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Abstract

Background: The standard treatment regimen for drug-sensitive tuberculosis (TB), comprising four companion
drugs, requires a minimum duration of 6 months, and this lengthy treatment leads to poor adherence and increased
toxicity. To improve rates of adherence, reduce adverse events, and lower costs, a simplified and shortened treatment
regimen is warranted.

Methods: This study is a multicenter, open-label randomized clinical trial of non-inferiority design that compares a
new regimen with the conventional regimen for drug-sensitive pulmonary TB. The investigational group will use a
regimen of high-dose rifampicin (30 mg/kg/day) with isoniazid and pyrazinamide, and the treatment will be main-
tained for 12 weeks after the achievement of negative conversion of sputum culture. The control group will be treated
for 6 months with a World Health Organization-endorsed regimen consisting of isoniazid, rifampicin (10 mg/kg/

day), ethambutol, and pyrazinamide. The primary endpoint is the proportion of unfavorable outcomes at 18 months
after randomization. Secondary outcomes include time to unfavorable treatment outcome, time to culture conver-
sion on liquid medium, treatment success rate at the end of treatment, proportion of recurrence at 18 months after
randomization, time to recurrence after treatment completion, and adverse events of grade 3 or higher during the
treatment. We predict a 10% unfavorable outcome for the control group, and 0% difference from the investigational
group. Based on 80% verification power and a 2.5% one-sided significance level for a non-inferiority margin of 6%, 393
participants per group are required. Considering the 15% dropout rate, a total of 926 participants (463 in each group)
will be recruited.

Discussion: This study will inform on the feasibility of the treatment regimen using high-dose rifampicin with a
shortened and individualized treatment duration for pulmonary TB.
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Background

Tuberculosis (TB) remains one of the most important
infectious diseases. Globally, around 5.8 million peo-
ple fell ill with TB and 1.5 million people died from TB
in 2021. Moreover, ~25% of the world’s population has
latent TB infection [1]. In South Korea, 22,904 TB cases
were reported with a notification rate of 44.6 per 100,000
population in 2021 [2]. Although TB remains a global
health concern, TB can be cured with medical treatment,
and the success rate for drug-sensitive TB can reach 85%
[1].

The standard treatment regimen for drug-sensitive
TB, which was introduced in the 1980s, consists of four
drugs: isoniazid, rifampicin, pyrazinamide, and ethambu-
tol [3]. While this regimen has proven to be effective, it
typically requires a minimum 6-month treatment dura-
tion, irrespective of disease severity or extent [4]. This
lengthy treatment leads to poor adherence and increased
toxicity [5]. To improve rates of adherence, reduce
adverse events, and lower costs, several clinical trials
have investigated approaches that aim to shorten the
treatment duration in TB patients; however, these stud-
ies have failed to prove non-inferiority to the standard
6-month regimen, with the exception of a 4-month regi-
men based on rifapentine and moxifloxacin [6-9].

To shorten the treatment duration, the sterilizing activ-
ity of anti-TB drugs should be taken into consideration,
and rifampicin is a cornerstone drug for the maintenance
of sterilizing activity. Rifampicin, a derivate of rifamycin,
is effective against Mycobacterium tuberculosis popula-
tions in a dormant state, as well as those undergoing rapid
metabolism [3, 10]. Therefore, rifampicin has the poten-
tial to shorten treatment duration to less than 6 months
[10]. The area under the concentration—time curve and
peak concentration of rifampicin showed a more than
proportional increase with a dose change from 10 to
35 mg/kg/day [11, 12]. The higher exposure to rifampicin
with the dose increment led to a more rapid fall in bacte-
rial loads [11, 12]. Despite these favorable dose—response
relationships of rifampicin, the maximal recommended
dose is limited to 10 mg/kg/day or 600 mg/day, owing to
the concern of adverse events [13]. However, the use of
rifampicin at doses higher than the recommended dose
did not cause additional serious adverse events [14, 15].
The number of serious adverse events, including hepa-
totoxicity, was independent of rifampicin dose in two
recent randomized controlled trials [14, 15]. Accord-
ing to real clinical practice data from a Dutch cohort,

6—12 months of high-dose rifampicin therapy was safe
and well-tolerated in 99% of patients [16].

Based on the literature, we propose a simplified and
shortened treatment strategy using high-dose rifampicin.
The effectiveness, safety, and tolerability of a three-drug
therapy using high-dose rifampicin with isoniazid and
pyrazinamide will be investigated in comparison with
the standard 6-month treatment for TB. The protocol
of a phase 3, multicenter, randomized, open-label non-
inferiority clinical trial, entitled “Treatment shortening of
drug-sensitive pulmonary TB using high-dose rifampicin
for 3 months after culture conversion (Hi-DoRi-3)” is
presented here.

Methods/design

Study design

This investigator-initiated study is a prospective, multi-
center, randomized, open-label, two-arm non-inferiority
clinical trial. Participants with drug-sensitive pulmonary
TB will be randomly assigned to one of two groups at
a 1:1 ratio, and the study will be terminated 18 months
after randomization.

Setting

Participants will be recruited from eight referral hospi-
tals located in South Korea: (1) Seoul National University
Hospital, (2) National Medical Center, (3) Pusan National
University Hospital, (4) Seoul National University Bun-
dang Hospital, (5) Seoul Metropolitan Government-
Seoul National University Boramae Medical Center,
(6) Severance Hospital, (7) Pusan National University
Yangsan Hospital, and (8) Chonnam National University
Hospital.

Control group

Participants randomized to the control group will receive
standard treatment in accordance with the Korean
guidelines for TB [17] and the World Health Organiza-
tion guidelines [4]. Consequently, patients in the con-
trol group will be administered isoniazid, rifampicin,
pyrazinamide, and ethambutol for 2 months, followed
by isoniazid, rifampicin, (and ethambutol) for 4 months,
comprising a total treatment period of 6 months
(Table 1). Although temporary use of secondary anti-TB
drugs is permitted in the case of adverse events such as
liver toxicity, the total duration of use should be less than
4 weeks. If rifampicin is discontinued because of adverse
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Drug name Capacity Administration method
Per bodyweight Recommended dose Maximum dose

Isoniazid 5mgrkg 300 mg/day 300 mg/day once a day before meal

Rifampicin 10 mg/kg 450 mg (<50 kg) 600 mg/day once a day before meal
600 mg (> 50 kg)

Pyrazinamide 20-30 mg/kg 1000 mg (<50 kg) once a day after meal
1500 mg (50-70 kg)
2000 mg (> 70 kg)

Ethambutol 15-20 mg/kg 800 mg (<60 kg) once a day after meal

1200 mg (60-80 kg)
1600 mg (>80 kg)

Table 2 Dose and schedule of anti-tuberculous drugs for the
investigational group

Drug name Dose (body weight) Administration method

Isoniazid 300 mg/day

1200 mg/day
1500 mg/day
1800 mg/day
2100 mg/day
2400 mg/day

1000 mg/day
1500 mg/day
2000 mg/day

once a day before meal
Rifampicin <44 kq) once a day before meal
45-54 kg)

55-64 kg)

65-74 kg)

>75kg)

<50kg) once a day after meal
50-70 kg)

>70kg)

Pyrazinamide

events, the period of discontinuation must also be less
than 4 weeks.

Investigational group

Participants randomized to the investigational group
will be treated with high-dose rifampicin (body weight,
dose:<44 kg, 1200 mg/day; 45-54 kg, 1500 mg/day;
55-64 kg, 1800 mg/day; 65-74 kg, 2100 mg/day; >75 kg,
2400 mg/day), isoniazid (300 mg/day), and pyrazina-
mide (body weight, dose: <50 kg, 1000 mg/day; 50-70 kg,
1500 mg/day;>70 kg, 2000 mg/day) until culture con-
version (liquid medium) is confirmed (Table 2). High-
dose rifampicin and isoniazid will be administered until
12 weeks after the date of sputum culture negative con-
version. The dosage of rifampicin will be maintained
throughout the study duration. Ethambutol will not be
included in the initial regimen to reduce the number of
pills. However, in the instance that isoniazid or pyrazi-
namide is discontinued prior to the end of treatment,
ethambutol may be added to the treatment regimen if
the investigator decides that reinforcement of the drug is
necessary. Although temporary use of secondary anti-TB
drugs is permitted in the case of adverse events such as
liver toxicity, the total duration of use should be less than
4 weeks. If rifampicin is discontinued because of adverse

events, the period of discontinuation must also be less
than 4 weeks. The study overview is provided in Fig. 1.

Study population

A total of 926 participants with drug-sensitive pulmo-
nary TB will be enrolled in the study (463 participants
per group). Adult participants aged between 19-85 years
whose sputum (or bronchoscopic specimen) is positive
for Xpert MTB/RIF assay or M. tuberculosis culture, and
who have been taking any TB medication for no more
than 7 days at the time of enrollment, will be included.
The exclusion criteria are as follows: (1) rifampicin resist-
ance confirmed by Xpert MTB/RIF assay; (2) drug resist-
ance to isoniazid, rifampicin, or pyrazinamide, confirmed
by a drug-susceptibility test; (3) human immunodefi-
ciency virus infection; (4) malignancy needing anti-can-
cer chemotherapy; (5) chronic hepatitis or liver cirrhosis;
(6) any contraindications for the study drugs (hypersen-
sitivity to the study drugs, biliary obstruction, galactose
intolerance, Lapp lactase deficiency, or glucose-galactose
malabsorption); (7) current use of drugs, such as indi-
navir, saquinavir, nelfinavir, amprenavir, praziquantel,
or atovaquone, or any other drugs contraindicated in
combination with study drugs, within 1 day before study
enrollment, or expected to be used within the following
28 days; and (8) pregnancy, breastfeeding, or pregnancy
planned within the following 6 months.

Assignment of interventions: allocation

Sequence generation

The randomization table will be generated and will be
reproducible via SAS 9.4 software, using the stratified
block randomization method with a stratification fac-
tor of (1) acid-fast bacilli (AFB) smear positivity and (2)
presence of diabetes. The Medical Research Collaborat-
ing Center (MRCC) of the Seoul National University
Hospital will operate a web-based randomization system
remotely.
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Stratification by (N=926))

Pulmonary TB, confirmed by
Xpert MTB/RIF assay or
mycobacterial culture

Not eligible

-Sputum smear positivity

-Age >85 and <19

-Diabetes >
) 4

» -Exceeding 7 days of first line anti-TB drugs treatment
-Meets one of the exclusion criteria

Control group (N=463)

Investigational group (N=463)

HREZ for 2 months
(Rifampicin 10 mg/kg)

HRZ till culture conversion
(Rifampicin 30 mg/kg)

|

[ » Culture conversion

| |

HR(E) for 4 months

HR for 12 weeks

)

Primary Endpoint
Comparison of unfavorable outcomes of investigational and control groups
at 18 months after the randomization

Secondary Endpoints
Time to unfavorable outcomes
Time to culture conversion on liquid media
Treatment success rate at the end of treatment
Proportion of recurrence at 18 months after the randomization
Time to recurrence after the treatment completion
Occurrence of adverse events grade 3 or above during the treatment

Fig. 1 Study overview

Allocation concealment mechanism
It is an open-label trial. Both participants and treating
physicians will be aware of allocation information.

Implementation

Participants will be provided with a detailed explanation
of the purpose, method, and procedure for this study, and
written consent for participation in the clinical trial will
be obtained. Prior to randomization, participant demo-
graphic information, medical history, and physical exam-
ination results will be collected, including results of the
Xpert MTB/RIF assay, AFB smear (including M. tuber-
culosis culture), chest X-ray, blood test, and urine (or
serum) human chorionic gonadotropin (hCG; for women
of childbearing age) test. After completing the consent
procedure, participants who meet the inclusion criteria
will be randomly assigned to the investigational or con-
trol group at a ratio of 1:1 in week 0.

Treatment visits

Following enrollment, participants of each group will
visit the hospital every 2 weeks until 8 weeks after enroll-
ment. Subsequently, visits will be made every 4 weeks
until the end of treatment. The tests performed at each
visit will include the following: physical examination,
AFB smear and culture using a liquid medium, and blood

test. For women of childbearing age, a urine or blood
hCG analysis will be performed. Simple chest X-ray will
be performed every 4 weeks. Participants who cannot
produce sputum will be encouraged to expectorate spu-
tum. If the participants cannot produce sputum, it will
not be deemed as protocol violation.

Follow-up

After the end of treatment, visits will be made every
3 months up until 18 months after the enrollment date.
The physical examination, AFB smear and culture, and
chest X-ray tests will be performed at each visit. The
study timeline is shown in Tables 3 and 4.

Definitions

Culture of M. tuberculosis will be considered to be con-
verted to negative when two or more consecutive cul-
tures, taken at different visits, are found to be negative
in liquid medium. When a participant cannot produce
sputum after the first negative culture sputum, they
will be considered as having achieved culture conver-
sion. The submission date of the first confirmed nega-
tive sputum culture will be regarded as the date of
culture conversion. If M. tuberculosis is found to be re-
cultured two or more times following a negative culture
conversion, this will be termed culture reversion [18].
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Treatment success is defined as achieving negative cul-
ture conversion and maintaining negative cultures till
the end of treatment.

The sum of treatment failure, recurrence, death dur-
ing treatment (except for accidents and suicide), loss to
follow-up, and withdrawal from the study will be desig-
nated as “unfavorable outcomes” Treatment failure will
be defined as participants who fail to achieve culture con-
version during treatment period, or as participants using
second-line anti-TB drugs for more than 4 weeks. Recur-
rence will be assigned to participants that indicate the
presence of M. tuberculosis in sputum cultures for two or
more times after the end of treatment.

Adverse events will be defined when undesirable medi-
cal events have occurred in participants, irrespective
of a causal relationship with the treatment [19]. When
adverse events result in death, life-threatening condi-
tions, patient hospitalization or prolongation of existing
hospitalization, persistent or significant disability or inca-
pacity, or a congenital anomaly or birth defect, the events
will be classified as serious adverse events. The severity
of each adverse event will be assessed based on Common
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 5.0 [20].

Study outcomes
The primary outcome is the proportion of unfavorable
outcomes at 18 months after randomization.

Secondary outcomes include time to unfavorable treat-
ment outcomes, time to culture conversion on liquid
medium, treatment success rate at the end of treatment,
proportion of recurrence at 18 months after randomiza-
tion, time to recurrence after treatment completion, and
adverse events of grade 3 or higher during treatment.

Sample size calculation

The objective of this study is to determine whether the
new regimen is non-inferior to the existing standard
treatment. The primary outcome is an unfavorable treat-
ment outcome at 18 months after randomization. Based
on the existing study [21], a 10% unfavorable treatment
outcome for the standard treatment (control group) and a
0% difference from the investigational group is assumed.
To obtain a study with 80% power and a 2.5% one-sided
significance level for the non-inferiority recognition limit
of 6%, each group will contain 393 participants. Assum-
ing a 15% dropout rate [22], the total number of study
participants will be 926, resulting in 463 participants in
each group. In the occurrence of participant withdrawal
within 7 days of randomization, replacement participants
may be recruited.
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Statistical analysis

The results of this trial for outcomes will be analyzed
based on intention-to-treat (ITT), modified ITT (mITT),
and per protocol (PP) approaches, with a primary con-
sideration for mITT results. The ITT group will include
all participants who are randomized after satisfying eli-
gibility criteria. The mITT group will include partici-
pants who are randomized and who have received the
study drugs at least once. The PP group will include par-
ticipants in the mITT group who have completed the
standard treatment for at least 20 of the 24 weeks for the
control group or those who have completed the planned
treatment for at least 10 of the 12 weeks for the investi-
gational group. A safety analysis will be performed based
on the safety group, which will include participants who
have been administered with at least one dose of the
investigational drugs.

For the primary outcome analysis, the frequency of
occurrence of unfavorable outcomes in the control and
investigational groups will be analyzed, and the incidence
rate of unfavorable outcomes (IA)T,IA’C) and the 95% con-
fidence interval will be estimated. In this non-inferiority
test, if the upper limit of the two-sided 95% confidence
interval of the difference in incidence of unfavorable out-
comes at 18 months between the investigational and con-
trol groups (IA’T - ﬁc) is less than 6%, it will be concluded
that the investigational group is not inferior to the con-
trol group.

For the analysis of time to unfavorable outcome, time
to culture conversion, and time to recurrence, the median
time of each group will be estimated using the Kaplan—
Meier method and will be compared with the log-rank
test. Treatment success rate and recurrent rate at the end
of treatment will be compared with the chi-square test or
Fisher’s exact test between the two groups.

Safety will be assessed based on the occurrence of
adverse events during the clinical trial period. The fre-
quency and proportion of all adverse events, serious
adverse events, and adverse events of grade 3 or higher
will be summarized and compared using the chi-square
test or Fisher’s exact test.

Data collection and management

This study will use a web-based electronic case report
form (e-CRF) with Research Electronic Data Capture
(REDCap) constructed by the MRCC in collaboration
with an outsourced contractor. The e-CRF designed for
this study will use dummy variables for user acceptance
testing to confirm its validity. During the study, medical
personnel not participating in the study will monitor the
trial. These personnel will visit study sites to monitor all
aspects of the trial, including adherence to the protocol
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in accordance with Good Clinical Practice, study partici-
pant protection, and data accuracy of the study.

Supervision of the trial

A Data and Safety Monitoring Board (DSMB), composed
of two respiratory specialists who have experience treat-
ing TB patients and one statistician from another insti-
tute with no conflict of interests, will review data every
3 months during the trial. The DSMB could provide rec-
ommendations for protocol changes (including advice on
continuation or cessation) based on the results.

Confidentiality

The collection and operation of participant personal
information in this study is limited to the data neces-
sary for the efficacy, safety, and tolerability testing of the
study drug. Data will be carefully collected and operated
to comply with relevant data confidentiality laws and
regulations and to ensure confidentiality. Paper files con-
taining participant data (including personally identifiable
information and copies of signed consent forms) will be
securely stored in a locked office on site in locked filing
cabinets. Digital files containing participant data will be
stored as password-protected files on university-main-
tained servers. Access to study files will be restricted to
authorized personnel only. The items in the present study
protocol comply with the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT) check-
list (see Additional file 1).

Provisions for post-trial care
Participants with recurrence will receive standard TB
treatment in accordance with guidelines.

Dissemination

Trial results will be communicated to the scientific
community via journals and national and international
conferences.

Discussion

The Hi-DoRi-3 is a phase 3 open-label, multicenter,
randomized, non-inferiority clinical trial that aims to
investigate the effectiveness of a high-dose rifampicin-
containing regimen for the treatment of drug-sensitive
TB. In this study, the effectiveness and safety of a regimen
with a shortened and individualized treatment duration
will be compared with the standard 6-month regimen for
TB treatment. The three-drug intervention regimen will
include high-dose rifampicin (30 mg/kg) with isoniazid
and pyrazinamide, which will be administered until cul-
ture conversion, followed by 12-week administration of
high-dose rifampicin and isoniazid.
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In South Korea, the treatment success rate of TB
is ~90%. While less than 1% of TB patients could not be
cured, 5.3-25.2% of TB patients were lost to follow-up
[23]. The standard 6-month regimen, comprising four
drugs, has remained unchanged for almost 40 years [3].
To enhance compliance and adherence to TB treatment,
simple, less toxic, and shorter regimens are needed. With
the aim to shorten treatment duration in TB patients,
4-month fluoroquinolone-containing regimens were
compared with the standard treatment [7-9]; however,
non-inferiority of these regimens was not proven.

For the last ~40 years, recommendations for the maxi-
mal dose of rifampicin have been confined to 10 mg/
kg or 600 mg per day [4, 17]. The peak concentration
after ingestion of the currently recommended dose of
rifampicin is considered to be well above the minimum
inhibitory concentration of M. tuberculosis [13]. How-
ever, this dose is at the lower end of the dose—response
curve, and the drug concentration in M. tuberculosis
and at the site of infection has not been considered [13].
Increased rifampicin exposure led to higher bactericidal
and sterilizing activity for TB according to several in vitro
and in vivo studies [24—26]. In human studies, higher
doses of rifampicin shortened the time to sputum culture
conversion compared with the conventional rifampicin
dose [12, 14, 27]. The rate of serious adverse events in
patients receiving higher doses of rifampicin was compa-
rable to that in patients receiving the conventional dose
[16].

When rifapentine, a cyclopentyl derivate of rifampicin,
was administered twice weekly with moxifloxacin for
2 months, followed by 2 months of moxifloxacin, etham-
butol, rifampicin, and pyrazinamide, ~20% of patients
had unfavorable outcomes, and this strategy was proven
to be inferior to the standard regimen [8]. Fortunately, a
recent study showed that daily administration of 1200 mg
of rifapentine with moxifloxacin, isoniazid, and pyrazi-
namide could shorten the treatment duration by up to
4 months without non-inferiority [6]. In our trial, high-
dose rifampicin, which is more affordable than rifapen-
tine [28], will be tested as a means to shorten treatment
duration. In addition, the total duration of treatment will
be individualized according to the timing of culture con-
version, which will reflect each patient’s disease severity
and treatment response.

In conclusion, our study will inform on the feasibility
of a treatment regimen using high-dose rifampicin with a
shortened and individualized treatment duration for pul-
monary TB.

Trial status
Recruitment began at the first site in November 2020 and
is expected to be completed by August 2025.
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