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For three decades, drug-resistant tuberculosis (TB) has posed grave challenges to patients, 

communities and global TB control efforts. Treatment of multidrug-resistant (MDR)-TB (i.e. 

TB resistant to at least isoniazid and rifampicin) and extensively drug-resistant (XDR)-TB 

(i.e. MDR-TB with additional resistance to fluoroquinolones and second-line injectable TB 

drugs) has relied on medications that are less potent and more toxic than first-line TB 

therapy. Consequently, drug-resistant TB treatment takes 2 years to complete and has been 

associated with frequent and severe side-effects. Treatment outcomes remain abysmal 

despite this prolonged therapy, with only 54% of MDR-TB patients and 30% of XDR-TB 

patients achieving cure [1]. When considering the full cascade of individuals estimated to 

have drug-resistant TB, only 12% of MDR-TB and 6.8% of XDR-TB patients are cured 

(figure 1).

One of the most effective drugs used for drug-resistant TB treatment is a medication class 

that must be given by injection for the first 6–8 months (i.e. kanamycin, amikacin and 

capreomycin) [2]. Health systems have struggled to create appropriate treatment 

programmes that can provide daily injections, often subjecting patients to prolonged 

hospitalisations for the duration of injectable therapy. These drugs are also associated with 

permanent hearing loss, leaving countless individuals worldwide profoundly impaired or 

deaf [3]. Other common severe adverse events from drug-resistant TB treatment include 

hypothyroidism, renal impairment and gastrointestinal intolerance [4, 5]. From a patient 

perspective, this is further compounded by psychosocial, financial and personal hardships 

from the prolonged and toxic treatment course [6, 7].
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There have been several key innovations in recent years that, together, have brought us to a 

tipping point in revolutionising the care of patients with MDR- and XDR-TB. In 2012, 

bedaquiline, the first new TB medication in more than 40 years, was approved by the US 

Food and Drug Administration (FDA) following successful treatment of MDR-TB patients 

in a phase 2B study [8]. Approximately 6 months later, delamanid, in yet another new drug 

class, was approved by the European Medicines Agency [9]. Linezolid (developed to treat 

resistant Gram-positive bacterial infections in the 1990s) was shown to have efficacy against 

TB, while clofazimine, a medication used for decades to treat leprosy, was found to have 

more activity against TB than previously thought [10, 11]. Another major innovation came 

in 2010 from observational data among MDR-TB patients in Bangladesh, where clinician-

scientists found that using a new combination of medications could reduce MDR-TB 

treatment duration from 18–24 months to 9 months, while maintaining similar cure rates 

[12].

Despite these advances, various concerns have slowed the adoption of new medications and 

regimens into clinical practice and public health programmes. In the initial trial, bedaquiline 

was associated with a higher number of unexplained deaths compared with placebo. These 

deaths, along with the risk of QT-interval prolongation from bedaquiline, resulted in a black 

box warning by the FDA. Delamanid and a few other medications used for drug-resistant TB 

also prolong the QT-interval; this has both discouraged use of bedaquiline and delamanid, as 

well as creating reservations about combining them together or with other effective drugs, 

such as moxifloxacin. Additional barriers for uptake of bedaquiline and delamanid include 

high cost and slow progress in registering these medicines in high-burden countries. 

Consequently, roll-out has been sluggish and only a small fraction (<5%) of patients in need 

of these drugs have actually received them [13]. Similarly, uptake of the short-course (i.e. 9-

month) regimen was initially slow for a number of reasons. Because the regimen was 

discovered in an observational and operational nature without a comparator arm, there were 

concerns that it may not be effective in a diversity of settings, patient populations or 

Mycobacterium tuberculosis strains [14].

Recent data from cohorts worldwide, however, provide substantial evidence that we can 

move beyond these concerns. Although each study or report in isolation may not be 

considered definitive, the breadth of the collective experience speaks to the effectiveness and 

safety of these new drugs and regimens. In early 2017, a presentation at the Conference on 

Retroviruses and Opportunistic Infections indicated the tide was turning [15]. The Global 

Alliance for TB Drug Development reported the preliminary findings of the Nix TB study, a 

clinical trial evaluating a novel regimen of bedaquiline, linezolid and pretomanid (an 

experimental drug in the same class as delamanid) lasting only 6–9 months for the treatment 

of XDR-TB (in contrast to the recommended 24 months). Despite the high degree of drug 

resistance, investigators found that 36 (90%) out of 40 participants who completed this 6-

month regimen converted their TB cultures from positive to negative. Moreover, among the 

31 patients who completed 6 months of post-treatment follow-up, 29 (94%) remained cured 

and relapse free. This groundbreaking study demonstrated that even the most resistant forms 

of TB can be cured in a dramatically shorter time using a regimen containing new TB drugs. 

There have also been numerous reports of treatment using combinations of bedaquiline, 

linezolid, delamanid and clofazimine added to traditional drug-resistant TB medications, 
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providing data from thousands of patients [16–23]. Patients with pre-XDR-TB (MDR-TB 

plus resistance to either the fluoroquinolones or injectables, but not both) and XDR-TB 

whose previous hope of cure was <50% now have reported cure rates in excess of 60–80% 

from multiple settings [18].

Concerns regarding the safety of these medicines, whether using bedaquiline or delamanid 

individually or in combination with other QT-prolonging medicines, have also been allayed 

as global experience with their use increases [24]. Although mild and moderate adverse 

events remain common, few additional severe adverse events have been seen when these 

drugs are added to the existing background regimens [17, 20, 25]. Severe prolongation of the 

QT-interval also remains uncommon; even when it occurs, it appears to be reversible with 

cessation of therapy [19, 24, 25]. While the majority of these data are from use of 

bedaquiline or delamanid alone (with a standard MDR-TB regimen), early data on combined 

use of these drugs has shown co-treatment to be safe and well-tolerated, especially when 

compared to other MDR/XDR-TB regimens [26]. Furthermore, the mortality benefit gained 

from effectively treating MDR-, pre-XDR- and XDR-TB seems to outweigh the risk of 

death noted in the original trial [27].

Another breakthrough came in October 2017 when scientists at the Union World Conference 

on Lung Health reported phase 3 data from a randomised trial evaluating the shorter regimen 

for MDR-TB treatment. The STREAM (Standardised Treatment Regimen of Anti-

tuberculosis Drugs for Patients with MDR-TB) trial was conducted in four countries and 

compared a modified short-course MDR-regimen to the standard 24-month World Health 

Organization (WHO) regimen [28]. The trial demonstrated high rates of cure (78.1%) in the 

9-month study arm. Although the trial did not demonstrate noninferiority compared to the 

24-month regimen, this was due in part to a surprisingly high rate of favourable outcomes 

(80.6%) in the control arm. Moreover, the shorter regimen costs less and fewer participants 

in that arm were lost to follow-up, suggesting it may be preferred by TB programmes and 

patients. These trial data bolster favourable effectiveness data from several observational 

studies comparing the 9-month treatment regimen to the conventional 24-month regimen 

[29]. Indeed, the WHO, which had previously endorsed the use of shorter regimens based on 

the observational studies, reaffirmed its recommendation following release of the STREAM 

trial data [30].

It has been just over a decade since the first report of XDR-TB galvanised the global TB 

community in their efforts to improve diagnosis and treatment of drug-resistant TB. 2017 

and 2018 mark a turning point in this fight. With the breadth of data now available, it is time 

to implement these innovations for treating MDR- and XDR-TB. The WHO has been bold 

in creating guidelines encouraging the use of bedaquiline, delamanid and the 9-month 

shortened MDR-TB regimen [2]. Given the existing evidence, it is important that national 

drug-resistant TB treatment programmes now consider implementation of the 9-month 

regimen for patients with MDR-TB who have not been previously treated with second-line 

TB drugs, and in whom resistance fluoroquinolones and second-line injectable agents has 

been ruled out. The shortened regimen represents a critical step forward to minimise 

hardships of MDR-TB treatment for patients and programmes, while maintaining excellent 

cure rates. For patients with pre-XDR-TB and XDR-TB, inclusion of some combination of 
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bedaquiline, linezolid, delamanid and clofazimine, in addition to any remaining effective, 

traditional second-line drugs improves cure rates. Further data from clinical trials is 

forthcoming but given the evidence already available, no time should be lost in combating 

these deadly diseases. The tools are in our hands, and it is now up to the global TB 

community, including funders and policy makers, to get these drugs to the patients that need 

them.
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FIGURE 1. 
Treatment cascade. a) 12% of estimated multidrug-resistant (MDR) or rifampicin-resistant 

(RR) tuberculosis (TB) cases and b) 6.8% of estimated extensively drug-resistant (XDR)-TB 

cases are diagnosed, initiated on appropriate treatment and cured of their drug-resistant TB 

disease. Data from [1].
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