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Background.  Bedaquiline is used as a substitute for second-line injectable (SLI) intolerance in the treatment of multidrug-resis-
tant (MDR) tuberculosis, but the efficacy and safety of this strategy is unknown.

Methods.  In this retrospective cohort study adults receiving bedaquiline substitution for MDR tuberculosis therapy, plus a 
matched control group who did not receive bedaquiline, were identified from the electronic tuberculosis register in the Western 
Cape Province, South Africa. The primary outcome measure was the proportion of patients with death, loss to follow-up, or failure 
to achieve sustained culture conversion at 12 months of treatment.

Results.  Data from 162 patients who received bedaquiline substitution and 168 controls were analyzed; 70.6% were infected with 
human immunodeficiency virus. Unfavorable outcomes occurred in 35 of 146 (23.9%) patients in the bedaquiline group versus 51 of 
141 (36.2%) in the control group (relative risk, 0.66; 95% confidence interval, .46 –.95). The number of patients with culture rever-
sion was lower in those receiving bedaquiline (1 patient; 0.8%) than in controls (12 patients; 10.3%; P = .001). Delayed initiation of 
bedaquiline was independently associated with failure to achieve sustained culture conversion (adjusted odds ratio for every 30-day 
delay, 1.5; 95% confidence interval, 1.1–1.9). Mortality rates were similar at 12 months (11 deaths in each group; P = .97).

Conclusions.  Substituting bedaquiline for SLIs in MDR tuberculosis treatment resulted in improved outcomes at 12 months 
compared with patients who continued taking SLIs, supporting the use of bedaquiline for MDR tuberculosis treatment in program-
matic settings.
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Multidrug-resistant (MDR) tuberculosis, defined as resistance 
to rifampicin and isoniazid, is associated with increased mor-
tality rates and worse treatment outcomes than drug-susceptible 
tuberculosis [1]. Second-line injectables (SLIs), core agents used 
in the treatment of MDR tuberculosis [2], cause substantial tox-
icity, which leads to treatment discontinuation and contributes 
to the low success rates with conventional MDR tuberculosis 
treatment [3, 4].

There is a stepwise decline in the success of tuberculosis 
treatment as drug resistance patterns advance [5], and the 
presence of resistance to SLIs has been a significant predictor 

of poor long-term survival in some studies [5, 6]. Therefore, 
discontinuing SLIs from MDR tuberculosis regimens without 
replacement by an effective drug may put patients at risk of 
worse outcomes and ongoing transmission of drug-resistant 
tuberculosis.

The novel diarylquinoline, bedaquiline, improves culture 
conversion rates when added to conventional MDR tuberculo-
sis treatment in clinical trials [7–9], and it has also been shown 
to improve treatment outcomes in observational studies [10]. 
However, there are safety concerns related to its effect on QT 
interval prolongation and the increased mortality rate associ-
ated with the bedaquiline arms in pooled data from phase 2 
clinical trials [11]. The World Health Organization (WHO) has 
made a conditional recommendation for the use of bedaquiline 
in adults with MDR tuberculosis who have limited treatment 
options [12], which may occur in up to two-thirds of cases 
[13]. Bedaquiline is now being widely used as a substitute in 
MDR tuberculosis regimens for patients unable to tolerate SLIs 
[14], but the efficacy and safety of this strategy is unknown. We 
conducted a retrospective cohort study to determine outcomes 
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for South African patients who received bedaquiline as a sub-
stitution for SLIs in conventional MDR tuberculosis ther-
apy, with the hypothesis that this would not result in inferior 
outcomes at 12  months compared with patients who did not 
discontinue SLIs.

PATIENTS AND METHODS

Study Population and Eligibility Criteria

In September 2015, the Western Cape Provincial Department 
of Health expanded and decentralized bedaquiline access for 
adults who had confirmed MDR tuberculosis without additional 
second-line drug resistance who were unable to tolerate SLIs. 
Under this expanded program, which is ongoing, local clinicians 
made requests for bedaquiline access for individual patients to 
a Provincial Clinical Advisory Committee using a standardized 
application form. If the request was approved, bedaquiline was 
provided for a minimum of 24 weeks (with a loading dose of 
400 mg once daily for the initial 2 weeks, followed by 200 mg 3 
times per week for 22 weeks). Other drugs in the MDR tuber-
culosis regimen included moxifloxacin (which was replaced 
by levofloxacin at bedaquiline initiation, due to the greater 
QT-prolonging effect of moxifloxacin), pyrazinamide, ethion-
amide, high-dose isoniazid, ethambutol, and terizidone. Until 
late 2017, this standardized MDR tuberculosis regimen was gen-
erally administered for a total of 18–24 months, including the use 
of an SLI for 6 to 8 months, according to South African National 
Treatment Program guidelines (the WHO shorter MDR tuber-
culosis regimen was introduced in the Western Cape Province in 
late 2017, after the enrollment window for this study).

We screened all applications to the Provincial Clinical Advisory 
Committee and included consecutive patients who received 
bedaquiline as a substitution for SLIs between October 2014 and 
October 2016. We also included a group of control patients with 
MDR tuberculosis who did not receive bedaquiline, matched 
1:1 for clinic location and time of treatment initiation within a 
window of ±6 months. These patients were identified from the 
South African Electronic Drug-Resistant Tuberculosis Register, 
a Web-based network used in the surveillance and management 
of drug-resistant tuberculosis in South Africa. Patients <18 years 
old were excluded, as were those with Mycobacterium tubercu-
losis strains known to be resistant to aminoglycosides and/or 
fluoroquinolones (pre–extensively drug-resistant or extensively 
drug-resistant tuberculosis).

Outcome Measures

The primary outcome measure was the proportion of patients 
with unfavorable outcomes at 12 months, defined as a compos-
ite of death, loss to follow-up, or treatment failure (failure to 
achieve sustained culture conversion). Sustained culture con-
version was defined as ≥2 consecutive negative cultures, with 
the last culture performed 12 months (±2 months) after start-
ing antituberculosis treatment, including cultures from patients 

with negative or absent baseline sputum cultures. To account 
for missing data in the primary outcome measure, we created a 
secondary composite outcome of death, loss to follow-up, and 
a modified definition of treatment failure wherein any positive 
sputum culture result between 6 and 12 months after initiation 
of MDR tuberculosis treatment was regarded as treatment fail-
ure. Outcomes were censored at 12  months owing to limited 
availability of sputum culture data beyond that time.

Time to initial sputum culture conversion was defined as 2 
consecutive negative cultures taken ≥30 days apart, in a patient 
with a positive baseline sputum culture, with the collection date 
of the first negative culture specimen reported as the conver-
sion date. Culture reversion was defined as 2 positive cultures, 
taken ≥30 days apart, after initial sputum culture conversion at 
any time after starting MDR tuberculosis treatment, according 
to WHO criteria. Patients were considered lost to follow-up 
when there was a gap of >1 month in clinic visits or dispensing 
of antiretroviral therapy (ART) or antituberculosis treatment 
after the last recorded healthcare contact and no further contact 
by 12 months. Outcomes data at 18 months were collected for 
those patients with sufficient follow-up time.

Sample Size Estimation

The sample size estimation was calculated using death as an 
outcome. This was chosen because of the signal of excess mor-
tality in the bedaquiline arm in a clinical trial [9], and because 
our composite primary end point of unfavorable outcomes at 
12 months has not been previously assessed for bedaquiline to 
our knowledge. Mortality assumptions were based on a com-
parative mortality analysis from South Africa, published in the 
2016 WHO Bedaquiline Guideline Development Group report 
[10]. With a sample size of 330 patients, we estimated that we 
would have sufficient power (>80%), at a 1-sided significance 
level of 2.5%, for a noninferiority margin of 10% in the propor-
tion of deaths at 12 months between the bedaquiline group and 
the standard treatment group (estimated at 20%).

Analysis and Reporting

We calculated the proportions of case patients versus controls 
with the composite primary and secondary end points of unfa-
vorable outcome at 12 months and compared these outcomes 
using the χ2 test. We also analyzed individual components of 
the composite outcome as binary variables, as well as the pro-
portions with culture reversion and 18-month outcomes where 
data were available. Logistic regression analysis was performed 
to adjust for potential confounders in the primary outcome and 
to evaluate predictors for failure to achieve sustained culture 
conversion in the bedaquiline group. The time to initial sputum 
culture conversion and death was displayed with Kaplan-Meier 
plots and compared using the log-rank test; censoring was per-
formed at 12 months, as well as for patients who were lost to 
follow-up or died, for the analysis of time to culture conversion. 
We used a Cox proportional-hazards model with adjustment 
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for baseline smear positivity and human immunodeficiency 
virus (HIV) status to compare the time to culture conversion 
in the 2 study groups. Statistical analysis was performed using 
Stata software, version 14.2 (StataCorp).

Ethical Approval

This study was approved by the Human Research Ethics 
Committee at the University of Cape Town (reference 446/2016).

RESULTS

Patient Characteristics

Data from 330 patients with laboratory-confirmed pulmonary 
MDR tuberculosis (70.6% HIV infected) were analyzed; these 
included 162 case patients with bedaquiline substitution and 
168 controls who did not receive bedaquiline. Demographic 
and clinical characteristics at the time of initiation of MDR 
tuberculosis therapy are summarized in Table  1. The groups 
were well matched other than for age, which was higher in the 
bedaquiline group, and CD4 cell count, which was lower among 
HIV-infected patients in the bedaquiline group.

Management in the Bedaquiline Group

Twenty-nine patients (18.6%) did not receive any SLI treatment 
and started bedaquiline a median of 29 days (interquartile range 
[IQR], 18–49 days; range, 0–161 days) after the start of MDR 
tuberculosis treatment. In the other 127 patients for whom this 
was documented, SLIs were stopped a median of 54 days (IQR, 
25–82  days) after initiation of tuberculosis treatment. There 
was a 44-day delay (IQR, 29–70 days, range, 11–161 days) from 
SLI withdrawal to the start of bedaquiline. Hearing loss was the 
most common reason for SLI discontinuation, present in 115 
(74%) of patients who switched. SLIs were also discontinued 
because of renal impairment in 28 patients (18%) and hypoka-
lemia in 13 (8%).

Outcomes

The number of patients assessed for the primary outcome is 
shown in Figure 1. Unfavorable outcome according to the pri-
mary composite measure was assessed in 288 patients (87%; 
145 in the bedaquiline group and 143 controls). This outcome 
occurred in 35 patients (23.9%) in the bedaquiline group ver-
sus 51 (36.2%) in the control group (relative risk, 0.66; 95% 

Table 1.  Baseline Demographic and Clinical Characteristics

Variable

Patients, No. (%)a

P  Valueb
Bedaquiline

(n = 162)
Control

(n = 168)

Age, median (IQR), y 42 (35–49) 35 (28–42) <.001

Male sex 93 (57.4) 97 (58.1)c .90

Weight, median (IQR), kg 54 (45–62) ND NA

Any comorbid condition 44 (27.2) ND NA

HIV infection 110 (67.9) 94 (74.0)d .26

CD4 cell count, median (IQR), cells/µLe 97 (45–201) 205 (59–362) .007

Viral load below detectable limite 46 (63.0)f 50 (72.5)g .23

Receiving ARTe 94 (85.5)h ND NA

Previous tuberculosis (any) 88 (63.3)i 95 (56.6) .23

Extrapulmonary tuberculosis 18 (11.4)j 13 (7.8)c .27

Positive sputum results

  Culture 142 (87.7) 148 (88.1) .90

  Xpert MTB/RIF 111 (68.5) 112 (66.7) .72

  Smear 98 (60.5) 112 (66.7) .24

Isoniazid mutationk

  inhA 33 (55.9) ND NA

  katG 16 (27.1) ND NA

  Both 2 (3.4) ND NA

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; IQR, interquartile range; NA, not available; ND, no data. 
aData represent No. (%) unless otherwise specified. 
bP values calculated using Wilcoxon rank sum test for continuous variables and χ2 test for binary variables.
cDenominator: n = 167. 
dDenominator: n = 127. 
eThe data for CD4 cell count, viral load, and ART apply only to HIV-infected patients (n = 204) and were recorded at the start of multidrug-resistant tuberculosis or bedaquiline treatment. 
fDenominator: n = 73. 
gDenominator: n = 69. 
hDenominator: n = 110. 
iDenominator: n = 139. 
jDenominator: n = 158. 
kDenominator: n = 59.
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confidence interval [CI], .46–.95; P = .02). The odds of unfavor-
able outcomes remained significantly lower in the bedaquiline 
group after adjustment for age, CD4 cell count, HIV status, 
and baseline smear positivity in a mutivariable logistic regres-
sion model (adjusted odds ratio [OR] 0.38; 95% CI, .18–.81). 
Bedaquiline use was associated with a protective effect of similar 
magnitude when almost the full cohort (n = 310) was assessed 
for the secondary composite outcome; 44 patients (27.9%) in 
the bedaquiline group versus 58 (38.2%) in the control group 
had unfavorable outcomes at 12 months (relative risk, 0.73; 95% 
CI, .53–1.0; P = .053).

As shown in Table  2, the proportion of deaths in the 
bedaquiline group (11 deaths; 7.6%) was noninferior to that in 
the control group (11 deaths; 7.5%) at 12 months (risk differ-
ence, 0.1%; 95% CI, −5.9 to 6.1; within the prespecified nonin-
feriority limit of 10%). The reduction in unfavorable outcomes 
with bedaquiline use was mainly influenced by differences 
in sustained culture conversion rates: only 7 patients (5.9%) 
switched to bedaquiline failed to achieve sustained culture con-
version at 12 months, compared with 19 (17.4%) in the control 
group (P  =  .006). The effect of bedaquiline on sustained cul-
ture conversion persisted at 18 months (Table 2). A total of 13 

Figure 1.  Flow diagram showing screening and inclusion of study population. Culture results required ≥2 consecutive cultures with the last culture performed 12 months 
(±2 months) after the start antituberculosis treatment, per the definition of sustained culture conversion for this study; outcomes were recorded as missing in cases where 
culture results were insufficient to evaluate sustained culture conversion, per the prespecified definition. The proportions of patients with missing data were not different 
between groups (P = .09). For the totals of patients evaluated for the primary end points, the missing data do not sum to these values owing to overlap in outcomes (ie, any 
failure event contributes to the composite outcome, even if another component has a missing outcome). Abbreviations: MDR, multidrug-resistant; SLI, second-line injectable

Table 2.  Treatment Outcomes

Variable

Patients, No./Total No. (%)

P  ValueBedaquiline Group (n = 162) Control Group (n = 168)

At 12 mo

  Composite unfavorable outcome (primary)a 35/146 (23.9) 51/141 (36.2) .02

  Composite unfavorable outcome (secondary)b 44/158 (27.9) 58/152 (38.2) .053

  Death 11/145 (7.6) 11/147 (7.5) .97

  Loss to follow-up 17/162 (10.5) 21/168 (12.5) .57

  Treatment failurec 7/119 (5.9) 19/109 (17.4) .006

  Modified treatment failured 16/138 (11.6) 29/131 (22.1) .02

At 18 mo

  Death 13/79 (16.5) 15/100 (15.0) .79

  Failure to achieve sustained culture conversion 3/93 (3.2) 16/81 (19.8) <.001

aDefined as death, loss to follow-up, or treatment failure. Outcomes were recorded as missing in cases where there was no failure event and ≥1 of the components of the composite end 
point was absent.
bDefined as death, loss to follow-up, or modified definition of treatment failure. Outcomes were recorded as missing in cases where there were no data for all of the components of the 
composite end point. Note that the components of the secondary composite outcome do not sum in the bedaquiline group owing to overlap in outcomes in 2 patients (modified treatment 
failure plus death in 1 and modified treatment failure plus loss to follow-up in the other).
cDefined as failure to achieve sustained culture conversion (≥2 consecutive negative cultures with the last culture performed 12 months (±2 months) after the start of antituberculosis treat-
ment). Outcomes were recorded as missing in cases where sustained culture conversion, per the prespecified definition, could not be assessed owing to missing sputum culture results. 
Proportions with missing sputum results were similar between the groups (P = .09).
dDefined as any positive sputum culture result between 6 and 12 months after initiation of multidrug-resistant tuberculosis treatment. Outcomes were recorded as missing in cases where 
there were no sputum culture results available after 6 months of therapy. Proportions with missing sputum results were similar between the groups (P = .09).
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patients (5.4%; n = 241) with a positive baseline culture reverted 
to culture positive after initial culture conversion (ie, 2 consec-
utive negative sputum cultures), at a median time of 263 days 
(IQR, 217–296 days) from the start of treatment. The number 
of patients with culture reversion was significantly lower in the 
bedaquiline group (1 patient [0.8%] vs 12 [10.3%] in the control 
group; P = .001). The proportions of patients with missing cul-
ture reversion outcome data did not differ between the groups 
(P = .10).

In the bedaquiline group, the proportion of HIV-infected 
patients with unfavorable outcomes at 12 months (20 [20.0%]; 
n  =  100) was not significantly different from that in HIV-
uninfected patients (15 [32.6%]; n = 46; P = .14). This included 
mortality outcomes, with 5 (5.1%) deaths among HIV-infected 
and 6 (12.8%) deaths among HIV-uninfected patients (P = .18). 
At univariate analysis, shown in Table 3, the timing of initiation 
of bedaquiline from the start of MDR tuberculosis treatment 
was the only factor associated with failure to achieve sustained 
sputum culture conversion at 12  months (unadjusted OR for 
every 30-day delay, 1.4; 95% CI, 1.1–1.9). This remained an 
independent predictor after adjustment for comorbid condi-
tions and HIV status (adjusted OR, 1.5; 95% CI, 1.1–1.9).

Among those with positive sputum cultures at baseline 
(n  =  290), 87.4% (95% CI, 81.1%–92.4%) in the bedaquiline 
group had achieved sputum culture conversion by 6  months 
versus 78.3% (95% CI, 71.0%–85.0%) in the control group; the 
crude hazard ratio for culture conversion in the bedaquiline 
group was 1.32 (95% CI, 1.02–1.71; P = .03; Figure 2). This effect 
persisted after adjustment for HIV status and baseline sputum 
smear positivity (adjusted hazard ratio, 1.32; 95% CI, 1.00–1.76; 
P = .048). The median time to death within 12 months of ini-
tiation of tuberculosis treatment was not different between 
bedaquiline-exposed and bedaquiline-unexposed patients 
(P = .96; Figure 3).

DISCUSSION

In this population with MDR tuberculosis and a high burden 
of HIV coinfection, substituting bedaquiline for SLIs resulted 
in fewer unfavorable outcomes after 12  months of treatment 
compared with regimens containing an SLI for its full course. 
To our knowledge, this is the first study to specifically evaluate 

a strategy of bedaquiline substitution for SLIs in conventional 
MDR tuberculosis therapy.

Our results are consistent with those from other observa-
tional studies assessing the efficacy of bedaquiline in clinical 
practice [15, 16]. A WHO meta-analysis evaluating the use of 
bedaquiline among 391 patients with drug-resistant tubercu-
losis, including extensively drug-resistant tuberculosis, showed 
that almost 80% had culture converted at 6  months and that 
treatment success was achieved in 69% [10]. Importantly, in our 
study the number of patients with culture reversion was signifi-
cantly lower in those switched to bedaquiline, suggesting a per-
sistent effect after stopping the 6-month course, in keeping with 
its long terminal elimination half-life [17]. These findings lend 
support to the use of bedaquiline in shorter MDR tuberculosis 
regimens, although this needs to be evaluated in prospective 
studies with longer-term follow-up to assess true relapse.

The 12-month outcomes observed in the control arm of our 
study were better than the expected treatment success rates with 
conventional MDR tuberculosis therapy of approximately 54% 
in programmatic settings [1, 18]. However, the standard defini-
tion of treatment success involves a longer follow-up duration 
to treatment completion, which was not assessed in our cohort 
and could account for this discrepancy [19]. The external valid-
ity of our findings is supported by a 2017 systematic review, 
which found similar 6-month culture conversion rates (75%; 
95% CI, 60%–90%) with the use of standardized treatment reg-
imens for MDR tuberculosis [18].

The mortality rate associated with MDR tuberculosis is con-
sistently about 15% [1, 20], similar to the proportion of deaths 
observed in our cohort at 18 months. The meta-analysis con-
ducted by WHO found a 10.6% overall mortality rate with the 
use of bedaquiline [10], but with a large degree of heterogene-
ity between populations, ranging from about 6.8% in a French 
cohort [15] to about 20% in the South African Bedaquiline 
Clinical Access Program [10]. Unlike in our study, which 
included only patients with MDR tuberculosis, most patients in 
those cohorts had MDR tuberculosis with additional resistance 
to second-line agents, limiting conclusions that can be drawn 
from direct comparison.

It is reassuring that there were no differences in the 12- and 
18-month mortality rates between bedaquiline-exposed and 

Table 3.  Predictors of Failure to Achieve Sustained Culture Conversion at 12 Months in the Bedaquiline Group

Variable
Univariate OR

(95% CI) P Value
Mutivariable OR  

(95% CI)a P  Value

Sputum smear positive at baseline 1.4 (.3–7.8) .67 … …

Comorbid illness 2.1 (.5–10.2) .34 1.6 (.3–9.5) .61

HIV infection 0.3 (.06–1.4) .12 0.3 (.5–1.7) .17

Per 30-d delay from start of treatment 1.4 (1.1–1.9) .007 1.5 (1.1–1.9) .01

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; OR, odds ratio.
aGoodness-of-fit test P = .11 for final multivariate model (baseline smear status did not influence the effect size of the estimates in the mutivariable model and was dropped to improve fit).
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bedaquiline-unexposed patients in our study. In a phase 2b 
trial, which found a significantly higher mortality rate with 
bedaquiline use compared with placebo, almost all deaths 
occurred after 6  months, at a median time of 49 weeks after 
stopping bedaquiline [9]. Bedaquiline undergoes extensive tis-
sue distribution with intracellular accumulation, resulting in 
an extremely long elimination half-life [17, 21]. The impact of 

these pharmacokinetic characteristics on QT prolongation and 
other toxic effects is unknown, and this is an important area for 
future research and pharmacovigilance.

Only 138 HIV-infected patients were included in the WHO 
meta-analysis, and it is of concern that these patients seemed 
to have a higher mortality rate than HIV-uninfected patients 
receiving bedaquiline (13% vs 9%, respectively) [10]. In our 

Figure 3.  Kaplan-Meier graph of time to death in each study group during the first 12 months of therapy. Superimposed on the graph is a plot of the median (interquartile 
range [IQR]) time to initiation of bedaquiline after the start of multidrug-resistant tuberculosis therapy. Note the truncated scale on the y-axis. The median time to bedaquiline 
start was 2.7 months (IQR, 1.5–4.2 months).

Figure 2.  Kaplan–Meier graph of time to initial sputum culture conversion in each study group during the first 12 months of therapy. Superimposed on the graph is a plot of 
the median (interquartile range) time to initiation of bedaquiline after the start of multidrug-resistant tuberculosis therapy. This analysis includes only patients with a positive 
baseline culture. There was no difference between groups in the proportion of patients who were culture negative at baseline (P = .90). The median time to bedaquiline start 
was 2.7 months (interquartile range, 1.5–4.2 months).
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study, which included 110 HIV-infected patients receiving 
bedaquiline, we found no difference in 12-month mortality 
rate compared with those who were HIV uninfected. This find-
ing may be related to the relatively high proportion of patients 
receiving ART (85%), and it is consistent with a previous report 
from the South African Bedaquiline Clinical Access Program 
that bedaquiline can be used successfully in HIV-infected 
patients receiving ART [16].

In our cohort, later initiation of bedaquiline after the start of 
MDR tuberculosis treatment was independently associated with 
failure to achieve sustained culture conversion at 12  months. 
Maintaining effective systems for decentralized bedaquiline 
implementation is challenging and will require continuous 
monitoring and review.

The current study has important limitations. The retrospec-
tive design introduces sources of bias, particularly in the selec-
tion of cases. For example, the process used by the Provincial 
Clinical Advisory Committee to evaluate applications may have 
systematically allocated patients with different disease char-
acteristics to the bedaquiline group; this is possibly reflected 
by the older age and lower CD4 cell counts in those patients. 
However, this would tend to bias toward worse outcomes in the 
bedaquiline group, raising the possibility that bedaquiline could 
have an even larger effect on treatment efficacy in an unselected 
population. Adjustment for potential confounders did not 
change the effect of bedaquiline on reduction of unfavorable 
outcomes. We minimized selection bias by including consecu-
tive applications for bedaquiline substitution and by matching 
cases with control patients for time of starting MDR tuber-
culosis treatment and for clinic location, which would tend 
to reduce confounding related to variations in quality of care 
between clinics. Although baseline characteristics were similar, 
our inability to perform matching for variables known to have 
prognostic significance (such as radiographic abnormalities 
and weight) is an additional limitation.

This study involves one of the largest published cohorts to 
describe the programmatic use of bedaquiline, but difficulties 
in ascertaining outcomes data retrospectively limited the power 
and accuracy of our primary end point. Data on the composite 
primary end point were missing for 43 patients (13%), mainly 
because of restricted access to the national death registry and 
incomplete follow-up culture results. However, the proportions 
of patients with missing outcomes data were similar between 
the groups, and we were able to verify the internal validity of 
the primary outcome by showing similar results with the use 
of a secondary outcome measure, which included a more con-
servative definition of treatment failure (any positive sputum 
culture result after month 6 of treatment) that evaluated almost 
the entire cohort (n = 310).

Another limitation is the possibility of immortal time bias 
conferring an early survival advantage on the bedaquiline 
group [22]. This is due to the initial period of observation 

time before SLI substitution when the primary outcome can-
not occur in the bedaquiline group, as opposed to controls 
who entered the study from start of MDR tuberculosis treat-
ment. However, the early mortality rate (as shown in Figure 3) 
was relatively low and did not differ significantly between 
the groups, suggesting limited bias toward survival in the 
bedaquiline group.

We were not able to obtain specific safety data related to 
bedaquiline use. Although pharmacovigilance is in place, the 
decentralization of bedaquiline use across many sites made 
obtaining electrocardiographic recordings unfeasible with the 
available resources for this study. Reassuringly, accumulating 
safety data from prospective observational studies suggest that 
the association with QT prolongation has not translated into 
adverse clinical outcomes [10, 23].
In conclusion, substituting bedaquiline for SLIs in the pro-
grammatic treatment of MDR tuberculosis is not associated 
with increased mortality rate and results in fewer unfavorable 
outcomes at 12 months than in patients who remain continue 
taking SLIs. The improved outcomes with bedaquiline use 
were driven by differences in sustained culture conversion, and 
reflected by the significantly lower rates of culture reversion 
among those patients. Notwithstanding the limitations of the 
study design, these findings provide additional evidence to sup-
port the routine inclusion of bedaquiline in MDR tuberculosis 
regimens [24].
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