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1. INTRODUCTION
Tuberculosis (TB) remains one of the leading infectious 

disease killers globally. In 2023, an estimated 10.8 million 
people developed TB worldwide, including 6.0 million men, 
3.6 million women, and 1.3 million children [1]. The emergence 
and spread of multidrug-resistant tuberculosis (MDR-TB), 
defined as resistance to at least isoniazid and rifampicin, poses 
a significant threat to global TB control efforts [2]. In 2023, 
approximately 410,000 people developed rifampicin-resistant 

TB (RR-TB), of whom 380,000 had MDR-TB [1]. Indonesia 
ranks among the top three countries with the highest TB burden 
globally. In 2024, Indonesia reported 1,386,161 presumptive 
TB cases, of which 241,471 were diagnosed and 190,624 
(79%) initiated treatment [3]. The burden of drug-resistant 
TB in Indonesia is substantial, with an estimated 24,000 cases 
of MDR/RR-TB annually, but case detection and treatment 
enrollment remain suboptimal [3]. 

Historically, MDR-TB treatment required lengthy 
regimens lasting 18–24 months, with poor treatment success 
rates (approximately 50%–60%) and high rates of adverse events 
(AEs) [4]. The advent of new and repurposed drugs, including 
bedaquiline (Bdq), delamanid, pretomanid, and linezolid (Lzd), 
has revolutionized MDR-TB treatment [5]. Recent evidence 
supports shorter treatment regimens (9–12 months or less) that 
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2.2. Study population

2.2.1. Inclusion criteria
Patients were eligible for inclusion if they met all of 

the following criteria: (1) age >14 years at the time of treatment 
initiation; (2) bacteriologically confirmed MDR/RR-TB, based 
on either Xpert MTB/RIF assay showing RR or phenotypic 
drug susceptibility testing (DST) confirming resistance to at 
least isoniazid and rifampicin; (3) initiation of short-term MDR-
TB treatment regimen at the study site between July 2023 and 
December 2024; (4) completion of at least 6 months of treatment 
or had a documented treatment outcome; and (5) availability of 
complete medical records, including demographic data (age, 
sex, and body weight), baseline and follow-up bacteriological 
results, treatment regimen details, AE documentation, and 
treatment outcome.

2.2.2. Exclusion criteria
Patients were excluded if they had documented 

comorbidities or concurrent conditions such as HIV/AIDS, 
diabetes mellitus, chronic liver disease, chronic kidney 
disease, malignancy, or other immunosuppressive conditions. 
Patients with comorbidities were managed under separate 
clinical pathways with individualized regimen modifications; 
their inclusion would have introduced substantial clinical 
heterogeneity that could confound the assessment of short-
course regimen effectiveness in an unselected, comorbidity-
free population. Additionally, patients who were pregnant 
or breastfeeding during the treatment period, transferred to 
another treatment facility before outcome ascertainment, or had 
incomplete medical records that precluded outcome assessment 
were also excluded from the study. 

2.2.3. Sample size
Total sampling was employed, including all patients 

meeting the inclusion criteria during the study period. Of 72 
patients initially screened, 54 met all inclusion criteria. Eighteen 
patients were excluded for the following reasons: documented 
comorbidities (n = 14), HIV/AIDS (n = 1), severe malnutrition 
(n = 2), and transferred out to another facility (n = 1).

2.2.4. Data sources and collection
Data for this study were extracted from two primary 

sources: electronic medical records, which included patient 
demographics, clinical assessments, laboratory results, event 
documentation, and treatment modifications (Appendix A), 
and the Tuberculosis Information System, a national TB 
surveillance database containing standardized treatment 
registration, monitoring, and outcome data. Data extraction 
was performed by trained research staff using a standardized 
case report form, with data quality ensured through double 
data entry and verification by a second independent reviewer. 
Any discrepancies were resolved through a review of the 
source documents to ensure accuracy and reliability. In our 
clinical setting, patient monitoring, including the schedule for 
clinical, laboratory, and electrocardiographic evaluations, was 
conducted in strict accordance with the Technical Guidelines 

are fully oral, more tolerable, and potentially more effective 
than conventional longer regimens [6,7].

The World Health Organization (WHO) has 
progressively updated its guidelines to recommend shorter, 
all-oral regimens for eligible patients with MDR/RR-TB 
[8]. The landmark BPaL/ZeNix trial demonstrated that a 
6-month regimen of Bdq, pretomanid, and Lzd achieved 
84%–93% favorable outcomes with optimized Lzd dosing [9]. 
Similarly, 9-month all-oral regimens containing Bdq, Lzd, and 
fluoroquinolones have shown treatment success rates of 80%–
90% in multiple settings [10,11]. 

Despite promising results from clinical trials and 
selected programmatic cohorts, several knowledge gaps persist. 
Most published data come from highly controlled trial settings 
or specific cohorts, with limited information from routine 
programmatic settings in high-burden countries with diverse 
patient populations [12]. Additionally, safety profiles in Asian 
populations, particularly in Southeast Asia, are underrepresented, 
as most safety data come from African, Eastern European, and 
Latin American cohorts [13]. Furthermore, understanding the 
predictors of treatment outcomes, including demographic, 
clinical, and treatment-related factors, is crucial for informing 
patient selection and monitoring strategies [14]. Finally, there 
is a need for evidence on the feasibility of implementing short-
term regimens in resource-constrained settings with existing 
health system infrastructure to guide policy decisions [15]. 

This study aimed to evaluate the effectiveness of 
short-term second-line anti-tuberculosis drug regimens in 
MDR-TB patients, measured by WHO-defined treatment 
outcomes. The research was conducted at Dr. Hasan Sadikin 
General Hospital in Bandung, West Java, a Class A national 
referral hospital and a designated center for managing drug-
resistant TB in Indonesia. As a regional hub for MDR/RR-TB 
diagnosis, treatment initiation, and monitoring, the hospital 
serves West Java province and surrounding areas. The hospital’s 
outpatient TB clinic manages a large cohort of drug-resistant 
TB patients, following standardized national protocols aligned 
with WHO recommendations [16]. By providing real-world 
evidence on the effectiveness and safety of short-term MDR-
TB regimens within an Indonesian programmatic setting, this 
study contributes valuable data to the growing body of evidence 
supporting shorter, more tolerable treatment approaches for 
drug-resistant TB. This study, therefore, does not aim to 
establish novel efficacy evidence, but rather to document 
real-world programmatic outcomes and safety profiles in an 
Indonesian referral center context, contributing data that may 
inform local policy decisions and identify implementation gaps 
specific to this setting.

2. METHODS

2.1. Study design and setting
This was a retrospective observational cohort study 

conducted at the outpatient clinic of Dr. Hasan Sadikin General 
Hospital, Bandung, Indonesia, a national referral center for 
drug-resistant TB. The study was approved by the Health 
Research Ethics Committee of Dr.  Hasan Sadikin General 
Hospital (approval number: DP.04.03/D.XIV.6.5/129/2025).
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for the Management of Drug-Resistant TB in Indonesia (2020). 
However, during the retrospective data collection for this study, 
the specific frequency and total number of electrocardiograms 
(ECGs) per patient were not systematically extracted from the 
medical records. Due to the retrospective nature of the study, 
there was no independent adjudication committee for AEs or 
deaths. The cause of death was extracted directly from the 
assessment made by the treating physicians as documented in 
the medical records.

2.2.5. Treatment regimens
All patients received short-term MDR-TB regimens 

according to Indonesian national guidelines (see Table 3 
for specific regimen compositions), which are aligned with 
WHO recommendations [8,16]. While the specific regimen 
compositions varied based on DST results and drug availability, 
all regimens included core drugs such as Bdq and/or other 
Group A drugs [fluoroquinolones such as levofloxacin (Lfx) or 
moxifloxacin (Mfx)], along with companion drugs selected from 
Lzd, clofazimine, cycloserine, ethambutol (E), pyrazinamide 
(Z), and/or delamanid, depending on the DST results (see 
Table 2 for detailed baseline DST profiles). Standard dosing 
included Bdq at 400 mg daily for the first 2 weeks, followed 
by 200 mg 3 times weekly; Lzd at 600 mg daily (with dose 
adjustment or interruption for toxicity); Lfx at 750–1,000 mg 
daily; clofazimine at 100 mg daily; cycloserine at 500–750 mg 
daily in divided doses; and other drugs as per standard dosing 
guidelines. The treatment duration ranged from 9 to 12 months 
for most patients, with adjustments made based on treatment 
response and tolerability.

2.2.6. Outcome definitions
The primary outcome of the study was treatment 

success, classified according to WHO definitions for drug-
resistant TB. Treatment success included patients who were 
either “cured,” meaning they completed treatment per protocol 
with bacteriological evidence of success (≥2 consecutive 
negative cultures taken at least 30 days apart after the intensive 
phase), or who “completed treatment,” meaning they finished 
treatment as per protocol without bacteriological evidence of 
cure (e.g., fewer than two consecutive negative cultures due to 
inability to produce sputum). It is important to note that treatment 
outcomes in this study reflect end-of-treatment assessments 
only, consistent with WHO definitions for programmatic 
outcome reporting. Post-treatment follow-up for relapse 
detection was not performed as part of this study. Consequently, 
“treatment success” as reported here should be interpreted as 
end-of-treatment bacteriological response rather than durable 
cure. The secondary outcomes included time to sputum culture 
conversion, defined as the time from treatment initiation to the 
first of two consecutive negative cultures obtained ≥30 days 
apart, and AEs, defined as any untoward medical occurrences 
during treatment. These AEs were classified by system-organ 
class (e.g., gastrointestinal, musculoskeletal, and neurological), 
severity using Division of AIDS toxicity tables, and causality 
of AEs was determined by the treating clinicians based on the 
temporal sequence of drug administration, symptom onset, and 
resolution upon drug withdrawal or dose adjustment.

2.3. Statistical analysis
Continuous variables were summarized as mean ± 

standard deviation or median with interquartile range (IQR), 
depending on data normality as assessed by the Shapiro-Wilk 
test, while categorical variables were presented as frequencies 
and percentages. Outcome analyses included the treatment 
success rate, which was calculated as the proportion of patients 
achieving treatment success (cured and treatment completed) 
among all patients with defined outcomes and presented with 
95% confidence intervals using the Wilson score method. 
Time to culture conversion was analyzed using Kaplan–
Meier survival analysis and reported as the median and IQR. 
To ensure reproducibility, the Kaplan-Meier analysis was 
reconstructed through a systematic pathway beginning with 
an initial cohort of 54 patients, all of whom presented with 
positive sputum cultures at baseline. The survival probability 
was calculated at monthly intervals, with the number of 
patients at risk adjusted at each step by subtracting those 
who experienced the event or were censored in the preceding 
interval. Regarding the censoring mechanism, a total of 14 
patients who died or experienced treatment failure due to 
changes in diagnosis were right-censored at the exact month 
of the occurrence; these individuals remained in the “at-risk” 
pool for their month of censoring but were excluded from 
the denominator for all subsequent probability calculations. 
Predictor analyses included the assessment of demographic 
predictors of treatment outcome using multinomial logistic 
regression, with treatment outcome (cured, died, failed) as 
the dependent variable and age, sex, and baseline body mass 
index (BMI) as independent variables; results were reported 
as odds ratios with 95% confidence intervals. Demographic 
predictors of AEs were analyzed using Spearman rank 
correlation for continuous variables such as age and BMI 
against the total AE count, the Mann–Whitney U test for 
sex differences in AE count, and the Kruskal–Wallis test for 
differences in AE count across treatment outcome groups. 
Statistical significance was set at α = 0.05 (two-sided), and 
all analyses were performed using SPSS version 26.0 (IBM 
Corp., Armonk, NY). Given the small sample size (N = 54) 
and limited number of unfavorable outcomes (n = 14), all 
inferential analyses should be interpreted with caution. The 
study is underpowered to detect modest associations, and non-
significant findings should be considered inconclusive rather 
than as evidence of no effect. All regression and correlation 
results are exploratory and hypothesis-generating in nature. 

2.4. Missing data
All patients included in the final cohort (N = 54) 

had complete data for all baseline characteristics, clinical 
covariates, and outcomes analyzed in this study. Therefore, no 
missing data imputation or sensitivity analyses for missingness 
were required.

2.5. Ethical considerations
This study was conducted in accordance with the 

Declaration of Helsinki and received approval from the Health 
Research Ethics Committee of Dr.  Hasan Sadikin General 
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Hospital (approval number: DP.04.03/D.XIV.6.5/129/2025 on 
March 17, 2025). The Director of Human Resources, Education, 
and Research of the Hospital has granted a research permit 
with the number DP.04.03/D.XIV.4.4/1070/2025 on April 9, 
2025. As a retrospective study using de-identified data, the 
ethics committee waived the requirement for informed consent. 
Patient confidentiality was maintained throughout the study 
by using coded identifiers, and only researchers can access the 
data.

3. RESULTS AND DISCUSSIONS

3.1. Patient flow and baseline characteristics
Table 1 summarizes baseline demographic and clinical 

characteristics of the study cohort. Of 72 patients screened, 54 
(75%) met all inclusion criteria and were included in the final 
analysis. Eighteen patients were excluded for the following 
reasons: documented comorbidities (n = 14), HIV/AIDS (n = 
1), severe malnutrition (n = 2), and transferred out to another 
facility (n = 1). (Fig. 1).

The study revealed several key observations regarding the 
demographic and clinical characteristics of the MDR-TB patients. 
A significant proportion of patients (85.2%) were adults aged 19–
59 years, considered the productive age group, with a median age 
of 32 years. Only 11.1% of patients were elderly (aged 60 years or 
older). In terms of sex distribution, males predominated, making up 
64.8% of the cohort, which aligns with global trends in MDR-TB 
epidemiology. Nutritional status was a concerning factor, as two-
thirds of the patients (66.7%) were underweight, with a median 
BMI of 17.8 kg/m², indicating a substantial burden of malnutrition. 
Additionally, 77.8% of the patients had been previously treated for 
TB, suggesting a high level of acquired drug resistance. Lastly, 

baseline bacteriological data showed that all patients had positive 
cultures, and 88.9% had positive sputum smears, pointing to a high 
bacillary burden at the time of treatment initiation.

3.2. DST profiles
Table 2 presents the detailed DST profiles for all 54 

patients at baseline. All patients (100%) demonstrated RR, 
which was the inclusion criterion for this study, confirmed 
either by Xpert MTB/RIF assay or phenotypic DST. Isoniazid 
susceptibility testing was performed for all patients, confirming 
that 100% (54/54) of the cohort had isoniazid resistance, 
consistent with their MDR-TB diagnosis.

The DST results for Group A drugs, which form 
the backbone of modern short-course MDR-TB regimens, 
were highly favorable. Among fluoroquinolones, Lfx showed 
100% susceptibility (54/54 patients), while Mfx demonstrated 
64.8% susceptibility (35/54 patients), with the remaining 
35.2% not tested. Bdq susceptibility was observed in 98.1% of 
patients (53/54), with only one patient having no DST result 
available. Lzd showed universal susceptibility (100%, 54/54 
patients). These excellent susceptibility profiles for Group 
A drugs provided a strong rationale for the use of Bdq-Lzd-
fluoroquinolone combinations as the core of short-course 
treatment regimens in this cohort.

For Group B drugs, clofazimine demonstrated 100% 
susceptibility (54/54 patients), while cycloserine susceptibility 
testing was not routinely performed in our laboratory. Second-line 
injectable agents showed limited testing: amikacin was tested in 
only 3.8% of patients (2/54), with one showing resistance (1.9%) 
and one showing susceptibility (1.9%), while 96.2% (52/54) 
were not tested. Similarly, kanamycin was tested in only 1.9% of 
patients (1/54), showing susceptibility, with 98.1% not tested. The 
limited testing of second-line injectables reflects the programmatic 
shift away from injectable-based regimens in favor of all-oral 
regimens, consistent with current WHO recommendations.

While baseline DST for second-line injectables was 
largely absent in our cohort (~96% not tested), this limitation 
directly reflects current real-world programmatic priorities in 
Indonesia rather than a clinical oversight. Following updated 
WHO consolidated guidelines and the 2020 Indonesian National 
Guidelines, our center has aggressively transitioned away 
from toxic, injectable-based regimens toward all-oral, Bdq-
based short-course therapies. Consequently, patient enrollment 
into the MDR-TB clinical pathway is driven primarily by RR 
(confirmed via Xpert MTB/RIF), which serves as a reliable 
surrogate for MDR-TB. Because modern regimens rely heavily 
on Group A drugs to which our cohort demonstrated excellent 
susceptibility (100% for Lzd and Lfx and 98.1% for Bdq), 
the absence of extensive testing for legacy injectables does 
not compromise the clinical validity or effectiveness of the 
prescribed regimens.

3.3. Treatment regimen compositions
Table 3 details the specific treatment regimen 

compositions administered to each patient. The predominant 
regimen, used in 87.04% of patients (47/54), consisted of a 
four-drug combination: Bdq, Lzd, Mfx, and para-aminosalicylic 

Table 1. Baseline demographic and clinical characteristics of study 
participants (N = 54).

Characteristic Category n (%) or Median [IQR]

Age (years) Median [IQR] 32 [25–45]

Adolescent (10–18) 2 (3.7)

Adult (19–59) 46 (85.2)

Elderly (≥60) 6 (11.1)

Sex Male 35 (64.8)

Female 19 (35.2)

Body weight (kg) Median [IQR] 47 [42–54]

BMI (kg/m²) Median [IQR] 17.8 [16.2–19.5]

Underweight (<18.5) 36 (66.7)

Normal (18.5–24.9) 13 (24.1)

Overweight (≥25.0) 5 (9.3)

Baseline sputum smear Positive 48 (88.9)

Negative 6 (11.1)

Baseline culture Positive 54 (100)

Previous TB treatment New MDR-TB case 12 (22.2)

Previously treated 42 (77.8)

IQR: Interquartile range.
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failure (4 patients), sepsis (2 patients), and sudden cardiac death 
(1 patient). The median time to death was 4 months, with an 
IQR of 2 to 6 months. Unfortunately, contemporaneous ECG 
and laboratory data immediately preceding the event were not 
available in the extracted medical records, limiting further 
analysis of the exact etiology. Additionally, 13.0% (7 patients) 
were classified as treatment failures due to diagnostic changes, 
with re-evaluation revealing alternative diagnoses, including 
non-tuberculous mycobacteria (4 patients), fungal infections 
(2 patients), and malignancy (1 patient). These patients were 
excluded from further MDR-TB treatment. Overall, 25.9% of 

acid (Pa). This standardized regimen reflects alignment with 
WHO Group A drug recommendations and Indonesian national 
guidelines for short-course MDR-TB treatment.

Alternative regimens were used in the remaining 
12.96% of patients (7/54), individualized based on DST results, 
drug availability, and clinical considerations. Two patients 
(3.70%) received a seven-drug regimen consisting of Bdq-
Cfz-E-ethionamide (Eto)-H-Lfx-Z, which included additional 
drugs such as E, Eto, high-dose isoniazid (H), Lfx, and Z, 
likely reflecting more extensive resistance patterns or the need 
for treatment intensification. One patient (1.85%) received the 
standard four-drug regimen with the addition of pyridoxine 
(vitamin B6) supplementation, which is commonly used to 
prevent or treat peripheral neuropathy associated with Lzd. 
Four patients (7.41%) received a six-drug regimen of Bdq-Cfz-
EH-Lfx-Lzd-Z, representing another individualized approach 
based on patient-specific factors.

The high degree of regimen standardization (87% on 
the same four-drug combination) demonstrates programmatic 
consistency and adherence to evidence-based guidelines, while 
the presence of alternative regimens (13%) reflects the necessary 
flexibility in clinical practice to address individual patient 
needs, drug susceptibility patterns, and tolerability concerns. 
This balance between standardization and individualization 
is critical for optimizing treatment outcomes in real-world 
programmatic settings.

3.4. Treatment outcomes based on WHO definitions
The primary outcome of this study was treatment 

success. Table 4 presents the distribution of treatment outcomes 
based on the WHO definitions for 54 patients. The overall 
treatment success rate was 74.1% (95% CI: 61.0%–84.2%), 
with all successful patients being classified as “cured” based on 
bacteriological confirmation. Notably, no patients were classified 
as “treatment completed” without bacteriological confirmation, 
and there were no cases of patients lost to follow-up.

For unfavorable outcomes, 13.0% (7 patients) died 
during treatment. The causes of death included respiratory 

Table 2. DST profiles at baseline (N = 54).

Drug category Drug Susceptible n (%) Resistant n (%) Not tested n (%) Resistant not detected

First-line drugs Rifampicin (R) 0 (0%) 54 (100%) 0 (0%) 0 (0%)

H 0 (0%) 54 (100%) 0 (0%) 0 (0%)

Group A drugs

Fluoroquinolones Lfx 54 (100%) 0 (0%) 0 (0%) 0 (0%)

Mfx 35 (64.8%) 0 (0%) 19 (35.2%) 0 (0%)

Bdq 53 (98.1%) 0 (0%) 1 (1.9%) 0 (0%)

Lzd 54 (100%) 0 (0%) 0 (0%) 0 (0%)

Group B drugs

Clofazimine (Cfz) 54 (100%) 0 (0%) 0 (0%) 0 (0%)

Cycloserine (Cs) 0 (0%) 0 (0%) 54 (100%) 0 (0%)

Second-line injectables

Amikacin (Am) 0 (0%) 1 (1.9%) 15 (27.7%) 38 (70.4%)

Kanamycin (Km) 1 (1.9%) 1 (1.9%) 14 (25.8%) 38 (70.4%)

Table 3. Specific treatment regimen compositions at patient level  
(N = 54).

Regimen composition Number of patients Percentage (%)

Bdq Lzd Mfx Pa 47 87.04

Bdq Cfz E Eto H Lfx Z 2 3.70

Bdq Lzd Mfx Pa Vit B6 1 1.85

Bdq Cfz EH Lfx Lzd Z 4 7.41

Total 54 100

Table 4. Treatment outcomes according to WHO definitions (N = 54).

Outcome n (%) 95% CI

Favorable outcomes

  Cured 40 (74.1) 61.0–84.2

  Treatment completed 0 (0) 0–6.6

  Treatment success 40 (74.1) 61.0–84.2

Unfavorable outcomes

  Died 7 (13.0) 5.4–24.9

  Failed (diagnostic change) 7 (13.0) 5.4–24.9

  Lost to follow-up 0 (0) 0–6.6

  Total unfavorable 14 (25.9) 15.8–39.0

CI: Confidence interval calculated using the Wilson score method.
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patients experienced unfavorable outcomes (95% CI: 15.8%–
39.0%). The secondary outcome of this study was the time to 
sputum culture conversion. Among the 54 patients enrolled, 40 
patients (74.1%) achieved treatment success with documented 
culture conversion, while 14 patients (25.9%) were censored 
during the follow-up period due to death (n = 7) or treatment 
failure due to a change in diagnosis (n = 7).

3.5. Time to sputum culture conversion
Survival analysis was performed on all 54 patients to 

determine the time to negative sputum culture conversion. Of 
the total cohort, 40 patients (74.1%) achieved treatment success 
with documented culture conversion, while 14 patients (25.9%) 
were censored due to death (n = 7) or a change in diagnosis (n 
= 7) before conversion (Fig. 2). 

As presented in Table 5, Kaplan–Meier estimates 
show a gradual decline in the probability of survival (remaining 
culture positive). The probability of remaining culture positive 
decreased from 1.000 in the first month to 0.933 in the fifth 
month, and then sharply decreased to 0.048 in the sixth month. 
This indicates that the majority of patients (n = 37) experienced 
conversion by the end of the intensive phase at month 6. The 
median time to culture conversion was 6 months (IQR 2–6).

3.6. Frequency and distribution of AEs
The key AE findings from this study are summarized 

in Table 6. The most common AEs were gastrointestinal, 
accounting for more than half (56.4%) of all reported events. 
Nausea was the most frequently reported symptom, affecting 
36.2% of all patients. Neurological toxicity, particularly 
peripheral neuropathy manifested as paresthesia, was observed 
in 7.4% of all AEs, which corresponds to 13.0% of the cohort. 
This is consistent with previously reported Lzd-associated 
neurotoxicity.

Cardiovascular safety appeared well maintained, as 
QTc prolongation was documented in only one patient (1.9% 
of the cohort), suggesting either a good cardiac safety profile 
of the treatment regimen or potential underdetection of this 
AE. Importantly, no severe organ toxicities were reported. 
Specifically, there were no cases of severe hepatotoxicity, 
nephrotoxicity, or ototoxicity that required discontinuation of 
treatment. Regarding the severity of AEs, all were classified as 
Grade 1 or 2 (mild to moderate). No Grade 3 or 4 (severe or life-
threatening) AEs were recorded during the study.

In terms of AE management, eight patients (14.8%) 
required temporary dose reductions or interruptions of Lzd 
due to AEs, such as peripheral neuropathy (5 patients), 
myelosuppression (2 patients), and gastrointestinal 
intolerance (1 patient). While no patients required 
permanent discontinuation of Bdq, two patients did have 
their Lzd permanently discontinued after 4–5 months due 
to persistent Grade 2 peripheral neuropathy. Symptomatic 
management included antiemetics for nausea and vomiting 
(28 patients), pyridoxine for the prevention and treatment of 
neuropathy (administered to all 54 patients), and electrolyte 
supplementation for the patient who experienced QTc 
prolongation. These findings provide valuable insights 
into the AE profile of the treatment regimen, highlighting 
gastrointestinal and neurological concerns, demonstrating 
effective management strategies, and showing the absence of 
severe organ toxicities.

3.7. Relationship between demographic factors and total AE 
count

The following analyses are presented as exploratory 
findings only. Given the limited sample size and number of 
outcome events, results should not be interpreted as definitive 
evidence of association or non-association. Table 7 presents 
the analysis of the relationship between demographic factors 
and total AE count. Spearman correlation analyses found 
no significant correlation between age and total AE count (ρ 
= 0.046, p = 0.736) or between BMI and total AE count (ρ = 
−0.151, p = 0.269), indicating that these demographic variables 
were not associated with the burden of AEs. Additionally, a 
Mann–Whitney U test showed no significant difference in AE 
counts between males and females (U = 305.5, p = 0.630). A 
Kruskal–Wallis test also revealed no significant difference in 
AE counts across treatment outcomes (H = 1.81, p = 0.404), 
suggesting that AE occurrence was similar regardless of 
whether patients were cured, died, or failed treatment. These 
findings suggest that AEs occurred relatively uniformly across 
demographic subgroups and treatment outcomes, with no 
significant predictors identified. Age, BMI, sex, and treatment 
outcome did not significantly influence the total number of AEs 
in this cohort, highlighting that the AE burden was not strongly 
associated with these factors.

Our treatment success rate of 74.1% is consistent with 
findings from recent programmatic cohorts and observational 
studies of short-term MDR-TB regimens. However, it is lower 
than the success rates observed in the highest-performing 
clinical trials. To contextualize our findings within the existing 
evidence base, largely explained by differences in regimen 
standardization, patient selection, monitoring intensity, and the 
absence of post-treatment follow-up in our cohort, several key 
comparisons are warranted. For instance, Conradie et al. [9] 
reported a success rate of 84%–93% with a 6-month optimized 
BPaL regimen, while Nunn et al. [17] found a success rate of 
78.8% with a 9-month all-oral short-term regimen. In contrast, 
studies in programmatic settings with more diverse patient 
populations, such as Nguyen et al. [11] and Shim et al. [18], 
reported success rates ranging from 56.3% to 92%. For example, 
Rashitov et al. observed a success rate of 89%–92% with a 

Table 5. Kaplan–Meier calculation (stepwise). 

Interval 
(t)

At Risk 
(ni)

Events 
(di)

Censored 
(ci)

Survival probability 
S(t)

0 54 0 0 1.000

1 54 0 4 1.000

2 50 1 4 0.980

3 45 0 2 0.980

4 43 1 2 0.957

5 40 1 0 0.933

6 39 37 2 0.048
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9-month Bdq-Lzd-Lfx regimen in Kazakhstan. In comparison, 
Shim et al. [18] found a 56.3% success rate using a variable 
Bdq-containing regimen in Korea. Additionally, Trebucq et 
al. [12] reported a treatment success rate of 81.6% across nine 
African countries with a standardized 9-month regimen. An 
important caveat in interpreting our treatment success rate is the 
absence of post-treatment follow-up data, which means that late 
relapse would not have been captured in this dataset. The true 
durable cure rate in our cohort may therefore be lower than the 
74.1% end-of-treatment success rate reported. Importantly, our 
study differs from all four comparators in its Southeast Asian, 
Indonesian setting, contributing data from a population and 

context that remains underrepresented in the published MDR-
TB literature

Several factors explain the variability in success rates 
across these studies. Trial settings, with their more controlled 
environments and stringent inclusion criteria (such as BPaL/
ZeNix), tend to produce higher success rates (84%–93%), 
while programmatic cohorts, which often include a more 
heterogeneous patient population, exhibit more variable success 
rates (56%–92%) [11,18]. Additionally, the patient selection 
in our study, which excluded those with comorbidities, may 
have contributed to improved success rates compared to other 
unselected programmatic cohorts. While this exclusion was 

Table 6. Frequency and distribution of AEs by system-organ class (N = 94 events in 54 patients).

System-organ class Specific AE n % of total AEs

Gastrointestinal 53 56.4

Nausea 34 36.2

Vomiting (mild) 12 12.8

Decreased appetite 4 4.3

Diarrhea 1 1.1

Abdominal bloating 1 1.1

Abdominal pain (mild-to-moderate) 1 1.1

Musculoskeletal/Neurological 12 12.8

Paresthesia (hands/feet) 7 7.4

Arthralgia 4 4.3

Joint disorder 1 1.1

Neurological (general) 5 5.3

Headache 4 4.3

Vertigo 1 1.1

Cardiovascular 5 5.3

QTc prolongation 1 1.1

Palpitations 2 2.1

Chest pain 2 2.1

Psychiatric 3 3.2

Sleep disturbance 3 3.2

Dermatological 2 2.1

Mild allergic skin reaction 2 2.1

General/Other 14 14.9

Dizziness 9 9.6

Mild dizziness 1 1.1

Fatigue 2 2.1

Dyspnea 2 2.1

Total 94 100

Table 7. Associations between demographics and total AE count.

Analysis Variables compared Test statistic p-value Interpretation

Spearman correlation Age versus total AE count ρ = 0.046 0.736 No correlation

Spearman correlation BMI versus total AE count ρ = −0.151 0.269 No correlation

Mann–Whitney U Sex (M vs. F) versus total AE count U = 305.5 0.630 No difference

Kruskal–Wallis Treatment outcome versus total AE count H = 1.81 0.404 No difference
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likely faced acquired resistance due to past treatment failures or 
relapses from previous episodes of TB. The high proportion of 
previously treated cases may also reflect substantial reinfection 
driven by continued exposure in high-burden environments 
prior to their MDR-TB diagnosis. Most of these patients 
resided in high-incidence districts in West Java, including Kota 
Bandung and adjacent districts (Bandung Barat, Sumedang, 

methodologically justified, it introduces selection bias and 
means results may overestimate real-world effectiveness in 
unselected MDR-TB populations where comorbidities are 
prevalent. However, a significant proportion of our cohort 
(77.8%, 42/54) had a history of prior TB treatment before 
initiating the current short-term regimen, entering the study 
as previously treated cases. This indicates a population that 

Figure 1. Flowchart of the study population, including exclusion reasons and clinical outcomes. 

Figure 2. Kaplan–Meier survival estimate for event conversion (n = 54).
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neurotoxicity. Our observed rate of 13% is on the lower end 
of reported ranges, likely due to the use of optimized low-
dose, shorter-duration Lzd (600 mg for 9 weeks), prophylactic 
pyridoxine, and proactive monitoring [9]. Only two patients 
required permanent discontinuation of Lzd due to persistent 
neuropathy, and it did not prevent treatment success in 
the majority. Cardiovascular safety, as indicated by QTc 
prolongation, was notably low, with only one patient (1.9%) 
affected, a figure much lower than the 19.3% reported in the 
Korean Bdq registry [18]. This discrepancy may be due to 
underdetection or inconsistent ECG monitoring, highlighting 
the importance of systematic ECG and electrolyte monitoring. 
Finally, no cases of severe organ toxicity, such as hepatotoxicity, 
nephrotoxicity, or ototoxicity, were documented, contrasting 
favorably with older injectable-based regimens. This suggests 
a significant safety advantage of modern all-oral regimens, 
though vigilance for hepatotoxicity remains necessary given the 
hepatotoxic potential of several MDR-TB drugs [24,25]. 

The findings from our study suggest that short-term 
second-line regimens can achieve acceptable treatment outcomes 
in a selected MDR-TB population without major comorbidities 
at a national referral center in Indonesia. However, given the 
small sample size, single-center design, retrospective nature, and 
exclusion of patients with common comorbidities, these findings 
should be interpreted cautiously. They are best understood as 
real-world programmatic evidence from a Southeast Asian 
setting that is broadly consistent with the efficacy data from 
larger trials. Programmatic expansion of short-course regimens 
should be guided primarily by those larger evidence bases, with 
our findings serving as complementary contextual data from an 
Indonesian setting. Clinicians, however, should be aware that 
while AEs are common, most are manageable. Gastrointestinal 
complaints and peripheral neuropathy, although frequent, are 
generally mild to moderate and can be managed proactively 
with counseling, symptomatic treatment (e.g., antiemetics and 
pyridoxine supplementation), dose optimization (using the 
lowest effective Lzd doses), and regular monitoring to adjust 
treatment as needed.

Furthermore, the safety of these regimens must be 
actively monitored, with particular attention to potential AEs, 
such as QTc prolongation. Despite the low documented rate of 
QTc prolongation (1.9%), this is likely due to underdetection, 
highlighting the need for standardized ECG monitoring at 
key intervals as per WHO guidelines, as well as systematic 
AE screening using standardized tools. Nutritional support 
should also be a priority, as 67% of patients in our cohort were 
underweight. While BMI did not predict treatment outcomes, 
severe malnutrition is a known risk factor, making nutritional 
rehabilitation an essential component of MDR-TB care. Finally, 
individualized care remains crucial for effectively managing 
MDR-TB. Tailoring treatment regimens based on DST, 
managing comorbidities such as HIV and diabetes, providing 
adherence support, and closely monitoring for toxicity are all 
vital elements in ensuring successful treatment outcomes.

One limitation of this study is its small sample size: 
only 54 participants and 14 unfavorable outcomes. This small 
sample size reduces statistical power, making it difficult to 
detect modest associations and leading to wide confidence 

and Subang), which are recognized TB hotspots according to 
provincial surveillance data (https://opendata.jabarprov.go.id/). 
Our study did not systematically track the detailed living and 
working environments of patients, such as household crowding, 
factories, or construction sites, which limits our ability to 
distinguish relapse due to treatment failure from reinfection 
resulting from continuous exposure.

The regimen type also plays a role, as studies using 
optimized regimens such as BPaL report the highest success 
rates [9]. In contrast, those based on drug availability and 
variable regimens tend to have more modest results [18]. 
Furthermore, the way outcomes are defined varies across studies; 
in our study, all treatment successes were classified as “cured” 
according to strict WHO bacteriological cure criteria, whereas 
some studies include “treatment completed” outcomes without 
bacteriological confirmation, which could inflate success rates 
[12]. Finally, baseline disease severity in our cohort, including 
a high bacillary burden (88.9% smear-positive) and significant 
malnutrition (66.7% underweight), may have contributed to 
poorer treatment outcomes.

The median time to culture conversion of 6 months 
in our study is longer than that reported in some recent clinical 
trials. The BPaL/ZeNix trial reported 90% culture conversion 
by 8 weeks [9], while the TB-PRACTECAL trial reported 
median conversion at 8 weeks [19]. However, our finding is 
consistent with programmatic cohorts using varied regimens, 
where longer conversion times are often observed [12]. The 
delayed conversion in our cohort may reflect several factors, 
including a high baseline bacillary burden (88.9% smear-
positive), a significant proportion of previously treated patients 
(77.8%), and the potential presence of additional drug resistance 
beyond rifampicin. It is important to note that despite the high 
censoring rate (25.9%), all 40 patients who completed treatment 
without a censoring event achieved culture conversion at month 
6. This confirms that although the initial response may be 
slow, this short-term regimen remains effective in achieving 
bacteriological clearance in patients who persist on treatment. 
Moreover, variations in regimen potency, based on DST results 
and drug availability, may have contributed to the slower 
conversion. 

Gastrointestinal AEs, particularly nausea (36.2% of all 
AEs), were the most common toxicity in our cohort, consistent 
with the known safety profile of Bdq and other second-line 
drugs. This finding aligns with the Korean Bdq registry, which 
reported similar gastrointestinal symptoms, including diarrhea 
and nausea, in 22.7% and 27.3% of patients, respectively [18]. 
The mechanisms of gastrointestinal toxicity are multifactorial, 
involving Bdq’s direct gastric irritation [20], Lzd’s 
gastrointestinal disturbances [21], fluoroquinolones’ nausea 
and discomfort [22], and cycloserine’s common gastrointestinal 
side effects [23]. Despite the high frequency of gastrointestinal 
complaints, these were predominantly mild to moderate 
(Grade 1–2) and did not lead to treatment discontinuation, with 
symptomatic management through antiemetics and food intake 
proving effective.

Peripheral neuropathy, particularly paresthesia, was 
the second most common AE in our study, affecting 7.4% of 
all AEs and 13% of patients, consistent with Lzd-associated 
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Appendix A. Time of event data per patient (N = 54).

Patient ID Time (t) (Months) Status (di) (1 = Event, 0 = Censored) Information

P047 1 0 Death censored

P003 1 0 Diagnosis change

P038 1 0 Diagnosis change

P054 1 0 Diagnosis change

P020 2 1 Conversion (Event)

P034 2 0 Death censored

P050 2 0 Death censored

P005 2 0 Diagnosis change

P011 2 0 Diagnosis change

P033 3 0 Death censored

P039 3 0 Death censored

P040 4 1 Conversion (Event)

P002 4 0 Death censored

P004 4 0 Death censored

P030 5 1 Conversion (Event)

P001 6 0 Diagnosis change

P006 6 0 Diagnosis change

P007 - P010, P012 - P019 6 1 Conversion (Event)

P021 - P029 6 1 Conversion (Event)

P031, P032, P035 - P037 6 1 Conversion (Event)

P041 - P046, P048, P049 6 1 Conversion (Event)

P051 - P053 6 1 Conversion (Event)




