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One Sentence Summary: FDG PET/CT adds significant information to microbiology in
standard first in patient testing of tuberculosis medications.

Abstract: Early bactericidal activity (EBA) studies monitor daily bacterial counts in patients

during 14 days of experimental treatment and are considered a critical step in new drug



development for tuberculosis (TB). The rate of change in sputum bacterial load over time
provides an informative, but imperfect, estimate of drug activity. In this study, 160 participants
received first-line chemotherapy and moxifloxacin individually and in combination. In addition
to standard bacterial enumeration, participants received ['*F]Fluoro-2-deoxy-2-D-glucose
positron emission tomography and computerized tomography (['*F]JFDG-PET/CT) at the
beginning and end of the 14-day treatment period. Quantitation of the radiologic responses
provided insights about single and combination drug activity across various lesion types and
correlated better with established clinical outcomes than traditional sputum colony forming unit
measurements alone. The radiologic data provides clear evidence of synergy between isoniazid
and pyrazinamide and demonstrate that the activity of pyrazinamide is limited to lesions showing

the highest FDG uptake.

Introduction

New drugs and improved drug regimens for treating tuberculosis (TB) are urgently
needed to combat emerging resistance, decrease mortality and morbidity rates, and shorten
therapy (1, 2). The current six-month, four-drug regimen was defined in a pivotal series of
clinical trials by the British Medical Research Council (BMRC) from 1946 to 1976 (3). These
trials relied on disease relapse as their primary endpoint, recognizing that patients had to be
treated for months after their sputum culture conversion to avoid relapsing with active disease.
The standard of care in the 1950s was 18 months of treatment with isoniazid and thiacetazone
with daily streptomycin injections for the first two months. The first breakthrough in treatment
duration occurred when rifampicin or pyrazinamide was added to streptomycin and isoniazid to
achieve relapse rates of 3% and 8%, respectively, with only 6 months of therapy (4). Through a
series of additional trials, six-month therapy using both rifampin and pyrazinamide became

established as the standard treatment duration for drug-sensitive TB, with relapse rates around



1%. Regimens that shortened to less than six months, even those that combined rifampin and
pyrazinamide, had increasing rates of relapse (3).

Remarkably, since this era of BMRC trials more than 40 years ago, this 6-month 1%-line
regimen has not changed in composition or duration despite the advent of new drugs and
resurgence in the global burden of TB. To accelerate identification of clinically effective drug
candidates, better methodologies are needed to determine the best combinations of drugs to take
forward into lengthy and resource-intensive clinical trials of durable cure. In TB drug
development, investigators attempt to monitor bacterial counts quantitatively in the sputum of
TB patients as an early indication of drug activity (6) and triage which regimens should proceed
to expensive Phase 3 trials. The pioneering work of Jindani and Mitchison (7) applied this
approach to new combinations of drugs and formalized the methodology called the early
bactericidal activity (EBA) study. This methodology has become part of the US FDA official
guidance documents for development of new TB drugs (8). Despite the pivotal role of EBA trials
in new drug development, this methodology has limitations. Important sterilizing drugs marked
by capacity to shorten therapy and prevent relapse like rifampicin and pyrazinamide have only
small EBA effects, while less sterilizing agents like isoniazid consistently perform very well.
The only agents to date that have shown EBA on par with that of isoniazid were the
fluoroquinolones, particularly moxifloxacin (9—71). Data from mouse models suggesting strong
sterilizing potential (7/2—14) and some observations of 8-week culture conversion rates in humans
(15—17) formed the evidence for launching three Phase 3 trials based on using a fluoroquinolone
to shorten the duration of TB chemotherapy for drug-sensitive disease to four months (78-20).
These trials all failed to show non-inferiority of four-month fluoroquinolone regimens to the six-

month standard of care regimen based on disease relapse. The inherent limitation in examining



only sputum bacterial clearance is that this measure reflects only disease in the airways, not the
parenchymal nodules, infected lymph nodes and other pulmonary disease pathologies
characteristic of adult pulmonary TB.

We previously reported 2-deoxy-2-['*F]fluoro-D-glucose (FDG)-PET/CT changes in two
cohorts of patients: one small cohort with multi-drug resistant disease imaged at baseline and
after two months of treatment (2/), and one larger cohort in drug-susceptible patients imaged at
baseline, one month, and end of treatment (22). In both cohorts, we saw significant changes in
radiologic features, particularly in hard and total disease volume on CT and total glycolytic
activity (mean standard uptake values of FDG x total volume) on PET, with successful treatment.
In non-human primates experimentally infected with Mycobacterium tuberculosis (Mtb), we
distinguished the 6-month sterilizing regimen of isoniazid, rifampicin, pyrazinamide, and
ethambutol from a regimen that required 18 months of isoniazid and streptomycin in as little as
two weeks using FDG-PET/CT changes (23). We therefore postulated that we should be able to
see significant changes in FDG-PET/CT features within a 14-day EBA study that would reveal
more about the lesion-specific activity of individual drugs which have been clinically well-
characterized in TB patients. We conducted an EBA study with the addition of FDG-PET/CT
scans (‘NexGen EBA’; NCT02371681) before and after 14 days of treatment among 160
pulmonary TB patients randomized across eight arms: four monotherapy arms using isoniazid,
rifampicin, pyrazinamide, and moxifloxacin; two dual-agent combination arms: pyrazinamide-
isoniazid and pyrazinamide-rifampicin; and two four-drug arms: isoniazid-rifampicin-

pyrazinamide-ethambutol and moxifloxacin-rifampicin-pyrazinamide-ethambutol.
Results

Study Population and Baseline Characteristics



From December 2015 to September 2017, 178 eligible participants with HIV-negative sputum
smear-positive pulmonary tuberculosis were enrolled at TASK Applied Science in the Western
Cape region of South Africa. Eighteen of the 178 participants were withdrawn from the study
(detailed in Figure 1A). The remaining 160 participants completed the study and were included
in the overall study analysis. At baseline, there were no significant differences by arm in age,
sex, body mass index (BMI), and sputum bacterial burden as approximated by Xpert MTB/RIF
cycle threshold, the number of Mtb colony-forming units (CFU) on culture, or the PET/CT
disease burden (ANOVA, P=0.34-0.9, Table S1). Total dense lesion volume and cavity airspace

volume on CT were comparable by arm, with large inter-individual variability.

Early Bactericidal Activity

Early bactericidal activity by sputum CFU enumeration on agar plates (Figure 2A) as well as
time-to-positivity (TTP) in broth culture, according to the mycobacterial growth indicator tube
system (BACTEC MGIT 960), was highest for the moxifloxacin-rifampicin-pyrazinamide-
ethambutol arm and lowest for the pyrazinamide arm (Figure S1). Among the single-drug arms,
moxifloxacin showed the most robust response. There were no statistically significant
differences between the EBA for rifampicin-pyrazinamide, isoniazid-rifampicin-pyrazinamide-
ethambutol, isoniazid-pyrazinamide, and moxifloxacin arms or the EBA for the rifampicin and
isoniazid arms (Figure 2A). At the participant level, intra-arm variability in the estimated EBA
was observed (Figure 2B) and revealed the largest number of participant increases in bacterial
load amongst those randomized to pyrazinamide, relative to the other arms. Notably, in 6 out of

8 arms there were individual participants who had increasing sputum CFU over 14 days. This



was most prominent in the pyrazinamide monotherapy arm with 8 of 19 (42%) participants

showing an increase.

Radiologic measures

Among the 160 participants analyzed, two participants were excluded for the radiologic analysis:
one had no intrapulmonary abnormalities on baseline PET/CT scan and the other had FDG
incorrectly administered (likely due to intravenous line infiltration) at the day 14 scan. The
remaining 158 participants yielded 1,122 total PET/CT features including “lesion” features, lung
tissue with radiodensity from -500 to +200 Hounsfield units (HU) (N=802 lesions), and “cavitary
air” features, radiodensity within pulmonary cavities from -1,024 to -500 HU (N=320). Lesions
were defined as all abnormalities that occurred within a bronchopulmonary segment. If multiple
adjacent segments were involved, abnormalities within those segments were considered one
lesion. For example, in Figure 1B and C, this subject had three features: one complex lesion
involving all five segments of the left superior lobe (green), one cavitary airspace within the
apical region of that lesion (red), and one lesion confined to the left inferior lobe segment S6
(yellow). As expected, abnormalities were predominantly located in the upper regions of the
lungs with more than half in either lung involving the apical bronchopulmonary segments S1 and

S2 and 20-25% involving the apical segment of the lower lobe, S6 (Figure S2).

Lesion-level analysis

We excluded 45 abnormalities (39 “lesions” and 6 “cavitary air”’) in 34 participants from the
analysis due to: lesion inactive with no FDG uptake and obvious calcification (n=13), severe

segmental or lobar collapse (n=13), pleural lesion or effusion (n=7), new lesion at day 14 that



was completely absent from bronchopulmonary segment at baseline (n=7, rationale explained in
next paragraph), severe reconstruction artifact (n=4), and accidental duplication of lesion (n=1)
(Table S2). An arm-level overall analysis of the PET/CT lesion measures including change in
total lesion volume, total glycolytic activity (TGA), and cavitary air are shown in Figure 3A, B
and Figure S3, respectively. Cavity air was the most variable of these measurements across 14
days of treatment with 6 of 8 arms achieving reductions in air volume of 25-45%. At the single-
drug arm level, rifampicin was the most active (compared to isoniazid, pyrazinamide, and
moxifloxacin). All arms containing rifampicin showed large reductions in both lesion volume
and inflammation (as measured by TGA). Moxifloxacin as a single agent also performed well.
Isoniazid and pyrazinamide by themselves had the least effect, with pyrazinamide actually
associated with an increase in mean lesion volume and inflammation over 14 days. Surprisingly,
isoniazid and pyrazinamide were synergistic when combined, with changes similar to rifampicin
alone or the combination isoniazid-rifampicin-pyrazinamide-ethambutol. The combination of
rifampicin-pyrazinamide appeared slightly less active than rifampicin alone though this
difference was not statistically significant in the lesion-level analysis. Comparison of these
groups at the sub-lesion level is discussed with Figure 4, below.

New or expanding lesions (>1 mL) were identified 97 times in 58 participants at day 14.
Most of these were progressions of existing lesions into previously uninvolved areas of a
bronchopulmonary segment but in a few cases new lesions appeared in a previously uninvolved
lung segment. These new or expanding lesions occurred in all arms but more frequently in the
isoniazid and pyrazinamide arms (Figure S4). In 35 of these participants there was an obvious
direct bronchial connection with an active cavity either directly superior to the new or expanding

lesion, or in the opposite lung, consistent with direct bronchial spread of existing disease.



Endobronchial spread has been well documented in the older pathology literature as a component
of the natural history of pulmonary tuberculosis (24—29). We studied this in more detail in a
cohort of patients with extensive follow-up and also found that such lesions do not necessarily
impact treatment outcome (manuscript submitted). Seven new lesions were excluded from this
analysis (listed in Table S2) as they were in a completely new segment, and thus had no baseline
reference for comparison. The remainder were included with the lesion from which they

expanded and were included in the primary analysis.

Sub-lesion level analysis
The lesion-level analysis was also complicated by the heterogeneity of lesions that often spanned
multiple bronchopulmonary segments. Even when a lesion was within a single segment, there
were often heterogeneous local changes within a lesion. To isolate drug effects on specific
subtypes of abnormalities, we computationally divided the dataset into 145,447 cubes of
approximately 1 cm?® from the original 802 non-cavity air lesions. We then aligned the baseline
and day 14 cubes and calculated the properties of the voxels contained in these cubes at both
visits (Figure 1D and Figure S5). Of these cubes, 18,760 (12.9%) had no density over -500 HU
or FDG uptake at baseline. These represented new lesions that emerged during the study and
were omitted from this analysis (Figure S6). The remaining 126,687 (87.1%) cubes were used to
explore two specific features suggested by the primary analysis — the synergy of isoniazid and
pyrazinamide and the antagonism of rifampicin and pyrazinamide.

To determine the interaction between isoniazid and pyrazinamide, we used linear mixed
effects modelling to estimate the change in mean HU for all cubes in the isoniazid,
pyrazinamide, and isoniazid-pyrazinamide arms (see statistical methods and Supplemental

Statistics). [soniazid-pyrazinamide was significantly more effective at reducing HUmean than



expected from the additive effect of isoniazid and pyrazinamide alone (P <0.05) (Figure 4A). We
also analyzed the cubes following stratification for FDG uptake into “hot” (mean standardized
uptake value [SUVmean] >2) and “cold” (SUVmean <=2) categories. Isoniazid and
pyrazinamide showed greater than additive decreases in HUmean in both categories of lesion
cubes (P <0.05, Figure 4B). In the case of rifampicin and pyrazinamide, the effect of combining
the two was slightly less than additive (Figure 4C). This apparent antagonism of rifampicin and
pyrazinamide was affected by the baseline FDG-uptake of the cube; lesions that were “cold” at
baseline showed the expected additive value for decreasing HUmean while lesions that were
“hot” at baseline showed significantly less than additive decrease in HUmean (P <0.05, Figure

4D).

The activity of pyrazinamide is linked to baseline inflammatory status of lesions.

Most participants in the pyrazinamide arm had a mixed response, with some lesions
progressing while other lesions showed large reductions in volume and FDG-avidity. An
example is shown in Figure SA where a participant with a left superior lobe cavity shows a large
consolidation throughout the upper lobe that resolves 42% of the hard volume and 41% of the
total glycolytic activity after 14 days of pyrazinamide treatment. At the same time, a smaller
nodular area of disease in the left inferior lobe worsens by 600% over the same time interval in
both hard volume and TGA. Twelve of the 19 participants in the pyrazinamide arm showed signs
of progression in lesions from baseline to day 14. Closer inspection of the lesion features that
responded to pyrazinamide treatment revealed that response was directly related to the degree of
inflammation at baseline. To understand the variability of lesion responses to pyrazinamide, we

examined the properties of all cubes embedded in these participants’ lesions. Because this



appeared to be related to total lesion density more than simple HUmean, we also calculated the
total lesion mass (TLM) by summing the values of individual voxels within cubes after adding
1,024 to each (to normalize to positive numbers for negative HU values, with -1,024 being the
minimum value in the dataset; TLM = lesion volume x [1024 + mean HU of lesion voxels]) as
well as calculating total glycolytic activity for each cube. Changes in those four cube properties
were then analyzed stratified by the baseline SUVmean from 0 to 10. Thus, cubes that had a
baseline SUVmean of 0-1 (the bottom row of Figure 5B) worsened significantly in terms of all
four properties. We found that cubes that responded to pyrazinamide had baseline SUVmean
values above 5, while lesions that progressed had SUVmean values below 3 (Figure SB). This
pattern of response was unique to pyrazinamide as other monotherapies showed no such pattern

(Figure S7).

Discussion

Two-week monotherapy studies in subjects with active TB are recommended by the US
Food and Drug Administration, and the European Medicines Agency as a necessary part of the
development process for new antituberculosis agents (8, 30-32). The risk of developing drug-
resistance to the agents has been shown to be very low and such studies are widely accepted (8,
30-32). Our EBA CFU data were broadly in line with prior reports. Our 14-day EBA estimate
for isoniazid was 0.1 whereas other studies found it to be 0.19 (33). Our EBA estimate for
rifampicin was in line with what has been reported previously and similar to isoniazid in our
study. The negligible EBA of pyrazinamide has also been previously confirmed (7, 34). Our
estimate for the 14-day EBA of moxifloxacin of 0.14 is slightly lower than the previously

reported 0.17 for the 2-7 day EBA (10). Our EBA for isoniazid-rifampicin-pyrazinamide-
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ethambutol was 0.14, in line with a recent meta-analysis of EBA studies where it ranged from
0.1t0 0.2 (35). Scant prior 14-day EBA data are available for the combinations isoniazid-
pyrazinamide (only four patients in one prior report) or rifampicin-pyrazinamide, or for the four-
drug combination moxifloxacin-rifampicin-pyrazinamide-ethambutol.

Our PET-CT data showed that at an aggregate lesion level, rifampicin and moxifloxacin
were the most effective in achieving reductions in mean lesion volume and TGA. Pyrazinamide
and 1soniazid by contrast had small or negative effects on both lesion volume and TGA. Whereas
isoniazid is superior to rifampicin in conventional sputum CFU reduction, its clear inferiority to
rifampicin in reducing lesion volume and inflammation radiologically suggests that the radiology
results are more in line with the actual clinical performance of these agents. Although as single
agents isoniazid and pyrazinamide were the least active in the aggregate PET-CT data, the
combination of the two synergistically reduced both lesion volume and TGA similar to
rifampicin.

In addition, rifampicin by itself had the highest reduction in lesion volume, slightly
higher than every combination arm within which it appeared. However, it is worth noting that the
14-day EBA period is intended to precede the effects of drug resistance and tolerance with
monotherapy that develop over time. Therefore, this model cannot be used to identify
monotherapies for TB, but rather to capture the contribution of each drug to inform the rational
design of combination regimens in early Phase II studies that would still need to be validated
against clinical outcomes. Meanwhile the superiority of rifampin alone to all other arms that
contain pyrazinamide suggested a potentially unrecognized antagonism between rifampicin and
pyrazinamide. The effects of combining isoniazid and pyrazinamide, as well as rifampicin and

pyrazinamide, were not directly evaluated in the original BMRC clinical trials as both agents
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were introduced onto a backbone of isoniazid and streptomycin and never tested together without
isoniazid. However, their effects may be indirectly inferred from additions and subtractions of
these drugs to the same background regimen. Specifically, in the 1970 short course
chemotherapy studies in East and Central Africa, the addition of pyrazinamide to streptomycin
and isoniazid for 6 months lowered the relapse rate from 29% to 8% compared with 6 months of
isoniazid-streptomycin alone, suggesting a potent effect of adding pyrazinamide to isoniazid (4).
Additionally, while there were no comparisons of rifampicin-pyrazinamide with rifampicin and
pyrazinamide individually in the initial 2 months of therapy, the use of isoniazid-rifampicin-
pyrazinamide compared with isoniazid-rifampicin or isoniazid-pyrazinamide in the 4-month
continuation phase (with the same 2 month intensive phase regimen isoniazid-rifampicin-
pyrazinamide-streptomycin) led to a 16% rate of relapse compared with 11% with isoniazid-
rifampicin and 32% with isoniazid-pyrazinamide (36, 37). The lack of activity of pyrazinamide
in the continuation phase was notable and the slightly higher relapse rate when pyrazinamide was
used in combination with rifampicin are consistent with our observations that pyrazinamide is
uniquely active in the highly inflamed state occurring early in treatment. Mitchison has long
argued that the clinical effect of pyrazinamide being limited to the first two months of therapy
suggests that its activity is directly associated with inflammation (38). Our lesion-level analysis
proved insufficient to resolve some questions relating to smaller lesion features embedded within
the complex TB lesions observed in these participants. To understand the effects of these drugs
and combinations, we computationally divided these lesions into cubes of about 1 cubic
centimeter and co-aligned these between baseline and day 14. The resulting comparisons offered
further support for the observed synergy between isoniazid and pyrazinamide and the observed

antagonism between rifampicin and pyrazinamide. It also allowed us to further understand the
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impact of pyrazinamide on lesions. Cubes within lesions that respond to pyrazinamide
monotherapy had notably higher SUVmean than cubes within lesions which did not respond or
which worsened. Our understanding of the role neutrophils play in TB disease has altered
recently with the demonstration that neutrophils represent the predominant cell type in human
sputum (39) and the dominance of a gene signature associated with neutrophils in the peripheral
blood of patients with active disease that wanes upon treatment (40). The relationship between
lesion reduction with pyrazinamide and areas of high glucose uptake suggests that the
inflammation associated with pyrazinamide activity may represent areas rich in neutrophils. The
acidic pH required for pyrazinamide activity may then arise from neutrophil myeloperoxidase
(41). This may also explain why the activity of pyrazinamide tapers after the first 2 months of
treatment, correlating with a decline in neutrophilic and inflammatory burden.

It was also evident from analysis of the lesion cubes that the synergy seen between
isoniazid and pyrazinamide was most pronounced in lesions that were “cold” at baseline. One
possible explanation for this could be that isoniazid, being a bacteriolytic agent, enhances the
neutrophil recruitment to these lesions by causing antigen release from killed bacteria, and
thereby enhancing pyrazinamide’s effects. Conceivably, this “boosting” effect was most
pronounced in cold lesions that would have otherwise shown little response to pyrazinamide
without isoniazid’s inflammatory recruitment. Likewise, the basis for the antagonism of the
combination of rifampicin and pyrazinamide could be that rifampicin, which inhibits bacterial
transcription, acts as an anti-inflammatory by shutting down the production of antigen driving
neutrophil recruitment. This would explain why this antagonism is limited to lesion areas that are
hot at baseline since pyrazinamide would have killing activity in the presence of neutrophils in

only those lesion areas. Together, these data suggest the intriguing hypothesis that the unique
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sterilizing activity of pyrazinamide may be related to neutrophil-induced acidification in a subset
of TB lesions.

Finally, our comparison of the four-drug regimen moxifloxacin-rifampicin-pyrazinamide-
ethambutol that failed to shorten the duration of treatment (despite improved sputum bacterial
clearance) compared to the standard four-drug treatment isoniazid-rifampicin-pyrazinamide-
ethambutol in the REMox trial (18), revealed no advantage of moxifloxacin-rifampicin-
pyrazinamide-ethambutol in reducing lesion volume or inflammation. These data are consistent
with the clinical data showing four months of treatment with moxifloxacin-rifampicin-
pyrazinamide-ethambutol is inadequate to achieve durable cure. In contrast to this, our PET/CT
data (Figures 3A and 3B) suggest that single drug treatment with rifampin or moxifloxacin may
be as effective as standard four-drug treatment isoniazid-rifampicin-pyrazinamide-ethambutol.
Our data does suggest that the antagonistic activity of pyrazinamide on the efficacy of rifampicin
may limit the short-term sterilizing potential of the four drug combination but this serves to
highlight an inherent limitation of two-week EBA studies, which are unable to assess factors
such as emergence of drug-resistance and sub-populations of lesions that may respond
differentially to individual agents. This is why results from EBA studies still need to be validated
in longer, later phase trials.

Our data explain three important clinical observations. First, the observation that
pyrazinamide only exerts an effect during the first two months of treatment is explained by our
finding that the activity of pyrazinamide is limited to lesions with high baseline inflammation.
After the first month of therapy, inflammation is substantially reduced as measured in our
previous 1-month PET/CT study (22). Second, the observation that adding either pyrazinamide

or rifampicin to a backbone of isoniazid and streptomycin was enough to shorten therapy to six
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months but adding both did not allow further treatment shortening is explained by the
antagonism between pyrazinamide and rifampicin when given together. Third, the failure of
moxifloxacin-rifampicin-pyrazinamide-ethambutol to shorten therapy is explained by our data
showing that despite more rapid sputum clearance of bacteria by this combination, the
underlying pathology resolves at the same rate as with the standard isoniazid-rifampicin-
pyrazinamide-ethambutol. These observations would not have been possible without detailed
analyses of the PET/CT scans, which allowed the heterogeneous responses of different drugs on
different TB lesions to be quantitated and teased apart. Our study shows that PET/CT changes,
such as lesion volume and PET activity, within a short timeframe are a valuable early drug
evaluation tool to characterize individual and combinations of agents and understand the
differential effects of these agents on specific pathological manifestations of disease.
Understanding these effects for new agents and combinations will facilitate the design of rational

drug regimens that can achieve sterile cure in a shorter duration.

Materials and Methods

Study Design and Participants

Ethics approval was obtained from the National Institute of Allergy and Infectious Diseases
institutional review board, the Stellenbosch University Human Research Ethics Committee, and
the South African Health Products Regulatory Authority. We performed a partially blinded
(laboratory personnel, scan readers, and statisticians were blinded to arm assignment),
randomized trial evaluating 14-day EBA, FDG-PET/CT changes, and immunologic and bacterial
markers to distinguish responses to standard TB drugs which have been characterized by clinical

outcomes and pharmacokinetic data over their 40-60 years of use. HIV-negative individuals with
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sputum smear microscopy-positive, Xpert MTB/RIF positive, pulmonary tuberculosis and
abnormal chest X-ray findings were enrolled into the study (full inclusion/exclusion criteria in
Supplementary Table S3). After informed consent, eligible participants were randomized to one
of eight treatment arms, including four single-drug arms (isoniazid, rifampicin, pyrazinamide,
and moxifloxacin), two 2-drug arms (rifampicin-pyrazinamide and isoniazid-pyrazinamide) and
two 4-drug arms (moxifloxacin-rifampicin-pyrazinamide-ethambutol and isoniazid-rifampicin-
pyrazinamide-ethambutol). All participants received directly observed treatment for 14
consecutive days in a monitored inpatient setting at the TASK Applied Science Clinical Trial
Centre, a registered research hospital, in Cape Town, South Africa. Participants were assigned a
study-generated participant identification code ensuring anonymity. Treatment assignment used
centrally generated randomization codes in sequentially numbered envelopes maintained by the
study pharmacist. All participants underwent a PET/CT scan at pre-treatment baseline (day -2 +1
day window) and day 14 (+3 day window) of treatment, in addition to daily overnight sputum
sample collection for traditional early bactericidal activity measurements. Safety assessments
included daily history, vital signs, physical examination, and monitoring for adverse events; the
latter also comprised full blood counts, coagulation studies, clinical chemistry, and urinalysis.
The isoniazid-rifampicin-pyrazinamide-ethambutol arm alone was treated to day 28, with
additional sputum, blood, and PET/CT scan collected at that time to allow comparison to other

studies.

Sputum CFU (Early Bactericidal Activity) and Time to Positivity
Sputum specimens were collected for 16 hours overnight starting 2 days prior to treatment

initiation and each day afterwards. Collections were terminated before administration of the next
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day’s therapy. Sputum for colony forming unit (CFU) counts of M¢h and measurement of time to
positivity (TTP) in liquid culture medium (BACTEC MGIT 960, Becton Dickinson, Woodmead,
South Africa) were subject to laboratory processing centrally at the TASK laboratory. Mtb
speciation was done by PCR. Cultures from baseline and the last available overnight sputum
collections were tested for susceptibility to first-line drugs (MGIT SIRE kit, Becton Dickinson)
and to moxifloxacin (MGIT 960, Becton Dickinson). CFU data were interrogated using linear
mixed effects modelling. The models, which aimed to quantify the effect of treatment regimen
on bacteriological decline, were fit separately within each arm and included a fixed effect term
for visit number and a random intercept term for subject. For each subject, his or her measured
CFU values at each visit contributed to the estimate of EBA for the arm to which he or she

belonged. Results were similar when using standard EBA estimation methods.

FDG-PET/CT

2-deoxy-2-['®F]Fluoro-D-glucose (FDG) PET/CT exams were performed prior to administration
of the first dose of study drug and immediately after the 14" daily dose. Participants fasted for at
least 6 h before ['®F] FDG administration. According to body weight, 185-259 MBq of ['*F]
FDG was administered intravenously 60 minutes before the scan. CT parameters were set at 120
kV, 200 mA (no dose modulation), 0.75 sec rotation time, pitch 0.438, and collimation

16x0.75mm. Investigators analyzing the PET/CTs were blinded to treatment arms.

PET/CT features were analyzed by grouping pulmonary abnormalities within a

bronchopulmonary segment from all participants. We excluded obvious pleural effusions and
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other extrapulmonary sites of infection. All abnormalities within the thoracic cavity were
labelled by the bronchopulmonary segment(s) in which they were located and segmented
manually as regions of interest (“ROI”) using the 3D image analysis software Amira (versions
6.4.0 and 6.5.0, ThermoFisher Scientific). Each abnormality was defined as either “cavity air”
features present within the pulmonary cavity from -1024 to -500 HU or “lesion” features that
represented material with a radiodensity ranging from -500 to +200 Hounsfield units (HU). If
multiple confluent segments were involved, abnormalities within all those segments were
considered as one lesion. Every scan was read by two separate readers, then subjected to at least
two rounds of quality control editing by a third reader for consistency, accuracy, and removal of
normal structures including vasculature. For the sub-lesion analysis, each lesion was enclosed in
the smallest axis-aligned rectangular volume of voxels. The voxels were grouped into 11x11x11
blocks, starting at the top left corner. Lesion voxels within each cube were then used to compute
HU-based as well as SUV-based statistics (mean, standard deviation, etc.) for the cube. PET and
CT scans were co-registered based on their global coordinates from the scan and PET values
were assigned to CT voxels based on the PET voxel closest to the front, bottom, left corner of
each CT voxel. Lesion voxel cubes were then co-registered between the baseline and day 14

scans.

Statistical analysis

Hypothesis testing comparing change from baseline to day 14 across treatment groups was
undertaken at the cube-level. Cube values within a lesion are correlated as are lesions within a
subject. To address this multi-level correlation, we fit linear mixed effects models with random

effects for subject and for lesions nested within subject. Primary comparisons of interest were
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based on changes of HUmean values for 1) isoniazid and pyrazinamide vs. isoniazid-
pyrazinamide; and 2) rifampicin and pyrazinamide vs rifampicin-pyrazinamide, to evaluate
whether the effect of the two-drug combination was synergistic, antagonistic or additive.
Additional comparisons evaluated whether the HUmean changes between arms differed by
baseline cube category of SUV-hot (SUVmean>2) vs SUV-cold (SUVmean<2). Estimation and
hypothesis testing were conducted using the LMER and ImerTest packages in R version 3.5.3.
P-values <0.05 were set to determine statistical significance. Full outputs for the LMER models

are in Supplemental Statistics.

Supplementary Materials

Fig. S1. Estimated EBA effect from time-to-positivity of cultures from the cultures in liquid
broth medium according to the mycobacterial growth indicator tube system (BACTEC MGIT
960).

Fig. S2. Segmental distribution of annotated lesions (including cavitary air).

Fig. S3. Cavitary air percent change by arm.

Fig. S4. Appearance of new or expanded lesions by study arm.

Fig. S5. Sub-lesion level analysis.

Fig. S6. Arm distribution of cubes that contained no lesion material at baseline.

Fig S7. Cube-level response to individual agents stratified by baseline SUVmean values
Table S1. Participant baseline characteristics.

Table S2. Lesions excluded from lesion-level analysis.

Table S3. Inclusion and exclusion criteria.

Supplemental statistical modeling methods.
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178 smear-positive, HIV-
negative PTB patients

18 withdrawals: self-withdrawal
(n=9), Hemoptysis (n=4), other
clinical complications (n=2),
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Fig. 1. Participant study flow and PET/CT scan analysis. A. Patient flow diagram for the study.
B. Baseline (top) and day 14 (bottom) PET/CT scans for a patient in the isoniazid-rifampicin-
pyrazinamide-ethambutol arm. In the axial view a slice through the large left apical cavity shows
the typical cool liquified interior of a cavity in S1/S2 which is draining down into the lower
segments of the superior lobe creating an area of consolidation highlighted in the coronal view
on the right. The sagittal view in the center shows a second lesion in the apical segment (S6) of
the inferior lobe. C. Three-dimensional rendering of the left lung showing the label fields
encompassing the cavity and consolidation in the left superior lobe in green within which is the
airspace in the cavity in red. The lower yellow lesion is in the inferior lobe segment S6. These
are the lesions used in the primary analysis. D. Three-dimensional rendering of the 11x11x11
voxel co-registered cubes embedded within these lesions. These are the lesion cubes used in the
exploratory analysis.
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Fig. 2. Conventional early bactericidal activity (EBA) estimates. In A the arm-level effect was
estimated using linear mixed effects modelling from daily overnight samples plated onto solid
growth media. The Y-axis is the estimated daily log10 decrease in CFU for each arm and the
error bars represent 95% confidence intervals on the estimate of the arm-level effect. B.
Intraindividual variation in the estimated drug effect by arm, calculated as the slope of the line
connecting logl0(CFU) at baseline and logl0(CFU) at Day 13. Each participant has a unique
color coding, the Y-axis is the logl 0(CFU) of that participant at baseline. For those subjects
without Day 13 data, we instead calculate the slope of the line connecting log1 0(CFU) at
baseline and log10(CFU) at the last day on which that subject was measured; we denote these
subjects with a triangle in-place of a circle. H=isoniazid, R=rifampicin, Z=pyrazinamide,
E=ethambutol, M=moxifloxacin.
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Fig. 3. Arm-level radiologic changes. (A) average percent changes in total lesion volume (-
500HU to 200HU) and (B) total glycolytic activity were calculated for all lesions (N=763, 45

lesions were excluded from this analysis, reasons for these exclusions are detailed in

Supplemental Table 2). Error bars are standard error of the mean. C. Total volume changes
within individual lesions as a function of baseline lesion volume. Each subject is a unique color
(same color scheme as Figure 2B) and contributes multiple lesions to the plot. Lesions that

change more than 100% are not shown and the number omitted from each plot is given.
H=isoniazid, R=rifampicin, Z=pyrazinamide, E=ethambutol, M=moxifloxacin.
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Fig. 4. Sub-lesion level changes. Lesions were divided into 1 cm3 cubes and baseline and day 14
cube sets were computationally aligned to produce 145,447 cube sets. A-D represent linear
mixed effects modeling estimates of the change in HUmean for all cubes for subjects in the
indicated arms. A and C show the result for all cubes while B and D show the results for hot
cubes (SUVmean >2) and cold cubes (SUVmean <=2). The y-axis is the mean decrease in HU
observed for all cubes and the vertical bars show the expected value if the individual estimates
were summed. * indicates a significant change from baseline with P<0.05, { indicates significant
treatment interaction with a P value <0.05. H=isoniazid, R=rifampicin, Z=pyrazinamide.
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ATGA ATLM AHU ASUV

Fig. 5. Baseline inflammatory status and pyrazinamide activity. A. PET/CT scans of one
participant receiving pyrazinamide monotherapy showing a large area of consolidation below a
left apical cavity that shows a strong response to pyrazinamide reducing in both lesional volume
and FDG avidity within the consolidation. Top scans are baseline and bottom are day 14. B.
Heatmap of the 14,466 cubes extracted from all patients in the pyrazinamide arm arranged by
baseline SUV (y-axis). The color reflects the extent of decrease (baseline-day 14) in TGA, TLM
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(total lesion mass, the sum of all HU values + 1024 for each voxel within a cube), HUmean, and
SUVmean. Green (maximum) is 61.5, average (white) is 24.6 and minimum (red) is -24.4
indicating cubes that worsened for each feature.
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Fig. S1. Estimated EBA effect from time-to-positivity of cultures from the cultures in liquid broth medium
according to the mycobacterial growth indicator tube system (BACTEC MGIT 960). H=isoniazid, R=rifampicin,
Z=pyrazinamide, E=ethambutol, M=moxifloxacin.



Left Right

Fig. S2. Segmental distribution of annotated lesions (including cavitary air). The number and percentage represent
the number of lesions that have the indicated location for the primary bronchopulmonary segment. Complex lesions
involving multiple segments are only listed by their primary segment.
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Fig. S3. Cavitary air percent change by arm. Average percent changes in features with radiodensity from -500 to -
1024 HU (N=314, 6 cavitary air lesions were excluded from this analysis, reasons for these exclusions are detailed
in Supplemental Table 2). Error bars are standard errors of the mean. H=isoniazid, R=rifampicin, Z=pyrazinamide,
E=ethambutol, M=moxifloxacin.
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Fig. S4. Appearance of new or expanded lesions by study arm. The black bar shows the number of participants per
arm that had new lesions, the grey bar shows the total number of new lesions. H=isoniazid, R=rifampicin,
Z=pyrazinamide, E=ethambutol, M=moxifloxacin.
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Fig. S5. Sub-lesion level analysis. A. PET/CT sections of diseased lung area in a participant with a large
consolidation below a cavity in the left superior lobe. The consolidation shows a large response at day 14,
decreasing in total glycolytic activity and lesional volume by over 40%. In contrast the left inferior lobe, which
shows minimal disease at baseline, progresses significantly by day 14. B. Computational rendering of the superior
lobe lesion. C. Surface representation of 1,100 11x11x11 voxel co-registered cubes across the entire left lung
colored by whether they decrease in median HU (green), increase in median HU (red) or are unchanged (blue).
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Fig. S6. Arm distribution of cubes that contained no lesion material at baseline N= 18,760 (radiodensity >-500HU or
SUVmean <2) that represent new lesions resulting from bronchial spread of existing disease. These cubes were
omitted from the outcome analysis. H=isoniazid, R=rifampicin, Z=pyrazinamide, E=ethambutol, M=moxifloxacin.
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Figure S7. Cube-level response to individual agents stratified by baseline SUVmean values. A. Isoniazid. B.
Rifampicin. C. Moxifloxacin
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7  Table S1. Participant baseline characteristics

All H R z M RZ HZ HRZE MRZE p-values
(n=160) | (n=18) (n=21) (n=19) (n=21) (n=23) (n=18) (n=19) (n=21)
s Male N 110 14 14 14 16 18 1 13 10 0.4401
ex (%) (68.8%) | (77.8%) | (66.7%) | (73.7%) | (76.2%) | (78.3%) | (61.1%) | (68.4%) | (47.6%)
Mean 32.4 314 33.0 30.4 32.6 305 29.4 352 36.7 0.3382
Age R (18.2- (18.8- (19.5- (18.2- (20.9- (19.8- (18.4- (19.4- (18.7-
(Range) 59.5) 475) 53.8) 48.3) 48.9) 55.2) 46.0) 59.5) 56.3)
2
BMI “(’geg;‘ 18.9(3.3) | 193(33) | 189(1.9) | 187(3.1) | 19.0(44) | 193 (4.1) | 195(43) | 18.1(2.3) | 18.7 (1.8) 0.925
Xpert cycle Mean 08372
s () 165(4.2) | 16.7(36) | 164 (48) | 17.2(4.1) | 174(55) | 166(5.2) | 151(32) | 162 (2.7) | 16.5(3.8)
CFU (log10/ml Mean 0.5872
sputum) S0y 60(12) | 59(14) | 58(14) | 58(13) | 63(11) | 61(14) | 62(13) | 65(09) | 58(1.1)
Total lesion Mean 386.8 4207 3333 339.8 422.8 485.5 341.0 332.0 403.0 05852
volume on CT (SD) (286.1) (247.8) (242.3) (209.4) (447.5) (322.1) (327.0) (169.3) (217.5)
Total dense lesion | Mean 1926 2025 1577 1755 203.9 246.7 1825 169.0 196.5 07382
volume on CT (SD) (159.7) (156.4) (108.2) (165.9) (203.3) (193.6) (174.7) (115.2) (141.3)
Total soft lesion Mean 1592 1876 1426 139.8 1709 1915 1185 1386 176.7 0.4062
volume on CT (SD) (116.0) (148.2) (120.1) (69.9) (172.1) (121.6) (81.2) (79.2) (86.6)
Total glycolytic Mean 1166.7 1296.6 976.6 1055.6 1203.9 14813 1000.0 1051.7 1226.5 0.5802
activity (SD) (875.8) (828.0) (715.9) 670.1) | (10533) | (1099.7) | (773.7) (832.0) (745.6)
Total cavily air Mean 34.9 30.0 33.0 24.4 48.0 472 39.8 24.4 29.6 0.8562
volume on CT (SD) (61.4) (41.1) (51.7) (41.9) (91.4) (66.8) (102.8) (18.8) (32.8)

Fisher's exact test of any difference between the 8 arms
2ANOVA test of any difference between the 8 arms

Note: H=isoniazid, R=rifampicin, Z=pyrazinamide, E=ethambutol, M=moxifloxacin.
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Table S2. Lesions excluded from lesion-level analysis

Subject Lesion Reason Arm
NG _002 L S1 S2 S3 S4 S5 LESION | No lung present, totally destroyed upper lobe RZ
NG_010 R _S4 LESION Old, calcified lesion - inactive HRZE
NG 010 R S1 S2 LESION Fully collapsed upper lobe HRZE
NG 010 R S6 Pleural disease adjacent to existing lesion HRZE
NG_017 R _S1 _S2 LESION Old, calcified lesion - inactive HZ
NG 017 R _S2 AIR Old, calcified lesion - inactive HZ
NG 027 R _S6 LESION Severe motion artifact R
NG 047 R _S1 S2 S3 LESION Accidentally duplicated in initial segmentation, | HRZE
combined into single R_S1 S2 S3 lesion
NG 051 R _S3 LESION Collapse, obvious septal distortion and left lung | Z
hyperinflated
NG 054 R _S1 S2 LESION No lung present, totally destroyed upper lobe RZ
NG_064 L S1 _S2 LESION Apical collapse of S1 and S2 R
NG_083 L S1 _S2 LESION Old, calcified lesion - inactive MRZE
NG_085 R _S1_S2 LESION Old, calcified lesion - inactive Z
NG 092 L S4 LESION New lesion spread from apical cavity, no sign of | HRZE
this at baseline
NG 094 R _S3 LESION Adjacent to a large lower lobe pleural effusion | M
and segments are barely visible
NG 094 R _S4 LESION Adjacent to a large lower lobe pleural effusion |M
and segments are barely visible
NG 099 R S6 S7 S8 S9 S10 LESION | New lesion spread from apical cavity, no sign of | MRZE
this at baseline
NG 099 L S3 LESION New lesion spread from apical cavity, no sign of | MRZE
this at baseline
NG 112 L S6 S7 S8 S9 S10_LESION | Left lower lobe collapse H
NG 112 L S10 AIR Airspace in collapsed lobe H
NG_121 L S1 _S2 LESION Old, calcified lesion - inactive HZ
NG 131 L S4 LESION New lesion spread from apical cavity, no sign of | HZ
this at baseline
NG 131 R _S3 LESION New lesion spread from apical cavity, no sign of | HZ
this at baseline
NG 150 R _S6 S8 S9 LESION Large pleural effusion (S6,S8,S9)
NG 150 R _S4 LESION Small amount of pleural material R_S4
NG 154 R _S1 S2 LESION Old, calcified lesion - inactive
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NG_157 R _S4 LESION Old, calcified lesion - inactive MRZE

NG_173 R S4 S5 LESION Large pleural effusion and middle lobe collapse | M

NG_174 R _S2 LESION Old, calcified lesion - inactive RZ

NG 175 L S1_S2 S3 LESION Left upper lobe collapse RZ

NG 175 L S1 AIR Left upper lobe collapse RZ

NG_180 R S6 S9 S10_AIR Bad reconstruction due to breath artifact R

NG_180 R _S3 Cold pleural lesion R

NG 183 L S1 S2 LESION Old, calcified lesion - inactive HZ

NG 186 L S6 LESION Large pleural lesion M

NG 199 R _S3 LESION Old, calcified lesion - inactive RZ

NG 206 R S3 New lesion from apical cavity, no sign of this at | HRZE
baseline

NG 217 L S1 S2 LESION Pleural expansion of existing lesion MRZE

NG 220 L S7 S8 LESION Reconstruction artifact, small lesion near RZ
diaphragm

NG _231 R S3 AIR Airspace within old, inactive lesion RZ

NG 236 L S1 S2 S3 S4 S5 LESION | Complete collapse and erosion of left superior | HZ
lobe

NG_236 L S1 S2 S3 S4 S5 AIR Airspace within collapsed lobe HZ

NG_244 L S6_LESION Reconstruction artifact, small lesion near HZ
diaphragm

NG 250 R _S6 LESION New lesion spread from apical cavity, no sign of | RZ
this at baseline

NG 261 L S1 S2 S3 LESION Left upper lobe collapse M

Note: H=isoniazid, R=rifampicin, Z=pyrazinamide, E=ethambutol, M=moxifloxacin.
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Table S3. Inclusion and exclusion criteria.

1. Age 18 to 65 years with body weight from 30 kg to 90 kg
Inclusion
o 2. Sputum acid-fast bacilli (AFB) smear positive (at least 1+ on the WHO—International Union
Criteria Against Tuberculosis and Lung Disease scale)
3. Likely able to produce approximately 10 mL of sputum per day
4, Xpert MTB/RIF-confirmed M.tb
5. Rifampin-sensitive pulmonary tuberculosis as indicated by Xpert MTB/RIF
6. ALT <3X upper limit of normal, creatinine <2X upper limit of normal
7. Willingness to have samples stored
1. Clinically suspected disseminated TB or acuity of illness too much as deemed by clinicians
Exclusion
2. Has been treated for tuberculosis within the past 3 years
Criteria 3. Treatment with agents known to have anti-tuberculosis activity (e.g., fluoroquinolones, linezolid)
for any indications during the current episode of clinical illness or within 2 months prior to
screening, whichever is longer
4. Cirrhosis or chronic kidney disease
5. Disease complications or concomitant illness that might compromise safety or the interpretation
of trial endpoints, such as known diagnosis of chronic inflammatory condition (e.g., sarcoidosis,
rheumatoid arthritis, and connective tissue disorder)
6. Use of immunosuppressive medications, such as TNF-alpha inhibitors or systemic or inhaled
corticosteroids, within 2 weeks prior to screening
7. Subjects with diabetes, point of care HbAlc above 6.5, or random glucose over 200 mg/dL
8. Conditions which compromise the subject’s ability to take or absorb oral drugs
9. Normal PA-Chest radiograph, determined during screening
10. Total lung (left or right) collapse on PA-Chest radiograph
11. HIV positive
12. Pregnant or breastfeeding
13. Any other condition that, in the responsible clinician’s judgment, renders a subject too sick to
safely tolerate 2 weeks study therapy
14. Any condition that constitutes a contraindication to any of the drugs to be used on any study

arms
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Supplemental statistical modeling methods
LMER Model summary.

Parl: HZ vs. H and HZ vs. Z

Model 1: no interaction term — Fixed-effect estimates

model formula: HUMEAN change ~ ARM + (1|/PID/LESIONID)

Estimate Std. Error df

t value

Pr(>[t])

(Intercept) -57.69956 10.93571 51.28915
ARMpza 54.76622 14.96912 48.94243
ARMH 48.38528 15.15781 47.95343

Variance-covariance matrix

3 x 3 Matrix of class "dpoMatrix"
(Intercept) ARMpza ARMH

(Intercept)  119.59 -119.59 -119.59

ARMpza -119.59 224.07 119.59

ARMH -119.59 119.59 229.76

-5.276253  0.0000027
3.658614 0.0006201
3.192102 0.0024938

Model 2: no interaction term and no intercept model — Fixed-effect estimates

model formula: HUMEAN change ~ ARM -1 + (1/PID/LESIONID)

Estimate Std. Error df t value Pr(>t))
ARMHZ -57.699561 10.93570 51.28917 -5.2762546 0.0000027
ARMpza  -2.933338 10.22178 46.43788 -0.2869694 0.7754124
ARMH -9.314280 10.49617 44.66574 -0.8873982 0.3796181

Variance-covariance matrix

3 x 3 Matrix of class "dpoMatrix"
ARMHZ ARMpza ARMH

ARMHZ 119.59 0.00 0.00

ARMpza 0.00 104.48 0.00

ARMH 0.00 0.00110.17

Model 3 — Fixed-effect estimates

**model formula: HUMEAN change ~ ARM*HotCold + (1[PID/LESIONID)**

Estimate  Std. Error df t value Pr(>t))
(Intercept) -57.920209 11.043672 53.27642 -5.2446515 0.0000028
ARMpza 64.444109 15.102745 50.72828  4.2670460 0.0000866
ARMH 52.028794 15.276983 49.50240 3.4056982 0.0013175
HotCold 0.410160  4.072253 40808.39176  0.1007207 0.9197727
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ARMpza:HotCold -25.265093  5.464410 41713.83470 -4.6235718 0.0000038
ARMH:HotCold -8.972115  5.211992 41452.29827 -1.7214368 0.0851790

Variance-covariance matrix
6 x 6 Matrix of class "dpoMatrix"
(Intercept) ARMpza ARMH HotCold ARMpza:HotCold

(Intercept)  121.96-121.96 -121.96 -6.58 6.58
ARMpza -121.96 228.09 121.96 6.58  -11.68
ARMH -121.96 121.96 233.39 6.58 -6.58
HotCold 658 658 658 1658  -16.58

ARMpza:HotCold 6.58 -11.68 -6.58 -16.58 29.86
ARMH:HotCold 6.58 -6.58 -10.74 -16.58 16.58

ARMH:HotCold
(Intercept) 6.58
ARMpza -6.58
ARMH -10.74
HotCold -16.58

ARMpza:HotCold 16.58
ARMH:HotCold 27.16

Model 4: no intercept model — Fixed-effect estimates

**model formula: HUMEAN change ~ ARM*HotCold -1 + (1|PID/LESIONID)**

Estimate  Std. Error df t value Pr(>t|)
ARMHZ -57.920209 11.043672 53.27642 -5.2446515 0.0000028
ARMpza 6.523899 10.301953 48.00830  0.6332682 0.5295638
ARMH -5.891415 10.555735 45.79120 -0.5581246 0.5794781
HotCold 0.410160  4.072253 40808.39174 0.1007207 0.9197727

ARMpza:HotCold -25.265093  5.464410 41713.83469 -4.6235718 0.0000038
ARMH:HotCold -8.972115  5.211992 41452.29826 -1.7214368 0.0851790

Variance-covariance matrix
6 x 6 Matrix of class "dpoMatrix"
ARMHZ ARMpza ARMH HotCold ARMpza:HotCold ARMH:HotCold

ARMHZ 121.96 0.00 0.00 -6.58 6.58 6.58
ARMpza 0.00106.13 0.00 0.00 -5.10 0.00
ARMH 0.00 0.00111.42 0.00 0.00 -4.16

HotCold -6.58 0.00 0.00 16.58 -16.58  -16.58
ARMpza:HotCold 6.58 -5.10 0.00 -16.58 29.86 16.58
ARMH:HotCold 6.58 0.00 -4.16 -16.58 16.58 27.16

Estimated mean values:

Condition Contrast Estimate | Std Wald Test
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Error
R -53.63 8.37 -6.41
Z -4.43 8.54 -0.52
RZ -45.45 8.12 -5.60
RZ-Z -41.02 11.78 -3.48
RZ-R 8.19 11.66 0.70
(RZ-R)-(Z-0) 12.62 14.46 0.87
HOT R -60.58 8.75 -6.92
HOT Z -20.15 8.89 -2.27
HOT RZ -51.74 8.3 -6.23
HOT RZ-7Z -31.59 12.16 -2.60
HOT RZ-R 8.84 12.06 0.73
HOT (RZ-R)-(Z-0) 28.99 14.98 1.97
COLD R -50.07 8.49 -5.90
COLD Z 4.86 8.68 0.56
COLD RZ -39.62 8.28 -4.79
COLD RZ-7Z -44.47 11.99 -3.71
COLD RZ-R 10.45 11.85 0.88
COLD (RZ-R)-(Z-0) 5.59 14.69 0.38
HOT vs H:(RZ-R)-(Z-0) - C:(RZ-R)-
COLD (Z-0) 23.39 6.3 3.71
Part2: RZ vs. Rand RZ vs. Z
Model 1: no interaction term — Fixed-effect estimates
model formula: HUMEAN change ~ ARM + (1|/PID/LESIONID)
Estimate  Std. Error df t value Pr(>t))
(Intercept) -45.447814  8.116425 58.46323 -5.5994870 0.0000006
ARMpza 41.021327 11.784374 58.07175 3.4809934 0.0009552
ARMR -8.186288 11.661351 55.79444 -0.7020017 0.4855964

Variance-covariance matrix
3 x 3 Matrix of class "dpoMatrix"
(Intercept) ARMpza ARMR

(Intercept) 65.88 -65.88 -65.88
ARMpza -65.88 138.87 65.88
ARMR -65.88 65.88 135.99
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Model 2: no interaction term and no intercept model — Fixed-effect estimates

model formula: HUMEAN change ~ ARM -1 + (1|PID/LESIONID)

Estimate Std. Error df t value Pr(>[t])

ARMRZ -45.447815 8.116430 58.46314 -5.5994831 0.0000006
ARMpza -4.426479 8.543724 57.72094 -0.5180972 0.6063708
ARMR  -53.634092 8.373223 53.42319 -6.4054295 0.0000000

Variance-covariance matrix

3 x 3 Matrix of class "dpoMatrix"
ARMRZ ARMpza ARMR

ARMRZ 65.88 0 0.00

ARMpza 0.00 73 0.00

ARMR 0.00 070.11

Model 3 — Fixed-effect estimates

model formula: HUMEAN change ~ ARM*HOtCold + (1/PID/LESIONID)

Estimate  Std. Error df t value Pr(>t|)
(Intercept) -39.617330  8.275393 62.14814 -4.7873654 0.0000108
ARMpza 44.472340 11.991143 61.09407 3.7087658 0.0004514
ARMR -10.449661 11.854872 58.43295 -0.8814655 0.3816774
HotCold -12.124269  3.190653 47094.94183 -3.7999337 0.0001449

ARMpza:HotCold -12.876992  4.999396 46680.07226 -2.5757094 0.0100065
ARMR:HotCold 1.613236  4.984089 46355.09858 0.3236773 0.7461838

Variance-covariance matrix
6 x 6 Matrix of class "dpoMatrix"
(Intercept) ARMpza ARMR HotCold ARMpza:HotCold

(Intercept) 68.48 -68.48 -68.48 -4.92 4.92
ARMpza -68.48 143.79 68.48 4.92 -10.45
ARMR -68.48 68.48 140.54 4.92 -4.92
HotCold -4.92 492 492 10.18 -10.18

ARMpza:HotCold 4.92-10.45 -4.92 -10.18 24.99
ARMR:HotCold 4.92 -4.92 998 -10.18 10.18

ARMR:HotCold
(Intercept) 4.92
ARMpza -4.92
ARMR -9.98
HotCold -10.18

ARMpza:HotCold 10.18
ARMR:HotCold 24.84

Model 4: no intercept model — Fixed-effect estimates

model formula: HUMEAN change ~ ARM*HotCold -1 + (1|PID/LESIONID)
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Estimate Std. Error df t value Pr(>|t|)
ARMRZ -39.617328 8.275394 62.14809 -4.7873643 0.0000108
ARMpza 4.855020 8.677869 60.15728  0.5594714 0.5779172
ARMR -50.066980 8.488575 55.17188 -5.8981610 0.0000002
HotCold -12.124268  3.190653 47094.94163 -3.7999335 0.0001449
ARMpza:HotCold -12.876991 4.999396 46680.07178 -2.5757093 0.0100065
ARMR:HotCold 1.613235 4.984089 46355.09782 0.3236771 0.7461840

6 x 6 Matrix of class "dpoMatrix"
ARMRZ ARMpza ARMR HotCold ARMpza:HotCold ARMR:HotCold

ARMRZ 68.48 0.00 0.00 -4.92 4.92 4.92

ARMpza 0.00 75.31 0.00 0.00 -5.53 0.00

ARMR 0.00 0.0072.06 0.00 0.00 -5.06

HotCold -4.92 0.00 0.00 10.18 -10.18 -10.18

ARMpza:HotCold 4.92 -5.53 0.00 -10.18 24.99 10.18

ARMR:HotCold 4.92 0.00-5.06 -10.18 10.18 24.84

Std

Condition Contrast Estimate | Error Wald Test
H -9.31 10.5 -0.89
Z -2.93 10.22 -0.29
HZ -57.7 10.94 -5.28
HZ-7 -54.77 14.97 -3.66
HZ-H -48.39 15.16 -3.19
(HZ-H)-(Z-0) -45.46 18.28 -2.49

HOT H -14.45 10.66 -1.36

HOT Z -18.34 10.45 -1.76

HOT HZ -57.51 11.2 -5.13

HOT HZ-7Z -39.17 15.32 -2.56

HOT HZ-H -43.06 15.46 -2.79

HOT (HZ-H)-(Z-0) -24.72 18.66 -1.32

COLD H -5.89 10.56 -0.56

COLD Z 6.52 10.3 0.63

COLD HZ -57.92 11.04 -5.24

COLD HZ-7Z -64.44 15.1 -4.27

COLD HZ-H -52.03 15.28 -3.41

COLD (HZ-H)-(Z-0) -58.55 18.43 -3.18

HOT vs H:(HZ-H)-(Z-0) - C:(HZ-H)-

COLD (Z-0) 33.83 6.36 5.32

Note: H=isoniazid, R=rifampicin, Z=pyrazinamide, E=ethambutol, M=moxifloxacin.
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