
 

 

 University of Groningen

End TB with precision treatment!
van der Burgt, Evelien P. M.; Sturkenboom, Marieke G. G.; Bolhuis, Mathieu S.; Akkerman,
Onno W.; Kosterink, Jos G. W.; de Lange, Wiel C. M.; Cobelens, Frank G. J.; van der Werf,
Tjip S.; Alffenaar, Jan-Willem C.
Published in:
European Respiratory Journal

DOI:
10.1183/13993003.01285-2015

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van der Burgt, E. P. M., Sturkenboom, M. G. G., Bolhuis, M. S., Akkerman, O. W., Kosterink, J. G. W., de
Lange, W. C. M., Cobelens, F. G. J., van der Werf, T. S., & Alffenaar, J-W. C. (2016). End TB with
precision treatment! European Respiratory Journal, 47(2), 680-682.
https://doi.org/10.1183/13993003.01285-2015

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1183/13993003.01285-2015
https://research.rug.nl/en/publications/9491bb7d-e7f7-4ccf-b16a-2c91588f3893
https://doi.org/10.1183/13993003.01285-2015


End TB with precision treatment!

To the Editor:

We read with interest the recent Perspective paper by LÖNNROTH et al. [1] describing a framework for
tuberculosis (TB) elimination. In our opinion, monitoring drug exposure by measuring blood
concentrations over time (therapeutic drug monitoring (TDM)) may be helpful in contributing to TB
elimination in low- and medium-burden setting.

Treatment with the four first-line drugs (isoniazid, rifampicin, pyrazinamide and ethambutol), though usually
successful, is increasingly challenged by the emergence of drug resistance, toxicity, relapse and nonresponse.

For a drug to be effective, both its action at the site of the disease process (pharmacodynamics) and the
drug concentration over time (pharmacokinetics) are equally important. For most TB drugs, the area
under the curve (AUC) is the most important pharmacokinetics parameter [2]. Drug exposure may be
influenced by several different factors, such as concomitant food intake, comorbidities, co-medication and
intra-individual differences in pharmacokinetics. Patients prone to low drug exposures are those with
malabsorption and gastro-intestinal disorders, patients who have drug–drug interactions, and patients with
diabetes mellitus or HIV co-infection. More importantly, pharmacokinetic variability is the driver of drug
resistance [2]. In these individuals, there is a rationale for TDM.

It is not only the above-mentioned external factors that are important; the first-line TB drugs themselves
are also problematic. The variability of rifampin plasma drug concentrations over time are influenced by
its auto-inducing capacity, lowering rifampin exposure by 40% after 40 days when the induction is
maximised [3]. The variability of isoniazid exposure is further influenced by N-acetyltransferase 2 (NAT2),
which metabolises it to non-hepatotoxic metabolites. Generally, slow acetylators exhibit higher isoniazid
plasma concentrations than rapid acetylators [4]. In a randomised clinical trial, isoniazid dosing adjusted
for the NAT2 genotype resulted in reduced toxicity and decreased treatment failure [5]. Clearance of
isoniazid, rifampin and pyrazinamide is a metabolic process handled by liver enzymes. Altered or
impaired hepatic function further complicates dosing of these drugs. As it is rather difficult to quantify the
metabolising function of the liver, TDM is the only way to ascertain adequate dosing. Three of the
first-line TB drugs (isoniazid, rifampin and pyrazinamide) are potentially hepatotoxic [6] and more so if
plasma concentrations increase [7]. TDM may therefore also prevent toxicity if performed timely.

Poor treatment outcome has been associated with low TB drug exposure, with an almost nine-fold
increase in treatment failure in patients with low drug exposure [8]. In order to achieve a favourable
outcome, the AUC of pyrazinamide should be >363, rifampin should be >13 and isoniazid should be >52
mg·h·L−1. Low maximum concentration to minimum inhibitory concentration ratios preceded acquired
drug resistance [8]. Clearly, these data call for TDM.

For TB treatment, the time has come to move away from a one-size-fits-all approach; we need
individualised approaches with considerably more precision. In figure 1, a strategy to use TDM on top of
regular care is shown. We realise that this statement is more of a hypothesis or viewpoint than a
scientifically proven fact. Indeed, scientific evidence is limited at this point in time. A randomised clinical
trial should therefore explore the potential benefit of TDM in TB treatment. Standard treatment should be
compared with TDM-guided dosing in combination with minimum inhibitory concentration testing. The
study should be powered to detect both clinically and epidemiologically meaningful differences in relapse
rate, acquired drug resistance or toxicity. TDM implementation in TB treatment need not necessarily
increase cost. Even in high TB-burdened, resource-poor countries, TDM may prove cost-effective. Local
healthcare workers could be taught to take patient samples. Dried blood spot sampling has considerable
logistic and financial advantages, involving easier sampling, storage and transportation, making TDM an
attainable goal in remote, poorly resourced areas [9].

Once proven cost-effective, it seems logical to team up with the Global Laboratory Initiative (GLI) of the
World Health Organization (WHO), whose aim is to strengthen and expand TB laboratory capacity [10].

For several TB drugs, physicians have used TDM in TB treatment if toxicity was suspected or if patients
responded unfavourably. Indeed, TDM is “ready for prime time”. Instead of working in the dark, with a
gunshot approach, clinicians should switch on the light provided by TDM and support their clinical
decisions with current technologies to hit their target with much more precision.
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FIGURE 1 Therapeutic drug monitoring (TDM) in a programmatic setting. During treatment, TDM should be
initiated by a) patient characteristics potentially resulting reduced drug exposure, b) adverse drug effects that
may happen at any point in time during treatment, or c) patients failing to convert their sputum (microscopy
and/or culture) within 2 months. d) Dose adjustment should be followed by verification if drug exposure is
adequate. TB: tuberculosis; MIC: minimal inhibitory concentration.
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β-blockers in pulmonary arterial
hypertension: generation might matter

To the Editor:

We read with great interest the article from BANDYOPADHYAY et al. [1] regarding the outcomes of β-blockers
use in pulmonary arterial hypertension (PAH). This study adds another piece in the very controversial debate
opposing pro- and anti-supporters of β-blockers use in PAH. In this study, patients had idiopathic PAH
(IPAH) or connective tissue disease-associated PAH. PAH patients receiving β-blockers had a similar survival
and time to clinical worsening events compared with patients not receiving them. Functional outcomes were
similar, although β-blocker use was associated with a tendency towards shorter walking distance.

The most recent guidelines in PAH do not recommend the use of β-blockers, unless recommended by
comorbidities, because no convincing data are available on their usefulness and safety [2, 3]. Although the
recent study by BANDYOPADHYAY et al. [1] appears like the last demonstration of β-blocker inefficiency in the
setting of PAH, we rather see it as DE MAN and HANDOKO [4] pointed out in their recent editorial, as an
emerging signal that the dangers of β-blockers in PAH patients are smaller than previously thought. We
would also point out that β-blockers are a wide and heterogeneous group of molecules. β-blockers differ in
terms of β-adrenergic receptors selectivity, adjunctive effects on α-receptors and effects on oxidative stress
and inflammation [5]. The “first-generation” compounds, such as propranolol and nadolol, are non-selective
agents with equal affinities for blocking β1 and β2 receptors and no important pharmacological properties
other than β-adrenergic blockade. In addition, the β2-subtype is the predominant adrenergic receptor
present in the pulmonary vasculature. Blockade of the β2-receptors may lead to smooth muscle contraction,
which could result in an increase in pulmonary vascular resistance and right ventricle pressure [6]. The
“second-generation” of β-blockers, such as metoprolol or bisoprolol, are β1-selective (cardioselective) and
lack β2-receptor blockade, therefore reducing some of the peripheral and pulmonary side effects. The “third
generation” has vasodilating properties in addition to its β-blockade action. This specific generation has
different pharmacological profiles as nebivolol is highly β1-selective with vasodilating activity possibly due to
an interaction with the L-arginine/nitric oxide pathway while carvedilol blocks β1, β2 and α1 adrenergic
receptors, the latter possibly acting as potent vasodilator [7]. Hence, the third generation might have the
advantage of right heart afterload reduction to counteract the negative inotropic properties of adrenergic
withdrawal, which raise interest for this specific generation of molecules as an add-on to current therapies.
However, prospective clinical trials must be performed to clarify whether or not targeting the β-adrenergic
system can be added to the current treatment paradigm of PAH [8].

The initial belief that β-blockers may be harmful in PAH was strengthened by a small study in 10 patients in
the setting of porto-pulmonary hypertension, in whom withdrawal of propranolol (eight out of 10) or
atenolol (two out of 10) treatment was associated with an improved 6-min walk distance [9] and further
strengthened by a case report in which the addition of a single dose of 25 mg oral metoprolol combined with
amiodarone caused a near-fatal acute cardiac decompensation [10]. However, this is not surprising since
administration of first-generation compounds, such as propranolol, causes a decrease in contractile state. This,
plus a concomitant increase in systemic vascular resistance from β2-receptor blockade, leads to a profound
decrease in cardiac output, which results in a drug intolerance rate of 20% in dilated cardiomyopathy [7].
Alternatively, no obvious explanation for the β-blockers and amiodarone interaction exists. An additive effect
in patients could be considered as amiodarone has also β-adrenergic blockade effect [11].

A recent retrospective study dealing mainly with the second-generation of β-Bs bisoprolol reported that their
use was associated with a reduction in right ventricle (RV) dilatation and an improvement of tricuspid
annular plane systolic excursion, which was attributed to a reduction of RV fibrosis [12]. However, in two
recent retrospective studies, clinical, functional and hemodynamic outcomes of PAH patients were analysed
coincidentally taking β-blockers, e.g. for treatment of arrhythmias. In these studies, second-generation
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