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Background. The clinical significance of low antituberculosis (anti-TB) drug concentrations has not been fully elucidated.

Objectives. To investigate the clinical consequences of first-line drug concentrations in adult patients with drug-susceptible pulmonary TB
in South Africa (SA).

Method. We conducted a pharmacokinetic study nested within the control arm of the Improving Treatment Success (IMPRESS) trial
(NCT 02114684) in Durban, SA. During the first 2 months of treatment, participants received weight-based dosing of first-line anti-TB
drugs (rifampicin, isoniazid, pyrazinamide and ethambutol), and had plasma drug concentrations measured at 2 and 6 hours after drug
administration during the 8th week of treatment. Intermediate (8 weeks), end-of-treatment (6 months) and follow-up TB outcomes were
assessed using World Health Organization criteria.

Results. We measured plasma drug concentrations on available samples in 43 participants. Peak drug concentrations were below the
therapeutic range in 39/43 (90.7%) for rifampicin, 32/43 (74.4%) for isoniazid, 27/42 (64.3%) for pyrazinamide and 5/41 (12.2%) for
ethambutol. At the end of the intensive phase of treatment (week 8), 20.9% (1n=9/43) of participants remained culture positive. We did not
find a relationship between the concentrations of first-line drugs and treatment outcomes at week 8. All participants were cured at the end

of treatment, and there were no relapses during the 12-month follow-up period.
Conclusion. Treatment outcomes were favourable despite low drug concentrations as defined by current reference thresholds.
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Tuberculosis (TB) is the leading cause of death from a curable
infectious disease. In 2020, there were an estimated 10 million new
cases of drug-sensitive TB, with almost half of the cases in southern
Africa occurring in individuals with HIV co-infection.!! Despite
effective treatment, the global treatment success rate is 85% of
reported cases. There is significant variability in success rates across
regions, and the rate is considerably lower in settings with a high
TB/HIV burden.!" Despite the high global cure rate, much lower
levels of treatment success have been reported in some parts of the
world; only nine of the top 30 high TB burden countries reached
or exceeded a 90% treatment success rate, and >1.5 million people
experienced poor outcomes globally in 2020.1" The End TB Strategy
has set the ambitious goal of improving treatment success to >90%
by 2025 and reducing TB mortality to <5%.1 While the current
multidrug regimen for TB has improved treatment success over
the past decades, there have been few instructive pharmacokinetic-
pharmacodynamic studies to guide optimisation of the regimen.?
The highly variable pharmacokinetic-pharmacodynamic profile of
first-line TB drugs has received much attention since the advent of
modern molecular advances in pharmacokinetic-pharmacodynamic
science and the application of therapeutic drug monitoring principles
to TB.*¥l However, the optimal plasma concentrations for these
drugs have still not been established, which has raised questions
about whether our current dosing strategies are optimal.*'”) The
emergence of acquired drug resistance, even in the context of well-
functioning TB control programmes and high levels of adherence,
has placed increased pressure on the scientific community to improve
our understanding of the pharmacological challenges in the treatment

of TB."8) Additionally, the risks of therapeutic failure on one side
and drug toxicities on the other continue to motivate the search for
optimal pharmacokinetic-pharmacodynamic performance of these
drugs. Recent modelling data that evaluated various novel rifampicin-
susceptible or rifampicin-resistant TB regimens concluded that
regimen efficacy alone had the greatest potential to reduce TB cases
and deaths, concluding that maintaining the efficacy of existing
regimens should be as important as research into novel regimens.!"”!
Low concentrations of one or more anti-TB drugs have frequently
been reported in both developed and developing countries; however,
few studies were appropriately designed to investigate the clinical
significance of low drug concentrations based on published reference
ranges. 22l

In this prospective observational substudy of a randomised
controlled trial, we investigated the clinical consequences of first-
line drug concentrations in adult participants with drug-susceptible
pulmonary TB in South Africa (SA).

Methods

We conducted a prospective pharmacokinetic study nested within
the Improving Treatment Success (IMPRESS) open-label randomised
controlled trial (NCT 02114684) in Durban, SA. Participants
randomised to the control arm of the study, receiving the World Health
Organization (WHO) standardised first-line four-drug regimen,
provided informed consent to be included in the pharmacokinetic
substudy. Blood samples were collected for pharmacokinetic analysis
at predefined time points. All participants recruited into the study
were >18 years of age, had a history of pulmonary TB in the previous
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3 years, and had been diagnosed with drug-susceptible pulmonary
TB. During the first 2 months (intensive phase) of treatment,
weight-based dosing of fixed-dose combination (FDC) tablets was as
follows: participants weighing 38 - 54 kg received rifampicin 450 mg,
isoniazid 225 mg, pyrazinamide 1 200 mg and ethambutol 825 mg;
those weighing 55 - 70 kg received rifampicin 600 mg, isoniazid
300 mg, pyrazinamide 1 600 mg and ethambutol 1 100 mg; and
those weighing >70 kg received rifampicin 750 mg, isoniazid 375 mg,
pyrazinamide 2 000 mg and ethambutol 1 375 mg. During the
subsequent 4 months (continuation phase), the same weight-based
dosing of rifampicin and isoniazid was continued.

Sputum samples were collected for smears and culture at baseline,
fortnightly for 8 weeks, monthly until the end of treatment, and then
on alternate months until the end of 18 months after randomisation.
Clinical and safety evaluations were performed every 2 months for the
first 6 months and as clinically indicated thereafter, until the end of
the 12-month follow-up period. Demographic, clinical and laboratory
data previously reported to influence plasma concentrations of first-
line anti-TB drugs were recorded: age, sex, ethnicity, body weight,
haemoglobin, albumin, HIV infection, diabetes mellitus, smoking
and alcohol exposure. Concomitant drug exposures were recorded on
case report forms at baseline and follow-up.

The study pharmacokinetic assessment was scheduled at the
end of the intensive phase of treatment, ~8 weeks after the start of
TB treatment. The daily FDC dose was administered under direct
observation and under fasting conditions. All drugs with potential for
drug-drug interaction with first-line anti-TB drugs were rescheduled
for 4 hours before or after TB treatment dosing. Venous blood
was drawn at 2 hours and 6 hours after anti-TB drug ingestion.
Plasma, collected in ethylenediaminetetra-acetic acid-coated
tubes, was centrifuged at 3 000 rpm, placed on ice, and stored in
cryovials at —80°C within 1 hour of collection. Rifampicin, isoniazid,
pyrazinamide and ethambutol concentrations were quantified in
clinical plasma samples using validated high-performance liquid
chromatography tandem mass spectrometry at the KwaZulu-Natal
Research Institute for Tuberculosis and HIV (KRITH) pharmacology
laboratory. The higher of the two measured values for each drug was
defined as the estimated maximum plasma concentration (Cmax).[”'”l
Low plasma concentrations were defined using published reference
ranges: rifampicin <8 mg/L, isoniazid <3 mg/L, pyrazinamide
<35 mg/L and ethambutol <2 mg/L.*" Very low plasma concentrations
were defined as rifampicin <4 mg/L, isoniazid <1.5 mg/L, pyrazinamide
<20 mg/L and ethambutol <1 mg/L.* No dose adjustments were
performed on the basis of these results. Standard WHO TB outcome
definitions were used.”*?

The study was approved by the Biomedical Research Ethics
Committee of the University of KwaZulu-Natal (ref. no. BFC029/13)
and the Medicines Control Council of South Africa (ref. no. MCC
20130510).

Factors associated with low or normal plasma (O of isoniazid,
rifampicin, ethambutol and pyrazinamide were identified using
Fisher’s exact tests (categorical factors) and f-tests (continuous
factors). Differences in the plasma C__ and the proportions of
patients with low or very low plasma concentrations by 8-week
culture outcome were assessed using the Wilcoxon rank-sum test
and Fisher’s exact test, respectively. Poisson regression analysis
with robust variance, adjusting for sex, HIV status and presence of
cavitation on baseline chest radiograph, was used to measure the
association between 8-week culture outcome and C___of each drug,
where plasma C__ was measured on a continuous scale. In order
to determine whether selection bias was present in the sample,
the characteristics of the study participants were compared with

the characteristics of patients who refused or could not be part of
the study (results not shown). All analyses were performed in SAS
version 9.4 (SAS Institute, USA).

Results

A total of 43/98 eligible patients with drug-sensitive pulmonary
tuberculosis consented to participate in this pharmacokinetic
substudy. The mean age of the participants was 34.5 years, and
60.5% were male (Table 1); 79.1% were HIV infected, with a mean
CD4 count of 291 cells/uL. Almost a third (30.2%) of participants
were former or current smokers. The mean time from treatment
initiation to drug concentration assessment was 51 days, and mean
doses were 565 mg (9.76 mg/kg) for rifampicin, 283 mg (4.89 mg/
kg) for isoniazid, 1 495 mg (25.8 mg/kg) for pyrazinamide and
1 026 mg (17.7 mg/kg) for ethambutol (Table 2). Mean adherence
by pill count was 98% (range 76 - 100%) for all drugs. Plasma
concentrations were below the therapeutic range in 39/43 (90.7%)
of participants for rifampicin, 32/43 (74.4%) for isoniazid, 27/42
(64.3%) for pyrazinamide and 5/41 (12.2%) for ethambutol (Table 2
and Fig. 1). Plasma concentrations were very low (less than half
of the lower limit of the therapeutic range) in 19/43 (44.2%) of
participants for rifampicin, 11/43 (25.6%) for isoniazid and 1/42
(2.4%) for pyrazinamide. Correspondingly, the overall median
peak concentrations for rifampicin, isoniazid and pyrazinamide
were below the therapeutic range (Table 3). All participants were
cured at the end of treatment, and there were no relapses during
the 12-month follow-up period. However, for the intermediate
treatment outcome of sputum culture conversion at 8 weeks, 9/43
(20.9%) of participants failed to achieve conversion (Table 3).
Overall, low plasma concentrations in three or more drugs were
found in 25/43 participants (58.1%): 7/9 participants (77.8%) who
failed to culture convert by week 8, and 18/34 participants (52.9%)
who were culture negative by week 8 (p=0.46).

The multivariable Poisson regression model with robust variance
showed no significant relationship between the concentrations of any
of the four drugs and sputum culture conversion at week 8, adjusting
for sex, HIV status and cavitation on baseline chest radiograph
(Table 4).

Discussion

This prospective evaluation of first-line drug concentrations, nested
within a randomised controlled trial, identified a high prevalence
of low drug concentrations in participants with a previous history
of TB, the majority of whom were HIV co-infected. Low peak
plasma concentrations were demonstrated for rifampicin (90.7%),
isoniazid (74.4%), pyrazinamide (64.3%) and ethambutol (12.2%)
after 2 months of treatment in a cohort of participants with excellent
adherence. The overwhelming majority of participants did not
achieve therapeutic concentrations of either rifampicin or isoniazid,
and 58.1% of participants (n=25/43) had low concentrations of at
least three drugs after 8 weeks of uninterrupted treatment. In this
study, low drug concentrations occurred independently of HIV
co-infection, smoking status and body mass index (BMI). Although
not statistically significant, there was a pattern of lower weight and
BMI in patients with low drug concentrations, which is probably a
consequence of weight-based dosing. All participants received drugs
as part of an approved and registered FDC that was dosed according
to the WHO-recommended weight-based schedule.*® The mean
doses of all drugs were found to be within the acceptable range
(9.8 mg/kg for rifampicin, 4.9 mg/kg for isoniazid, 25.8 mg/kg for
pyrazinamide and 17.7 mg/kg for ethambutol), and adherence rates
measured by pill count were excellent.
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Fig. 1. Scatterplots of rifampicin (A), isoniazid (B), ethambutol (C) and pyrazinamide (D) C

very low drug concentrations are indicated by the upper and lower dashed lines,

and 8-week sputum culture results. Thresholds for low and
respectively. (C,

max

= maximum plasma concentration.)

X

Table 1. Baseline characteristics of participants with drug-sensitive pulmonary tuberculosis, stratified by drug concentration

Rifampicin Isoniazid Pyrazinamide' Ethambutol’
Characteristic All Normal Low* Normal Low* Normal Low* Normal Low*
N 43 4 39 11 32 15 27 36 5
Age (years), mean 34.5 35.8 34.4 335 34.9 34.4 34.4 34.8 31.8
Male, % 60.5 0 66.7%  45.5 65.6 13.3 85.2% 583 80.0
BMI (kg/m?), mean 21.7 25.7 21.3 23.1 21.2 23.0 20.1 21.3 19.5
Weight (kg), mean 57.9 65.6 57.1 60.5 57.0 58.4 55.7 57.4 51.8
HIV infection, % 79.1 100 76.9 90.9 75.0 86.7 77.8 80.6 80.0
CD4 count (cells/uL), HIV positive only, mean 291 366 283 300 287 302 284 282 311
On ART (HIV positive only), % 47.1 66.7 44.8 30.0 55.2 33.3 54.5 48.3 25.0
Smoker, % 30.2 0 333 18.2 34.4 13.3 37.0 27.8 40.0
Haemoglobin (g/dL), mean 12.1 10.7 12.2 12.8 11.9 11.6 12.3 12.1 11.7
ALT (IU/L), mean 24.6 23.5 24.7 20.5 26.0 26.3 23.6 23.0 32.7
eGFR (mL/min/1.73 m?), mean 103.9 116.3 102.6  107.3 102.7  106.9 102.2  104.9 98.6
Cavitation, % 69.8 75.0 69.2 63.6 71.9 60.0 75.0 69.4 71.4
>5 days to sputum culture positivity, % 81.4 100 79.5 90.9 78.1 93.3 75.0 80.6 85.7

BMI = body mass index; ART = antiretroviral therapy; ALT = alanine transaminase; eGFR = estimated glomerular filtration rate.
*Significant at 5% significance level, significance tested using Fisher’s exact test for categorical variables and ¢-test for continuous variables.

One patient was missing pyrazinamide results and 2 were missing ethambutol results.

“Low maximum plasma concentrations: rifampicin <8 mg/L, isoniazid <3 mg/L, pyrazinamide <35 mg/L, ethambutol <2 mg/L.

The finding of a high prevalence of low drug concentrations has been
widely reported, and pooled estimates for low drug concentrations
generated by meta-analysis were 67% (95% confidence interval
(CI) CI 60 - 74) for rifampicin, 43% (95% CI 32 - 55) for isoniazid,
12% (95% CI 7 - 19) for pyrazinamide and 27% (95% CI 17 - 38)
for ethambutol.® Similar to our study, a meta-analysis of first-

line drug concentrations did not identify HIV, diabetes mellitus,
weight or dosing strategy to be important predictors of low drug
concentrations.* While there has been extensive reporting of
drug concentrations, there is a paucity of studies evaluating the
impact of low drug concentrations on treatment outcomes. 202353
Despite the high prevalence of low concentrations of first-line drugs
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Table 2. Plasma drug concentrations of first-line drugs in the treatment of drug-sensitive pulmonary tuberculosis at 8 weeks after
starting treatment

Parameter Rifampicin, n (%)* Isoniazid, n (%)* Pyrazinamide, n (%)*" Ethambutol, n (%)*"
Days on treatment, mean (min - max) 55 (51 - 60) 55 (51 - 60) 55 (51 - 60) 55 (51 - 60)

Drug dose (mg), mean (min - max) 565 (300 - 750) 283 (150 - 375) 1495 (800 - 2 000) 1 026 (550 - 1 375)
Adherence by pill count (%), mean (range) 98 (76 - 100) 98 (76 - 100) 98 (76 - 100) 98 (76 - 100)

Peak concentration (mg/L), median (IQR) 4.27 (2.84 - 5.79) 2.16 (1.49 - 3.21) 31.75 (29.4 - 37.8) 3.05 (2.39 - 3.93)
Proportion with low peak concentration* 39/43 (90.7) 32/43 (74.4) 27/42 (64.3) 5/41 (12.2)
Proportion with very low peak concentration® 19/43 (44.2) 11/43 (25.6) 1/42 (2.4) 0/41

Proportion with peak concentration at 2 hours 39/43 (90.7) 42/43 (97.7) 39/42 (92.9) 37/41 (90.2)

IQR = interquartile range.

*Except where otherwise indicated.

'One patient was missing pyrazinamide results and 2 were missing ethambutol results.

"Low maximum plasma concentrations: rifampicin <8 mg/L, isoniazid <3 mg/L, pyrazinamide <35 mg/L, ethambutol <2 mg/L.
$Very low maximum plasma concentrations: rifampicin <4 mg/L, isoniazid <1.5 mg/L, pyrazinamide <20 mg/L, ethambutol <1 mg/L.

Table 3. Maximum plasma drug concentration levels by week 8 culture status

Culture positive  Culture negative

Drug concentrations* (n=9), n (%) (n=34), n (%) p-value
Proportion of patients with low peak plasma drug concentration by drug?
Low concentrations in rifampicin 9 (100) 30 (88.2) 0.5636
Low concentrations in isoniazid 6 (66.7) 26 (76.5) 0.6717
Low concentrations in pyrazinamide 7 (77.8) 20 (60.6) 0.4508
Low concentrations in ethambutol 2 (22.2) 3(93.8) 0.2994
Proportion of patients with low or very low plasma concentrations of 0, 1, 2, 3 or 4 first-line
drugs’™
Low concentrations in none of the drugs 0 2 (5.8) 1.00
Low concentrations in 1 drug 2(22.2) 3(8.8) 0.2994
Low concentrations in 2 drugs 0 9 (28.1) 0.1667
Low rifampicin and isoniazid concentrations and normal concentrations of pyrazinamide 0 6 (18.75) 0. 3090
and ethambutol
Low concentrations in 3 drugs 6 (66.7) 17 (53.1) 0.7061
Low concentrations in all 4 drugs 1(11.1) 1(3.1) 0.3951
Very low concentrations in none of the drugs 4 (44.4) 13 (40.6) 1.00
Very low concentrations in 1 drug 4 (44.4) 15 (46.8) 1.00
Very low concentrations in 2 drugs 1(11.1) 4(12.5) 1.00
Very low rifampicin and isoniazid concentrations and normal concentrations of 1(11.1) 3(9.4) 1.00
pyrazinamide and ethambutol
Very low concentrations in 3 drugs 0 0 =
Very low concentrations in all 4 drugs 0 0 -

*One patient was missing pyrazinamide results and 2 were missing ethambutol results.
"Low maximum plasma concentrations: rifampicin <8 mg/L, isoniazid <3 mg/L, pyrazinamide <35 mg/L, ethambutol <2 mg/L.
#*Very low maximum plasma concentrations: rifampicin <4 mg/L, isoniazid <1.5 mg/L, pyrazinamide <20 mg/L, ethambutol <1 mg/L.

Table 4. Association between maximum plasma drug concentration and failure to convert to negative culture at the end of the
intensive phase of treatment (week 8)

RR (95% CI) p-value aRR (95% CI)* p-value
Rifampicin Cmax 0.85 (0.64 - 1.13) 0.262 0.91 (0.67 - 1.23) 0.534
Isoniazid C__ 1.10 (0.75 - 1.63) 0.617 1.27 (0.84 - 1.93) 0.249
Pyrazinamide Cmax 0.97 (0.90 - 1.04) 0.388 0.99 (0.94 - 1.05) 0.766
Ethambutol Cmax 0.92 (0.61 - 1.39) 0.698 1.03 (0.68 - 1.55) 0.882

RR = relative risk; CI = confidence interval; aRR = adjusted relative risk; C,.. = maximum plasma concentration.
*Adjusted for sex, HIV status and presence of cavitation on baseline chest radiograph.

in the present study, treatment outcomes were uniformly good.  find a relationship between the concentrations of first-line drugs and
All participants were cured, and there were no relapses during the  treatment outcomes, whether at week 8, at the end of treatment, or
12 months of follow-up after treatment completion. at the 12-month post-treatment follow-up. While men who failed

Assessing the intermediate outcome of sputum culture conversion  to culture convert by week 8 tended towards low concentrations of
at the end of the intensive phase of treatment (week 8), 20.9% of  isoniazid, pyrazinamide and ethambutol, this relationship did not
participants (n=9/43) remained culture positive. Overall, we did not reach statistical significance in a univariate model (not shown).
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In contrast, women who failed to culture convert by week 8 showed
a tendency towards lower rifampicin concentrations. These sex-
specific trends were independent of body weight and BMI, and
although this study was not powered to detect differences in drug
concentrations and outcome between sexes, this signal warrants
further empirical evaluation.

A prospective observational study of 225 outpatients in Botswana
reported a greater risk (adjusted relative risk 3.3; 95% CI 1.84
- 6.22) for poor final treatment outcome in patients with a low
pyrazinamide concentration.” A prospective observational cohort
study of 32 inpatients and outpatients in a high-income country with
alow TB and HIV burden demonstrated a significantly lower mean
isoniazid concentration in patients with poor treatment outcomes
compared with those with good outcomes (mean isoniazid C__
1.0 v. 2.6 mg/L; p=0.004).2"" While a prospective observational
cohort study of 142 hospitalised patients in a high TB burden
setting did not find an association between TB drug concentrations
and treatment outcomes, the authors presented a novel statistical
approach, classification and regression tree analysis to evaluate the
role of the full first-line drug pharmacokinetic curve on treatment
outcomes.”?! Using this method, the authors identified new area
under the curve (AUC) thresholds for rifampicin, isoniazid and
pyrazinamide that were predictive of a poor end-of-treatment
outcome. The drug thresholds predictive of poor outcome were
a 24-hour AUC of 363 mg.h/L for pyrazinamide, 13 mg.h/L for
rifampicin and 52 mg.h/L for isoniazid. The odds ratio (OR)
for poor outcome with an AUC of at least one drug below these
derived thresholds compared with patients without any drug
AUC below the thresholds was 14.14 (95% CI 4.08 - 49.08). In
addition, patients with a pyrazinamide or rifampicin AUC below
the threshold values had significantly increased odds of relapse
(OR 51.9; 95% CI 3.04 - 886). In a large prospective study of drug
concentrations and treatment outcomes in 1 912 patients with TB in
India, lower rifampicin concentration was independently associated
with risk of an unfavourable treatment outcome. In a cohort of
268 TB/HIV-co-infected patients in Uganda, patients with both
low rifampicin and low isoniazid concentrations had a significantly
increased risk for an unfavourable treatment outcome.?”’ We did
not find a relationship between first-line drug concentrations
and treatment outcomes, irrespective of whether we examined
drug concentrations as median concentration, proportion below
reference cut-offs, or a continuous variable (Table 3 and Fig. 1).
In addition, unlike several other studies, the combination of low
rifampicin and isoniazid concentrations did not predict a poor outcome
in our cohort. However, it is possible that our study was underpowered
to detect these associations.

The varying findings regarding the relationship between drug
concentrations and treatment outcomes require evaluation through
further prospective long-term follow-up studies. The existing evidence
does not provide a convincing answer to this question, one way or the
other. While it is possible that larger studies are needed to evaluate
the relationship between drug concentrations and treatment outcome,
this is largely because unfavourable outcomes are uncommon, and
treatment outcomes are reasonably good despite widely reported low
first-line drug concentrations. Nonetheless, there remains heterogeneity
in treatment outcomes, as treatment success rates of between 34% and
76% have been reported in high TB/HIV burden settings, even under
research conditions."*) This finding lends credence to the possibility
that optimal concentrations may be higher than can be achieved using
current dosing guidelines, and there is accumulating evidence to suggest
that higher doses of rifampicin, and correspondingly increased plasma
concentrations, may be able to safely close the treatment success gap.!"”!

While there has been concern that low drug concentrations may
increase the risk of acquired drug resistance and disease relapse,
we did not encounter any cases of acquired drug resistance or
relapse. In a study of 413 patients with TB in Korea, recurrence
with drug-resistant TB occurred in 4 patients, 3 of whom had low
isoniazid drug concentrations during treatment of the initial drug-
sensitive TB episode.'®’ A meta-analysis of isoniazid and rifampicin
pharmacokinetics and acquired drug resistance demonstrated that the
pharmacokinetic variability of isoniazid, led primarily by acetylator
status, was associated with acquired drug resistance.!']

The present study has a number of important strengths, including
that it was a prospective study nested within a randomised controlled
trial, using a pharmacokinetic protocol under standardised
conditions. Directly observed drug administration in the starved
state, and timed blood draws with careful sample handling, storage
and processing, all contributed to high-quality drug concentration
data. Despite the small sample size, this is one of only a few studies
investigating drug concentrations in a setting of high TB/HIV
co-infection, exclusively in patients with a previous history of TB.
An 18-month follow-up allowed for evaluation of the important
ancillary outcome of relapse, which is only infrequently reported on
in the existing literature. Nonetheless, some important limitations
must be noted. The sample size is small and was largely limited by
the costs associated with pharmacokinetic studies performed under
strict research conditions. In addition, the absence of unfavourable
outcomes in this study may reflect the high levels of retention
and adherence that were obtained partly through the intensive
retention strategies of the randomised controlled trial and inclusion
of the adherence-promoting activity of pill counting. While we
estimated C___ using a limited-sampling strategy, it is possible that
first-line TB drugs may have a more demonstrable dose response
when represented by the AUC. However, measuring the AUC is
impractical in clinical settings, and previous studies have shown that
the C__ values of rifampicin, isoniazid, pyrazinamide and ethambutol
correlate well with the respective AUC derived from intensive
sampling.**? Furthermore, it is possible that pathogen factors such
as the minimum inhibitory concentration (MIC) may intervene
in the relationship between drug concentrations and treatment
outcome. The absence of a pharmacodynamic parameter such as the
MIC in this study limits its ability to make any strong conclusions
regarding microbiological outcome.

Conclusion

This prospective study using a pharmacokinetic protocol
demonstrated a high prevalence of low plasma drug concentrations
in a cohort of patients with recurrent TB in a high TB/HIV burden
setting. Despite this finding, treatment outcomes were good, and we
found no relationship between the concentrations of any of the first-
line anti-TB drugs and treatment outcomes. Notwithstanding the
absence of evidence demonstrating the effect of drug concentrations
on treatment outcome in this study, the idea of optimising drug
concentrations is still worthy of consideration, as it may help to
achieve the goals of shortening treatment duration, reducing acquired
drug resistance, and improving long-term treatment outcomes.
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