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PA-824 is a novel nitroimidazo-oxazine being evaluated for its potential to improve tuberculosis (TB)
therapy. This randomized study evaluated safety, tolerability, pharmacokinetics, and extended early bacteri-
cidal activity of PA-824 in drug-sensitive, sputum smear-positive, adult pulmonary tuberculosis patients.
Fifteen patients per cohort received 1 of 4 doses of oral PA-824: 200, 600, 1,000, or 1,200 mg per day for 14 days.
Eight subjects received once daily standard antituberculosis treatment as positive control. The primary efficacy
endpoint was the mean rate of change in log CFU of Mycobacterium tuberculosis in sputum incubated on agar
plates from serial overnight sputum collections, expressed as log10 CFU/day/ml (� standard deviation [SD]).
The drug demonstrated increases that were dose linear but less than dose proportional in serum concentra-
tions in doses from 200 to 1,000 mg daily. Dosing of 1,200 mg gave no additional exposure compared to 1,000
mg daily. The mean daily CFU fall under standard treatment was 0.148 (�0.055), consistent with that found
in previous studies. The mean daily fall under PA-824 was 0.098 (�0.072) and was equivalent for all four
dosages. PA-824 appeared safe and well tolerated; the incidence of adverse events potentially related to PA-824
appeared dose related. We conclude that PA-824 demonstrated bactericidal activity over the dose range of 200
to 1,200 mg daily over 14 days. Because maximum efficacy was unexpectedly achieved at the lowest dosage
tested, the activity of lower dosages should now be explored.

Over four decades ago, the introduction of rifampin cata-
lyzed a series of clinical trials leading to current recommenda-
tions for tuberculosis (TB) treatment, with the combination of
isoniazid (INH), rifampin (RIF), and pyrazinamide (PZA),
supported by ethambutol (EMB) or streptomycin (SM) (17,
27). However, this regimen must be taken consistently for 6
months, preferably under supervision, to ensure sterilization of
tuberculosis lesions and to prevent development of drug resis-
tance. This relatively long treatment duration, coupled with
increasing financial and administrative difficulties experienced
by health care systems and the burgeoning HIV/AIDS epi-
demic, threatens the success of tuberculosis control programs
worldwide, particularly in high-incidence areas such as sub-
Saharan Africa and parts of Asia. Treatment default is all too
frequent (14), and the situation is further exacerbated by the
increasing proportion of new cases of tuberculosis resistant to
one or more first-line agents (7, 28). New drugs are urgently
needed to meet these challenges. They are needed to assist in
the management of drug resistance, but also, at least as im-
portantly, to assist in shortening treatment regimens to make

tuberculosis treatment easier to supervise and reduce the ther-
apeutic burden that tuberculosis management places on both
patients and health services. In addition, current regimens
cause difficulties for tuberculosis patients coinfected with HIV
due to the deleterious interaction of existing first-line antitu-
berculosis drugs and antiretroviral agents.

PA-824 is a small nitroimidazo-oxazine molecule that has
shown potential both in vitro and in vivo of being able to assist
both in shortening the treatment regimen for tuberculosis and
contributing to the treatment of drug-resistant tuberculosis
patients (19, 20). Studies using anaerobic culture models have
also found activity against nonreplicating Mycobacterium tuber-
culosis (10, 16, 24, 25). In vitro studies found the MIC of
PA-824 (�0.015 to 0.25 �g/ml) to be comparable to that of
INH (0.03 to 0.06 �g/ml) (16). Studies in healthy volunteers
indicated that PA-824 was well tolerated and bioavailable after
oral doses without significant drug-related side effects, changes
in vital signs, or abnormal laboratory values (8, 9). PA-824 has
been shown to cause isolated and reversible increases in serum
creatinine levels, which appear to be due to inhibition of cre-
atinine secretion and are considered clinically benign (8, 9).
The dosage levels of 200 mg, 600 mg, 1,000 mg, and 1,200 mg
used in this study were selected on the basis of preclinical
toxicology and efficacy data and clinical pharmacokinetic prop-
erties of PA-824 observed in healthy adult volunteers and were
chosen to assist identification of the lowest efficacious dosage
and the highest dosage safely inducing maximal bactericidal
efficacy.
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Early bactericidal activity (EBA) refers to an agent’s ability
to kill mycobacteria originating within pulmonary cavities dur-
ing the first weeks of treatment. Determination of EBA in
sputum smear-positive pulmonary tuberculosis patients by
quantification of viable CFU of M. tuberculosis in an overnight
sputum collection allows the comparison of different drugs
with one another with regard to clinical bactericidal activity
and early assessment of safety in a small number of intensively
studied patients. The evaluation of a dosage-related response
can guide the selection of a dosage to take forward to later
clinical studies (5, 6, 12, 13). Initial studies using this technique
were conducted over the first two days of treatment, as it was
during this period that the most significant differences between
agents were seen (12). Further experience has shown that
significant advantages may accrue from extending the study
period; for example, the important sterilizing agent PZA
showed bactericidal activity only after four days of treatment
(12), as did the novel diarylquinoline currently in development,
TMC207 (4, 23).

It has also been suggested that activity during the period of
2 to 14 days after treatment is started might represent the
sterilizing capacity of an agent (13). Recently, evidence has
been presented that the time to positivity (TTP) of M. tuber-
culosis in automated liquid culture systems reflects the meta-
bolic activity of inoculated viable M. tuberculosis in sputum.
TTP might represent an alternative method to colony counting
for estimating the activity of viable M. tuberculosis in sputum,
which might be valuable for exploring the bactericidal activities
of new antituberculosis agents (22).

This paper reports a proof-of-concept study that evaluated
the bactericidal activity of PA-824 given as monotherapy over
a range of dosages during the first 14 days of treatment of
treatment-naïve patients with smear-positive pulmonary tuber-
culosis. Safety, tolerability, and pharmacokinetics (PK) were
also evaluated.

MATERIALS AND METHODS

Patients and procedures. Treatment-naïve, sputum smear-positive patients
identified at outpatient clinics in Cape Town, South Africa, were screened for
eligibility. Consenting subjects who met all entry criteria were hospitalized for
the entire duration of study drug intake at one of two study centers (Task
Applied Science, Karl Bremer Hospital, and Centre for Tuberculosis Research
Innovation, UCT Lung Institute). Patients were randomized centrally to receive
monotherapy with PA-824 dosages of 200 mg, 600 mg, 1,000 mg, or 1,200 mg
orally once daily for 14 consecutive days in double-blind fashion. A fifth cohort
was randomized to unblinded standard antituberculosis treatment as positive
control (INH, RIF, PZA, EMB). All drug administration was supervised. Male
or female smear-positive patients (at least a score of 1� on the WHO-Interna-
tional Union Against Tuberculosis and Lung Disease [IUATLD] scale [11]; age,
18 to 64 years; body weight, 40 kg to 90 kg, inclusive) were eligible if they were
free of serious underlying medical conditions that might jeopardize the patient’s
safety during the study or could render the study endpoints difficult to interpret.
Individuals with HIV infection under antiretroviral treatment or with a CD4 cell
count of �300 � 106/liter were excluded, as were those with bacilli resistant to
RIF (GenoType MTBDRplus; Hain Lifesciences, Nehren, Germany). Recent
exposure to INH was excluded by urine testing (BBL Taxo INH test strips;
Becton Dickinson, Johannesburg, South Africa). Sputum was collected overnight
(16 h) for two nights before drug intake, daily from days 1 to 4, and then every
other day until day 14. Safety assessments included daily history, vital signs,
physical examination, and monitoring of adverse events. Full blood count, coag-
ulation studies, serum chemistry, urinalysis, and 12-lead echocardiograms
(ECGs) were performed on days 1, 7, and 14 of drug intake as well as 2 weeks
after the last dose.

Microbiology and pharmacokinetics. All microbiology was done centrally (De-
partment of Medical Biochemistry, Faculty of Health Sciences, University of
Stellenbosch, Cape Town, South Africa). Samples were stored and transported
to the laboratory under refrigerated conditions. CFU counting was performed as
previously described (5, 6). Briefly, sputum was homogenized, diluted, digested
(Sputasol; Oxoid, Cambridge, United Kingdom), incubated on selective 7H10
agar plates (Becton Dickinson), and CFU counted after 3 to 4 weeks of incuba-
tion. For measurement of time to positivity (TTP), we used a standardized liquid
culture system (BACTEC mycobacteria growth indicator tube [MGIT] 960;
Becton Dickinson). Briefly, homogenized sputum was decontaminated (Myco-
Prep; Becton Dickinson), centrifuged, and resuspended, and 0.5 ml of the re-
sulting 2 ml was used for incubation in duplicate. We determined susceptibility
to SM, INH, RIF, EMB (Sire kit for MGIT; Becton Dickinson) and the MIC of
PA-824 (agar proportion method with concentrations from 0.1 �g/ml to 3.2
�g/ml). Identification of M. tuberculosis was performed with a molecular method
(26).

We collected a complete PK profile and serial 12-lead ECGs on days 1, 8, and
14, trough samples daily on days 1 through 14, and additional samples at 24 h,
30 h, and 2 weeks after the last dose in patients receiving PA-824. PA-824
concentrations were determined with a validated high-performance liquid chro-
matography method. The PK profile was assessed from participants’ individual
plasma concentrations by applying a noncompartmental approach. We used the
SAS System for Windows (v8.2) for statistical calculations and WinNonlin
(v5.0.1; Professional) for nonlinear adjustments for determining the elimination
half-life.

Statistics. An empirical sample size, similar to that of previous EBA studies,
of 15 patients per PA-824 group was chosen (6). All confidence coefficients were
0.95, and significance test levels were 0.05 (two sided). The mean of a maximum
of four CFU counts at each time point was calculated. The primary efficacy
endpoint was the EBA over 14 days [EBA(0–14)] calculated for each individual
with the formula EBA(0–14) � [mean log10 CFU(day 0) � log10 CFU(day
14)]/14, averaged per treatment group. Secondary efficacy endpoints were
EBA(0–2) and EBA(2–14), calculated in analogous fashion, and the mycobac-
terial metabolic activity was measured by change in TTP calculated in the same
manner as that for EBA. EBA and TTP were also described with linear, bilinear,
or nonlinear regression over time, depending on which method best fitted the
data.

Ethics. The study was approved by the appropriate regulatory agencies and
local and central ethics review committees and was conducted in compliance with
ICH Good Clinical Practice Guidelines. All participants gave written informed
consent.

RESULTS

Study population. Out of 139 patients screened, 69 met all
entry criteria. Sixty-five patients completed the drug intake
phase. The dispositions of the patients are summarized in Fig.
1, and demographic, anthropometric, and diagnostic features
appear in Table 1. There were no significant differences be-
tween the PA-824 groups. Ten out of 69 patients tested sero-
positive for HIV (14.5%).

Bactericidal efficacy. The bactericidal activity of PA-824
evaluated by CFU counting is summarized in Table 2 (see
Table S1 in the supplemental material), and the activity dem-
onstrated by TTP is shown in Table 3 (see Table S2 in the
supplemental material). At all dosage levels, PA-824 displayed
clear bactericidal activity, reducing the mycobacterial load in
sputum over days 2 to 14 at a rate comparable to that of a
combination of all of the current first-line antituberculosis
agents (12, 13). The log10 CFU time trend was best modeled by
bilinear regression. For the four PA-824 dosage groups, the
departure from a straight line was not significant. For PA-824,
the EBA(0–14), EBA(0–2), and EBA(2–14) were similar at all
dosages evaluated. Figure 2A illustrates the mean CFU per
day with a fitted bilinear regression line for all treatment
groups. Figure 2B illustrates the mean difference of each CFU
measurement from baseline for all PA-824 dosage groups com-
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bined and indicates that total bactericidal activity becomes
significantly different from zero between days 2 and 3. The
bactericidal activity of standard treatment over 14 days was
biphasic, consistent with and similar in magnitude to that re-
ported previously for the same drug combination. This result
validates the underlying mycobacteriological study methodol-
ogy (2, 12).

PA-824 activity measured by TTP produced results similar to
those determined by sputum CFU quantification. The mean
increase in TTP over days 0 through 14 (regression) of the four
PA-824 dosage groups did not differ significantly from each
other; the overall mean increase in TTP over 14 days (regres-
sion) was 4.106 h/day (standard deviation, 4.011). Figure 3A
illustrates the mean TTP per day with a fitted bilinear regres-
sion line for all treatment groups. Results in Figure 3B, similar
to the CFU calculations described above, indicate a statistically
significant difference from zero that becomes detectable be-
tween days 2 and 3.

All isolated strains tested were susceptible to the investiga-
tional product, and M. tuberculosis was speciated as the infect-
ing organism in all patients. The MIC of PA-824 with these
strains was �0.1 �g/ml, except for one patient who had a result
of 0.4 �g/ml at baseline and �0.1 �g/ml on day 14.

Pharmacokinetics. PA-824 demonstrated properties consis-
tent with those demonstrated during phase I studies in healthy
volunteers. As in phase I single-dose and multiple-dose admin-
istrations (8, 9), 1,200 mg PA-824 achieved no substantial in-

crease above that of 1,000 mg in terms of maximum observed
plasma concentration (Cmax), area under the plasma concen-
tration-time curve (AUC) from zero to the last measurable
concentration, and AUC from zero to infinity. The speed of
absorption was moderate with the mean time to reach Cmax

ranging across treatment groups from 3.1 to 6.7 h, similar to
that observed in healthy volunteers. PA-824 demonstrated a
log-linear pattern of elimination. The mean elimination half-
life ranged across treatment groups from 17.2 to 24.6 h for the
14-day period. The increase in plasma PA-824 concentrations
was less than dose proportional up to 1,000 mg. After assessing
trough levels, it appeared that steady state was reached by day
5. Drug clearance appeared fairly constant following single-
dose administration across treatment groups, ranging between
6,167 and 10,948 ml/hour. Following multiple-dose administra-
tion, clearance appeared fairly constant across treatment
groups, although it was somewhat lower on day 14 than after a
single dose. This may reflect saturation/inhibition of elimina-
tion processes following repeated doses over time and across
dose levels. PA-824 has a large volume of distribution (V)
following single- and multiple-dose administration. V ranged
between 193 and 323 liters following single-dose administra-
tion and 93 and 167 liters following multiple-dose administra-
tion, indicating that the drug concentrated in tissues. All
plasma PA-824 concentrations were below the lower limit of
quantification (10 ng/ml) at follow-up on day 29.

FIG. 1. Patient disposition. Four participants did not complete the 14-day period of drug intake. Two patients randomized to PA-824 200 mg
and one patient randomized to PA-824 1,200 mg were withdrawn due to adverse events not related to study medication (hemoptysis, n � 1;
Wolff-Parkinson-White syndrome, n � 1; urinary tract infection, n � 1). One patient randomized to 1,000 mg PA-824 withdrew consent.

TABLE 1. Demographic, anthropometric, and diagnostic features of patients completing the period of drug intakea

Characteristic
PA-824 group Standard

treatment
groupb

Total
200 mg 600 mg 1,000 mg 1,200 mg

No. of patients 13 15 15 14 8 65
No. of male patients 7 9 8 8 4 36
Age (yr) 30.8 (8.8) 30.6 (9.7) 31.4 (9.1) 31.1 (10.6) 21.9 (3.4) 29.8 (9.3)
Weight (kg) 53.2 (6.3) 55.9 (10.5) 52.3 (10.1) 54.1 (8.5) 48.0 (8.7) 53.2 (9.1)
BMI (kg/m2) 19.3 (2.8) 20.1 (3.9) 19.1 (2.7) 19.5 (3.2) 17.5 (1.8) 19.3 (3.1)
Baseline CFU count

(log10/ml sputum)
6.592 (1.100) 6.335 (0.759) 6.309 (0.935) 6.057 (1.097) 6.152 (0.792) 6.159 (0.917)

a Values are means (�SD) unless indicated otherwise. BMI, body mass index.
b For a definition of standard treatment, see the text.
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Safety. PA-824 appeared to be safe and well tolerated. Two
serious adverse events occurred during the study, both hemop-
tysis, a common event in pulmonary TB patients. One patient
was receiving PA-824 200 mg and the other was receiving
standard treatment. Both patients were hospitalized and the
events resolved. Thirty-five adverse events were experienced by
26 (38%) of 69 patients; three of these events occurred under
standard treatment and the remainder in patients receiving
PA-824. The investigator assessed 21 of the 35 adverse events
as potentially related to the study medication, of which 15 were
mild, five moderate, and one severe. The severe adverse event
manifested initially as fever and confusion, which could later
be identified as being caused by a urinary tract infection, and
was resolved upon treatment. No specific pattern of adverse
events was detected in patients treated with PA-824, but a
higher incidence of adverse events potentially related to the
medication was observed in higher PA-824 dosage groups (PA-
824 200 mg, 7%; PA-824 600 mg, 13%; PA-824 1,000 mg, 31%;
and PA-824 1,200 mg, 33%). With standard treatment, the
incidence of adverse events related to medication was 25%. A
dosage-related increase in serum creatinine concentrations was
observed as expected based on earlier phase 1 studies; how-
ever, no concentrations exceeded the upper limit of reference
ranges, and all were normal at follow-up on day 29.

DISCUSSION

PA-824 appeared safe and well tolerated during 14 days of
once-daily dosing in this patient population at dosages of 200
to 1,200 mg/day. The number of adverse events in this study
was low and the severity of events mostly mild or moderate,
although there was an increase in potentially drug-related
events with increasing dosage. The study also showed PA-824

to have a substantial and linear EBA over 14 days comparable
to that of the existing first-line TB treatment agents. The ex-
tended EBA of PA-824 suggests that this drug may have ster-
ilizing activity in human pulmonary tuberculosis and as such
could contribute importantly to the sterilizing and treatment-
shortening ability of a multidrug TB treatment regimen.

The EBA of PA-824 was equivalent for all four dosages. This
unexpected finding was not predicted by studies in the murine
model of tuberculosis (19, 20) and the pharmacokinetic prop-
erties of the drug seen in both the current and earlier phase I
studies, including sub-dose-proportional increases in serum
drug levels across the 200 to 1,000 mg/day dosage groups. The
control group treated with the standard regimen showed the
expected result, which excluded laboratory methodology as a
factor for not detecting a dose-responsive change in EBA. One
possible explanation is that the plasma concentrations
achieved with all four dosages of PA-824 were above the MIC
for virtually the entire dosing period. If the time above MIC,
rather than the ratio of AUC or Cmax to MIC, is the pharma-
codynamic driver for the EBA of PA-824, it might be expected
that all four dosage groups would demonstrate similar effica-
cies, as all patients who received PA-824 had plasma trough
levels above the MIC from day 1 throughout the active treat-
ment period at all dosages tested in this study. The flat dose
response observed supports a clear need to further explore the
bactericidal activity of PA-824 at lower dosages to define the
dosage-responsive range of this drug as measured by EBA, to
identify the pharmacodynamic driver(s) within a lower dosage
range, and to make an informed choice of dosage for later-
stage clinical development and ultimate clinical use.

It should be noted that, as with any drug, there could be
considerable advantages to using as low a dosage as possible

TABLE 2. Early bactericidal activity for days 0 to 14, 0 to 2, and 2 to 14 measured by fall in CFU on solid mediuma

Dosagec

PA-824 group Standard treatment
groupb

200 mg 600 mg 1,000 mg 1,200 mg All groups

Mean log10
CFU/ml n Mean log10

CFU/ml n Mean log10
CFU/ml n Mean log10

CFU/ml n Mean log10
CFU/ml n Mean log10

CFU/ml n

EBA(0–14) 0.106 (0.049) 12 0.107 (0.053) 14 0.091 (0.083) 15 0.088 (0.084) 11 0.098 (0.072) 52 0.148 (0.055) 7
EBA(0–2) 0.109 (0.487) 15 0.096 (0.226) 13 0.025 (0.340) 15 �0.035 (0.420) 15 0.047 (0.373) 58 0.403 (0.290) 8
EBA(2–14) 0.106 (0.063) 12 0.113 (0.079) 12 0.095 (0.062) 14 0.113 (0.099) 11 0.106 (0.077) 49 0.112 (0.050) 7

a Values are mean log10 CFU/ml sputum/day (�SD). n, number of participants with results; EBA, early bactericidal activity.
b For a definition of standard treatment, see the text.
c Note that EBA(0–14) can deviate from the arithmetic sum of EBA(0–2) and EBA(2–14) due to missing data points.

TABLE 3. Estimation of bactericidal activity by prolongation of TTP in liquid culture for days 0 to 14, 0 to 2, and 2 to 14a

Dosagec

PA-824 group Standard treatment
groupb

200 mg 600 mg 1,000 mg 1,200 mg All groups

Mean h/day
(�SD) n Mean h/day

(�SD) n Mean h/day
(�SD) n Mean h/day

(�SD) n Mean h/day
(�SD) n Mean h/day

(�SD) n

EBA(0–14) 3.818 (2.327) 12 4.776 (2.879) 14 4.865 (3.461) 13 4.440 (2.169) 12 4.494 (2.724) 51 9.741 (5.249) 8
EBA(0–2) 1.115 (15.256) 13 5.788 (12.173) 13 2.795 (9.230) 11 1.400 (7.659) 15 2.721 (11.225) 52 24.125 (12.794) 8
EBA(2–14) 3.833 (2.954) 11 5.09 (2.768) 13 4.069 (1.916) 12 4.868 (3.224) 12 4.491 (2.718) 48 7.344 (4.660) 8

a n, number of participants with results.
b For a definition of standard treatment, see the text.
c Note that EBA(0–14) can deviate from the arithmetic sum of EBA(0–2) and EBA(2–14) due to missing data points.
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that achieves maximal efficacy, both in terms of potential tol-
erability and safety margins and for ultimate drug affordability.
The clinical dosage as well as the lowest dosage with definite
efficacy, and hence the therapeutic margin of PA-824, both
remain to be determined. The good tolerability and efficacy of
PA-824 in the dosages used may allow for the selection of a

clinical dosage significantly below the highest tolerated dosage
while still substantially above the lowest dosage with maximum
efficacy, as the latter might well be lower than 200 mg per
day—the lowest dose tested in this study.

The present paper is to our knowledge the first to report
planned parallel measurements of CFU and TTP in a bacteri-

FIG. 2. (A) CFU counts of all treatments over time. Shown is a
fitted bilinear regression line for all PA-824 treatment groups, with
95% confidence intervals represented by dotted lines, illustrating the
daily decline in CFU from baseline as mean log CFU/day. The hori-
zontal lines are the mean baseline count (top) with lower 95% confi-
dence interval (bottom). Single data points represent mean values of
individual treatment groups. Rifafour is standard, four-drug treatment.
(B) Change in CFU counts of all PA-824 treatments combined over
time. Mean change from baseline in CFU is measured as log10 CFU/
day for all PA-824 treatment groups together with 95% confidence
intervals. The horizontal line is the mean baseline count. A significant
decrease is found from day 3 onwards, indicated by confidence inter-
vals no longer including baseline.

FIG. 3. (A) Time to culture positivity of all treatments over time.
Shown is fitted bilinear regression line for all PA-824 treatment
groups, with 95% confidence intervals represented by dotted lines,
illustrating the daily increase in TTP from baseline as mean hours/day.
The horizontal lines are the mean baseline TTP (bottom) with upper
95% confidence interval (top). Single data points represent values of
individual treatment groups. Rifafour is standard, four-drug treatment.
(B) Change in TTP of all PA-824 treatments combined over time.
Mean change from baseline in TTP is measured as hours/day for all
PA-824 treatment groups with 95% confidence intervals. The horizon-
tal line is the mean baseline time. A significant increase is found from
day 3 onwards (when the confidence intervals no longer include
baseline).
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cidal activity study. Whereas TTP measures metabolic activity
in liquid medium, CFU counting relies on the visual enumer-
ation of colonies on solid medium and has been the standard in
EBA studies over many years. In the present study, a similar
impression of drug activity was provided by prolongation of
TTP and fall in CFU counts. TTP is a less laborious, potentially
more robust measurement using calibrated standardized
equipment and fewer steps in preparing sputum for analysis. It
has been reported that the yield of growing mycobacteria from
sputum is greater when using liquid media (1, 15, 21). It has
also been postulated that more actively metabolizing bacteria
can grow in both liquid and solid media, whereas more persis-
tent bacilli might be able to grow only in liquid media (3, 18).
If so, the bacterial populations growing in liquid medium and
on solid medium may not be identical. Due to a lack of signif-
icant differences in efficacy between the treatment arms of
PA-824, the discriminative power of TTP could not be conclu-
sively evaluated in this study. The significance of changes in
TTP in early drug evaluation in comparison to CFU measure-
ments deserves further study.

In conclusion, all dosages of PA-824 evaluated in this study
were well tolerated and demonstrated clinically significant ex-
tended EBA over 14 days. Since maximum efficacy was
achieved at the lowest dosage tested, the extended EBA of
lower dosages should be explored.
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