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ABSTRACT
Objective: Multidrug-resistant tuberculosis (MDR-TB) is a life-threatening infectious 
disease. Treatment requires multiple antimicrobial agents used for extended periods of 
time. The present study sought to evaluate the treatment success rate of bedaquiline-
based regimens in MDR-TB patients. Methods: This was a systematic review and meta-
analysis of studies published up to March 15, 2021. The pooled treatment success rates 
and 95% CIs were assessed with the fixed-effect model or the random-effects model. 
Values of p < 0.05 were considered significant for publication bias. Results: A total of 
2,679 articles were retrieved by database searching. Of those, 29 met the inclusion 
criteria. Of those, 25 were observational studies (including a total of 3,536 patients) and 
4 were experimental studies (including a total of 440 patients). The pooled treatment 
success rate was 74.7% (95% CI, 69.8-79.0) in the observational studies and 86.1% 
(95% CI, 76.8-92.1; p = 0.00; I2 = 75%) in the experimental studies. There was no 
evidence of publication bias (p > 0.05). Conclusions: In patients with MDR-TB receiving 
bedaquiline, culture conversion and treatment success rates are high even in cases of 
extensive resistance. 

Keywords: Tuberculosis; Drug resistance; Tuberculosis, multidrug-resistant; Efficacy. 
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INTRODUCTION

Tuberculosis is a life-threatening infectious disease. In 
2020, the WHO estimated a total of 10 million tuberculosis 
cases, 1,400,000 deaths (including 208,000 deaths 
among people living with HIV), and 465,000 cases of 
drug-resistant tuberculosis.(1) 

Over the last two decades, the global epidemiology 
of mycobacterial drug resistance has deteriorated, 
especially with the emergence and spread of multidrug-
resistant tuberculosis (MDR-TB) and extensively 
drug-resistant tuberculosis (XDR-TB).(1) MDR-TB is 
caused by Mycobacterium tuberculosis strains resistant 
to at least isoniazid and rifampin. MDR-TB with further 
resistance to any fluoroquinolone and at least one of 
the three injectable second-line drugs, i.e., kanamycin, 
amikacin, and capreomycin, was initially defined as 
XDR-TB.(2) However, the WHO has recently modified the 
definition of XDR-TB, focusing on resistance to group A 
drugs, which include bedaquiline.(3,4) The WHO has also 
introduced the definition of pre-XDR-TB, i.e., MDR-TB 
strains with additional resistance to fluoroquinolones.(4) 

MDR-TB treatment outcomes are poor, with 
approximately 50% of patients achieving treatment 
success. A significant factor contributing to treatment 
failure in many settings is the lack of effective drugs 
to manage MDR-TB and XDR-TB.(1) Moreover, MDR-TB 
treatment is long and expensive. Numerous efforts have 
been made to shorten the therapeutic courses and develop 
more effective medications. Thus, several new drugs for 
tuberculosis treatment have been evaluated, including 
linezolid and some new drugs with novel mechanisms 
of action, such as bedaquiline and delamanid.(5) 

The WHO has recommended bedaquiline and 
delamanid for the treatment of MDR-TB.(6) Bedaquiline, a 
diarylquinoline that inhibits mycobacterial ATP synthase, 
is the first antituberculosis drug in 40 years to be 
approved for MDR-TB patients.(7-9) 

The 2018 WHO guidelines recommend bedaquiline 
as the first drug in an all-oral regimen designed to 
maximize treatment outcomes while minimizing the 
toxicity of injectable agents.(6) 

Over the last few years, several studies have 
assessed the efficacy of bedaquiline.(3,10,11) However, a 
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comprehensive analysis has not yet been performed. 
Thus, the objective of the present study was to evaluate 
the treatment success rate of bedaquiline-based 
regimens in MDR-TB patients. 

METHODS

Search strategy
We searched MEDLINE (PubMed), EMBASE, and 

Cochrane Library for studies reporting the efficacy 
of individualized regimens containing bedaquiline 
in patients with culture- and drug susceptibility 
testing-confirmed MDR/XDR-TB, published up 
to March 15, 2021. The search terms were 
as follows: ((tuberculosis(Title/Abstract)) AND 
(bedaquiline(Title/Abstract)) AND (efficacy(Title/
Abstract) OR effectiveness(Title/Abstract))). Only 
studies written in English were selected. This study 
was conducted and reported in accordance with the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses statement.(12) 

Study selection
The records found through database searching 

were merged, and the duplicates were removed using 
EndNote X7 (Thomson Reuters, Toronto, ON, Canada). 
Two reviewers independently screened the records by 
title/abstract and full text to exclude those unrelated 
to the study topic. Included studies met the following 
criteria: (i) patients diagnosed with MDR-TB on the 
basis of the WHO criteria(1); (ii) patients treated with 
bedaquiline-containing regimens; and (iii) treatment 
success (i.e., culture conversion). Conference abstracts, 
editorials, reviews, experimental studies on animal 
models, and articles describing tuberculosis patients 
recruited without a confirmed bacteriological diagnosis 
were excluded. 

Pre-XDR-TB was defined as tuberculosis caused 
by M. tuberculosis strains that fulfill the definition 
of MDR-TB/rifampin-resistant tuberculosis and that 
are also resistant to any fluoroquinolone, whereas 
XDR-TB was defined as tuberculosis caused by M. 
tuberculosis strains that fulfill the definition of MDR-TB/
rifampin-resistant tuberculosis and are also resistant 
to any fluoroquinolone and at least one additional 
group A drug.(4) 

Treatment outcomes were recorded in accordance 
with adapted definitions of those given in the WHO 
guidelines, as follows: treatment success, defined 
as the combination of the number of patients 
who were cured and that of those who completed 
treatment; death, defined as death from any cause 
while on treatment; and treatment failure, defined 
as unsuccessful treatment, as determined by positive 
cultures at the end of the treatment regimen.(13) 

Data extraction
Two reviewers designed a data extraction form and 

extracted data from all eligible studies, with differences 

being resolved by consensus. The following data were 
extracted: first author’s name; year of publication; 
study duration; type of study; country or countries 
where the study was conducted; number of patients 
with MDR-TB; patient age; treatment protocols 
(treatment regimens and duration of treatment); 
HIV history; demographics; adverse effects; drug 
resistance status; and outcomes. 

Quality assessment
Two blinded reviewers assessed the quality of 

the studies using two different assessment tools 
(checklists): one for observational studies and one 
for experimental studies.(14) Items such as study 
population, measure of exposures, confounding factors, 
extent of outcomes, follow-up data, and statistical 
analysis were evaluated. 

Data analysis
Statistical analyses were performed with 

Comprehensive Meta-Analysis software, version 2.0 
(Biostat Inc., Englewood, NJ, USA). The pooled success 
rate with 95% CI was assessed using the random-
effects model or the fixed-effect model. The random-
effects model was used because of the estimated 
heterogeneity of the true effect sizes. Between-study 
heterogeneity was assessed by Cochran’s Q test and 
the I2 statistic. Subgroup analyses stratified by type 
of study and treatment regimen (bedaquiline-based 
regimen, delamanid-based regimen, or both) were 
performed to minimize heterogeneity. Publication 
bias was statistically assessed by using Egger’s test 
and Begg’s test, as well as funnel plots, a value of 
p < 0.05 being considered indicative of statistically 
significant publication bias and funnel plot asymmetry 
being suggestive of bias.(15) 

RESULTS

The article selection process is shown in Figure 
1. A total of 2,679 articles were found by database 
searching; after the removal of duplicates, the titles 
and abstracts of 1,946 articles were screened. Of 
those, 44 met the inclusion criteria and were selected 
for a full-text review. After the full-text review, 29 
were chosen. The studies(10,11,16-42) were divided into 
two groups: 25 observational studies, including a 
total of 3,536 patients, and 4 experimental studies, 
including a total of 440 patients (Table 1). The earliest 
study was published in 2014, and the latest studies 
were published in 2021. The mean age of the patients 
was 39.0 years. 

Quality of the included studies
The checklist for observational studies(14) showed that 

the included observational studies had a low risk of bias 
(Table 2). In contrast, the checklist for experimental 
studies(14) showed that the included experimental 
studies had a high risk of bias for randomization, 
group concealment, participant assignment, and 
assessor blinding (Table 3). 
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Outcomes in the observational studies
The pooled treatment success rate was 74.7% (95% 

CI, 69.8-79.0; I2 = 86%; Figure 2). There was no 
evidence of publication bias (p > 0.05). 

The pooled death and treatment failure rates were 
9.0% (95% CI, 6.8-12.0; I2 = 75%) and 5.7% (95% 
CI, 3.6-8.9; I2 = 85%), respectively. 

Outcomes in the experimental studies
The pooled treatment success rate was 86.1% 

(95% CI, 76.8-92.1; p = 0.00; I2 = 75%; Figure 3). 
There was no evidence of publication bias (p > 0.05). 

Mortality rates were reported in 2 studies, and 
the pooled death rate was 3.6% (95% CI, 0.6-9.2). 
Only 1 study reported a treatment failure rate, which 
was 1.8%. 

Adverse effects
Most of the adverse events potentially attributed to 

bedaquiline-containing regimens were gastrointestinal 
symptoms (15.3%), peripheral neuropathy (13.8%), 
and hematological disorders (13.6%; Table 4). Although 
there was limited information on how many patients 
interrupted bedaquiline treatment because of an 
increase in the Fridericia-corrected QT interval, 283 
of 2,611 patients experienced Fridericia-corrected QT 
interval prolongation (pooled rate, 10.4%). 

Subgroup analysis
Table 5 shows the subgroup analysis of the studies 

based on the treatment regimen and type of study. 

The treatment success rate in patients receiving 
bedaquiline-containing regimens was 74.5%. For 
patients receiving treatment with bedaquiline and 
delamanid, the treatment success rate was 73.9%. 
The treatment success rates in the observational and 
experimental studies included in the meta-analysis 
were 74.7% and 86.1%, respectively. 

DISCUSSION

Drug-resistant tuberculosis treatment has severe 
limitations, such as extensive drug resistance limiting 
the number of effective drugs, a high risk of adverse 
events, and a high treatment failure rate. In 2020 the 
WHO introduced a new approach to managing drug-
resistant tuberculosis and a new drug classification.(4) 
According to the WHO recommendations, bedaquiline 
is the first drug in an all-oral regimen to optimize 
treatment outcomes while minimizing the toxicity 
associated with injectable medicines.(6) Although 
some studies have been conducted on bedaquiline and 
delamanid to discuss their benefits and drawbacks, no 
systematic reviews and meta-analyses have recently 
been published on this topic. 

In the current study, we screened 2,679 articles 
and finally selected 29 studies reporting on 3,929 
patients and describing the treatment outcomes of 
bedaquiline-containing regimens. A pooled treatment 
success rate of 74.7% was found for bedaquiline-
containing regimens in the observational studies. 
In the experimental studies, the pooled treatment 
success rate was 86.1%. 

Articles after removal of duplicates (n = 1,946)

Articles screened by reading titles and abstracts 
(n = 1,946)

Excluded articles
(n = 1,902)

Full-text articles assessed for eligibility
(n = 46)

Excluded articles (n = 17)

Reason for exclusion:

Letter to editor and news
Outcome not reported
Duplicate study

Included studies (n = 29)

Observational studies (n = 25)
Experimental studies (n = 4)
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Figure 1. Flow chart of study selection for inclusion in the systematic review and meta-analysis. 
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Table 2. Quality assessment of the observational studies included in the meta-analysis. 
Author 1 2 3 4 5 6 7 8 9 10 11

Koirala et al.(11) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Kwon et al.(16) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Shi et al.(17) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Gao et al.(18) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Barvaliya et al.(19) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Kashongwe et al.(20) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Das et al.(21) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Lee et al.(22) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Kim et al.(23) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Mase et al.(24) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Olayanju et al.(25) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Salhotra et al.(26) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Chesov et al.(27) Yes Yes Yes No No Yes Yes Yes Yes Yes Yes
Kang et al.(28) Yes Yes Yes No No Yes Yes Yes Yes Yes Yes
Sarin et al.(29) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Kempker et al.(30) Yes Yes Yes No No Yes Yes Yes Yes Yes Yes
Taune et al.(31) Yes Yes Yes No No Yes Yes Yes Yes Yes Yes
Ferlazzo et al.(32) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Hewison et al.(33) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Ndjeka et al.(34) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Zhao et al.(35) Yes Yes Yes No No Yes Yes Yes Yes Yes Yes
Kim et al.(36) Yes Yes Yes No No Yes Yes Yes Yes Yes Yes
Achar et al.(37) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Guglielmetti et al.(38) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
Borisov et al.(10) N/A N/A Yes No No Yes Yes Yes Yes Yes Yes
1. Were the two groups similar and recruited from the same population? 
2. Were the exposures measured similarly to assign people to both exposed and unexposed groups? 
3. Was the exposure measured in a valid and reliable way? 
4. Were confounding factors identified? 
5. Were strategies to deal with confounding factors stated? 
6. Were the groups/participants free of the outcome at the start of the study? 
7. Were the outcomes measured in a valid and reliable way? 
8. Was the follow-up time reported and long enough for outcomes to occur? 
9. Was follow-up complete, and, if not, were the reasons for loss to follow-up described and explored? 
10. Were strategies to address incomplete follow-up utilized? 
11. Was appropriate statistical analysis used? 

Table 3. Quality assessment of the experimental studies included in the meta-analysis. 
Author 1 2 3 4 5 6 7 8 9 10 11 12 13

Conradie et al.(39) No N/A N/A No No No No Yes Yes N/A Yes Yes No
Tweed et al.(40) Yes No Yes No No No No Yes Yes Yes Yes Yes Yes
Pym et al.(41) No No N/A No No No No Yes Yes N/A Yes Yes No
Diacon et al.(42) Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes
1. Was true randomization used for assignment of participants to treatment groups? 
2. Was allocation to treatment groups concealed? 
3. Were treatment groups similar at baseline? 
4. Were participants blind to treatment assignment? 
5. Were those delivering treatment blind to treatment assignment? 
6. Were outcome assessors blind to treatment assignment? 
7. Were treatment groups treated identically other than the intervention of interest? 
8. Was follow-up complete, and, if not, were differences between groups in terms of their follow-up adequately 
described and analyzed? 
9. Were participants analyzed in the groups to which they were randomized? 
10. Were outcomes measured in the same way for treatment groups? 
11. Were outcomes measured in a reliable way? 
12. Was appropriate statistical analysis used? 
13. Was the trial design appropriate and were any deviations from the standard randomized controlled trial design 
accounted for in the conduct and analysis of the trial? 
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Previous studies have shown that adding bedaquiline 
to regimens effectively reduces drug-resistant 
tuberculosis.(10,43) However, some studies have 
raised the issue of its potential toxicity, mainly when 
delamanid and other drugs prolonging the QT interval 
are prescribed in the regimen (e.g., fluoroquinolones 
and clofazimine).(10,43) 

Two previous systematic reviews on bedaquiline, one 
published in 2016 and the other in 2018, included a 
small number of patients. In a systematic review of 
2 randomized controlled trials (which were published 
as 3 articles) including 176 patients, no differences in 
culture conversion were found between bedaquiline 
and placebo.(44) Even though the point estimate 
showed a 33% improvement in the response rate 
with the use of bedaquiline vs. placebo, this finding 
was not statistically significant, because of the small 
sample sizes.(44) 

Pontali et al. reported an 81.4% sputum culture 
conversion rate after 6 months of treatment and a 
71.4% treatment success rate in a systematic review 

including 7 studies investigating 87 adults with 
drug-resistant tuberculosis treated with delamanid 
and bedaquiline.(45) 

In a phase 2 trial conducted by Diacon et al., 160 
patients were randomly assigned to receive either 400 
mg of bedaquiline once daily for 2 weeks, followed by 
200 mg three times a week for 22 weeks, or placebo, 
both in combination with a preferred background 
regimen.(42) The authors demonstrated that adding 
bedaquiline to a preferred background regimen for 
24 weeks resulted in faster culture conversion and 
a significantly higher culture conversion rate at 120 
weeks. The cure rate at 120 weeks was 58% in the 
bedaquiline group and 32% in the placebo group.(42) 

In a cohort study conducted by Mbuagbaw et al. and 
involving 537 patients treated with bedaquiline, the 
use of bedaquiline in the treatment regimen for > 6 
months was related to positive outcomes, with a culture 
conversion rate of 78% at 6 months and a treatment 
success rate of 65.8%.(46) In a retrospective cohort 
study of 102 patients, the long-term outcome and 
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Figure 2. Treatment success rate in the observational studies included in the meta-analysis. 

Figure 3. Treatment success rate in the experimental studies included in the meta-analysis. 
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safety of prolonged MDR-TB treatment with bedaquiline 
(for > 190 days) was investigated.(38) Outcomes and 
adverse effects were not significantly different between 
short-course and prolonged bedaquiline treatment, 
and most patients on bedaquiline-containing regimens 
achieved successful outcomes.(38) 

Bedaquiline at treatment initiation and as part of an 
all-oral regimen may preserve good overall treatment 
outcomes while improving time to culture conversion 
and minimizing adverse effects, such as hearing loss, 
associated with the injectable agents.(24) 

We found that a proportion of patients had adverse 
events related to bedaquiline in the studies included 
in our meta-analysis: 15.3% reported gastrointestinal 
symptoms, 13.8% had evidence of peripheral 
neuropathy, and 13.6% reported hematological toxic 
effects. Although patients taking bedaquiline should 
be carefully monitored, the adverse effects were 
manageable in the investigated studies, and adverse 
events leading to the discontinuation of bedaquiline 
were uncommon. 

Although our study provides updated evidence on 
bedaquiline efficacy, it has some limitations. It does not 
evaluate adherence to treatment regimens containing 
bedaquiline, an important outcome determinant. Other 
limitations include variability and different patient 
characteristics across studies. 

In conclusion, culture conversion and treatment 
success rates were found to be high in patients with 
drug-resistant tuberculosis receiving bedaquiline-
containing regimens. Bedaquiline use can be 
implemented successfully in tuberculosis programs if 
financial and procurement barriers can be addressed 
to ensure availability. An efficient monitoring and 
surveillance system is needed to collect data on 
patients receiving new drugs and regimens to ensure 
best practices for the care and treatment of patients 
with drug-resistant tuberculosis. 
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Table 5. Pooled treatment success rates for subgroups of studies. 
Subgroup No. of studies No. of patients Treatment 

success rate (%)
(95% CI)

Heterogeneity
I2 (%)

Begg’s test
value of p

Treatment regimen:
Regimen containing BDQ
Regimen containing BDQ+DLM

22
7

3,287
292

74.5 (67.6-80.3)
73.9 (62.1-83.0)

91
72

0.61
0.03

Type of study:
Observational study
Experimental study

25
4

3,536
440

74.7 (69.8-79.0)
86.1 (76.8-92)

86
75

0.18
0.08

BDQ: bedaquiline; and DLM: delamanid. 
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