
Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 35 (2024) 100426

Available online 3 March 2024
2405-5794/© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Relapse after treatment with standardized all-oral short regimens for 
rifampicin-resistant tuberculosis (RR-TB): A systematic review and 
meta-analysis 

Ahmad Reza Yosofi *, Anita Mesic , Tom Decroo 
Department of Clinical Sciences, Institute of Tropical Medicine (ITM) Antwerp, Belgium   

A R T I C L E  I N F O   

Keywords: 
Rifampicin-resistant tuberculosis 
Short all-oral regimens 
Relapse 

A B S T R A C T   

Background: Treatment for rifampicin-resistant tuberculosis (RR-TB) has been shortened to 12 months or less, 
with duration depending on the regimen used and treatment response. Treatment shortening has the potential to 
increase the risk of relapse, with a new episode of RR-TB after cure or completion. The proportion of relapses 
after standardized all-oral short (12 months or less) RR-TB regimens has not yet been systematically reviewed, 
which is the main objective of this review. 
Methods: This is a systematic review and meta-analysis. PubMed, Web of Science and Google scholar databases 
were systematically investigated to identify studies published between January 2018 and November 2023. 
Characteristics of studies, demographic data, baseline clinical condition, resistance profile, and definitions used 
for relapse, failure, and end-of-treatment outcomes are summarized in tables and graphs. Pooled proportions are 
estimated for relapse. 
Results: A total of ten studies were included in this review and meta-analysis, representing 1792 participants. 
Seven studies were clinical trials and two were cohorts. Five studies investigated all-oral six-month regimens 
composed of bedaquiline, pretomanid, and linezolid (BPaL). The remaining studies assessed other standardized 
all-oral short regimens, with treatment duration between 6 and 12 months. Post-treatment follow-up (PTFU) 
duration ranged from 6 to 30 months. The pooled proportion estimate of relapse was 2⋅0% (95 % CI, 1⋅0-3⋅0%) 
for all and BPaL-based regimens. Treatment extension due to poor treatment response was poorly documented. 
Conclusion: This review showed that the proportion of relapse in RR-TB patients treated with standardized short 
all-oral regimens was low. The low relapse proportion is similar to what was achieved for drug-susceptible 
Tuberculosis patients treated with first-line rifampicin-containing regimens. However, most data came from 
trial settings, and in some studies the post-treatment follow-up was short. Studies of large programmatic cohorts 
with longer post-treatment follow-up periods are needed to confirm the low relapse rate shown in the clinical 
trials.   

1. Introduction 

Tuberculosis (TB) was the second leading infectious killer after 
COVID-19 in 2022 and global TB targets have either been missed or 
remain off track. An estimated 10⋅6 million people fell ill and 1⋅3 million 
people died from TB including 167⋅000 deaths among people with HIV 
in 2023 [1]. Without treatment, TB is a severe and potentially fatal 
disease. After five years without treatment, 50–60 % of HIV-negative 
pulmonary TB patients would die [2]. First-line six-month rifampicin- 
based regimens are highly successful in patients with rifampicin- 
susceptible TB (RS-TB), with only about 2⋅9% of cases experiencing 

relapse (new episode of TB after cure or treatment completion) in high 
incidence settings [3]. However, resistance to the main first-line TB drug 
(rifampicin) threatens TB control. Poor treatment completion of tradi-
tional 18–24 long regimens necessitate the potent and short second-line 
TB treatment regimens. 

TB treatment regimens combine multiple antituberculosis drugs. 
Regimens should include drugs with early bactericidal effect (killing of 
actively replicating bacilli) to rapidly reduce the bacillary load, thus 
reducing the risk of transmission, resistance selection, and treatment 
failure. In addition, drugs with sterilizing effects are required to kill 
dormant bacillary populations, thus reducing the risk of relapse after 
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treatment completion. Higher sterilizing activity allows shortening of 
treatment duration [4]. In their manuscript from 2018, Van Deun et al 
described anti-TB drugs based on their bactericidal, sterilizing, and 
resistance prevention activity. They defined the term ‘core drug’ as a 
drug that contributes most to cure, preventing treatment failure and 
relapse. The core drug has high bactericidal and sterilizing activity, both 
essential for a relapse-free cure, and is administered throughout treat-
ment. Rifampicin (RIF), fluoroquinolones (FQs), bedaquiline (BDQ), and 
possibly pretomanid (Pa), have core drug characteristics [5]. 

Shortening the duration of treatment for those with rifampicin- 
susceptible tuberculosis (RS-TB) and rifampicin-resistant tuberculosis 
(RR-TB) is a global research goal. TB treatment has been continuously 
evolving over the past decade. In the 1970 s rifampicin (RIF) was added 
to drugs with mainly bactericidal activity, which allowed shortening 
treatment duration from 18 to 9 months with more than 95 % cure rates. 
When pyrazinamide, with excellent sterilizing activity, was added in the 
1980s, the treatment duration was shortened further to 6 months, 
without increasing relapses [6]. 

Before 2016, recommendations for these long-duration regimens 
were the mainstay recommendations and RR-TB patients were treated 
for up to 24 months. Unfortunately, such regimens led to poor treatment 
outcomes with about 50 % of RR-TB cases being cured [7]. Since 2016, 
WHO guidelines for the management of RR/MDR-TB have been updated 
on a regularly basis [8]. Treatment guidelines for RR-TB are changing 
rapidly as the potential of new drugs and regimens are better under-
stood. In 2016, the so-called “Bangladesh regimen” shortened the rec-
ommended treatment duration for some MDR-TB patients to nine 
months [9]. The regimen relied on the combination of a fluoroquinolone 
and a second-line injectable drug, plus companion drugs. Since 2018, 
WHO has recommended replacing the injectable drug with a new drug, 
bedaquiline, in the nine-month regimen, to constitute an all-oral RR-TB 
treatment regimen [10]. In 2022, based on the encouraging results of 
trials on BPaL-based regimens, the Nix-TB [11], ZeNix [12], and TB- 
PRACTECAL trials [13], WHO published a conditional recommenda-
tion for the use of a six-month treatment regimen, composed of beda-
quiline, pretomanid, and linezolid (600 mg), plus moxifloxacin (BPaL- 
M) for patients with FQ-susceptible isolates, rather than nine-months or 
longer regimens in MDR/RR-TB cases. 

Shortening treatment duration increases the risk of relapse. Relapse 
is defined as a new episode of active TB disease due to the re-emergence 
of the original infection, as determined by genotypic analysis of the 
prevailing tubercle bacilli [14]. Therefore, WHO recommends at least 
20 months post-treatment follow-up so that relapses are diagnosed and 
registered [15]. 

Novel short all-oral recommended RR-TB regimens were evaluated 
in trials in relatively small cohorts, with sample sizes that fit the 
assessment of composite adverse outcomes. However, such relatively 
small study population sizes are too small to meaningfully investigate a 
relatively rare outcome, such as relapse. No previous review pooled the 
data on relapse after short oral RR-TB regimens. This systematic review 
and meta-analysis therefore aim to estimate the pooled proportion of 
relapse among cases treated with standardized all-oral short RR-TB 
treatment regimens. In addition, we will summarize other treatment 
outcomes, criteria for the prolongation of treatment duration, and how 
frequently such prolongations occurred. 

2. Methods 

2.1. Search strategy and selection criteria 

For this systematic review and meta-analysis, we searched PubMed 
(Medline), Web of Science, and Google Scholar databases systematically 
from 10th October 2022 to November 2023. The search string for 
PubMed (Medline) is available in Annex 1. The review was not restricted 
by language. Tom Decroo remained available for articles in French or 
Dutch. Reviews and reference lists were screened to identify relevant 

literature. Trial registries were also searched to seek any data from 
relevant unpublished studies. In addition, the references of the chosen 
articles and relevant review papers were manually searched and 
reviewed. This study is registered with the International Prospective 
Register of Systematic Reviews (PROSPERO), registration number 
(CRD42022385493). We prepared our study protocol, performed the 
systematic review, and prepared the report according to the recom-
mendation by the Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) [16]. 

2.2. Selection criteria 

Two reviewers (ARY and AM) independently searched the literature 
and examined the relevant studies for further assessment of data on 
relapse and treatment outcomes of standardized short all-oral regimens. 
Conflicts over inclusion, and data items were checked by a third 
reviewer (TD). A number of criteria were required for inclusion in our 
analysis: (I) original articles about standardized short all-oral regimens 
(6–12-month) for RR-TB; (II) reporting treatment outcomes and relapse 
during a post-treatment follow-up period of at least 6 months; (III) 
studies published from January 2018 until the November 2023. The 
rationale for selecting the years 2018 and later stems from the intro-
duction of standardized short all-oral regimens in 2018. Exclusion 
criteria of studies for our analysis were: (I) non-human studies; (II) case- 
report and case-series. For studies still recruiting, or where recruitment 
status was unclear, authors were contacted and requested to provide 
study results related to the systematic review’s outcomes of interest. 

2.3. Data extraction 

Data were extracted independently by two investigators (ARY and 
AM), and differences were resolved by discussion with a third reviewer 
(TD). Duplicates in the search results were detected by Rayyan, an on-
line browser-based tool for systematic reviews. The corresponding au-
thors of selected papers were contacted to obtain any missing data. The 
following data were extracted from eligible papers: first author, year of 
publication, country of the data collection, study year, study design, the 
number of participants, baseline socio-demographic, clinical and 
microbiological characteristics, treatment duration, post-treatment 
follow-up duration, definitions (relapse and failure), end-of treatment 
outcomes and relapse. 

2.4. Assessment of study bias 

We assessed risk of bias at the level of the study using Cochrane risk 
of bias tool Version 2⋅0 (RoB-2) [17], for randomized clinical trials 
(RCTs). For non-randomized clinical trials and retrospective cohort 
studies the Newcastle-Ottawa scale (NOS) was used [18]. We assessed 
the risk of bias and applicability concerns using five domains for ran-
domized clinical trials: randomization process, deviations from the 
intended interventions, missing outcome data, measurement of the 
outcome and selection of the reported result. The level of risk or concern 
was reported as high, some concern, or low. For studies other than RCTs 
the NOS tool was used to assess the risk of bias and the level of risk was 
reported as high or low. 

2.5. Statistical methods and meta-analysis 

All studies which reported relapse were included in the meta-anal-
ysis. We calculated the pooled proportion estimates for patients who had 
relapse. The meta-analysis was done using RevMan (version 5⋅4⋅1) [19]. 
Random-effects model was applied for assigning weights. The random 
effect model was chosen because we wanted to draw an unconditional 
inference regarding the outcome of interest (relapse), and because the 
common effect size was uncertain. The heterogeneity of outcome within 
and between each group of studies were assessed using the Cochrane Q 
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test (p-value < 0⋅1 denoting the presence of heterogeneity) and the I2 

statistic in forest plots described by Higgins et al. [20]. The I2 statistic 
estimates the percent of observed between-study variability due to 
heterogeneity rather than to chance and ranges from 0 % to 100 %. 
Values of 25 %, 50 % and 75 % were considered representing low, 
medium and high heterogeneity respectively. A value of 0 % indicates no 
observed heterogeneity while 100 % indicates significant heterogeneity. 
For this review we determined that I2 values above 75 % were indicative 
of significant heterogeneity [21]. The outcome of interest (relapse) is 
measured in numbers and proportions. The pooled proportion estimate 
was calculated among patients who were cured or completed treatment. 

2.6. Definitions 

According to the recommendations of the WHO, we defined the final 
treatment outcome as either favorable (cured and treatment completed) 
or unfavorable (died, lost to follow-up, treatment failure and relapse). 
Relapse disease is defined as a second (or third) episode of active TB 
disease due to re-emergence of the original infection, as determined by 
genotypic analysis of the prevailing tubercle bacilli. Also, whole-genome 
sequencing (WGS) is required to identify minor differences which will 
provide the greatest insight to differentiate relapse versus re-infection 
[15]. 

2.7. Role of the funding source 

There was no funding source for this study. 

3. Results 

In total, 145 records were identified and 36 articles were retrieved 
for full-text screening. Ten studies meeting the inclusion criteria were 
selected for this systematic review and meta-analysis. (Fig. 1). 

Results of the risk of bias assessment using the Risk of Bias tool for 
the six clinical trials show an overall low risk of bias. Some concerns are 
identified in the areas of data missingness, measurement of the outcome, 
and selection of the reported results. Results of the bias assessment using 
the New Castle Ottawa Scale (NOS) tool show an overall low to mod-
erate risk of bias among the two observational studies included in the 
review. (Annex-2). 

The studies were conducted in 13 countries in Asia, Africa, Europe 
and United States of America. The sample size ranged between 20 and 
688 participants. Six studies were randomized clinical trials 
[22,24–26,28–29], one non-randomized clinical trial [23], and three 
were cohort studies [27,30–31]. (Table 1). 

The participants’ age range was between 14 and 83 years old, and on 
average 63⋅7% of the participants in the studies were male. HIV coin-
fection ranged from 5⋅7% to 71⋅7%. Baseline smear microscopy was 
reported in seven studies [24,26–31], and ranged between 20⋅3% and 
65⋅7%. Baseline rifampicin-resistant was reported in all studies except 

Fig. 1. Flow chart of study inclusion and exclusion.  
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one [26], and ranged between 35 and 100 %. Not considering Mok J. et 
al 2022, who used baseline fluoroquinolone resistance (FQR) as an 
exclusion criterion, baseline FQR ranged from 4⋅1% to 65⋅0%. Cavitary 
disease in chest radiography ranged between 7⋅0% and 61⋅8%. 
(Table 2). 

All studies reported definition for treatment failure except three 
studies [25,29–30]. The definition of relapse was reported in all studies 
except one [30]. Having a positive culture with the baseline strain at 
post-treatment follow-up duration. Permanent regimen change, 
discontinuation, lack of culture conversion, clinical efficacy, and 
bacteriological reversion were among a large and varied set of criteria 
that defined treatment failure in different studies (Table 3). 

Treatment duration was between 6 and 12 months. The shortest 
PTFU duration was six months [23,28], and the longest was 30 months 
[25]. All other studies were between 6 and 24 months [22–24,26–31]. 
Four studies [22,25,28,31], reported criteria for treatment extension. 
Only one study showed the number of patients for whom treatment 
duration was extended [31]. (Table 4). 

Among included studies four studies had more than one interven-
tional arm [26,23]. Favorable outcomes were achieved among a mini-
mum of 68⋅4% and a maximum of 97⋅5% of participants. Lost to follow- 
up was observed among 0⋅9-8⋅6% of participants. Death was reported 
between 1⋅0% and 17⋅0% of cases and treatment failure was observed 

Table 1 
Characteristics of the included studies.  

Author, Year Country Participants Study Design 

Conradie F. et al (2020) [22] 1 109 RCT 
Fu L. et al (2021) [23] 2 41* NRCT 
Esmail A. et al (2022) [24] 1 49 RCT 
Goodall RL. et al (2022) [25] 1, 3, 4, 5, 6, 7 196 RCT 
Nyang’wa BT. et al (2022) [26] 1, 8, 9 364 RCT 
Ndjeka N. et al (2022) [27] 1 688 Cohort 
Conradie F. et al (2022) [28] 1, 4, 10, 11 181 RCT 
Mok J. et al (2022) [29] 12 108 RCT 
Goswami ND. et al (2022) [30] 13 20 Cohort 
Haley C. et al (2023) [31] 13 70 Cohort 

Abbreviations/acronyms: RCT: Randomized control trial, NRCT: Non- 
randomized clinical trial, 1: South Africa, 2: China, 3: Ethiopia, 4: Georgia, 5: 
India, 6: Uganda, 7: Mongolia, 8: Belarus, 9: Uzbekistan, 10: Moldova, 11: 
Russia, 12: South Korea, 13: United states of America, *: data of 41 patients were 
only reported. 

Table 2 
Baseline demographic and clinical characteristics of study participants.  

Author, Year Age Male Sample HIV Smear RR FQR Cavity 

Conradie F. et al (2020) [22] 35 
(17–60) 

52⋅0% 109 56 
(51.0 %) 

__ 38 
(35.0 %) 

71 
(65.0 %) 

51 
(46.7 %) 

Fu L. et al (2021) [23] 38 
(15–78) 

73⋅0% 41 __ __ 49 * 
(47.5 %) 

32* 
(31.0 %) 

51* 
(49.5 %) 

Esmail A. et al (2022) [24] 37 
(31–43) 

69⋅0% 49 27 
(55.0 %) 

30 
(61.2 %) 

44 
(89⋅7%) 

2 
(4⋅1%) 

26 
(53⋅0%) 

Goodall RL. et al (2022) [25] 33 
(15–65) 

63⋅0% 196 27 
(13⋅7%) 

__ 196 
(100 %) 

0 
(0⋅0%) 

13 
(7⋅0%) 

Nyang’wa BT. et al (2022) [26] 34 
(18–62) 

57⋅7% 364 101 
(28⋅0%) 

238 
(65⋅7%) 

__ 79 
(21⋅7%) 

218 
(60⋅0%) 

Ndjeka N. et al (2022) [27] 42 
(33–51) 

61⋅0% 688 493 
(71⋅7%) 

297 
(43⋅1%) 

688 
(100 %) 

__ __ 

Conradie F. et al (2022) [28] 36 
(26–44) 

68⋅0% 181 36 
(20⋅0%) 

88 
(48⋅6%) 

160 
(88⋅3%) 

75 
(41⋅4%) 

112 
(61⋅8%) 

Mok J. et al (2022) [29] 49 
(39–57) 

67⋅1% 108 0 
(0⋅0%) 

17 
(20⋅3%) 

108 
(100 %) 

0 
(0⋅0%) 

38 
(48⋅1%) 

Goswami ND. et al (2022) [30] 42 
(23–76) 

60⋅0% 20 _ 12 (60⋅0%) 8 
(40⋅0%) 

10 
(50⋅0%) 

7 
(35⋅0%) 

Haley C. et al (2023) [31] 37 
(14–83) 

65⋅7% 70 4 
(5⋅7%) 

34 (54⋅0%) 43 
(61⋅4%) 

10 (14⋅3%) 29 (46⋅0%) 

Abbreviations/acronyms: Med: median, IQR: interquartile range, HIV: human immunodeficiency virus, RR: rifampicin-resistant, FQR: fluoroquinolone-resistant, CXR: 
chest radiography. 
* The study sample size was 103 patients by the time they published the primary results the only 41 patients had completed the treatment. 

Table 3 
Definition of failure and relapse among included studies.  

Author, Year Definition of failure Definition of relapse 

Conradie F. et al 
(2020) [22] 

Lack of clinical efficacy, lack of 
culture conversion, or 
bacteriological reversion 

Positive culture with 
evidence of baseline 
strain at PTFU 

Fu L. et al (2021) 
[23] 

Termination or permanent change to 
a new regimen or treatment strategy 

Positive culture with 
evidence of baseline 
strain at PTFU 

Esmail A. et al 
(2022) [24] 

Permanent regimen change (>1 
group Ay drug or > 2 group B‡ / C* 
drugs) 

Positive culture with 
evidence of baseline 
strain at PTFU 

Goodall RL. et al 
(2022) [25] 

Not reported Positive culture with 
evidence of baseline 
strain at PTFU 

Nyang’wa BT. et 
al (2022) [26] 

Termination or permanent change to 
a new regimen or treatment strategy 

Positive culture with 
evidence of baseline 
strain at PTFU 

Ndjeka N. et al 
(2022) [27] 

Termination or discontinuation of at 
least 2 drugs due to intolerance, 
adverse event, drug resistance, 
failure to culture convert or culture 
reversion 

Positive culture with 
evidence of baseline 
strain at PTFU 

Conradie F. et al 
(2022) [28] 

A change from the protocol-specified 
treatment due to: clinical efficacy, 
retreatment, or death by 26 weeks 
after completion of treatment 

Positive culture with 
evidence of baseline 
strain at PTFU 

Mok J. et al 
(2022) [29] 

Not reported Positive culture with 
evidence of baseline 
strain at PTFU 

Goswami ND. et 
al (2022) [30] 

Not reported Not reported 

Haley C. et al 
(2023) [31] 

Lack of culture conversion after 4 
months of 
BPaL or culture reversion to positive 
with 2 consecutive samples 30 days 
apart 

Positive culture with 
same baseline strain at 
PTFU 

Abbreviations/acronyms: PTFU: post-treatment follow-up, EOT: end-of- 
treatment. According to WHO 2019 consolidated multidrug-resistant tubercu-
losis (MDR-TB) guideline: 
† Group A: levofloxacin or moxifloxacin, bedaquiline, linezolid. 
‡ Group B: clofazimine, cycloserine or terizidone. 
*Group C: ethambutol, delamanid, pyrazinamide, imipenem–cilastatin, amika-
cin, ethionamide or prothionamide, p-aminosalicylic acid. 
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between 0⋅7% and 9⋅2% of participants. Overall, 1792 patients were 
treated with standardized all-oral short regimens. Among them, 744 
(41.5 %) patients were treated with BPaL regimens and 1048 (58.5 %) 
with other standardized short-oral regimens. A total number of 1445 
(80.6 %) patients achieved a favorable outcome. Among 1445 patients 
with a favorable outcome, 25 cases of relapse were reported, 17 cases 
were patients whom received BPaL regimens and eight patients were 
those whom received other standardized short all-oral regimens. For one 
study, although 103 patients were enrolled in one study, outcomes data 
for only 41 of the patients were published. Despite emailing the corre-
sponding author, we did not get outcome data for all 103 patients [23] 
(Table 5). 

For relapse, the pooled proportion was calculated for all regimens 
and for BPaL regimens. Studies with no relapses were excluded from 
meta-analysis, as the effect was not estimable. The pooled proportion of 
relapse among all regimens was 2⋅0% (95 % CI, 1⋅0-3⋅0%) with a chi- 
square of 9⋅48, low heterogeneity of I2 = 26 % and overall effect size 

of Z = 3⋅66. (Fig. 2). 
For BPaL regimens, the pooled proportion of relapse was also 2⋅0% 

(95 % CI, 1⋅0-3⋅0%) with a chi-square of 5⋅88, heterogeneity with I2 = 0 
% and overall effect size of Z = 3⋅44. As the test for heterogeneity I2 = 0 
%, the occurrence of the effect size by chance or sampling error cannot 
be excluded. (Fig. 3) 

4. Discussion 

This review demonstrates a relatively low frequency of relapse 
(overall: 2⋅0%; 95 % CI, 1⋅0-3⋅0%) and high treatment success (overall: 
range between 68⋅4% and 97⋅5%) for standardized short all-oral RR-TB 
treatment regimens. This is a major improvement, considering that 
before the introduction of short regimens, the RR-TB treatment success 
rate was around 60⋅0% globally [32], with relapses occurring in about 
8⋅5% of patients [33]. The results of this study indicate that relapse after 
standardized all-oral short regimens is similar compared to relapse after 
highly effective rifampicin-based treatment for RS-TB with only about 
2⋅9% of cases experiencing relapse [34]. 

Several reasons may explain the good treatment outcomes for short 
all-oral regimens. In the past, regimens were often individualized, tar-
geting the inclusion of a minimum number of “likely active TB drugs”, 
but ignoring the need for complementary action of included anti-TB 
medications [35]. Short all-oral regimens reported in this review were 
standardized, usually included multiple core drugs (most studied regi-
mens had at least two of FQ, BDQ, and Pa), and assured both high 
bactericidal and sterilizing activity, thus less treatment failure and 
relapse [36]. All included studies, except Mok j. et al 2022, included 
BDQ in their regimens. BDQ is associated with higher rates of culture 
conversion and a significant reduction in all-cause death [37]. BDQ also 
has a weakness, as its bactericidal activity during the first week of 
chemotherapy is minimal [38]. Including other drugs with high early 
bactericidal activity might mitigate this weakness [39]. In BPaL regi-
mens, the presence of Pa probably explains the high frequency of 
favorable end-of-treatment outcomes. Previous studies demonstrated 
that Pa-containing regimens were superior to standard treatments when 
a daily change in colony-forming units and time-to-culture conversion 
were compared [40], improving the bactericidal activity and probably 
also the resistance-preventing and sterilizing activity of the regimen 
[41]. 

Definitive relapse-free cure remains the main goal for RR-TB. How-
ever, the included studies did not show RR-TB retreatment outcomes 
after treatment failure or relapse. While including two or more core 

Table 4 
Treatment duration, post-treatment follow-up duration, and criteria for 
extension.  

Author, Year TD PTFU Criteria for extension 

Conradie F. et al 
(2020) [22] 

6 24 If positive culture at week 16, extend to 39 
weeks 

Fu L. et al (2021)  
[23] 

9–12 6 Not reported 

Esmail A. et al 
(2022) [24] 

6–9 15–18 Not reported 

Goodall RL. et al 
(2022) [25] 

9 30 If delayed smear conversion (timepoint of 
conversion assessment not specified), add 8 
more weeks of treatment 

Nyang’wa BT. et al 
(2022) [26] 

6 16 Not reported 

Ndjeka N. et al 
(2022) [27] 

9–12 24 Not reported 

Conradie F. et al 
(2022) [28] 

6 6 If suspicion of active disease between 16 
and 26 weeks, extend to 39 weeks 

Mok J. et al (2022) 
[29] 

9 12 Not reported 

Goswami ND. et al 
(2022) [30] 

6 12 Not reported 

Haley C. et al 
(2023) [31] 

6 24 If bone involvement, extensive tuberculosis 
disease, delayed culture conversion, and 
non-adherence extend to more than 39 
weeks 

Abbreviations/acronyms: TD: Treatment duration, PTFU: post-treatment follow- 
up, treatment, and post-treatment follow-up durations are reported in months. 

Table 5 
Treatment regimens, end-of-treatment outcomes, and relapse.  

Author, Year Regimen composition End-of-treatment outcomes n (%) Relapse n (%) 

Favorable LTFU Died Failure 

Conradie F. et al (2020) [22] BDQ, Pa, LZD 98/109 (89⋅9%) 1/109 (0⋅9%) 7/109 (6⋅4%) 1/109 (0⋅9%) 2/98 (2⋅0%) 
Fu L. et al (2021) [23] LZD, FQ, BDQ / CFZ, CS, Z 40/41 (97⋅5%) NA NA 1/41 (2⋅4%) 0/40 (0⋅0%) 
Esmail A. et al (2022) [24] BDQ, LFX, LZD, Z, INH/ Trd/ Eto 33/44 (75⋅0%) 3/44 (6⋅8%) 4/44 (9⋅1%) 3/44 (6⋅8%) 1/33 (3⋅0%) 
Goodall RL. et al (2022) [25] BDQ, LFX, CFZ, E, Z 162/196 (82⋅6%) 8/196 (4⋅1%) 3/196 (1⋅5%) 18/196 (9⋅2%) 5/162 (3⋅1%) 
Nyang’wa BT. et al (2022) [26]        

BDQ, Pa, LZD, MFX 121/138 (87⋅7%) 4/138 (2⋅9%) 0/138 (0⋅0%) 0/138 (0⋅0%) 1/121 (0⋅8%)  
BDQ, Pa, LZD, CFZ 88/115 (76⋅5%) 9/115 (7⋅8%) 1/115 (0⋅8%) 1/115 (0⋅8%) 5/88 (5⋅7%)  
BDQ, Pa, LZD 96/111 (86⋅4%) 0/111 (0⋅0%) 1/111 (0⋅9%) 0/111 (0⋅0%) 3/96 (3⋅1%) 

Ndjeka N. et al (2022) [27] BDQ, CFZ, MFX/LFX, Z, E, Eto, INH 507/688 (73⋅7%) 59/688 (8⋅6%) 117/688 (17⋅0%) 5/688 (0⋅7%) 1/507 (0⋅2%) 
Conradie F. et al (2022) [28]        

BDQ, Pa, LZD x 1200 mg x 26 weeks 41/45 (91⋅1%) 1/45 (2⋅2%) 0/45 (0⋅0%) 0/45 (0⋅0%) 0/41 (0⋅0%)  
BDQ, Pa, LZD x 1200 mg x 9 weeks 40/46 (86⋅9%) 0/46 (0⋅0%) 1/46 (2⋅2%) 0/46 (0⋅0%) 2/40 (5⋅0%)  
BDQ, Pa, LZD x 600 mg x 26 weeks 41/45 (91⋅0%) 0/45 (0⋅0%) 0/45 (0⋅0%) 0/45 (0⋅0%) 1/41 (2⋅4%)  
BDQ, Pa, LZD x 600 mg x 9 weeks 37/45 (82⋅2%) 1/45 (2⋅2%) 0/45 (0⋅0%) 1/45 (2⋅2%) 1/37 (2⋅7%) 

Mok et al (2022) [29] DLM, LFX, LZD, Z 54/79 (68⋅4%) 1/79 (1⋅3%) 2/79 (2⋅5%) 5/79 (6⋅3%) 1/54 (1⋅85 %) 
Goswami ND. et al (2022) [30] BDQ, Pa, LZD 19/20 (95⋅0%) 1/20 (5⋅0%) 0/20 (0⋅0%) 0/20 (0⋅0%) 0/19 (0⋅0%) 
Haley C. et al (2023) [31] BDQ, Pa, LZD 68/70 (97⋅1%) 5/70 (7⋅1%) 2/70 (2⋅8%) 0/70 (0⋅0%) 2/68 (2⋅9%) 

Abbreviations/acronyms: BPaL: bedaquiline (BDQ), pretomanid (Pa), linezolid (LZD), LTFU: lost to follow-up, FQ: fluoroquinolone, CFZ/C: clofazimine, CS: cyclo-
serin, Z: pyrazinamide, LFX: levofloxacin, Trd: terizidone, E: ethambutol, Eto: ethionamide, MFX: moxifloxacin, INH: isoniazid, NA: Not available. 
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drugs can strengthen the regimen, it may reduce the chances of suc-
cessfully treating patients after treatment failure or relapse. Such pa-
tients are at risk of having TB resistant to multiple core drugs, e.g., XDR- 
TB (TB resistant to FQ, and also BDQ or LZD). How to retreat RR-TB 
remains unknown. Studies are needed to compare an “upfront potent 
approach”, combining the most potent second-line drugs in a first RR-TB 
treatment, with a “cascade of regimens approach”, in terms of definitive 
relapse-free cure [42]. The latter approach relies on one core drug per 
treatment regimen and assures more robust re-treatment options and 
probably a higher proportion of patients with definitive relapse-free 
cure overall [43]. 

Another threat to achieving relapse-free cure is the empiric use of 
most new second-line drugs. Indeed, in most settings drug susceptibility 
testing (DST) for BDQ, Pa, or LZD is not widely available. In patients 
treated first time for RR-TB, the pooled frequency of LZD resistance was 
4⋅2% [44]. Acquired bedaquiline resistance (ABR) was assessed based 
on predefined MIC thresholds and genotypic ABR based on the emer-
gence of resistance-associated variants. The median (IQR) frequency of 
phenotypic ABR was 2.2 % (1.1 %-4.6 %) and 4.4 % (1.8 %-5.8 %) for 
genotypic ABR [45]. BDQ resistance is even more frequent (up to 20⋅0%) 
in patients with baseline FQ resistance [46]. Considering that FQ- 
resistant RR-TB (pre-XDR-TB) is an indication for BPaL, a three-drug 
regimen, and the lack of access to BDQ DST, the chances of pre-XDR- 
TB patients being treated with two active drugs only (Pa and LZD) 
may be not negligible. This increases the risk of poor outcomes and 
additional resistance acquisition. Therefore, the introduction of these 

new regimens needs to be accompanied by improved access to DST for 
new drugs.47. 

Individual studies included in this review were powered to assess a 
composite endpoint, combining multiple outcomes, 48 but not to esti-
mate the frequency of relapse. This review filled this gap, combining 
data from multiple individual studies, mainly clinical trials, to show the 
proportion of relapse with good precision. For BPaL-based regimens, 
data from 744 patients were pooled, of whom 17 experienced relapses, 
showing 2⋅0% (95 % CI, 1⋅0-3⋅0%) relapse after cure or treatment 
completion⋅ Studies of large programmatic cohorts, including systematic 
post-treatment follow-up, are needed to assess relapse in routine care, 
usually with less stringent follow-up and less patient support than under 
trial conditions. 

This systematic review has several limitations. Most of the studies in 
this systematic review followed participants for less than two years after 
their treatment completion. Even though most relapses occur within the 
first year after treatment completion, a too-short follow-up time prob-
ably underestimates the true extent of relapse.49 WHO recommends 
post-treatment systematic follow up for 24 months post-treatment.50 In 
addition, studies were conducted in very few countries which leaves our 
findings non-representative for all high RR-TB burden countries, as 
patient-level factors may differ, as well as baseline resistance to second- 
line drugs. Not all studies reported baseline co-morbidities, culture re-
sults, and criteria for treatment extension. Attempts to get results from 
authors were unsuccessful. The secondary objective of this review was to 
estimate the proportion of participants who required treatment duration 

Fig. 2. Pooled proportion of relapse among all studies.  

Fig. 3. Pooled proportion of relapse among BPal regimens.  
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extension. Since none of the studies did report the frequency of treat-
ment extension, we were unable to achieve this objective. Despite dif-
ference in duration of PTFU, the definition of relapse was similar across 
studies, which allowed us to estimate the pooled proportion estimates 
for relapse for all regimens, and separately for BPaL regimens. For 
having a favorable treatment outcome, because of the very high het-
erogeneity (I2 > 90 %; probably due to the diversity in primary endpoint 
definitions), we choose not to proceed with pooled estimates for favor-
able outcomes. 

5. Conclusion 

The results of this study indicate that relapse after standardized all- 
oral short regimens is similar compared to relapse after highly effective 
rifampicin-based treatment for rifampicin-susceptible TB. However, the 
overall number of patients who received studied treatment regimens is 
still rather small for a relatively rare outcome such as relapse. Moreover, 
the duration of post-treatment follow-up was insufficient in most 
studies. The scale-up of studied short RR-TB regimens, especially BPaL- 
based regimens, under programmatic conditions should be accompanied 
by systematic post-treatment follow-up to obtain a reliable estimate of 
relapse in real-life settings. 
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