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In clinical trial settings the standard 6-month regimen for drug-sensitive pulmonary tuberculosis (TB) 

can achieve relapse-free cure in >95% of people. However, poor adherence may increase the risk of 

relapse and lead to acquired drug resistance. Shortening TB treatment duration has become a major 

priority for the global TB control programme with potential patient benefits and reduction of selection 

pressures that lead to spread of new drug-resistant strains.(1)  

 

Attempts to use shorter courses of standard regimen drugs have not been successful except in smear 

negative disease;(2, 3) and recent research has focused on fluoroquinolones, currently used within 

regimens for drug-resistant TB.  A Cochrane review of five studies evaluating fluoroquinolone-

containing six month regimens to treat drug sensitive disease concluded that the available evidence 

was of low quality, with the only consistently reported clinical outcome being all-cause mortality.(4) 

However, data from mouse models and phase 2 trials suggested use of fluoroquinolones may permit 

shortening of treatment for drug sensitive-TB from six to four months.(5) This has now been 

evaluated in humans through four large phase 3 randomised controlled trials. Despite 

fluoroquinolone-containing regimens leading to greater culture negativity rates at 2 months, this did 

not translate into improved clinical outcomes when treatment was shortened. 

 

The RIFAQUIN,(6) OFLOTUB(7) and REMoxTB(8) trials have benefitted from larger patient 

numbers, over 18 months follow-up and robust methodology (such as the ability to differentiate 

relapse from reinfection due to strain typing). A trial run by the Indian National Institute for Research 

in Tuberculosis (NIRT) was discontinued early on account of unacceptable relapse rates (Figure 1).(9) 

The non-inferior result of the RIFAQUIN 6-month arm in which high dose rifapentine and 

moxifloxacin were given once weekly in the continuation phase appears consistent with findings from 

previous 6-month trials of fluoroquinolones suggesting that they are broadly equivalent to the 

standard regimen.  

 

Apart from the RIFAQUN 6-month once-weekly regimen which could be useful in certain settings, it 

is clearly disappointing that despite these large trials, which have each cost several million dollars and 

lasted up to 10 years, we still remain with the same 1970s 6-month regimen. As fluoroquinolones 

alone do not seem to allow treatment shortening, it is important to determine which other of the new 

drugs currently in development might be successful and how the process of evaluation in clinical trials 

can be sped up.  

 

Stratified treatment 

 

Ideally a treatment regimen would be given to all patients but this may mean that the majority of cases 

receive unnecessarily prolonged treatment. An alternative approach would be to revisit stratification 

of cases to select those who may be suitable for shortened therapy. A four month regimen using 

rifampicin, isoniazid, pyrazinamide and ethambutol was shown to be effective treatment for smear 

negative disease in Hong Kong in the 1980s.(3) The majority of recent trials have focused exclusively 

on sputum smear positive disease. With the advent of molecular diagnostics, and the scaling up of 

active case finding, it may now be possible to define a group of patients who might benefit from 

shortened therapy.  

 

Other simple markers of severity could include smoking, HIV infection and chest radiographic 

cavitation. Shortening treatment in patients with cavitation who also had negative cultures after 8 

weeks has been shown to be associated with higher relapse rates, although the modest increase may be 

acceptable for a shorter regimen.(2, 10, 11) Stratified analysis of data from the recent 4-month 

fluoroquinolone trials may provide further evidence to support this hypothesis. Stratification could 

also be made possible through development of an effective biomarker for disease burden and/or 

response to treatment such as the semi quantitative outputs from GeneXpert or the Molecular 

Bacterial Load (MBL) assay, levels of which have been shown to be associated with relapse 

probability and changes in bacilliary load on liquid and solid culture over the first 14 days of 

treatment.(12)  

 



The role of multi-arm multi-stage trials 

 

Previous attempts to investigate new treatment combinations involved initial animal work and early 

phase human studies before progressing to large randomised controlled trials of one or two regimens. 

The new results discussed above demonstrate that: (1) the present mouse model of human TB does 

not fully represent the course of human infection and (2) 8-week culture conversion is not a 

completely reliable marker of the later course of human infection, potentially due to bacterial 

persisters. Using such models may inadvertently mean that effective agents are screened out, thereby 

increasing the chances of failed phase III trials.  

 

A potential solution may be to accelerate clinical trials including safety analyses of new drugs and 

assessment of combinations in human trials to evaluate efficacy as soon as possible. The multi-arm 

multi-stage (MAMS) design identifies the best regimen through parallel evaluation of a number of 

different regimens, with sequential interim analyses designed to stop recruitment to arms unlikely to 

be sufficiently effective.(13) Examples of currently ongoing and planned trials evaluating new drugs 

include PanACEA MAMS-TB (ClinicalTrials.gov NCT01785186), and TRUNCATE-TB. PanACEA 

MAMS-TB is a phase IIb study evaluating combinations of high-dose rifampicin, moxifloxacin, and 

the new drug SQ109 for DS-TB in four trial arms. This approach has allowed two arms with SQ109 to 

be dropped after the first interim analysis. The TRUNCATE-TB phase II/III trial with a MAMS 

design plans to evaluate a number of novel combination regimens with recruitment starting in 2015. 

Even where a classical MAMS design is not possible, multiple arms as currently planned for the 

STREAM trial, evaluating shorter multidrug resistant TB regimens including higher doses of 

moxifloxacin, would increase efficiency.  

 

Given the disappointing results of the recent 4-month fluoroquinolone trials, it is imperative that the 

lessons learnt are combined with the well-established clinical trial infrastructure built up to accelerate 

the next phase of efforts to improve TB treatment. Novel approaches to trial design, use of recently 

developed drugs and revisiting patient stratification may lead to shorter TB therapy. 
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Figure legend: Effect of quinolone-containing regimens compared to standard treatment assessed by 

modified intention-to-treat analysis. Unfavourable outcome at 18 months post-randomisation follows 

trial-specific definitions which were broadly similar (include treatment failure and relapse). 

Unfavourable outcome at 18 months was not the primary endpoint for OFLOTUB but plotted here for 

comparison with RIFAQUIN and REMoxTB. Outcome for NIRT study was recurrence of TB 24 

months post-randomisation in those with a favourable response at the end of treatment. All trials used 

a 6% margin of non-inferiority (dotted line) apart from the NIRT study which used a 5% margin. 95% 

confidence intervals are shown. High-dose rifapentine was given with moxifloxacin in the 

continuation phase in the RIFAQUIN study. REMoxTB EMB = isoniazid replaced with moxifloxacin, 

REMoxTB INH = ethambutol replaced with moxifloxacin. 
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