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prevent acquired drug resistance of
fluoroquinolones in the treatment of
tuberculosis

To the Editor:

The new short-course World Health Organization (WHO)-endorsed regimen for multidrug-resistant
(MDR) tuberculosis (TB) resistant to rifampicin and isoniazid gives hope for patients and care-givers.
However, there is still an unacceptable proportion of treatment failure and evidence of man-made acquired
drug resistance of fluoroquinolones during programmatic treatment of MDR-TB [1]. The appropriate use
of fluoroquinolones is crucial in MDR-TB treatment, perhaps even more so in the new WHO-endorsed
short-course MDR-TB regimen. Current shortcomings with inappropriate use of fluoroquinolones, such as
underdosing, need to be avoided in order to prevent failure of the new short-course regimen.

The high failure rates of MDR-TB patients may partly be due to a mismatch in drug exposure and bacterial
susceptibility [2]. In many settings, this mismatch is neglected, due to lack of awareness, laboratory capacity
or resources.

FALZON et al. [3] recently described the current problems with the fluoroquinolone use for MDR-TB and the
search for implementable measures. In addition, we would like to introduce therapeutic drug monitoring
(TDM) of fluoroquinolones as a potential strategy for optimising drug exposure of fluoroquinolones in daily
clinical practice.

Low drug exposure is commonly seen and may induce drug resistance and treatment failure. In addition
to adherence, pharmacokinetic between-patient variability is an important factor that influences drug exposure
[4, 5]. In a hollow-fibre model mimicking human drug concentrations, resistance to fluoroquinolones occurred
in 40% of cases when 400 mg moxifloxacin was used with Mycobacterium tuberculosis isolates with minimum
inhibitory concentrations (MICs) of 0.25 mg·L−1 [2]. This phenomenon has also been illustrated in a
prospective cohort of 832 patients, in which 12.1% of patients acquired fluoroquinolone resistance [1].

It is obvious that adequate drug concentrations in TB patients are needed to kill bacteria. For
moxifloxacin, a nine-fold variability in drug exposure was observed between patients receiving the same
dose [5], mainly due to between-patient variability in pharmacokinetic parameters. Measurement of actual
drug exposure is especially important in patients with comorbidities like HIV, type 2 diabetes or
conditions related to malabsorption [6]. Adequate drug concentrations can be ensured by TDM, enabling
dose adjustments guided by drug concentrations and MICs [7].

Drug resistance cannot simply be proven or rejected by testing one drug concentration; rather does the
level of drug resistance matter. Resistance in M. tuberculosis occurs through spontaneous mutations in the
genome, but different mutations give rise to different levels of resistance.

Detection of resistance has been simplified by rapid molecular testing and the use of customised
susceptibility plates to determine MICs. The most common mutations related to fluoroquinolone resistance
can rapidly be detected by line probe assay (LPA). Unlike phenotypic drug susceptibility testing, the MIC
will provide a level of resistance, rather than just identifying resistance. Simple methods such as MYCOTB™
and Sensititre™ TREK enable simultaneous MIC testing of multiple antibiotics. The MYCOTB™
method was particularly sensitive in detecting fluoroquinolone resistance (91–98%) in a recent study [8].
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Drug exposure should therefore be viewed in relation to the level of resistance of the bacteria, to ensure
efficacy. The area under the concentration time curve (AUC)/MIC for fluoroquinolones is a predictor of
clinical outcome, with suggested target levels of AUC/MIC of >100 [2, 9]. However, at MICs near the critical
breakpoint, the target AUC/MIC ratios are often not reached. Therefore, experts recommend TDM for MICs
⩾1 mg·L−1 of levofloxacin and ⩾0.25 mg·L−1 of moxifloxacin [5, 10].

If the AUC/MIC ratio justifies a dose increase, patient safety is important. Careful monitoring of ECGs
should be performed in patients receiving moxifloxacin with other risk factors of QT-prolongation, such
as hypokalaemia. Nevertheless, doses up to 800 mg moxifloxacin have been found safe in clinical trials.
The STREAM study will provide additional information about the safety of high dose fluoroquinolones.

Nowadays, TDM can be implemented, even in resource-limited settings. To minimise the number of blood
samples needed to evaluate drug exposure, limited sampling strategies have been developed. Collection of a
drop of blood on dried blood spot cards that are easily stored and transported enables TDM even in rural
settings [7]. If MICs are high, drug concentrations should be determined and vice versa, if drug
concentrations are low, an MIC will reveal if a sufficient AUC/MIC ratio is reached. Figure 1 provides a
suggested flow chart for clinical practice.

In conclusion, fluoroquinolones are at risk of acquired drug resistance despite multidrug regimens and good
adherence. An intervention is urgently needed, especially for the WHO recommended short course regimen.
TDM can be performed under programmatic conditions in various centres in the world and is no longer
limited to resource-rich settings [11]. Thus, TDM for fluoroquinolones in MDR-TB treatment could ensure
sufficient drug exposure, minimise further drug resistance development and improve treatment outcome.
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FIGURE 1 The implementation of therapeutic drug monitoring for fluoroquinolones. When multidrug-resistant
tuberculosis (MDR-TB) is diagnosed, further resistance, such as extensively drug-resistant tuberculosis
(XDR-TB), needs to be excluded. Line probe assays will provide fast results, but should be confirmed by
phenotypic drug susceptibility testing (DST). When XDR-TB excluded, a fluoroquinolone-containing treatment
regimen can be initiated. In order to avoid low drug concentrations, a minimum inhibitory concentration (MIC)
might be determined, simplified by MycoTB® or Sensititre TREK®. After two weeks of treatment, multiple drug
concentrations of fluoroquinolones can be measured using 2–3 blood samples and drug exposure estimated
by the area under the curve (AUC) versus time can be determined. The drug exposure should then be compared
with the MIC of the bacteria and dose adjusted if needed, with an optimal ratio of AUC/MIC >100.
PK: pharmacokinetics; PD: pharmacodynamics.
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From the authors:

Later-generation fluoroquinolones (moxifloxacin, gatifloxacin) are crucial to all treatment regimens in
current use for multidrug-resistant (MDR) tuberculosis (TB) (i.e. joint resistance to at least rifampicin and
isoniazid) [1]. Resistance to them is known to occur in different geographical settings [2]. L. Davies
Forsman and co-workers advocate for therapeutic drug monitoring (TDM) as a means to help keep blood
levels of fluoroquinolones within the ranges considered effective during MDR-TB treatment. They refer to
reports of substantial variability in fluoroquinolone pharmacokinetics between patients, which makes it
difficult to predict when sub-therapeutic levels occur, and could thus predispose to treatment failure and
to the emergence of resistant strains. The authors maintain that TDM employing a dried blood spot
technique and newer microbroth dilution plate-based methods to test for minimum inhibitory
concentration (MICs) now make it possible for clinicians in low-resource settings to ensure that
therapeutic levels of fluoroquinolones can be achieved during treatment.

While this reasoning is mainstream and logical and has already been expressed in other articles featured in this
journal [3], a number of uncertainties stand in the way of wide recommendations for their use. The correlation
between tissue concentration of fluoroquinolones and clinical outcomes is still based on small numbers of
observations of patients on treatment. The rapid tests for MIC to multiple antimicrobials cited by the authors
still require validation. The feasibility of implementing these tests and TDM under routine programmatic
practice still needs to be shown, especially in high TB burden and resource-constrained contexts.
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Regardless of this, no effort should be spared to forestall the development of resistance to fluoroquinolones
during treatment, a known correlate with poorer patient outcomes [4]. Only about one half of MDR-TB
patients worldwide are known to complete their treatment successfully [5]. While about 580000 new patients
requiring MDR-TB treatment are estimated to emerge each year, only about 125000 patients were reported
to have been started on second-line TB treatment in 2015. Since 2016, the World Health Organization
(WHO) recommends a shorter MDR-TB regimen with a composition and dosing schedule identical to that
used in a randomised controlled trial, including high-dose moxifloxacin [1, 6–8]. This shorter regimen is
expected to facilitate the expansion of treatment to more patients and to improve outcomes in those who are
eligible. Prior exposure or confirmed resistance to fluoroquinolones, which could favour the acquisition of
additional drug-resistance, is among the contraindications to this regimen. Clinical monitoring for response
to treatment and for potential harms related to medication (e.g. electrocardiography, serum potassium) is
recommended in patients on any novel regimen [9]. Well conducted operational research using observational
cohorts could be valuable if blinded randomised controlled trials do not materialise in future. Considerations
on whether or when to add TDM to tests generally advised in MDR-TB patients will be discussed at a
technical consultation being convened by WHO in April 2017, which will look at critical concentrations and
pharmacokinetics/pharmacodynamics of TB medicines.
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