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Abstract

Background and purpose

Screening for and treatment of latent tuberculosis (TB) in patients with end-stage kidney dis-

ease (ESKD) are recommended. However, there is limited evidence on safety and treat-

ment completion in this population. The objective of the study is to evaluate three short-

course rifamycin-based regimens for the treatment of latent TB in ESKD patients.

Methods

Study design and setting. This is a prospective, open label, randomized clinical trial, that

will be conducted at seven teaching hospitals in Spain.

Study population, randomization, and interventions. Consecutive adult patients with

ESKD requiring treatment for a latent TB infection will be randomly allocated (1:1:1) to

receive one of the three treatment regimens of the study: three months of daily isoniazid

plus rifampicin (3HR); three months of once-weekly isoniazid plus rifapentine (3HP); or four

months of daily rifampicin (4R). Participants will be followed regularly through pre-estab-

lished visits and a blood test schedule from enrolment to a month after finishing the assigned

treatment.
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Outcomes. The primary outcome will be treatment completion, while the secondary out-

comes will be discontinuation of the assigned treatment due to adverse events, related or

unrelated to the study treatment; definitive discontinuation of the assigned treatment

because of adverse events related to the treatment of the study, and death.

Sample size. Two hundred and twenty-five subjects (75 per arm) will be enrolled, which

will enable the demonstration, if it exists, of an increase of 0.16 in treatment completion

rates either in the 3HP or 4R arm with respect to the 3HR arm.

Discussion

Results of this clinical trial will contribute to evidence-based recommendations on the man-

agement of latent TB infection in ESKD patients.

Trial registration

ClinicalTrials.gov identifier: NCT05021731.

Introduction

The World Health Organization (WHO) regards the diagnosis and treatment of latent tuber-

culosis (TB) infection as an essential intervention to achieve the goal of the End TB Strategy by

2035 and the subsequent elimination of TB by 2050 [1].

End-stage kidney disease (ESKD) increases the risk of TB by a factor of 6 to 25, and the

prevalence of TB among recipients of kidney transplants is 20- to 74-fold higher than that in

the general population [2, 3]. Thus, systematic screening for and the treatment of TB infection

in these patients are recommended [4]. However, ESKD patients constitute a fragile popula-

tion, with frequent intercurrent events and polypharmacy, which pose major difficulties for

treatment. Remarkably, despite the unanimity of the guidelines and the recommendations of

the WHO, there is scarce evidence on treatment safety, tolerability, and completion in this par-

ticularly difficult-to-treat population [5–7].

The available evidence on the prevention of TB in ESKD patients in developed low-inci-

dence countries is mostly based on treatment with isoniazid for 6–9 months [4]. In our

experience with ESKD patients with TB infection, the vast majority of whom are treated with

isoniazid-containing regimens prior to kidney transplantation, adverse events are the com-

monest cause of permanent discontinuation, with central nervous system toxicity being partic-

ularly significant [7]. Isoniazid-sparing or intermittent regimens have the potential advantages

of shortening treatment duration, reducing toxicity, and improving preventive treatment com-

pletion. The combination of rifapentine and isoniazid administered weekly for 3 months

(3HP) has been approved as a first-line treatment of latent TB infection in the USA, providing

an appealing option to patients with advanced kidney disease [8–11]. However, although

encouraging, the evidence so far is limited to a small number of cases [8]. Monotherapy with

rifampicin for 4 months (4R) might be also a good option in terms of safety, as it has been

shown to prevent active TB in a wide range of at-risk individuals in a clinical trial [12]. The

3-month combined isoniazid and rifampicin regimen (3HR) is one of the first-line regimens

for the treatment of latent TB [13] and is widely used [7].

To date, no studies have prospectively evaluated the three short-course regimens (the daily

3HR, 4R, and weekly 3HP) for the treatment of latent TB in ESKD patients in a head-to-head
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comparison. Based on available information, we hypothesize that either the daily rifampicin

(4R) or the weekly isoniazid plus rifapentine (3HP) regimen will be better tolerated than the

daily isoniazid plus rifampicin (3HR) regimen, resulting in higher treatment completion

rates. We did not include the 6- to 9-month regimens of daily isoniazid as reference, as they

are currently regarded as an alternative option and are gradually being replaced by the short

rifampicin-containing regimens. In addition, the potential adverse effects of the prolonged

administration of daily isoniazid can be captured in the 3HR regimen included in the trial.

Materials and methods

Aim, design and setting of the study

The study aims to determine if treatment completion with three months of once-weekly isoni-

azid plus rifapentine (3HP) or four months of daily rifampicin (4R) is better compared to that

with three months of daily isoniazid plus rifampicin (3HR) for the treatment of latent TB

infection in patients with ESKD. The study is an investigator-initiated, prospective, open-label,

randomized clinical trial, which will be conducted at seven public hospitals in Spain, a country

with a low incidence of TB.

Sample size

The sample size was calculated to demonstrate clinically significant better completion rates

with the 4R or 3HP regimen, respectively (experimental arms), compared to the 3HR regimen

(control arm). With an one-side α = 0.025, β = 0.20, and 5% expected losses, and assuming a

0.75 proportion of treatment completion in the control arm (3HR) according to our prior

experience [7], 225 subjects (75 per arm) will be needed to demonstrate, if it exists, an increase

in treatment completion rates of 0.16 in the respective experimental arms (4R or 3HP). The

size of the sample was calculated with GIGAcalculator [14].

The 0.16 increase in compliance (from 0.75 to 0.93) was set according to the previous expe-

rience at the TB clinics of the coordinating centre. The rationale is that in our cohort of 534

ESKD patients treated in the last 9 years, central nervous system toxicity related to isoniazid

occurred in more than 10% of patients, and it was the main reason for discontinuation of treat-

ment. Therefore, assuming that such adverse event is avoided by using either once a week iso-

niazid (3HP regimen) or rifampicin alone (4R), together with the presumable reduction in

liver toxicity with these two regimens, a compliance 0.93 is reasonable and achievable.

Study population, allocation, and treatment arms

All consecutive adult patients with ESKD requiring treatment for latent TB will be eligible for

the study. Inclusion criteria will be an age of 18 years or older, ESKD stage 5 (glomerular filtra-

tion rate [GFR]< 15 mL/min or under renal replacement therapy), and informed written con-

sent to participate. Exclusion criteria will include prior allergy/intolerance to rifamycins or

isoniazid, pregnancy or breastfeeding, pre-treatment transaminase (AST and/or ALT)

levels > 5-fold higher than the upper limit of the normality, having received rifampicin or iso-

niazid within the two previous weeks, weight < 32 kg, taking drugs contraindicated with the

study treatments or drugs that, although not contraindicated, interact with rifamycins and

may seriously compromise patient health in the judgement of the investigators, and an inabil-

ity to understand the study or provide written consent.

After signing informed consent, all eligible patients who fulfil the inclusion criteria will be

randomly assigned to one of the three study arms: the control arm (3HR) or one of the experi-

mental arms (3HP or 4R). Randomization will be stratified by the site at an allocation ratio of
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1:1:1 using a computer-generated randomization list integrated into the Research Electronic

Data Capture (REDCap) platform. None of the investigators will have access to the randomiza-

tion list. The control arm (3HR) will consist of daily, self-administered, 5 mg/kg (up to 300

mg) of isoniazid plus daily 10 mg/kg of rifampicin (up to 600 mg) for three months. Experi-

mental arm-1 (3HP) will consist of once-weekly, self-administered (with reminders via phone

calls), 15 mg/kg (up to 900 mg) of isoniazid plus rifapentine (900 mg for those weighing� 50

kg or 750 mg for those weighing 32–50 kg) for three months. Experimental arm-2 (4R) will

consist of daily rifampicin (10 mg/kg) for four months. The 3HR and 3HP regimens will be

supplemented with pyridoxine.

Interventions

Follow-up of all participants will be carried out periodically at pre-specified time points by

clinical interviews and blood tests (Fig 1).

Clinical interviews will be carried out with a structured questionnaire about adverse events,

intercurrent clinical events, changes in medications, and treatment adherence. Blood tests will

Fig 1. Schedule of enrolment, interventions, and assessments.

https://doi.org/10.1371/journal.pone.0276387.g001
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include at least blood cell counts and liver function tests (ALT, AST, alkaline phosphatase, and

bilirubin levels). Adherence will be assessed by clinical interviews and the return of blister

packs at visits. Participants included in the 3HP arm will be sent a reminder via text message

or phone call to take their medication on the scheduled day. Adverse events will be graded

according to the National Cancer Institute Common Toxicity Criteria Version 4.0 [15].

Outcomes

The primary outcome will be treatment completion, defined as the completion of the treat-

ment assigned for a predefined maximum accepted time (90 doses within 4 months without

interruptions longer than 2 weeks and on no more than two occasions for the control arm

[3HR]; 12 doses within a maximum of 14 weeks without interruptions longer than 10 days for

experimental arm-1 [3HP]; and 120 doses within a maximum of 5 months without interrup-

tions longer than 2 weeks and on no more than two occasions for experimental arm-2 [4R]).

Secondary outcomes will be: definitive discontinuation of the assigned treatment because of

adverse events, regardless of its relationship with the treatment of the study; definitive discon-

tinuation of the assigned treatment because of adverse events related to the treatment of the

study; and crude mortality, defined as deaths occurring during the study, regardless of its rela-

tionship with the study medication.

Data management and statistical analysis

Data will be entered by the investigators at each site by means of an electronic CRF (eCRF)

onto a database in the REDCap platform that is based at the Bellvitge Institute for Biomedical

Research (IDIBELL). Efficacy analysis will be performed on the modified intention-to-treat

population, which will consist of all randomized subjects. The proportions of participants

who have completed the assigned treatment in the control arm (3HR) will be compared with

those in either experimental arm-1 (3HP) or experimental arm-2 (4R). The analysis will be

performed for the population as a whole and by subgroups (non-dialysis, haemodialysis or

peritoneal dialysis). For safety, analyses will be performed on all randomized subjects who

have received at least one dose of the assigned treatment. Likewise, proportions of perma-

nent discontinuation of the assigned treatment, related and unrelated to the study medica-

tion, and death in the control arm will be compared with those of either of the experimental

arms.

All statistical analyses will be performed by two investigators of the Biostatistics Unit of the

IDIBELL, who will remain unaware of the trial-group assignments until the analyses have

been completed. Differences between the arms will be assessed with Student’s t-test if normally

distributed or a two-samples Wilcoxon test if not normally distributed. Chi-square test will be

used for categorical variables. Whenever possible, estimators will be given a 95% confidence

interval (CI). Statistical significance will be set at a p-value < 0.025. Treatment of the data and

analysis will be performed with the statistical package R version 3.4.1 or higher.

Safety considerations

The active principles of the medications administered in the trial are licensed for the treatment

of active and latent TB infection in the European Union (isoniazid and rifampicin) and USA

(isoniazid, rifampicin, and rifapentine). Their safety profile is well established. However,

because of the limited experience of administering a combination of rifapentine plus isoniazid

in patients with ESKD, the protocol includes a frequent regular follow-up with visits and blood

tests. Furthermore, the participants will have direct access to their treating team.
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Ethics

The sponsor and investigators are committed to conducting the study in accordance with the

principles of the Declaration of Helsinki, ICH Guidelines for Good Clinical Practice and RD

1090/2015, fully conforming with the relevant regulations. Informed written consent will be

obtained from all the participants, complying with the current legislation (Article 7 of RD 223/

2004) and ethical principles of the Declaration of Helsinki. Treatment, communication, and

cession of personal data of the participants will be guided by the "Ley Orgánica de Protección

de Datos 15/99". The study was approved by the Ethics Committee of the Bellvitge University

Hospital-IDIBELL (Approval number: PR281/21).

Study timeline

The trial is planned to be carried out between 1 January 2022 and 31 December 2024, the

period covered by the funding granted by the Instituto de Salud Carlos III and the European

Regional Development Fund/European Social Fund. At the “pre-enrolment stage” (3 months),

all the arrangements needed to start the trial will be completed, such as the procurement of

informed consent, the development of standard operating procedures (SOPs), database design,

and obtention of approval from the Competent National Authority (CNA). Participants will

be enrolled during a 28-month period. Each participant will be followed for safety reasons for

one month after finishing the assigned treatment. The final analysis of the data will be started

one month after the last participant has completed their assigned treatment. A final report will

be submitted to the funding bodies (usually within 3 months after finishing the study) and the

CNA. Detailed information of the timeline of the trial is provided in the protocol.

Discussion

Evidence-based guidance for the treatment of latent TB in ESKD patients is currently lack-

ing. Patients with advanced kidney disease and candidates for transplants are not or hardly

represented in the main clinical trials evaluating regimens with rifamycins [12, 16, 17]. The

widely accepted recommendation on the systematic treatment of latent TB in patients with

ESKD is based on the high risk of active TB and the scarce evidence on treatment safety and

completion.

Based on the experience of our pre-transplant protocol of TB prevention (7) and the data

reported in the literature, we will focus on three short-course rifamycin-containing regimens,

as they are being increasingly used over the 6- to 9-month regimens of monotherapy with iso-

niazid for the treatment of latent TB [13, 18]. We anticipate a better tolerance of the 3-month

intermittent regimen of isoniazid plus rifapentine and the 4-month rifampicin regimen with

respect to the 3-month daily regimen of isoniazid plus rifampicin.

During the study, the protocol may need changes because of new information on efficacy

and safety related to the drugs and regimens used in the trial. After discussion between the

sponsor and the principal investigators at the different sites, amendments to the study will be

submitted by the sponsor to the ethics committees and the CNA for approval. Likewise, termi-

nation of the trial may be considered because of evidence of superiority of the experimental

regimens derived from the intermediate analysis or because of safety concerns. Decision on

the termination of the trial will be proposed to the ethics committees and the CNA after assess-

ment by an independent advice board.

The results of the trial will be made public only after the trial is closed. We expect to publish

the results in a first-quartile journal of infectious diseases, transplantation or internal medi-

cine, regardless of whether they are favourable or not.
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The main limitation of the study is the open-label design that could influence the decisions

on the continuation or discontinuation of the treatment assigned, which in turn could bias the

achievement of the primary endpoint. Unfortunately, blinding treatment regimens by using

placebo is not feasible due to the differences in the dosing frequency and duration of the three

regimens.

In conclusion, knowledge on which treatment regimens are better tolerated and more con-

venient in this fragile population is needed. Hopefully, the results of this trial will contribute to

the development of evidence-based recommendations on the management of latent TB infec-

tions in ESKD patients.

Supporting information
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(DOCX)
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(DOC)
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prevention in patients undergoing kidney transplantation: A nurse-led program for screening and treat-

ment. Transpl Infect Dis 2021: e13603. https://doi.org/10.1111/tid.13603 PMID: 33745229.

8. Simkins J, Abbo LM, Camargo JF, Rosa R, Morris MI. Twelve-Week Rifapentine Plus Isoniazid versus

9-Month Isoniazid for the Treatment of Latent Tuberculosis in Renal Transplant Candidates. Transplan-

tation 2017; 101(6):1468–1472. https://doi.org/10.1097/TP.0000000000001329 PMID: 27548035.

9. de Castilla DL, Rakita RM, Spitters CE, Narita M, Jain R, Limaye AP. Short-course isoniazid plus rifa-

pentine directly observed therapy for latent tuberculosis in solid-organ transplant candidates. Trans-

plantation 2014; 97(2):206–211. https://doi.org/10.1097/TP.0b013e3182a94a2f PMID: 24142036.

10. Knoll BM, Nog R, Wu Y. Three months of weekly rifapentine plus isoniazid for latent tuberculosis treat-

ment in solid organ transplant candidates. Infection 2017; 45(3):335–339. https://doi.org/10.1007/

s15010-017-1004-5 PMID: 28276008.

11. Lin SY, Chiu YW, Lu PL, Hwang SJ, Chen TC, Hsieh MH, et al. Three months of rifapentine and isonia-

zid for latent tuberculosis infection in haemodialysis patients: High rates of adverse events. J Microbiol

Immunol Infect 2019; 52(1):158–162. https://doi.org/10.1016/j.jmii.2018.05.003 PMID: 29907535.

12. Menzies D, Adjobimey M, Ruslami R, Trajman A, Sow O, Kim H, et al. Four Months of Rifampin or Nine

Months of Isoniazid for Latent Tuberculosis in Adults. N Engl J Med 2018; 379:440–453. https://doi.org/

10.1056/NEJMoa1714283 PMID: 30067931

13. Sterling TR, Njie G, Zenner D, Cohn DL, Reves R, Ahmed A, et al. Guidelines for the treatment of latent

tuberculosis infection: Recommendations from the National Tuberculosis Controllers Association and

CDC, 2020. MMWR Recomm Rep 2020; 69(RR-1):1–11. https://doi.org/10.15585/mmwr.rr6901a1

PMID: 32053584.

14. Georgiev G.Z., “Sample Size Calculator”. https://www.gigacalculator.com/calculators/power-sample-

size-calculator.php [Accessed date: 2 February 2021].

15. Cancer Therapy Evaluation Program. Common terminology for adverse events (CTAE), https://ctep.

cancer.gov/ [Accessed date: 2 February 2021].

16. Stagg HR, Zenner D, Harris RJ, Muñoz L, Lipman MC, Abubakar I. Treatment of Latent Tuberculosis

Infection. A Network Meta-analysis. Ann Intern Med 2014; 161(6):419–428. https://doi.org/10.7326/

M14-1019 PMID: 25111745.

17. Sterling TR, Villarino ME, Borisov AS, Shang N, Gordin F, Bliven-Sizemore, et al., the TB Trials Consor-

tium PREVENT TB Study Team. Three months of rifapentine and isoniazid for latent tuberculosis infec-

tion. N Engl J Med 2011; 365(23):2155–2166. https://doi.org/10.1056/NEJMoa1104875 PMID:

22150035.

18. European Centre for Disease Prevention and Control. Programmatic management of latent tuberculo-

sis infection in the European Union. Stockholm: ECDC; 2018. https://www.ecdc.europa.eu/en/

tuberculosis/prevention-and-control/management-latent-tuberculosis-infection

PLOS ONE Rifamycin-based regimens for the prevention of tuberculosis in end-stage kidney disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0276387 October 21, 2022 9 / 9

https://doi.org/10.1097/TP.0000000000001224
https://doi.org/10.1097/TP.0000000000001224
http://www.ncbi.nlm.nih.gov/pubmed/27306535
https://doi.org/10.1097/TP.0b013e3181ecea8d
http://www.ncbi.nlm.nih.gov/pubmed/20647975
https://doi.org/10.1111/tid.13178
https://doi.org/10.1111/tid.13178
http://www.ncbi.nlm.nih.gov/pubmed/31541575
https://doi.org/10.1111/tid.13603
http://www.ncbi.nlm.nih.gov/pubmed/33745229
https://doi.org/10.1097/TP.0000000000001329
http://www.ncbi.nlm.nih.gov/pubmed/27548035
https://doi.org/10.1097/TP.0b013e3182a94a2f
http://www.ncbi.nlm.nih.gov/pubmed/24142036
https://doi.org/10.1007/s15010-017-1004-5
https://doi.org/10.1007/s15010-017-1004-5
http://www.ncbi.nlm.nih.gov/pubmed/28276008
https://doi.org/10.1016/j.jmii.2018.05.003
http://www.ncbi.nlm.nih.gov/pubmed/29907535
https://doi.org/10.1056/NEJMoa1714283
https://doi.org/10.1056/NEJMoa1714283
http://www.ncbi.nlm.nih.gov/pubmed/30067931
https://doi.org/10.15585/mmwr.rr6901a1
http://www.ncbi.nlm.nih.gov/pubmed/32053584
https://www.gigacalculator.com/calculators/power-sample-size-calculator.php
https://www.gigacalculator.com/calculators/power-sample-size-calculator.php
https://ctep.cancer.gov/
https://ctep.cancer.gov/
https://doi.org/10.7326/M14-1019
https://doi.org/10.7326/M14-1019
http://www.ncbi.nlm.nih.gov/pubmed/25111745
https://doi.org/10.1056/NEJMoa1104875
http://www.ncbi.nlm.nih.gov/pubmed/22150035
https://www.ecdc.europa.eu/en/tuberculosis/prevention-and-control/management-latent-tuberculosis-infection
https://www.ecdc.europa.eu/en/tuberculosis/prevention-and-control/management-latent-tuberculosis-infection
https://doi.org/10.1371/journal.pone.0276387

