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ORIGINAL ARTICLE
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Abstract

Rationale: We developed a standardized method, possible poor
treatment response (PPTR), to help ascertain efficacy endpoints in
Study S31/A5349 (NCT 02410772), an open-label trial comparing
two 4-month rifapentine-based regimens with a standard 6-month
regimen for the treatment of pulmonary tuberculosis (TB).

Objectives: We describe the use of the PPTR process and
evaluate whether the goals of minimizing bias in efficacy
endpoint assessment and attainment of relevant data to
determine outcomes for all participants were achieved.

Methods: A PPTR event was defined as the occurrence of one or
more prespecified triggers. Each PPTR required initiation of a
standardized evaluation process that included obtaining multiple
sputum samples for microbiology.

Measurements and Main Results: Among 2,343 participants
with culture-confirmed drug-susceptible TB, 454 individuals

(19.4%) had a total of 534 individual PPTR events, of which
76.6% were microbiological (positive smear or culture at or
after 17 wk). At least one PPTR event was experienced
by 92.4% (133 of 144) of participants with TB-related unfavorable
outcome and between 13.8% and 14.7% of participants with
favorable and not-assessable outcomes. A total of 75% of
participants with TB-related unfavorable outcomes had
microbiological confirmation of failure to achieve a
disease-free cure.

Conclusions: Standardized methodologies, such as our
PPTR approach, could facilitate unbiased efficacy outcome
determinations, improve discrimination between outcomes
that are related and unrelated to regimen efficacy, and
enhance the ability to conduct pooled analyses of
contemporary trials.

Keywords: multicenter randomized trial; noninferiority; outcomes;
TB; endpoints ascertainment bias
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Amajor goal of tuberculosis (TB) drug
development is to identify regimens that
can cure the disease with a shorter treatment
duration without a loss in effectiveness.

Noninferiority designs are therefore
commonly used in pivotal TB trials (1–3).
Particular attention to quality, including
ascertainment of outcomes, is critical when
planning and conducting a noninferiority
trial (2). When adequate objective data
(often microbiological) on treatment
response are not available, efficacy outcome
determinations are vulnerable to subjective
clinical decisions that may lead to treatment
changes and thereby affect efficacy
endpoints. This can result in an observed
dilution of the difference between treatment
that is protective in a superiority trial
(reducing the chance of a false-positive
result) but not necessarily in a noninferiority
trial, where the chance of a false-positive
result can become inflated (4). Blinding is
a commonly used strategy to prevent
knowledge of treatment allocation affecting
the management of study participants or
endpoint assessments. In therapeutic drug
trials, blinding is typically accomplished
through the use of inactive placebos
intended to be indistinguishable from the
investigational agent(s). Although blinding
can mitigate bias, incorporation of placebos
into a trial introduces challenges that must
be weighed against the merits of their use.

In a recent phase 3 noninferiority
multicenter trial evaluating novel TB
treatment regimens, S31/A5349 (NCT
02410772), we faced a situation in which the
use of placebos would have significantly
increased daily pill burden, likely affecting
participant acceptability and adherence,
that did not outweigh potential benefits
(see further discussion in References 3
and 5). Therefore, we designed a trial (3, 5)
that did not incorporate placebos but instead
incorporated a process of standardized data
collection in the event of a possible poor
treatment response (PPTR), intended to
minimize bias in the efficacy endpoint. This
process used prespecified criteria that were
applied consistently and uniformly across all
study arms.

The objectives of this analysis were the
following: 1) to describe the use of the
PPTR process during the conduct of Study
S31/A5349 and identify which triggers
were most important for identifying an
unfavorable outcome for recommendations
in future trials; and 2) to evaluate whether
the goals of minimizing bias in efficacy
endpoint assessment and attainment of
relevant data to determine outcomes for all
participants were achieved.

Methods

Study Design
Study S31/A5349 was an international,
multicenter, randomized, controlled,
open-label, three-arm, phase 3 noninferiority
trial conducted at 34 sites in 13 countries
(3, 5). The trial compared two 4-month
(17 wk) rifapentine-based regimens with a
standard 6-month (26 wk) regimen
consisting of rifampin, isoniazid,
pyrazinamide, and ethambutol (control) for
the treatment of pulmonary TB. In one
4-month regimen, rifampin was replaced
with rifapentine. In the other 4-month
regimen, rifampin was replaced with
rifapentine, and ethambutol was replaced
with moxifloxacin, which was continued
throughout treatment. The primary efficacy
endpoint was TB disease–free survival at 12
months after study treatment assignment
(3, 5). For each participant, a primary
outcome status of favorable, unfavorable, or
not assessable was assigned (3). Participants’
outcomes, including TB-related unfavorable
outcomes, were classified strictly according
to the protocol and statistical analysis plan
(SAP) definitions: a TB-related unfavorable
outcome was defined as either 1) two
consecutive positive cultures at or after
Week 17 (all TB-related deaths met this
definition); 2), not seen at Month 12, last
culture positive; or 3) clinical diagnosis
of TB recurrence and treatment restarted.

At a Glance Commentary

Scientific Knowledge on the
Subject: In noninferiority
tuberculosis (TB) trials, particular
attention to quality, including
ascertainment of outcomes, is
critical. When adequate objective,
often microbiological, data on
treatment response are not available,
efficacy outcome determinations are
vulnerable to subjective clinical
decisions that may lead to treatment
changes and thereby affect efficacy
endpoints. This can result in an
observed dilution of the difference
between treatments, which in a
noninferiority trial may inflate the
chance of a false-positive finding.

What This Study Adds to the
Field: We developed a standardized
method, possible poor treatment
response (PPTR), to help ascertain
efficacy endpoints in an open-label
noninferiority phase 3 trial of TB
treatment, Study S31/A5349 (NCT
02410772). The PPTR process
evaluates all available findings,
regardless of their potential effect on
study outcome, in order to answer
most comprehensively a study’s main
question. The implementation of a
standardized and widely accepted
approach for the ascertainment of
efficacy endpoints in late-phase TB
treatment trials would optimize trial
rigor and enhance the ability to
conduct pooled analyses of
contemporary trials.
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Table 1. Possible Poor Treatment Response Triggers and Evaluation Procedures

Standardized PPTR Triggers Standardized PPTR Evaluation Procedures

PPTR triggers driven by microbiological and clinical data 1. Review of participant personal contact information
2. Review of adverse events and interval medical history
3. Symptom assessment
4. Concomitant medication assessment
5. Measurement of weight
6. Chest radiograph
7. At least THREE (3) SPUTA should be collected within

1 week. At least TWO of these sputa should be collected
before changing or restarting TB treatment, and at least 4 h
apart. At least ONE sputum should be a first morning
specimen, if feasible. These sputa should be sent to the
study laboratory for smear and culture. If M. tuberculosis is
isolated in culture, drug susceptibility testing should be
performed on one of the isolates. Then the isolate from
each positive culture should be stored frozen

8. For participants consenting to collection of specimens for
identification of potential biomarkers of TB treatment
response: sputum, urine, and blood specimens should be
obtained

9. Contact the central study clinician when PPTR evaluation is
initiated and ideally before changing or restarting TB
treatment*

10. Complete the PPTR case report form

Culture of sputum obtained at or after Week 17 is positive for
Mycobacterium tuberculosis

Smear microscopy of sputum obtained at or after Week 17 is
positive for acid-fast bacilli

Worsening signs or symptoms compatible with TB at or after
Week 17

Radiographic worsening compatible with TB at or after Week 17
Treatment change PPTR triggers
Site investigator is considering an extension of TB treatment

beyond that of the participant’s assigned regimen
Site investigator is considering reinitiating any TB treatment

after the participant has completed assigned study treatment
Site investigator is considering a change in treatment for

efficacy reasons (this does not apply to changes in treatment
due to pregnancy or drug toxicity or to temporary drug
rechallenge)

Definition of abbreviations: PPTR=possible poor treatment response; TB= tuberculosis.
If a participant experienced any of the PPTR triggers, then all of the PPTR evaluation procedures should have been implemented regardless
of treatment assignment.
*The central study clinician was blinded to participant treatment assignment. The purpose of this communication was to review the PPTR
procedures and ensure adherence with them.

Table 2. Possible Poor Treatment Response Triggers and Evaluations for Possible Poor Treatment Response Events,
Microbiologically Eligible Population (N=2,343)

Total
(N= 2,343)

Control
(n= 768)

Rifapentine-Moxifloxacin
Regimen
(n=791)

Rifapentine
Regimen
(n=784)

Total PPTR events 534 139 179 216
Number of PPTR events per participant, median (range) 0 (0–3) 0 (0–4) 0 (0–4)
Among those with favorable outcome 0 (0–3) 0 (0–4) 0 (0–4)
Among those with unfavorable outcome 0 (0–3) 1 (0–3) 1 (0–3)
Among those with not-assessable outcome 0 (0–2) 0 (0–2) 0 (0–1)

Time to first PPTR event (10th centile, wk) 36.1 43.9 34.3 32.9
PPTR triggers*
Smear positive at or after Week 17 213 (39.9) 43 (30.9) 86 (48.0) 84 (38.9)
Culture positive at or after Week 17 196 (36.7) 66 (47.5) 62 (34.6) 68 (31.5)
Worsening TB signs or symptoms at or after Week 17 140 (26.2) 33 (23.7) 39 (21.8) 68 (31.5)
Radiographic worsening at or after Week 17 34 (6.4) 8 (5.8) 7 (3.9) 19 (8.8)
Clinician considering permanent change in treatment 25 (4.7) 3 (2.2) 9 (5.0) 13 (6.0)
Other 18 (3.4) 7 (5.0) 5 (2.8) 6 (2.8)

Evaluations occurring within 1 wk of date of PPTR event
No sputum sample 44 (8.2) 14 (10.1) 11 (6.1) 19 (8.8)
1 sputum sample 50 (9.4) 17 (12.2) 16 (8.9) 17 (7.9)
2 sputum samples 55 (10.3) 16 (11.5) 15 (8.4) 24 (11.1)
At least 3 sputum samples 385 (72.1) 92 (66.2) 137 (76.5) 156 (72.2)
Chest radiograph obtained after PPTR 442 (82.8) 120 (86.3) 148 (82.7) 174 (80.6)

For definition of abbreviations, see Table 1.
Table shows n (% of total PPTR events) unless otherwise specified.
*More than one trigger could be selected by the site on case report form.
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The trial was approved by the CDC
Institutional Review Board (IRB). Each
participating institution provided for the
review and approval of this protocol and its
informed consent documents by a local IRB
or ethics committee or relied formally on the
CDC IRB approval.

Trial participants were monitored
regularly according to a prespecified study
schedule that included collection of sputum
samples at 13 time points over the 18months
of study participation. All participants were
weighed and questioned about new or
worsened signs and symptoms of TB at all
scheduled and unscheduled visits. All
participants had a chest radiograph at the
beginning and the end of study treatment
and whenever clinically indicated. The
microbiologically eligible analysis population
included participants who, at study entry,
had a culture positive forMycobacterium
tuberculosis that was not resistant to
isoniazid, rifampin, or fluoroquinolones and
were not randomized in violation of
eligibility criteria. All analyses presented here
used the microbiologically eligible analysis
population unless otherwise stated.

PPTR Procedures
The foundational principle of the PPTR
process was that any of 1) a set of prespecified
laboratory and clinical findings; or 2) the site
investigator’s intention to change treatment
constituted a “PPTR trigger” and required a
prompt standardized evaluation, regardless of
assigned treatment regimen and clinical
impression of the local site study team. A
PPTR event was defined as the presence of
one or more of seven triggers requiring
initiation of the evaluation process (Table 1).
Participants could have more than one PPTR
event during the trial. If a change in treatment
was considered by the site investigator to be
warranted, then PPTR procedures were to be
performed before the treatment change,
provided that the participant’s clinical
condition permitted the assessment.
Investigators made the final determination of
change of treatment and were not obliged to
wait for results from PPTR evaluations.
Participants whose treatment was changed
continued to be followed in the study unless
they withdrew consent.

PPTR Implementation
Staff at all study sites were trained on the
PPTR triggers and evaluation procedures
before the start of participant enrollment,
and refresher trainings were provided at leastT
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annually. Each PPTR event was reported by
the sites on an electronic case report form.
The central study clinician at the data center
reviewed each PPTR event within 1 business
day from report and communicated with
the sites to confirm PPTR procedure
adherence or ask questions. The central
study clinician was blinded to participant
treatment assignment during review
and communication with the site staff.
Adherence to the PPTR process was
reinforced and validated by a quality
assurance activity that automatically
discovered participants meeting criteria for
a microbiological trigger but for whom a
PPTR form had not been submitted (6).
In such instances, the data center staff
instructed site staff to verify the reported
mycobacteriology result and to promptly
conduct the PPTR evaluation if it was
warranted per the protocol.

Statistical Methods
All analyses in this report used the primary
microbiologically eligible analysis
population (3), only excluding participants
lacking culture confirmation of drug-
susceptible TB. Chi-square tests were used
for comparisons of proportions. Outcome
determination was performed according to
the SAP, previously published online as part
of the primary paper supplementary

material protocol, with determination of
TB- and non-TB–related outcomes as
defined in the SAP (3). We plotted receiver
operating characteristic curves for various
combinations of PPTR triggers to predict
TB-related unfavorable outcomes to
visualize the effect on the balance between
sensitivity and specificity. These analyses
were based on the primary July 27, 2020
data extract that was used for the primary
paper (3).

Results

PPTR Triggers
Among 2,343 participants included in the
microbiologically eligible analysis
population, 454 (19.4%) had a total of 534
individual PPTR events. PPTR events were
most frequently triggered by positive sputum
smear (213 events, 39.9%) or positive culture
(196 events, 36.7%) at or afterWeek 17, or by
the clinical trigger of worsening TB signs and
symptoms at or afterWeek 17 (140 of events,
26.2%) (Table 2). Overall, site investigator
consideration of a permanent treatment
change was an uncommon trigger, occurring
for 4.7% (25 of 534) of events overall. For
each of the PPTR triggers, the sensitivity and
specificity for TB-related unfavorable
outcomes are shown in Figure E1 in the

online supplement. The area under the
receiver operating characteristic curve
increased from less than 0.7 for a single
trigger, to 0.82 when smear and culture
were considered (either or both positive
considered positive), and to 0.88 when
smear, culture, and radiographic findings
were considered (Figure E1). At PPTR events
that occurred among participants having a
favorable or not-assessable outcome, the
most common triggers were the same as
overall: a positive smear (126 [37.1%]
participants with a favorable outcome and
10 [58.8%] participants with not-assessable
outcome) and a positive culture (126 [37.1%]
participants with a favorable outcome and 6
[35.3%] participants with not-assessable
outcome). Among 534 PPTR events, a total
of 25 (4.7%) treatment change PPTR triggers
were noted; among these 25, change in
treatment or restart of treatment occurred
in 18 (72%).

Adherence to Implementation of the
PPTR Evaluation
Among 534 PPTR evaluations, the protocol-
mandated minimum of three sputum
specimens was obtained for 385 (72.1%)
overall, including 66.2% (92 of 139) in the
control group, 76.5% (137 of 179) in the
rifapentine-moxifloxacin group, and 72.2%
(156 of 216) in the rifapentine group. A chest
radiograph was obtained for 82.8% (442 of
534) of events overall, including 86.3% (120
of 139) in the control group, 82.7% (148 of
179) in the rifapentine-moxifloxacin group,
and 80.6% (174 of 216) in the rifapentine
group.

Participants with PPTR Events and
Outcomes Classification
The proportions of participants who had at
least one PPTR event differed across study
arms (P, 0.001) (Table 3); at least one
PPTR event was experienced by 15.5% of
participants in the control arm, 19.1% of
participants in the rifapentine-moxifloxacin
arm, and 23.5% of participants in the
rifapentine arm. The time to first PPTR event
was shortest in the rifapentine group and
longest in the control group (P, 0.001; log
rank test) (Table 1 and Figure 1). Among
participants with a TB-related unfavorable
outcome, at least one PPTR event was
experienced by 92.4% (133 of 144) overall,
including 75.0% (18 of 24) in the control
group, 95.6% (43 of 45) in the rifapentine-
moxifloxacin group, and 96.0% (72 of 75) in
the rifapentine group (P=0.004). Among

Figure 1. Timing of possible poor treatment response (PPTR) events. Kaplan-Meier curves
show time from randomization to first PPTR event in the microbiologically eligible analysis
population (N=2,343).
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the 144 participants with a TB-related
unfavorable outcome, 12.5% (18 of 144) had
a clinical diagnosis of TB recurrence
resulting in treatment change without any
microbiological confirmation, including
8.3% (2 of 24) in the control group, 17.8%
(8 of 45) in the rifapentine-moxifloxacin
group, and 10.7% (8 of 75) in the rifapentine
group; all of these individuals had at least
one PPTR evaluation performed. Among

the 144 participants classified per the
protocol as having a TB-related unfavorable
outcome, 11 (7.6%) participants (6 in the
control arm, 2 in the rifapentine-
moxifloxacin arm, and 3 in the rifapentine
arm) did not have PPTR evaluation done;
these 11 participants were not seen at
Month 12 but had a positive culture when
last seen beforeMonth 12 (i.e., they were
lost to follow-up and therefore could not be

found for PPTR evaluations). Among
participants with a favorable outcome, at
least one PPTR event was experienced by
14.7% (289 of 1,969) of participants overall,
including 13.7% (90 of 656) in the control
arm, 15.1% (101 of 668) in the rifapentine-
moxifloxacin arm, and 15.2% (98 of 645) in
the rifapentine group (P, 0.001) (Table 2).
The number of participants with a PPTR
event did differ by study site, ranging from
7.5% to 34.4% among sites that enrolled at
least 100 participants (Figure 2). Among
these 10 sites, the Spearman’s rank
correlation between proportion of
TB-related unfavorable outcomes and
proportion of participants with a PPTR
event was 0.614 (P=0.059).

Discussion

We describe the successful implementation
of a standardized approach for the collection
of objective data to support better primary
outcome determination for late-phase
multicenter TB trials. Several metrics point to
high fidelity with the PPTR procedures
during the conduct of the phase 3 trial. There
were only 11 participants who did not
undergo PPTR evaluation yet were classified
as TB-related unfavorable, and all of these
participants were lost to follow-up, such that
PPTR evaluations were not possible. There
were no participants classified as unfavorable
owing to treatment change or retreatment in
whom a PPTR evaluation was not done.
Three sputum samples were collected within
1 week at 72.1% of PPTR events, and a chest
radiograph was obtained after 82.8% of
events.

Several key findings emerged from this
analysis of the PPTR procedure implemented
as a protocol-specified component of the
S31/A5349 phase 3, open-label,
noninferiority trial. There were relatively
few TB-related unfavorable outcomes that
were not microbiologically confirmed, not
having positive cultures on two separate
visits (36 of 144, 25%), thereby minimizing
the frequency of more subjective outcomes
and the likely impact of ascertainment bias in
this open-label trial and strengthening the
evidence for the finding of noninferiority. In
another large phase 3 TB treatment trial
(REMoxTB, a study for the “Rapid
Evaluation of Moxifloxacin in the treatment
of sputum smear positive tuberculosis”)
conducted in a similar patient population but
without procedures analogous to the PPTR

Figure 2. Summary of proportion of all participants with at least one PPTR event by site
(including sites that enrolled at least 100 participants) in the microbiologically eligible analysis
population. PPTR=possible poor treatment response; TB= tuberculosis.
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process, 37% (78 of 209) of participants
classified as TB-related unfavorable did not
have microbiological confirmation (7).
A total of 534 PPTR events occurred in 454
participants in our trial, in which only 144 of
2,343 participants experienced a TB-related
unfavorable outcome, illustrating the
additional work involved by sites to support
the PPTR process. The occurrence of PPTR
events varied by study site, likely reflecting
the variability in occurrence of TB-related
unfavorable outcomes that was also seen
across study sites because of the differences
in the severity of TB disease, including
cavitary disease and initial sputum bacillary
burden, and other participant characteristics
(modest correlation, Spearman’s rank
correlation of 0.614).

Few PPTR evaluations were triggered by
site investigator consideration of regimen
change; however, multiple options were also
selected on the case report form, so
investigators may have omitted “considering
changing treatment” if they had already
noted that there were positive smears or
cultures. In any case, we cannot conclude
that this set of triggers should be omitted
from the PPTR process in an open-label TB
clinical trial, as it allows some insight into
potential contribution of ascertainment bias
to overall study findings. It is notable that the
time to first PPTR event was shorter on
experimental arms and, among participants
with a favorable outcome, more PPTR events
occurred on the experimental arms
(15.2% and 15.1%) than on the control arm
(13.7%), which likely reflects concerns of site

investigators, given they were not blinded to
treatment allocation.

There are limitations to our findings
regarding impact of the PPTR process on
ascertainment bias in an open-label study.
Most importantly, we cannot establish a
cause-and-effect relationship because the
PPTR process was applied to all participants
and all treatment groups. Our experience was
that blinding of the central study clinician
was successful for distinguishing
investigational arms but sometimes less so
for control versus investigational arms
(because of different treatment duration).
Furthermore, not all participants completed
all specified PPTR evaluations. We observed
that the rank ordering of the arms in number
of PPTR events analysis was the same as that
for the overall number of unfavorable
outcomes. This is not unexpected, because a
goal of the PPTR process was to ensure
completeness of data on which efficacy
outcomes were based. However, this
relationship underscores the potential
importance of safeguards that prevent
inadvertent or intentional use of PPTR time-
to-event data as a means to glean insight into
overall trial results.

In summary, the implementation of a
standardized and widely accepted approach
for the ascertainment of efficacy endpoints
in late-phase TB treatment trials would
improve quality that is so important in
noninferiority trials, and this
standardization will enhance the ability to
conduct pooled analyses of contemporary
trials. The PPTR process evaluates all

available findings, regardless of their
potential effect on study outcome, in order
to answer most comprehensively a study’s
main question without fear or favor.
Standardized methodologies, such as our
PPTR approach, could facilitate unbiased
efficacy outcome determinations and
improve discrimination between outcomes
that are related and unrelated to regimen
efficacy. �
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