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Abstract

Background Drug-resistant tuberculosis (DR-TB) remains a threat to public health. Shorter regimens have been pro-
posed as potentially valuable treatments for multidrug or rifampicin resistant tuberculosis (MDR/RR-TB). We undertook
a systematic review and network meta-analysis to evaluate the efficacy and safety of shorter MDR/RR-TB regimens.

Methods We searched PubMed/MEDLINE, Cochrane Center for Clinical Trials (CENTRAL), Scopus, ClinicalTrials.gov,
WHO International Clinical Trials Registry Platform, US Food and Drug Administration, and Chinese Clinical Trial Regis-
try for primary articles published from 2013 to July 2023. Favorable (cured and treatment completed) and unfavorable
(treatment failure, death, loss to follow-up, and culture conversion) outcomes were assessed as the main efficacy
outcomes, while adverse events were assessed as the safety outcomes. The network meta-analysis was performed
using R Studio version 4.3.1 and the Netmeta package. The study protocol adhered to the PRISMA-NMA guidelines
and was registered in PROSPERO (CRD42023434050).

Result We included 11 eligible studies (4 randomized control trials and 7 cohorts) that enrolled 3,548 patients

with MDR/RR-TB. Treatment with a 6-month combination of BdglzdLfxZTrd/Eto/H had two times more favorable out-
comes [RR 2.2 (95% CI 1.22,4.13), P=0.0094], followed by a 9-11 month combination of km/CmMfx/LfxPtoCfzZEHh
[RR1.67 (95% Cl 1.45,1.92), P<0.001] and a 6-month BdgPal.zdMfx [RR 1.64 (95% Cl 1.24, 2.16), P < 0.0005] compared
to the standard longer regimens. Treatment with 6 months of BdgPalzdMfx [RR 0.33 (95% C1 0.2, 0.55), P<0.0001] had
a low risk of severe adverse events, followed by 6 months of BdgPalzd [RR 0.36 (95% CI 0.22, 0.59), P<0.001] and Bdg-
PalzdCfz [RR 0.54 (95% Cl 0.37, 0.80), P< 0.0001] than standard of care.

Conclusion Treatment of patients with RRZMDR-TB using shorter regimens of 6 months BdqlLzdLfxZTrd/Eto/H, 9-11
months km/CmMfx/LfxPtoCfzZEHh, and 6 months BdgPaLzdMfx provides significantly higher cure and treatment
completion rates compared to the standard longer MDR/RR-TB. However, 6BdgPalzdMfx, 6BdgPal zd, and 6BdgPal zd-
Cfz short regimens are significantly associated with decreased severity of adverse events. The findings are in support
of the current WHO-recommended 6-month shorter regimens.
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Introduction

Drug-resistant tuberculosis (DR-TB) remains a threat
to the public’s health and hurts individuals, communi-
ties, and healthcare facilities. According to recent figures,
the burden of DR-TB is estimated to be 410 000 people
(95% UL: 370 000—450 000) in cases of multidrug resist-
ance (MDR-TB) or rifampicin-resistant TB (RR-TB) in
2022, out of which 3.3% were new cases [1, 2]. Treatment
success rates have increased from 50% in 2012 to 60% in
2019, with 15% of MDR/RR-TB patients still dying from
the disease [3].

Treatment of MDR/RR-TB using longer regimens
(standard of care) requires a longer course of therapy
(>18 months) based on the drug groupings (A, B, and
C). All three Group A agents and at least one Group B
agent should be used in MDR/RR-TB patients on longer
regimens to guarantee that treatment begins with at least
four TB agents that are likely to be effective and that at
least three agents are used for the duration of treatment
after bedaquiline is stopped. It is necessary to include
both Group B agents if only one or two Group A agents
are utilized. Agents from Group C are added to the regi-
men if agents from Groups A and B alone are unable
to successfully complete the duration of the treatment
[4]. However, they pose a greater pill load and have a
higher toxicity profile than drug-susceptible TB regi-
mens [5-7]. Moreover, patients may experience serious
adverse events and worse treatment outcomes. Currently,
approximately 20% of globally estimated MDR/RR-TB
patients receive the needed second-line MDR/RR-TB
regimens, and outcomes among these patients are poor,
with only half reported as being successfully treated or
completed [8, 9].

Acknowledging the challenges with the use of longer
MDR/RR-TB regimens, the TB scientific community has
been searching for improved regimen options, including
for extensive drug resistance. Various studies and ini-
tiatives have been launched to explore novel regimens,
including repurposed and newer medications. Shorter
(<12-month) MDR-TB regimens include 6-month and
9-month treatment regimens in patients with MDR/
RR-TB in whom resistance to fluoroquinolones (FQs)
has been excluded. These may have the advantage of
a better therapeutic effect and fewer adverse events
[10-12].

Several randomized clinical trials are underway [13—
17], and there are a couple of shorter regimen trials and
cohort studies conducted worldwide.

First, a 6-month regimen based on bedaquiline,
pretomanid, and linezolid (BPal) in combination with
moxifloxacin (BPaLM) and clofazamin (BPaLC) was
evaluated in the TB-PRACTECAL randomized clinical
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trial [18, 19]. The other 6-month regimens based on the
BPal. combination with decreased exposure to linezolid
(lower dosing or shorter duration) were evaluated in the
ZeNix study [20, 21]. Patients received 26 weeks of treat-
ment, with the option of extending it to 39 weeks if they
remained culture-positive with clinical evidence of active
TB between 16 and 26 weeks. In addition, the NEXT trial
was performed with a linezolid, bedaquiline, levofloxacin,
pyrazinamide, and either ethionamide, high-dose isonia-
zid (INH), or teridazone regimen [22]. Compared with
traditional injectable-containing regimens, an all-oral
6-month MDR/RR-TB regimen was associated with a sig-
nificantly improved 24-month WHO-defined treatment
outcome (predominantly owing to toxicity-related drug
substitution). However, drug toxicity occurred frequently
in both arms.

The second, a shorter regimen (9-11 months), was
noninferior to the longer regimen (22-20 months, fol-
lowing the 2011 WHO guidelines) with respect to the
primary efficacy outcome and was similar to longer
regimens in terms of safety. However, participants in
the short-term regimen group had more adverse events
(grade 3 or more) and death [23]. Other 9-month treat-
ments with oral delamanid, linezolid, levofloxacin, and
pyrazinamide showed a noninferior outcome and no
difference in safety outcome compared to standard care
regimens [24].

In the third 12-month regimen, a superiority study was
performed to evaluate the benefit of a clofazimine (CFZ)-
based regimen on clinical outcomes for MDR/RR-TB
patients [25]. It showed a rapid sputum conversion rate
and a comparable successful outcome compared with the
standard of care.

In addition to randomized controlled trials, cohort
studies performed on short-term regimens showed bet-
ter primary and secondary outcomes than WHO stand-
ards of care regimens [26—31]. High scientific evidence is
needed to use better regimens beyond programmatic use.
Several systematic reviews as well as meta-analyses have
documented shorter MDR/RR-TB regimens; however,
there have been no network meta-analyses performed to
compare multiple MDR/RR-TB shorter regimens simul-
taneously in a single analysis.

As a result, we conducted this systematic review and
network meta-analysis of randomized controlled trials
(RCTs) and cohort studies using the frequentist model
to provide an up-to-date summary and analysis of pre-
viously published studies that have evaluated shorter
MDR/RR-TB regimens. We also made instructive com-
parisons of their relative efficacy and adverse event
profiles.
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Methods

A systematic review and network meta-analysis was
conducted, and the report followed the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses extension statement for Network Meta-
analysis (PRISMA-NMA) ([32]. The protocol was
prospectively registered with PROSPERO 2023 (ID:
CRD42023434050).

Eligibility criteria

Randomized controlled trials and cohort studies
comparing the efficacy and safety of WHO-approved
treatment regimens of <12 months duration (shorter
regimens) vs. WHO-approved treatment regimens of
>12 months duration (longer regimens), and partici-
pants in all age groups with confirmed MDR/RR-TB
were included. Single-arm studies and participants
with XDR-TB were excluded from the review. Eligible
treatments included in the treatment network were
not clustered or merged into the same node.
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The PICOS (participant/population, intervention,
controls, outcome, and study design) description
model was used to set eligibility criteria for the study.

Participant

— Microbiologically confirmed M. tuberculosis in spu-
tum and resistance to rifampicin and isoniazid irre-
spective of fluroquinolones.

— All age groups were included in the analysis.

Interventions

— Any short anti-TB drug (< 12-month duration) tested
to evaluate the efficacy and safety in patients diag-
nosed with MDR/RR- TB. The short-term regimens
are summarized in Table 1.

— 6 months Bdq, Lzd, Lfx, Z, Trd/Eto/Hh regimen.
Bedaquiline:400 mg daily for 2 weeks, followed by
200 mg 3 times per week for 24 weeks, Linezolid:

Table 1 Summary of the short-term regimens used for MDR/RR-TB treatment

Drug Combinations in Different Treatment Regimens

6 months Bdq, Lzd, Lfx, Z,
Trd/Eto

/Hh

6 months Bdq, Pa, Lzd

6 months Bdq, Pa, Lzd,Mfx

6 months Bdq, Pa, Lzd, Cfz

w
=
Oé 9-12 months DIm, Lzd, Lfx, Z
éb 9-11 months km, Mfxh, Pto, Cfz,
« E,Z Hh
§  9-11 months km, Mfx, Pto, Cfz,
£ ZEH
S 9-11 months Cm, Mfx, Pto, Cfz,
& ZEH
9-11 months km, Mfxh, Pto, Cfz,
Z,E, Hh
9-11 months km, Mfx, Pto, Cfz,
Z,E,H
9-12 months km, Mfx, Pto, Cfz,
7, E, Hh

9-12 months km/Cm, Mfx/Lfx,
Pto, Cfz, Z, E, Hh

12 months Cm, Cfz, Cs, Lfx, Pto,
Z

Bdq
Pa

DIm
Lzd
Mfx

o N = =} =) £
S 3 8 & Nz w & £ & E
Drugs

Bdq Bedaquiline, Cfz Clofazimine, Cm Capreomycin, Cs Cycloserine, DIm Delamanid, £to Ethionamide, H Isoniazid, +Hh Isoniazid high does, km Kanamycin, Lfx
Levofloxacin, Lzd Linezolid, Mfx Moxifloxacin, Mfxh Moxifloxacin high dose, Pa Pretomanid, Pto Prothionamide, Trd Terizidone, Z Pyrazinamid

*Drug included in the regimens; **Drug not included in the regimens
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600 mg, Levofloxaciline 750 mg for <50 kg and
1000 mg for >50 kg), Pyrazinamide 1000-1,750 mg
for 40-50 kg, 1,750-2000 mg for 51-70 kg and
2000- 2,500 mg for 71-90 kg), Terizidone750 mg
for 40-70 kg, and 750 —100 mg for 71-90 kg) or
Ethionamide: 15 mg/kg or high dose isoniazid
500 mg for 40-50 kg, 750 mg for 51-70 mg and
750—1000 mg for 71-90 kg).

12 months Cm, Cfz, Cs, Lfx, Pto, Z regimen. Capre-
omycin, Clofazimine, Cycloserine, Levofloxacin,
Prothionamide, and Pyrazinamide).

9-11 months km, Mfx, Pto, Cfz, Z, E, H regi-
men(4—6 Km Mxf, Pto Cfz, E, Z, H and 5 Mx{, Cfz,
EZ) : Dose for <33 kg, 33-50 kg, >50 kg, respec-
tively: Moxifloxacin (400 mg, 600 mg, 800 mg);
Clofazimine (50 mg, 100 mg, 100 mg); Kanamy-
cin (15 mg per kg); Ethambutol (800 mg, 800 mg,
1200 mg); Pyrazinamide (1000 mg, 1500 mg,
2000 mg); Isoniazid (300 mg, 400 mg, 600 mg); and
prothionamid (250 mg, 500 mg, 750 mg).

6 months Bdq, Pa, Lzd regimen: Bedaquiline
400 mg daily for 2 weeks, followed by 200 mg three
times per week for 22 weeks; Protionamide 200 mg
daily for 24 weeks; and linezolid 600 mg daily for 16
weeks, followed by 300 mg daily for 8 weeks.

6 months Bdq, Pa, Lzd, Mfx regimen: Bdq, Pa, Lzd
plus Moxifloxacin 400 mg daily for 24 weeks.

6 months Bdq, Pa, Lzd, Cfz regimen: Bdq, Pa, Lzd
plus Clofazimine 100 mg daily (or 50 mg if the
patient weighed < 30 kg) for 24 weeks.

9-12 months Dlm, Lzd, Lfx, Z regimen: Delamanid
100 mg twice daily, Linezolid 600 mg per day for 2
months and 300 mg per day afterward, Levofloxa-
cin 750-1000 mg per day and Pyrazinamide 1000—
2000 mg per day.

9-11 months km, Mfxh, Pto, Cfz, E, Z, Hh regi-
men(4—6 Km, Mfxh, Pto, Cfz, Z, E, Hh and 5 Mfxh,
Cfz, E, Z) : Kanamycin, high-dose moxifloxacin,
prothionamide, Clofazimine, Pyrazinamide, Etham-
butol and high-dose isoniazid.

9-11 months Cm, Mfx, Pto, Cfz, Z, E, H regi-
men(4—6 Cm, Mfx, Pto, Cfz, Z, E, H and 5 Mfx,
Pto, Cfz, Z, E) : Capreomycin, Moxifloxacin, pro-
thionamide, Clofazimine, Pyrazinamide, Ethambu-
tol, and Isoniazid.

9-11 months km, Mfxh, Pto, Cfz, Z, E, Hh regi-
men(4—6 Km, Mfxh, Pto, Cfz, Z, E, Hh and 5 Mfxh,
Cfz, E, Z) : kanamycin, high-dose moxifloxacin,
prothionamide, clofazimine, pyrazinamide, etham-
butol and high-dose isoniazid.

9-11 months km, Mfx, Pto, Cfz, Z, E, H regi-
men(4—6 Km, Mfx, Pto, Cfz, Z, E, H and 5 Mfx,
Cfz, Z): kanamycin, Moxifloxacin, prothionamide,
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Clofazimine, Pyrazinamide, Ethambutol and Isonia-
zid.9-12 months km, Mfx, Pto, Cfz, Z, E, Hh regi-
men(4—6 Km, Mfx, Pto, Cfz, Z, E, Hh and 5 MfXx,
Cfz, Z, E) : kanamycin, Moxifloxacin, prothiona-
mide, Clofazimine, Pyrazinamide, Ethambutol and
high-dose isoniazid.

9-12 months km/Cm, Mfx/Lfx, Pto, Cfz, Z, E, Hh
regimen(4—6 Km/Cm, Mfx/Lfx, Pto, Cfz, Z, E, Hh
and 5-6 Mfx/Lfx, Pto, Cfz, Z, E) : Kanamycin/Capre-
omycin, Moxifloxacin/Levofloxacin, Prothionamide,
Clofazimine, Pyrazinamide, Ethambutol and high-
dose isoniazid.

Control/Comparator

— Standard of care, thus long MDR/RR-TB regimens

given>18 months duration as stated in the WHO
guidelines, and long regimens>18 months dura-
tion with local modification based on the patient
characteristics and drug availability. All three Group
A agents and at least one Group B agent should be
used in MDR/RR-TB patients on longer regimens to
guarantee that treatment begins with at least four TB
agents that are likely to be effective and that at least
three agents are used for the duration of treatment
after bedaquiline is stopped. It is necessary to include
both Group B agents if only one or two Group A
agents are utilized. Agents from Group C are added
to the regimen if agents from Groups A and B alone
are unable to successfully complete the duration of
the treatment [4].

Group A: Levofloxacin or Moxifloxacin, Bedaqui-
line, and Linezolid.

Group B: Clofazimine, Cycloserine or Terizidone.
Group C: Ethambutol, Delamanid, Pyrazinamide,
Imipenem—Cilastatin or.

Meropenem, Amikacin or Streptomycin, Ethiona-
mide or Prothionamide, and P-aminosalicylic acid.

Outcome

The study used the following summary outcomes for

analysis:
Primary outcomes

o Favorable outcome (cure, treatment completed,
and culture conversion).

o Unfavorable outcomes (treatment failure, death,
and loss to follow-up).

Secondary outcome
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o Adverse events of the drugs. It was stratified by
severity using the National Institute of Allergy and
Infectious Diseases, Division of AIDS (DAIDS) sys-
tem [33] .

The following treatment outcome definitions were

adapted from WHO guidelines [34].

Cure: Treatment completed as recommended by
the national policy without evidence of failure AND
three or more consecutive cultures taken at least 30
days apart are negative after the intensive phase.
Treatment completion: A patient who completed
treatment as recommended by the national policy
whose outcome does not meet the definition for cure
or treatment failure.

Closure of the TB cavity: A sputum culture conver-
sion and corresponding changes in the size of the
cavity observed on CT scan images.

Culture conversion: Culture is considered to have
converted to negative when two consecutive cultures,
taken at least 30 days apart, are negative. In such a
case, the specimen collection date of the first nega-
tive culture is used as the date of conversion.

Death: Death from any cause during treatment not
meeting the criteria for failure.

Favorable outcome/success/: The sum of cured and
treatment completed.

Lost to follow-up: A patient who did not start treat-
ment or whose treatment was interrupted for 2 con-
secutive months or more.

Treatment failure: Treatment terminated or need
for a permanent regimen change of at least two anti-
TB drugs because of a lack of conversion by the end
of the intensive phase or bacteriological reversion
in the continuation phase after conversion to nega-
tive, or evidence of additional acquired resistance to
fluoroquinolones or second-line injectable drugs, or
adverse drug reactions (ADRs).

Serious Adverse Events (SAEs): are defined as any
undesirable experience occurring to a patient,
whether or not considered related to the treatment.
A serious adverse event is any untoward medical
occurrence that results in death or is life-threatening
(i.e. the patient was at immediate risk of death at
the time the reaction was observed), requires hospi-
talization or prolongation of hospitalization, results
in severe/permanent disability and a congenital
anomaly/birth defect.

Sever adverse event: is a measure of intensity, thus
grade 3 events leading marked limitation in activity,
some assistance usually required; medical interven-
tion/therapy required, hospitalization is possible. A
severe adverse event is not necessarily serious.
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Study design:

— Randomized controlled trials and cohort studies
published in the English language.

Information sources

A systematic literature search was performed to iden-
tify relevant articles from the online databases PubMed/
MEDLINE, Scopus, and the Cochrane Center for Clini-
cal Trials (CENTRAL) for primary articles published
from 2013 to July 2023. To search and assess ongoing or
unpublished trials, ClinicalTrials.gov, China’s clinical trial
registry databases, the WHO International Clinical Trials
Registry Platform, and the US Food and Drug Adminis-
tration (FDA) registers were searched. Web search using
Google Scholar and gray literature search was not done.
The search was performed according to guidance pro-
vided in the Cochrane Handbook for Systematic Reviews
of Interventions [35].

Electronic searches

The search strategies in PubMed for the text words
were  (((((CCCCCCCCC(((Multidrug- resistance tuberculosis)
AND (Rifampicin- resistant tuberculosis)) AND (Short-
term regimens)) OR (Bedaquiline)) OR (Linezolid)) OR
(Pyrazinamide)) OR (Terizidone)) OR (Ethionamide)) OR
(Isoniazid)) OR (Capreomycin)) OR (Clofazimine)) OR
(Cycloserine)) OR (Levofloxacin)) OR (Prothionamide))
OR (Moxifloxacin)) OR (Kanamycin)) OR (Delamanid))
OR (Gatifloxacin)) OR (Pretomanid)) OR (Amikacin).

Study selection

Two authors (YA and DGA) independently reviewed the
results, and disagreements were resolved through discus-
sion. When clarification was necessary, the trial authors
were contacted.

Data extraction and management

The title and abstract were generated by an electronic
search and independently screened by two authors (YA
and DGA). We designed a data extraction form to collect
data from eligible studies. The extracted data were com-
pared, and any inconsistencies were addressed through
discussion.

Data items

Variables of interest used to extract data include charac-
teristics of the study (such as countries, settings, number
of centers, funding sources, registration status, and drug
regimens), characteristics of the study design (such as
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randomized or non-randomized), characteristics of par-
ticipants (such as age, sex, previous TB treatment, lung
cavity, AFB, HIV, and diabetes), the number of partici-
pants enrolled and included in analyses, characteristics
of the interventions (such as short- and long-term regi-
mens, drug dosage, and duration of the regimens) and
the results (such as summary statistics, favorable out-
come, loss to follow-up, death, treatment failure, culture
conversion, TB cavity closure, and adverse events).

Geometry of network

Network geometry used nodes to represent different
shorter regimens for MDR-TB treatments and edges
to represent the head-to-head comparisons between
network nodes. The node size and edge thickness rep-
resented the sample sizes of the intervention and the
numbers of included trials, respectively.

Assessment of risk of bias

The risk of bias for each trial was independently evalu-
ated by two review authors using the Cochrane Col-
laboration’s tool for assessing the ‘Risk of bias’ [35] and
Cochrane’s risk of bias tool for nonrandomized studies
(ROBINS-I) [36].

Summary measures
The risk ratio was used to present summary findings
from the meta-analysis.

Planned method of analysis

The network meta-analysis was performed using R- stu-
dio Version 4.3.1. The network meta-analysis was per-
formed using the frequentist model for each treatment
comparison using the Netmeta package.

Assessment of heterogeneity

Heterogeneity among the included trials was assessed
by inspecting the forest plots, and the Cochrane Q and
I? statistic was used to measure heterogeneity among
the trials in each analysis. The Chi? test with a P<0.05
to indicate statistical significance was used. To further
determine whether specific study characteristics influ-
ence the magnitude of effect sizes found in our network
and check for variables that may explain inconsistency,
network meta-regression was performed.

Results

The search resulted in a total of 36,522 studies, of which
44 full-text eligible studies were evaluated further, and 11
of them fulfilled the inclusion criteria and were included
in the network meta-analysis Fig. 1. Of the 11 studies (4
RCTs and 7 cohort), four were randomized controlled
trials [19, 22—24], and seven were cohort studies [25-31].
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Characteristics of the included studies

All studies reported only MDR/RR-TB patients and pro-
vided information regarding drug susceptibility testing
for fluoroquinolones and second-line drugs. Hence, 111
patients in these studies had fluoroquinolone resistance,
while 93 were resistant to second-line injectables.

From a total of 3,548 patients, 1,164 (51.8% of those
with information) had a history of prior treatment with
first-line drugs, 1,651 (65.6% with chest radiography
information) had cavitation on a chest radiograph, and
1,924 (67.6% with acid-fast bacilli (AFB) results) were
AFB sputum smear positive. Only 398 (61.4% of tested)
had HIV co infection, and 61 (17.8% of those with infor-
mation) had diabetes mellitus. The study design, demo-
graphics, and outcome information are summarized in
Table 2, and other baseline characteristics are summa-
rized in supplementary document S1.

Methodological quality and risk of bias

Our summary shows that the majority of the studies were
either open-label (high risk for bias) or unclearly biased.
The rest of the domains had a low risk for bias. The risk of
bias assessments are summarized in Figs. 2 and 3.

Favorable outcome

In this analysis, 10 studies, 15 pairwise comparisons and
12 treatment groups were included. The network dia-
gram shows that most of the studies compared the stand-
ard treatment with KmMfxPtoCfzZEHh (Fig. 4).

The forest plot show that the risk of developing favora-
ble outcomes was two times higher for RR 2.2 (95% CI
1.22; 4.13, P=0.0094) than the standard treatment in
patients who were treated with 6BdqLzdLfxZTrd/Eto/H
followed by 9-12 km/CmMfx/LfxPtoCfzZEHh (4—6 km/
CmMfx/LfxPtoCfzZEHh and 5-6 Mfx/LfxPto CfzZE)
RR1.67 (95% CI 1.45; 1.92, P<0.0001) as shown in Fig. 5.
The overall heterogeneity was not significant (p =0.749,
tau’=0; tau=0; [*=0%) in Fig. 6.

Lost to follow-up

In this analysis, 6 studies, 13 pairwise comparisons and
9 treatment groups were included. The network diagram
shows that most of the studies compared the stand-
ard treatment with 9-12 km/CmMfx/LfxPtoCfzZEHh
(4—6 km/CmMfx/LfxPtoCfzZEHh and 5-6 Mfx/LfxPto
CfzZE), Fig. 7.

The net rank result and forest plot show that the risk
of loss to follow-up was 80% lower, RR 0.20 (95% CI 0.1;
0.38, P=0.0002), than the standard treatment in patients
who were treated with 6BdqPalzdMfx and 6BdqPalzd
Cfz followed by 12DImLzdLfxZ, RR 0.30 (95% CI 0.03;
2.58, P=0.0003). The overall heterogeneity was not sig-
nificant (P = -; tau2 =NA; tau=NA; I12=NA) in Fig. 8.
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Identification of studies via databases and registers

=
% Records identified from: Records removed before
= PubMed (n = 29.972) > screening:
= Scopus (n= 946) Duplicate records removed
= CENTRAL (n = 5,604) (n =590)
L]
SR .
Recordsscrasind Recgrds éxc111d§d for the
(0 = 35,932) sru(_hes were not relevant to the
main subject (n= 35.888)
o
=
=
g Y
73 Reports excluded:
Reports assessed for Different comparator regimens
eligibility (@ =17)
=44 Different outcomes (n = 14)
— Single arm studies (n = 02)
S
B
= Reports of included studies
e m=11)
L)

Fig. 1 PRISMA-NMA flow chart of study selection for inclusion in the systematic review and network meta-analysis

Treatment failure

In this analysis, 7 studies, 7 pairwise comparisons, and 8
treatment groups were included. The forest plot shows
that there is no statistically significant difference in the
risk of developing treatment failure between the shorter
regimens and longer standard treatment. However, there
is a clinically significant reduction in the risk of treatment
failure among patients who were treated with a combi-
nation of 9-11KmMfxhPtoCfzZEHh (4-6 KmMfxhP-
toCfzZEHh and 5MIfxhCfzEZ) and 12DImLzdLfxZ,
Fig. 9. The tests of heterogeneity (within designs) and
inconsistency (between designs) show that there is no
heterogeneity or inconsistency.

Cultural conversion

In this analysis, 8 studies and 11 treatment groups were
included. The test random effect model for heterogene-
ity (within designs) and inconsistency (between designs)
were not statistically significant. The net rank and forest
plot show that the risk of culture conversion 2 months
after the start of the regimens was 34% higher RR 1.34
(95% CI 1.05; 1.71, P=0.01) than the standard treatment
in patients who were treated with 9-12 km/CmMfx/

LfxPtoCfzZEHh (4-6 km/CmMfx/L{xPtoCfzZEHh and
5-6 Mfx/LfxPto CfzZE) followed by CmMfxPtoCfzZEH
(4-6CmMfxPtoCfzZEH and 5MfxPtoCfzZE) RR 1.34
(95% CI 1.10; 1.62, P=0.0029), as shown in Fig. 10. The
overall heterogeneity was not significant (tau®=NA;
tau=NA; 2=NA %).

Cavity closure

One study [25] showed that the cavity closure rate in
the short-term regimen was 37.5% (18/48) by the end of
treatment, which was better than that of the standard-of-
care regimen (24.1%, 14/58; P=0.06).

Adverse events
The included studies [23, 25, 28] reported hypokalemia
as an adverse event, and it was more common among
patients who were treated with 12CmCfzCsLfxPtoZ
(6CmCfzCsLfxPtoZ and 6CfzCsLfxPtoZ) (2/67, 3%) and
9-11KmMfxPtoCfzZEH (4—6 KmMfxPtoCfzZEH and.
5MfxCfzZ) (3/282, 1.1%) and 9-11 KmMfxhP-
toCfzZEHh (4—6 KmMfxhPtoCfzZEHh and.
5MfxhCfzEZ) (1/140, 0.7%). Furthermore, anemia
was also common among patients who were treated
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Fig. 2 Risk of bias summary: review authors' judgments about each risk of bias item for each included study using the Cochrane Collaboration’s tool

for assessing the 'Risk of bias’
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Da3: Bias in classification of interventions.
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. Low

. No information

D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Fig. 3 Risk of bias summary: review authors’ judgments about each risk of bias item for each included study using ROBIN's tool

with BdqLzdLfxZTrd/Eto/Hh (10/49, 20.4%), Bdq-
PaLzdMfx (2/72, 3%) and BdqPaLzd (1/69, 1%) [19, 22].
In addition, these two studies reported adverse event-
related drug discontinuation or modification, and it was
more common among patients who had been treated
with 6BdqLzdLfxZTrd/Eto/Hh [22] (17/49, 34.6%),
of whom linezolid was identified as a culprit drug in
11/17 (64.7%) participants with adverse events where
the drug was stopped; the majority of linezolid events
(10/11, 90.9%) were related to anemia, and partici-
pants who used 9-11KmMfxPtoCfzZEH (4-6KmMfxP-
toCfzZEH and 5MfxCfzZ) [23] treatment was modified
in response to prolongation of the QT or QTcF (32/282,

11.3%), the moxifloxacin dose was reduced in 21 partic-
ipants, and moxifloxacin was switched to levofloxacin
in 12 participants, of whom 3 also discontinued clofazi-
mine and 1 continued clofazimine at half the dose.

Severe adverse events
In this analysis, 3 studies and 6 treatment groups were
included. The network diagram shows that most of the
studies compared the standard treatment with 9-11
KmM(fxPtoCfzZEH (4-6KmMfxPtoCfzZEH and 5Mfx-
CfzZ), Fig. 11.

The test random effect model for heterogeneity (within
designs) and inconsistency (between designs) were
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Fig. 4 Network diagram for a favorable outcome among MDR-TB patients treated with short regimens
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Fig. 5 Forest plot for favorable outcomes among MDR-TB patients treated with shorter regimens

not statically significant (p= -; tau’2=NA; tau=NA;
["2=NA %). The net rank result and forest plot show
that the risk of severe adverse events was 67% lower
RR 0.33 (95% CI 0.2; 0.55, P<0.0001) than the standard
treatment in patients who were treated with 6BdqPalzd-
Mfx followed by 6BdqPaLzd RR 0.36 (95% CI 0.22; 0.59,
P=0.001). In contrast, the risk of developing severe
adverse events was significantly higher in patients who
were treated with 6BdqLzdLfxZTrd/Eto/Hh (RR 1.43,
95% CI1.09; 1.9, P=0.0090) Fig. 12.

Renal adverse events

In this analysis, 4 studies, 9 pairwise comparisons and 7
treatment groups were included. The test random effect
model for heterogeneity (within designs) and inconsist-
ency (between designs) were not statistically significant
(p= -; taur2=NA; tau=NA; ["2=NA%). The net rank
result and forest plot show that the risk of renal disorder

was 93% lower RR 0.07 (95% CI 0.003; 1.16, P=0.06) than
the standard treatment in patients who were treated with
6BdqPalzdCfz followed by 6BdqPaLzdMfx RR 0.2 (95%
C10.04; 1.14, P=0.06) Fig. 13.

Hepatic adverse events

In this analysis, 3 studies, 9 pairwise comparisons, and 6
treatment groups were included. The test random effect
model for heterogeneity (within designs) and inconsist-
ency (between designs) were not statically significant
(p=0.278; tau*2=0,022; tau=0.47; 1"2=14.9%). The net
rank result and forest plot show that the risk of hepatic
adverse events was 79% lower RR 0.21 (95% CI 0.05; 0.92,
P=0.036) than the standard treatment in patients who
were treated with 6BdqPalzd, Fig. 14.

Cardiac conduction (QTc prolongation) adverse events
In this analysis, 3 studies, 9 pairwise comparisons, and
6 treatment groups were included. The test for random
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Forest plot of RR of favorabel outcome per each short regimens versus standard longer regimens

Treatment
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Fig. 6 Net rank plot for a favorable outcome among MDR-TB patients treated with short regimens
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Fig. 7 Network diagram for loss to follow-up among MDR-TB patients treated with short regimens

effect model for heterogeneity (within designs) and
inconsistency (between designs) were not statistically
significant. The net rank result and forest plot show that
the risk of QTc prolongation was 99.5% lower RR 0.05
(95% CI 0.003; 0.92, P=0.036) than the standard treat-
ment in patients who were treated with 6BdqPalLzd fol-
lowed by 6BdqPaLzdMfx RR 0.14 (95% CI 0.03; 0.78,
P=0.024). However, some patients who were treated
with  9-11KmMfxPtoCfzZEH (4-6KmMfxPtoCfzZEH
and 5MfxCfzZ) and 12DImLzdLfxZ experienced QTc
prolongation Fig. 15.

Gastrointestinal adverse events
In this analysis, 3 studies, 3 pairwise comparisons and 4
treatment groups were included. The test random effect

model for heterogeneity (within designs) and inconsist-
ency (between designs) were not statically significant.
The net rank result and forest plot show that the risk of
gastrointestinal disorder was 65% lower RR 0.35 (95%
CI 0.14; 0.90, P=0.029) than the standard treatment in
patients who were treated with 9-11KmMfxPtoCfzZEH
(4-6KmM(fxPtoCfzZEH and 5MfxCfzZ), Fig. 16.

Ear and labyrinth adverse events

In this analysis, 4 studies, 4 pairwise comparisons and
5 treatment groups were included. The test random
effect model for heterogeneity (within designs) and
inconsistency (between designs) were not statistically
significant. The net rank result and forest plot show
that the risk of gastrointestinal disorder was 99.5%
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Forest plot of RR of lost to follow up per each short regimens versus standard longer regimens

Treatment (RR lost to follow up) RR 95%-ClI
Km,Mfx,Pto,Cfz,Z E H L 0.17 [0.02; 1.61]
Bdq,Pa,Lzd,Mfx —il— 0.18 [0.07; 0.44]
Bdq,Pa,Lzd,Cfz —il— 0.22 [0.10; 0.49]
DIm,Lzd,Lfx,Z = 0.30 [0.03; 2.58]
Bdq,Pa,Lzd —il— 0.30 [0.15; 0.61]
Km/Cm,Mfx/Lfx,Pto,Cfz,Z E ,Hh —i- 0.40 [0.25; 0.64]
Km,Mfxh,Pto,Cfz,Z E Hh —— 0.41 [0.21;0.78]
Km,Mfx,Pto,Cfz.Z E Hh —- 0.73 [0.40; 1.34]
Bdq, Lzd, Lfx,Z, Trd/Eto/ Hh = 0.90 [0.19; 4.22]
Cm,Cfz,Cs Lfx,Pto,Z 0.94 [0.46; 1.90]
standard | : : | 1.00
0.01 051 2 5

Favors short regimens Favors standard longer regimens
Fig. 8 Forest plot for loss to follow-up among MDR-TB patients treated with short regimens

Forest plot of RR of RR treatment failure each short regimens versus standard longer regimens

Treatment (RR treatment failure) RR 95%-ClI
Km,Mfxh,Pto,Cfz,Z E Hh —— 0.38 [0.11; 1.28]
Dim,Lzd,Lfx,Z —i 0.54 [0.20; 1.47]
Bdq, Lzd, Lfx,Z, Trd/Eto/ Hh —+— 054 [0.14; 2.13)
Cm,Cfz,Cs,Lfx,Pto,Z —i— 0.71 [0.29; 1.76]
Km,Mfx,Pto,Cfz,Z E Hh 0.83 [0.24; 2.90]
standard 1.00

Km/Cm,Mfx/Lfx,Pto,Cfz,Z,E Hh 1.04 [0.32; 3.38]
Bdq,Pa,Lzd,Cfz — ll . I3.04 [0.13; 73.44]

0102051 2 5 75

Favors short regimens Favors standard longer regimens
Fig. 9 Forest plot for treatment failure among MDR-TB patients treated with short regimens

lower RR 0.05 (95% CI 0.01; 0.34, P=0.0024) than the
standard treatment in patients who were treated with
6BdqLzdLfxZTrd/Eto/Hh followed by 12DImLzdLfxZ
RR 0.12 (95% CI 0.02; 0.90). In contrast, adverse events
related to the ear and labyrinth was high in patients
treated with 9-11KmMfxPtoCfzZEH (4-6KmMfxPto
CfzZEH and 5MfxCfzZ) Fig. 17.

Peripheral neuropathy

In this analysis, 3 studies, 8 pairwise comparisons and
6 treatment groups were included. The test random
effect model for heterogeneity (within designs) and
inconsistency (between designs) were not statically
significant. The net rank result and forest plot show

that the risk of peripheral neuropathy was 57% lower
RR 0.43 (95% CI 0.21; 0.84, P=0.014) than the stand-
ard treatment in patients who were treated with 6Bdq-
PaLzdCfz followed by 6BdqPaLzdMfx RR 0.50 (95% CI
0.27; 0.91), Fig. 18.

Serious adverse events
Four studies, 3 pairwise comparisons, and 4 treatment
groups were included in this analysis.

The tests of heterogeneity (within designs) and incon-
sistency (between designs) were not statistically signifi-
cant (tau’2=NA; tau=NA; ["2=NA%, P=-).

The net rank and forest plot showed no statistically signif-
icant difference from standard-of-care regimens. However,
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Forest plot of RR of culture conversion per each short regimens versus standard longer regimens

Treatment (RR culture conversion) RR  95%-CI
Dim,Lzd,Lfx,Z 0.88 [0.71; 1.10]
standard 1.00
Km,Mfx,Pto,Cfz,Z E ,Hh 1.02 [0.96; 1.08]
Bdqg,Pa,Lzd 1.03 [0.89; 1.19]
Km,Mfx,Pto,Cfz,Z E H 1.03 [0.86; 1.25]
Bdqg,Pa,Lzd,Cfz 1.10 [0.97; 1.25]
Bdq,Pa,Lzd Mfx 1.12 [0.99; 1.27]
Bdq, Lzd, Lfx,Z, Trd/Eto/ Hh 1.22 [0.97; 1.53]
Cm,Cfz,Cs,Lfx,Pto,Z 1.23 [0.94; 1.60]
Cm,Mfx,Pto,Cfz,Z E H - 134 [1.10;1.62]
Km/Cm,Mfx/Lfx,Pto,Cfz,Z E Hh —M-_ 134 [1.05,1.71]
I 1 — 1
0.1 0.5 1 2

Favors standard longer regimens Favors short regimens
Fig. 10 Forest plot for culture conversion among MDR-TB patients treated with short regimens after 2 months

Bdq.,Pa,Lz dq, Lzd, Lfx,Z, Trd/Eto/ Hh

Bdq,Pa,Lzd,C

Bdq,Pa,Lzd MfX m,Mfx,Pto,Cfz,Z E.H

Fig. 11 Network diagram for severe adverse events among MDR-TB patients treated with short regimens

Forest plot for RR of severe adverse events per each short regimens versus standard longer regimens

Treatment (RR severe adverse events) RR 95%-Cl
Bda,Pa Lzd Mix —— 0.33 [0.20; 0.59]
Bdq,Pa,Lzd —— 0.36 0.22; 0.59]
Bdq,Pa,Lzd Cfz — 0.54 [0.37: 0.80]
standard 1.00
Km Mfx Pto.Cfz Z EH o+ 106 0.85:1.32)
Bda, Lzd, Lfx Z, Trd/Eto/ Hh 4 143 [1.09; 1.86]
[ | T
0.1 05 1 2

Favors short regimens  Favors standard longer regimens

Fig. 12 Forest plot for severe adverse events among MDR-TB patients treated with short regimens
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Forest plot of RR of renal adverse events per each short regimens versus standard longer regimens

Treatment (RR renal adverse events) RR 95%-Cl
Bdq,Pa,Lzd,Cfz —— 0.07 [0.00; 1.16]
Bdq,Pa,Lzd,Mfx —— 0.20 [0.04; 1.14)
Bdqg,Pa,Lzd —i— 0.35 [0.09; 1.40]
standard 1.00

Cm,Cfz,Cs,Lfx,Pto,Z —ill— 169 [0.42; 6.80]
Km,Mfx,Pto,Cfz,Z,E H —i— 1.83 [0.52; 6.47]
Km,Mfxh,Pto,Cfz,Z E Hh I == II 17'09 [0.40; 126.60]

0.01 01 0512 10 127
Favors standard longer regimens Favors short regimens
Fig. 13 Forest plot for renal adverse events among MDR-TB patients treated with short regimens

Forest plot of RR of hepatic adverse events per each short regimens versus standard longer regimens

Treatment (RR hepatic adverse events) RR  95%-Cl
Bdq,Pa,Lzd B 0.21 [0.05;0.92)
Bdq,Pa,Lzd Mfx ¢ i 0.30 [0.09; 1.06]
Bdq,Pa,Lzd,Cfz * 0.51 [0.18; 1.41]
Cm,Cfz,Cs,Lfx,Pto,Z —i— 0.86 [0.41;1.78]
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Fig. 14 Forest plot for hepatic adverse events among MDR-TB patients treated with short regimens

Forest plot of RR of Qtc prologation per each short regimens versus standard longer regimens

Treatment (RR Qtc prolongation) RR 95%-ClI
Bdq,Pa,Lzd —— 0.05 [0.00; 0.83]
Bdqg,Pa,Lzd,Mfx —— 0.14 [0.03; 0.78]
Bdq, Lzd, Lfx,Z, Trd/Eto/ Hh == 0.30 [0.01; 7.17]
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Favors standard longer regimens Favors short regimens
Fig. 15 Forest plot for cardiac conduction (QTc prolongation) adverse events among MDR-TB patients treated with short regimens

there was a clinically significant reduction in serious adverse ~ Death

events among patients treated with 9-11KmMfxPtoCfzZEH  Nine studies [19, 22-26, 29-31] reported a total of 223
(4-6KmMfxPtoCfzZEH and 5MfxCfzZ) regimens than oth- ~ deaths as an unfavorable outcome, and the most com-
ers, Fig. 19. mon causes of death were tuberculosis-related (184;
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Forest plot of RR of Gl disorders ADE per each short regimens versus standard longer regimens

Treatment

Km,Mfx Pto,Cfz,.Z E.H
standard
Cm,Cfz,Cs,Lfx,Pto,Z

Bdaq, Lzd, Lfx,Z, Trd/Eto/ Hh I

(RR Gl disorder ADE ) RR  95%-Cl

—E 0.35 [0.14; 0.90]
1.00
L) 1.01 [0.15; 7.00]
1__.1_1 I1.65 [0.66; 4.08]
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Favors short regimens Favors standard longer regimens
Fig. 16 Forest plot for gastrointestinal adverse events among MDR-TB patients treated with short regimens

Forest plot of RR of Ear and labyrinth disorder per each short regimens versus standard longer regimen:

Treatment (RR Ear and labyrinth disorder) RR  95%-CI
Bdaq, Lzd, Lfx,Z, Trd/Eto/ Hh L 0.05 [0.01;0.34]
Dim,Lzd Lfx,Z # 0.12 [0.02; 0.90]
Km,Mfxh,Pto,Cfz,Z E,Hh 0.84 [0.38; 1.82]
standard 1.00

Km,Mfx,Pto,Cfz,Z E,H 1.31 [0.60; 2.89]
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051 23
Favors short regimens Favors standard longer regimens

0.01

Fig. 17 Forest plot for ear and labyrinth adverse events among MDR-TB patients treated with short regimens

Forest plot of RR of peripheral neuropathy per each short regimens versus standard longer regimens

Treatment (RR peripheral neuropathy) RR 95%-ClI
Bdg,Pa,Lzd,Cfz —i— 0.43 [0.21; 0.84]
Bdq,Pa,Lzd,Mfx —— 0.50 [0.27; 0.91]
Bdg,Pa,Lzd —i 0.70 [0.40; 1.24]
standard 1.00

Bdq, Lzd, Lfx,Z, Trd/Eto/ Hh —1— 1.80 [0.74; 4.38]
Km,Mfxh,Pto,Cfz,Z E Hh : : : : I2.89 [0.64; 13.08]
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Favors short regimens Favors standard longer regimens
Fig. 18 Forest plot for peripheral neuropathy adverse events among MDR-TB patients treated with short regimens

Forest plot of RR of serious Adverse events per each shortregimens versus standard longer regimens
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Fig. 19 Forest plot for serious adverse events among MDR-TB patients treated with short regimens
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82.5%), HIV-related (9; 4%), hepatitis B-related acute
liver failure (1; 0.4%), sepsis (1; 0.4%), heart failure (1;
0.4%), suicide (2; 0.9%), bacterial peritonitis (1; 0.4%),
cryptococcal meningitis (1; 0.4%), and other uncertain
conditions (23; 10%).

TB-related death
In this analysis, 8 studies, 10 pairwise comparisons, and
9 treatment groups were included. The network diagram
shows that most of the studies compared the standard
treatment with 9-11KmMfxPtoCfzZEHh (4-6KmMfxP-
toCfzZEHh and 5MfxCfzZE) Fig. 20.

The tests of heterogeneity (within designs) and
inconsistency (between designs) were not statistically

Bdq,Pa,Lzd,C
Cm,Cfz,Cs,Lfx Pto,

Km,Mfx,Pto,Cfz,Z E,
Km,Mfx,Pto,Cfz,Z E.H
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significant (tau"2=0; tau=0; [*2=0%, P=0.69). The net
rank result and forest plot show that the risk of death was
lower by 97% RR 0.028 (95% CI 0.002; 0.46, P=0.012) in
patients who were treated with 9-12 km/CmMfx/LfxP-
toCfzZEHh (4-6 km/CmMfx/L{xPtoCfzZEHh and 5-6
Mfx/LfxPtoCfzZE) compared to the other treatments,
Figs. 21 and 22.

Discussions

In this systematic review and network meta-analysis, we
sought to evaluate the efficacy and safety of shorter regi-
mens against the standard of care among RR/MDR-TB
patients in terms of favorable and unfavorable outcomes
and adverse events. We did not limit our inclusions to

dq,Pa,Lzd
dq, Lzd, Lfx,Z, Trd/Eto/ Hh
tandard

m/Cm,Mfx/Lfx,Pto,Cfz,Z E,Hh
m.Mfxh.Pto.CfzZ E Hh

Fig. 20 Network diagram for TB-related death among MDR-TB patients treated with short regimens
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Fig. 21 Net rank plot for TB-related death among MDR-TB patients treated with short regimens
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Fig. 22 Forest plot for TB-related death among MDR-TB patients treated with short regimens
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RCTs and incorporated cohort studies, as we deemed
that, in this analysis, the inclusion of real-world evi-
dence from nonrandomized studies has the potential to
add validity to certain findings, provide additional infor-
mation regarding low-to-moderate incidence adverse
events, and improve the density of the network [37].

In this study, the favorable outcome of RR/MDR-TB
patients who had taken 6BdqlLzdLfxZ Trd/Eto/H was
higher, followed by 9-12 km/CmMfx/LfxPtoCfzZEHh
and 6BdqPalzd Mfx. A previous meta-analysis showed
that bedaquiline-based shorter regimens have better out-
comes [38]. In contrast, other systematic reviews showed
that 9-12 KmGfxPtoCfzZEHh short regimens have bet-
ter outcomes [10].

To enhance the potential benefit of MDR-TB treatment
regimens and achieve the anticipated efficacy level, cul-
ture conversion needs to be higher [39, 40]. In this study,
culture conversion at 2 months after the start was higher
among patients who had taken 9-12 km/CmMfx/LfxP-
toCfzZEHh and 9-11 CmMfxPtoCfzZEH followed by
12CmCfzCs LfxPtoZ. This result shows that even though
the culture conversion was higher than the standard of
care regimens, less than 50% and short-term regimens
have similar findings. This can be explained by the grades
of bacilli in sputum smears, baseline lung cavitation and
time of culture test.

This study showed that the risk of deaths related to
MDR-TB was lower by 97% in patients who were treated
with 9-12 km/CmMfx/LfxPtoCfzZEHh. A previous sys-
tematic review showed that patients treated with short
regimens had a lower death rate (6%) than those treated
with longer regimens (15%) [41].

The network meta-analysis showed that the risk of
severe adverse events was 67% and 64% lower than that
of standard treatment in patients who were treated with
6BdqPaLzdMfx and 6BdqPalzd. A previous systematic
review and meta-analysis on bedaquiline -based regi-
mens showed an increased risk of severe adverse events
(RR 1.42) [42]. The difference can be adverse events asso-
ciated with background regimens and shorter duration in
the TB practical trial. Meanwhile, the systematic review
performed in this study showed that the risk of serious
adverse events was common in patients who were treated
with 12DImLzdLfxZ (20/72, 25.3%) and 6BdqLzdLfxZ-
Trd/Eto/Hh (14/56, 25%). This resulted from serious
adverse events related to linezolid, where drug in 11/17
(64.7%) participants with adverse events where the drug
was stopped; the majority of linezolid events (10/11;
90.9%) were related to anemia. A previous systematic
review showed that linezolid-related linezolid discon-
tinuation was experienced by 35% of patients, of whom
had peripheral neuropathy (31%) and anemia (25%)
[43]. However, a systematic review and meta-analysis on
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delamanid-based regimens showed no serious adverse
events [44]. Furthermore, the study showed adverse
events associated with drug discontinuation in patients
treated with the 9-11KmMfxPtoCfzZEH regimen. This
was related to moxifloxacin-related QTc prolongation
(32/282, 11.3%), leading to dose reduction and replace-
ment with levofloxacin.

The shorter regimens demonstrated high patient
adherence, particularly the BPaL regimens with a short
duration and few adverse events [45]. The shorter regi-
mens are widely accepted and feasible among TB stake-
holders [46]. Furthermore, cost-effectiveness analyses
conducted in India, Georgia, the Philippines, and South
Africa revealed cost savings of $112-$1,173 per person
[47]. Short-term regimens for the treatment of MDR/
RR-TB can be made more practical with the availability
and procurement of novel drugs, as well as rigorous clini-
cal outcome monitoring.

This network meta-analysis has several strengths. As
no trials currently compare the safety and efficacy of the
various short-term regimens directly or indirectly, this
network meta-analysis tackles an important evidence
gap by comparing the available treatment regimens using
valid meta-analysis methods, providing valuable infor-
mation to clinicians and policy makers. We followed
international guidelines on the conduct and reporting of
systematic reviews and network meta-analyses, including
the Cochrane Handbook and PRISMA-NMA statements.
However, the study has some limitations. Foremost, the
included studies might have several types of biases, such
as randomization processes and deviations from the
intended intervention. Furthermore, the included studies
had different treatment durations. Thus, the variability of
the time period after drug use in the different studies cre-
ates a limitation in the availability of similar data in terms
of comparing the outcomes of the treatment regimens.
The majority of the included studies were conducted in
adult patients. Therefore, the results of this study might
not be representative of children with MDR/RR-TB.

Conclusion

To our knowledge, this is the first network meta-analy-
sis that compared short-term regimens in terms of effi-
cacy and safety. From this review, it can be concluded
that 6 months BdqLzdLfxZTrd/Eto/H, 9-12 months
km/CmMfx/LfxPtoCfzZEHh and 6 months BdqPalzd-
Mfx have a significant impact on increasing favorable
outcomes in MDR/RR-TB treatment. The 9-12 month
km/CmMfx/LfxPtoCfzZEHh regimen reduces the risk
of death. In addition to this 6-month BdqPaLzdMfx
regimen, 6-month BdqPalLzd and 6-month BdqPalzd-
Cfz regimens decrease severe adverse events. How-
ever, the 6-month BdqLzdLfxZTrd/Eto/H regimen was
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significantly associated with adverse events with drug
discontinuation. Furthermore, adverse events related
to renal, hepatic, and QTc prolongation and peripheral
neuropathy were less common at 6 months BdqPaLzd-
Mfx, 6 months BdqPalzd, and 6 months BdqPaLzdCfz.
This result supports the WHOQO’s 2021 recommendation
to use bedaquiline-based shorter regimens for MDR/
RR-TB. However, doctors should carefully weigh the
benefits and drawbacks of using different short regi-
mens according to the specific needs of individual
patients, the availability of regimens, and the cost of the
drug.
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