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Pretomanid was approved by the U.S. FDA, via the limited population
pathway for antibacterial and antifungal drugs, as part of a three-drug
regimen with bedaquiline and linezolid for the treatment of extensively drug-
resistant and treatment-intolerant or nonresponsive multidrug-resistant
tuberculosis. The recommended dose of pretomanid is 200 mg once daily
with food. The objective of this work was to retrospectively evaluate this
recommended dose by means of exposure-response (E-R) modeling applied
to outcomes of both efficacy and safety. Cox proportional-hazards modeling
was used, with the steady-state average pretomanid concentration as the
exposure metric. The efficacy outcome was time to sputum culture
conversion (TSCC) to negative. The safety outcomes were times to the first
occurrence of adverse events in classes selected from either pretomanid's
investigator brochure or the new drug application (NDA) submission as
recognized safety signals for pretomanid based on preclinical as well as
clinical experience. Significant E-R relationships were found for TSCC and two
adverse-event classes, vomiting (a single preferred term) and gastrointestinal
(GI) symptoms (a collection of related terms). No significant E-R relationships
were found for the single preferred terms nausea, alanine aminotransferase
(ALT) increased, aspartate aminotransferase (AST) increased, and headache
and for the collections hepatic disorders, transaminases increased, skin and
subcutaneous tissue disorders, and headache. The results suggest that the
recommended dose of pretomanid, 200 mg given in the fed state, is
appropriate over the range of pharmacokinetic exposures.



A partially randomised trial of pretomanid, moxifloxacin and pyrazinamide
for pulmonary TB / C. Tweed, G. Wills, A. Crook et al. // International journal of
tuberculosis and lung disease. – 2021. – Vol. 25, N 4. - P. 305-314.
DOI10.5588/ijtld.20.0513

BACKGROUND: Treatment for TB is lengthy and toxic, and new regimens
are needed. METHODS: Participants with pulmonary drug-susceptible TB
(DS-TB) were randomised to receive: 200 mg pretomanid (Pa, PMD)
daily, 400 mg moxifloxacin (M) and 1500 mg pyrazinamide (Z) for 6
months (6Pa200MZ) or 4 months (4Pa200MZ); 100 mg pretomanid daily
for 4 months in the same combination (4Pa100MZ); or standard DS-TB
treatment for 6 months. The primary outcome was treatment failure or
relapse at 12 months post-randomisation. The non-inferiority margin for
between-group differences was 12.0%. Recruitment was paused
following three deaths and not resumed. RESULTS: Respectively 4/47
(8.5%), 11/57 (19.3%), 14/52 (26.9%) and 1/53 (1.9%) DS-TB outcomes
were unfavourable in patients on 6Pa200MZ, 4Pa200MZ, 4Pa100MZ and
controls. There was a 6.6% (95% CI -2.2% to 15.4%) difference per
protocol and 9.9% (95%CI -4.1% to 23.9%) modified intention-to-treat
difference in unfavourable responses between the control and 6Pa200MZ
arms. Grade 3+ adverse events affected 68/203 (33.5%) receiving
experimental regimens, and 19/68 (27.9%) on control. Ten of 203 (4.9%)
participants on experimental arms and 2/68 (2.9%) controls died.
CONCLUSION: PaMZ regimens did not achieve non-inferiority in this
under-powered trial. An ongoing evaluation of PMD remains a priority.



Stancil, S. Profiling Pretomanid as a Therapeutic Option for TB Infection:
Evidence to Date / S. Stancil, F. Mirzayev, S. Abdel-Rahman S. // Drug design
development and therapy. – 2021. – Vol. 15. - P. 2815 – 2830.
DOI10.2147/DDDT.S281639

Tuberculosis (TB) is the most deadly infectious disease globally.
Although most individuals achieve a cure, a substantial portion develop
multi-drug resistant TB which is exceedingly difficult to treat, and the
number of effective agents is dwindling. Development of new anti-
tubercular medications is imperative to combat existing drug
resistance and accelerate global eradication of TB. Pretomanid (PA-
824) represents one of the newest drug classes (ie,
nitroimidazooxazines) approved in 2019 by the United States Food and
Drug Administration as part of a multi-drug regimen (with bedaquiline
and linezolid, BPaL) and recommended by the World Health
Organization (WHO) to treat extensively-resistant (XR-TB) and multi-
drug resistant tuberculosis (MDR-TB). Approval was granted through
the FDA's Limited Population Pathway for Antibacterial and Antifungal
Drugs, which accelerates approval for antimicrobial drugs used to treat
life-threatening or serious infections in a limited population with
unmet need. This review details the pharmacology, efficacy, and safety
of this new agent and describes evidence to date for its role in the
treatment of drug resistant TB including published, ongoing, and
planned studies.



Genetic diversity of candidate loci linked to Mycobacterium tuberculosis 
resistance to bedaquiline, delamanid and pretomanid / P. Gomez-Gonzalez, J. 
Perdigao, P. Gomes et al. //  Scientific reports. – 2021. – Vol. 11, N 1. – N 19431.    
DOI10.1038/s41598-021-98862-4

Tuberculosis (TB), caused by Mycobacterium tuberculosis, is one of the deadliest
infectious diseases worldwide. Multidrug and extensively drug-resistant strains are
making disease control difficult, and exhausting treatment options. New anti-TB
drugs bedaquiline (BDQ), delamanid (DLM) and pretomanid (PTM) have been
approved for the treatment of multi-drug resistant TB, but there is increasing
resistance to them. Nine genetic loci strongly linked to resistance have been
identified (mmpR5, atpE, and pepQ for BDQ; ddn, fgd1, fbiA, fbiB, fbiC, and fbiD
for DLM/PTM). Here we investigated the genetic diversity of these loci across
>33,000 M. tuberculosis isolates. In addition, epistatic mutations in mmpL5-
mmpS5 as well as variants in ndh, implicated for DLM/PTM resistance in M.
smegmatis, were explored. Our analysis revealed 1,227 variants across the nine
genes, with the majority (78%) present in isolates collected prior to the roll-out of
BDQ and DLM/PTM. We identified phylogenetically-related mutations, which are
unlikely to be resistance associated, but also high-impact variants such as
frameshifts (e.g. in mmpR5, ddn) with likely functional effects, as well as non-
synonymous mutations predominantly in MDR-/XDR-TB strains with predicted
protein destabilising effects. Overall, our work provides a comprehensive
mutational catalogue for BDQ and DLM/PTM associated genes, which will assist
with establishing associations with phenotypic resistance; thereby, improving the
understanding of the causative mechanisms of resistance for these drugs, leading
to better treatment outcomes.



Pretomanid with bedaquiline and linezolid for drug-resistant TB: a
comparison of prospective cohorts / S. Oelofse, A. Esmail, A. Diacon et al. //
international journal of tuberculosis and lung disease. – 2021. – Vol. 25. – N 6. –
P. 453 – 460. DOI10.5588/ijtld.21.0035

BACKGROUND: There are no data comparing the 6-9 month oral three-drug
Nix regimen (bedaquiline, pretomanid and linezolid [BPaL]) to conventional
regimens containing bedaquiline (B, BDQ) and linezolid (L, LZD).METHODS:
Six-month post end-of-treatment outcomes were compared between Nix-TB
(n = 109) and 102 prospectively recruited extensively drug-resistant TB
patients who received an ˜18-month BDQ-based regimen (median of 8
drugs). A subset of patients received BDQ and LZD (n = 86), and a subgroup
of these (n = 75) served as individually matched controls in a pairwise
comparison to determine differences in regimen efficacy. RESULTS:
Favourable outcomes (%) were significantly better with BPaL than with the B-
L-based combination regimen (98/109, 89.9% vs. 56/86, 65.1%; adjusted
relative risk ratio [aRRR] 1.35; P < 0.001) and in the matched pairwise
analysis (67/75, 89.3% vs. 48/75, 64.0%; aRRR 1.39; P = 0.001), despite
significantly higher baseline bacterial load and prior second-line drug
exposure in the BPaL cohort. Time to culture conversion (P < 0.001), time to
unfavourable outcome (P < 0.01) and time to death (P < 0.03) were
significantly better or lower with BPaL than the B-L-based combinations.
CONCLUSION: The BPaL regimen (and hence substitution of multiple other
drugs by pretomanid and/or higher starting-dose LZD) may improve
outcomes in drug-resistant TB patients with poor prognostic features.
However, prospective controlled studies are required to definitively answer
this question.



Lyons, M. Pretomanid dose selection for pulmonary tuberculosis: An
application of multi-objective optimization to dosage regimen / M. Lyons //
CPT-pharmacometrics & systems pharmacology. – 2021. - Vol. 10, N 3. - Р. 211 –
219. DOI: 10.1002/psp4.12591

Clinical development of combination chemotherapies for tuberculosis
(TB) is complicated by partial or restricted phase II dose-finding.
Barriers include a propensity for drug resistance with monotherapy,
practical limits on numbers of treatment arms for component dose
combinations, and limited application of current dose selection
methods to multidrug regimens. A multi-objective optimization
approach to dose selection was developed as a conceptual and
computational framework for currently evolving approaches to clinical
testing of novel TB regimens. Pharmacokinetic-pharmacodynamic (PK-
PD) modeling was combined with an evolutionary algorithm to identify
dosage regimens that yield optimal trade-offs between multiple
conflicting therapeutic objectives. The phase IIa studies for
pretomanid, a newly approved nitroimidazole for specific cases of
highly drug-resistant pulmonary TB, were used to demonstrate the
approach with Pareto optimized dosing that best minimized sputum
bacillary load and the probability of drug-related adverse events.
Results include a population-typical characterization of the
recommended 200 mg once daily dosage, the optimality of time-
dependent dosing, examples of individualized therapy, and the
determination of optimal loading doses. The approach generalizes
conventional PK-PD target attainment to a design problem that scales
to drug combinations, and provides a benefit-risk context for clinical
testing of complex drug regimens.



Mutations in fbiD (Rv2983) as a Novel Determinant of Resistance to
Pretomanid and Delamanid in Mycobacterium tuberculosis / D. Rifat, S. Li, T.
Ioerger et al. // antimicrobial agents and chemotherapy. – 2021. - Vol.65, N 1. -
N e01948-20. DOI10.1128/AAC.01948-20

The nitroimidazole prodrugs delamanid and pretomanid comprise one of only
two new antimicrobial classes approved to treat tuberculosis (TB) in 50 years.
Prior in vitro studies suggest a relatively low barrier to nitroimidazole
resistance in Mycobacterium tuberculosis, but clinical evidence is limited to
date. We selected pretomanid-resistantM. tuberculosis mutants in two mouse
models of TB using a range of pretomanid doses. The frequency of
spontaneous resistance was approximately 10-5 CFU. Whole-genome
sequencing of 161 resistant isolates from 47 mice revealed 99 unique
mutations, of which 91% occurred in 1 of 5 genes previously associated with
nitroimidazole activation and resistance,
namely, fbiC (56%), fbiA (15%), ddn (12%), fgd (4%), and fbiB (4%). Nearly all
mutations were unique to a single mouse and not previously identified. The
remaining 9% of resistant mutants harbored mutations in Rv2983 (fbiD), a gene
not previously associated with nitroimidazole resistance but recently shown to
be a guanylyltransferase necessary for cofactor F420 synthesis. Most mutants
exhibited high-level resistance to pretomanid and delamanid,
although Rv2983 and fbiB mutants exhibited high-level pretomanid resistance
but relatively small changes in delamanid susceptibility. Complementing
an Rv2983mutant with wild-type Rv2983 restored susceptibility to pretomanid
and delamanid. By quantifying intracellular F420 and its precursor Fo in
overexpressing and loss-of-function mutants, we provide further evidence that
Rv2983 is necessary for F420 biosynthesis. Finally, Rv2983 mutants and other
F420H2-deficient mutants displayed hypersusceptibility to some antibiotics and
to concentrations of malachite green found in solid media used to isolate and
propagate mycobacteria from clinical samples.



Pretomanid Pharmacokinetics in the Presence of Rifamycins: Interim Results
from a Randomized Trial among Patients with Tuberculosis / E. Ignatius, M.
Abdelwahab M., B. Hendricks et al. // Antimicrobial agents and chemotherapy.
– 2021. - Vol.65, N2. - N e01196-20. DOI10.1128/AAC.01196-20

Shorter, more potent regimens are needed for tuberculosis. The nitroimidazole
pretomanid was recently approved for extensively drug-resistant tuberculosis in
combination with bedaquiline and linezolid. Pretomanid may also have benefit as a
treatment-shortening agent for drug-sensitive tuberculosis. It is unclear how and
whether it can be used together with rifamycins, which are key sterilizing first-line drugs.
In this analysis, data were pooled from two studies: the Assessing Pretomanid for
Tuberculosis (APT) trial, in which patients with drug-sensitive pulmonary TB received
pretomanid, isoniazid, and pyrazinamide plus either rifampin or rifabutin versus standard
of care under fed conditions, and the AIDS Clinical Trials Group 5306 (A5306) trial, a
phase I study in healthy volunteers receiving pretomanid alone or in combination with
rifampin under fasting conditions. In our population pharmacokinetic (PK) model,
participants taking rifampin had 44.4 and 59.3% reductions in pretomanid AUC (area
under the concentration-time curve) compared to those taking rifabutin or pretomanid
alone (due to 80 or 146% faster clearance) in the APT and A5306 trials, respectively.
Median maximum concentrations (C max) in the rifampin and rifabutin arms were 2.14
and 3.35 mg/liter, while median AUC0-24 values were 30.1 and 59.5 mg·h/liter,
respectively. Though pretomanid exposure in APT was significantly reduced with
rifampin, AUC0-24 values were similar to those associated with effective treatment in
registrational trials, likely because APT participants were fed with dosing, enhancing
pretomanid relative bioavailability and exposures. Pretomanid concentrations with
rifabutin were high but in range with prior observations. While pretomanid exposures
with rifampin are unlikely to impair efficacy, our data suggest that pretomanid should be
taken with food if prescribed with rifampin. (This study has been registered at
ClinicalTrials.gov under identifier NCT02256696.).



A validated liquid chromatography tandem mass spectrometry assay for
the analysis of pretomanid in plasma samples from pulmonary tuberculosis
patients / A. Malo , T. Kellermann, E. Ignatius et al. // journal of
pharmaceutical and biomedical analysis. – 2021. – Vol. 195. - N 113885.
DOI10.1016/j.jpba.2020.113885

A method for the extraction and quantification of pretomanid in 40 μL of
human plasma, by high performance liquid chromatography with
tandem mass spectrometry (LC-MS/MS) detection was developed and
validated. Samples were prepared using liquid-liquid extraction and
chromatographic separation was achieved on an Agilent Poroshell C18
column using an isocratic elution at a flow rate of 400 μL/min.
Electrospray ionization with mass detection at unit resolution in the
multiple reaction monitoring (MRM) mode on an AB Sciex API 3200
mass spectrometer was used. Over the validation period, accuracy,
precision, selectivity, sensitivity, recovery and stability were assessed.
The calibration range was 10 - 10 000 ng/mL. Inter- and intra-day
precision, expressed as the coefficient of variation (%CV), was shown to
be lower than 9% at all concentrations tested with accuracies between
95.2 and 110 %. The recovery was 72.4 % overall and reproducible at the
low, medium and high end of the calibration range. The method was
shown to be specific for pretomanid with no significant matrix effects
observed. The validated method facilitated the analysis of pretomanid in
plasma collected from adults with pulmonary TB as part of a clinical
pharmacokinetic study.


