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a b s t r a c t
The 2018 World Health Organization (WHO) treatment guidelines for multidrug-/rifampicin-resistant tuberculosis (MDR/RR-TB) give preference to all-oral long regimens lasting for 18–20 months. The guidelines
strongly recommend combining bedaquiline, levoﬂoxacin (or moxiﬂoxacin) and linezolid, supplemented
by cycloserine and/or clofazimine. The effectiveness of this combination in a long regimen has not been
tested in any study to date, with corresponding uncertainty. The guidelines indicate that, ideally, all MDRTB patients should have – as a minimum – the isolate tested for ﬂuoroquinolones, bedaquiline and linezolid susceptibility before the start of treatment. Unfortunately, the capacity for drug susceptibility testing
is insuﬃcient in resource-limited settings. The risk of acquired bedaquiline resistance cannot be ignored,
especially in patients with undetected resistance to ﬂuoroquinolones. Both linezolid and cycloserine are
known for their high frequency of serious adverse events. The combination of bedaquiline, moxiﬂoxacin
and clofazimine in the same regimen may excessively increase the QT interval. These expected adverse
effects are diﬃcult to monitor and manage in resource-limited settings, and may result in frequent modiﬁcations and a less effective regimen. The ﬁnal STREAM results have conﬁrmed the non-inferiority of the
short regimen compared with the long regimen. Before evidence on the all-oral long and modiﬁed all-oral
short treatment regimens is available, the WHO-recommended short MDR-TB regimens, with monitoring
for ototoxicity, remain a better treatment option for the management of MDR/RR-TB patients who are eligible for short regimens in low- and middle-income countries. National tuberculosis programmes should
also strengthen their capacity in the detection and management of ﬂuoroquinolone-resistant MDR-TB following the WHO guidelines.
© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

The 2018 World Health Organization (WHO) treatment guidelines for multidrug-/rifampicin-resistant tuberculosis (MDR/RR-TB)
give preference to all-oral long regimens lasting for 18–20 months.
Injectable agents are no longer among the priority medicines. The
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guidelines recommend that long MDR-TB regimens should include
at least four agents likely to be effective in the ﬁrst 6 months,
and three agents thereafter. The guidelines strongly recommend
the use of bedaquiline, levoﬂoxacin (or moxiﬂoxacin) and linezolid,
supplemented by cycloserine and/or clofazimine [1].
The recommendations on long MDR-TB regimens were informed by a meta-analysis using data from patients with pulmonary MDR-TB [2]. Individual drugs identiﬁed by the metaanalysis as most effective are recommended to constitute the
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backbone of the long regimens [1]. Taking patient history and drug
susceptibility testing (DST) results into account, a regimen may
be standardized or individualized. In addition to rapid molecular
DST for rifampicin, isoniazid and ﬂuoroquinolones, national programmes are recommended for countries with a high MDR/RR-TB
burden to develop the capacity to conduct phenotypic DST for – at
least – bedaquiline and linezolid. Patient-centred support for medication adherence and active drug safety monitoring and management are emphasized [3,4].
The WHO guidelines indicate that a regimen of 9–12 months
may be used instead of a long regimen in MDR/RR-TB patients
who have not been treated for more than 1 month with secondline medicines used in the short MDR-TB regimen, or in whom resistance to ﬂuoroquinolones and second-line injectable agents has
been excluded. The short regimen applied in stage I of the STREAM
trial consisted of moxiﬂoxacin, ethambutol, clofazimine and pyrazinamide throughout, supplemented by isoniazid, kanamycin and
prothionamide in the intensive phase [5]. The WHO guidelines recommend amikacin instead of kanamycin, and warn that short regimens may be less effective than long regimens. Operational studies on modiﬁed short regimens with bedaquiline replacing the injectable are encouraged [1].
This paper reviews the evidence base for the new WHO guidelines and highlights important challenges in the use of long MDRTB regimens [6]. It is proposed that short MDR-TB regimens, especially if gatiﬂoxacin-based [7], are – unlike the proposed all-oral
long regimens – evidence-based safe and effective options for the
management of MDR/RR-TB in resource-limited settings.
1. Uncertain effectiveness of long regimens
This updated WHO recommendation [1] signiﬁes a dramatic
change from previous recommendations published in 2011 and
2016, which emphasized the use of injectable agents for 8 months
[8,9]. The composition of the long regimen relies on the anticipated effectiveness of individual drugs under the assumption that
the combined use of suﬃciently effective medicines would maximize the likelihood of relapse-free cure. However, the effectiveness
of the proposed combination of these individual drugs in a long
regimen has not been tested in any study to date, and therefore
remains hypothetical. Neither the speciﬁc bactericidal and sterilizing activity of drugs nor their toxicities seem to have been taken
into account suﬃciently to build an effective, safe and easy-to-use
regimen [6]. Thus, implementation of the recommendation remains
dependent on MDR-TB specialists.
While the eﬃcacy of ﬂuoroquinolones, bedaquiline and linezolid has been reported previously, it is diﬃcult to conceive how
cycloserine could emerge as a highly effective drug at the usual
low dose. High activity was shown with high, probably too toxic,
dosing alone [10], or as part of a regimen also including pyrazinamide and prothionamide [11]. Its DST has always failed to yield
consistent interlaboratory results, a characteristic of any weak drug
(e.g. ethambutol) [12]. Given their uncertain effectiveness, potential toxicity and long treatment duration, the newly recommended
long regimen may not be able to considerably improve treatment
outcomes of patients with MDR/RR-TB in resource-limited settings.
2. One or two core drugs
The new long WHO regimen uses two core drugs in a single regimen: a newer generation ﬂuoroquinolone plus bedaquiline
[1]. Besides rifampicin, these are likely to be the only two antiTB drugs currently known to have both the necessary high bactericidal and sterilizing power to drive the effectiveness of a TB
treatment regimen [6]. The use of two core drugs in one regimen
may result in a considerable level of treatment success. However,

like any treatment regimen, it cannot be successful in every patient. Acquired resistance to bedaquiline may develop, particularly
in patients with undetected resistance to ﬂuoroquinolones. The
WHO guidelines indicate that, ideally, all MDR-TB patients should
have – as a minimum – the isolate tested for ﬂuoroquinolone susceptibility before the start of treatment, but they also acknowledge that capacity for DST may be lacking [1]. Given that DST
capacity in resource-limited settings is insuﬃcient and resistance
to ﬂuoroquinolones may not be detected, the risk of acquired bedaquiline resistance in ﬂuoroquinolone-resistant pre-extensivelydrug-resistant TB cannot be ignored. Indeed, high proportions of
acquired bedaquiline and linezolid resistance were observed in patients treated with the combination (group A drugs plus cycloserine) that is now recommended [13].
3. Toxicity of the new long WHO regimen
The main role of the companion drugs is to protect the core
drug from acquiring resistance and to help minimize the risk of relapse [14]. The choice of companion drugs must also take toxicity
into account [6]. Both linezolid and cycloserine are known for their
high frequency of serious adverse events: myelosuppression and
neuropathy for linezolid; and psychiatric and other central nervous system adverse events for cycloserine, at times fatal [15–17].
Moreover, the combination of bedaquiline, moxiﬂoxacin and clofazimine in one regimen may excessively increase the QT interval
[18]. Therefore, implementation of active drug safety monitoring
and management is crucial, which is not an easy task in low- and
middle-income countries. These expected adverse effects will unavoidably lead to treatment interruptions – periods during which
patients will essentially receive bedaquiline monotherapy, given its
long half-life. This carries the risk of acquisition of bedaquiline resistance. Clinicians will have to individualize the regimen and replace the culprit by another ‘likely active’ drug. However, lessons
from the past show that programmatic outcomes are poor when
‘likely effective’ drugs are ‘lumped’ together to constitute an individualized long MDR-TB treatment regimen [19]. Modiﬁed regimens may lack either bactericidal or sterilizing power, and allow
the acquisition of resistance to the core drug used. Consequently,
the anticipated effectiveness of the currently proposed new long
WHO regimen may be considerably reduced.
4. The role of injectables
The complete retraction of injectables because of ototoxicity
requires careful reconsideration. Normal hearing is critical to the
quality of life, and any impairment undermines it considerably.
Inherited mitochondrial DNA mutations may cause increased susceptibility to aminoglycoside-induced hearing loss. Although these
mutations are rare [20,21], severe hearing impairment has been reported to occur among patients treated for MDR-TB with injectable
drugs, especially among the elderly and patients infected with human immunodeﬁciency virus [22–24]. However, nowadays, the cumulative amount of injectables taken, which is strongly correlated
with ototoxicity [25,26], is considerably reduced. Following the
roll-out of Xpert MTB/RIF, resistance to rifampicin is rapidly identiﬁable [27], especially among patients who have been treated previously for TB who otherwise would have received a streptomycinstrengthened retreatment regimen [28]. The frequency of secondline-injectable-induced severe hearing impairment will be reduced
further once that particular regimen has been phased out [28].
The risk of hearing impairment can be mitigated considerably by careful audiologic monitoring and adapted duration of injectable agents. Hearing impairment caused by injectable agents
usually begins with hearing loss conﬁned to the high frequencies
due to hair cell damage in the lower basal turn of the cochlea [29].
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Audiologic monitoring for ototoxicity may detect early changes in
the hearing threshold, and therefore allow the injectable agents to
be stopped before progression to damage in the lower frequencies of the human speech range. Patients with baseline hearing
loss or who experience mild ototoxicity during treatment may be
switched to modiﬁed short treatment regimens, replacing the injectable with new or repurposed drugs. Several types of screening
audiometers that do not need a sound-proofed room are available
[30]. Ototoxicity seems to be more manageable than bone marrow,
neuro- and cardiotoxicity in patients treated with the new long
WHO regimen in resource-limited settings.
The meta-analysis on which the 2011 WHO guidelines were
based showed that outcomes improved with the use of injectables
up to 8 months [19]. The 2018 meta-analysis assessed factors associated with treatment success and mortality, and reported that
kanamycin and capreomycin were not associated with positive outcomes [2]. While injectables are unlikely to cure TB, their bactericidal activity against actively dividing bacilli makes them more
effective than other mainly bacteriostatic companion drugs [31]:
they allow eradication of mutants resistant to the core drug, and
thus play an important role in assisting the prevention of failure
due to acquired resistance. It is regrettable that the meta-analysis
did not assess prevention of resistance acquisition to judge the activity and potential role of the injectables [2].
Amikacin might be more eﬃcacious than other second-line injectables [32], but it is also known for its painful injections that
may lead to refusal by the patient. Nearly all of the cohorts that
used amikacin included in the meta-analysis were from aﬄuent
countries, where the drug is commonly given intravenously. The
meta-analysis revealed that kanamycin was not associated with
worse outcomes within low- or middle-income countries [2]. Furthermore, Cegielski et al., assessing acquired resistance to ﬂuoroquinolones during treatment of MDR-TB in nine countries, reported that resistance to kanamycin mattered. Acquired resistance
to ﬂuoroquinolones occurred in 37% of patients with baseline resistance to kanamycin, compared with 6% of patients without baseline resistance to kanamycin [33]. Kanamycin administered at an
increased dose three times per week is likely to be equally effective but less toxic than the normal daily dose [34,35].
5. Short regimen is non-inferior under clinical trial conditions
The WHO guidelines make the short regimen optional (leaving
the choice to the individual patient and physician), and questionably present it as a less effective treatment compared with the
long regimen [2].
Although some deﬁnitions of unfavourable treatment outcomes
may have favoured the long regimen [5], the ﬁnal STREAM analysis has conﬁrmed the non-inferiority of the short regimen compared with the long regimen [36], rendering the statement ‘the
short regimen is less effective than an individualized long regimen’ unfounded. In the STREAM trial, the post-treatment followup period for patients treated with the short regimen was almost
twice as long compared with that for the long regimen, and therefore provides a longer period during which relapse can be notiﬁed and absconding may occur. Furthermore, extension of treatment is an unfavourable outcome that is more likely to occur in
patients on a short regimen than after an exhaustingly long regimen. A surprising ﬁnding of the STREAM trial was the excellent
performance of the long regimen, contrary to the expectations of
the investigators who had calculated the required sample size on
the basis of globally reported average outcome proportions [5,19].
Nevertheless, the difference using a modiﬁed intention-to-treat efﬁcacy endpoint was only 1% in favour of the long regimen (not
statistically signiﬁcant). Furthermore, in the per-protocol analysis,
the difference was slightly in favour of the short regimen [36].
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6. Clinical trial vs real life
The main reason for the better-than-expected performance of
the long regimen in the STREAM trial probably lies in the experimentally controlled and thus artiﬁcial setting of a clinical trial
providing tight control of follow-up and support above what will
be available in a real-life programme setting, where many patients
with gross irregularity would usually never return and could not
be retrieved by staff. It has long been known that the power of
a regimen that is not suﬃciently sturdy may be lost during implementation. For instance, the old WHO standard 12-month isoniazid, thioacetazone and streptomycin regimen was shown to cure
92% of patients in a clinical trial [37], yet was associated with excessive loss-to-follow-up, failure, relapse and acquired resistance
when implemented in programmes all over the world [14,38], very
similar to what is reported for the long MDR regimen [39]. In contrast, the STREAM trial has conﬁrmed the high success of the short
regimen reported from the ﬁeld, as shown by its results falling
very close to the estimates used for the sample size calculation
[5].
7. Limitations of the long–short comparative meta-analysis
Apart from data from the STREAM trial, the meta-analysis used
to inform the new WHO guidelines was based on data from a large
number of observational cohorts. Sophisticated statistical methods were applied to compare outcomes of short vs long regimens
[1]. However, nearly all patients treated with the short regimen
came from low- or middle-income settings, whereas most of those
treated with the long regimen came from high–midle-income and
high-income countries. Data from patients treated with a short
regimen were retrieved from 15 countries, and represented the reality of most MDR-TB patients treated with the short regimen in
a country or a region, whereas cohorts of patients treated with
the long regimen were almost all from centres of excellence in 39
countries where access to laboratory tests, drug supply and supportive clinical care meet much higher standards than those in
low-income settings [1]. In the face of these striking differences
between the two study populations, it is diﬃcult to assume that
the calculated difference in the probability of treatment success
between the two groups is generalizable to real-life MDR-TB programmes in high-burden settings.
Loss to follow-up from treatment was the only signiﬁcantly different outcome in the meta-analysis, and was clearly lower for the
short regimen [odds ratio (OR) 0.2, 95% conﬁdence interval (CI)
0.2–0.3] [1]. For years, a relatively high proportion of patients lost
to follow-up has been reported as one of the main challenges in
the management of MDR/RR-TB [39]. Nevertheless, the long regimen was recommended because of a non-signiﬁcant higher risk of
failure/relapse with the short regimen (OR 2.0, 95% CI 0.96–4.00)
[1]. In aﬄuent countries, long regimens are invariably individualized and failure is not declared early at a pre-deﬁned time, as for
the short regimen. In some studies, failure may rarely be declared,
as clinicians modify regimens until treatment outcome becomes
cure, death or default. The risk of failure/relapse with the long regimen may therefore have been underestimated in the studies compared.
8. Challenges in resource-limited settings
In high-income settings, an individualized treatment regimen
can be most effective because it can be applied under ideal conditions [40]. This will rarely be the case in low-income countries.
The composition of the new long WHO regimen will need to ﬁt
many preconditions and will require adaption to frequent – and often serious – adverse events, so ‘standardized regimen’ may lose its
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meaning. The recommended long regimen, with which not a single
patient has been reported to have been treated to date, is likely to
cause more serious adverse events than the one it is intended to
replace. This may very well result in a lower-than-expected level
of effectiveness. The conditions for its use are too complex to be
met in low- and middle-income countries, where it may not be
any better than the currently used long regimens with a reported
success rate of 55% [39]. This would be disastrous because of the
introduction of resistance to not one but two core drugs, leaving
almost no further treatment options in resource-limited settings.
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9. Short regimen for high-burden countries
The underlying thrust in the development of the short regimen
was to provide countries with a high burden of RR-TB with a regimen that is effective for most patients, and easy to use despite limited resources [41]. This allows fast and complete coverage of the
population and ensures long-term sustainability. Unfortunately, the
current guidelines indicate that the short regimen should not be
used if there is conﬁrmed resistance or suspected ineffectiveness to
any medicine used in the short MDR-TB regimen (apart from isoniazid), complicating its use considerably. This recommendation was
not based on the evidence generated by the original studies [1,42].
Furthermore, the recommendation to switch from kanamycin to
amikacin in the short regimen is based on a meta-analysis that
only considered patients on the long regimen and only one aspect of activity of injectable agents. Combined with a powerful
core drug (i.e. high-dose gatiﬂoxacin), maximum protection against
acquired resistance may have been achieved already by kanamycin,
and cannot be improved upon by a switch to amikacin [14].
Although the moxiﬂoxacin-based short regimen was noninferior to the long regimen, a gatiﬂoxacin-based short regimen
would likely perform even better. The frequency of failure, relapse and acquired ﬂuoroquinolone resistance of a moxiﬂoxacinbased short regimen is higher than with a gatiﬂoxacin-based regimen [22,43,44]. To improve the short regimen, it will be crucial to re-introduce high-dose gatiﬂoxacin as the ﬂuoroquinolone
of choice for the suppression of often undetected heteroresistance
[45] and low-level ﬂuoroquinolone-resistant mutants [46]. Reserving bedaquiline as a replacement for gatiﬂoxacin in the short regimen, based on rapid DST at the start of treatment, will assure
successful outcomes for patients with ﬂuoroquinolone-resistant TB
and will support prolonged usability of both gatiﬂoxacin and bedaquiline as core drugs.
In conclusion, a combination of eﬃcacious drugs derived from
an analysis of individual drugs instead of the combination of these
drugs in a regimen may not necessarily result in high treatment
success of an MDR-TB treatment regimen [14]. Studies to assess
the effectiveness of the recommended long regimens in resourcelimited settings are needed urgently. Given the inclusion of toxic
companion drugs for a prolonged treatment period in combination with two core drugs, the performance of long MDR-TB regimens remains uncertain. Before evidence on the all-oral long and
modiﬁed all-oral short treatment regimens is available, the WHOrecommended short MDR-TB regimens, with monitoring for ototoxicity and early switch to new or repurposed drugs, remain a
better treatment option for the management of MDR/RR-TB patients who are eligible for short regimens in low- and middleincome countries. National tuberculosis programmes should also
strengthen their capacity in the detection and management of
ﬂuoroquinolone-resistant MDR-TB following the WHO guidelines.
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