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ABSTRACT A phase 1b, randomized, placebo-controlled, double-blind, multiple
ascending dose study (NCT02858973) was conducted to assess the safety, tolerabil-
ity, and pharmacokinetics of the new antituberculosis agent telacebec (Q203). A total
of 47 healthy adult subjects entered the study; 36 received telacebec, and 11
received placebo. Telacebec at doses of 20, 50, 100, 160, 250, and 320 mg was orally
administered once daily with a standard meal for 14 days. Multiple oral doses of
telacebec up to 320 mg daily for 14 days appeared to be safe and well tolerated by
healthy adult subjects in this study. There were no deaths, serious adverse events, or
subject discontinuations due to adverse events. Following oral doses of telacebec,
the overall extent (AUCt) and peak (Cmax) exposures of telacebec increased from
538.94 to 10,098.47 ng�h/mL and from 76.43 to 1502.33 ng/mL, respectively, with
increasing telacebec doses from 20 mg to 320 mg. A steady state was achieved for
plasma telacebec by day 12, and there was 1.9- to 3.1-fold accumulation in the
extent of telacebec exposure after daily doses for 14 days. Analysis of plasma sam-
ples from the participants indicated that telacebec was the primary circulating entity
with no significant metabolites. Three potential metabolites of telacebec have been
identified, which may be relatively minimal compared to the parent drug. Consistent
with findings from preclinical and previous single-dose clinical studies, these results
also support the potential of telacebec for further development as a safe and effec-
tive agent for the treatment of tuberculosis.

KEYWORDS telacebec, multiple ascending doses, antituberculosis, safety,
pharmacokinetics, metabolism

Tuberculosis (TB) caused by Mycobacterium tuberculosis persists as a major cause of
morbidity and mortality worldwide, particularly in developing countries. TB has

been posed as one of the top 10 causes of death and the leading cause of death attrib-
uted to a single infection before the outburst of coronavirus disease 2019 (COVID-19)
(1, 2). Unfortunately, recent COVID-19 pandemic has even reversed years of global pro-
gress in struggle against TB (3–5). While the estimated number of TB deaths has gradu-
ally decreased every year since 2005, the elaborating trend of decline was set back in
the face of COVID-19 pandemic (4, 6). Reduced access to diagnosis and treatment of
TB led to an increase in mortality as well as the number of people dying from TB for
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the first time in the last 15 years. In 2020, the number of deaths from TB had increased
to more than 1.5 million, including deaths from human immunodeficiency virus (HIV)
coinfection, returning to the level in 2017 (6). Moreover, the devastating impact of the
pandemic on TB is anticipated to continue and worsen in 2021 and 2022 (4, 6).

Besides immediate actions to rebuild the TB care and services disrupted by COVID-
19, unceasing long-term efforts are required to restore progress toward the goal “End
TB” set by World Health Organization (WHO) (4). Endeavors to develop effective thera-
peutic strategies to overcome TB should be continued. In fact, breakthroughs in thera-
peutics are needed more than ever to rapidly reduce the mortality rate of TB world-
wide and ultimately terminate TB. The most urgent clinical need is to develop a highly
effective agent capable of treating multi and extensively drug-resistant TB (7, 8). While
effective therapies have been available to cure drug-susceptible TB, treatment of drug-
resistant TB requires long courses of treatment, with lower success rates and high rates
of drug-associated toxicity (9, 10).

Two drugs with new mechanisms of action, i.e., bedaquiline and delamanid, have
been approved for the treatment of multidrug-resistant TB by the US Food and Drug
Administration (FDA) and by the European Medicines Agency, respectively (11, 12). Both
bedaquiline and delamanid, however, have been associated with potential risk of cardio-
toxicity due to QT prolongation (13, 14), which also limits their combination with other
antituberculosis agents. In 2019, the US FDA conditionally approved another drug, preto-
manid, in combination with bedaquiline and linezolid in patients with highly resistant TB
(10). Despite the high efficacy of the combination of three drugs, the extra benefits of
adding pretomanid to the bedaquiline-linezolid combination has yet to be further eval-
uated (15). Thus, there is a need for new therapies with a novel mechanism of action
that offer efficacy against drug-sensitive and drug-resistant TB with an acceptable toler-
ability profile to provide more options for combination regimens in the fight against TB.

As of 2021, 25 drugs, including 16 new compounds and 6 repurposed drugs, are in
Phase I, II, or III trials for the treatment of drug-susceptible TB, multidrug-resistant TB, or TB
infection (6). Among others, telacebec (Q203) is a new antibiotic that inhibits the growth of
Mycobacterium tuberculosis by targeting the energy metabolism, in particular, the oxidative
phosphorylation pathway (15). Bedaquiline is an inhibitor of mycobacterial ATP synthase,
thereby validating oxidative phosphorylation. On the other hand, telacebec is a first-in-class
imidazopyridine amide (IPA) that interferes with a different element of the oxidative phos-
phorylation pathway, i.e., cytochrome bc1 complex, which is essential for the electron trans-
port required for ATP synthesis (16–19). Thus, telacebec causes rapid depletion of intracellu-
lar ATP in Mycobacterium tuberculosis, leading to bacterial cell death. The efficacy of
telacebec has been well demonstrated in vitro as well as in vivo animal models (17).
Telacebec was active against the reference strain Mycobacterium tuberculosis H37Rv at a MIC
required for 50% growth (MIC50) of the low nanomolar range in cultured broth medium and
inside macrophages (17, 20). In particular, telacebec has shown its potency across multidrug-
resistant, and extensively drug-resistant Mycobacterium tuberculosis isolates in vitro, indicat-
ing its potential as part of drug combinations for the treatment of multidrug-resistant TB.
The MIC90 of telacebec was conserved against clinical isolates of multidrug-resistant and
extensively drug-resistant Mycobacterium tuberculosis strains that mostly belonged to the
Beijing family (17). It was also shown that the MIC of telacebec was 3.0 to 7.4 nM against iso-
niazid, rifampicin, and fluoroquinolone drug-resistantMycobacterium tuberculosis strains (21).

A good safety profile of telacebec with a wide range of doses was also indicated by
preclinical studies in mice, rats, and dogs (17). Preclinical studies have shown the high
metabolic stability of telacebec in microsomes and cryopreserved hepatocytes from
human, monkey, rat, and dog origin (17). These results suggest that telacebec may
achieve good systemic exposure in humans. Since telacebec was neither an inhibitor
nor an inducer of cytochrome P450 isozymes, the drug-drug interaction potential may be
low. In addition, favorable safety profiles and adequate pharmacokinetic characteristics of
telacebec in healthy volunteers in the first-in-human study have recently been reported
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(22). In the Phase 1a trial, telacebec doses from 10 to 800 mg demonstrated tolerability
and safety without any significant or severe adverse events in healthy subjects (22).

Given the promising outcomes of preclinical and clinical studies, this report presents the
results of a Phase 1b, randomized, placebo-controlled, double-blind, multiple ascending
dose study of telacebec (NCT02858973). The present study was designed to evaluate the
safety, tolerability, and pharmacokinetics of telacebec in healthy subjects for 14 days, prior
to a 14-day early bactericidal activity (EBA) study as an early phase 2 clinical trial (23). The
dose levels of the present multiple ascending dose study were selected based on the safety
and pharmacokinetic results from the previously completed single ascending dose study
(22) and the in vitro and in vivo activity of telacebec (17, 20). A total of 47 healthy adult sub-
jects were randomly allocated into 6 cohorts and received daily doses of either placebo or
telacebec at 20 to 320 mg for 14 days with a standard meal for safety and pharmacokinetic
evaluation. In addition, the presence of potential metabolites of telacebec has been explored
in the plasma samples from the participants. This report would be helpful for the accurate
assessment of telacebec as an antituberculosis drug for further development.

RESULTS
Study subjects. A total of 47 healthy adult subjects sequentially entered the study to

assess the safety, tolerability, and pharmacokinetics of multiple oral doses of telacebec
administered once daily for 14 days. Subjects were randomized to receive either telacebec
or matching placebo (36 active telacebec and 11 placebo) in 1 of 6 cohorts, with each sub-
ject participating in only 1 cohort. The decision to study higher dose levels was based upon
a comprehensive review of the available safety, tolerability, and pharmacokinetic data from
the prior cohorts treated with the lower doses. One subject who received a placebo was
discontinued early on day 3 due to an electrocardiogram (ECG)-related abnormality that
was considered to be a preexisting condition. Finally, a total of 46 subjects completed the
study, including Cohort 1: 20 mg telacebec (6 active, 2 placebo), Cohort 2: 50 mg (6 active,
1 placebo), Cohort 3: 100 mg (6 active, 2 placebo), Cohort 4: 160 mg (6 active, 2 placebo),
Cohort 5: 250 mg (6 active, 2 placebo), and Cohort 6: 320 mg (6 active, 2 placebo). Table 1
shows the demographic descriptions of the subjects by overall characteristics. Although ev-
ery attempt was made to include at least 2 female subjects in each cohort, there was only 1
female subject in this study. Among 36 subjects in the treatment cohorts, most subjects
were white (21 of 36; 58%) or black/African American (13 of 36; 36%) with an average age
of 34.6 6 10.8 years and body mass index (BMI) of 27.2 6 3.4 kg/m2. All 36 subjects who
received telacebec treatments were included in the pharmacokinetic analysis, and all 47
were included in the safety analysis.

Safety and tolerability. Multiple oral doses of telacebec, up to 320 mg (or matching
placebo) daily for 14 days, appeared to be safe and well tolerated by the healthy adult sub-
jects. There were no deaths, serious adverse events, or subject discontinuations due to
adverse events throughout the study. Overall, a total of 66 mild treatment-emergent
adverse events were reported by 23 (64%) subjects taking telacebec and 14 (91%) subjects
taking placebo. The treatment-emergent adverse event frequency by treatment groups is
summarized in Table 2. The incidence of adverse events did not increase with increasing
telacebec dose levels. The most common adverse event was mild contact dermatitis (due
to ECG lead adhesive), which was reported by 13 (36%) subjects in the telacebec cohorts
and 4 (36%) subjects in the placebo group. All contact dermatitis events were considered
to be unrelated to the study treatment. Mild headache was the next most common adverse
event, reported by 7 (19%) subjects taking telacebec, with 2 events probably related, 9 pos-
sibly related, and 4 unlikely related to the study drug. In subjects taking placebo, nasal con-
gestion was the second most common, which was experienced by 2 (18%) subjects.

No clear dose-related changes in serum chemistry, hematology, coagulation, and urinaly-
sis were observed after taking telacebec compared to placebo. One subject in Cohort 5
showed the laboratory-related adverse event of increased serum creatinine of 1.49 –
1.64 mg/dL (versus reference level of 0.69 – 1.2 mg/dL) from day 8 to day 16, which was
resolved 20 days after onset. Of note, the subject also had elevated creatinine levels at
Screening, on day21 with values ranging from 1.23 to 1.41 mg/dL. All vital sign parameters,
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i.e., systolic and diastolic blood pressure, heart rate, respiration rate, and body temperature,
were within normal limits. There were no vital sign-related adverse events in this study, and
all individual vital sign abnormalities were considered clinically insignificant.

There were no clinically significant ECG-related adverse events or abnormalities in
this study. Mean safety 12-lead ECG parameters for heart rate, PR, QRS, QT, and QTcF
remained within normal limits. There was one subject in Cohort 1 who experienced
the ECG-related adverse event of abnormal ST-T segment that was resolved spontane-
ously and considered unlikely related to the study drug. One subject receiving placebo
was discontinued from the study on day 3 due to an ECG abnormality, which was

TABLE 2 Treatment-emergent adverse event frequency by treatment

Adverse events Placebo

Telacebec

Cohort 1
(20 mg)

Cohort 2
(50 mg)

Cohort 3
(100 mg)

Cohort 4
(160 mg)

Cohort 5
(250 mg)

Cohort 6
(320 mg) Total

No. of subjects dosed 11 (100%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) 36 (100%)
No. of subjects with adverse events 10 (91%) 5 (83%) 3 (50%) 4 (67%) 3 (50%) 5 (83%) 3 (50%) 23 (64%)

Gastrointestinal disorders 1 (9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (33%) 0 (0%) 2 (6%)
Constipation 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (3%)
Nausea 1 (9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (3%)

General disorders and administration site conditions 1 (9%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (17%) 1 (17%) 3 (8%)
Fatigue 1 (9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Feeling hot 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (17%) 2 (6%)
Pain 1 (9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (3%)
Vessel puncture site erythema 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 1 (3%)

Injury, poisoning, and procedural complications 2 (18%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (3%)
Excoriation 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (3%)
Foreign body 1 (9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Laceration 1 (9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Investigations 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (17%) 3 (8%)
Blood creatinine increased 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (3%)
Electrocardiogram ST-T segment abnormal 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (3%)
Urine output increased 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (3%)

Musculoskeletal and connective tissue disorders 1 (9%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (17%) 2 (6%)
Arthralgia 1 (9%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 1 (3%)
Myalgia 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (3%)

Nervous system disorders 1 (9%) 2 (33%) 1 (17%) 1 (17%) 2 (33%) 2 (33%) 0 (0%) 8 (22%)
Headache 1 (9%) 2 (33%) 1 (17%) 1 (17%) 2 (33%) 1 (17%) 0 (0%) 7 (19%)
Somnolence 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (3%)

Respiratory, thoracic, and mediastinal disorders 3 (27%) 2 (33%) 2 (33%) 0 (0%) 0 (0%) 3 (50%) 2 (33%) 9 (25%)
Cough 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (3%)
Dry throat 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (3%)
Dysphonia 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (3%)
Nasal congestion 2 (18%) 2 (33%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 3 (8%)
Oropharyngeal pain 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 2 (6%)
Productive cough 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (3%)
Rhinorrhoea 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (17%) 2 (6%)
Sinus congestion 0 (0%) 0 (0%) 2 (33%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (6%)
Sneezing 1 (9%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 2 (6%)
Sputum discolored 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (3%)
Throat irritation 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 1 (3%)

Skin and subcutaneous tissue disorders 4 (36%) 5 (83%) 3 (50%) 2 (33%) 0 (0%) 3 (50%) 2 (33%) 15 (42%)
Dermatitis contact 4 (36%) 5 (83%) 3 (50%) 1 (17%) 0 (0%) 3 (50%) 1 (17%) 13 (36%)
Dry skin 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1 (3%)
Pruritus 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 2 (6%)
Skin hyperpigmentation 0 (0%) 0 (0%) 0 (0%) 1 (17%) 0 (0%) 0 (0%) 0 (0%) 1 (3%)
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determined as a preexisting condition. There were no other remarkable findings in the
adverse events, vital signs, ECGs, clinical laboratory, or physical examination assess-
ments concerning subject safety.

Pharmacokinetics of telacebec after multiple oral doses. Average plasma concen-
trations of telacebec versus time profiles following multiple oral administrations of telace-
bec at 20 to 320 mg once daily for 14 days in healthy adult subjects are shown in Fig. 1.
The pharmacokinetic profiles after the first dose on day 1 and the last dose on day 14
were highlighted in Fig. 1A and 1B, respectively. The pharmacokinetic parameters of tela-
cebec are presented in Table 3. On day 1, following oral administration, plasma concentra-
tions of telacebec increased, achieved the peak plasma concentrations (Cmax) at approxi-
mately 2.75 to 4.00 h, and declined in a multiexponential manner across all treatment
cohorts. The overall plasma concentrations of telacebec increased with increasing telace-
bec doses from 20 mg to 320 mg. Correspondingly, Cmax and the area under the plasma
concentration-time curve (AUCt) of telacebec increased with increasing telacebec doses.
Other parameters, including half-life (t1/2) and time to reach Cmax (Tmax) were comparable
across all cohorts with no dose-related trends.

Following daily doses of telacebec, the predose concentrations (Ctrough) gradually
increased compared to that after the 1st dose on day 1 (Fig. 1C). Based on the steady-
state assessment using the Helmert contrast method, steady-state was achieved for
plasma concentrations of telacebec by day 12, i.e., Ctrough day 11, after oral administra-
tion of telacebec at 20 to 320 mg daily doses (P values > 0.05). Since the steady-state
analysis was based on the limited number of Ctrough comparisons, the true steady-state
profile may not be reflected, which might have been reached earlier.

Similar to day 1, the average Cmax and AUCt values also increased with increasing
telacebec doses from 20 mg to 320 mg on day 14. On the other hand, telacebec
plasma concentrations after the last dose on day 14 were higher than those obtained
after 1st dose on day 1 in all dose cohorts (Fig. 1A and 1B). The average accumulation
ratio (AR) was calculated as 1.89 to 3.06 for AUCt and 1.52 to 2.28 for Cmax after multi-
ple daily doses for 14 days across the dose levels studied (Table 3). The terminal half-

FIG 1 Average plasma concentrations of telacebec versus time profiles after (A) the first dose on day 1, (B) the last dose on day 14, and (C) trough
concentrations (Ctrough) following oral doses of telacebec at 20 – 320 mg once daily for 14 days in healthy adult subjects (mean 6 SD, n = 6).

TABLE 3 Pharmacokinetic parameters of telacebec (Q203) following multiple oral administrations in healthy subjects (Q203-TB-PI-US002)a

Parameter
20 mg 50 mg 100 mg 160 mg 250 mg 320 mg
(n = 6) (n = 6) (n = 6) (n = 6) (n = 6) (n = 6)

Day 1
Tmax (h) 3.25 (1.50–5.00) 3.25 (2.50–5.00) 2.75 (2.00–3.50) 2.75 (2.50–5.00) 4.00 (2.00–5.00) 3.75 (2.50–6.00)
Cmax (ng/mL) 76.436 11.40 185.506 33.93 496.836 279.99 733.176 321.67 834.506 226.93 1502.336 509.28
AUCt (ng�h/mL) 538.946 147.83 1512.386 323.53 3275.326 1377.62 5683.776 2190.29 6199.166 2191.32 10098.476 3781.43

Day 14
t1/2,z (h) 162.036 58.39 332.646 75.70 173.006 51.17 472.796 134.25 391.776 104.34 419.926 276.11
t1/2,eff (h) 25.096 7.94 33.676 16.93 35.876 22.51 21.876 13.84 41.896 22.80 29.176 9.73
Tmax (h) 3.25 (2.00–5.00) 5.00 (2.00–6.00) 4.00 (1.50–6.00) 4.25 (2.00–5.00) 5.00 (3.00–6.00) 5.00 (3.50–5.00)
Cmax (ng/mL) 114.486 19.06 408.006 131.43 819.006 375.69 1088.676 395.80 1781.676 559.23 2510.006 670.70
AR_Cmax 1.526 0.32 2.276 0.92 2.036 1.11 1.646 0.77 2.286 1.03 1.776 0.53
AUCt (ng�h/mL) 1083.266 289.13 3837.706 1487.62 8014.286 3596.45 9805.716 2754.53 17465.716 5940.17 22977.176 10148.91
AR_AUCt 2.076 0.45 2.576 1.00 2.726 1.31 1.896 0.81 3.066 1.34 2.316 0.57

aData were presented as the mean6 SD, expect for Tmax, which was presented as the median (minimum-maximum); t1/2,z, terminal half-life; t1/2,eff, effective half-life; AR,
accumulation ratio.
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life (t1/2,z) calculated based on the data obtained after the last dose was variable and
ranged from 162.03 to 472.79 h, whereas the average effective half-life (t1/2,eff) calcu-
lated based on the accumulation at steady state ranged from 21.87 to 41.89 h. The
apparent clearance (CL/F) was variable across the dose cohorts with an average of 14.3
to 19.9 L/h with no dose-related trends.

Dose proportionality was assessed with respect to the systemic exposure parameters of
Cmax and AUCt obtained on day 1 and day 14. Individual and mean ln-transformed phar-
macokinetic parameters versus ln-transformed telacebec doses are presented in Fig. 2.
Dose proportional increases of Cmax and AUCt on day 1 were observed in telacebec dose
from 20 mg to 320 mg with the slope estimate of 1.020 (95% confidence interval [CI];
0.888 to 1.151) and 1.012 (95% CI; 0.882 to 1.143), respectively. Cmax and AUCt on day 14
also increased with the dose of telacebec with the slope of 1.054 (95% CI; 0.931 to 1.178)
and 1.049 (95% CI; 0.917 to 1.182), respectively. As the 95% CIs for the slopes of tested
pharmacokinetic parameters included the value of 1, dose proportionality was statistically
significant, suggesting the overall extent and peak exposures of telacebec increased pro-
portionately over the entire telacebec doses of 20 to 320 mg daily for 14 days.

Metabolism of telacebec by LC/MS/TOF analysis. Human plasma samples col-
lected during the study were pooled from 6 subjects across time points (1.5 to 24 h af-
ter drug administration) under steady-state dosing conditions and analyzed for
the presence of telacebec and metabolites by liquid chromatography with quadrupole
time-of-flight mass spectrometry (LC/MS/TOF). Possible metabolite identities were
assigned based on the accurate mass data. A chromatographic peak profile of the par-
ent and metabolites were generated.

Table 4 shows the potential metabolites of telacebec found in the plasma from the

FIG 2 Dose proportionality of telacebec with respect to (A) Cmax on day 1, (B) Cmax on day 14, (C) AUCt on day 1, and (D) AUCt on day 14. Closed symbols
represent the mean and open symbols represent the individual data (n = 6).

TABLE 4 Potential metabolites of telacebec in human plasmaa

Name TR, min Found m/z Theoretical m/z Proposed structure
Telacebec 7.95 557.1931 557.1931

M1 6.90 224.0602 224.0591

M2 6.25 551.1435 –b Unknown
M3 6.60 573.1906 573.1880 Hydroxylation
aTR, retention time; m/z, mass to charge ratio.
bDash indicates the theoretical m/z of M2 (unknown metabolite).

Safety, Pharmacokinetics, and Metabolism of Telacebec Antimicrobial Agents and Chemotherapy

January 2023 Volume 67 Issue 1 10.1128/aac.01123-22 7

https://journals.asm.org/journal/aac
https://doi.org/10.1128/aac.01123-22


study subjects. Three potential metabolites of telacebec were observed by LC/MS/TOF.
The tentatively characterized metabolite, M1 appeared to be loss of C19H19F3NO from
the parent, while M2 was unknown, and M3 might result from hydroxylation. The struc-
tures of the parent and proposed metabolites based on the masses and chemical prec-
edent are also shown (Table 4). The relative abundances were calculated assuming
that ionization efficiency and matrix effects were uniform for all analytes at all elution
times in the profile. The parent molecule telacebec was the major circulating analyte
in the plasma of all subjects, representing 90.6% of the total peak height. Among the
identified metabolites, M1 was the highest at 4.1%, followed by M3 and M2 at 3.6%
and 1.7%.

DISCUSSION

Following the first-in-human trial (22), this study aimed to further evaluate the safety,
tolerability, and pharmacokinetics of multiple ascending doses of the new antituberculosis
drug telacebec in healthy adult subjects. As a 14-day early bactericidal activity (EBA) study
was planned as an early phase 2 clinical trial, this study was designed to support the EBA
study following daily oral doses of telacebec for 14 days. In all subjects given telacebec
doses at 20 to 320 mg once daily for 14 days, telacebec was well tolerated, and no serious
or life-threatening adverse events were observed. Pharmacokinetic analysis showed that
dose-proportional increase in the systemic exposure of telacebec and approximately 2- to
3-fold accumulation in the extent of exposure following multiple oral administrations of
telacebec for 14 days, by which a steady state has been achieved.

Major shortcomings of recently approved drugs for the treatment of drug-resistant
TB include limited utility in combinatory regimens associated with potential safety con-
cerns. Bedaquiline (Sirturo) and delamanid (Deltyba) exhibited potential cardiotoxicity
due to prolonging the QT interval (13, 14, 24). Since bedaquiline and delamanid can be
part of complex multidrug regimens, combination with other drugs with potential QT
prolonging effect such as clofazimine and the fluoroquinolones (25, 26) may increase
the safety concern. In this regard, the safety profile of telacebec is promising. There
were no clinically significant findings associated with the drug compared to placebo
during the entire study period. Particularly, in terms of electrocardiograms, there was
one subject in Cohort 1 (20 mg) experienced mild, temporary ST-T segment abnormal-
ity on day 6, and one subject in the placebo group discontinued due to an ECG abnor-
mality on day 3. There were no other ECG-related adverse events observed in this
study.

The safety profile of telacebec is in good agreement with preclinical and clinical
findings. In vitro studies showed that telacebec was not cytotoxic or genotoxic and did
not inhibit hERG in hERG potassium channel patch-clamp assay, indicating a low risk of
cardiotoxicity (17). Telacebec was well tolerated in mice up to 1,000 mg/kg in an acute
toxicity study as well as in rats after administration of 10 mg/kg for 20 days in long-
term study (17). No drug-associated serious adverse events were reported in the first-
in-human Phase 1a, randomized, placebo-controlled, double-blind, dose-escalation
study in healthy male and female subjects (22). In any clinical studies conducted so far,
telacebec was not associated with the potential risk of cardiotoxicity, suggesting the
compatibility of telacebec in combination with other agents with QT-prolongation
effects without further cardiovascular complications.

Phase 1a study allowed to determine the systemic exposure (AUC) at 10 – 800 mg,
which was significantly enhanced in the fed state (22). It was also observed that plasma
concentrations after 24 h of telacebec administration at all dose levels except the low-
est, were well above the MIC50, i.e., 2.7 nM (17, 22). Thus, it was indicated that a daily
dose over 10 mg might lead to sufficient systemic exposure to telacebec for its activity.
On the other hand, in a chronic mouse model of tuberculosis, telacebec treatment at
0.4 to 10 mg/kg for 4 weeks resulted in 90 to 99.9% reductions in Mycobacterium tuber-
culosis H37Rv bacterial load (17). Based on these results, the maximum effective dose
level was predicted by calculating the dose that would achieve a comparable systemic
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exposure to that in the animal model at 10 mg/kg, which was approximately 300 mg
in the fed condition once daily. Therefore, the present study evaluated daily dosing of
telacebec for 14 days, starting from 20 mg and escalating up to 320 mg once daily. In a
recently completed phase 2 clinical study (19), telacebec 100, 200, and 300 mg once a
day for 14 days indeed demonstrated the dose-dependent early bactericidal activity in
patients with tuberculosis, suggesting daily dosing of 300 mg for a more extended
treatment period as a potential target regimen.

Consistent with the Phase 1a study (22), this study further demonstrated that the
overall extent and peak exposures, represented by AUCt and Cmax, respectively,
increased proportionately with increasing telacebec doses from 20 to 320 mg (Fig. 2).
The increased systemic exposures with increasing telacebec doses are likely associated
with its dose-dependent bactericidal activity (19). In the phase 2 study, greater reduc-
tions in viable mycobacterial sputum load were observed with increasing doses of tela-
cebec from 100 mg to 300 mg once daily for 14 days in tuberculosis patients (19). On
the other hand, the systemic exposure after 1st dose in the present study was signifi-
cantly higher than those obtained in the single-dose study, which is attributed to the
effect of food. The enhanced exposure of telacebec by the presence of food has al-
ready been described by the first-in-human trial (22). Correspondingly, the Cmax and
AUC values obtained after telacebec dose with a standard meal in the present study
are well comparable with those obtained previously at 100 mg at the fed state.
Following multiple oral administrations, plasma concentrations of telacebec achieved a
steady-state by day 12 (Ctrough day 11) with 1.9- to 3.1-fold accumulation in the extent
of drug exposure and an approximate 1.5- to 2.3-fold increase in telacebec peak levels
with no dose-related trends noted on day 14. Despite the accumulation, multiple oral
doses of telacebec up to 320 mg for 14 days appeared to be safe and well tolerated.
Since Helmert contrast, which is a standard method for evaluating steady state, indi-
cated that a steady state was achieved for plasma concentrations of telacebec by day
12, a longer duration of telacebec treatment may not lead to further accumulation.
However, the steady state should be confirmed by a more quantitative modeling
approach. The potential risk associated with drug accumulation for a more extended
treatment duration needs to be evaluated by further studies.

Although the terminal half-life (t1/2,z) estimates based on the terminal phase follow-
ing the last telacebec dose were variable with an average of 162.03 – 472.79 h, the av-
erage effective half-life ranged from 21.87 – 41.89 h (Table 3). As the plasma concentra-
tion versus time profiles of telacebec show multiexponential declines, there are more
than one half-lives to describe the pharmacokinetics of the drug. Terminal half-life
describing the terminal phase of the concentration versus time profile may only repre-
sent a small fraction of the total systemic exposure and, thus, is relatively unimportant
in defining the accumulation upon multiple dosing (27). On the other hand, the effec-
tive half-life (t1/2,eff) of telacebec based on the accumulation at steady-state has been
estimated to be significantly shorter.

The variability in the pharmacokinetics has already been indicated by the previous
study, particularly in the estimates of the apparent terminal half-life (22). As the phar-
macokinetics of telacebec showed a multiexponential decline, determining the termi-
nal phase is likely variable leading to the variability in parameter estimates related to
the terminal slope. Further studies are required to identify the potential factors associ-
ated with the pharmacokinetic variability of telacebec.

Analysis of the plasma samples from the subjects via LC/MS/TOF also indicated that
the major circulating entity after oral administration was telacebec with no significant
metabolites. There were three potential metabolites of telacebec identified, but the rel-
ative abundances of these metabolites were marginal compared to the parent.
However, it should be noted that the relative abundances of the parent and metabo-
lites were determined by the integrated peak heights of ion chromatograms. Due to
potential differences in ionization efficiencies among analytes, the peak heights may
not accurately represent actual abundances. Nevertheless, the high metabolic stability
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of telacebec has also been indicated in vitro microsomes and hepatocytes as well (17).
In addition, it has been suggested that telacebec is neither an inhibitor nor an inducer
of cytochrome P450 (CYP450) isozymes (17). These characteristics of metabolism of
telacebec suggest that metabolism-related drug interaction may be insignificant,
which makes telacebec more favorable as part of a combination with other agents for
multidrug resistant TB.

In summary, telacebec was well tolerated when administered orally at daily doses 20
to 320 mg for 14 days with no safety concerns. The dose-proportional increase in the sys-
temic exposure with increasing telacebec dose was also demonstrated. Telacebec plasma
concentrations achieved steady-state by day 12 following multiple doses with an accu-
mulation index of 1.89 to 3.06, suggesting a shorter effective half-life than the terminal
half-life. Taken together with the efficacy outcomes (19), these results further support the
potential of telacebec as a safe and efficient agent for the treatment of TB. In particular,
the advantages of telacebec in terms of its novel mechanism, potency, safety profile, and
pharmacokinetics suggest its capability as part of drug combinations for treating multi-
drug resistant TB. This study may be helpful for further evaluation of telacebec as a new
antituberculosis drug in the future development process.

MATERIALS ANDMETHODS
Study design. A randomized, double-blind, placebo-controlled, multiple ascending dose (MAD) study

(Q203-TB-PI-US002) was conducted. The study protocol was reviewed and approved by the Chesapeake
Institutional Review Board (IRB) prior to study initiation. Six cohorts of 8 subjects (6 active and 2 placebo)
were sequentially enrolled for evaluation. Prior to initiation of any study-specific procedures, all subjects
provided written informed consent. In each cohort, subjects received multiple oral doses of telacebec or
placebo once daily for 14 days with a standard meal. Subjects were housed from day 21 to day 16 and
returned approximately 7 days (days 21 6 2) and 14 days (day 28 6 3) after the last dose for follow-up
procedures and monitoring potential adverse events (AEs). Additional follow-up procedures for pharmaco-
kinetics and coagulation sample collection and monitoring AEs were conducted on day 446 2 for Cohorts
2, 4, 5, and 6. Safety, including physical examinations, vital signs, electrocardiograms (ECGs), clinical labora-
tory tests, and AEs, was assessed throughout the study. Serial blood and urine samples were collected for
the safety assessments. Blood samples were also collected for the PK assessment of telacebec.

Treatments. Each cohort was planned to include 8 subjects, with 2 subjects randomized to receive
placebo and 6 subjects randomized to receive the active drug. The doses of telacebec were 20 mg
(2 � 10 mg tablets, cohort 1), 50 mg (5 � 10 mg tablets, cohort 2), 100 mg (1 � 100 mg tablet, cohort
3), 160 mg (6 � 10 mg tablets and 1 � 100 mg tablet, cohort 4), 250 mg (5 � 10 mg tablets and
2 � 100 mg tablets, cohort 5), and 320 mg (2 � 10 mg tablets and 3 � 100 mg tablets, cohort 6). Two
subjects in each cohort received matching placebo tablets. Doses were administered following a stand-
ard breakfast on days 1 to 14 once daily for 14 days.

Safety evaluations. Full physical examinations were performed within 28 days prior to the first drug
administration (screening), on day 21 (check-in), and predose at days 2, 8, 14, and 16 (end of study or
early termination). Symptom-driven physical examination has been performed at other times. Vital signs,
including systolic and diastolic blood pressure, pulse rate, respiratory rate, and body temperature, were
measured at screening, check-in, and each day on days 1 to 14: predose, 1, 2, 4, 6, 8, 12, and 16 h after
drug administration, and on days 15 and 16. Twelve-lead ECGs were taken in triplicate, and the average
of each parameter from triplicate ECGs was used for summarization. Triplicate 12-lead ECGs readings
were collected at screening, check-in, and each day on days 1 to14: predose, 2, 4, 6, and 8 h after drug
administration, and day 16. In addition, continuous 12-lead ECG data were collected from the Holter
monitor on days 1, 7, and 14 for approximately 2 h before dosing until up to 8 h after drug administra-
tion. Hematology, serum chemistry, and urinalysis were assessed at screening, check-in, and on days 2,
8, 14, and 16 for all cohorts, and additionally on days 5 and 11 only for Cohorts 3, 4, 5, and 6. Samples
for serum chemistry were obtained following a fast of at least 12 h, except for dropouts or rechecks.
Coagulation test was performed at screening, check-in, and on days 1 to 14: approximately 5 h after
drug administration, and on days 15, 16, 21, and 28 for all cohorts, and additionally on day 44 only for
Cohorts 2, 4, 5, and 6. For female subjects, a serum pregnancy test was performed at screening, check-
in, and on day 16. All AEs occurring during the clinical trial and concomitant medication were monitored
and recorded throughout the study.

Pharmacokinetic analysis. For all subjects, blood samples were collected on days 1 and 14 at pre-
dose (0 h) and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 12, 16, and 24 h after drug administration. Additional
predose (0 h) samples were collected prior to dosing on days 4, 7, 10, 12, and 13, and after day 14 dosing
on days 16, 21 6 2, and 28 6 2. From subjects in Cohorts 2, 4, 5, and 6, blood samples were also col-
lected on day 44 6 2. Plasma concentrations of telacebec were determined by a validated liquid chro-
matography-tandem mass spectrometry (LC/MS/MS) method as described previously (22). The analytical
range was 5.00 to 5,000 ng/mL in the human plasma.

Pharmacokinetic parameters of telacebec were obtained by analyzing the individual plasma telace-
bec concentration versus time data via the noncompartmental method. The accumulation ratio (AR) for
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the area under the concentration versus time curve (AUC) was calculated by the ratio of AUC during a
dosing interval (AUCt) on day 14 and AUC0 to 24 on day 1, i.e., AUCt ,day14/AUCt ,day1. AR for the maximum
plasma concentration (Cmax) was calculated by the ratio of Cmax on day 14 and Cmax on day 1,
i.e., Cmax,day14/Cmax,day1. Effective half-life (t1/2,eff) was calculated by ln2�t /ln(AR/[AR-1]) by using the
AR for AUC (27).

Metabolite analysis. The collected plasma samples were analyzed to identify potential metabolites
of telacebec. Plasma samples were pooled per time point at equal volumes and extracted using three
volumes of acetonitrile. After centrifugation at 16,000 � g for 5 min, the supernatants were transferred
to autosampler vials for analysis. The LC/MS/TOF system consisted of a Waters Acquity UPLC system
with an in-line photodiode array detector coupled to a Micromass Q-Tof Premier mass spectrometer
(Waters, Milford, MA). Initial chromatographic separation was conducted on the ACE Excel 2 C18 PFP col-
umn (100 � 2.1 mm, 2.0 mm) with the mobile phases composed of 0.1% formic acid in water and 0.1%
formic acid in acetonitrile. Following nebulization using heated nitrogen in a Z-spray source/interface,
the ionized compounds were detected using time-of-flight spectrometry with a lock mass of leucine en-
kephalin (m/z 556.2771 for ESI positive mode). The full scan data (50 to 950 amu) were analyzed for the
presence of potential metabolites using MetaboLynx XS 2.0 software (Waters). Possible metabolite iden-
tities were assigned based on the accurate mass data. The product ion spectra of telacebec and poten-
tial metabolites were also collected. The relative abundance of metabolites compared to the parent was
estimated based using the peak heights. Based on an assumption that the ionization potentials for the
metabolites are similar to telacebec, the AUC of each peak for parent and the metabolites was calculated
and compared.

Statistical analysis. Dose proportionality was evaluated for AUCt and Cmax on day 1 and AUCt and
Cmax on day 14. Several considerations were to be taken into account for assessing dose proportionality
such as: results derived from the power model analysis (22, 28), qualitative assessments, and clinical
relevance.

A steady-state analysis was performed on the log-transformed Ctrough values on days 11, 12, and 13,
corresponding to the predose concentrations on days 12, 13, and 14, respectively, using Helmert con-
trasts (29). A steady state was concluded if the comparison did not show a statistically significant differ-
ence at a 5% level of significance (a = 0.05).
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