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Abstract
: By the early 1980s, tuberculosis treatment was shortened fromBackground

24 to 6 months, maintaining relapse rates of 1-2%. Subsequent trials
attempting shorter durations have failed, with 4-month arms consistently having
relapse rates of 15-20%. One trial shortened treatment only among those
without baseline cavity on chest x-ray and whose month 2 sputum culture
converted to negative. The 4-month arm relapse rate decreased to 7% but was
still significantly worse than the 6-month arm (1.6%, P<0.01).  We hypothesize
that PET/CT characteristics at baseline, PET/CT changes at one month, and
markers of residual bacterial load will identify patients with tuberculosis who
can be cured with 4 months (16 weeks) of standard treatment.

: This is a prospective, multicenter, randomized, phase 2b,Methods
noninferiority clinical trial of pulmonary tuberculosis participants. Those eligible
start standard of care treatment. PET/CT scans are done at weeks 0, 4, and 16
or 24. Participants who do not meet early treatment completion criteria
(baseline radiologic severity, radiologic response at one month, and
GeneXpert-detectable bacilli at four months) are placed in Arm A (24 weeks of
standard therapy). Those who meet the early treatment completion criteria are
randomized at week 16 to continue treatment to week 24 (Arm B) or complete
treatment at week 16 (Arm C). The primary endpoint compares the treatment
success rate at 18 months between Arms B and C.

: Multiple biomarkers have been assessed to predict TB treatmentDiscussion
outcomes. This study uses PET/CT scans and GeneXpert (Xpert) cycle
threshold to risk stratify participants. PET/CT scans are not applicable to global
public health but could be used in clinical trials to stratify participants and
possibly become a surrogate endpoint. If the Predict TB trial is successful,
other immunological biomarkers or transcriptional signatures that correlate with
treatment outcome may be identified. Trial Registration: NCT02821832
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Background
Tuberculosis (TB) is one of the top three global causes of infec-
tious diseases and one of the top ten global causes of death, recently 
surpassing even HIV/AIDS1. Treatment of drug sensitive TB  
(DS-TB) is long, typically requiring six months with good adher-
ence to achieve cure and prevent relapse after therapy is stopped. 
However, treatment adherence and completion rates are not opti-
mal, which could probably be improved by shorter and more  
effective treatments. Multiple studies conducted over the past 40 
years have attempted to reduce the treatment duration of TB. In 
the 1970s, successful combination chemotherapy lasted 24 months, 
based on a series of studies conducted by the British Medical 
Research Council (BMRC). Follow-up studies in the early 1980s 
successfully reduced treatment duration to 6 months using pyrazi-
namide and rifampin, achieving relapse rates of 1–2%. Trials that 
reduced the duration to below 6 months experienced increasing 
relapse rates, roughly 12% at 4 months and up to 20% at 3 months2, 
establishing 6 months as the accepted treatment duration for all 
cases of DS-TB.

Three recent randomized-controlled trials attempted to shorten 
treatment using a 4-month experimental arm with a fluoroqui-
nolone substituted for one of the four standard drugs3–5. In all three  
trials, the 4-month treatment arms had relapse rates of approxi-
mately 15–20%, significantly higher than the standard of care  
6-month arms but similar to the BMRC 4-month treatment trials 
(12%, 95% CI 9-16 among 364 patients) conducted 30+ years 
earlier2. These trials suggest that, with currently available drugs, 
roughly 80–85% of drug-sensitive TB patients are cured with  
4 months of standard therapy but 15–20% will relapse if not treated 
for at least 6 months and, further, that a subset of those with less 
severe disease could be cured at 4 months. Identifying this sub-
set prospectively could lead to: (1) new treatment guidelines for 
eligible lower risk patients; (2) criteria for selection of high-risk 
patients that might be candidates for Phase 2b studies with novel 
regimens with proposed shorter durations; and (3) quantitative 
estimates of the rate of change of markers associated with dura-
ble cure at specific timepoints to establish milestones for even  
shorter regimens. The hypothesis that patients with less severe 
disease can be cured earlier was tested in a separate treatment  
shortening trial, in which only those with less severe disease and 
good initial treatment response were randomized to 4 vs. 6 months 
of treatment6. In this trial, less severe disease was defined as 
absence of pulmonary cavities on baseline chest x-ray, and good  
treatment response was defined as sputum culture conversion to 
negative by 2 months of treatment. Only participants who met  
these 2 criteria were randomized to 4 vs. 6 months of treatment 
with standard of care drugs. This trial was stopped early by its 
Data and Safety Monitoring Board (DSMB) because those in the 
6-month arm had a relapse rate of 1.6% while the 4-month arm 
had a significantly higher relapse rate of 7% (P<0.01). Despite this 
trial not meeting its target, the disease stratification criteria did  
increase the treatment success rate of the 4-month arm from 
80–85% in the prior non-stratified trials to 93% (95% CI 89%,  
96%), approaching 6-month treatment relapse rates. If the strati-
fication criteria could be further refined, a successful 4-month  
treatment arm may be feasible. The hypothesis of the Predict 
TB trial is that a combination of radiographic characteristics at  
baseline, the rate of change of these features at one month, and 

markers of residual bacterial load at 4 months will identify patients 
with tuberculosis who are cured within 4 months (16 weeks) of 
standard treatment.

Methods
Study design
This is a prospective, multicenter, randomized, phase 2b, nonin-
feriority clinical trial of pulmonary DS-TB participants conducted 
at 4 sites in Henan Province, China (Henan Provincial Chest 
Hospital, Xinmi City Institute of Tuberculosis Prevention and  
Control, Kaifeng City Institute of Tuberculosis Prevention and  
Control, and Zhongmu County Health and Epidemic Preven-
tion Station) and 5 sites in and around Cape Town, South Africa 
(Stellenbosch University, University of Cape Town Lung Insti-
tute, University of Cape Town South African Tuberculosis Vaccine  
Initiative, Khayelitsha Site B, and TASK Applied Science).  
Inclusion criteria are:

1)  Age 18 to 65 years, with body weight from 35 kg to 90 kg

2)  Not been treated for active TB within the past 3 years

3)  Not yet on TB treatment

4)  Xpert positive for Mycobacterium tuberculosis

5)   Rifampin-sensitive pulmonary tuberculosis as indicated by 
Xpert

6)   Laboratory parameters within previous 14 days before 
enrollment: 

a.   Serum AST and ALT <3x upper limit of normal 
(ULN)

b.   Creatinine <2x ULN

c.   Hemoglobin >7.0 g/dL

d.   Platelet count >50 x109 cells/L

7)    Able and willing to return for follow-up visits

8)    Able and willing to provide informed consent to participate 
in the study

9)    Willing to undergo an HIV test

10) Willing to have samples, including DNA, stored

11)  Willing to consistently practice a highly reliable, non- 
hormonal method of pregnancy prevention (e.g.,  
condoms) during treatment if participant is a premenopau-
sal female, unless she has had a hysterectomy or bilateral 
tubal ligation or her male partner has had a vasectomy

Exclusion criteria are:
1)   Extrapulmonary TB, including pleural TB

2)    Pregnant or desiring/trying to become pregnant in the next 
6 months or breastfeeding

3)   HIV infected

4)   Unable to take oral medications

5)    Diabetes as defined by point of care HbA1c ≥6.5%,  
random glucose ≥200 mg/dL (or 11.1 mmol/L), fasting  
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plasma glucose ≥126 mg/dL (or 7.0 mmol/L), or the 
presence of any anti-diabetic agent (including traditional  
medicines) as a concomitant medicine

6)    Disease complications or concomitant illnesses that may 
compromise safety or interpretation of trial endpoints, 
such as known diagnosis of chronic inflammatory condi-
tion (e.g. sarcoidosis, rheumatoid arthritis, connective tis-
sue disorder)

7)    Use of immunosuppressive medications, such as TNF-
alpha inhibitors or systemic or inhaled corticosteroids, 
within the past 2 weeks

8)   Use of any investigational drug in the previous 3 months

9)    Substance or alcohol abuse that in the opinion of the inves-
tigator may interfere with the participant’s adherence to 
study procedures

10)  Any person for whom the physician feels this study is not 
appropriate 

Eligible participants who sign the informed consent are started 
on standard of care treatment with fixed-dose combination tablets 
composed of isoniazid (H), rifampin (R), pyrazinamide (Z), and  
ethambutol (E) during the initial 8-week intensive phase and  
HR during the subsequent continuation phase, using national 
weight-based guidelines (Table 1). PET/CT scans are done at  
baseline, week 4, and either week 16 or 24. Participants are fol-
lowed through month 18 and a fourth PET/CT scan is done if  
recurrent TB develops during follow-up. All PET/CT scans are 
read by 2 readers using MIM Software (v. 6.6 or higher, MIM  
Software Inc, Cleveland, Ohio, USA). Scans with discrepant arm 
assignments by the initial 2 readers are read by a third reader. 
All PET/CT scan readers underwent a prequalification training  
process with 15 practice baseline and week 4 scans to ensure 

consistency among all readers in how the scans are read (see 
Supplementary File 5 for PET/CT reading SOP). The practice  
PET/CT scans were obtained from a previously conducted  
study at Stellenbosch University funded by the Bill and Melinda 
Gates Foundation (Mycobacterium tuberculosis biomarkers for 
diagnosis and cure, OPP51919).

Participants are stratified into treatment arms by the early treat-
ment completion criteria, composed of baseline PET/CT criteria, 
the change in these measurements at week 4, and a minimum  
adherence dose count and Xpert cycle threshold as a marker 
of residual sputum bacterial load at week 16 (Table 2). Those 
with more severe disease (who do not meet all early treatment  
completion criteria) are placed in Arm A (standard of care arm, 
treatment completion at week 24). Those with less severe dis-
ease (who meet all early treatment completion criteria) are rand-
omized either to Arm B (standard treatment duration of 24 weeks) 
or Arm C (standard treatment shortened to 16 weeks) at week 16.  
The third PET/CT scan is done at week 16 for participants in  
Arms B or C and randomized to either week 16 or 24 for par-
ticipants in Arm A. All participants are followed to week 72 for  
final treatment outcomes (Figure 1), with sputum, blood, and urine 
samples collected per the schedule in Table 3. Study enrollment 
began in Cape Town in June 2017 and is expected to begin in Henan 
in October 2017. Enrollment is expected to take about 3 years and 
the study is expected to complete within 5 years.

Treatment adherence
Total treatment duration will be determined by dose counts. Par-
ticipants will receive either 16 weeks of treatment (Arm C) or 
24 weeks of treatment (Arms A and B). (Arm A participants 
may be treated longer at the discretion of the treating physician.)  
Participants receiving 16 weeks of treatment will receive  
112 doses with a minimum total of 100 doses. Participants who 
do not meet this minimum dosing requirement within the week  

Table 1. Adult weight-based dosing guidelines for intensive phase and continuation 
phase TB treatment using fixed-dose combination (FDC) tablets by country. These are 
the dosing guidelines used in the Predict TB study and are taken from the South African 
national TB guidelines39 and the Chinese fixed drug combination tablet package insert from 
the Shenyang Hongqi Pharmaceutical Company, Ltd.

Intensive Phase (initial 8 weeks) Continuation Phase (weeks 9–24)

HRZE (75/150/400/275 mg) HR (75/150 mg) HR (150/300 mg)

Weight China and South Africa South Africa

30–37 kg 2 tablets daily 2 tablets daily --

38–54 kg 3 tablets daily 3 tablets daily --

55–70 kg 4 tablets daily -- 2 tablets daily

>70 kg 5 tablets daily -- 2 tablets daily

China

<50 kg -- individual drug tablets 
(non-FDC)

≥50 kg -- 2 tablets daily

Note: H=isoniazid; R=rifampin; Z=pyrazinamide; E=ethambutol
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Table 2. Predict TB early treatment completion criteria. These are the criteria used at 
baseline, week 4, and week 16 to stratify enrolled participants to Arm A or Arm B vs C. 
Participants must meet all criteria to be eligible for randomization to Arm B vs C at week 
16. Participants who do not meet all criteria are placed into Arm A.

Category Criteria

Radiographic 
criteria

Baseline PET/CT: 
    •  No total lung collapse of a single side, AND 
    •  No pleural effusion, AND 
    •  No single cavity air volume on CT scan >30 mL, AND 
    •  CT scan hard volume (-100 to +100 HU density) <200 mL, AND 
    •  PET total activity <1500 units 
Week 4 PET/CT:
    •   All individual cavities decrease by >20% (unless cavity <2 mL), 

AND
    •   CT scan hard volume does not increase by >10% unless the 

increase is <5 mL, AND
    •   PET total activity does not increase by >30% unless the 

increase is <50 units

Bacterial load 
criterion

Week 16 Xpert cycle threshold ≥30

Adherence 
criterion

Minimum of 100 doses received by week 16

Figure 1. Predict TB study schematic.
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16 visit window will not be eligible for randomization and will 
be moved to Arm A. Approximately 90% adherence is used, as  
missing more than this has been associated with an increased  
risk of poor outcomes7. Participants receiving 24 weeks of treat-
ment will receive 168 doses with a minimum total of 150 doses.  
Missed doses during the initial 8-week intensive phase will be 
added on to the end of the intensive phase, replacing continuation  
phase dosing. Arm B participants who do not achieve the mini-
mum 150 doses within the Week 24 visit window will be  
allowed to complete a minimum of 150 doses even if this exceeds 
the visit window.

All possible and available forms of adherence monitoring are  
encouraged as much as local resources allow. This includes (but 
does not require) directly observed therapy (DOT), whether by a 
healthcare worker, an outreach worker, or a family member. The 
vast majority of participants will not receive formal DOT; these 
participants will be provided an electronic pill box, the Medica-
tion Event Reminder Monitor (MERM; Wisepill Technologies, 
South Africa), which has been shown to improve treatment adher-
ence among TB patients in China8. The MERM is a box that stores  
dispensed medication and also contains a cartridge that monitors 
box openings and sounds an alarm daily at a set time to remind  
participants to take their medicine. Box open/close data will be 
downloaded on follow-up visits.

Treatment outcome definitions
Treatment success is defined as a participant with at least 2 con-
secutive negative cultures on solid medium over a span of at least 
4 weeks, achieved by the end of therapy, with no subsequent 
confirmed positive cultures during follow-up. Participants who 
remain culture positive on solid medium at Week 24 in Arm A 
will be considered treatment failures, will be taken off study as  
meeting a study endpoint and referred to continue treatment per 
the local standard of care (SOC). Participants who convert to solid 
culture negative who subsequently have a single solid culture  
positive for Mtb before or at week 24 need to have a subsequent 
culture positive for Mtb to be confirmed as treatment failures.  
Isolated positive cultures that are not confirmed on a subsequent 
sputum sample are not considered failures as these may have 
arisen from processing error or laboratory contamination9. Solid  
culture results will be used for the primary endpoint analysis.  
Liquid culture results may be used for secondary analyses.

Participants randomized to Arms B or C who are subsequently 
found to have a positive culture for Mtb on solid medium 
from weeks 16–24, confirmed on a subsequent culture, will be  
considered treatment failures. These participants will be referred 
to continue treatment per local SOC and will be followed obser-
vationally until the end of their treatment to determine outcomes. 
Participants who convert their sputum to culture negative (2 con-
secutive negatives over ≥4 weeks) and who subsequently become 
culture positive for Mtb again on solid medium during follow-up 
after week 24, confirmed by a second positive sputum culture, 
will be considered recurrences. Isolated positive cultures that are  
negative on follow-up will not be considered recurrences.  
Relapses will be distinguished from re-infections by DNA strain 
typing and only relapses will be considered a study endpoint. 

Participants who are treatment failures and relapses will have  
drug sensitivity testing done to inform subsequent treatment. 
Relapses on Arms B and C will have observational follow-up until 
the end of retreatment to determine outcomes. 

Statistical analyses
This is a non-inferiority study, with the primary endpoint being a 
comparison of the rate of treatment successes at 18 months (after 
treatment initiation) between Arms B and C. Final study treat-
ment outcome data from participants who are unable to return at  
18 months but do return during the 1 year following will be 
imputed back to the 18-month time point for the primary endpoint.  
The primary analysis will estimate the lower bound of a 95%  
confidence interval of the difference in success rates between  
arms B and C. If the lower bound is greater than -7%, this will 
be evidence that the treatment-shortening arm is not inferior to the 
standard duration arm. Confidence intervals will be constructed 
using Wald intervals, with inverse weighting according to site- 
estimated variances, as a stratified analysis. Additional analyses 
of the primary endpoint will consider a non-stratified-based  
confidence interval of the difference.

The sample size is determined for the comparison between Arms  
B and C. Because these are lower risk participants, we expect 
a treatment success rate of 97%. Table 4 provides power cal-
culations for a total enrollment of 117 and 140 per group. With 
true success rates of 97% in both arms, study power is greater  
than 90% with only 117 participants per group. However, to  
increase power to accommodate a scenario in which the true 
success rate in the four-month treatment arm is slightly lower  
than the six-month arm, a sample size of 140 per treatment arm 
was selected, corresponding to 155 subjects per arm after adjust-
ing for a 10% loss to follow-up. We expect that approximately  
50% of participants will be classified as higher risk and be  
placed into Arm A, giving a total study sample size of 620  
participants.

PK-MIC substudy
Typically, bacteria are termed “resistant” to a drug if the bacteria 
are able to grow at concentrations above the established “break-
point” for that drug and resistance is a well-known determinant 
of TB treatment outcome10. Conventional drug susceptibility test-
ing for isoniazid and rifampin will be employed during the trial 
to confirm that patients have susceptible isolates. The minimum 
inhibitory concentration (MIC) for a specific bacterial isolate is 
the drug concentration at which the growth of the bacteria is inhib-
ited by approximately 95%. For each patient enrolled into the sub-
study, we will determine the specific isoniazid and rifampin MIC 
for their Mtb isolate. In addition, TB patients are known to have 
widely variable serum PK values, and these differences appear 
to affect treatment outcome11–13. Because a given patient’s serum 
drug concentration achieved will affect the clinical interpretation 
of a given MIC result, we hypothesize that a model incorporating  
both of these parameters may predict outcomes better than either 
one alone. This hypothesis will be tested in a substudy among  
study participants believed to be at higher risk of relapse based on 
preliminary data, those who move to Arm A due to an inadequate 
treatment response on the week 4 PET/CT scan. After substudy 
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informed consent is signed, two substudy visits will occur where 
a baseline blood sample is drawn, TB medication for that day is 
dosed, then blood is again drawn at 1, 2, and 6 hours post-dose 
for pharmacokinetic (PK) analysis for isoniazid and rifampin. 
For every Arm A participant who agrees to join the substudy, a  
control participant from the combined B/C arm will also be  
recruited to join. This will be a convenience sample of participants 
willing to participate in the substudy and no specific sample size is 
targeted.

Data and Safety Monitoring Board (DSMB)
The standing NIAID DSMB with three global TB experts added 
as ad hoc members will provide oversight of the study. The DSMB 
will meet at least twice per year to evaluate safety, study conduct, 
and scientific validity and integrity of the trial. 

Ethical statement
Informed consent is conducted in the local language of the  
participant (Chinese, English, Afrikaans, or Xhosa). The study 
radiation dose was reviewed and approved by the Radiation 
Safety Committee of the U.S. National Institutes of Health (NIH). 
The study protocol was reviewed and approved by the institu-
tional review board (IRB) of the National Institute of Allergy and  

Infectious Diseases (NIAID), NIH (085315; most recent approval 
numbers listed here and below, Henan sites do not use approval 
numbers) and all local IRB/ethics committees (Henan Provincial 
Chest Hospital [HPCH], Henan Center for Disease Control [Henan 
CDC], Stellenbosch University (M16/08/031, M16/10/039), and 
the University of Cape Town (645/2016, 646/2017, 647/2016)), as 
well as the South African Medicines Control Council.

Discussion
With currently available drugs for TB, all published trials  
attempting to shorten TB treatment below 6 months have failed. 
The trial that came closest to success randomized only those with 
less severe disease and favorable early treatment response (base-
line chest x-ray without cavity and a month 2 sputum culture 
that had converted to negative). Multiple tuberculosis biomarkers  
potentially predictive of treatment outcomes are being studied to 
improve the risk stratification of patients14. From a microbiologi-
cal standpoint, sputum culture conversion at 2 months of treat-
ment is most commonly used to predict non-relapsing cure15 but  
its true predictive ability is poor, with one meta-analysis show-
ing a pooled sensitivity and specificity for predicting relapse  
of 40% (95% CI 25%-56%) and 85% (95% CI 77%-91%),  
respectively16. A review of data from the BMRC trials from the 
1970s and 1980s found only a weak correlation (R2=0.36) for  
this marker as a surrogate for treatment failure and relapse, depend-
ing on factors such as geographic location, baseline disease and 
cavity status, and concomitantly used medications17. Further  
evidence against using culture conversion as a surrogate for predict-
ing treatment outcome was recently demonstrated from the phase 
3 TB treatment shortening trial REMoxTB4, where subsequent 
analyses of the culture data collected demonstrated poor correla-
tion with treatment outcome whether analyzed at a single time point  
(2 months) or over time (time to culture conversion or time to  
culture positivity)18.

The ability of early radiographic changes to predict subsequent 
treatment outcomes in TB has been recognized for over 50 years19 
and prior studies have identified baseline cavity on chest x-ray 
as a risk factor for relapse20–22. However, chest x-rays are not  
sensitive for cavities, particularly smaller ones; more recent  
analyses of radiographic biomarkers have moved beyond chest 
x-ray to 2-deoxy-2-[18F]-fluoroglucose (FDG) positron emis-
sion tomography/computed tomography (PET/CT) as an early 
marker of treatment response and possibly as a marker for relapse 
at the end of treatment. CT scans produce more detailed lung 
morphology than chest x-rays and PET scans provide additional  
information on inflammatory activity. In macaques, changes on 
PET/CT scans correlate with TB disease activity and treatment  
response23,24. Our group has analyzed human PET/CT data from 
a randomized clinical trial using metronidazole in the treat-
ment of pulmonary multi-drug resistant tuberculosis (MDR-TB)  
participants25. As a substudy within the overall MDR-TB study, 
we performed PET/CT scans at 0 and 2 months and CT scans  
at 0, 2, and 6 months of treatment and correlated these changes 
with final treatment outcomes 30 months after treatment start  
(6 months after the end of therapy). PET changes at 2 months  
and CT changes at 6 months appeared to be more sensitive to 
predict final treatment outcomes than sputum culture conversion  

Table 4. Sample size power calculations for the Predict TB trial. 
Power calculations are shown for total sample sizes of 117 and 140 
per group (Arms B and C) for different success rates across and 
between treatment arms. Because these are lower-risk participants, 
a 97% success rate was targeted. A sample size of 140/arm 
was selected to increase power in case the shortened treatment 
arm has a slightly lower success rate. This sample size was then 
increased by 10% to 155/arm to account for those lost to follow-up.

Success rate by study 
arm

Power for concluding NI with 7% 
margin, 5% type I error rate

Arm B: 
6-month tx

Arm C: 
4-month tx

Sample size 117 
per group

Sample size 
140 per group

0.99 0.99 0.999 1

0.99 0.98 0.984 0.994

0.99 0.97 0.863 0.912

0.98 0.98 0.985 0.994

0.98 0.97 0.903 0.942

0.98 0.96 0.726 0.792

0.97 0.97 0.932 0.963

0.97 0.96 0.803 0.862

0.97 0.95 0.621 0.689

0.96 0.96 0.862 0.911

0.96 0.95 0.716 0.782

0.96 0.94 0.545 0.609

0.95 0.95 0.792 0.851

0.95 0.94 0.644 0.711

0.95 0.93 0.487 0.547
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at 2 months, although these differences were not statistically  
significant26. These results support the potential of PET/CT  
imaging biomarkers as possible surrogate endpoints in clinical  
trials, and larger cohorts are needed to confirm these results.

We developed the radiographic early treatment completion cri-
teria for the Predict TB trial (Table 2) (unpublished study;  
National Institutes of Health, Bethesda, MD, USA) using a 
cohort of 100 pulmonary DS-TB participants from Cape Town 
who received PET/CT scans at baseline, 1 month, and 6 months 
while on standard therapy through the national TB treatment  
program27. The participants were treated for 6 months, then fol-
lowed through 18 months for final treatment outcomes. In total, 
92 participants had complete PET/CT scan data, Xpert MTB/RIF 
cycle thresholds, and treatment outcomes. After 18 months of 
follow-up, 73 were considered cured, 8 failed treatment, and  
11 were restarted programmatically on TB treatment, defined as  
the participant restarting treatment during follow-up for any rea-
son. Our radiographic early treatment completion criteria are  
divided into baseline disease burden and week 4 reduction in  
disease burden due to treatment, which is reflective of the  
Johnson 2009 study which also had a measure of baseline dis-
ease burden (baseline chest x-ray without cavity) and treatment  
response (month 2 sputum culture conversion).

Currently, the only direct measure of TB sputum bacterial load 
is sputum smear, which is not very sensitive. Alternative surro-
gate markers evaluated include the time to positivity (TTP) of a 
positive culture on liquid mycobacterial culture systems, with the  
shorter TTP indicating a higher bacterial load. Different studies 
have demonstrated some correlation between Mycobacteria 
Growth Indicator Tube (MGIT) TTP and sputum bacterial load 
but with poor specificity in predicting treatment outcomes28,29.  
Thus, although time to culture conversion and MGIT TTP do 
correlate independently with treatment outcome, these markers 
do not discriminate well between high and low risk patients and  
therefore have only a limited role in predicting treatment out-
comes of individual patients18. Another marker of sputum bac-
terial load is the GeneXpert cycle threshold. The GeneXpert 
assay is an automated rapid molecular diagnostic test for Mtb  
and resistance to rifampin with results provided directly from 
sputum within 2 hours30. The test is run using a polymerase  
chain reaction and the number of cycles (cycle threshold) at 
which the amplification curve crosses the specified thresh-
old is recorded, with a lower cycle threshold suggestive of a  
higher bacterial load. Three studies have correlated Xpert MTB/
RIF cycle threshold with sputum smear status, with varying  
sensitivity and specificity levels depending on the cycle 
threshold cut point used31–34. A fourth study found that Xpert  
MTB/RIF results correlated with smear grades, solid culture 
results, and liquid culture TTP (all p<0.0001) but Xpert MTB/RIF  
sputum positivity rates declined more slowly during treatment  
than sputum smear and culture results. Using the combined  
binary smear and culture results as a reference standard, sensi-
tivity of Xpert MTB/RIF was excellent at 97.0% (95% CI 95.8-
97.9) but specificity was poor at 48.6% (95% CI 45.0-52.2) as the  
assay is unable to differentiate viable, dormant, and non-viable  
Mtb bacteria35.

In the study mentioned previously of 100 pulmonary DS-TB  
participants in Cape Town, a week 24 Xpert MTB/RIF cycle  
threshold of ≥30 predicted treatment failure with higher sensitiv-
ity and specificity than earlier time points36. This is in contrast  
to the week 8 culture, which has lower sensitivity (for cure) than 
Xpert MTB/RIF cycle threshold at week 24: 61% (week 8 cul-
ture) vs 89% (Xpert MTB/RIF cycle threshold week 24, p<0.01).  
Estimates of specificity (for failure) for Xpert MTB/RIF cycle 
threshold week 24 was higher than week 8 culture (88% vs 50%), 
but the improvement was not statistically significant. The poor  
performance of week 8 culture data as a predictor of treatment  
outcome is similar to what was observed in the REMoxTB  
trial18.

The observation that a later test predicts outcomes better than an 
earlier test may be similar to findings in HIV infection, where  
baseline CD4 cell count is a strong predictor of mortality over  
time but current CD4 cell count is even stronger37. This has 
been seen in TB too, where culture conversion status at month  
6 predicts final treatment outcome significantly better than cul-
ture conversion status at month 238. Taken together, these results 
suggest that Xpert MTB/RIF cycle thresholds collected later may 
be able to replace an earlier microbiological culture in predicting 
treatment outcomes, with the major advantage of Xpert MTB/RIF  
over culture being the time to test result, with Xpert requiring  
2 hours and culture up to 6 weeks. Thus, Xpert cycle threshold  
may be useful as a point-of-care test whereas culture cannot.

In summary, the Predict TB trial builds upon previous trial  
results, in particular the Johnson 2009 trial6. Instead of using a chest 
x-ray to determine baseline disease burden, we will use a PET/CT 
scan. Instead of using month 2 culture conversion as a measure of 
treatment response, we will use month 1 change in PET/CT scan 
disease burden and a month 4 Xpert MTB/RIF cycle threshold. 
Prior treatment shortening trials that randomized all subjects to 
shortened vs. standard treatment achieved treatment success rates 
in the 4-month arms of roughly 80–85%. Using a risk stratifica-
tion approach, the Johnson study increased this to 93%. By refining 
their risk stratification parameters, we hypothesize that the treat-
ment success rate in our 4-month arm will be non-inferior to our 
6-month arm. If successful, our methodology could be extended 
to identify participants cured with even shorter regimens. We do 
not expect that PET/CT scans will become a risk stratification tool 
for global TB use due to its cost and availability limited to larger 
cities. Use of PET/CT scans would likely be limited to clinical  
trials but could be a method to stratify trial participants and  
possibly become a surrogate endpoint by which to reduce the 
number of participants needed in a Phase 2b trial, shorten overall 
trial duration or predict drug sterilizing activity such as in early 
bactericidal activity studies. These achievements could expand 
the number of regimens evaluated in Phase 2b trials prior to  
committing to an expensive and time-consuming Phase 3 study and 
thereby contribute to the likelihood of identifying optimal regi-
mens. If the Predict TB trial is successful, other immunological  
biomarkers or transcriptional signatures that correlate with  
treatment outcome may be identified. These markers or signa-
tures will likely be much cheaper and more widely available than  
PET/CT scans and more amenable to being scaled up globally.

Page 11 of 23

Gates Open Research 2017, 1:9 Last updated: 12 JAN 2018



Competing interests
No competing interests were disclosed.

Grant information
Bill and Melinda Gates Foundation [OPP1155128]; the European 
and Developing Countries Clinical Trials Partnership [96425], 
China Ministry of Science and Technology [2014DFA30340], 
National Natural Science Foundation of China, the Intramural 
Research Program of the NIAID, NIH, and the National Institutes 
of Health [1U01AI115619-01]. 

The funders had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript.

Acknowledgements
Predict TB Study Group: 

From TASK Applied Science, Cape Town, South Africa: Madeleine 
Lourens, Ramonde Patientia.

From the Wellcome Centre for Infectious Diseases Research in 
Africa, Institute of Infectious Disease and Molecular Medicine, 
UCT, Cape Town, South Africa: Sandra Mukasa, Rene Goliath, 
Nashreen Omar-Davies, Loriane Swanepoel, Tania Morar.

From the South African Tuberculosis Vaccine Initiative, UCT, Cape 
Town, South Africa: Rachel Oelofse, Hennie Geldenhuys, Angel-
ique Luabeya, Justin Shenje, Anne Swarts, Rose Ockhuis, Gloria 
Khomba, Simba Mabwe, Nicole Bilek, Thomas Scriba, Munya 
Musvosvi, Denis Arendsen, Natasja Botes, Susan Rossouw.

From the Division of Molecular Biology and Human Genetics, 
Faculty of Medicine and Health Sciences, Stellenbosch University, 
Cape Town, South Africa: Petri Ahlers, Mpho Tlali, Andriëtte 

M. Hiemstra, Gerard Tromp, Novel N Chegou, Susanne Tonsing,  
Caroline G. G. Beltran, Kim Stanley.

From the Division of Pulmonology, Department of Medicine, Uni-
versity of Cape Town and University of Cape Town Lung Institute, 
Cape Town, South Africa: Kim Narunsky.

From the Institute of Infectious Disease and Molecular Medicine, 
UCT, Cape Town, South Africa: Gail Louw, Bevika Sewgoolam, 
Ane Rodrigo Unzueta.

From the Sino-US Tuberculosis Collaborative Research Program, 
Zhengzhou, Henan, China: Jingcai Gao and Xinmeng Yang.

From the Henan Provincial Chest Hospital, Zhengzhou, Henan, 
China: Xianglin Ruan, Wei Wang, Sulan Zheng, Ying Chen, Bin Li, 
Huimin Shi, Xia Gao, Rui Yang, Yue Zhao.

From the Henan Provincial Institute of Tuberculosis and Preven-
tion, Henan Center for Disease Control, Zhengzhou, Henan, China: 
Liping Ma, Hui Li, Shaohua Wang, Jie Shi.

From the Xinmi City Institute of Tuberculosis Prevention and 
Control, Xinmi, Henan, China: Haixia Duan, Xiaohui Wei, Guiran 
Zhang.

From the Kaifeng City Institute of Tuberculosis Prevention and 
Control, Kaifeng, Henan, China: Yahong Qu, Yingxue Wang, Bing 
Chen, Tingting Zhao.

From the Zhongmu County Health and Epidemic Prevention Sta-
tion, Zhongmu, Henan, China: Zishen Liu, Dakuan Wang, Jiaoxia 
Yan.

Supplementary material
Supplementary File 1: Manual of Operating Procedures (MOP): Clinical and Data Management.

Click here to access the data.

Supplementary File 2: Manual of Operating Procedures (MOP): Laboratory (South Africa).

Click here to access the data.

Supplementary File 3: Manual of Operating Procedures (MOP): Core Laboratory (China).

Click here to access the data.

Supplementary File 4: Manual of Operating Procedures (MOP): Site Laboratory (China).

Click here to access the data.

Supplementary File 5: SOP for Predict TB Trial PET/CT Reading Methodology.

Click here to access the data.

Page 12 of 23

Gates Open Research 2017, 1:9 Last updated: 12 JAN 2018

https://gatesopenresearch.s3.amazonaws.com/supplementary/12750/d4832907-1313-413f-add9-c2685faeeed0.pdf
https://gatesopenresearch.s3.amazonaws.com/supplementary/12750/90b435b8-6627-48f0-88dd-2c47030eec10.pdf
https://gatesopenresearch.s3.amazonaws.com/supplementary/12750/45fc70d0-b05f-43f5-9e8f-8366d00896fd.pdf
https://gatesopenresearch.s3.amazonaws.com/supplementary/12750/3e68301b-f1a3-4840-93f5-6eca40568fcb.pdf
https://gatesopenresearch.s3.amazonaws.com/supplementary/12750/eba77868-e1aa-4a8d-9cf8-754f1ed0c93b.pdf


References

1. WHO: The top 10 causes of death. WHO; 2017.  
Reference Source

2. Fox W: Whither short-course chemotherapy? Br J Dis Chest. 1981; 75(4): 331–357. 
PubMed Abstract | Publisher Full Text 

3. Jindani A, Harrison TS, Nunn AJ, et al.: High-dose rifapentine with moxifloxacin 
for pulmonary tuberculosis. N Engl J Med. 2014; 371(17): 1599–1608.  
PubMed Abstract | Publisher Full Text | Free Full Text 

4. Gillespie SH, Crook AM, McHugh TD, et al.: Four-month moxifloxacin-based 
regimens for drug-sensitive tuberculosis. N Engl J Med. 2014; 371(17): 1577–1587.  
PubMed Abstract | Publisher Full Text | Free Full Text 

5. Merle CS, Fielding K, Sow OB, et al.: A four-month gatifloxacin-containing 
regimen for treating tuberculosis. N Engl J Med. 2014; 371(17): 1588–1598. 
PubMed Abstract | Publisher Full Text 

6. Johnson JL, Hadad DJ, Dietze R, et al.: Shortening treatment in adults with 
noncavitary tuberculosis and 2-month culture conversion. Am J Respir Crit 
Care Med. 2009; 180(6): 558–563.  
PubMed Abstract | Publisher Full Text | Free Full Text 

7. Podewils LJ, Gler MT, Quelapio MI, et al.: Patterns of treatment interruption 
among patients with multidrug-resistant TB (MDR TB) and association with 
interim and final treatment outcomes. PLoS One. 2013; 8(7): e70064.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8. Liu X, Lewis JJ, Zhang H, et al.: Effectiveness of Electronic Reminders 
to Improve Medication Adherence in Tuberculosis Patients: A Cluster-
Randomised Trial. PLoS Med. 2015; 12(9): e1001876.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9. Mitchison DA, Keyes AB, Edwards EA, et al.: Quality control in tuberculosis 
bacteriology. 2. The origin of isolated positive cultures from the sputum of 
patients in four studies of short course chemotherapy in Africa. Tubercle. 1980; 
61(3): 135–144.  
PubMed Abstract | Publisher Full Text

10. Lew W, Pai M, Oxlade O, et al.: Initial drug resistance and tuberculosis 
treatment outcomes: systematic review and meta-analysis. Ann Intern Med. 
2008; 149(2): 123–134.  
PubMed Abstract | Publisher Full Text 

11. Pasipanodya JG, McIlleron H, Burger A, et al.: Serum drug concentrations 
predictive of pulmonary tuberculosis outcomes. J Infect Dis. 2013; 208(9): 
1464–1473.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12. Pasipanodya JG, Srivastava S, Gumbo T: Meta-analysis of clinical studies 
supports the pharmacokinetic variability hypothesis for acquired drug 
resistance and failure of antituberculosis therapy. Clin Infect Dis. 2012; 55(2): 
169–177.  
PubMed Abstract | Publisher Full Text | Free Full Text 

13. Reynolds J, Heysell SK: Understanding pharmacokinetics to improve tuberculosis 
treatment outcome. Expert Opin Drug Metab Toxicol. 2014; 10(6): 813–823.  
PubMed Abstract | Publisher Full Text | Free Full Text 

14. Wallis RS, Kim P, Cole S, et al.: Tuberculosis biomarkers discovery: 
developments, needs, and challenges. Lancet Infect Dis. 2013; 13(4): 362–372. 
PubMed Abstract | Publisher Full Text 

15. Wallis RS, Pai M, Menzies D, et al.: Biomarkers and diagnostics for 
tuberculosis: progress, needs, and translation into practice. Lancet. 2010; 
375(9729): 1920–1937.  
PubMed Abstract | Publisher Full Text 

16. Horne DJ, Royce SE, Gooze L, et al.: Sputum monitoring during tuberculosis 
treatment for predicting outcome: systematic review and meta-analysis. Lancet 
Infect Dis. 2010; 10(6): 387–394.  
PubMed Abstract | Publisher Full Text | Free Full Text 

17. Phillips PP, Fielding K, Nunn AJ: An evaluation of culture results during 
treatment for tuberculosis as surrogate endpoints for treatment failure and 
relapse. PLoS One. 2013; 8(5): e63840.  
PubMed Abstract | Publisher Full Text | Free Full Text 

18. Phillips PP, Mendel CM, Burger DA, et al.: Limited role of culture conversion for 
decision-making in individual patient care and for advancing novel regimens 
to confirmatory clinical trials. BMC Med. 2016; 14(1): 19.  
PubMed Abstract | Publisher Full Text | Free Full Text 

19. Fox W, Sutherland I: A five-year assessment of patients in a controlled trial 
of streptomycin, para-aminosalicylic acid, and streptomycin plus para-
aminosalicylic acid, in pulmonary tuberculosis. Q J Med. 1956; 25(98): 221–243. 
PubMed Abstract | Publisher Full Text 

20. Benator D, Bhattacharya M, Bozeman L, et al.: Rifapentine and isoniazid once 
a week versus rifampicin and isoniazid twice a week for treatment of drug-
susceptible pulmonary tuberculosis in HIV-negative patients: a randomised 
clinical trial. Lancet. 2002; 360(9332): 528–534.  
PubMed Abstract | Publisher Full Text 

21. Zierski M, Bek E, Long MW, et al.: Short-course (6 month) cooperative 
tuberculosis study in Poland: results 18 months after completion of treatment. 
Am Rev Respir Dis. 1980; 122(6): 879–889.  
PubMed Abstract 

22. Yew WW, Chan CK, Chau CH, et al.: Outcomes of patients with multidrug-
resistant pulmonary tuberculosis treated with ofloxacin/levofloxacin-
containing regimens. Chest. 2000; 117(3): 744–751.  
PubMed Abstract | Publisher Full Text 

23. Coleman MT, Maiello P, Tomko J, et al.: Early Changes by 18Fluorodeoxyglucose 
positron emission tomography coregistered with computed tomography 
predict outcome after Mycobacterium tuberculosis infection in cynomolgus 
macaques. Infect Immun. 2014; 82(6): 2400–2404.  
PubMed Abstract | Publisher Full Text | Free Full Text 

24. Lin PL, Coleman T, Carney JP, et al.: Radiologic Responses in Cynomolgus 
Macaques for Assessing Tuberculosis Chemotherapy Regimens. Antimicrob 
Agents Chemother. 2013; 57(9): 4237–4244.  
PubMed Abstract | Publisher Full Text | Free Full Text 

25. Carroll MW, Jeon D, Mountz JM, et al.: Efficacy and safety of metronidazole for 
pulmonary multidrug-resistant tuberculosis. Antimicrob Agents Chemother. 
2013; 57(8): 3903–3909.  
PubMed Abstract | Publisher Full Text | Free Full Text 

26. Chen RY, Dodd LE, Lee M, et al.: PET/CT imaging correlates with treatment 
outcome in patients with multidrug-resistant tuberculosis. Sci Transl Med. 
2014; 6(265): 265ra166.  
PubMed Abstract | Publisher Full Text | Free Full Text 

27. Malherbe ST, Shenai S, Ronacher K, et al.: Persisting positron emission 
tomography lesion activity and Mycobacterium tuberculosis mRNA after 
tuberculosis cure. Nat Med. 2016; 22(10): 1094–1100.  
PubMed Abstract | Publisher Full Text | Free Full Text 

28. Hesseling AC, Walzl G, Enarson DA, et al.: Baseline sputum time to detection 
predicts month two culture conversion and relapse in non-HIV-infected 
patients. Int J Tuberc Lung Dis. 2010; 14(5): 560–570.  
PubMed Abstract 

29. Weiner M, Prihoda TJ, Burman W, et al.: Evaluation of time to detection of 
Mycobacterium tuberculosis in broth culture as a determinant for end points 
in treatment trials. J Clin Microbiol. 2010; 48(12): 4370–4376.  
PubMed Abstract | Publisher Full Text | Free Full Text 

30. Boehme CC, Nabeta P, Hillemann D, et al.: Rapid molecular detection of 
tuberculosis and rifampin resistance. N Engl J Med. 2010; 363(11): 1005–1015. 
PubMed Abstract | Publisher Full Text | Free Full Text 

31. Blakemore R, Nabeta P, Davidow AL, et al.: A multisite assessment of the 
quantitative capabilities of the Xpert MTB/RIF assay. Am J Respir Crit Care Med. 
2011; 184(9): 1076–1084.  
PubMed Abstract | Publisher Full Text | Free Full Text 

32. Fennelly KP: An eXpert AFB smear? Clin Infect Dis. 2012; 54(3): 389–391. 
PubMed Abstract | Publisher Full Text 

33. Theron G, Pinto L, Peter J, et al.: The use of an automated quantitative 
polymerase chain reaction (Xpert MTB/RIF) to predict the sputum smear 
status of tuberculosis patients. Clin Infect Dis. 2012; 54(3): 384–388.  
PubMed Abstract | Publisher Full Text | Free Full Text 

34. Hanrahan CF, Theron G, Bassett J, et al.: Xpert MTB/RIF as a measure of 
sputum bacillary burden. Variation by HIV status and immunosuppression. Am 
J Respir Crit Care Med. 2014; 189(11): 1426–1434.  
PubMed Abstract | Publisher Full Text | Free Full Text 

35. Friedrich SO, Rachow A, Saathoff E, et al.: Assessment of the sensitivity and 
specificity of Xpert MTB/RIF assay as an early sputum biomarker of response 
to tuberculosis treatment. Lancet Respir Med. 2013; 1(6): 462–470.  
PubMed Abstract | Publisher Full Text 

36. Shenai S, Ronacher K, Malherbe S, et al.: Bacterial Loads Measured by the Xpert 
MTB/RIF Assay as Markers of Culture Conversion and Bacteriological Cure in 
Pulmonary TB. PLoS One. 2016; 11(8): e0160062.  
PubMed Abstract | Publisher Full Text | Free Full Text 

37. Brennan AT, Maskew M, Sanne I, et al.: The interplay between CD4 cell count, 
viral load suppression and duration of antiretroviral therapy on mortality in a 
resource-limited setting. Trop Med Int Health. 2013; 18(5): 619–631.  
PubMed Abstract | Publisher Full Text | Free Full Text 

38. Kurbatova EV, Cegielski JP, Lienhardt C, et al.: Sputum culture conversion as a 
prognostic marker for end-of-treatment outcome in patients with multidrug-
resistant tuberculosis: a secondary analysis of data from two observational 
cohort studies. Lancet Respir Med. 2015; 3(3): 201–209.  
PubMed Abstract | Publisher Full Text | Free Full Text 

39. National Tuberculosis Management Guidelines. 2014.  
Reference Source

Page 13 of 23

Gates Open Research 2017, 1:9 Last updated: 12 JAN 2018

http://www.who.int/mediacentre/factsheets/fs310/en/
http://www.ncbi.nlm.nih.gov/pubmed/7030377
http://dx.doi.org/10.1016/0007-0971(81)90022-X
http://www.ncbi.nlm.nih.gov/pubmed/25337749
http://dx.doi.org/10.1056/NEJMoa1314210
http://www.ncbi.nlm.nih.gov/pmc/articles/4233406
http://www.ncbi.nlm.nih.gov/pubmed/25196020
http://dx.doi.org/10.1056/NEJMoa1407426
http://www.ncbi.nlm.nih.gov/pmc/articles/4277680
http://www.ncbi.nlm.nih.gov/pubmed/25337748
http://dx.doi.org/10.1056/NEJMoa1315817
http://www.ncbi.nlm.nih.gov/pubmed/19542476
http://dx.doi.org/10.1164/rccm.200904-0536OC
http://www.ncbi.nlm.nih.gov/pmc/articles/2742745
http://www.ncbi.nlm.nih.gov/pubmed/23922904
http://dx.doi.org/10.1371/journal.pone.0070064
http://www.ncbi.nlm.nih.gov/pmc/articles/3726487
http://www.ncbi.nlm.nih.gov/pubmed/26372470
http://dx.doi.org/10.1371/journal.pmed.1001876
http://www.ncbi.nlm.nih.gov/pmc/articles/4570796
http://www.ncbi.nlm.nih.gov/pubmed/6777920
http://dx.doi.org/10.1016/0041-3879(80)90002-1 
http://www.ncbi.nlm.nih.gov/pubmed/18626051
http://dx.doi.org/10.7326/0003-4819-149-2-200807150-00008
http://www.ncbi.nlm.nih.gov/pubmed/23901086
http://dx.doi.org/10.1093/infdis/jit352
http://www.ncbi.nlm.nih.gov/pmc/articles/3789573
http://www.ncbi.nlm.nih.gov/pubmed/22467670
http://dx.doi.org/10.1093/cid/cis353
http://www.ncbi.nlm.nih.gov/pmc/articles/3491771
http://www.ncbi.nlm.nih.gov/pubmed/24597717
http://dx.doi.org/10.1517/17425255.2014.895813
http://www.ncbi.nlm.nih.gov/pmc/articles/4112565
http://www.ncbi.nlm.nih.gov/pubmed/23531389
http://dx.doi.org/10.1016/S1473-3099(13)70034-3
http://www.ncbi.nlm.nih.gov/pubmed/20488517
http://dx.doi.org/10.1016/S0140-6736(10)60359-5
http://www.ncbi.nlm.nih.gov/pubmed/20510279
http://dx.doi.org/10.1016/S1473-3099(10)70071-2
http://www.ncbi.nlm.nih.gov/pmc/articles/3046810
http://www.ncbi.nlm.nih.gov/pubmed/23667677
http://dx.doi.org/10.1371/journal.pone.0063840
http://www.ncbi.nlm.nih.gov/pmc/articles/3648512
http://www.ncbi.nlm.nih.gov/pubmed/26847437
http://dx.doi.org/10.1186/s12916-016-0565-y
http://www.ncbi.nlm.nih.gov/pmc/articles/4743210
http://www.ncbi.nlm.nih.gov/pubmed/13323251
http://dx.doi.org/10.1093/oxfordjournals.qjmed.a066751
http://www.ncbi.nlm.nih.gov/pubmed/12241657
http://dx.doi.org/10.1016/S0140-6736(02)09742-8
http://www.ncbi.nlm.nih.gov/pubmed/7006476
http://www.ncbi.nlm.nih.gov/pubmed/10713001
http://dx.doi.org/10.1378/chest.117.3.744
http://www.ncbi.nlm.nih.gov/pubmed/24664509
http://dx.doi.org/10.1128/IAI.01599-13
http://www.ncbi.nlm.nih.gov/pmc/articles/4019174
http://www.ncbi.nlm.nih.gov/pubmed/23796926
http://dx.doi.org/10.1128/AAC.00277-13
http://www.ncbi.nlm.nih.gov/pmc/articles/3754323
http://www.ncbi.nlm.nih.gov/pubmed/23733467
http://dx.doi.org/10.1128/AAC.00753-13
http://www.ncbi.nlm.nih.gov/pmc/articles/3719751
http://www.ncbi.nlm.nih.gov/pubmed/25473034
http://dx.doi.org/10.1126/scitranslmed.3009501
http://www.ncbi.nlm.nih.gov/pmc/articles/5567784
http://www.ncbi.nlm.nih.gov/pubmed/27595324
http://dx.doi.org/10.1038/nm.4177
http://www.ncbi.nlm.nih.gov/pmc/articles/5053881
http://www.ncbi.nlm.nih.gov/pubmed/20392348
http://www.ncbi.nlm.nih.gov/pubmed/20926712
http://dx.doi.org/10.1128/JCM.00757-10
http://www.ncbi.nlm.nih.gov/pmc/articles/3008491
http://www.ncbi.nlm.nih.gov/pubmed/20825313
http://dx.doi.org/10.1056/NEJMoa0907847
http://www.ncbi.nlm.nih.gov/pmc/articles/2947799
http://www.ncbi.nlm.nih.gov/pubmed/21836139
http://dx.doi.org/10.1164/rccm.201103-0536OC
http://www.ncbi.nlm.nih.gov/pmc/articles/3208646
http://www.ncbi.nlm.nih.gov/pubmed/22139853
http://dx.doi.org/10.1093/cid/cir825
http://www.ncbi.nlm.nih.gov/pubmed/22139854
http://dx.doi.org/10.1093/cid/cir824
http://www.ncbi.nlm.nih.gov/pmc/articles/3258275
http://www.ncbi.nlm.nih.gov/pubmed/24786895
http://dx.doi.org/10.1164/rccm.201312-2140OC
http://www.ncbi.nlm.nih.gov/pmc/articles/4098085
http://www.ncbi.nlm.nih.gov/pubmed/24429244
http://dx.doi.org/10.1016/S2213-2600(13)70119-X
http://www.ncbi.nlm.nih.gov/pubmed/27508390
http://dx.doi.org/10.1371/journal.pone.0160062
http://www.ncbi.nlm.nih.gov/pmc/articles/4980126
http://www.ncbi.nlm.nih.gov/pubmed/23419157
http://dx.doi.org/10.1111/tmi.12079
http://www.ncbi.nlm.nih.gov/pmc/articles/3625450
http://www.ncbi.nlm.nih.gov/pubmed/25726085
http://dx.doi.org/10.1016/S2213-2600(15)00036-3
http://www.ncbi.nlm.nih.gov/pmc/articles/4401426
http://www.nicd.ac.za/assets/files/National TB management guidelines 2014.pdf


Gates Open Research

 

1.  

2.  

3.  

Open Peer Review

   Current Referee Status:

Version 1

 07 December 2017Referee Report

doi:10.21956/gatesopenres.13810.r26115

  ,     Beth Shoshana Zha Payam Nahid
 University of California, San Francisco, San Francisco, CA, USA
 Division of Pulmonary and Critical Care Medicine, University of California, San Francisco, San
Francisco, CA, USA

Summary
Chen and colleagues have provided a well-written protocol describing a randomized multi-site trial to
determine if 4 months of treatment is noninferior to standard 6 months in low-risk pulmonary tuberculosis
patients. The overall aim of this study is to identify patients with earlier cure through previously researched
biomarkers of GeneXpert cycle thresholds and imaging markers on PET/CT scans.
 
Patients will be stratified by defined early treatment criteria, which incorporates initial PET/CT and imaging
changes at 4 weeks, medication adherence, and GeneXpert cycle thresholds at 4 months. Those
identified as low-risk will be randomized to 4 versus 6 months of treatment, while patients classified to
have severe disease will complete a full 6 months of treatment. The primary endpoint is defined as
treatment success at 18 months, with detailed attention to determine relapse versus repeat infection to
clearly define treatment failure.
 
Chen   provide a sound rationale for the trial based on multiple pre-clinical and clinical studies.et al
Methods are well written, and supplemental material provides further detail which would allow easy
reducibility. Statistical analysis described are appropriate for the trial proposed. Overall, we have only a
few minor comments.
 
Details
Introduction
The authors provide a well-written summary of how standard-of-care for pulmonary tuberculosis was
defined as 6 months, and recent trials conducted which demonstrate unacceptable rates of relapse when
treatment is shortened to 4 months.
 
Methods
The study design is clearly defined for study sites, inclusion and exclusion criteria, data collection and
responsibilities, and methods to address adherence. In addition, statistical analysis is well explained, and
power calculations provided for support of aimed sample size. A few clarifications would be helpful:

Method of randomization appears to be only in supplemental protocol, and would be useful to list it
in the main proposal.
Are PET/CT readers blinded to the patient randomization?

The range of weight in inclusion criteria is broad – this could further be noted in the PK-MIC
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3.  

4.  

1.  

The range of weight in inclusion criteria is broad – this could further be noted in the PK-MIC
substudy.
Please consider adding additional info on analysis of PK samples (location, methods etc).

 
Discussion
The discussion is well-written and provides further detailed insight into the design approach. With this
discussion, the reader can understand the cut off of GeneXpert cycle threshold of >30. Additional detail
on the reasoning for timing of PET/CT at 4 weeks rather than a later date would be helpful. Reference 26
demonstrated changes on PET at 8 weeks compared to baseline was a better predictor of cure than liquid
culture in MDR-TB patients. While reference 27 utilized 4 week PET/CT rather than 8 week in
drug-sensitive patients, the authors described persistent PET activity likely related to inflammation and
not necessarily active infection, which would be ongoing after 4 weeks of treatment.

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes

 No competing interests were disclosed.Competing Interests:

We have read this submission. We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standard.

Author Response 10 Jan 2018
, Ray Chen

We thank the reviewers for their review and comments. We have responded point by point below.

Methods
The study design is clearly defined for study sites, inclusion and exclusion criteria, data collection
and responsibilities, and methods to address adherence. In addition, statistical analysis is well
explained, and power calculations provided for support of aimed sample size. A few clarifications
would be helpful:

Method of randomization appears to be only in supplemental protocol, and would be useful
to list it in the main proposal.

The method of randomization is described in the statistical analysis plan, although it is
our practice to keep precise details (e.g., block size) restricted. In brief, participants who
meet baseline, week 4, and week 16 early completion criteria are block randomized
(stratified by site) to Arm B (continue treatment to week 24) or Arm C (complete treatment
early at week 16). 

       2. Are PET/CT readers blinded to the patient randomization?
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       2. Are PET/CT readers blinded to the patient randomization?

For randomization to either arm B or C, blinding is not a concern, as patient randomization
does not occur until after the reader scores are entered into the database. Indeed, these
results are needed to determine risk classification, which determines eligibility for
randomization. Furthermore, PET/CT readers are blinded to other reader’s results.

The other randomization element in this study occurs amongst arm A participants. The
timing of imaging scans for arm A participants is randomized to either 16 or 24 weeks. 
PET/CT readers are not blinded to the timing of the scan. 

The range of weight in inclusion criteria is broad – this could further be noted in the PK-MIC
substudy.

This will be noted in future publications related to the PK-MIC substudy.

      3. Please consider adding additional info on analysis of PK samples (location, methods etc).

In Cape Town, PK sample analysis will be performed on plasma samples shipped to the
Rutgers New Jersey Medical School in Newark, New Jersey, USA. In China, PK sample
analysis will be performed on plasma samples shipped to Shanghai Public Health Clinical
Center in Shanghai. The samples will be analyzed by high pressure liquid
chromatography coupled to a tandem mass spectrometer as previously described (

. 2012 Jan; 56(1): 446–457. Antimicrob Agents Chemother doi:  10.1128/AAC.05208-11).
The equipment and methods used by the two labs are harmonized currently and will be
revalidated as producing similar results prior to protocol sample analysis. Data
processing will be performed using a current version of Analyst Software (Applied
Biosystems Sciex). 

Discussion
The discussion is well-written and provides further detailed insight into the design approach. With
this discussion, the reader can understand the cut off of GeneXpert cycle threshold of >30.
Additional detail on the reasoning for timing of PET/CT at 4 weeks rather than a later date would be
helpful. Reference 26 demonstrated changes on PET at 8 weeks compared to baseline was a
better predictor of cure than liquid culture in MDR-TB patients. While reference 27 utilized 4 week
PET/CT rather than 8 week in drug-sensitive patients, the authors described persistent PET activity
likely related to inflammation and not necessarily active infection, which would be ongoing after 4
weeks of treatment.

Our decision to use a week 4 PET/CT scan was based primarily on data from reference 27
which concerned drug-sensitive patients; the 8-week changes in reference 26 were in
MDR patients. The overall slower response in MDR patients compared to drug susceptible
patients suggests that a similar outcome-predictive timepoint would be shorter than 8
weeks. Therefore, we chose to use the 4-week changes in drug susceptible patients for
this study. Although inflammation is still ongoing at week 4 compared to later time points,
there appeared to be enough change from baseline to week 4 to be predictive of final
treatment outcomes. Later time points may have less inflammation and possibly be more
predictive but a certain amount of inflammation still persists even 1 year after completion
of treatment in apparently cured patients, as noted in ref 27. Our goal therefore was to

identify an early time point that was still predictive of final treatment outcomes. We
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identify an early time point that was still predictive of final treatment outcomes. We
hypothesized that a week 4 scan would accomplish this. 

 NoneCompeting Interests:

 01 December 2017Referee Report

doi:10.21956/gatesopenres.13810.r26111

 ,   Andrew J. Nunn Conor Tweed
Medical Research Council UK Clinical Trials Unit, University College London, London, UK

General Comments
This is a well-designed study addressing an issue that has challenged researchers ever since the
successful demonstration of short course chemotherapy in the 1970s and Wallace Fox’s paper Whither

 in which he reported on favourable outcomes in a high proportion ofShort Course chemotherapy?
patients treated for less than 6 months with the SHRZ/HR regimen.  Fox made the point that many
patients were being treated for an unnecessarily long time and highlighted the benefits there would be if
appropriate prognostic factors could be identified to permit selection of those patients requiring longer
treatment. In a subsequent study conducted in Hong Kong in patients with smear negative disease low
relapse rates were found after treatment with a 4-month regimen, which was recommended for treatment
of smear-negative disease whatever the initial culture status.
It is of note that policy of treating patients with smear negative disease for the reduced duration of 4
months was subsequently discontinued in the interests of a standard 6-month regimen for all patients.  

Inclusion criteria
It is of note that patients are included based on results of a GeneXpert test but without reference to their
smear status, it would be beneficial to include the results of the baseline smear in the analysis to ascertain
whether it predicts outcome as well as it did in the Hong Kong study. Additionally, it may be worth
considering including a minimum cycle threshold for inclusion into the trial.
There is no discussion of why HIV-infected patients have been excluded from the study. Published
reviews such as those by Khan in 2010 and 2012 suggested that HIV-positive patients may require a
longer duration of chemotherapy than those who are uninfected although much of the data derived from
studies before the era of universal ART for patients who were coinfected.  Inclusion of patients from
South Africa with HIV coinfection receiving ART would have been particularly informative in view of the
high proportion of patients affected. A lower bacillary load and limited evidence of cavitated disease may
well have different implications in this patient group.

Adherence criteria
Reference 7 on which the rationale for requiring approximately 90% of prescribed treatment to have been
received is based on a study of patients with MDR-TB. Recent work by Rada Savic and colleagues has
demonstrated this to be the case in patients receiving standard treatment as in the current trial. Use of
MERM will presumably provide valuable data on the extent to which patients have opened the electronic
pill box throughout the course of treatment. It does not mean the patients will always have taken their
treatment every time they open the box! Are there any plans to ask patients about adherence either during
the trial or at an exit interview, which can prove to be a more informative measure.

Treatment outcome definitions

1
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Treatment outcome definitions
I note the fact that solid media is being used for the primary analysis but liquid media may be used for
secondary analysis. What was the rationale for using solid media?
With regard to patients who have a single positive culture either at their last scheduled visit or prior to
defaulting presumably this will be sufficient to classify such patients as having an unfavourable outcome,
failure during treatment, or recurrence after stopping?
How will other patients who are lost are during treatment be classified? Unassessable or unfavourable?
Will those lost during follow-up be regarded as unassessable in the analysis?
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Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes

 No competing interests were disclosed.Competing Interests:

We have read this submission. We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standard.

Author Response 05 Dec 2017
, Ray Chen

We thank the reviewers for their review and comments. We have responded point by point below.

Inclusion criteria
It is of note that patients are included based on results of a GeneXpert test but without reference to
their smear status, it would be beneficial to include the results of the baseline smear in the analysis
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It is of note that patients are included based on results of a GeneXpert test but without reference to
their smear status, it would be beneficial to include the results of the baseline smear in the analysis
to ascertain whether it predicts outcome as well as it did in the Hong Kong study. Additionally, it
may be worth considering including a minimum cycle threshold for inclusion into the trial.
Our goal is to include participants with a wide range of TB disease severity. Hence, we
use GeneXpert positive as an inclusion criterion regardless of smear status. We do collect
enrollment smear status so this can be analyzed. For GeneXpert cycle threshold, the
inclusion criterion states that this test must be positive, which equates to a cycle
threshold of <39.

There is no discussion of why HIV-infected patients have been excluded from the study. Published
reviews such as those by Khan in 2010 and 2012 suggested that HIV-positive patients may require
a longer duration of chemotherapy than those who are uninfected although much of the data
derived from studies before the era of universal ART for patients who were coinfected.  Inclusion
of patients from South Africa with HIV coinfection receiving ART would have been particularly
informative in view of the high proportion of patients affected. A lower bacillary load and limited
evidence of cavitated disease may well have different implications in this patient group.
We agree that studying the differences in HIV positive vs negative TB patients is critically
important. However, for this initial proof-of-concept trial, we were unsure of the possible
confounding effect that HIV infection might have on PET/CT scanning response and
immunological and other biomarker responses. Thus, for this initial study, we elected to
exclude HIV infected participants.

Adherence criteria
Reference 7 on which the rationale for requiring approximately 90% of prescribed treatment to
have been received is based on a study of patients with MDR-TB. Recent work by Rada Savic and
colleagues has demonstrated this to be the case in patients receiving standard treatment as in the
current trial. Use of MERM will presumably provide valuable data on the extent to which patients
have opened the electronic pill box throughout the course of treatment. It does not mean the
patients will always have taken their treatment every time they open the box! Are there any plans to
ask patients about adherence either during the trial or at an exit interview, which can prove to be a
more informative measure.
Detailed adherence data will be collected at every visit while the participant is on
treatment, including participant self-reported adherence, pill counts, and MERM data.

Treatment outcome definitions
I note the fact that solid media is being used for the primary analysis but liquid media may be used
for secondary analysis. What was the rationale for using solid media?
Solid medium was selected as the primary endpoint to reduce variability associated with
false positive liquid culture results possibly due to laboratory cross-contamination. We
note that the reviewer’s recent publication (Phillips et al. BMC Medicine (2017) 15:207)
comparing solid vs. liquid culture results from the REMoxTB trial found that such
laboratory cross-contamination did sometimes occur, although additional factors also
may have played a role. Using liquid culture results as the primary endpoint would also
have been a reasonable choice.

With regard to patients who have a single positive culture either at their last scheduled visit or prior
to defaulting presumably this will be sufficient to classify such patients as having an unfavourable
outcome, failure during treatment, or recurrence after stopping?
Participants who default will not be eligible for randomization. Participants who are

randomized but then have a single positive culture on their last visit and cannot be
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randomized but then have a single positive culture on their last visit and cannot be
brought back for a confirmatory culture will have their single positive culture strain typed.
If the strain type is consistent with their original TB strain, this participant will be
classified as “unfavorable.” If the strain type is consistent with a new TB infection, the
participant will be classified as “favorable.”

How will other patients who are lost are during treatment be classified? Unassessable or
unfavourable? Will those lost during follow-up be regarded as unassessable in the analysis?
As indicated above, participants who are lost during treatment, are not eligible for
randomization and will not be included in the primary analysis. Participants lost during
follow-up will be considered “unassessable” for the primary analysis. The number of
randomized participants who are lost during follow-up is anticipated to be small, given the
eligibility requirements for randomization. However, this will be closely monitored during
the study. Additionally, sensitivity analyses will evaluate the impact of considering these
as unassessable considering the time at which the participant was lost to follow-up and

 their status at that time.

 None.Competing Interests:

 27 November 2017Referee Report

doi:10.21956/gatesopenres.13810.r26114

  ,     Toyin Togun Emily MacLean
 McGill International TB Centre and Department of Epidemiology and Biostatistics, McGill University,
Montreal, QC, Canada
 Department of Epidemiology, Biostatistics and Occupational Health, McGill University, Montreal, QC,
Canada

Summary

The protocol of this PREDICT TB study by Chen and colleagues describes a prospective, multi-site,
non-inferiority, randomized trial of treatment shortening in pulmonary TB (PTB) patients stratified by a
refined early treatment completion criteria. The aim is to identify low-risk PTB patients who could be cured
with a four-month course of anti-TB therapy (compared to the standard six-month regimen) by a
combination of radiographic characteristics and markers of residual bacterial load i.e. PET/CT scan
results at baseline and changes after one month of treatment and GeneXpert Ct values - a predictor of
bacterial load.

All eligible PTB patients will commence the standard treatment regimen, while participants who meet ALL
criteria for early treatment completion as defined will be randomized at 16 weeks to either continue
treatment to the full 24 weeks or to complete treatment at 16 weeks with clearly defined follow up
protocol. PTB patients who did not qualify for early treatment completion criteria at baseline, or fail early
treatment completion criteria at 1-month follow-up will continue standard treatment to 24 weeks. The
primary outpoint was treatment success rate at 18 months between the randomized groups.

This is a very well designed RCT with clear and unambiguous hypothesis, which is based on rational and

credible scientific data. The study is justified and attempts to answer a very topical question relating to the

1 2

1

2

Page 20 of 23

Gates Open Research 2017, 1:9 Last updated: 12 JAN 2018

http://dx.doi.org/10.21956/gatesopenres.13810.r26114
http://orcid.org/0000-0002-8477-4462
http://orcid.org/0000-0001-9272-0985


Gates Open Research

 

credible scientific data. The study is justified and attempts to answer a very topical question relating to the
quest for shortened treatment of pulmonary TB patients.
 

Specific comments

Introduction:
- The protocol presents a good background to the proposed study with a review of previous studies that
have attempted to shorten duration of TB treatment and the outcome. Background is well written,
hypothesis is clear and credible and the authors have provided a clear justification for the RCT. However,
we will suggest a revision of the hypothesis to state clearly that the focus of the study is specifically
‘pulmonary tuberculosis’.
 

Methods: 

The design of the RCT is clear and appropriate for the study aims and objectives in general. Particularly
important is the very clear and unambiguous definition of criteria for early treatment completion. Having
stated this, there are a number of minor methodological issues that need to be stated more clearly in the
protocol:

What was the sampling strategy for eligible participants at the study sites?
There should be some statement about the qualification or specialization of the PET/CT readers to
specify or indicate their minimum qualification and experience.
Will the PET readers be blinded to the other patient characteristics including the clinical and
laboratory results or not?
Will the third reader who is to resolve any discrepant PET/CT scan be a more senior expert or this
is to be assumed?
There is no explicit mention in the protocol of what happens to patients who pass the early
treatment completion criteria at baseline and at 4 weeks follow up, but found smear/culture and/or
Xpert positive at 8 weeks or at 12 weeks follow-up (smear/culture only). One can assume that the
likelihood of this happening might be low especially among the subjects with possible less severe
disease at baseline, but this is still a very possible scenario that should be considered in the study
schematic.
‘PK-MIC sub study’ – kindly spell out PK-MIC at first mention. Although we believe it refers to
‘pharmacokinetic’.

 
Statistical analysis

The statistical plan is well described and very appropriate methods to assess the comparisons of the
primary end points between the trial arms. Detailed sample size calculations also given.

Discussion:

Very well written
 

Conclusion:

This protocol by Chen clearly describes a well design randomized trial of well-refined severity stratification
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This protocol by Chen clearly describes a well design randomized trial of well-refined severity stratification
criteria that could potentially identify low-risk pulmonary TB patients who are cured within 4 months of
standard TB therapy. Overall, this is a well-written and justifiable clinical trial protocol and we will
recommend that it be accepted with minor corrections.

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Partly

 No competing interests were disclosed.Competing Interests:

We have read this submission. We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standard.

Author Response 05 Dec 2017
, Ray Chen

We thank the reviewers for their comments. We have responded point by point below.

Specific comments

Introduction:
- The protocol presents a good background to the proposed study with a review of previous studies
that have attempted to shorten duration of TB treatment and the outcome. Background is well
written, hypothesis is clear and credible and the authors have provided a clear justification for the
RCT. However, we will suggest a revision of the hypothesis to state clearly that the focus of the
study is specifically ‘pulmonary tuberculosis’.
 
We will make this clear in subsequent publications.

Methods: 

The design of the RCT is clear and appropriate for the study aims and objectives in general.
Particularly important is the very clear and unambiguous definition of criteria for early treatment
completion. Having stated this, there are a number of minor methodological issues that need to be
stated more clearly in the protocol:

What was the sampling strategy for eligible participants at the study sites?
In RSA, staff from the local TB clinics are aware of the study inclusion/exclusion criteria
and refer newly diagnosed pulmonary TB patients who appear to fit the criteria to study

staff for informed consent and screening. In China, local TB clinic staff are our study staff
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staff for informed consent and screening. In China, local TB clinic staff are our study staff
and evaluate newly diagnosed TB patients for study eligibility. Those who appear eligible
are asked to sign study informed consent for formal study screening.

There should be some statement about the qualification or specialization of the PET/CT
readers to specify or indicate their minimum qualification and experience.

All PET/CT scan readers are physicians trained to read scans using the standard
operating procedure in Supplementary File 5. The results of all reads from the 15 practice
scans at baseline and week 4 (30 scans total) must be within 2 standard deviations of the
results from all other readers before a particular reader is qualified to read scans for the
study.

Will the PET readers be blinded to the other patient characteristics including the clinical and
laboratory results or not?

Although the readers are not specifically blinded, they are generally not located at the
enrolling clinic site so have no access to any participant characteristics. The exception is
if the reader is located at the clinic site that enrolled that particular participant. The reader
randomization process precludes 2 readers from a single institution being assigned to the
same participant so this should mitigate any potential issues of bias.

Will the third reader who is to resolve any discrepant PET/CT scan be a more senior expert
or this is to be assumed?

The 3  reader is drawn from a pool of three of the most experienced readers.
There is no explicit mention in the protocol of what happens to patients who pass the early
treatment completion criteria at baseline and at 4 weeks follow up, but found smear/culture
and/or Xpert positive at 8 weeks or at 12 weeks follow-up (smear/culture only). One can
assume that the likelihood of this happening might be low especially among the subjects
with possible less severe disease at baseline, but this is still a very possible scenario that
should be considered in the study schematic.

We address the scenario in the clinical MOP sec 7.1 and 7.2 as it relates to week 16 but
the same principles apply at earlier time points. We do not respond to smear results,
whether positive or negative, as positive smears may persist beyond culture conversion.
The worst-case scenario would be a participant who at week 16 had no positive sputum
cultures (had already converted to negative), met study randomization criteria, and was
randomized to stop treatment at week 16. Subsequently, the week 16 (or earlier) culture
becomes positive. The participant would be called back for clinical evaluation and to
collect another sputum sample for confirmation. If the participant is clinically
asymptomatic, no further action is taken pending sputum culture positive confirmation. If
the participant has symptoms concerning for recurrent TB, the treating physician has
discretion to restart TB treatment for participant safety, with strong encouragement to
collect multiple sputum samples before treatment is re-initiated. A 2  positive sputum
culture is required to confirm study endpoint as recurrent TB.

‘PK-MIC sub study’ – kindly spell out PK-MIC at first mention. Although we believe it refers
to ‘pharmacokinetic’.

 Yes, PK is pharmacokinetic. MIC is minimum inhibitory concentration.

 None.Competing Interests:
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