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ABSTRACT
Background: There is limited evidence describing the safety and effectiveness 

of bedaquiline when used programmatically in eastern European regions for 

multidrug – (MDR) and extensively drug-resistant (XDR) tuberculosis (TB).

Methods: In this nationwide, retrospective cohort study of adults with MDR- 

or XDR-TB in Belarus, we examined treatment outcomes and time to culture 

conversion among patients treated with bedaquiline-containing regimens 

(2015–2016), compared to those that followed previous standard treatment 

regimens (2013–2014), using logistic and competing risks regression. We 

also describe adverse events among the bedaquiline cohort.

Results: A  total of 179 and 746 patients were included in the bedaquiline 

and standard treatment cohorts, of whom 76.5% and 22.4% had XDR-TB, 

respectively. Favourable outcomes were achieved in 92.2% of patients treated 

with bedaquiline and 57.4% of patients under standard regimens  (p<0.001). 

Of those who were initially culture-positive, 87.4% and 60.7% in the bedaquiline 

and standard treatment cohorts, respectively, had achieved culture conversion 

by month six of treatment. Multivariate competing risks regression revealed 

that bedaquiline-containing regimens were strongly associated with a shorter 

time to culture conversion (subdistribution hazard ratio 2.10; 95% CI 1.61–

2.74). Overall, 84.4% of patients treated with bedaquiline-containing regimens 

experienced at least one adverse event, of which 15.2% were serious. However, 

of these serious adverse events only one and six cases were probably and 

possibly caused by bedaquiline, respectively.

Conclusion: Bedaquiline-containing regimens are highly effective and have 

an acceptable safety profile for patients with MDR- and XDR-TB under routine 

programmatic conditions in Belarus, with excellent treatment outcomes and 

faster time to culture conversion compared to previous regimens.
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INTRODUCTION
Tuberculosis (TB) remains one of the top 10 causes of death 
worldwide. In 2017 there were estimated to be around 10 
million incident cases. Drug-resistant TB is a  continuing 
threat to global TB control efforts, with an estimated 558 000 

incident cases resistant to rifampicin, the most effective first-
line drug, of which 82% had multidrug-resistant TB (MDR-
TB) (1). Although the World Health Organization (WHO) 
European Region accounts for only 3% of the global burden of 
TB, it has one of the highest burdens of MDR-TB. Moreover, 
treatment success among MDR-TB patients – at 55% – remains 
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well below the target of 75% set in the Tuberculosis action plan 
for the WHO European Region 2016–2020.

Belarus is among 30 countries with a high burden of MDR-TB 
and has the highest prevalence of multidrug resistance among 
both new (38%) and retreatment (68%) TB cases worldwide (1). 
Among MDR-TB patients diagnosed in 2012, less than 
half (49%) were successfully treated (2). The standard MDR-TB 
regimens used during 2013–2016 ran for at least 20 months, 
exposing patients to prolonged drug toxicities and making it 
difficult for patients to adhere to treatment. The introduction 
of new TB drugs that would help ensure more effective and 
shorter treatment regimens were therefore urgently needed (3).

Bedaquiline is a bactericidal diarylquinoline drug that inhibits 
the proton pump of mycobacterial ATP (adenosine 
5’-triphosphate) synthase, an enzyme that is essential for the 
generation of energy in Mycobacterium tuberculosis, and 
ultimately leads to bacterial death. Clinical trials and 
observational studies have demonstrated its efficacy in 
achieving faster culture conversion and improved treatment 
outcomes in MDR-TB (4–6), leading to WHO recently 
recommending its use as a  prioritized medicine (7). The 
Belarus National TB Programme (NTP) developed a plan for 
the introduction of bedaquiline, in collaboration with WHO 
in 2015. However, concerns have persisted regarding safety, 
since a higher mortality was observed in the bedaquiline group 
of a phase 2b trial with 160 newly diagnosed, smear-positive, 
MDR-TB patients compared to placebo, using a  preferred 
background regimen (4). Subsequent observational studies, 
however, have demonstrated good treatment outcomes and an 
acceptable safety profile (8–12), predominantly from South 
African cohorts. One study even demonstrated a reduction in 
all-cause mortality associated with bedaquiline use (11). 
Nonetheless the evaluation of treatment effectiveness and 
safety during routine programmatic use is paramount. There 
have been limited evaluations of the safety and efficacy of 
bedaquiline in routine programmatic conditions in eastern 
Europe and no such studies, to our knowledge, have been 
performed in Belarus.

This nationwide study therefore aims to assess the effectiveness 
of new bedaquiline-containing regimens compared to previous 
standard treatment regimens among patients with MDR-TB or 
extensively drug-resistant TB (XDR-TB) in Belarus. We also 
sought to examine the safety of bedaquiline-containing 
regimens under routine programmatic conditions.

METHODS
DESIGN
This was a nationwide, retrospective cohort study of all adult 
(≥18 years) MDR-TB and XDR-TB patients in Belarus who were 
enrolled in a treatment programme between 2013 and 2016.

SETTING
Belarus is an eastern European country with a population of 
9.5 million and a  GDP per capita of US$5737 in 2017. All 
bacteriologically confirmed TB patients undergo culture and 
drug susceptibility testing (DST) for first- and second-line 
drugs. M/XDR-TB patients were either admitted to the 
Republican Scientific and Practical Centre of Pulmonology 
and Tuberculosis (RSPCPT) or to TB regional hospitals during 
the intensive phase of treatment until their bacteriological 
sputum culture converted. All treatment for the bedaquiline 
cohort was performed at the RSPCPT.

STUDY POPULATION
Patients were defined as having either MDR-TB (resistance to 
at least both isoniazid and rifampicin) or XDR-TB (resistance 
to any fluoroquinolone and to at least one of three second-line 
injectable drugs (capreomycin, kanamycin and amikacin)) 
based on a positive culture result and DST.

TB cases in Belarus are bacteriologically confirmed by smear 
microscopy and culture, and/or a  rapid molecular test. The 
smear refers to the microscopic examination of a fluorochrome 
stain of a clinical specimen. The culture is the inoculation of 
culture media with a  clinical specimen with growth or no 
growth determined during a six-week incubation period. The 
rapid molecular tests used included Xpert/Rif (a cartridge-
based nucleic acid amplification test (NAAT)), which can 
simultaneously diagnose TB and resistance to rifampicin, and 
line probe assays (LPA) to first- and second-line drugs 
(LPA f&sl). Therefore, culture-negative patients were diagnosed 
with M/XDR-TB on the basis of a positive result from these 
latter diagnostic methods. All patients, culture-positive and 
culture-negative, were included in the analysis of final 
treatment outcomes, but only those with positive cultures were 
included in the analysis of time to culture conversion.

All M/XDR-TB patients treated anywhere in Belarus with 
standard treatment regimens in 2013–2014 were included in 
the standard treatment cohort. The standard treatment in this 
period included at least four effective drugs during the 
intensive phase (≥6 months in duration) and at least three 
effective drugs during the continuation phase (12–18 months 
in duration). Drugs included amikacin, capreomycin, 



414

VOLUME 5  |  ISSUE 4  |  DECEMBER 2019  | 369–613PUBLIC HEALTH PANORAMA

EFFECTIVENESS AND SAFETY OF BEDAQUILINE-CONTAINING REGIMENS AMONG ADULTS WITH MULTIDRUG- OR EXTENSIVELY  
DRUG-RESISTANT PULMONARY TB IN BELARUS: A NATIONWIDE COHORT STUDY

kanamycin, cycloserine, ethionamide/ protionamide, 
levofloxacin, moxifloxacin, ofloxacin, linezolid, para-
aminosalicylic acid (PAS) and pyrazinamide.

The bedaquiline cohort included all M/XDR-TB patients 
treated with bedaquiline in Belarus during 2015–2016 
following the introduction of the drug. Bedaquiline was 
given for six months as part of the intensive treatment phase. 
Intensive phase treatment included at least five effective 
drugs for MDR-TB and at least six effective drugs for XDR-
TB, while the continuation phase (12–18 months in duration) 
included at least four effective drugs. Drugs available during 
the 2015–2016 period included: amikacin, capreomycin, 
kanamycin, cycloserine/terizidone, ethionamide/
protionamide, levofloxacin, moxifloxacin, ofloxacin, linezolid, 
PAS, pyrazinamide, clofazimine, bedaquiline, and imipenem/
cilastatin, amoxicilline/clavulanic acid.

Eligibility for treatment with bedaquiline-containing regimens 
was assessed on the basis of inclusion/exclusion criteria based 
on WHO policy guidance on the use of bedaquiline in the 
treatment of multidrug-resistant tuberculosis (10, 11). The 
main inclusion criteria for treatment with bedaquiline were: 
age ≥18 years; normal QT interval; liver aminotransferase 
activity no more than three times higher and bilirubin no 
more than 1.5 times higher, than the upper limit of the norm; 
no hypersensitivity to bedaquiline; low risk of cardiac 
arrhythmias; absence of pregnancy and lactation.

DATA VARIABLES
Data variables collected from the national Belarus TB register 
for both cohorts included patient demographics, treatment 
regimen, place of residence (urban/rural), HIV status, baseline 
DST, baseline sputum smear status, treatment outcome, 
treatment start date, monthly smear and culture results during 
the first six months of therapy (with corresponding dates), and 
end of treatment smear and culture results. Type, severity and 
seriousness of adverse events were also collected for patients 
treated with bedaquiline from a  specific registry for 
pharmacovigilance of new TB drugs in Belarus. Adverse events 
were graded as per international guidance (13). Serious adverse 
events (SAEs) were defined as those that either led to death or 
a life-threatening experience; to hospitalization or prolongation 
of hospitalization; to persistent or significant disability; or to 
a congenital anomaly. SAEs that did not result in one of these 
outcomes but required an intervention to prevent it from 
happening were also included. Causality for adverse events was 
assessed using the WHO-Uppsala Monitoring Centre (UMC) 
causality assessment system (14). Case definitions, outcome 
categories, recording and reporting followed WHO guidelines.

STATISTICAL ANALYSIS
Data were analysed using R version 3.5.2, the EasyStat online 
statistical platform and Stata version 15.0 (College Station, 
Texas, USA). Favourable treatment outcome was defined as 
either cure or treatment completion. Data were summarized 
using descriptive statistics. Treatment outcomes among 
patients treated with bedaquiline were compared to those 
treated with standard regimens using multivariate logistic 
regression, adjusting for potential confounders identified 
a  priori (age, gender, drug susceptibility profile, HIV status, 
sputum smear status). Time to culture conversion during the 
first six months of treatment was analysed using a competing 
risks regression model, with loss to follow-up or death as 
competing risks. This model was used to examine the 
association between treatment regimen and time to culture 
conversion and to generate cumulative incidence plots. For the 
survival analysis of time to culture conversion, patients whose 
two initial cultures were negative, those with missing treatment 
start dates and those with no available culture results during 
treatment were excluded. Levels of significance were set at 5%.

ETHICS
Permission to carry out the study and local ethical approval 
were obtained from the Local Ethical Committee of the 
RSPCPT, Ministry of Healthcare of Belarus. Ethics exemption 
was also received from the WHO Research Ethics 
Review Committee.

RESULTS
BASELINE CHARACTERISTICS
A total of 925 adult patients were included in the study. The 
baseline characteristics of the bedaquiline (n=179) and 
standard treatment (n=746) cohorts are shown in Table 1. The 
majority of participants were male (723/925; 78.2%) and 
sputum smear-positive (660/925; 71.4%). Most participants in 
the bedaquiline cohort were XDR-TB cases (137/179; 76.5%), 
while the majority in the standard treatment cohort were 
MDR-TB (566/746; 75.9%). A  total of 48/925 (5.2%) of all 
participants were HIV-positive. All patients in the bedaquiline 
cohort received six months of bedaquiline therapy.

TREATMENT OUTCOMES
Detailed treatment outcomes for the bedaquiline and standard 
treatment cohorts are shown in Table 2. A  total of 165/179 
(92.2%) patients treated with bedaquiline and 428/746 (57.4%) 
patients treated with standard regimens had favourable 
outcomes. Based on multivariate analysis (Table 3), bedaquiline 
was strongly associated with favourable treatment outcome 
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(adjusted odds ratio (OR) 12.81; 95% CI 6.60–24.88; p<0.001). 
Female gender (OR 2.01; 95% CI 1.35–2.99; p<0.001), negative 
HIV status (OR 2.01; 95% CI 1.04–3.86; p=0.0371), negative 
sputum smear status (OR 1.55; 95% CI 1.08–2.22; p=0.0165) and 
MDR profile (compared to XDR) (OR 1.78; 95% CI 1.24–2.57; 
p=0.0019) were also independently associated with increased 
odds of favourable treatment outcome. A total of 4/179 (2.2%) 
patients in the bedaquiline cohort died, compared to 93/746 
(12.5%) patients in the standard treatment cohort.

TIME TO CULTURE CONVERSION
Culture conversion was defined as obtaining two consecutive 
negative samples, taken at least 30 days apart. The assigned 
date of conversion was the date of the first of these samples.

Of 159 patients in the bedaquiline cohort who were culture-
positive at the time of treatment commencement, 72 (45.3%), 
124 (78.0%) and 139 (87.4%) had culture converted by months 
two, four and six of treatment, respectively. Of the 642 initially 
culture-positive patients in the standard treatment cohort, 
226 (35.2%), 342 (53.3%) and 390 (60.7%) had culture converted 
by months two, four and six of treatment, respectively.

Of the total 925 participants, 120 had negative baseline sputum 
cultures, 69 had no culture results available for their first six 
months of therapy, and two had missing treatment start dates. 
A total of 734 patients were therefore included in the survival 
analysis of time to culture conversion. Fig. 1 shows the 
cumulative incidence of sputum culture conversion among the 
bedaquiline and standard treatment cohorts during the first 
six months of therapy, based on a competing risks regression 
model. By multivariate analysis (Table 4), bedaquiline 
treatment (subdistribution hazard ratio (sHR) 2.10; 95% CI 
1.61–2.74; p<0.001), female gender (sHR 1.43; 95% CI 1.14–1.79; 
p=0.002), negative sputum smear status (sHR 1.98; 95% 
1.60–2.44; p<0.001) and being MDR (compared to XDR) (sHR 
1.31; 95% CI 1.05–1.64; p=0.015) were associated with shorter 
time to culture conversion.

ADVERSE EVENTS IN BEDAQUILINE 
COHORT
A total of 151/179 (84.4%) patients treated with bedaquiline 
experienced at least one adverse event (Table 5). The most 
common adverse events were hepatobiliary (132/179; 73.7%), 
cardiac (89/179; 49.7%) and gastrointestinal (28/179; 15.6%). 
SAEs were experienced by 23 patients (Table 6). In five cases of 
QT interval prolongation, bedaquiline was identified as 
a suspected drug with a possible relationship in four cases and 
a probable relationship in one case. In one case of acute cardiac-
respiratory insufficiency with a  fatal outcome, the causal 

relationship with bedaquiline therapy was assessed as possible, 
however, the patient had additional risk factors for a  severe 
cardiac disorder. Of four serious hepatobiliary disorders only 
in one case was a  causal relationship with bedaquiline 
established as possible. All cases of other serious adverse drug 
reactions were not related to bedaquiline therapy and were 
thought to be as a result of other anti-tuberculosis medicines.

DISCUSSION
This is, to our knowledge, the largest programmatic evaluation 
of bedaquiline-containing regimens from the eastern 
European region, where the burden of TB with extended drug 
resistance is high. We found that bedaquiline-containing 
regimens were highly effective, in comparison to previous 
regimens, with better treatment outcomes and faster culture 
conversion. Moreover, among 179 patients, there was only one 
SAE that was probably associated with bedaquiline, and six 
that were possibility associated, and all the patients in the 
cohort completed six months of therapy. Our data support 
recent evidence from other world regions, showing excellent 
treatment outcomes with bedaquiline-containing regimens, 
and even a reduction in all-cause mortality (8–12).

Our comparison of bedaquiline-containing regimens to pre-
bedaquiline regimens allowed us to examine the effect of 
bedaquiline on treatment outcome and time to culture 
conversion in an adjusted analysis. A  similar method was 
carried out in a  previous South African TB study (12). The 
limitation of this type of study comparing outcomes between 
the two time periods is that other effective drugs (such as 
fluoroquinolones and linezolid) (6), in addition to bedaquiline, 
may have been used with differing frequency in the treatment 
regimens of the 2013–2014 and 2015–2016 cohorts. 
Furthermore, the roll-out of the programmatic use of 
bedaquiline may also have led to the bedaquiline cohort 
receiving more intensive treatment and follow-up than the 
standard treatment cohort, due to a requirement for enhanced 
pharmacovigilance. The more intensive care of patients from 
the bedaquiline group could also be a result of their treatment 
being exclusively at the specialized centre (RSPCPT), in 
contrast to patients from the standard treatment group, who 
were often treated in regional hospitals. Each of these factors 
may have led to residual confounding by leading to 
improvements in outcomes in the bedaquiline cohort that 
were not caused by bedaquiline itself. In addition, we were 
unable to compare safety outcomes between the bedaquiline 
and standard treatment regimens, since comprehensive 
adverse event data were only available for the bedaquiline 
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cohort. Nonetheless, our data still demonstrate that excellent 
treatment outcomes are achievable in highly resistant TB cases 
under routine programmatic conditions using bedaquiline-
containing regimens and this, thereby, highlights an urgent 
need to expand the use of bedaquiline to all countries with 
high MDR- and XDR-TB burdens. It is worth mentioning, 
however, that the bedaquiline-containing regimens 
implemented in the current study included at least five drugs 
in total, over a minimum of 18 months. Therefore, in parallel 
to the scale-up of these regimens, a focus on identifying more 
effective regimens that are shorter, injection-free and contain 
fewer drugs, must be a priority in order to improve adherence, 
reduce the risk of toxicity, and to further improve outcome (3).

CONCLUSION
In summary, our study results demonstrate that bedaquiline-
containing regimens are highly effective and have an acceptable 
safety profile for patients with highly resistant TB in Belarus, 
with excellent treatment outcomes and a faster time to culture 
conversion compared to previous regimens. These findings 
reflect routine programmatic conditions and are therefore 
likely to be generalizable to other eastern European countries 
with a high burden of drug-resistant TB.
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TABLE 1. BASELINE CHARACTERISTICS OF THE STUDY COHORT OF MDR- AND XDR-TB PATIENTS IN BELARUS (2013–
2016), STRATIFIED BY TREATMENT REGIMEN

Bedaquiline 
(n=179)

Standard treatment  
(n=746)

Total 
(n=925)

Age mean (+/– SD) 39.83 (+/– 11.65) 44.21 (+/– 12.84) 43.36 (+/– 12.73)

Gender n (%) Female 51 (28.5%) 151 (20.2%) 202 (21.8%)

Male 128 (71.5%) 595 (79.8%) 723 (78.2%)

Residence n (%) Rural 68 (38.0%) 66 (8.8%) 134 (14.5%)

Urban 107 (59.8%) 641 (85.9%) 748 (80.9%)

Missing 4 (2.2%) 39 (5.2%) 43 (4.6%)

HIV status n (%) Negative 175 (97.8%) 648 (86.9%) 823 (89.0%)

Positive 4 (2.2%) 44 (5.9%) 48 (5.2%)

Missing 0 (0.0%) 54 (7.2%) 54 (5.8%)

Sputum smear status n (%) Negative 53 (29.6%) 210 (28.2%) 263 (28.4%)

Positive 126 (70.4%) 534 (71.6%) 660 (71.4%)

Missing 0 (0.0%) 2 (0.3%) 2 (0.2%)

DST n (%) MDR 42 (23.5%) 566 (75.9%) 608 (65.7%)

XDR 137 (76.5%) 167 (22.4%) 304 (32.9%)

Missing 0 (0.0%) 13 (1.7%) 13 (1.4%)

Abbreviations: DST=drug susceptibility testing, MDR=Multidrug-resistant, XDR=Extensively drug-resistant.
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TABLE 2. FINAL TREATMENT OUTCOMES FOR MDR- AND XDR-TB PATIENTS IN BELARUS (2013–2016), STRATIFIED BY 
TREATMENT REGIMEN

Bedaquiline 
(n=179)

Standard treatment (n=746) Total 
(n=925)

Favourable

– Cured 145 (81.0%) 339 (45.4%) 484 (52.3%)

– Treatment completed 20 (11.2%) 89 (11.9%) 109 (11.8%)

Unfavourable

– Died 4 (2.2%) 93 (12.5%) 97 (10.5%)

– Failure 3 (1.7%) 116 (15.5%) 119 (12.9%)

- Lost to follow-up 7 (3.9%) 105 (14.1%) 112 (12.1%)

- Not recorded 0 (0%) 4 (0.5%) 4 (0.4%)

TABLE 3. UNIVARIATEa AND MULTIVARIATEb ANALYSIS OF FACTORS ASSOCIATED WITH FAVOURABLE TREATMENT 
OUTCOME AMONG MDR- AND XDR-TB PATIENTS IN BELARUS (2013–2016)

Favourable 
N=593

Unfavourable N=328 Univariate Odds 
Ratio/ 
Mean Difference

P Multivariate Odds 
ratio

P

Age mean (+/– 
SD)

42.67 (+/– 13.03) 44.63 (+/– 12.12) -1.97 (+/– 6.54) 0.0219 1.00 [0.99, 1.02] 0.5644

Gender n (%) Female 156 (26.3%) 46 (14.0%) 2.19 [1.52, 3.14] <0.001 2.01 [1.35, 2.99] <0.001

Male 437 (73.7%) 282 (86.0%) 1 1

Residence n (%) Rural 105 (17.7%) 29 (8.8%) 2.15 [1.39, 3.33] <0.001 1.33 [0.79, 2.24] 0.2885

Urban 467 (78.8%) 277 (84.5%) 1 1

Missing 21 (3.5%) 22 (6.7%) -

HIV status n (%) Negative 533 (89.9%) 287 (87.5%) 2.60 [1.44, 4.70] 0.00108 2.01 [1.04, 3.86] 0.0371

Positive 20 (3.4%) 28 (8.5%) 1 1

Missing 40 (6.7%) 13 (4.0%) -

Sputum smear 
status n (%)

Negative 190 (32.0%) 73 (22.3%) 1.65 [1.21, 2.25] 0.00164 1.55 [1.08, 2.22] 0.0165

Positive 403 (68.0%) 255 (77.7%) 1 1

Missing 0 (0.0%) 0 (0.0%) -

DST n (%) MDR 382 (64.4%) 224 (68.3%) 0.85 [0.63, 1.13] 0.267 1.78 [1.24, 2.57] 0.0019

XDR 203 (34.2%) 101 (30.8%) 1 1

Missing 8 (1.3%) 3 (0.9%) -

Treatment

regimen n (%)

Bedaquiline 165 (27.8%) 14 (4.3%) 8.65 [4.92, 15.21] <0.001 12.81 [6.60, 24.88] <0.001

Standard 428 (72.2%) 314 (95.7%) 1 1

Abbreviations: DST=drug susceptibility testing, MDR=Multidrug-resistant, XDR=Extensively drug-resistant.

a In univariate analysis, Pearson’s Chi-Square test was performed for categorical variables and a t-test was used for numerical variables.

b In multivariate analysis, logistic regression was used.
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FIG. 1. CUMULATIVE INCIDENCE OF CULTURE CONVERSION AMONG MDR- AND XDR-TB PATIENTS IN BELARUS (2013–
2016), USING COMPETING RISKS REGRESSION MODEL

Months 0 to 1 1 to 2 2 to 3 3 to 4 4 to 5 5 to 6

Bedaquiline

N 155 111 83 49 27 14

Conversions 44 28 34 18 11 4

Lost / died 0 0 0 4 2 6

Standard

N 577 504 320 216 164 120

Conversions 70 156 74 42 31 17

Lost / died 3 28 30 10 13 53
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TABLE 4. MULTIVARIATE COMPETING RISKS REGRESSION MODEL FOR TIME TO CULTURE CONVERSION AMONG MDR- 
AND XDR-TB PATIENTS IN BELARUS (2013–2016)

SHR P

Age

£45 1 (ref)

>45 1.09 (0.91–1.32) 0.344

Gender

Male 1 (ref)

Female 1.43 (1.14–1.79) 0.002

Sputum smear status

Positive 1 (ref)

Negative 1.98 (1.60–2.44) <0.001

DST

XDR 1 (ref)

MDR 1.31 (1.05–1.64) 0.015

HIV status

Positive 1 (ref)

Negative 0.91 (0.59–1.41) 0.684

Residence

Urban 1 (ref)

Rural 0.93 (0.70–1.24) 0.641

Regimen

Standard treatment 1 (ref)

Bedaquiline 2.10 (1.61–2.74) <0.001

Abbreviations: DST=drug susceptibility testing; MDR=Multidrug-resistant, SHR=subdistribution hazard ratio, XDR=Extensively drug-resistant.
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TABLE 5. CATEGORY, SEVERITY AND SERIOUSNESS OF ADVERSE EVENTS AMONG MDR- AND XDR-TB PATIENTS 
TREATED WITH BEDAQUILINE IN BELARUS (2015–2016)

All n (%) Severity Seriousness

Mild Moderate Severe Not serious Serious

Any adverse event 151 (84.4) 188 36 37 255 23

Nervous system n (%) 14 (7.8) 6 (42.9) 4 (28.6) 3 (21.4) 11 (78.6) 3 (21.4)

Cardiac n (%) 89 (49.7) 56 (62.9) 5 (5.6) 18 (20.2) 79 (88.8) 10 (11.2)

Gastrointestinal n (%) 28 (15.6) 21 (75.0) 3 (10.7) 0 (0.0) 28 (100.0) 0 (0.0)

Hepatobiliary n (%) 132 (73.7) 98 (74.2) 23 (17.4) 10 (7.6) 128 (97.0) 4 (3.0)

Musculoskeletal n (%) 9 (5.0) 7 (77.8) 1 (11.1) 0 (0.0) 9 (100.0) 0 (0.0)

Other n (%) 6 (3.4) 0 (0.0) 0 (0.0) 6 (100.0) 0 (0.0) 6 (100.0)

TABLE 6. SUMMARY OF SAES AMONG PATIENTS 
TREATED WITH BEDAQUILINE-CONTAINING REGIMEN, 
ALONG WITH THE CAUSALITY ASSESSMENT, 
STRATIFIED BY ORGAN SYSTEM.

Serious adverse event Causality assessment for 
bedaquiline

Cardiac disorders

Myocardial infarction

ECG abnormal

QT prolonged

Probable

QT prolonged

Bradycardia

Unlikely

QT prolonged Unlikely

Myocardial infarction

ECG abnormal

Unlikely

ECG abnormal

QT prolonged

Possible

Hypokalaemia

Hypomagniemia

Unlikely

ECG abnormal

Thrombosis

Unlikely

Cardiac failure

Respiratory failure

Possible

QT prolonged Possible

QT prolonged

Hypokalaemia

Possible

QT prolonged Possible

Hepatobiliary disorders

Hepatitis toxic Unlikely

TABLE 6. (CONTINUED)

Serious adverse event Causality assessment for 
bedaquiline

Hyperbilirubinemia Unlikely

Hepatitis toxic

Hyperbilirubinemia

Unlikely

Hepatitis toxic

Hyperbilirubinemia

ALT increased

AST increased

Possible (Pyrazinamide also 
possible)

Renal and urinary disorders

Nephropathy toxic Unlikely

Nephropathy toxic

Renal failure chronic

Unlikely

Nervous system disorders

Cerebral infarction Unlikely

Unconsciousness

Seizures

Unlikely

Status epilepticus Unlikely

Psychiatric disorders

Psychomotor agitation Unlikely

Metabolism and nutrition disorders

Hypokaliemia Unlikely

Hypocalcaemia Unlikely

Skin and subcutaneous system disorders

Angioedema Unlikely

Table rows represent individual patients.
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