Clinical Infectious Diseases

MAJOR ARTICLE

)SA

Infectious Diseases Society of America hiv medicine association

OXFORD

Analysis of Dynamic Efficacy Endpoints
of the Nix-TB Trial

Belén P. Solans,"? Marjorie Z. Imperial,'? Morounfolu Olughosi,® and Rada M. Savic'?

'Department of Bioengineering and Therapeutic Sciences, University of California San Francisco Schools of Pharmacy and Medicine, San Francisco, California, USA; 2UCSF Center for Tuberculosis,
University of California San Francisco, San Francisco, California, USA; and *TB Alliance New York, New York, New York, USA

Background. Safer, better, and shorter treatments for multidrug-resistant (MDR) and extensively drug-resistant (XDR)
tuberculosis (TB) are an urgent global health need. The phase 3 clinical trial Nix-TB (NCT02333799) tested a 6-month treatment
of MDR and XDR-TB consisting of high-dose linezolid, bedaquiline, and pretomanid (BPaL). In this study, we investigate the
relationship between the pharmacokinetic characteristics of the drugs, patient characteristics and efficacy endpoints from Nix-TB.

Methods. Pharmacokinetic data were collected at weeks 2, 8, and 16. Efficacy endpoints including treatment outcomes, time to
stable culture conversion, and longitudinal time to positivity in the mycobacterial growth indicator tube assay were each
characterized using nonlinear mixed-effects modeling. Relationships between patient, treatment pharmacokinetics, and disease
characteristics and efficacy endpoints were evaluated.

Results. Data from 93 (85% of the total) participants were analyzed. Higher body mass index was associated with a lower
incidence of unfavorable treatment outcomes. Median time to stable culture conversion was 3 months in patients with lower
baseline burden compared with 4.5 months in patients with high baseline burden. Participants with minimal disease had steeper
time to positivity trajectories compared with participants with high-risk phenotypes. No relationship between any drugs’
pharmacokinetics (drug concentration or exposure metrics) and any efficacy outcomes was observed.

Conclusions. We have successfully described efficacy endpoints of a BPaL regimen from the Nix-TB trial. Participants with high-risk
phenotypes significantly delayed time to culture conversion and bacterial clearance. The lack of a relationship between pharmacokinetic
exposures and pharmacodynamic biomarkers opens the possibility to use lower, safer doses, particularly for toxicity-prone linezolid.

Clinical Trials Registration. NCT02333799.
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The development of better and safer treatments for tuberculosis
(TB) is an urgent global health need, especially for extensively
drug-resistant (XDR) TB (pre-2021 change in XDR definition),
and multidrug-resistant (MDR) TB [1]. At the time of the
Nix-TB trial, XDR was defined as TB that is resistant to any
fluoroquinolone and to at least 1 of 3 second-line injectable
drugs (capreomycin, kanamycin, and amikacin) in addition to
multidrug resistance. In Nix-TB [2], a phase 3 clinical trial
(NCT02333799) that evaluated combination therapy with
high-dose linezolid (1200 mg), bedaquiline, and pretomanid
(BpaL regimen) for 6 months against highly resistant TB, a
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treatment success rate of 90% was recently reported. This suc-
cess rate greatly exceeded the 38% reported in MDR and 14%
in XDR-T B [2, 3]; however, the use of this regimen was associ-
ated with a high rate of anemia and peripheral neuropathy.

Based on the safety and efficacy data reported from this trial, the
US Food and Drug Administration and the European Medicines
Agency approved Bpal for the treatment of XDR-TB and
MDR-TB (before the change in definition of MDR and XDR)
[4-7]. From this treatment, both bedaquiline and pretomanid
are newly developed anti-TB drugs, whereas linezolid is repur-
posed from its indication against gram-positive bacterial
infections. Linezolid use is associated with drug concentration-
related myelosuppression and neuropathy, which are often treat-
ment limiting and related to dose reductions and interruptions
[8-11], and have been observed in this trial, urging exploration
of lower doses of linezolid.

In this study, we evaluated the relationships between beda-
quiline, pretomanid, and linezolid pharmacokinetics (PK)
and individual patient characteristics and efficacy endpoints.

METHODS

Patient Population
We evaluated adults with smear-positive pulmonary MDR- or
XDR-TB enrolled in the Nix-TB trial (NCT02333799). The
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detailed clinical trial design and participant characteristics have
been previously described [2].

Pharmacokinetic Data

All patients received 26 weeks of oral treatment consisting of
bedaquiline at a dose of 400 mg once daily for 2 weeks followed
by 200 mg 3 times weekly for 24 weeks, plus 200 mg of preto-
manid daily for 26 weeks, and 1200 mg linezolid daily for
26 weeks. Dose adjustments for linezolid due to adverse events
were made at the discretion of the investigators. Complete dos-
ing histories were accounted for in the analysis. A predose sam-
pling was collected for all patients at weeks 2, 8, and 16 to
measure trough concentration of the 3 drugs.

Microbiologic Data

Two sputum samples were obtained for smear microscopy and
culture by means of the mycobacterial growth indicator tube
(MGIT) method [12] from all the patients at baseline; weeks 1,
2,4, 6, and 8; and then monthly through week 26. The MGIT as-
say produces readouts of the time required to detect active oxy-
gen consumption (time-to-positivity [TTP]) in sputum samples
cultured in liquid medium. Higher TTP values are representative
of lower bacterial burden in culture samples. TTP is censored at
42 days, representing the upper limit of quantification (ULOQ)
of the assay and a negative culture result. All available data from
sputum cultures that were found to be positive for MTB and not
contaminated with other microorganisms were included in the
analyses.

Individual Risk Assessment

Individual continuous risk scores were calculated using
baseline predictors of TB-related outcomes that had been pre-
viously reported as significant [13, 14]. The characteristics in-
cluded for the calculation of the individual risk were human
immunodeficiency virus (HIV) status, sex, body mass index
(BMI), and cavities on chest X-ray. Participants with risk scores
within the first quartile of the risk-score distribution were de-
fined as low risk, participants within the first and third quartile
were defined as moderate risk, and participants within the
fourth quartile were defined as high risk of poor TB outcomes.

Efficacy Endpoints

Primary Efficacy Endpoint: Treatment Failure, Disease Relapse, or
Death

The primary endpoint was the incidence of an unfavorable out-
come, defined as treatment failure, disease relapse, or death.
Patients were considered to have a favorable outcome if their
clinical TB disease had resolved, they had a negative culture sta-
tus at 6 months after the end of the therapy, and they had not
already been classified as having had an unfavorable outcome.
Patient, treatment, and disease characteristics, including risk

scores, were explored as predictors of the primary efficacy end-
point through logistic regression analysis.

Time to Stable Culture Conversion

Time to stable culture conversion (TSCC) was defined as 2 con-
secutive culture-negative samples without any positive culture
afterwards and was described with parametric time-to-event
models, allowing the identification of the hazard or probability
of having a stable culture conversion over time.

Various hazard distributions were explored: exponential,
Weibull, log-logistic, or Gompertz. Patient, treatment, and dis-
ease characteristics were evaluated as potential modulators of
parameters in the best-fit hazard distribution function.

Time to Positivity in MGIT Assay

Nonlinear mixed-effects modeling was used to describe longi-
tudinal TTP from baseline to 6 months. The model predicted
the time-on-treatment patients required to remain culture neg-
ative until 42 days, when they were censored. Different models
were tested and evaluated for fit, stability, and parsimony. The
likelihood of censored observations being greater than the
ULOQ was calculated [15, 16]. Due to the dynamics of this con-
tinuous biomarker, the correct description of the TTP data re-
quired the use of a nonparametric estimation of the parameters
involved in the model. This allowed the identification of non-
normal parameter distributions and the decrease of bias and
imprecision. Baseline disease burden was defined as baseline
TTP.

Covariate Selection

The stepwise covariate model-building procedure implement-
ed in Pearl Speaks NONMEM software [17] was used to build
the covariate models for treatment failure, TTP, and TSCC.
This procedure is based on a forward-inclusion followed by a
backward-deletion approach, and during these, the levels of
significance used to incorporate and keep the covariate in the
model were set to .05 and .01, respectively. Age, sex, BMI,
HIV status, presence of cavities on X-ray, and risk scores
were tested as patient characteristics. Dynamic concentrations
of linezolid, bedaquiline, and pretomanid; individual daily ex-
posure; and cumulative area under the concentration-time
curve (AUC) were tested as treatment characteristics, and base-
line disease burden and culture conversion status at 2 months
were tested as disease characteristics.

Model Selection Criteria and Model Evaluation

Selection among models was based on (1) significance based on
log-likelihood testing, (2) precision of parameter estimates, and
(3) results of model performance judged by visual exploration
of the goodness-of-fit plots and visual predictive checks.
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RESULTS

Patient Population

Of the 109 adults who were originally enrolled in the Nix-TB
trial, 16 participants (15%) did not have positive baseline cul-
tures and were therefore excluded from these analyses.
Table 1 summarizes patient characteristics for the 93 partici-
pants included. Most participants (67%) had XDR-TB and
the remaining had MDR-TB (33%).

Pharmacokinetic Data
Trough concentration levels of bedaquiline and its metabolite M2,
linezolid, and pretomanid at weeks 2, 8, and 16 were obtained
for all subjects and are shown in Figure 1. For bedaquiline the
mean and trough range concentrations were 1418.3 ng/mL
(326.3-4288.4 ng/mL), 1008.1 ng/mL (176.4-2567.5 ng/mL), and
1209.4 ng/mL (314.6-4429.5 ng/mL) at weeks 2, 8, and 16, respec-
tively. The reported linezolid trough means and ranges at weeks 2,
8, and 16 were 6955.6 ng/mL (358.4-31 489 ng/mL), 5792.3 ng/mL
(295.6-33716) ng/mL, and 4046.3 ng/mL (340.94-45 101) ng/mL,
respectively. Pretomanid trough mean concentrations and ranges
were 2359.3 ng/mL (218.6-6444.9 ng/mL), 1922.3 ng/mL (33.5-
5388.7 ng/mL), and 2121.64 ng/mL (30.5-6831.6 ng/mL) at weeks
2, 8, and 16, respectively.

Linezolid levels, in general, were higher at week 2, when it is
unlikely that dose reductions or interruptions have occurred, in

Table 1. Baseline Patient Characteristics

Parameter Cohort (N=93)
Age, y 35 (17-60)
Weight, kg 55 (29-112)
BMI, kg/m? 19.70 (12.40-41.1)
Sex

Male 47 (51%)

Female 46 (49%)
HIV status

Negative 49 (53%)

Positive 44 (47 %)
Tuberculosis form

MDR 31 (33%)

XDR 62 (67 %)
Cavities on chest X-ray

No cavities 14 (15%)

Unilateral cavities 40 (43%)

Bilateral cavities 39 (42%)
Karnofsky score

100 6 (6%)

90 39 (42%)

80 28 (30%)

70 18 (19%)

60 2 (2%)

Data are presented as n (%) or median (range). Percentages may not total 100 because of
rounding. BMl is the weight in kilograms divided by the square of the height in meters. The
Karnofsky score ranges from 0 to 100, with lower scores indicating greater disability.
Abbreviations: BMI, body mass index; HIV, human immunodeficiency virus; MDR,
multidrug resistant; XDR, extensively drug resistant.

contrast to weeks 8 and 16. A drop in bedaquiline concentration
can also be observed due to the intensive loading dose in the first
2 weeks of the treatment. This, combined with the fact that be-
daquiline steady state is not reached because of its extremely
long terminal half-life (6 months), explains the observed drop
in bedaquiline trough concentrations. Trough levels were steady
throughout the treatment for pretomanid and the bedaquiline
metabolite M2. No correlation between individual-level troughs
among all drugs was found (R*: 0.06 to 0.28).

Primary Efficacy Endpoint: Treatment Failure, Disease Relapse, or Death
At 6 months after the end of treatment, the number of patients
classified as having a favorable outcome was 85 (91%). Of the 8
patients (9%) who had an unfavorable outcome, 6 died during
treatment and 2 experienced relapses during follow-up.

No relationship between any of the regimens’ drug exposure
and treatment outcome was found (Figure 1), since PK levels in
people with unfavorable outcomes were indistinguishable from
the PK levels in people with favorable outcomes. Univariate
analysis of the relationship between outcomes and patient-
and disease-related factors is shown in Figure 2. Higher base-
line BMI was associated with a lower incidence of unfavorable
outcomes (P <.05). Higher TTP at baseline, an indication of
lower baseline disease burden, showed a trend to lower inci-
dence of unfavorable outcomes (P =.05).

Time to Stable Culture Conversion

Figure 3 shows TSCC for the entire population (Figure 3A4) and
stratified by baseline disease burden (Figure 3B) or risk group
(Figure 3C). Observed and model-based analysis showed that
participants with a high baseline disease burden (TTP <the
median of 16 days) reached stable culture conversion at
4.5 months, whereas participants with a low baseline disease
burden (TTP > 16 days) reached stable culture conversion by
3 months of treatment. The hazard of TSCC was best described
by a Weibull distribution, and baseline disease burden showed
statistically significant effects on the baseline hazard (P <.01)
and shape parameters. Risk groups were also tested in the mod-
el but were not significant.

Drug-exposure measures, such as individual daily exposure
and cumulative AUC up to 2 months for all of the drugs,
were also tested. The inclusion of markers of drug exposure
did not improve the model fit (P> .05) and were not included
in the final model.

Parameter estimates of the TSCC model are listed in Table 2,
and model equations are shown in the Supplementary Material.
Results shown in Supplementary Figure 1 indicate that the
model describes well the overall and stratified TSCC data.

Time to Positivity in MGIT Assay
The TTP trajectories were best described by a mixed-effects lin-
ear model (Figure 4). All of the parameter estimates are listed in
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Figure 1.

No relationships between drug concentration and efficacy endpoints were identified in the data from the Nix-TB trial. Trough concentrations of linezolid (A),

bedaquiline (B), pretomanid (C), and bedaquiline metabolite M2 (D) on the different visits that a sample was obtained. Overall data are shown in the first boxplot at all
visits, and then data are split by outcome and by culture-conversion status at first month. Box width is proportional to sample size on each group.

Table 2. The inclusion of risk group as a covariate on both base-
line and slope parameters significantly improved the model fit
(P<.05). Baseline TTP was highest in the low-risk group
(26 days; residual standard error [RSE]: 24%) compared with
the moderate-risk (16 days; RSE: 14%) or high-risk (11 days;
RSE: 20%) groups. Similarly, slopes varied among risk groups,
with higher slopes in the low-risk group (1.75 days™") versus
the moderate-risk (1.13 days_l) or high-risk (1.00 days_l)
groups. Baseline TTP value had large interindividual variability
with a coefficient of variation of 80%. A significant positive cor-
relation of 68% between individual baseline TTP and slope of
the TTP trajectory was identified. This suggests that

participants with lower baseline burden also have a faster rate
of bacterial clearance. Other disease and patient characteristics
tested as predictors in the model were not significant and there-
fore were not included in the model.

Visual predictive checks in Supplementary Figure 2 indicate
that the model fit the TTP data accurately, both the longitudinal
trajectories of TTP and the percentage of censored values over
time.

Dynamic concentrations of linezolid, bedaquiline, and pre-
tomanid; individual daily exposure; and cumulative AUC up
to 2 months of treatment were tested as predictors of TTP tra-
jectories. Interestingly, none of the PK measures included in
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Males 4/47 (9) ——— 1.02(0.23 -4.59)
Age (per year increase) a O 1.03(0.95-1.1)
BMI (per unit increase) a I 0.7 (0.5-0.91)
HIV status !

Negative 4/49 (8) 0 Reference

Paositive 4/44 (9) —D0— 1.12(0.25-5.04)
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No cavities 2/14 (14) s Reference

Unilateral 2/40 (5) ————o0—— 0.32 (0.03 - 2.86)
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Baseline TTP 2 median TTP  2/52 (4)——O0—— 0.23 (0.03 - 1.08)
Risk Group !

High 4/28 (14) a Reference

Moderate 1/32 (3) ‘ 0.89 (0.78 - 1.03)

Low 3/33 (9) ) 0.95 (0.82 - 1.09)
Month 2 culture status |

Negative culture 6/78 (8) O Reference

Positive culture 215 (13) 1.85(0.25 - 9.08)

0.1 1.0 10.0

—_—
Lower risk  Higher risk

Figure 2. BMI univariately predicts unfavorable outcomes. Univariate analysis for the patients included in the analysis is shown. Odds ratios with 95% Wald Cls are
reported. The size of the square denotes the relative sample size according to variable. Filled squares differentiate statistically significant variables. *Age < 35 years,
3 of 46 (7%) unfavorable outcomes, and age >35y, 5 of 47 (11%) unfavorable outcomes; BMI <19.7 kg/m?, 7 of 47 (9%) unfavorable outcomes, and BMI >19.7 kg/m?,
1 of 46 (2%) unfavorable outcomes. Abbreviations: BMI, body mass index; Cl, confidence interval; HIV, human immunodeficiency virus; TTP, time to positivity.

the analysis were identified as significant. A difference attribut-
able to drug exposure could not be identified on the first day at
which there was a TTP value of 42 days or in the longitudinal
TTP profiles over time or in the percentage of patients with a
TTP value over 42.

DISCUSSION

In this study, our objective was to evaluate the relationship be-
tween PK of each drug in the BPaL regimen, patient and disease
characteristics, and efficacy endpoints in the Nix-TB trial.
Although relationships between PK and efficacy endpoints
were not identified, we found that higher baseline disease bur-
den was related to longer time to culture conversion as de-
scribed by TSCC and TTP trajectories.

The identification of baseline disease burden, measured as
baseline TTP, was consistent in both TSCC and TTP models.
In the first case, baseline TTP was included in the model as a
categorical covariate, as the patients were split into 2 groups de-
pending on their baseline TTP value. Being in the high- or in
the low-burden group modified the underlying hazard of hav-
ing a stable culture conversion. In contrast, baseline TTP value
in a continuous manner was found to be positively correlated to

the rate of TTP change. Lower values of baseline disease burden
were associated with faster achievement of the censored value
at TTP and faster TSCC. This falls in line with previous studies
that identified patients with higher pretreatment bacillary bur-
dens to be less likely to convert-to-negative than those with a
low burden, irrespective of treatment regimen [13, 14, 18, 19].

Previous studies have developed risk algorithms and identified
risk groups that are predictors of long-term, TB-related unfavorable
outcomes [13, 14]. Using these previously developed algorithms and
models, we identified that the same risk groups predicted the indi-
vidual trajectories of TTP. Faster time to culture conversion was
reached in patients in the low-risk group as compared with high-
risk patients. Even though the low-risk group of patients was iden-
tified to have almost 2.5 times lower baseline TTP and 1.8 times the
rate of TTP change as compared with the high-risk group, an im-
pact of the risk group on TSCC could not be identified. This high-
lights the usefulness of TTP as a biomarker, and the fact that using
richer data allows the identification of the same or even more pre-
dictors of response earlier. This is supported by previous models of
TTP obtained by means of the MGIT assay relating longitudinal
TTP measurements and bacterial load [20-24].

Given the wide variation in trough levels that was present in this
study (Figure 1), the lack of a PK-pharmacodynamic (PK-PD)
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Figure 3. Baseline bacterial burden predicts time to stable culture conversion. (A) Time to stable culture conversion. (B) Time to stable culture conversion stratified by the
value of the disease burden at the baseline visit. Median baseline TTP is equal to 16 days. (C) Time to stable culture conversion stratified by risk subgroups. Abbreviation: TTP,

time to positivity.

relationship might indicate that we are at the maximum of the
concentration-effect Emax curve. Using a different methodology
and average pretomanid concentration at steady state as the expo-
sure metric, Nedelman et al [25] found a significant PK-PD rela-
tionship. However, this relationship was mainly flat in the range
of most exposure values, which supports the assumption of having
reached the maximum of the concentration-effect curve. The rel-
evance of being at the maximum of the concentration-effect Emax
curve is that we are not able to characterize the full concentration-

response relationship, since we only see concentrations that are al-
ready producing a maximum effect.

Substantial side effects associated with this treatment have
been reported, such as myelosuppression, peripheral neuropa-
thy, optic neuritis (attributed to linezolid), QTc prolongation
(due to bedaquiline and possibly pretomanid), and hepatotoxic-
ity (caused by bedaquiline and pretomanid) [26, 27], and have
been analyzed in depth elsewhere [11]. Unlike bedaquiline and
pretomanid, linezolid was reported to produce dose-limiting

Table 2. Parameter Estimates With Uncertainty of the Final Models

Parameter

Estimate (%RSE) [95% Cl]

IV [%RSE] [95% Cl]

Time-to-culture-negative-status model
Base .031
Shape 1.61

Baseline TTP effect on shape® -.018

(

(

(
Baseline TTP effect on base® (
TTP model

Baseline low risk, days

25.81 (23.87) [16.44-41.35]

5.04) [.029-.035]
7.18) [1.48-1.90]
26.13) [-.019-.004]
.0095 (24.89) [.0012-.019]

79.79 (23.81) [61.73-100.10]

(
Baseline moderate risk, days 15.53 (14.15) [11.73-20.63] 79.79 (23.81) [61.73-100.10]
Baseline high risk, days 11.11 (19.58) [7.90-16.10] 79.79 (23.81) [61.73-100.10]
Slope low risk, days™" 1.75(23.18) [1.18-2.78] 63.61 (36.11) [42.79-85.44]
Slope moderate risk, days™ 1.13 (13.81) [.89-1.563] 63.61 (36.11) [42.79-85.44]
Slope high risk, days™ 1.00 (18.92) [.69-1.45] 63.61 (36.11) [42.79-85.44]

Correlation baseline—slope

67.85 (24.06) [52.04-89.49]

RUV .25 (7.19) [.21-.28]

Interindividual variability measured as % coefficient of variation (CV%). “95% CI" indicates 95% Cl after 1000 bootstraps. Parameters “TTP model”: baseline, TTP at asymptotic baseline
(pre-study); slope, rate of change; RUV, residual unexplained variability modeled as proportional error. Parameters “Time-to-culture-negative-status model”: base, baseline hazard; shape,

rate of change of hazard.

Abbreviations: Cl, confidence interval; IV, inter individual variability; RSE, residual standard error; TTP, time-to-positivity.

“Baseline TTP effect on shape: (1 + baseline TTP effect on shape) x (individual baseline —16.38).

PBaseline TTP effect on base: (1 + baseline TTP effect on base) x (individual baseline —16.38).
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Figure 4. Baseline bacterial burden and risk groups predict individual trajectory of TTP. (4) Raw TTP longitudinal profiles over 6 months of treatment. (B) Raw TTP lon-
gitudinal profiles over 6 months of treatment by baseline disease burden. Median baseline TTP is equal to 16 days. (C) Raw TTP longitudinal profiles over 6 months of treat-
ment stratified by risk group. The upper panels show the actual values of the MGIT assay over time, with lines representing the first quartile of the data, and lower panels
show the percentage of patients with a censored measurement (TTP value > 42). Abbreviations: MGIT, mycobacterial growth indicator tube; TTP, time to positivity.

toxicities throughout the duration of the trial, therefore causing
numerous linezolid dose reductions and treatment interrup-
tions. In this regard, the use of more informative concentration-
time profiles accounting for dosage adjustments at different time
points with respect to the time of initiation of the trial would be
useful and might help predict the occurrence of toxic events at
the individual level. Regardless, monitoring markers of toxicity
throughout treatment can accurately inform and predict toxici-
ties and might be more practical than therapeutic drug monitor-
ing in clinical settings [11]. Therefore, the optimal dosing
strategy for the BPaL regimen, especially for linezolid, that bal-
ances efficacy and toxicity is still unknown, and optimization
of this regimen is still needed. The lack of an exposure-response
relationship suggests that lower doses of linezolid can minimize
toxicities while retaining comparable efficacy.

The results obtained from the analyses shown in this work
are in line with what the ZeNix trial has reported (NCTO
3086486), a phase 3 clinical trial that has evaluated whether
the efficacy of the BPal drug regimen as shown in the
Nix-TB trial can be maintained while reducing toxicity,
through lower doses and shorter duration of linezolid. The re-
sults of this trial have revealed that the BPaL regimen remains
effective against highly drug-resistant strains of TB with either
reduced linezolid dosage or duration, limiting its toxicity [28].
In terms of efficacy, favorable outcomes at a linezolid dose of

1200 mg for 26 weeks or 9 weeks or 600 mg for 26 weeks or
9 weeks were reported to be 93%, 89%, 91%, and 84%, respec-
tively. Even though the ZeNix trial was never powered to show
efficacy, this has provided evidence that the BPaL regimen
could be optimized.

In this work, we analyzed clinical outcome (categorical var-
iable) and 2 biomarkers: TSCC (time-to-event variable) and the
TTP biomarker (continuous longitudinal variable). These 3
variables differ in their data informativeness, with continuous
TTP trajectory being the richest in information. This was in-
deed confirmed by the knowledge gained in the analysis of
TTP data. The analysis of both TTP and TSCC revealed impor-
tant risk factors for slower bacterial clearance and delayed cul-
ture conversion, which both can put patients at risk of TB
treatment failure, in addition to lower BMI, as identified in
the primary outcome analysis. However, more data are needed
to recommend the use of TTP as a surrogate marker of efficacy.

The most important limitation of this analysis is the small
sample size available. Trials involving a greater number of indi-
viduals and more informative concentration-time profiles
would be useful to establish an optimal use of this regimen
for patients with MDR- and XDR-TB.

In this study we have shown how the modeling of continuous
longitudinal biomarkers might facilitate the identification of
patient, disease, or treatment characteristics associated with
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delayed efficacious response at baseline than otherwise feasible.
In addition, we have discussed that there is still room for estab-
lishing an optimal BPaL regimen that balances efficacy and
safety.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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