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Abstract

Background Standard treatment for drug-susceptible tuberculosis (DS-TB) includes a multidrug regimen requiring
at least 6 months of treatment, and this lengthy treatment easily leads to poor adherence. There is an urgent need to
simplify and shorten treatment regimens to reduce interruption and adverse event rates, improve compliance, and
reduce costs.

Methods ORIENT is a multicenter, randomized controlled, open-label, phase II/1ll, non-inferiority trial involving DS-TB
patients to evaluate the safety and efficacy of short-term regimens compared with the standardized six-month
treatment regimen. In stage 1, corresponding to a phase Il trial, a total of 400 patients are randomly divided into four
arms, stratified by site and the presence of lung cavitation. Investigational arms include 3 short-term regimens with
rifapentine 10 mg/kg, 15 mg/kg, and 20 mg/kg, while the control arm uses the standardized six-month treatment
regimen. A combination of rifapentine, isoniazid, pyrazinamide, and moxifloxacin is administered for 17 or 26 weeks in
rifapentine arms, while a 26-week regimen containing rifampicin, isoniazid, pyrazinamide, and ethambutol is applied
in the control arm. After the safety and preliminary effectiveness analysis of patients in stage 1, the control arm and
the investigational arm meeting the conditions will enter into stage 2, which is equivalent to a phase Ill trial and will
be expanded to recruit DS-TB patients. If all investigational arms do not meet the safety conditions, stage 2 will be
canceled. In stage 1, the primary safety endpoint is permanent regimen discontinuation at 8 weeks after the first dose.
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stages.

inferiority

The primary efficacy endpoint is the proportion of favorable outcomes at 78 weeks after the first dose for both two

Discussion This trial will contribute to the optimal dose of rifapentine in the Chinese population and suggest the
feasibility of the short-course treatment regimen containing high-dose rifapentine and moxifloxacin for DS-TB.

Trial registration The trial has been registered on ClinicalTrials.gov on 28 May 2022 with the identifier NCT05401071.
Keywords Tuberculosis, Short-course regimen, Drug-susceptible tuberculosis, Randomized controlled trial, Non-

Background

Tuberculosis (TB) is one of the most important global
healthcare challenges, and is one of the leading causes
of death from infectious pathogens, with 10.6 million
people contracting TB and 1.6 million dying from it in
2021 [1]. Currently, the course of chemotherapy for the
initial treatment of drug-susceptible tuberculosis (DS-
TB) is 6 months, which is much longer than that of other
respiratory diseases [2]. Minimal non-adherence to TB
treatment was associated with an increased risk for unfa-
vorable outcomes [3]. The development of new and safe
therapeutic strategies with potent bactericidal activity is
the main approach to short treatment duration, improve
compliance and ensure the success rate, thus reducing
the burden of both doctors and patients [4].

On the strength of their powerful bactericidal and
sterilizing activities, rifamycins are the cornerstone of
modern chemotherapy for active TB with a 6-month
course and play a vital role in preventing recurrence
after cessation of treatment [5]. Rifampicin and rifap-
entine are the two forms of rifamycins. Rifampicin is
the most commonly used rifamycin in the treatment of
TB. The association between rifampicin exposure and
antimicrobial activity was confirmed in previous phase
I and II clinical trials, as assessed by early bactericidal
activity and sputum culture conversion time, and the
plateau of rifampicin activity was not achieved even at
doses as high as 35 mg/kg/d [6-8]. As the cyclopentyl
derivative of rifampicin, rifapentine has a longer half-
life and a lower minimum inhibitory concentration than
rifampicin [9, 10]. Therefore, the potential of rifapentine
in intensifying treatment was explored [11-13]. The use
of higher and more frequent doses of rifapentine was
shown to achieve higher cure rates with a satisfactory
safety profile, even at doses up to 20 mg/kg/day [14-18].

Apart from high-dose rifapentine, using fluoroquinolo-
nes in constructing a new regimen is thought to prob-
ably contribute to shortening the treatment duration of
DS-TB [19]. However, it is worth noting that compared
with the standard treatment, 4-month fluoroquinolone-
contained regimens were shown inferior in three large
trials in 2014 [20-22], which implied fluoroquinolo-
nes alone were not sufficient to shorten the course of

treatment [23]. An animal study conducted in 2007
showed that combined treatment with rifapentine and
moxifloxacin showed high early bactericidal activity in a
mouse model of TB and provided a high cure rate after
3 months of treatment [24].

Since then, the combination of fluoroquinolones and
higher doses of rifapentine has received considerable
attention. The results of a multicenter randomized con-
trolled trial S31/A5349, published in the New England
Journal of Medicine in April 2021, showed that replacing
rifampicin with a high dose of rifapentine (1200 mg daily)
and substituting moxifloxacin for ethambutol could
shorten the treatment period of DS-TB to 4 months with-
out increasing the occurrence of adverse events (AEs).
This strategy proved to be non-inferior to the standard
regimen and was recommended by the World Health
Organization (WHO) in May 2022 [2, 25].

Enthusiasm over the promising four-month regi-
men based on high-dose rifapentine and moxifloxa-
cin has been curtailed following clinicians’ concerns
about potential hepatotoxicity as the dose of rifapen-
tine in the recommended regimen is much higher than
that approved by the US Food and Drug Administration
(FDA) and the China National Medical Product Admin-
istration (NMPA). Therefore, it is imperative to con-
tinuously evaluate the safety profile and efficacy of the
high-dose rifapentine-based regimen among expanded
populations and explore the possibility and practicability
of optimizing the dose of rifapentine without compro-
mising efficacy.

To delight this uncertain, we propose a phase II/III,
multicenter, open-label, noninferiority, randomized clini-
cal trial, entitled “Optimizing RIfapentine-based regimen
and shortENing the treatment of Tuberculosis research
(ORIENTY)’, aiming to evaluate whether the 4-month reg-
imen containing high-dose rifapentine and moxifloxacin
is as effective and safe as the 6-month standard regimen
for DS-TB in Chinese people.

The effectiveness, safety, and tolerability of a new
four-drug therapy for 17 weeks will be explored in
comparison with the standard 6-month treatment for
DS-TB. At the same time, considering some charac-
teristics that may have an impact on drug efficacy, the
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Fig. 1 ORIENT study schematic. The trial plans to recruit DS-TB patients susceptible to rifampicin, isoniazid, pyrazinamide, ethambutol,

and fluoroquinolones. Participants will be randomly divided into different arms as shown in the figure. Abbreviations in this figure: DS-TB:
drug-susceptible tuberculosis. 8wHRZE/18wHR: rifampicin (R), isoniazid (H), pyrazinamide (Z), and ethambutol (E) for 8-week intensive phase and
rifampicin and isoniazid for 18-week continuous phase. 8wHPZM/9wHPM: rifapentine (P), isoniazid(H), pyrazinamide (Z), and moxifloxacin (M) for
8-week intensive phase and rifapentine, isoniazid and moxifloxacin for 9-week continuous phase. 3wHPZM/18wHPM: rifapentine (P), isoniazid (H),
pyrazinamide (Z), and moxifloxacin (M) for 8-week intensive phase and rifapentine, isoniazid and moxifloxacin for 18-week continuous phase

pharmacokinetic/pharmacodynamic (PK/PD) analysis
of rifapentine and its desacetyl metabolite and moxi-
floxacin will be performed. And the protocol of this
clinical trial is presented here.

Method

Study objectives

ORIENT is a phase II/III, multicenter, open-label, rand-
omized controlled clinical trial of non-inferiority design,
recruiting DS-TB patients susceptible to rifampicin, iso-
niazid, pyrazinamide, ethambutol, and fluoroquinolones.
The purpose of this study is to a) Evaluate the safety, tol-
erability, and PK/PD of a high-dose rifapentine regimen;
b) Evaluate whether the regimen containing high-dose
rifapentine and moxifloxacin may reduce the duration of
DS-TB treatment to 17 weeks; c) define the optimal dose
of rifapentine in the Chinese population.

Study design

The study is composed of two stages in a seamless pro-
gression, which means only after the decision has been
taken following the analysis of stage 1 primary endpoint,
the participant recruitment of stage 2 will start. Figure 1
shows the flowchart of ORIENT trial. The WHO stand-
ardized regimen for DS-TB is used as a control arm for
two stages.

Stage 1 corresponds to the phase II trial, aiming to eval-
uate the safety of investigational regimens in patients with
DS-TB. Recruited participants are randomly assigned
to the Short Regimen with Rifapentine 10 mg/kg, Short
Regimen with Rifapentine 15 mg/kg, and Short Regimen
with Rifapentine 20 mg/kg as investigational arms and the
WHO Standardized Regimen as a control arm.

If at least two investigational arms meet the safety con-
ditions in the stage 1 analysis, the two investigational
arms with the higher conversion rate of liquid culture
in 8 weeks and the control arm will enter stage 2. The
subsequently enrolled patients will be expanded and be
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allocated to the 3 arms at a random ratio of 1:1:1. If only
one arm meets the safety conditions in stage 1, the par-
ticipants with DS-TB will be expanded and be 1:1 ran-
domly assigned to this certain investigational arm and
the control arm. If all investigational arms in stage 1 fail
to meet the safety conditions, stage 2 will be canceled.

Study regimens and comparator

The rifapentine regimens are composed of two periods
of 17 to 26 weeks. The first phase is an 8-week intensive
phase, including rifapentine (P), isoniazid (H), pyrazina-
mide (Z), and moxifloxacin (M) for daily use. This is fol-
lowed by a 9-week continuation phase with the following
agents every day: rifapentine, isoniazid, and moxifloxacin
(8WHPZM/9wHPM) (The continuation phase should be
extended to maximum of 18 weeks for patients who have
lung cavitation at the end of 17 weeks treatment on chest

Table 1 Doses and usage of study drugs by body weight
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radiography or positive sputum culture in liquid medium
at the end of 8 weeks treatment (83WHPZM/18wHPM)).
The control regimen is the WHO standardized regimen
with two phases of treatment for 26 weeks. The first is
an intensive phase using rifampicin, isoniazid, pyrazina-
mide, and ethambutol (E) every day for 8 weeks. This is
followed by a continuation phase of 18 weeks with the
following agents for daily use: rifampicin and isoniazid
(8WHRZE/18wHR). Table 1 shows the doses and usage
of each drug in the WHO standardized regimen and the
short regimen with rifapentine.

Enrollment termination criteria and safety conditions

in stage 1 analysis

The primary aim of stage 1 is to choose drug regimens
for the assessment of stage 2, based on the 8-week effi-
cacy and safety endpoint evaluation. Any study arm will

weight, ke 412 413- | 45.0- | 48.8- [ 50.0- | 52.6- | 55.0- | 56.3- | 65.0- | 67.6- | 71.0- 750
44.9 48.7 49.9 52.5 54.9 56.2 64.9 67.5 70.9 74.9

Investigational regimen

Rifapentine, administered once daily with food.

10mg/kg 450mg 600mg 750mg

15mg/kg 600mg 750mg 900mg 1050mg 1200mg

20mg/kg 750mg 900mg 1050mg 1200mg

Isoniazid 300mg

Pyrazinamide 1000mg 1500mg 2000mg

Moxifloxacin | 400mg

Control regimen

Rifampicin 450mg 600mg

Isoniazid 300mg

Pyrazinamide 1000mg 1500mg 2000mg

Ethambutol 750mg 1000mg

All drugs will be administered orally

Rifampicin, isoniazid and pyrazinamide are given once a day before breakfast

Moxifloxacin and rifapentine should be administered together once daily with food

Ethambutol should be taken by body weight 750 to 1000 mg/d, divided into 1 to 3 times, before or after meals
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be terminated early when any of the following condi-
tions are present: 1) The number of patients with serious
adverse events(SAEs) related to the study drug is more
than 2, and the proportion exceeds 20% of the number of
enrolled people in this arm; 2) More than 1 case of liver
failure or death related to the study drug and the pro-
portion exceeds 10% of the enrolled population in this
arm; 3) Other situations require discontinuation of arm
decided by the Safety Reviewer Committee (SRC).

Stage 2, equivalent to a phase III trial, will expand sub-
sequent enrollment, if the safety evaluation in stage 1
meets all the following three conditions:1) The arm has
not stopped in advance due to safety; 2) The trial has been
assessed as tolerable (defined as the upper bound of the
90% one-sided confidence interval of the percentage of
participants permanently discontinuing treatment < 30%);
3) There is no other situation that warrants discontinua-
tion of the study arm after the decision by the SRC.

Site selection

This trail is under the guidance of the China National
Tuberculosis Defense Association, sponsored by the
National Medical Center for Infectious Diseases (NMCID
is a national medical center established based on Huashan
Hospital, Fudan University, aiming to create a highland
of medical treatment technology and improve the over-
all and regional medical service capacity of the country).
The recruiting-cooperative units are 12 hospitals in four
provinces in China, namely Huashan Hospital, Hangzhou
Red Cross Hospital, Wenzhou Central Hospital, Hunan
Chest Hospital, First People’s Hospital of Hangzhou Xia-
oshan District, First People’s Hospital of Linping District,
Guiyang Public Health Clinical Center, The Third People’s
Hospital of Bijie City, People’s Hospital of Anshun City
Guizhou Province, Guizhou Aerospace Hospital, Liupan-
shui Third People’s Hospital, Affiliated Hospital of Zunyi
Medical University. The special audit team will carry out
quality control for the cooperative unit every month.

Patient eligibility criteria

In addition to volunteering to participate in this clini-
cal trial, the main eligibility criterion is pulmonary TB
caused by Mycobacterium tuberculosis susceptible to
rifampicin detected by molecular or phenotypic sus-
ceptibility testing. Participants must have a respiratory
specimen, that is either positive for acid-fast bacilli on
smear microscopy or positive for Mycobacterium tuber-
culosis by Xpert® MTB/RIF (Cepheid, Sunnyvale, CA,
USA). Besides, patients aged between 18 to 60 years and
weighed between 40 to 80 kg are eligible for the trial. An
individual meeting any of the following exclusion crite-
ria will be excluded from screening: resistance to isonia-
zid, pyrazinamide, ethambutol, or fluoroquinolones, and
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patients with extrapulmonary TB or with an extensive
lesion (extent of disease greater than 50% or the aggre-
gate diameter of all lung cavities greater than 6 cm). In
addition, considering the safety of the regimen, patients
will be excluded if they suffer from impaired liver func-
tion, their estimated glomerular filtration rate is smaller
than 90 mL/min/1.73m? or live with human immuno-
deficiency virus (HIV). Patients will also be excluded if
they are taking drugs that affected the efficacy or con-
traindications with this study drugs. Moreover, pregnant
or breastfeeding women are excluded. Detailed inclusion
and exclusion criteria are shown in Table 2.

Recruitment process

DS-TB patients identified by Xpert® MTB/RIF are being
screened to determine whether they meet other eligibil-
ity criteria for inclusion. The screening information in
this trial includes medical history, signed informed con-
sent, results of physical examination, clinical evaluation,
sputum smear, Xpert® MTB/RIFE, liver function, renal
function, blood routine, blood glucose, blood potassium,
hepatitis B and C, HIV testing, pregnancy testing, elec-
trocardiogram, chest radiography, and ophthalmologic
examination, including assessment of visual acuity and
color vision. After screening procedures, these eligi-
ble patients without evidence of resistance to isoniazid,
pyrazinamide, ethambutol, and fluoroquinolones will be
recruited into this trial.

Treatment allocation

Online registers will be applied to the patients satisfying
the eligibility criteria. To balance the bias of each center
from different regions, the randomization is conducted
through the online central randomization system strati-
fied by the study sites (sponsored by REDCap) and the
presence of lung cavitation. In stage 1, participants will be
1:1:1:1 randomly assigned to the study regimens. In stage
2, if 3 regimens are enrolled, participants will be 1:1:1 ran-
domly assigned into the 3 arms; If 2 arms are enrolled,
participants will be assigned with a random ratio of 1:1.

Duration of follow-up

After screening and baseline assessment, follow-up visits
will be conducted every 3 days to 2 weeks in the 8-week
intensive phase, every 4 to 5 weeks until the end of treat-
ment, every 12 to 14 weeks at the period of post-treat-
ment until 78 weeks after treatment initiation, and the
last follow-up visit is 104 weeks after treatment initiation.
All patients undergo intensive monitoring of liver func-
tion and blood routine, especially for the first two weeks
after the first dose. During the follow-up, physical exami-
nation, clinical assessment, weight measurement, spu-
tum smear, sputum culture, blood routine, liver function,
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Detailed Description

Inclusion criteria
capacity)

2) Aged of 18-60 years old
3) Weighed of 40-80 kg

1) Willing and able to participate in this trial, and signed informed consent (sign by the legal representative if patient has no civil

4) Respiratory specimen positive for acid-fast bacilli on smear microscopy or positive for M. tuberculosis by Xpert® MTB/RIF (Cepheid,

Sunnyvale, CA, USA)

5) Sensitive to rifampicin by molecular or phenotypic susceptibility testing

6) Has not received any anti-TB treatment in the past 6 months

7) If female patient not pregnant, willing to apply effective contraception during treatment

)

)
Exclusion criteria 1) Combined extrapulmonary tuberculosis
)

1
2
3

fluoroquinolones

Extensive lesion (extent of disease greater than 50% or the aggregate diameter of all cavities greater than 6 cm)
) M. tuberculosis isolate is already known to be resistant to at least one of the following: isoniazid, pyrazinamide, ethambutol, or

4) Patients with impaired liver function (Alanine aminotransferase or alkaline phosphatase or total bilirubin is higher than 1.5 times
the upper limit of normal; hepatic encephalopathy, ascites)

5) White blood cell is less than normal or hemoglobin is less than 90 g/L or platelet is less than 100*10A9/L

6) Estimated glomerular filtration rate is less than 90 mL/min/1.73m?

7) HIV antibody positive and AIDS patients
8) Allergy or intolerance to any study drugs
9) Unable to take oral medications

10) If the following drugs are currently or are planned to be used within 6 months of enrollment: quinidine, procaine, amiodarone,

sotalol, propylamine, zilasidone or tephenadine

11) Known history of optic neuritis, alcohol abuse, prolonged QT syndrome or QTcF over 450 ms at baseline, epilepsy, mental iliness,
diabetes with fundus disease, gout, porphyria, myasthenia gravis

12) Pregnant or breastfeeding

renal function, electrocardiogram, ophthalmologic exam-
ination, and other adjuvant examinations will be done
according to schedule (the Additional file). Study enroll-
ment began in November 2022.

Sample size assumptions

According to previous studies, the percentage of par-
ticipants with regimen discontinuation at 8 weeks after
the first dose is estimated to be 20%. Using the PASS 15
system (NCSS, Version: 15.0.5), we assumed a=0.1 and
f=0.2 and calculated that a sample size of 96 cases in
each group was required for safety assessment in stage
1. Considering a 4% lost follow-up rate, the number of
cases per arm to show safety was calculated as 100 (400
in total).

This sample size of stage 2 was also calculated using
the PASS 15 system. Assuming a=0.05, $ =0.2, accord-
ing to previous studies, the success rate of the con-
trol group was 85.4%, and the success rate of the test
group was 84.5%, 0=6.6%. If stage 2 included three
arms for research, according to Bonferroni correction
a; =a/2=0.025, according to PASS 15 non-inferiority
test system, 618 samples were required for each arm. In
consideration of 12% of patients not satisfying the cri-
teria for microbiological eligibility and 12% of patients

not being assessed, 814 patients were required for each
arm, so the total sample size of the two arms was con-
sidered to be 2442. If stage 2 was divided into two arms
for the study, the significance level was set as a=0.05
with no correction required. According to the PASS15
non-inferiority test system, 487 samples per arm were
required. Considering that 12% of patients did not
meet the microbiological eligibility criteria and 12% of
patients could not be evaluated, thus the total number
was considered to be 1282 with 641 samples needed

per group.

Data collection and quality management

Dedicated websites and data collection forms will
be applied by collaborating hospitals or centers for
research management to record data. Unique user-
names and passwords will control all data access on
websites, so staff only have access to the functionality
and data that are appropriate for their role in the study
restrictedly. The responsibility of the Central Coordi-
nating Office (CCO) staff will be the provision of the
relevant website and case report forms. The eligibil-
ity of patients and follow-up data completeness will
be also checked by CCO regularly. The database will
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be locked after the completion of the whole follow-up
schedule and data review.

Adverse event management

SRC is established in this trial to review and discuss the
existing safety and efficacy data to determine whether
the arm is suitable to continue to the next stage and pro-
vide professional advice on clinical management strat-
egy. SRC is composed of a powerful clinical team of TB
specialists, pulmonologists, infectious disease experts,
nephrologists, psychiatrists, cardiologists, hematolo-
gists, and rheumatologists. SRC meetings are divided
into regular and urgent meetings. Regular SRC meet-
ings will be held for routine safety data review every
2 months. Any SAE must be reported by investigators
to the SRC within 24 h, meanwhile, the urgent SRC
meeting will be triggered to decide the execution of the
related cases and treatment arms, including adjustment
of anti-TB regimens, discontinuation of treatment arms,
etc. AEs are defined and reported by the site investiga-
tor according to the Common Terminology Criteria for
Adverse Events 5.0 (CTCAE) [26]. An SAE is classified
if it led to death, life threatening, prolonged hospitaliza-
tion, permanent or serious disability, malformation or
congenital defect of the offspring, or required hospital
admission for management. All AEs and the adjustment
or withdrawal of drugs in this trial will be recorded and
checked by CCO.

Assessment and analysis of outcome

The primary safety outcome of stage 1 is the proportion
of participants with regimen discontinuation for safety
reasons at the end of the first 8 weeks of treatment (regi-
men discontinuation is defined as greater than or equal
to one drug permanent withdrawal from the assigned
regimen). The safety outcomes measured in both stages
include the AEs and SAEs assessment, the proportion of
participants with grade 3 or higher AEs during the period
of treatment.

The primary efficacy endpoint is the proportion of
favorable outcomes at 78 weeks after the first dose for
both stages. Besides, the secondary outcomes of stage 1
include liquid culture conversion rate at the 8 weeks of
treatment, the proportion of participants with favorable
outcomes at 104 weeks after the first dose, and incidence
of acquired resistance during treatment and follow-up.
The secondary outcomes of stage 2 include the percent-
age of participants with favorable outcomes at 104 weeks
after the first dose, recurrence rate after treatment
completion, proportion of sputum solid and liquid cul-
ture conversion at 8 weeks and at the end of the treat-
ment, median time of sputum solid and liquid culture
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conversion, and rate of acquired resistance during treat-
ment and follow-up.

For each participant, treatment outcomes includes
favorable outcome, unfavorable outcome and not assess-
able outcome, as described in Table 3.

All subjects who have taken at least one dose of the
treatment will be included in the safety analysis. The
analysis for efficacy in this study will be conducted with
modified intention-to-treat (mITT), assessable, and per-
protocol populations with primary consideration for
mlITT results. For the primary outcome measurement in
stage 2, the upper bound of the 95% confidence interval
for the difference in favorable outcome between the con-
trol arm and the rifapentine arms must be less than 6.6%
(the margin of non-inferiority) in the mITT populations
for the rifapentine regimen to be declared non-inferior to
the WHO standardized regimen.

Pharmacokinetic sampling

Sampling for pharmacokinetic analysis of anti-TB drugs
is performed for all participants with rifapentine regi-
mens in stage 1. Pharmacokinetic sampling is divided
into intensive and sparse sampling, and 20 to 30 people
in each rifapentine group perform intensive sampling and
all other participants undergo sparse sampling.

An intensive sampling scheme includes two sam-
plings. The first intensive sampling is at the first
dose after randomization, and 4 ml venous blood is
obtained at 0 h before administration and 0.5 h, 1 h,
2h,4h,6h,8h,12h, 24 h,48 h, 72 h, and 96 h after
administration, respectively. The second intensive
sampling will be permitted at any time between the
11th study drug dose and the week 8 visit, and blood
samples, 4 ml each, is collected over a 96-h period at
the same time as the first intensive sampling. Subjects
do not take any anti-TB drugs during the intensive
sampling period. For patients participating in inten-
sive sampling, the first administration is not included
in the course of treatment, meaning that the treatment
period begins with completing the first sampling (the
fourth day of the first sampling).

Patients participating in sparse sampling are sampled
during routine follow-ups between week 2 and week 8
visits. The volume of venous blood collected at each fol-
low-up for sparse sampling is approximately 4 ml, and the
collection time will be recorded. Blood specimens will be
shipped to the designated laboratory, in which concen-
trations of moxifloxacin, rifapentine, and metabolites of
rifapentine are measured.

Confidentiality
The personal information of participants is restricted
to information required for the assessment of trial
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Table 3 Definition of the favorable and unfavorable outcomes in ORIENT study

Outcome Description

Favorable outcome
criteria

The outcome will be classified as favorable if not classified as unfavorable or not assessable and meets any one of the following

1) The sputum culture is negative for M. tuberculosis at the end of follow-up period
2) The sputum can be contaminated or no longer be produced at the end of follow-up period, without evidence of active
pulmonary tuberculosis after a stable sputum culture conversion? has been achieved

Unfavorable outcome The outcome will be classified as unfavorable if:

1) Sputum culture is positive for M. tuberculosis for two consecutive times after treatment; And the second strain is confirmed
indistinguishable from the original isolate by the whole genome sequencing. If the whole genome sequencing result is not

available, it defaults to the same strain

2) The sputum culture at the last visit of follow-up is positive for M. tuberculosis

3) Participants die during treatment (excluding force majeure factors such as homicide, traffic accidents or natural disasters);
death associated with tuberculosis during follow-up (after completion of study treatment)

4) Withdrawal from the trial or loss to follow-up during treatment (except pregnancy, accident, etc.)

5) Participants stop the initial treatment, and restart different tuberculosis treatments

6) Restart tuberculosis treatment after the end of expected treatment

7) The treatment course exceeds the expected treatment length by more than 2 weeks regardless of any reason

8) The treatment regimen is changed (including dosage or frequency of administration) except for pregnancy, exogenous

reinfection, and rechallenge
Not assessable

The outcome will be classified as not assessable if not classified as unfavorable and meets any one of the following criteria:

1) Loss to follow-up (after completion of study treatment) with the last sputum culture being negative;
2) Sputum cannot be produced or is contaminated at the end of follow-up period, but stable culture conversion has not been
achieved before and the last sputum culture is negative;

3) Alteration of treatment due to pregnancy;

4) Death unrelated to tuberculosis during follow-up (after completion of study treatment);
5) Death due to force majeure such as homicide, car accident or natural disaster during treatment;
6) Extension or change of tuberculosis treatment after the whole genome sequencing confirms exogenous reinfection

@ Stable culture conversion is defined that the subject shows negative culture of M. tuberculosis in two consecutive samples (at least 2 weeks apart) for the first time,
and subsequently no positive culture of M. tuberculosis or only one single positive (at least two consecutive bacterial cultures after the definition of the positive strain
are negative, and no evidence of exogenous reinfection is found after sequencing of the positive strain) is shown

outcomes with laws on privacy protection and guar-
anteeing confidentiality. Cooperative hospitals need
to have an exclusive office to lock paper documents
recording participants’ data. We also conduct pass-
word-protected files to store digital documents on the
website. Access to these research files is restricted to
authorized personnel only.

Discussion

Treatment shortening is a practical and implementa-
ble option in TB control [27, 28]. Over the past few
decades, more than 90 countries have been using the
standard six-month treatment regimen, despite the
emergence of many new anti-TB drugs [5, 29]. Despite
the enormous challenges involved in the optimiza-
tion of DS-TB treatment, there is no doubt that the
future success of TB eradication will depend on rapid
and accurate drug susceptibility testing, stratified
approaches to TB therapeutics, and short-course treat-
ment regimens [19, 30]. In recent years, the number of
clinical trials in the DS-TB field has increased as the
concept of short-course treatment has already spread,
and the 4-month regimen has revolutionized DS-TB

treatment guidelines [19, 25, 31-33]. In May 2022,
the latest WHO guidelines recommended the use of a
4-month regimen consisting of high-dose rifapentine,
isoniazid, pyrazinamide, and moxifloxacin for the treat-
ment of DS-TB in patients 12 years of age and older
[2]. Then, considering the reality of each country, how
to deal with the treatment and public health strat-
egy changes brought about by the 4-month regimen
has become the tasks that clinicians and public health
experts need to face together. And to solve this prob-
lem, we started this multicenter clinical trial in China.
ORIENT is a multi-arm, multi-stage, multicenter,
phase II/III, non-inferiority clinical trial aiming to iden-
tify safe and efficacious regimens to treat DS-TB and
determine optimal rifapentine dosing in Chinese people.
The adaptive trial design is chosen to evaluate a range of
candidate regimens containing different doses of rifap-
entine and to ensure that the most promising regimen(s)
into stage 2 with a seamless transition. Besides, patients
enrolled in stage 1 of the trial will also be followed
through to week 104 after the first dose and the find-
ings will contribute to the stage 2 sample size calculation.
This trial design is intended to deliver a shorter and more
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effective treatment regimen to high-burden countries as
soon as possible.

The safety concern of the short regimen WHO recom-
mended is the dose of rifapentine, 1200 mg for daily use,
which is far more than the dose prescribed by the FDA
and NMPA. This is easy to limit the application of a high-
dose rifapentine regimen. Further clinical trials are war-
ranted to determine the safety of rifapentine at a dose of
1200 mg daily. This will be the key issue to be addressed
when scaling up the 4-month treatment regimen in the
future. With the consideration of the potential risk of this
study, SRC is established to assist in the management of
AEs and SAEs through regular and urgent meetings.

Notably, pharmacokinetic data will be available in the
trial, and population pharmacokinetics will be integrated
into the phase II clinical trial to address differences in
response across geographic regions and populations.
There is few pharmacokinetic data on high-dose rifapen-
tine in Chinese TB patients. Our research is expected to
fill this gap. In addition, one phase II clinical trial con-
ducted by Savic and colleagues investigated the rela-
tionship between rifapentine exposure and treatment
response in TB patients given high doses of rifapen-
tine daily [18]. However, only 34 participants received
a rifapentine dose of 1200 mg in Savic’s trial, so more
pharmacokinetic studies with larger sample sizes receiv-
ing different higher doses of rifapentine warrant further
investigation.

To further optimize the design and management of
short-course regimens for DS-TB patients, this trial rises
the drug susceptibility testing (DST) for fluoroquinolone
to the same level as isoniazid and rifampicin, when
moxifloxacin is upgraded to a first-line drug. Fluoroqui-
nolones are widely used in common infections, such as
respiratory tracts, wounds, urinary and gastrointestinal
tracts, and other infections. In countries with a high TB
burden, large numbers of undiagnosed TB cases may
take fluoroquinolones, which can lead to the emergence
of resistance in Mpycobacterium tuberculosis [34, 35].
The fifth national TB epidemiological survey of China
in 2010 suggested that moxifloxacin-resistant isolates
detected accounted for 7.4% of new TB patients [36, 37].
The shorter the course of treatment, the greater the need
for individual drug effectiveness. Therefore, to reduce
relapse rates and optimize patients’ treatment process,
it is vital to emphasize the importance of DST for fluo-
roquinolone to ensure the drug’s effect when fluoroqui-
nolone is applied in the shortened treatment of DS-TB.

The pursuit of maximum cure rates for TB is a vital
public health priority and maybe even more important
than reducing the length of treatment, as recent mode-
ling work has shown that improved treatment will have
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the greatest effect in reducing mortality and the burden
of disease worldwide [3, 38]. In actual clinical manage-
ment, the key to a better treatment outcome lies in the
time of the drug withdrawal decided by the clinician.
However, clinicians sometimes have difficulties in grasp-
ing the course of treatment flexibly. In our study, the total
duration of treatment will be individualized according
to the culture conversion in liquid medium at the end of
8 weeks and the lung cavitation in chest radiography at
the 17 weeks of treatment, which will reflect treatment
response. Therefore, ORIENT can provide evidence for
a clinician to decide the course of treatment and not
have to stick to it for a certain duration. And based on
a comprehensive evaluation of the treatment effects on
patients, it is possible to find a balance between individ-
ual clinical treatment and the short-course chemotherapy
strategy in the future.

Limitations include restricted generalizability to cer-
tain groups of people such as people under 18, old peo-
ple over 60, pregnant women, and people living with HIV,
who are excluded from the trial mainly for safety consid-
erations. Besides, we did not perform a phase II clinical
trial to explore the safety of high-dose rifapentine in Chi-
nese healthy people. In addition, most of the study sites
are in cities in southern China, leading to a lack of data
from people in northern China, but subsequent studies
will include a larger geographic range of people. What's
more, open label could lead to bias, and we expect that
stratified analysis can balance some bias. Last but not
least, the decision to select which investigational arm(s)
to proceed to stage 2 is based on the analysis of safety and
preliminary effectiveness at the end of 8 weeks of treat-
ment in stage 1. However, it is a fact that early treatment
outcome at the end of 8 weeks of treatment may not be
related to relapse, and early safety at the end of 8 weeks of
treatment does not fully represent long-term safety.

In conclusion, this adaptive trial has been launched
recently and has been expected to search for new ther-
apeutic strategies with stronger bactericidal activity,
to contribute to the optimal dose of rifapentine in the
Chinese population, and to inform on the feasibility of
a treatment regimen using high-dose rifapentine with a
shorter treatment duration for DS-TB.

Abbreviations

DS-TB Drug-susceptible tuberculosis

8 Tuberculosis

AEs Adverse events

WHO World health organization

FDA Food and drug administration

NMPA National medical product administration
PK/PD Pharmacokinetic/pharmacodynamic

p Rifapentine

H Isoniazid

z Pyrazinamide



Feng et al. BMC Infectious Diseases (2023) 23:300

M Moxifloxacin

SAEs Serious adverse events

SRC Safety reviewer committee

HIV Human immunodeficiency virus

NMCID National medical center for infectious diseases
cCco Central coordinating office

CTCAE Common terminology criteria for adverse events
mITT Modified intention-to-treat

DST Drug susceptibility testing

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512879-023-08264-2.

[ Additional file 1. Detailed schedule of evaluations/tests. }

Acknowledgements

We thank all physicians and patients for participating in this study. We also
thank our statistician, Jianfeng Luo (Department of Biostatistics, School of
Public Health, Fudan University) for assisting in the sample size assumption.
We also gratefully appreciate Zeesan Biotech (Xiamen, China) for providing
the reagents and equipment.

Authors’ contributions

All authors read and approved the final manuscript. ZF, XW, and YL contrib-
uted to the conception and design of the study. YL and FS contributed to the
development of the electronic medical record system for data collection. ZF,
YM, and YP drafted the manuscript and all authors contributed to subsequent
revisions. SG, XC, RL, YZ, and LS contributed to editing the manuscript. WZ, XW,
and YL contributed to the critical revision of the article.

Funding

The ORIENT study was supported by the Shanghai Municipal Science and
Technology Major Project (HS2021SHZX001), Shanghai Science and Technol-
ogy Committee (21NL2600100, 20dz2260100), and the National Natural
Science Foundation of China (No. 82102406).

Availability of data and materials
Not applicable. This is a study protocol manuscript.

Declarations

Ethics approval and consent to participate

The trial has been reviewed and has received ethical approval from the Ethics
Advisory Group of Huashan Hospital, Fudan University (approval number
KY2022-508). Prior to undergoing any study-specific procedures, participants
must provide signed and dated written informed consent to participate in
this trial, and agree to the collection and use of their data. All methods were
performed in accordance with the relevant guidelines and regulation.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Infectious Diseases, Shanghai Key Laboratory of Infec-

tious Diseases and Biosafety Emergency Response, National Medical Center
for Infectious Diseases, Huashan Hospital, Shanghai Medical College, Fudan
University, Shanghai, China. 2Shanghai Huashen Institute of Microbes

and Infections, Shanghai, China. *Department of Tuberculosis Control

and Prevention, Zhejiang Provincial Center for Disease Control and Prevention,
Zhejiang Province, Hangzhou, People’s Republic of China.

Received: 7 April 2023 Accepted: 18 April 2023
Published online: 08 May 2023

Page 10 of 11

References

1.

0

10.
11.

22.

WHO. Global Tuberculosis Report 2022. Geneva: World Health Organiza-
tion; 2022 https://www.who.int/publications/i/item/9789240061729.
Accessed 13 Mar 2023.

WHO. WHO Operational Handbook on Tuberculosis, Module 4: Treat-
ment - Drug-Susceptible Tuberculosis Treatment. Geneva: World Health
Organization; 2020. https://apps.who.int/iris/rest/bitstreams/1421257/
retrieve. Accessed 13 Mar 2023.

Imperial MZ, Nahid P, Phillips PPJ, Davies GR, Fielding K, Hanna D, et al. A
patient-level pooled analysis of treatment-shortening regimens for drug-
susceptible pulmonary tuberculosis. Nat Med. 2018;24(11):1708-15.
Alipanah N, Jarlsberg L, Miller C, Linh NN, Falzon D, Jaramillo E, et al.
Adherence interventions and outcomes of tuberculosis treatment: A
systematic review and meta-analysis of trials and observational studies.
PLoS Med. 2018;15(7):21002595.

Fox W, Ellard GA, Mitchison DA. Studies on the treatment of tuberculosis
undertaken by the British Medical Research Council tuberculosis units,
1946-1986, with relevant subsequent publications. Int J Tuberc Lung Dis.
1999;3(10 Suppl 2):5231-79.

Boeree MJ, Diacon AH, Dawson R, Narunsky K, du Bois J, Venter A, et al. A
dose-ranging trial to optimize the dose of rifampin in the treatment of
tuberculosis. Am J Respir Crit Care Med. 2015;191(9):1058-65.

Diacon AH, Patientia RF, Venter A, van Helden PD, Smith PJ, Mcllleron H,
et al. Early bactericidal activity of high-dose rifampin in patients with pul-
monary tuberculosis evidenced by positive sputum smears. Antimicrob
Agents Chemother. 2007;51(8):2994-6.

Svensson EM, Svensson RJ, Te Brake LHM, Boeree MJ, Heinrich N, Konsten
S, et al. The Potential for Treatment Shortening With Higher Rifampicin
Doses: Relating Drug Exposure to Treatment Response in Patients With
Pulmonary Tuberculosis. Clin Infect Dis. 2018;67(1):34-41.

Temple ME, Nahata MC. Rifapentine: its role in the treatment of tubercu-
losis. Ann Pharmacother. 1999;33(11):1203-10.

Jarvis B, Lamb HM. Rifapentine. Drugs. 1998;56(4):607-16 (discussion 17).
Munsiff SS, Kambili C, Ahuja SD. Rifapentine for the treatment of pulmo-
nary tuberculosis. Clin Infect Dis. 2006;43(11):1468-75.

Conde MB, Lapa ESJR. New regimens for reducing the duration of the
treatment of drug-susceptible pulmonary tuberculosis. Drug Dev Res.
2011,72(6):501-8.

Chang KC, Leung CC, Grosset J, Yew WW. Treatment of tuberculosis and
optimal dosing schedules. Thorax. 2011;66(11):997-1007.

Dooley KE, Bliven-Sizemore EE, Weiner M, Lu Y, Nuermberger EL, Hubbard
WG, et al. Safety and pharmacokinetics of escalating daily doses of the
antituberculosis drug rifapentine in healthy volunteers. Clin Pharmacol
Ther. 2012;91(5):881-8.

Savic RM, Lu'Y, Bliven-Sizemore E, Weiner M, Nuermberger E, Burman W,
et al. Population pharmacokinetics of rifapentine and desacetyl rifapen-
tine in healthy volunteers: nonlinearities in clearance and bioavailability.
Antimicrob Agents Chemother. 2014;58(6):3035-42.

Dooley KE, Savic RM, Park JG, Cramer Y, Hafner R, Hogg E, et al. Novel
dosing strategies increase exposures of the potent antituberculosis drug
rifapentine but are poorly tolerated in healthy volunteers. Antimicrob
Agents Chemother. 2015;59(6):3399-405.

Dorman SE, Savic RM, Goldberg S, Stout JE, Schluger N, Muzanyi G, et al.
Daily rifapentine for treatment of pulmonary tuberculosis. A randomized,
dose-ranging trial. Am J Respir Crit Care Med. 2015;191(3):333-43.

Savic RM, Weiner M, MacKenzie WR, Engle M, Whitworth WC, Johnson JL,
et al. Defining the optimal dose of rifapentine for pulmonary tubercu-
losis: Exposure-response relations from two phase Il clinical trials. Clin
Pharmacol Ther. 2017;102(2):321-31.

Lee A, Xie YL, Barry CE, Chen RY. Current and future treatments for tuber-
culosis. BMJ. 2020;368:m216.

Merle CS, Fielding K, Sow OB, Gninafon M, Lo MB, Mthiyane T, et al. A four-
month gatifloxacin-containing regimen for treating tuberculosis. N Engl J
Med. 2014;371(17):1588-98.

. Jindani A, Harrison TS, Nunn AJ, Phillips PP, Churchyard GJ, Charalambous

S, et al. High-dose rifapentine with moxifloxacin for pulmonary tubercu-
losis. N Engl J Med. 2014;371(17):1599-608.

Gillespie SH, Crook AM, McHugh TD, Mendel CM, Meredith SK, Murray
SR, et al. Four-month moxifloxacin-based regimens for drug-sensitive
tuberculosis. N Engl J Med. 2014;371(17):1577-87.


https://doi.org/10.1186/s12879-023-08264-2
https://doi.org/10.1186/s12879-023-08264-2
https://www.who.int/publications/i/item/9789240061729
https://apps.who.int/iris/rest/bitstreams/1421257/retrieve
https://apps.who.int/iris/rest/bitstreams/1421257/retrieve

Feng et al. BMC Infectious Diseases

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

(2023) 23:300

Ruan Q, LiuQ, SunF, Shao L, Jin J, Yu S, et al. Moxifloxacin and gatifloxacin
for initial therapy of tuberculosis: a meta-analysis of randomized clinical
trials. Emerg Microbes Infect. 2016;5(2):e12.

Rosenthal IM, Zhang M, Williams KN, Peloquin CA, Tyagi S, Vernon AA,

et al. Daily dosing of rifapentine cures tuberculosis in three months or
less in the murine model. PLoS Med. 2007;4(12):e344.

Dorman SE, Nahid P, Kurbatova EV, Phillips PPJ, Bryant K, Dooley KE, et al.
Four-Month Rifapentine Regimens with or without Moxifloxacin for
Tuberculosis. N Engl J Med. 2021;384(18):1705-18.

The Common Terminology Criteria for Adverse Events version 5.0 pub-
lished on November 27,(2017)https://ctep.cancer.gov/protocolDevelop
ment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.
pdf. Accessed 13 Mar 2023.

Matteelli A, Rendon A, Tiberi S, Chen Y. Tuberculosis elimination:where are
we now? Eur Respir Rev. 2018;27(148):180035.

Ahmad S, Mokaddas E. Current status and future trends in the diagnosis
and treatment of drug- susceptible and multidrug-resistant tuberculosis.
J Infect Public Health. 2014;7(2):75-91.

Controlled trial of 4 three-times-weekly regimens and a daily regimen all
given for 6 months for pulmonary tuberculosis. Second report: the results
up to 24 months. Hong Kong Chest Service/British Medical Research
Council. Tubercle 1982; 63(2):89-98.

Decroo T, de Jong BC, Piubello A, Lynen L, Van Deun A. Tuberculosis treat-
ment: one-shot approach or cascade of regimens? Lancet Respir Med.
2020;8(2):.e4-5.

Papineni P, Phillips P, Lu Q, Cheung YB, Nunn A, Paton N: TRUNCATE-TB:

an innovative trial design for drug-sensitive tuberculosis. Int J Infect Dis.
2016;45:5404.

Gao M, Gao J, Du J, LiuY, Zhang Y, Ma L, et al. Efficacy of ultra-short course
chemotherapy for new smear positive drug susceptible pulmonary
tuberculosis: study protocol of a multicenter randomized controlled clini-
cal trial. BMC Infect Dis. 2017;17(1):435.

Chen RY, Via LE, Dodd LE, Walzl G, Malherbe ST, Loxton AG, et al. Using
biomarkers to predict TB treatment duration (Predict TB): a prospective,
randomized, noninferiority, treatment shortening clinical trial. Gates
Open Res. 2017;1:9.

Ginsburg AS, Hooper N, Parrish N, Dooley KE, Dorman SE, Booth J, et al.
Fluoroquinolone resistance in patients with newly diagnosed tuberculo-
sis. Clin Infect Dis. 2003;37(11):1448-52.

Wang J-Y, Lee L-N, Lai H-C, Wang S-K, Jan IS, Yu C-J, et al. Fluoroquinolone
resistance in Mycobacterium tuberculosis isolates: associated genetic
mutations and relationship to antimicrobial exposure. J Antimicrob
Chemother. 2007;59(5):860-5.

Wang Y, Xiao DL, Wang WJ, Liu X, Wang LX, Xu SF, et al. The fifth national
tuberculosis epidemiological survey in 2010. Beijing: Press of Military
Medical Sciences; 2011. p. 169401. Chinese.

Pang Y, Zhang Z, Wang Y, Wang S, Song Y, Zhao B, et al. Genotyp-

ing and Prevalence of Pyrazinamide- and Moxifloxacin-Resistant
Tuberculosis in China, 2000 to 2010. Antimicrob Agents Chemother.
2017,61(2):e02170-16.

Kendall EA, Shrestha S, Cohen T, Nuermberger E, Dooley KE, Gonzalez-
Angulo L, et al. Priority-Setting for Novel Drug Regimens to Treat Tubercu-
losis: An Epidemiologic Model. PLoS Med. 2017;14(1):1002202.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf

	Optimizing (O) rifapentine-based (RI) regimen and shortening (EN) the treatment of drug-susceptible tuberculosis (T) (ORIENT) using an adaptive seamless design: study protocol of a multicenter randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Method
	Study objectives
	Study design
	Study regimens and comparator
	Enrollment termination criteria and safety conditions in stage 1 analysis
	Site selection
	Patient eligibility criteria
	Recruitment process
	Treatment allocation
	Duration of follow-up
	Sample size assumptions
	Data collection and quality management
	Adverse event management
	Assessment and analysis of outcome
	Pharmacokinetic sampling
	Confidentiality

	Discussion
	Anchor 25
	Acknowledgements
	References


