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Abstract
Background: MDR-TB particularly RR-TB, remains a major global health challenge and imposes substantial economic burdens on healthcare systems. Since 2020, the WHO has recommended bedaquiline as part of shorter, all-oral regimens to improve treatment outcomes and reduce toxicity associated with conventional therapies.
Objectives: This study aims to systematically evaluate and synthesize current evidence on the cost-effectiveness of bedaquiline-based regimens compared with conventional rifampicin-based therapies in the treatment of MDR-TB.
Methods: A systematic literature review was conducted on peer-reviewed studies published between 2020 and 2026 using the PubMed database. Eligible studies included economic evaluations assessing cost-effectiveness outcomes such as direct medical costs, QALYs, and incremental ICERs. Various analytical approaches were identified, including Markov models, decision tree analyses, and randomized controlled trial-based economic evaluations.
Results: Most included studies demonstrated that bedaquiline-based regimens are more cost-effective than conventional rifampicin-based therapies. These regimens were associated with improved clinical outcomes, including higher treatment success rates and reduced relapse and resistance. Reported ICER values were generally below national willingness-to-pay thresholds, indicating favorable economic value. In several cases, particularly with the BPaL, cost-saving outcomes were observed alongside shorter treatment duration.
Conclusion: Bedaquiline-based regimens represent clinically effective and economically efficient treatment options for MDR-TB. Their adoption should be prioritized in national tuberculosis control programs, particularly in high-burden and resource-limited settings. Further real-world studies are warranted to support broader implementation and policy decision-making. 

Keywords:  Bedaquiline, Cost-Effectiveness, ICER, MDR-TB, Rifampicin.

[image: A logo of a health economic and policy research

Description automatically generated]		Journal of Health Economic and Policy Research
JHEPR Vol. 4 No. 1 Year 2026

		ISSN 3025-5198

 	1Cost-Effectiveness Analysis of Rifampicin and Bedaquiline Use for Tuberculosis Treatment: A Systematic Review

Introduction 
[bookmark: _Hlk138143675]Tuberculosis (TB) remains one of the most significant infectious diseases worldwide, and drug-resistant tuberculosis continues to threaten global TB control efforts. Multidrug-resistant tuberculosis (MDR-TB) and rifampicin-resistant tuberculosis (RR-TB) are particularly concerning due to their association with higher morbidity, mortality, and treatment costs compared with drug-susceptible TB. MDR-TB occurs when Mycobacterium tuberculosis becomes resistant to at least rifampicin and isoniazid, the two most effective first-line anti-tuberculosis drugs1. According to the World Health Organization Global Tuberculosis Report, approximately 450,000 cases of MDR/RR-TB were reported globally in 2022, yet only around 161,746 patients (36%) were able to initiate appropriate treatment. Limited treatment coverage reflects substantial barriers, including delayed diagnosis, inadequate healthcare infrastructure, and the high cost of therapy. Previous studies have also demonstrated that the economic burden of MDR-TB management is significantly higher than that of drug-susceptible TB, placing considerable pressure on healthcare systems2,3. Despite increasing awareness of these challenges, identifying effective and economically sustainable treatment strategies remains a key priority.
Indonesia is among the countries with the highest TB burden globally. Data from the Ministry of Health of the Republic of Indonesia indicate that Indonesia ranked second worldwide in TB incidence after India in 2023, with approximately 1,060,000 reported cases. Among these, around 23,000 cases were classified as drug-resistant TB, most of which correspond to MDR-TB. Although national TB control programs have expanded diagnostic and treatment services, the treatment coverage for drug-resistant TB remains limited at approximately 59%. This situation highlights persistent challenges in ensuring adequate access to effective treatment and controlling the spread of MDR-TB within the healthcare system. Furthermore, the global distribution of MDR-TB cases remains uneven, with countries such as India and China contributing a large proportion of the total burden4.
Rifampicin has long served as a cornerstone of tuberculosis treatment; however, the emergence of rifampicin resistance has significantly reduced treatment effectiveness and complicated MDR-TB management5. To address this challenge, the World Health Organization recommended the introduction of bedaquiline in 2020 as part of an all-oral, shorter regimen for MDR-TB treatment. Bedaquiline acts by inhibiting ATP synthase in Mycobacterium tuberculosis, thereby disrupting bacterial energy production. Clinical studies have shown that bedaquiline-based regimens, including BPaL and BPaLM, can shorten treatment duration and improve clinical outcomes6,7. Several pharmacoeconomic studies also suggest that these regimens may be cost-effective and even cost-saving in certain settings 8,9. However, comparative evidence evaluating the economic value of bedaquiline-based regimens relative to conventional rifampicin-based therapy remains limited, particularly in high TB-burden countries. Therefore, this study aims to rigorously evaluate and compare the cost-effectiveness of conventional rifampicin-based regimens and bedaquiline-based regimens for the treatment of multidrug-resistant tuberculosis (MDR-TB), in order to provide robust evidence to inform policy and optimize resource allocation in TB control programs.
	
Methods
Study Design and Data Sources 
This study conducted a systematic literature review to evaluate the cost-effectiveness of bedaquiline compared with rifampicin-based regimens in the treatment of multidrug-resistant tuberculosis (MDR-TB). Relevant articles were identified through a database search in PubMed for peer-reviewed studies published between 2020 and 2026. The search strategy combined Medical Subject Headings (MeSH) and free-text keywords related to tuberculosis, bedaquiline, rifampicin, and cost-effectiveness analysis. Studies were included if they were original research evaluating the cost-effectiveness of tuberculosis treatment, involved bedaquiline or rifampicin-based regimens, were conducted in human populations, published in English, and available in full text. Studies were excluded if they were reviews, editorials, commentaries, animal or in vitro studies, duplicate publications, or lacked economic evaluation data.


Variables and Data Analysis
The primary variables included treatment costs, clinical effectiveness, and cost-effectiveness outcomes. Economic variables comprised direct medical costs such as drug acquisition, diagnostic procedures, hospitalization, and follow-up care. Effectiveness outcomes included treatment success rates, mortality reduction, and quality-adjusted life years (QALYs). Cost-effectiveness was assessed using incremental cost-effectiveness ratios (ICERs). A descriptive analysis was performed to summarize study characteristics, including study design, setting, interventions, and reported outcomes. Comparative synthesis was then conducted to evaluate differences in economic outcomes between bedaquiline-based regimens and conventional rifampicin-based therapies. ICER values were interpreted against national willingness-to-pay thresholds to determine cost-effectiveness.

Study Selection and Data Extraction
Study selection followed a structured screening process. Titles and abstracts retrieved from the database search were initially screened to exclude irrelevant studies, followed by full-text assessment based on predefined eligibility criteria. Data were extracted using a standardized extraction form adapted from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement10. Extracted data included study characteristics, population details, intervention and comparator regimens, cost components, effectiveness outcomes, and incremental cost-effectiveness ratio (ICER) values. This approach ensured consistent data collection and facilitated systematic comparison across studies. 

Screening and Data Extraction
Title and abstract screening followed by full-text assessment was conducted manually based on predefined eligibility criteria. Rayyan software was not used, as the number of retrieved studies was manageable and manual screening was sufficient to ensure accurate selection. 

Result
Study Selection
     The study selection process followed the PRISMA framework. A total of 10,001 records were initially identified, with 9,854 remaining after the removal of duplicates and irrelevant records for title and abstract screening. Most studies were excluded due to inappropriate design, outcomes, duration, interventions, publication type, population, or language. Subsequently, 15 full-text articles were sought, of which one was not accessible, leaving 14 studies assessed for eligibility. All met the inclusion criteria and were included in the final systematic review.
These studies were conducted across multiple geographical settings, including Africa, Asia, Europe, and global analyses, reflecting the global burden of multidrug-resistant tuberculosis. The included studies employed various research designs, such as model-based economic evaluations, clinical trial based analyses, and observational studies. Most studies focused on comparing bedaquiline-based regimens with conventional treatment strategies for multidrug-resistant tuberculosis, particularly rifampicin-resistant regimens
[image: ]
Figure 1. PRISMA Flow Diagram of Study Selection
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Table 1. General Characteristics of Included Studies
		Author (Year)
	Country/
Setting
	Population
	Study Design
	Intervention / Focus
	Analytical Method

	Marx et al. (2021)11
	Germany
	Asylum seekers from high TB incidence countries
	Model-based CEA
	LTBI screening using IGRA with rifampicin-based preventive therapy
	Probabilistic decision-analytic model; QALY estimation

	Xu et al. (2023)9
	China
	MDR-TB patients undergoing treatment
	Cost-effectiveness analysis
	Bedaquiline-containing chemotherapy regimen vs conventional regimen
	Decision tree combined with Markov model; ICER

	Gu et al. (2024)5
	China
	RR/MDR-TB patients
	Cohort study
	WHO-recommended MDR-TB treatment regimens
	Comparative analysis of treatment success, cost, and adverse events

	Yang et al. (2024)12
	Zambia / South Africa
	Community populations screened for active TB
	Cost-effectiveness analysis
	Community-based predictive model for TB screening
	Predictive modelling; ACER and ICER

	Ilaiwy et al. (2025)13
	Philippines
	Household contacts aged 5–14 years
	Cost-effectiveness analysis
	TB preventive therapy strategies (6H, 3HP, 3HR)
	Markov state transition model; QALY and ICER

	Gomez et al. (2021)8
	South Africa, Georgia, Philippines
	MDR/XDR-TB patients
	Cost-effectiveness analysis
	BPaL regimen (bedaquiline, pretomanid, linezolid)
	Cohort Markov model

	Rosu et al. (2020)14
	Ethiopia, India, Moldova, Uganda
	RR/MDR-TB patients
	Economic evaluation protocol
	Short all-oral bedaquiline regimen
	RCT-based economic evaluation; CEA, QALY, sensitivity analysis

	Navarro et al. (2025)15
	Colombia
	Immunosuppressed children <15 years
	Cost-effectiveness analysis
	QuantiFERON vs tuberculin skin test for LTBI diagnosis
	Decision tree economic model; ICER

	Amoako et al. (2022)16
	Ghana
	Patients with Mycobacterium ulcerans (5–80 years)
	Randomized controlled trial
	High-dose rifampicin vs standard dose
	Multicenter RCT with economic evaluation

	Rosu et al. (2023)17
	Ethiopia, India, Moldova, Uganda
	Adults with RR-TB
	Randomized controlled trial
	Shorter bedaquiline-containing regimen
	Within-trial CEA and CUA

	Nsengiyumva et al. (2022)18
	Brazil, South Africa
	PLHIV and household TB contacts
	Cost-effectiveness analysis
	Targeted TB preventive treatment strategies
	Deterministic dynamic model; threshold sensitivity analysis

	Author (Year)
	Country/
Setting
	Population
	Study Design
	Intervention / Focus
	Analytical Method

	Evans et al. (2024)19
	South Africa
	Patients ≥14 years with drug-resistant TB
	Cost-effectiveness analysis
	BPaL regimen for DR-TB treatment
	Patient and provider cost analysis; ICER

	Dodd et al. (2022)20
	Global (213 countries)
	Children <15 years exposed to MDR/RR-TB
	Modelling study
	Household contact management strategies
	Global mathematical modelling; health system cost-effectiveness

	Afifah et al. (2020)21
	Indonesia
	Birth cohort (4.9 million newborns)
	Cost-effectiveness analysis
	BCG vaccination program
	Static Markov model; societal and healthcare perspective


Notes:
CEA : Cost-Effectiveness Analysis, QALY : Quality-Adjusted Life Year, ICER : Incremental Cost-Effectiveness Ratio, ACER : Average Cost-Effectiveness Ratio, LTBI : Latent Tuberculosis Infection, IGRA : Interferon Gamma Release Assay, MDR-TB : Multidrug-Resistant Tuberculosis, RR-TB : Rifampicin-Resistant Tuberculosis, XDR-TB : Extensively Drug-Resistant Tuberculosis, BPaL : Bedaquiline, Pretomanid, and Linezolid, RCT : Randomized Controlled Trial, CUA : Cost-Utility Analysis, PLHIV : People Living with HIV, DR-TB : Drug-Resistant Tuberculosis, BCG : Bacillus Calmette–Guérin.

Table 2. Summary of Cost-Effectiveness Outcomes of Included Studies
	Author (Year)
	Intervention / Strategy
	Comparator
	Incremental Cost (US$)
	QALYs Gained
	LY Gained
	ICER (Cost per QALY)
	ICER (Cost per LY)
	Cost-Effectiveness Conclusion

	Marx et al. (2021)11
	IGRA-based LTBI screening with rifampicin preventive therapy
	No systematic screening
	420,338
	7.3
	N/A
	60,660
	N/A
	Cost-effective for high-risk asylum seekers

	Xu et al. (2023)9
	Bedaquiline-containing regimen
	Conventional MDR-TB regimen
	120,887
	2.31
	N/A
	524,204
	N/A
	Cost-effective in China

	Gu et al. (2024)5
	WHO-recommended MDR/RR-TB regimens
	Alternative MDR-TB regimens
	N/A
	N/A
	N/A
	N/A
	N/A
	Economically favorable regimen

	Yang et al. (2024)12
	Community-based TB predictive screening model
	WHO screening tool
	N/A
	N/A
	N/A
	N/A
	N/A
	Cost-effective for community screening

	Ilaiwy et al. (2025)13
	TB preventive therapy (6H, 3HP, 3HR) for household contacts
	No testing or treatment
	8,880,000
	8.67
	N/A
	1,024
	N/A
	Cost-effective strategy in Philippines

	Gomez et al. (2021)8
	BPaL regimen (bedaquiline, pretomanid, linezolid)
	Conventional MDR/XDR-TB therapy
	-1,053,237
	N/A
	N/A
	N/A
	N/A
	Cost-saving and cost-effective

	Rosu et al. (2020)14
	Short all-oral bedaquiline regimen
	Standard RR/MDR-TB regimen
	N/A
	N/A
	N/A
	N/A
	N/A
	Potentially cost-effective

	Navarro et al. (2025)15
	QuantiFERON test
	Tuberculin skin test (TST)
	80,493
	N/A
	N/A
	N/A
	705 per correctly diagnosed case
	Cost-effective in immunosuppressed children

	Amoako et al. (2022)16
	High-dose rifampicin therapy
	Standard rifampicin dose
	N/A
	N/A
	N/A
	N/A
	N/A
	Potentially cost-effective

	Rosu et al. (2023)17
	Shorter bedaquiline-based regimen
	Longer standard regimen
	48,994
	0.929
	N/A
	328
	N/A
	Cost-effective strategy

	Author (Year)
	Intervention / Strategy
	Comparator
	Incremental Cost (US$)
	QALYs Gained
	LY Gained
	ICER (Cost per QALY)
	ICER (Cost per LY)
	Cost-Effectiveness Conclusion

	Nsengiyumva et al. (2022)18
	Targeted TB preventive therapy for PLHIV and household contacts
	Current TB preventive practice
	56,165,210
	N/A
	N/A
	889
	N/A
	Highly cost-effective

	Evans et al. (2024)19
	BPaL regimen for DR-TB
	Conventional DR-TB treatment
	64,728,348
	N/A
	N/A
	N/A
	N/A
	Cost-saving in South Africa

	Dodd et al. (2022)20
	Household contact management for MDR/RR-TB
	No contact management
	56,165,210
	N/A
	N/A
	1,330
	N/A
	Highly cost-effective

	Afifah et al. (2020)21
	BCG vaccination program
	No vaccination scenario
	68,127,911
	608,359
	1,343,640
	112
	50.70
	Cost-effective in Indonesia


Notes:
N/A = data not reported.




Overall, the findings indicate that most tuberculosis interventions evaluated across the included studies demonstrated favorable cost-effectiveness profiles. Several strategies, including IGRA-based screening, TB preventive therapy for household contacts, and bedaquiline-containing regimens for multidrug-resistant tuberculosis, were associated with improved health outcomes at acceptable or reduced costs. Some interventions, such as the BPaL regimen, were reported to be cost-saving, indicating lower overall costs while achieving better treatment outcomes compared with conventional regimens. Preventive strategies and vaccination programs, including BCG vaccination, also showed substantial health benefits with relatively low incremental cost-effectiveness ratios. However, several studies did not report complete economic indicators such as QALYs or ICER values, which may limit direct comparisons across studies. Despite these differences, the overall evidence suggests that targeted screening, preventive therapy, and novel treatment regimens play an important role in improving the economic efficiency of tuberculosis control programs.

Discussion 
The present systematic review aimed to evaluate the cost-effectiveness of various tuberculosis (TB) interventions, particularly bedaquiline-based regimens, compared with conventional strategies. The findings indicate that most interventions assessed across the included studies demonstrated favorable cost-effectiveness profiles. Strategies such as IGRA-based latent tuberculosis infection (LTBI) screening, TB preventive therapy for household contacts, and bedaquiline-containing regimens for multidrug-resistant tuberculosis (MDR-TB) were associated with improved health outcomes at acceptable or lower incremental costs. Several studies reported that novel treatment strategies, particularly the BPaL regimen (bedaquiline, pretomanid, and linezolid), may even result in cost savings while improving treatment success rates. These findings support the growing evidence that innovative diagnostic, preventive, and treatment approaches can improve both clinical outcomes and economic efficiency in TB control programs.
The economic outcomes reported across the included studies were mainly measured using incremental cost-effectiveness ratios (ICERs), quality-adjusted life years (QALYs), and life years (LYs) gained. For example, Marx et al. (2021)11 reported that IGRA-based LTBI screening combined with rifampicin preventive therapy generated additional QALYs with an ICER of US$60,660 per QALY, suggesting that targeted screening strategies may be economically justified in high-risk populations such as asylum seekers. Similarly, Ilaiwy et al. (2025)13 demonstrated that preventive therapy strategies for household contacts in the Philippines produced additional health benefits with an ICER of US$1,024 per QALY gained. These results are consistent with recent global analyses emphasizing the economic value of preventive TB strategies in reducing long-term disease burden. A modelling study by Houben et al. (2022)22 also reported that targeted preventive therapy for high-risk groups could substantially reduce TB incidence while remaining cost-effective in high-burden settings.
Regarding treatment strategies for drug-resistant TB, several studies in this review highlighted the economic advantages of bedaquiline-based regimens. Xu et al. (2023)9 reported that bedaquiline-containing chemotherapy regimens generated higher health benefits compared with conventional MDR-TB therapy despite higher initial costs. Likewise, Gomez et al. (2021)8 found that the BPaL regimen could reduce total treatment costs while improving clinical outcomes in several countries, indicating a cost-saving effect. These findings are supported by more recent studies showing that shorter, all-oral MDR-TB regimens can significantly reduce treatment duration, hospitalization costs, and adverse events. For example, Cox et al. (2023)23 demonstrated that bedaquiline-based regimens were associated with improved treatment success and reduced programmatic costs in high-burden countries. Similarly, Knight et al. (2022)24 reported that the adoption of shorter all-oral MDR-TB regimens recommended by the World Health Organization could improve cost-effectiveness compared with older injectable-based regimens. However, several studies included in this review did not report complete economic indicators such as QALYs or ICER values. This discrepancy may be explained by differences in study design, evaluation perspective, data availability, and economic modelling approaches used across studies.
Despite providing valuable insights, this study has several limitations. First, the review relied primarily on published studies indexed in a single database, which may have limited the comprehensiveness of the literature search and potentially excluded relevant studies from other databases. Second, substantial heterogeneity was observed among the included studies in terms of population characteristics, intervention strategies, modelling approaches, and outcome measures, which limited the ability to conduct quantitative synthesis such as meta-analysis. Third, some studies did not report complete economic indicators, making direct comparisons across studies challenging. Finally, the findings may not be fully generalizable to all settings because cost-effectiveness results are highly dependent on local healthcare systems, drug prices, and TB epidemiology. Future research should focus on standardized economic evaluation methods and real-world implementation studies to better inform policy decisions for TB control programs, particularly in high-burden countries.

Conclusions 
This systematic review highlights that several tuberculosis (TB) interventions demonstrate favorable cost-effectiveness outcomes across different settings. Strategies such as IGRA-based screening for latent tuberculosis infection, tuberculosis preventive therapy for household contacts, and shorter all-oral bedaquiline-containing regimens for multidrug-resistant tuberculosis were consistently associated with improved health outcomes and acceptable incremental costs. In several studies, innovative treatment strategies such as the BPaL regimen were even reported to be cost-saving while increasing treatment success rates. Preventive strategies and vaccination programs also showed substantial health benefits at relatively low incremental cost-effectiveness ratios, emphasizing the importance of early detection and prevention in TB control programs.
These findings suggest that integrating effective diagnostic tools, preventive therapy, and newer drug regimens into national TB programs may improve both clinical outcomes and economic efficiency. Future research should focus on generating more real-world economic evidence, particularly in high-burden countries, and on using standardized economic evaluation methods to allow better comparisons across studies. Governments and policymakers are encouraged to consider adopting cost-effective TB interventions to strengthen national TB control strategies and optimize resource allocation in healthcare systems.
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Abbreviation 
	ACER
	:
	Average Cost-Effectiveness Ratio

	BCG
	:
	Bacillus Calmette–Guérin

	BPaL
	:
	Bedaquiline, Pretomanid, and Linezolid regimen

	DALY
	:
	Disability-Adjusted Life Year

	DR-TB
	:
	Drug-Resistant Tuberculosis

	ICER
	:
	Incremental Cost-Effectiveness Ratio

	IGRA
	:
	Interferon Gamma Release Assay

	LTBI
	:
	Latent Tuberculosis Infection

	LY
	:
	Life Year

	MDR-TB
	:
	Multidrug-Resistant Tuberculosis

	QALY
	:
	Quality-Adjusted Life Year

	RR-TB
	:
	Rifampicin-Resistant Tuberculosis

	TB
	:
	Tuberculosis

	TST
	:
	Tuberculin Skin Test

	WHO
	:
	World Health Organization
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