 400 mg), second group was given 600 mg
rifampin and third group was given 300 mg isoniazid for 7 days.”*®™* The bactericidal activity was expressed as the log
(10) decrease in CFU/mI sputum/day. Significant cidal activity was seen with bedaquiline and was similar to other two
drugs. Bedaquiline demonstrated delayed onset of bactericidal activity (from day 4).*°

Fast track approval for bedaquiline was based on placebo-controlled, double-blind, randomized trial, done on
multi-drug resistant pulmonary mycobacterium TB positive patients. They were divided into two arms, first one (n=79)
was given bedaquiline and other standard regimen having ethionamide, kanamycin, pyrazinamide, ofloxacin, and
cycloserine/terizidone or available alternative, whereas second arm (n=81) was given placebo with standard regimen.>®
bedaquiline was dosed as 400 mg once daily for the first 2 weeks and as 200 mg 3 times per week for the following 22
weeks.*® after 24 week treatment standard regimen continued for 18 to 24 months, or for at least 12 months after first
negative culture was detected.>® bedaquiline significantly decreasedthe time to sputum culture conversion.®

7. Present Status

The FDA has approved bedaquiline on Dec 2012, for the treatment of MDR-TB in adults (>18 years) as part of
combin%tliggtherapy under the fast track designation, priority review and orphan-product designation based on two Phase
Il trials.”™

The dose is 400 mg (four tablets of 100 mg) once daily for first two weeks and then 200 mg 3 times a week (with
at least 48 hours between doses) withtotal dose of 600 mg per week. It should only be administered as part of a MDR-
TBregimen under dots. The total duration of treatment is 24 weeks.”** the safety and efficacy of bedaquiline in children
and adolescents <18 years of age have not been studied.*

8. Conclusion

Bedaquiline has come to market as new anti TB agent after 40 years. It has a novel mechanism of action and
potent activity against drug-sensitive and drug-resistant TB. Though this drug has limitations e.g. adverse effects like
prolongation of QT interval, nausea and drug interaction with CYP3A4 inducers and inhibitors, it is an attractive option for
MDR and XDR- TB since it shortens the duration of anti- TB therapy.
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