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A cost comparison of amikacin versus bedaquiline, for the treatment of drug-resistant tuberculosis 

in the United Kingdom 

 

ABSTRACT 

Objectives: Prioritisation of oral bedaquiline over the injectable agents in the treatment of 

multidrug-resistant Tuberculosis (MDR-TB) in the World Health Organisations (WHO) 2019 

guidelines prompted this UK analysis of cost implications.  The objective was to estimate the 

costs of amikacin versus bedaquiline in MDR TB treatment regimens using a historical cohort 

where the injectable agents were the standard of care.   

Methods: This was a retrospective study using a known cohort of UK patients treated with 

an injectable agent, with data available on resource use, costs for the use of amikacin were 

compared with those for bedaquiline, based on recommended monitoring for bedaquiline.  

Results: The estimated cost of treatment per patient had mean (sd) of £27236 (4952) for 

the observed injectable group, £30264 (3392) and 36309 (3901) for the 6 and 8 month 

amikacin groups, and £31760 (2092) for the bedaquiline group. The cost in the bedaquiline 

group was £30772 (1855) with a 10 % reduction and £27079 (1234) with a 33% reduction in 

in-patient stay.  

Conclusions: In most scenarios, bedaquiline is close to cost neutral compared with 

injectable therapy, especially if, as expected, some reduction in duration of admission is 

possible as a result of bedaquiline’s more rapid culture conversion.  

 

  



INTRODUCTION 

Multidrug-resistant tuberculosis (MDR-TB) is a major public health concern in the UK and 

globally. Treatment is prolonged, more toxic and less effective compared to that for drug 

susceptible TB. In 2018 and then consolidated in 2019, the World Health Organisation 

(WHO) published major revisions to guidelines, prioritising the new drug bedaquiline and 

down-grading the injectable agents (aminoglycosides and polypeptides) which had played a 

major part in previous guidelines.[1, 2] Changes were based on meta-analysis data of efficacy, 

accumulating trial data supporting bedaquiline and ethical concerns regarding the side 

effect profile of the injectable agents; most notably irreversible ototoxicity with the 

aminoglycosides and an association with increased mortality for capreomycin.[3-5] 

Furthermore, although phase three trial data is not available cohort data suggests that 

bedaquiline use within program conditions is associated with reduced mortality. (6) The 

revised guidelines have been adopted by many countries and this year NHS England 

published guidelines releasing funding for bedaquiline to be used in line with the most 

recent WHO guidelines. (7)  

Although bedaquiline is currently expensive at £18700 for 6 months in high income 

countries, it has the potential to make treatment cheaper as a whole due to its oral 

formulation, reduced need for monitoring and potential to reduce time to sputum culture 

conversion and thus reduce inpatient stay.[5] We undertook this retrospective study to 

explore the cost implications of the change in policy from the injectable amikacin to 

bedaquiline in England.  

 

METHODS 

The prior standard of care in the UK until July 2019 involved an inpatient stay until the 

patient is deemed non-infectious or was able to self-isolate, followed by a period under the 

outpatient parenteral antimicrobial therapy team (OPAT) where the injectable agent was 

delivered intravenously at home via a long line (PICC or HICKMAN) and then a period where 

only oral medications were given. The injectable agent was given for 6-8 months (stopped 

early if side effects occur, which they do in most cases)(9) and the total treatment is duration 

was 18-24 months.[2] In comparison a patient on bedaquiline can go straight from hospital 



to the oral medication stage. Bedaquiline currently has licencing for 6 months of the total 

18-24 months of treatment 

A cohort of 100 patients, for whom data were already available, was used to calculate the 

NHS costs of patients treated with an injectable agent in an observed cohort (in which 

median duration of injectable is less than 6 months). (8, 9) This was compared with a 

predicted cost with a minimum recommended treatment of 6 months of an injectable agent 

and a predicted model with bedaquiline substituted for the injectable used for 6 months. 

We chose 6 months for the ideal amikacin duration so as to maintain costs over a 6 month 

period and because amikacin use for over 6 months is rarely possible due to side effects. (4, 9) 

As a comparison we also calculated the costs of the full 8 months of amikacin though we 

feel this is rarely used.  A full costing of changing other oral medications as per the WHO 

2019 guideline (e.g. prioritisation of linezolid which is now off patent) was not undertaken. 4 

hospitals provided cost information for care (Table 1). The amount of monitoring required 

for each scenario was determined by UK guidance.(10) The injectable agents require the cost 

of the OPAT service, lines, weekly blood tests and monthly audiograms. In comparison, 

bedaquiline requires monthly electrocardiograms and monthly blood tests. The predicted 

model with bedaquiline was also analysed, with inpatient stay reduced by 10% and 33% of 

duration, based on the 33% reduction in time to sputum culture conversion observed with 

bedaquiline.[5] A multi-level Bayesian model was used for analysis. For the missing data 

across sites, mean costs were assumed (below) and analysis was also performed using 

minimum and maximum cost values. 

 

RESULTS 

The expected cost of treatment per patient had mean (sd) of £27236 (4952) for the 

observed injectable group, £30264 (3392) and £36309 (3901) for the ideal 6 month and 

ideal 8 month amikacin group, and £31760 (2092) for the bedaquiline group (Table 2). The 

cost in the bedaquiline group was £30772 (1855) with a 10 % reduction and £27079 (1234) 

with a 33% reduction in in-patient stay. The findings are represented graphically in Figure 1. 

Figure 2 gives the expected difference in costs.  

 



DISCUSSION 

We show that treatment with bedaquiline is close to cost neutral with current pricing of 

bedaquiline compared to treatment with an injectable, especially if, as predicted, in-patient 

stays are reduced by 10-33% with use of bedaquiline. Even in a worst case scenario, without 

any reduction in hospital stay, total costs to the NHS of first line use of bedaquiline for MDR 

TB, as recommended by the WHO, would be extremely modest, at a mean expected per 

patient extra cost of £3519 with only around 50 patients per year in the UK expected.  

Furthermore, we may have underestimated the costs of amikacin usage, and have not 

performed a full cost-effectiveness analysis including quality of life assessment, or 

considered the ethical considerations of an inferior intravenous regimen with significant 

side effects.  Excluded costs include the cost of travel for OPAT administration and blood 

tests; staff time of TB nursing teams dealing with the complications of amikacin and its 

delivery; the morbidity and loss of earnings while needing a PICC line (particularly in those 

who are self-employed) and the cost to both the NHS and, most importantly, to the 

individual of significant and permanent hearing loss over the lifetime. Ototoxicity is 

estimated to be apparent in up to 61% of patients given prolonged amikacin and a 

significant proportion will require hearing replacement.[4] Furthermore, the hearing loss has 

an increased significance if we consider the ethical concept of reciprocity with regards to 

management for TB; all treatment has a dual purpose of treating the individual and 

protecting society.(11) With the duality in mind the infliction of hearing loss on an individual 

is even more questionable when there is an alternative.  

We have predicted that inpatient stays in the UK are likely to reduce due to the importance 

placed on sputum culture conversion in discharge decisions. Many patients in the UK are 

admitted until sputum is culture negative in line with NICE guidance.(12) Although, there is 

some anecdotal evidence that a reduction in admission is already happening we have to 

wait to see if this becomes reality of not. Furthermore, admission duration may reduce 

further for extra-pulmonary cases as many patients were admitted to facilitate intravenous 

access and the initiation of OPAT and this admission is no longer required. Another area 

where we need to wait for further information is the conclusive evidence from phase 3 trials 

of bedaquiline’s efficacy and safety, although the safety concerns from the phase 2 data has 

not been brought out in cohort and meta-analysis data. (3, 6) 



Another issue we have not included is the pricing of bedaquiline and the potential for a 

reduction in the drug cost of bedaquiline with the transfer of bedaquiline to first line in UK 

guidelines and through further advocacy at a global scale. Low income countries receive 

bedaquiline at $400 (USD) for a 6 month course through the Stop TB Partnership’s Global 

Drug Facility. However, this is still high and unaffordable for many countries when combined 

with all the other drugs required to make an effective regimen. Furthermore, researchers at 

Liverpool University and other advocates who have calculated that $1 (USD) per day would 

be a fairer price allowing drug companies to cover development costs while also recognising 

the huge public investment in the drug development. (13,14) 

In summary, our retrospective cost analysis supports the recent changes in UK guidelines 

recommending bedaquiline in line with WHO guidelines rather than using toxic injectable 

medications of questionable efficacy. Further advocacy is required to help bring the cost of 

bedaquiline down to a feasible price for all who require it. 

 

ACKNOWLEDGEMENTS, COMPETING INTERESTS, FUNDING 

The work was not funded, and undertaken in the author’s own time with no conflicts of 

interest or funding from pharmaceutical companies 

 

OMK is affiliated to the National Institute for Health Research Health Protection Research 

Unit (NIHR HPRU) in Respiratory Infections at Imperial College London in partnership with 

Public Health England (PHE). The views expressed are those of the author(s) and not 

necessarily those of the NHS, the NIHR, the Department of Health or Public Health England. 

GC and OMK are also supported by the NIHR Imperial BRC 

 

  



REFERENCES 

1. World Health Organisation. WHO Consolidated guidelines on drug-resistant 

tuberculosis treatment. Geneva, Switzerland; WHO, 2019. 

2. World Health Organisation. WHO treatment guidelines for drug-resistant 

tuberculosis, 2016 update. October 2016 revision. Geneva, Switzerland; WHO, 2016. 

3. Ahmad N, Ahuja SD, Akkerman OW, et al. Treatment correlates of successful 

outcomes in pulmonary multidrug-resistant tuberculosis: an individual patient data meta-

analysis. Lancet. 2018;392(10150):821-34. doi: 10.1016/S0140-6736(18)31644-1. 

4. Reuter A, Tisile P, von Delft D, et al. The devil we know: is the use of injectable 

agents for the treatment of MDR-TB justified? Int J Tuberc Lung Dis. 2017;21(11):1114-26. 

doi: 10.5588/ijtld.17.0468. 

5. Diacon AH, Pym A, Grobusch MP, et al. Multidrug-resistant tuberculosis and culture 

conversion with bedaquiline. N Engl J Med. 2014;371(8):723-32. doi: 

10.1056/NEJMoa1313865. 

6.  Schnippel K, Ndjeka N, Maartens G, et al. Effect of bedaquiline on mortality in South 

African patients with drug-resistant tuberculosis: a retrospective cohort study. Lancet Respir 

Med. 2018 July 9;6(9):699–706. doi: 10.1016/S2213-2600(18)30235-2. 

7. Specialised Commissioning Team, NHS England. Clinical Commissioning Policy 

Statement: Treatment for defined patients with MDR-TB and XDR-TB including bedaquiline 

and delamanid. NHS England Reference: 170132P. London; NHSE, July 2019. 

https://www.england.nhs.uk/commissioning/wp-

content/uploads/sites/12/2019/07/Clinical-Commissioning-Policy_Treatment-for-defined-

patients-with-MDR-TB-and-XDR-TB-including-bedaquiline-and-.pdf  (accessed August 2019) 

8. Arnold A, Cooke GS, Kon OM, et al. Drug resistant TB: UK multicentre study 

(DRUMS): Treatment, management and outcomes in London and West Midlands 2008-2014. 

J Infect. 2017 Mar;74(3):260-271 doi: 10.1016/j.jinf.2016.12.005. 

https://www.ncbi.nlm.nih.gov/pubmed/27998752


9.  Arnold A, Cooke GS, Kon OM, et al. Adverse Effects and Choice between the 

Injectable Agents Amikacin and Capreomycin in Multidrug-Resistant Tuberculosis. 

Antimicrob Agents Chemother. 2017;61(9). pii: e02586-16. DOI: 10.1128/AAC.02586-16 

10. TB Drug monographs  [Available from: 

http://www.tbdrugmonographs.co.uk/].(acessed 30 April 2019) 

11. Upshur RE. Principles for the justification of public health intervention. Can J Public 

Health. 2002;93(2):101-3. 

12.  National Institute for Health and Care Excellence. Tuberculosis; NICE Guideline (NG 

33). London: NICE; 2016. 

13.  Gotham D, Fortunak J, Pozniak A, et al. Estimated generic prices for novel treatments 

for drug-resistant tuberculosis. Journal of Antimicrobial Chemotherapy. 2017 April 1: 72(4): 

1243–1252. doi: https://doi.org/10.1093/jac/dkw522. 

14.   Treatment Action Group. The Price of bedaquiline. (available from: 

http://www.treatmentactiongroup.org/sites/default/files/reality_check_bedaquiline_10_16

_18.pdf ) (accessed Aug 2019) 

 

  

http://www.tbdrugmonographs.co.uk/
https://doi.org/10.1093/jac/dkw522
http://www.treatmentactiongroup.org/sites/default/files/reality_check_bedaquiline_10_16_18.pdf
http://www.treatmentactiongroup.org/sites/default/files/reality_check_bedaquiline_10_16_18.pdf


FIGURE LEGENDS 

Figure 1 

Costs for the observed and 6 month amikacin scenarios, versus bedaquiline, assuming 

either no reduction or a 10% or 33% reduction in in-patient stay with bedaquiline, 

compared to amikacin.  

 

Figure 2 

Posterior distribution strip plots of the difference in mean costs between amikacin and 

bedaquiline scenarios. The 95% CrI is indicated by the vertical marks and the median by 

the asterisks. 

  



 

Figure 1 

Costs for the observed (in DRUMS cohort) and recommended 6 month amikacin scenarios, versus 

bedaquiline, assuming either no reduction or a 10% or 33% reduction in in-patient stay with 

bedaquiline, compared to amikacin.  

 



 

Figure 2 

Posterior distribution strip plots of the difference in mean costs between amikacin and 

bedaquiline scenarios. The 95% CrI is indicated by the vertical marks and the median by the 

asterisks. 

 

 


