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Background. Globally, no trial data are available on head-to-head comparison between 10 mg/kg and 25/35 mg/kg rifampicin
in treating pulmonary tuberculosis during study initiation.

Methods. A multicentric, phase IIb randomized trial recruited 333 new culture-positive, drug-sensitive adult patients with
pulmonary tuberculosis to compare safety and efficacy of high-dose rifampicin (R25/R35), against conventional dose (R10)
given daily for 8 weeks followed by standard doses for 16 weeks. Main outcomes were treatment-emergent grade 3/4 adverse
events (AEs) and time-to-culture conversion in liquid media, assessed by division of AIDS system for grading the severity of
adverse events division of AIDS criteria and Kaplan-Meier methods.

Results. Inamodified intention-to-treat population of 323 patients (R10: 105/R25: 112/R35: 106), grade 3/4 AEs were reported
in 34 patients (R10: 9.5% [10/105], R25: 9.8% [11/112], R35: 12.3% [13/106]) during the intensive phase. Among 23 patients (R10:
3.8% [4/105], R25: 6.3% [7/112], R35: 11.3% [12/106]) with grade 3/4 hepatotoxicity, 15 (R10: 1.9% [2/105], R25: 3.6% [4/112], R35:
8.5% [9/106]) had grade 3/4 hyperbilirubinemia and 9 patients (R10: 1.0% [1/105], R25: 0.9% [1/112], R35: 6.6% [7/106]) developed
clinical jaundice. Significant differences observed only between R10 and R35 with hepatotoxicity (P =.039), hyperbilirubinemia
(P=.031), clinical jaundice (P =.032), and treatment interruption (P =.039). Eighteen serious AEs and 6 deaths (R10: 3/R25:
1/R35: 2) occurred during study period. Time to stable culture conversion in liquid media was faster in R25 (adjusted hazard
ratio, 1.71; 95% confidence interval [CI], 1.26-2.31 [solid: 1.97; 95% CI, 1.46-2.67]) and R35 (1.81; 95% CI, 1.33-2.48 [solid:
2.24; 95% CI, 1.64-3.06]), than R10 (34 vs 44 days). R25 had no failure/relapse.

Conclusions. Hepatotoxicity, clinical jaundice, and treatment interruptions occurred significantly higher with R35 than R10.
Because R25 was comparably safe as R10 and also highly efficacious than R10, it may be considered for implementation.
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The standard antitubercular treatment (ATT) regimen for pul-
monary tuberculosis (PTB) in India includes isoniazid, rifampi-
cin (R), ethambutol, and pyrazinamide for the first 2 months,
followed by isoniazid, rifampicin, and ethambutol for the next
4 months. Lengthy duration and adverse effects that affect
drug compliance may contribute to unfavorable outcomes [1]
and delay in achieving World Health Organization End TB
Strategy targets. Hence, there is need for modification of existing
drug regimens to achieve early bacteriologic conversion and to
reduce ATT-induced toxicity. Among the few trials available
with respect to a short-course regimen containing rifamycins,
a trial by Dorman et al. (2021) has shown noninferiority for a
4-month rifapentine plus moxifloxacin regimen; another trial
by Jindani et al. (2023) has not shown noninferiority for a
4-month high-dose rifampicin-containing regimen [2-5].

Use of high-dosage rifampicin to improve treatment out-
comes appears more cost-effective than using rifapentine.
Rifampicin is a potential treatment-shortening agent because
dose escalation from 10 to 35 mg/kg/day is safe and leads to a
rapid fall in both dormant and actively replicating forms of
Mpycobacterium tuberculosis and helps in faster culture conver-
sion [6-9]. The incidence of hepatitis in patients with PTB
treated with rifampicin-containing 4-drug regimen is reported
to range from 2% to 8% [10-12].

Even though safety and efficacy of higher doses of rifampicin
have been studied in recent years [13-18], there is no trial

available that compares high-dose rifampicin (R25/R35) head
to head with a conventional dose (R10-containing) regimen.

Hence, the aim of the present study is to conduct a random-
ized clinical trial (RCT) comparing the safety, tolerability, and
efficacy of high-dose rifampicin, 25 or 35 mg/kg/day, versus
10 mg/kg/day (control arm) given daily along with other first-
line drugs.

METHODS

Study Design

A multicentric, open-label, parallel arm RCT was conducted at
5 clinical trial sites across India in Chennai, New Delhi,
Hyderabad, Chandigarh, and Lucknow. The respective institu-
tional ethics committees of all study sites reviewed and ap-
proved the study protocol. The primary objective was to
compare the safety and tolerability of high-dose rifampicin,
25 or 35 mg/kg/day, versus 10 mg/kg/day given daily along
with other first-line drugs during the first 8 weeks of a
24-week treatment schedule of new sputum smear and culture-
positive drug-sensitive patients with PTB. The secondary ob-
jectives were to (1) compare the time to culture conversion
and (2) compare the proportion of patients with sputum cul-
ture conversion at week 8 and at the end of treatment between
high-dose and control arms. The trial was prospectively regis-
tered in CTRI in December 2017, initiated in January 2018, and
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recruitment was completed by November 2019. Posttreatment
12-month follow-up was completed in May 2021.

Study Participants
New smear-positive adult patients with PTB, aged 18-60 years,
were enrolled based on predefined inclusion and exclusion
criteria after obtaining written informed consent from all pa-
tients. Baseline screening included sputum smear examination
by fluorescence microscopy, culture by both liquid media
(Mycobacteria Growth Indicator Tube [MGIT] 960) and solid
media (Lowenstein-Jensen), chest radiography, hemogram, re-
nal/liver function tests, serology for human immunodeficiency
virus (HIV), hepatitis B/C, and urine pregnancy test for wom-
en. Patients who had at least 2 sputum smear samples positive
for tubercle bacilli were included. Patients with history of psy-
chiatric illness or drug abuse, patients receiving insulin, liver
enzymes >2.5 upper limit of normal, alcohol dependence that
could interfere with treatment adherence, seropositive for
HIV/hepatitis B or C, baseline resistance to isoniazid, during
screening, were excluded. Detailed eligibility criteria are avail-
able in the protocol provided in the Supplementary Data.
Patients with positive smear microscopy and confirmed to be
rifampicin sensitive by X-pert M tuberculosis /rifampicin and
line probe assay were randomized to study regimens. Clinical
and bacteriological progress were assessed weekly for 2 months,
monthly for 12 months, and every 3 months from 13 to 18
months. Two sputa were collected for smear and culture exam-
ination at every visit until 12th month, at 15th month, and at
end of follow-up. MGIT drug susceptibility testing was done
at baseline, week 4, month 4, and during failure/relapse.

Randomization and Stratification

Centralized randomization was done and patients were ran-
domly allocated in the ratio of 1:1:1 to 1 of the study regimens
using permuted block randomization technique. Stratification
was based on involvement of lung zones <2 or >2 and sputum
smear grading of <2+ or >2+. Allocated codes were concealed
in sealed, opaque, sequentially numbered envelopes, prepared
in advance by 2 statisticians who were not part of the study
at National Institute for Research in Tuberculosis-NIRT.

Intervention

« R10: Conventional-dose rifampicin (10 mg/kg/day); intensive-
phase (IP): 2R(10)HZE,/continuation phase (CP): 4R(10)HE,

» R25: High-dose rifampicin (25 mg/kg/day) arm: IP: 2R(25)
HZE,/(CP): 4R(10)HE,

 R35: High-dose rifampicin (35 mg/kg/day) arm: IP: 2R(35)
HZE,/CP: 4R(10)HE,

The treatment duration was 6 months daily for all 3 arms and
high-dose rifampicin was given only during IP in test regimens.

Dosages of other anti-TB drugs were given per national guide-
lines. The drug intake was supervised except weekend doses,
which were supplied for self-administration, and respective
empty blister packs checked during subsequent visits.

Adverse Event Monitoring

At every visit, patients were questioned about the occurrence of
adverse events (AE), and attempts were made to resolve them.
AEs were graded per the division of AIDS system for grading
the severity of adverse events division of AIDS AE Grading
Version 2.1, July 2017 [19]. AEs and serious adverse events
(SAEs) were periodically reported and causality assessment
was performed by each institutional ethics committee. Because
high-dose rifampicin was used in this trial, hepatotoxicity was
anticipated and liver function tests was monitored weekly in
the intensive phase. In case of AEs, participants were monitored
for abnormal liver parameters and for clinical jaundice daily and
liver function tests was repeated once every 2 or 3 days until the
results reverted to normal. Treatment interruption if needed was
done per American Thoracic Society guidelines. Monitoring and
management of AEs including hepatotoxicity and treatment in-
terruption [20] are detailed in annexure B of the protocol in
Supplementary Data.

Study Outcomes

The modified intention-to-treat (m-ITT) population included
new sputum culture-positive, drug-sensitive patients with
PTB who were randomized (intention to treat) except those
who had baseline isoniazid resistance and nontuberculous my-
cobacteria. Primary outcome was proportion of patients with
treatment emergent grade 3/4 AEs in control versus 2 high-
dose arms. Secondary outcome measures were (1) time to
liquid/solid culture conversion from positive to negative
(2) to estimate the proportion with negative sputum cultures
at weeks 1,2, 3, 4, 5, 6, 7, and 8, and at end of treatment in con-
trol versus high-dose arms. Culture conversion was defined as
the time point at which 2 consecutive negative cultures were
documented. TB treatment outcomes were defined per national
guidelines (detailed in protocol in Supplementary Data). The
laboratory staff members were blinded as to the identity of
the samples that they processed.

Statistical Analysis

Assuming 5.2% [21, 22] of drug-induced AEs (severe hepato-
toxic and nonhepatotoxic side effects) in the control arm and
14% in high-dose arms [17], a sample size of 99 per arm was
required with 5% alpha and 90% power to detect significant dif-
ference between the control and high-dose arms. Adding a 10%
loss because of death or default, the total sample size required
was 109 per arm or 327 in total (sample size calculated based
on method of Simon [23]).

Rifampicin 25 mg / 35 mg in Pulmonary TB « OFID « 3

9202 Iudy 1.0 UO J8SN SISOINDISqN | Ul YoIessay 10} Sjnyisu| [euoleN Ad #¥996S ./7E09BI0/E/ 1 |/oIOIE/PIO/W0o dNo"OIWSpEoE//:SRY WOl POpEojUMOd


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae034#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae034#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae034#supplementary-data

The m-ITT population included new sputum culture-
positive, drug-sensitive patients with PTB who were random-
ized (intention to treat) except those who had baseline isoniazid
resistance and nontuberculous mycobacteria. The safety and ef-
ficacy analysis population are the same as m-ITT.

Demographic profile, factors related to clinical investigations,
AEs, and bacteriological test results were summarized as frequen-
cies and percentages, whereas multiple-group data of continuous
variables were compared using 1-way analysis of variance. The
stopping criteria of occurrence of >15% of grade 3/4 toxicity, in
any of the treatment arms was fixed before the start of the study.
Interim analysis was performed once 50% of the participants
were enrolled to assess the level of grade 3/4 toxicity. The decision
about continuation of the study was taken by the data and safety
and monitoring board, which consists of 2 clinicians specializing
in chest medicine, 1 clinician specializing in infectious diseases, 1
clinician specializing in public health, and 3 statisticians.

Primary safety analysis to compare the linear trend in toxicity
(with special reference to hepatotoxicity) was performed over all 3
regimens using the Cochran-Armitage test. Secondary efficacy
analysis of time to culture conversion was estimated using
Kaplan-Meier method and the log-rank test was used to compare
the survival distribution. To generate covariate-adjusted hazard
ratio (HR), Cox proportional-hazard regression model with co-
variates of clinical relevance (body mass index, extent of lung le-
sion, and lung cavitation) was used [24]. The HR derived through
this model is the measure of treatment-shortening potential ex-
hibited by high-dose regimens. All statistical results were comput-
ed using IBM-SPSS (IBM Corp. Released 2017, Version 25.0;
Armonk, NY) and Stata V15.1 (StataCorp, College Station,
TX). All tests were 2-sided and statistical significance was set at
P <.05.

RESULTS

Baseline Characteristics

Of 511 patients screened, 333 were enrolled into the trial during
the study period. A total of 109, 114, and 110 patients were ran-
domized to treatment regimens R10, R25, and R35, respectively
(Figure 1). The mean age and body mass index of study patients
was 35.0 + 12.3 years and 18.3 + 3.1 kg/m”. A total of 77.5% had
sputum smear grade of 2+/3+, 48.6% had a cavitary lesion, and
57.4% had >2 zones involved on chest radiography. The baseline
characteristics of the patients were broadly similar across 3 treat-
ment groups (Table 1, Supplementary Table 1). A total of 323
culture-confirmed patients were eligible for m-ITT, safety, and
efficacy population analysis, under 3 treatment arms (R10: 105;
R25: 112; R35:106), respectively (Figure 1).

Safety Analysis
Adverse Events
Among 323 (R10: 105; R25: 112; R35: 106) m-ITT patients,
34 (10.5%; 34/323) reported at least 1 grade 3/4 AEs (9.5%

[10/105] in R10, 9.8% [11/112] in R25, 12.3% [13/106] in
R35) in the intensive phase. Grade 3/4 hepatotoxicity was ob-
served in 23 (7.1%; 23/323) patients from all 3 arms (3.8% [4/
105] in R10, 6.3% [7/112] in R25, 11.3% [12/106] in R35).
The difference was statistically significant only between R10
and R35 (P =.039) (Table 2; Figure 2). Sixteen patients exhib-
ited symptomatic liver enzyme elevation (3 in R10, 4 in R25,
and 9 in R35) (Table 3). Fifteen (4.6%; 15/323) patients devel-
oped grade 3/4 hyperbilirubinemia (1.9% [2/105] in R10, 3.6%
[4/112] in R25, 8.5% [9/106] in R35) with statistically signifi-
cant difference between R10 and R35 (P =.031), (Table 2).
Clinical jaundice occurred in 1 patient each in R10 and R25
and 7 patients in R35 (R10 vs R35, P =.032) (Tables 2 and 3).
A total of 23 cases (R10: 4; R25: 7; R35: 12) with grade 3 or
4 hepatotoxic AEs had treatment interruption (Figure 2;
Table 2). Even though we have shown linear trend test results
over all 3 regimens in Table 2, we have also undertaken analysis
between R10 and R25/R35 in relation to grade 3 or 4 hepatic
AEs, hyperbilirubinemia, and clinical jaundice. The results
showed statistical significance among all the 3 arms (hepatotox-
icity, P=.034; hyperbilirubinemia, P =.023; clinical jaundice,
P=.012), thereby confirming the linear trend of toxicity.
This linear trend in toxicity was also observed with more pa-
tients having supratherapeutic levels in R35. The percentage
of patients with supratherapeutic levels of rifampicin in R10,
R25, and R35 were 1.2%, 7.1%, and 37.0%, respectively
(Table 4). The complete profile of all grade 3/4 toxicity cases
are detailed in Supplementary Table 2. Only 1 case each in
the R10 and R35 arms had a history of alcohol intake, clinical
jaundice occurrence, and treatment interruption altogether.
Grade 2 AEs were observed in 47 patients (14.6%; 47/323)
from all 3 arms. Grade 2 hepatotoxicity was observed in 16
(5.0%; 16/323) patients from all 3 arms. There was no signifi-
cant difference in grade 2 AEs or hepatotoxicity between the
arms and none required treatment interruption. The interim
analysis performed after recruitment of 50% of the participants
showed safe levels of grade 3/4 toxicity and hence the data and
safety and monitoring board allowed further recruitment of
participants in the trial. Analysis of AEs during continuation
phase showed that a total of 21 cases experienced AEs (grade
1: 20; grade 3: 1 [hyperuricemia in R10]).

Serious Adverse Events

A total of 18 SAEs occurred that led to hospitalization, 8 in R10,
7 in R25, and 3 in R35. Reasons for hospitalization included
both drug-unrelated reasons (hyperglycemia, injury, enteric fe-
ver, alcohol intake, and cardiac causes) as well as from TB dis-
ease or its treatment (drug-induced hepatitis, gastritis,
vomiting, pneumothorax, hemoptysis, thrombocytopenia).
Seven (4 in R10, none in R25, 3 in R35) SAEs were drug related
(Supplementary Table 3). Of 4 deaths that occurred during
treatment, 2 were due to a non-TB cause (acute myocardial
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511 patients were assessed for eligibility

178 (34.8%) pre-randomization exclusion
8 Abnormal blood results | 45 Unwilling
9 HIV/HBsAg/HCV positive | 9 Baseline INH resistance/MDR
—» | 12 Alcohol dependence 7 Uncontrolled diabetes
7 Other comorbidities 37 Baseline smear negative
10 Domiciliary instability TToolill
27 Other
v
333 randomised
\d A v
2R10HEZ7/4HRE- 2R2sHEZ7/4HRE; 2R3sHEZ7/4HRE7
(n=109) (n=114) (n=110)
Post-randomization Post-randomization Post-randomization
exclusion-4 exclusion-2 exclusion-4
3 INH resistance > 1 INH resistance 4 INH resistance
1NTM 1NTM ONTM
v Y \J

323 included for modified ITT analysis

v r v

105 treatment initiated 112 treatment initiated 106 treatment initiated

Y Y Y Y Y Y
Toxicity Efficacy Toxicity Efficacy Toxicity Efficacy
analysis analysis analysis analysis analysis analysis

population population population population population population
(n=105) (n=105) (n=112) (n=112) {n=106) (n=106)
QOutcomes Outcomes Qutcomes
(cured, death, failure, (cured, death, (cured, death,
toxicity, LFU) failure, toxicity, LFU) failure, toxicity, LFU)
4 Y A

12 months post-treatment follow-up for assessing relapse

Figure 1. Randomization, and analysis of study participants. CP, continuous phase; E, ethambutol; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; H/INH, iso-
niazid; IP, intensive phase; LFU, lost to follow-up; LJ, Lowenstein-Jensen; MDR, multidrug resistant; MGIT BACTEC mycobacterial growth indicator tube 960; m-ITT, modified
intention-to-treat; NTM, nontuberculous mycobacteria, R, rifampicin; R10 (2R Isoniazid, Ethambutol, Pyrizinamide [HEZ];/4 Isoniazid, Rifampicin, Ethambutol [HRE]), 2
months of rifampicin 10 mg/kg and HEZ given orally daily (intensive phase [IP]) followed by HRE given orally daily for 4 months (CP); R25 (2R,5HEZ,/4HRE;), 2 months of
rifampicin 25 mg/kg and HEZ given orally daily (IP) followed by HRE given orally daily for 4 months (CP); R35 (2R3sHEZ7/4HRE;), 2 months of rifampicin 35 mg/kg and H-
EZ given orally daily (IP) followed by HRE given orally daily for 4 months (CP); Rx, treatment; Z, pyrazinamide.

infarction: 1 each in R25 and R10) and the other 2 were Efficacy Analysis
TB-related deaths (massive hemoptysis and type II respiratory

failure; both in R10) (Supplementary Table 4).

Time to stable culture conversion in liquid media was similar
between R25 and R35 compared with the control arm at
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Table 1. Baseline Characteristics of Study Participants Categorized by Regimen

Characteristic Overall (N =333) 2R10HEZ7/4HRE; (N=109) 2R,sHEZ7/AHRE; (N=114) 2R3sHEZ,/4HRE,; (N=110)
Age (y)? 35.0+£123 35.9+12.2 335+12.3 35.5+12.3
Weight (kg)? 47.1+8.0 473+7.7 47.2+8.0 46.6+8.4
Weight band®

25.1-39.9 kg 63 (18.9) 15(13.8) 26 (22.8) 22 (20.0)

40.0-54.9 kg 213 (64.0) 75 (68.8) 66 (57.9) 72 (65.5)

55.0-69.9 kg 57 (17.1) 19 (17.4) 22 (19.3) 16 (14.5)

BMI (kg/m?)? 18.3+3.1 18.5+3.2 18.3+2.9 182432
Gender®

Male 233 (70.0) 76 (69.7) 82 (71.9) 75 (68.2)

Female 100 (30.0) 33 (30.3) 32 (28.1) 35 (31.8)
Alcohol use® 118 (35.4) 42 (38.5) 37 (32.5) 39 (35.5)
Tobacco smoking® 107 (32.1) 37 (33.9) 34 (29.8) 36 (32.7)
Diabetes mellitus® 65 (19.5) 20 (18.3) 23 (20.2) 22 (20.0)
Baseline smear grade®

Scanty/1+ 75 (22.5) 21 (19.3) 30 (26.3) 24 (21.8)

2+/3+ 258 (77.5) 88 (80.7) 84 (73.7) 86 (78.2)
Phenotypic DST?

ALL SENS 317 (95.2) 103 (94.5) 110 (96.5) 104 (94.5)

EMB 1(0.3) - 1(0.9)

H 6(1.8) 2(1.8) 1(0.9) 3(2.7)

SM 5(1.5) 2(1.8) 1(0.9) 2(1.8)

SM, H 2 (0.6) 1(0.9) = 1(0.9)

NTM 2 (0.6) 1(0.9) 1(0.9)
Extent of lung lesion®

Bilateral 204 (61.3) 71 (65.1) 67 (58.8) 66 (60.0)

Unilateral 129 (38.7) 38 (34.9) 47 (41.2) 44 (40.0)
Radiologic involvement®

<2 lung zones 142 (42.6) 47 (43.1) 50 (43.9) 45 (40.9)

>2 lung zones 191 (57.4) 62 (56.9) 64 (56.1) 65 (59.1)
Cavitation®

Present 162 (48.6) 56 (51.4) 47 (41.2) 59 (53.6)

Absent 171 (61.4) 53 (48.6) 67 (568.8) 51 (46.4)

Abbreviations: 2R1oHEZ/4HRE7, 2 months of rifampicin 10 mg/kg and HEZ given orally daily (intensive phase [IP]) followed by HRE given orally daily for 4 months (CP); BMI, body mass index
(weight in kilograms divided by the square of the height in meters); CP, continuous phase; 2R,sHEZ;/4HRE-, 2 months of rifampicin 256 mg/kg and HEZ given orally daily (IP) followed by HRE
given orally daily for 4 months (CP); 2RzsHEZ,/4HRE-, 2 months of rifampicin 35 mg/kg and HEZ given orally daily (IP) followed by HRE given orally daily for 4 months (CP); DST, drug sensitivity
test; E/EMB, ethambutol; H, isoniazid; IP, intensive phase; R, rifampicin; Sens, drug sensitivity; SM, streptomycin; Z, pyrazinamide.

#Plus-minus values are mean =+ standard deviation.
°Number (%).

week 8 (Figure 3A). A similar pattern in conversion was ob-
served with solid media (Figure 3B). Time to event data was an-
alyzed after adjusting for clinically relevant factors such as
cavity, body mass index, and extent of lung lesions [24].
Overall culture conversion at week 8 in liquid media was higher
in R25 (34 days; adjusted hazard ratio [aHR]: 1.71; 95% confi-
dence interval [CI], 1.26-2.31; P = .001; solid media: aHR: 1.97;
95% CI, 1.46-2.67; P < .001) and R35 (34 days; aHR: 1.81; 95%
CI, 1.33-2.48; P < .001 solid media: 2.24; 95% CI, 1.64-3.06;
P < .001) (Table 5) than in R10 (44 days [95% CI, 40.16-
47.84]) (Figure 3). The pattern of difference in aHR values
between R25 and R35 was consistent during the third month
(liquid media: 1.68 and 1.81; solid media: 1.94 and 2.21)
(Supplementary Table 5), and until end of treatment (liquid
media: 1.79 and 1.91; solid media: 2.04 and 2.35) (Table 5)
with the high-dose regimen being given for 8 weeks only.

Post hoc analysis (which was not planned during the start of
the trial) of culture conversion between R25 and R35 did not
show any statistical significance. No failures or relapses were
seen in R25 arm (Supplementary Table 6).

DISCUSSION

Studies worldwide have shown that high-dose rifampicin
beyond rifampicin 20 mg/kg, especially R35, is safe, well-
tolerated, and provides the highest adjusted HR of 2.04 with re-
spect to time to stable culture conversion at week 8 [7, 8, 17].
The HICON-R trial is a phase IIb RCT working to address
the safety, tolerability, and efficacy of an intermediary high ri-
fampicin dose between R10 and R35, namely R25, in the treat-
ment of drug-sensitive PTB. The reason for choosing R25 is
that no clinical trial data on high-dose rifampicin R25 were
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Table 2. Clinical and Laboratory Adverse Events During the Intensive Phase Graded Based on DAIDS Criteria

Trend Among All R10 vs R10 vs R25 vs
Overall 2R 0HEZ; 2R,sHEZ; 2R3sHEZ, Regimens R25 R35 R35
Adverse Event n (%) n (%) n (%) n (%) (P Value) (P Value) (P Value) (P Value)
Total in safety analysis 323 105 112 106 - - - -
Patients with at least 1 AE 237 (73.4) 61(58.1) 80(71.4) 96 (90.6) <.001* .040* <.001* <.001*
Patients with at least 1 grade 2, 3, or 4 AE 81(25.1) 23(21.9 25(22.3) 33(31.1) 122 941 129 A4
Patients with at least 1 grade 3 or 4 AE 34 (10.5) 10(9.5) 11(9.8) 13(12.3) 516 941 523 .565
Patients with at least 1 grade 3 or 4 hepatic AE 23(7.1) 4 (3.8) 7 (6.3) 12 (11.3) .034* 413 .039* .185
Patients with hyperbilirubinemia among hepatic 15 (4.6) 2(1.9) 4 (3.6) 9(8.5) .023* 454 .031* 125
AE cases
Patients with clinical jaundice (icterus) among 9(2.8) 1(1.0) 1(0.9) 7 (6.6) .012* .963 .032* .025*
hepatic AE cases
Patients with at least 1 serious AE among total 18 (5.6) 8(7.6) 7 6.3) 3(2.8) 129 .691 .118 .228
cases
Patients with at least 1 grade 3 or 4 AE filed for 6(1.9) 3(2.9) 1(0.9) 2(1.9) .604 282 643 529
SAE
Number of patients with treatment interruption 23(7.1) 4(3.8) 7 (6.3) 12 (11.3) .034* 413 .039* 185
from hepatic AE®
Deaths among total cases 3(0.9) 2(1.9) 1(0.9) 0(0.0) 149 .524 .163 .330
Death among hepatotoxicity cases 0 0 0 0 - - - -

Safety was assessed during the intensive phase (the time during which the patients were receiving the trial medications and up to 60 days). Adverse events were graded by the site

investigators according to the DAIDS criteria.

Abbreviations: AE, adverse event; ALT, alanine transaminase; AST, aspartate aminotransferase; DAIDS, division of AIDS system for grading the severity of adverse events division of AIDS
(grade 2 indicates a moderate event, grade 3 indicates a severe event, grade 4 indicates a potentially life-threatening event); E, ethambutol; H, isoniazid; IP, intensive phase; R, rifampicin; R10
(2R10HEZ;), 2 months of rifampicin 10 mg/kg and HEZ given orally daily (IP); R25 (2R,sHEZ-), 2 months of rifampicin 25 mg/kg and HEZ given orally daily (IP), R35 (2R3sHEZ5), 2 months of

rifampicin 35 mg/kg and HEZ given orally daily (IP); SAE, serious adverse event; Z, pyrazinamide.
@Protocol criteria for treatment interruption because of hepatic AE: elevation of AST or ALT more than 3 times the upper limit of normal, with associated symptoms, or elevation of AST or ALT

more than 5 times the upper limit of normal regardless of the presence of symptoms. The P value for a trend over all 3 regimens was analyzed using Cochran-Armitage trend test.

"P< .05 is considered statistically significant.
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L R10 vs R35; P=0.031  R10 vs R35; P=0.039
R10 vs R25; P=0.454  R10 vs R25; P=0.413
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Figure 2. Grade 3 or 4 hepatic adverse events. The number of cases with hepatotoxicity (grade 3/4 liver enzymes, whichever is the higher grade), or grade 3/4 hyper-
bilirubinemia, or clinical jaundice or treatment interruption, between control arm (R10) and experimental arms (R25 or R35) were compared for significant differences.
Trend test Pvalue comparing R10 vs R25 and R10 vs R35 arms indicated in the diagram. P< .05 is considered statistically significant.

available in India and globally during the start of this trial,

and the expectation is that R25 could be less hepatotoxic and

could yield week 8 and end-of-treatment aHR/percentage

of culture conversion close to R35. Our results proved that

to be true with respect to hepatotoxicity and time to culture
conversion.

On comparison between R10 and the high-dose R25/R35
arms, even though the overall grade 3/4 toxicity was comparable,
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Table 3. Hepatotoxic and Nonhepatotoxic Regimen-wise Grade Ill and IV Adverse Events During the Intensive Phase

Grade Il Grade IV
Clinical Clinical and Laboratory Combined Clinical Clinical and Laboratory

Regimen (N) Laboratory (N) (N) (N) Laboratory (N) Combined (N)

R10 mg/kg/ - Elevated liver enzyme Hyperuricemia with vomiting (1)° - Hyperuricemia Hyperbilirubinemia, elevated
day (1)? Hyperbilirubinemia, Elevated liver (1)° liver enzymes with nausea and
(control Hyperuricemia (4)° enzyme with nausea, vomiting, vomiting (1)°
arm) and icterus (1)*¢

Elevated liver enzyme with
vomiting (1)?

R25 mg/kg/ - Elevated liver enzyme Hyperbilirubinemia, elevated liver Elevated liver Hyperbilirubinemia, elevated
day (1?2 enzyme and loss of appetite, joint enzymes (2)° liver enzyme with vomiting (1)
Hyperuricemia (3)° pain (1)° hyperglycemia, sweating, and
Hyperbilirubinemia, elevated liver giddiness (1)°
enzyme and nausea, vomiting and
joint pain (1)?

Hyperbilirubinemia, elevated liver
enzyme and icterus (1)%°

R35 ma/kg/ Seizures Hyperbilirubinemia, Hyperbilirubinemia, elevated liver - - Elevated liver enzymes with
day (1)° elevated liver enzyme enzymes and itching (1)° vomiting, stomach pain and
(32 Hyperbilirubinemia, elevated liver icterus (1)

enzyme and vomiting, stomach Elevated liver enzymes with
pain and Icterus (1)° nausea, vomiting, and icterus
Elevated liver enzyme with (1)2°
nausea and vomiting (1)? Hyperbilirubinemia, elevated
Hyperbilirubinemia, elevated liver liver enzyme and icterus (2)*°

enzyme, and icterus (1)*¢
Hyperbilirubinemia, elevated liver
enzyme and vomiting, rashes and
icterus (1)¢

The grading of hepatotoxic and nonhepatotoxic adverse events was done as per DAIDS criteria. Grade 3/4 adverse events in intensive phase were shown because experimental doses were
given only during the intensive phase. The patients were categorized based on the maximum grade of the enzymes, regardless of grading for hyperbilirubinemia.

Abbreviations: AE, adverse event; DAIDS, division of AIDS system for grading the severity of adverse events division of AIDS (grade 3 indicates a severe event, grade 4 indicates a potentially
life-threatening event); E, ethambutol; H, isoniazid; R, rifampicin; R10, (2R1oHEZ;/4HRE-) 2 months of rifampicin 10 mg/kg and HEZ given orally daily; R25, (2R,sHEZ;/4HRE-) 2 months of
rifampicin 25 mg/kg and HEZ given orally daily; R35, (2RssHEZ7/4HRE5) 2 months of rifampicin 35 mg/kg and HEZ given orally daily; ULN, upper limit of normal; Z, pyrazinamide.

Grade Il vomiting: persistent vomiting resulting in orthostatic hypotension or aggressive rehydration indicated; grade Ill pruritus: itching causing inability to perform usual social and functional
activities; grade llI arthralgia: joint pain causing inability to perform usual social and functional activities; grade Ill seizures: new onset of 2-4 episodes of seizures; grade Il serum bilirubin:
2.6-5.0x ULN; grade IV bilirubin: >5.0x ULN; grade Il liver enzymes: 5.1-10.0x ULN; grade IV liver enzymes: >10.0x ULN; grade Il hyperuricemia: uric acid 12.1-15.0 mg/dL; grade IV
hyperuricemia: uric acid >15.0 mg/dL; grade IV hyperglycemia: glucose >500 mg/dL.

#Treatment interruption.

°Nonhepatotoxic events.

Clinical jaundice (icterus).

Table 4. Rifampicin Drug Levels in Sparse PK

Drug Concentration (ug/mL)

Oh 2nd hour 4th hour

Regimen <8 >8 to <247 >24 <8 >8 to <247 >24 <8 >8 to <247 >24

R10° 85 (100) = = 64 (75.3) 20 (23.5) 1(1.2) 66 (77.6) 19 (22.4) =
(n=285)

R25° 84 (98.8) - 1(1.2) 30 (35.3) 49 (57.6) 6(7.1) 12 (14.1) 60 (70.6) 13(15.3)
(n=85)

R35° 79 (97.5) 2 (2.5) - 20 (24.7) 31 (38.3) 30 (37.0) 6 (7.4) 38 (46.9) 37 (45.7)
(n=81)

Sparse Pharmacokinetic (PK) assay was performed for a subset of study participants (R10: 85; R25: 85; R35:81) and Cmax of rifampicin was measured using high-performance liquid
chromatography at “0"" hour, second hour, and fourth hour during the end of the intensive phase.

#Therapeutic range of rifampicin: >8 to <24 pg/mL.

°Number (percentage).

R35 but not R25, had significantly higher grade 3/4 et al. [17], which showed that R35 had comparable level of hep-
hepatotoxicity, hyperbilirubinemia, clinical jaundice, and treat- atotoxicity with R10. When we analyzed the Cmax data, we
ment interruptions. This is in contrast to findings of Boeree found that 37% of patients in R35 showed supratherapeutic
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Figure 3. Kaplan-Meier curves for time-to-culture conversion. A, Time-to-culture conversion in liquid media-MGIT. B, Time-to-culture conversion on solid media Lowe-
nstein-Jensen. Survival function estimated by the Kaplan-Meier method. Censoring is indicated by vertical marks. The number of patients at risk at different time points
during intensive and continuation phase of treatment is presented in the graph. Solid vertical line refers to the week 8 time point (cutoff in primary analysis). Dashed vertical
line refers to the week 12 time point (cutoff in post hoc analysis). Kaplan-Meier curves displaying the estimated survival probability for 3 different arms of patients after

treatment given for 180 d. MGIT, Mycobacteria Growth Indicator Tube.

levels of rifampicin compared with only 7% in R25, whereas
there is not much change in the Cmax of pyrazinamide and iso-
niazid. (manuscript in preparation). This is in line with Boeree
et al. [7], who showed more than a proportional increase of
peak concentration with increasing doses of rifampicin. This
might be one of the reasons for higher hepatotoxicity observed
in the R35 arm.

We analyzed the adjusted HR for time-to-culture conversion
to know the ability of the experimental arms to potentially
shorten the treatment duration. With our m-ITT population,

the aHR in MGIT for R25 is closer to R35 from the eighth
week to the end of treatment. The adjusted value of HR seen
in our study at week-8 is slightly lesser than that seen with
Boeree et al. [17]. This could be because of the difference in
the factors used to adjust the HR. We have used well-defined
clinical factors that influence the culture conversion during
treatment [24]. Furthermore, our aHR at week 8 with solid me-
dia is better than MGIT-based aHR reported by Boeree et al.
[17]. The aHR values calculated beyond 8 weeks have not
shown any major change in our experimental arms, because
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Table 5. Summary of Primary Analyses of Time to Culture Conversion to 8 Weeks and End of Treatment in m-ITT Population in Liquid and Solid Media

MGIT (Liquid Media)

m-ITT 2R3zsHEZ, 2R,sHEZ, 2R oHEZ;?
(N=323) (n=106) (n=112) (n=105)
Week 8
HR (95%), unadjusted 1.65 (1.22-2.25) 1.76 (1.30-2.37) Reference
Unstratified log-rank test 0.001 <0.001
HR (95%), adjusted® 1.81 (1.33-2.48) 1.71 (1.26-2.31) Reference
Stratified log-rank test <0.001 0.001
End of Rx
HR (95%), unadjusted 1.74 (1.30-2.32) 1.81(1.37-2.41) Reference
Unstratified log-rank test <0.001 <0.001
HR (95%), adjusted® 1.91 (1.41-2.58) 1.79 (1.34-2.39) Reference
Stratified log-rank test <0.001 <0.001
LJ (solid media)
Week 8
HR (95%), unadjusted 1.98 (1.46-2.68) 1.98 (1.47-2.67) Reference
Unstratified log-rank test <0.001 <0.001
HR (95%), adjusted® 2.24 (1.64-3.06) 1.97 (1.46-2.67) Reference
Stratified log-rank test <0.001 <0.001
End of Rx
HR (95%), unadjusted 2.08 (1.55-2.80) 2.01 (1.51-2.68) Reference
Unstratified log-rank test <0.001 <0.001
HR (95%), adjusted® 2.35(1.73-3.18) 2.04 (1.53-2.73) Reference
Stratified log-rank test <0.001 <0.001

Abbreviations: CP, continuation phase; E, ethambutol; H/INH, isoniazid; IP, intensive phase; HR, hazard ratio; LJ, Lowenstein-Jensen; m-ITT, modified intention-to-treat; MGIT BACTEC,
mycobacterial growth indicator tube 960; R, rifampicin; R10 (2R1oHEZ;/4HRE;) 2 months of rifampicin 10 mg/kg and HEZ given orally daily (IP) followed by HRE given orally daily for
4 months (CP), R25 (2R,sHEZ,/4HRE-), 2 months of rifampicin 25 mg/kg and HEZ given orally daily (IP) followed by HRE given orally daily for 4 months (CP); R35 (2R3sHEZ,/4HRE-),
2 months of rifampicin 35 mg/kg and HEZ given orally daily (IP) followed by HRE given orally daily for 4 m (CP); Rx, treatment; Z, pyrazinamide.

#This arm is the reference category. The m-ITT population included all the patients except those who were baseline culture-negative by MGIT and on LJ culture.

°Analysis adjusted for factors, namely extent of lung lesion (unilateral, bilateral), cavity (present, absent), and body mass index (<18.5, >18.5). P< .05 is considered statistically significant.

90% of our patients have got converted at eighth week time
point itself. Even though the conversion rate is faster in R35,
the burden of handling hepatotoxicity cases in R35 will be
more in the field conditions compared with R25 and R10.

The faster culture conversion in both experimental arms
seen with both liquid and solid media is similar to a scenario
observed in a well-designed large trial such as ReMoxTB
assessing culture conversion with new regimens based on mox-
ifloxacin [5]. This is also reflected in our Kaplan-Meier
time-to-culture conversion curve analyses from both media,
where R25 showing closely tethered conversion curve pattern
with R35. Also, we did not observe any significant level of grade
3/4 adverse events in the continuation phase. In line with other
studies [17, 25], our current sample size used in this trial for as-
sessing grade 3 and 4 toxicity, is adequate to detect HR of 1.8 in
our well-characterized cohort. Hence, our findings on HR are
of valid importance.

In comparison to the 4-month rifapentine and moxifloxacin-
containing regimen recommended recently by World Health
Organization guidelines for drug-sensitive PTB [2, 26], the
R10 and R25 arms used in our study showed lesser percentage
of overall grade 3 or higher level of toxicity, but at the same time
registered significantly higher culture conversion rates during

IP. Besides, the use of R25 will provide an option to reserve
moxifloxacin, which is an integral component of drug-resistant
TB regimen. So, our findings are in favor of R25 rather than
R35 in promoting the desired treatment-shortening potential
in a safer way with uncompromised efficacy. This has field im-
plications in terms of easiness of toxicity management and an
easily scalable option in high-burden countries where rifapen-
tine use is currently limited or its safety is not well established.
Our study has few limitations. The open-label design of the trial
along with knowledge of effects of high-dose rifampicin might
have had an impact on overreporting of AEs in high-dose arms.
To avoid such an impact, the trial team was trained in such a
way that all participants regardless of the study regimens
were closely monitored for occurrence of AEs and were notified
and managed appropriately per the protocol. The power used
in the study will not be sufficient to differentiate between the
experimental regimens, but only between individual experi-
mental and the control arm. Furthermore, we have not evaluat-
ed the long-term cost efficiency of monitoring weekly liver
function test in the field. The study was conducted only in
Indian population and in patients without HIV.

To conclude, this is the first RCT to directly compare R10
with higher doses of rifampicin (R25 and R35) for evaluating
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higher grades of toxicity as well as efficacy, and it showed that
in comparison with R10, R35 but not R25, had significantly
higher grade 3/4 hepatotoxicity, clinical jaundice, and treat-
ment interruptions. Because R25 had toxicity of a comparable
magnitude as R10 and was also more efficacious than R10, it
can be considered for implementation in the field for shorten-
ing treatment duration.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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