
INTRODUCTION
•	 India is beset with a significant public health burden on account of drug-resistant 

tuberculosis (DR-TB), accounting for 24% of the estimated 558,000 global cases 
in 2017.1

•	 A TB patient potentially bears medical and non-medical direct costs, as well as 
indirect costs resulting from loss of work due to physical infirmity and time spent 
on seeking medical care.2 Such costs force families of TB patients to spend from 
their savings, borrow money or sell assets, divert resources from other needs, 
and reduce food consumption.2

•	 Overall costs associated with treatment of DR-TB in India are about 25 times 
greater than those associated with treatment of drug-susceptible TB; this is 
attributed to the longer duration of treatment, higher costs of drugs, and greater 
need for diagnostic tests and management of adverse events.3, 4

•	 The occurrence of DR-TB is thus likely to impose catastrophic costs on families 
(WHO defines this to be when total costs incurred by a household exceed 20% 
of its annual income). A study showed 68% of DR-TB patients treated in a private 
tertiary care setting in India in 2016 to be facing catastrophic costs.4

•	 Bedaquiline, an oral agent approved in 2012 for DR-TB treatment, has demonstrated 
superior effectiveness in diverse patient populations;5-7 treatment success rates 
of between 61% and 93% have been reported. WHO’s latest DR-TB guidelines 
have categorized bedaquiline as a core first choice drug.8  

The current study aims to evaluate the impact of bedaquiline-containing regimens 
on healthcare costs and catastrophic costs to families of patients with DR-TB in 
India.

OBJECTIVE 

This study aims to  
1.	 assess the long-term impact of an increase in the use of bedaquiline-based 

regimens in DR-TB patients in India on the direct costs to the healthcare system 
and catastrophic costs to patients associated with DR-TB

2.	 evaluate two scenarios with different expectations of the treatment success rate 
of bedaquiline-containing regimens

METHODS
•	 A dynamic state-transition model was used to estimate annual epidemiology of 

DR-TB in India. Details of the model structure have been published elsewhere.9 

The model builds up from the year 2000 to its current state and extends to the 
year 2040 based on estimations of relevant diagnostic and treatment-related 
parameters in the future, assuming the continued use of current standard-of-care 
treatments. To this baseline DR-TB forecast, the impact of adoption of bedaquiline-
containing regimens on incidence, prevalence and mortality was evaluated under 
two scenarios that differed in the treatment success rates, 61%10 in scenario 1 
and 80%7 in scenario 2 (Table 1), as detailed in a previous study.11

•	 The model was then employed to estimate the economic burden of DR-TB both 
at the societal as well as individual patient-household level. Costs considered for 
the analysis included direct medical and non-medical costs for the treated patients 
(Table 2).

•	 The proportion of patients catastrophically affected were separately estimated for 
4 pools of patients corresponding to the stage in the disease cascade that they 
would exit from – a) those cured in LOT1, b) those that die after LOT1 failure but 
before starting LOT2, c) those cured in LOT2, and d) those that die after LOT2 
failure. This exercise was separately carried out for the patient population treated 
in private and public care hospitals for each year of the forecast for patients starting 
first line DR-TB therapy.

Table 1: Inputs considered for scenario analysis: bedaquiline  	 	  	  	
success rates and market penetration / adoption

Table 2: Unit costs per treated patient, as input into the model 

•	 Footnote A:
o	 Per patient costs are calculated using per successful patient cost of SCR and LCR of the SOC 

and BDQ, multiplied by respective success rates, and weighted for 50-50 SCR-LCR volumes of 
regimens in India for DR-TB; for XDR-TB, only LCR use is assumed

o	 XDR-TB costs are calculated from DR-TB costs per patient by multiplying by the XDR-TB cost 
factor. For injection-based AE and other costs, the factor is weighted for subgroups these consist 
of

o	 Productivity loss is not considered in this calculation
1.	 Ionescu AM, et al. Bedaquiline- versus injectable-containing drug-resistant tuberculosis regimens: a 

cost-effectiveness analysis. Expert Rev Pharmacoecon Outcomes Res. 2018;18(6):677-689.

•	 Only patient-incurred costs, adjusted for inflation, were considered. To evaluate 
indirect costs, the probability of loss of productivity in each disease state was 
estimated.

•	 Variance in household income across the entire TB affected population was 
accounted for by simulating the nominal income distribution at the individual 
household level using a lognormal distribution of income among the population, 
with.
O	 mean of the distribution as the average income of patients – privately treat-

ed patients were taken to earn annually the national per capita GDP, and 
those treated in public hospitals were taken to earn a third of the GDP12

o	 standard deviation of the distribution as the GINI index of the country

RESULTS  
•	 In the two scenarios involving use of bedaquiline, the reductions in the 

economic burden over the 20-year horizon through 2040, relative to the 
baseline scenario, are estimated to be $7.6B (47% of estimated baseline 
burden of $16.0B) and $9.3B (58%), respectively (Fig. 1). During this period, 
the average cost per successfully-treated patient was projected to decline, 
relative to the baseline scenario without use of bedaquiline, by 54% (or 
$12.3k) under scenario 1, and by 67% (or $15.4k) under scenario 2 (Fig. 2). 

Figure 1: Estimated costs associated with DR-TB in India 
cumulatively in 2021-2040 under baseline (no bedaquiline use) and 
two bedaquiline use scenarios

Figure 2: Estimated cost per successfully treated patient of DR-TB in 
India cumulatively in 2021-2040 under baseline (no bedaquiline use) 
and two bedaquiline use scenarios

•	 Increased use of bedaquiline is likely to bring about a reduction in the number 
of households affected catastrophically due to DR-TB. Under the two scenarios, 
in 2040, findings of this study reveal that the number of such families affected 
catadtrophically due to DR-TB will decrease from 43k in the baseline to 32k 
(−26%) in scenario 1 and 24k (−44%) in scenario 2 (Fig. 3).  

Figure 3: Estimated number of catastrophically affected households 
in India in 2020-2040 under baseline (no bedaquiline use) and 2 
bedaquiline use scenarios, YoY  

DISCUSSION 
•	 Bedaquiline-containing regimens are expected to support realize 20-year direct 

cost savings of $7.6B and $9.3B for the two scenarios with treatment success 
rates of 61% and 80%, respectively, assuming a 95% adoption among first line 
DR-TB patients.

•	 In contrast, the documented lower success rates and high adverse event 
incidence rates associated with currently used injectable therapies translate into 
high rates of treatment discontinuation in India,13 with the potential for continued 
disease transmission and perpetuation of the disease cycle,14 resulting in 
missed opportunities to derive the documented economic benefits of effective 
tuberculosis control.

•	 The convenient oral dosing and proven effectiveness of bedaquiline can promote 
adherence and improve treatment outcomes, helping curb further disease 
transmission.

•	 At the patient level, lower costs are expected to be incurred by DR-TB patients 
treated with bedaquiline-containing regimens due to lower total drug costs, fewer 
adverse events, and fewer hospitalizations. At the societal level, benefits accrue 
from savings in direct drug costs as well as from reduced epidemiological burden. 
Together, these translate into significant economic benefits at the societal level 
over the 20-year horizon till 2040.

•	 The findings of this analysis have multiple public health, economic, and social 
implications, and support the long-term adoption of bedaquilne use as a first 
line treatment of DR-TB patients in India.

•	 The significantly reduced economic burden as a result of introduction of 
bedaquiline-containing regimens to treat DR-TB patients can free up resources 
for other measures to diagnose, test, treat, and manage DR-TB and DS-TB.

CONCLUSION
More widespread bedaquiline-based regimen adoption for the treatment of DR-TB in 
India will decrease the proportion of patients and families experiencing catastrophic 
costs over the current standard of care, and have a positive overall economic impact 
at both the individual and societal levels.
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BDQ, bedaquiline; DR-TB, drug resistant tuberculosis; LOT, line of treatment; 
aFor second line DR-TB treatment, it is assumed that patients who failed on front line treatment with bedaquiline 
are ineligible for repeat prescription of bedaquiline and that among second line patients not treated with 
bedaquiline in front line, 95% will be treated with bedaquiline in second line in both scenarios.
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Costs in 
2018

Cost per patient per DR-TB treatment course (in US Dollar 2018)

Source/
Remarks

SOC LOT1 BDQ LOT1
XDR-TB : 

DR-TB Cost 
Factor

SOC LOT2
(XDR-TB)

BDQ LOT 2 
(XDR-TB)

Drug costs $2,374 $1,654 3 $3,800 $2,356

Ionescu AM, 
et al.;1 See 
Footnote A

Hospitaliza
tion costs $1,478 $673 3 $6,299 $2,783

Injection-
based AEs $1,818 $0 1.54 $3,798 $0

Other 
costs $1,957 $972 2.34 $5,296 $2,515

Total costs 
(excluding 
productivity 
loss)

$7,627 $3,300 NA $19,192 $7,654

Parameter Scenario 1 Scenario 2

BDQ first line DR-TB treatment 
success rate 61% 80%

Peak utilization of 
bedaquiline-
containing 
regimens in DR-TB 
treated patients

First line of DR-TB 
treatment 95%

DR-TB second line 
of treatment for 
patients failing 

front linea

7% 12%
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