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Abstract Background: Pre-extensively drug-resistant tuberculosis (pre-XDR-TB), defined as
multidrug-resistant TB (MDR-TB) with additional resistance to any fluoroquinolone (FQ) is
difficult to treat. We assessed whether the use of new or repurposed drugs (bedaquiline,
delamanid, linezolid, carbapenem, clofazimine, pretomanid) mitigated treatment failure of
pre-XDR-TB.
Methods: MDR-TB patients managed in the Taiwan MDR-TB consortium between July 2009
eDecember 2019 were eligible. Treatment outcomes at 30 months were assessed. Logistic
regression models were constructed to investigate factors associated with treatment
outcomes.
Results: 109 patients with FQ-resistant MDR-TB and 218 patients with FQ-susceptible MDR-TB
were included. 60 (55.1%) patients with FQ-resistant MDR-TB and 63 (28.9%) patients with
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FQ-susceptible MDR-TB have been treated with new or repurposed drugs (p < 0.01). Of the 218
patients with FQ-susceptible MDR-TB, 187 (85.8%) had treatment success, 30 (13.8%) died, no
treatment failure, and 1 (0.5%) was loss-to-follow-up; of the 109 patients with FQ-resistant
MDR-TB, 78 (71.6%) had treatment success, 21 (19.3%) died, 9 (8.3%) had treatment failure,
and 1 (0.9%) was loss-to-follow-up (p < 0.01). The use of new or repurposed drugs was not asso-
ciated with treatment outcomes among patients with FQ-susceptible MDR-TB. No patients with
FQ-resistant MDR-TB treated with �2 new or repurposed drugs within 6 months of treatment
initiation had treatment failure (p Z 0.03). Patients with FQ-resistant MDR-TB treated with
1 new or repurposed drugs was more likely to have treatment failure as compared with pa-
tients not treated with new or repurposed drugs (adjOR 7.06, 95% CI 1.72e29.06).
Conclusions: Proper use of new or repurposed anti-TB drugs can mitigate treatment failure in
FQ-resistant MDR-TB.
Copyright ª 2024, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Fluoroquinolone is a core drug for the treatment of
multidrug-resistant tuberculosis (MDR-TB).1 Pre-extensively
drug-resistant TB (pre-XDR-TB), defined as MDR-TB with
additional resistance to fluoroquinolone (FQ) is very difficult
to treat. Studies have reported that treatment outcomes of
FQ-resistant MDR-TB were worse than FQ-susceptible MDR-
TB in part because of a higher proportion of treatment
failure.2 To improve treatment outcomes of MDR-TB, several
new and repurposed drugs, including bedaquiline,3,4

delamanid,5,6 linezolid,7,8 meropenem,9,10 clofazimine,11,12

and pretomanid,13 have been increasingly used.
Treatment outcomes of MDR-TB in 1990s in Taiwan was

unsatisfactory. The proportion of MDR-TB patients with
treatment success was 51.2%, due to a relatively high pro-
portion of loss-to-follow-up (29.1%) and treatment failure
(10.4%).14 To strengthen the management of MDR-TB, the
Taiwan MDR-TB consortium (TMTC) funded by the Taiwan
Centers for Disease Control (CDC) was established in 2007.
The TMTC was a network of hospitals for the management of
patients with drug-resistant TB and patients whose TB was
difficult to treat due to severe adverse reactions to anti-TB
drugs. The TMTC has achieved a high treatment success
proportion of MDR-TB through patient-centered care.15,16

The proportion of patients with MDR-TB enrolled in the
TMTC who had treatment success was 82.4% and the pro-
portion of patients who were lost to follow-up was relatively
low (2.9%).15 Although the proportion of treatment failure
was relatively low (2.6%), it was 10.4% in patients with FQ-
resistant MDR-TB.15 The TMTC increasingly used new or
repurposed anti-TB drugs for the management of MDR-TB in
2010s, especially those with additional resistance to FQ.
Whether the use of new or repurposed anti-TB drugs is
associated with reduced treatment failure of FQ-resistant
MDR-TB in Taiwan has not been evaluated before. We
assess treatment outcomes of FQ-resistant MDR-TB managed
by the TMTC and report findings of the assessment.

Methods

The study has been approved by the joint Institution Review
Board of Taipei Medical University (N202006053).
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The primary exposure of interest was new and repur-
posed anti-TB drugs, such as bedaquiline, delamanid,
linezolid, imipenem, meropenem, clofazimine, and com-
bined use of these drugs, in addition to other second line
drugs, in the treatment of MDR-TB. Pretomanid has not yet
been used during the study period. We hypothesized that
the use of new or repurposed anti-TB drugs was associated
with reduced risk of treatment failure of FQ-resistant MDR-
TB. Therefore, there may not be significant difference in
treatment failure between FQ-resistant MDR-TB and FQ-
susceptible MDR-TB. We thus included two patients with
FQ-susceptible MDR-TB as a comparison group for each
patient with FQ-resistant MDR-TB matching on susceptibil-
ity to second line injectable agents (amikacin, kanamycin,
capreomycin).

All patients with FQ-resistant MDR-TB who were
managed in the TMTC between July 2009eDecember 2019
were eligible for this study, excluding those who (1) had
been treated for 3 or more months for their current episode
of MDR-TB before being referred to the TMTC, (2) were
under 20 years old, (3) were treated with only first-line
drugs, or (4) had sole extrapulmonary TB. For each patient
with FQ-resistant MDR-TB, two patients with FQ-susceptible
MDR-TB were selected as a comparison group. We applied
systematic sampling approach for the selection of com-
parison group at each management group. We selected one
FQ-susceptible MDR-TB patient enrolled in the same man-
agement group of TMTC right before the FQ-resistant MDR-
TB patient, and one FQ-susceptible MDR-TB patient
enrolled right after the FQ-resistant MDR-TB patient
matching on susceptibility results of second line injectable
agents to achieve a 2:1 ratio of FQ-susceptible vs FQ-
resistant samples. The exclusion criteria of FQ-resistant
MDR-TB were also applied in the selection of FQ-susceptible
comparison group.

We reviewed results of drug susceptibility testing at
baseline and during treatment (for proper case selections);
details of drugs used (dates of start and dates of stop of
each drug) and duration of treatment; number of new and
repurposed anti-TB drugs used anytime during the treat-
ment course (ever use) and that applied during the initial 6
months of treatment initiation, results of smear and culture
at baseline and during treatment; treatment outcomes, as
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well as age, sex, history of tuberculosis (new, previously
treated), body mass index, smoking, and comorbidities
(diabetes, cancer, chronic renal insufficiency, liver
cirrhosis, cardiovascular diseases, autoimmune diseases,
HIV infection). Drugs added after 6 months of treatment
initiation may be added due to unsatisfactory response to
treatment or adverse reactions. Therefore, the analysis
focused on the use of new and repurposed anti-TB drugs
within 6 months of treatment initiation.

Treatment of MDR-TB was individualized, commonly
involved the use of 4 or more anti-TB drugs tailored to re-
sults of drug susceptibility testing. No patients with FQ-
resistant TB were treated with short regimens. Treatment
was covered by funding from Taiwan CDC. All service of TB
treatment was provided at no cost to patients. Patient-
centered directly observed therapy was consistently pro-
vided for 5 or more days in a week by trained health
workers. Enablers provided to patients to mitigate financial
hardship faced by patients and their family were covered
by funding from Taiwan CDC.

The primary outcome of interest were treatment out-
comes at 30 months (cured, treatment completed, died,
failure, loss-to-follow-up). We adapted WHO recommended
definitions of outcomes of treatment for MDR-TB treated
with second line drugs.17 Treatment failure was defined as
treatment terminated or need for permanent regimen
change of at least two anti-TB drugs because of (1) lack of
conversion by the end of the intensive phase (8 months), or
(2) bacteriological reversion in the continuation phase after
conversion to negative, or (3) evidence of additional ac-
quired resistance to fluoroquinolones or second-line
injectable drugs. Clinicians of the TMTC used to modify
treatment regimens for adverse reactions. Therefore,
change of two or more drugs because of adverse drug re-
actions was not classified as treatment failure in this study.
Cured and treatment completed were combined as treat-
ment success.

Stata version 15 (Stata Corp LP, College Station, Texas)
was used for statistical analysis. Categorical data were
analyzed using the Pearson c2 test. Logistic regression
models were constructed to assess factors associated with
treatment success, death, and treatment failure. We used
the logistic command in Stata to fit the maximum-
likelihood logit models. All relevant variables were
entered into a multivariate model. P < 0.05 was considered
statistically significant and applied as threshold value of
backward elimination. We kept age groups and sex in the
models regardless of the p value as sex and age were
essential determinants. A final fitted model was deter-
mined by using the likelihood ratio test. The final models
were checked by using the goodness-of-fit test to assess the
model fit.

No generative artificial intelligence (AI) nor AI-assisted
technologies were used in preparing the manuscript.
Results

109 patients with FQ-resistant MDR-TB and 218 patients
with FQ-susceptible MDR-TB treated at the TMTC from July
2009eDecember 2019 were included in this study. Patients
characteristics are shown in Table 1. A higher proportion of
619
FQ-resistant MDR-TB were female (p < 0.01). Results of
susceptibility testing of anti-TB drugs are shown in Table 2.
The prevalence of resistance to ethambutol, pyrazinamide,
streptomycin, ethionamide/prothionamide, and para-
aminosalicylic acid in FQ-resistant TB was significantly
higher than that in FQ-susceptible TB (Table 2).

Table 3 shows anti-TB drugs used. Clofazimine was
introduced in the treatment of study participants in 2009,
linezolid in 2010, carbapenem (imipenem or meropenem) in
2011, bedaquiline in 2013, and delamanid in 2018. The
number of patients who have been treated with new or
repurposed drugs was 60 (55.1%) among patients with FQ-
resistant MDR-TB, and 63 (28.9%) among patients with FQ-
susceptible MDR-TB (p < 0.01). 27 (24.8%) patients with
FQ-resistant MDR-TB and 10 (4.6%) patients with FQ-
susceptible MDR-TB have been treated with �2 new or
repurposed drugs. Among the 5 new and repurposed drugs,
clofazimine was the most commonly used agent (34.3%),
followed by linezolid (14.7%). Bedaquiline has been used for
a median of 254 (interquartile range (IQR) 146e462) days;
clofazimine for a median of 526 (IQR 316e606) days; line-
zolid for a median of 315 (IQR 112e635) days; carbapenems
or dalamanid for a median of 159 (IQR 46e194) days. Among
the 213 patients treated in 2009e2013, the number of new
or repurposed drugs used was zero in 183 (85.9%), one in 23
(10.8%) and two or more in 7 (3.3%); and the figures for the
114 patients treated in 2014e2019 was 39 (34.2%), 45
(39.5%) and 30 (26.3%), respectively (p < 0.01).

Of the 109 patients with FQ-resistant MDR-TB, 78 (71.6%)
had treatment success, 21 (19.3%) died, 9 (8.3%) had
treatment failure, and 1 (0.9%) was loss-to-follow-up; of
the 218 patients with FQ-susceptible MDR-TB, 187 (85.8%)
had treatment success, 30 (13.8%) died, no treatment
failure, and 1 (0.5%) was loss-to-follow-up (p < 0.01) (Table
4). Among the 51 patients who died during treatment, the
cause of death was not TB in 46 (90.2%) patients. The use of
new or repurposed drugs was not associated with treatment
outcomes among patients with FQ-susceptible MDR-TB, but
the use of �2 new or repurposed drugs had completely
mitigated treatment failure in patients with FQ-resistant
MDR-TB (p Z 0.03) (Table 4). Among the 213 patients
treated in 2009e2013, 9 (4.2%) patients had treatment
failure; among the 114 patients treated in 2014e2019, no
patient had treatment failure. Age groups (p < 0.01) and
comorbidities (p < 0.01) were associated with outcomes of
treatment, but not positive smear (p Z 0.912), body mass
index (p Z 0.492), history of TB (p Z 0.15) and year of
treatment (p Z 0.08).

In univariable analysis, age groups, FQ resistance, and
comorbidities were significantly associated with treatment
success as compared to other groups (Table 5). The use of
new or repurposed drugs, sex, positive smear, history of TB,
body mass index, and year of treatment were not signifi-
cantly associated with treatment success as compared to
other groups. In multivariable analysis, patients with FQ-
resistant MDR-TB were significantly less likely to have
treatment success as compared to patients with FQ-
susceptible MDR-TB (adjusted odds ratio (adjOR) 0.38,
95% confidence interval (CI) 0.20e0.70) (Table 5). The
elderly (aged �65 years) were significantly less likely to
have treatment success as compared to those aged <45
years (adjOR 0.19, 95% CI 0.08e0.44). Those with



Table 1 Patient characteristics.

Overall
N (%)

Fluoroquinolone
susceptible
N (%)

Fluoroquinolone
resistant
N (%)

P value

Total 327 (100) 218 109
Sex <0.01
Male 242 (74.0) 173 (79.4) 69 (63.3)
Female 85 (26.0) 45 (20.6) 40 (36.7)
Age group (years) 0.52
<45 109 (33.4) 69 (31.7) 40 (36.7)
45e64 140 (42.8) 98 (45.0) 42 (38.5)
�65 78 (23.9) 51 (23.3) 27 (24.8) 0.87
Patient type
New 210 (64.2) 140 (64.2) 70 (64.2)
Previously treated 77 (23.6) 55 (25.2) 22 (20.2)
Body mass index 0.92
<18.5 70 (21.4) 48 (22.0) 22 (20.2)
18.5e24.9 208 (63.6) 138 (63.3) 70 (64.2)
�25 49 (15.0) 32 (14.7) 17 (15.6)
Smear 0.69
Negative 145 (44.3) 95 (43.6) 50 (45.9)
Positive 182 (55.7) 123 (56.2) 59 (54.1)
Year of treatment 0.81
2009e2013 213 (65.1) 143 (65.5) 70 (64.2)
2014e2019 114 (34.9) 75 (34.4) 39 (35.8)
Comorbidities 0.87
No 131 (40.1) 88 (40.4) 43 (39.5)
Yes 169 (59.9) 130 (59.6) 66 (60.6)
HIV infection 1 (0.3) 1 (0.5) 0 0.32
Hepatitis B 29 (8.9) 19 (8.7) 10 (9.2) 0.46
Hepatitis C 24 (7.3) 15 (6.9) 9 (8.3) 0.42
Alcohol 39 (11.9) 28 (12.8) 11 (10.1) 0.47
Drug abuse 4 (1.2) 3 (1.4) 1 (0.9) 0.72
Diabetes Mellitus 89 (29.4) 57 (26.2) 32 (29.4) 0.54
Hypertension 38 (11.6) 22 (10.1) 16 (14.7) 0.22
Cancer 15 (4.6) 10 (4.6) 5 (4.6) 1.00
COPD 21 (6.4) 15 (6.9) 6 (5.5) 0.63
Renal disease 15 (4.6) 9 (4.1) 6 (5.5) 0.58
Cardiovascular disease 22 (6.7) 13 (6.0) 9 (8.3) 0.44
Autoimmune disease 5 (1.5) 2 (0.9) 3 (2.7) 0.20
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comorbidity were significantly less likely to have treatment
success as compared to patients without comorbidity
(adjOR 0.31, 95% CI 0.15e0.67).

The elderly (aged �65 years) had a higher risk of death
as compared to those aged <45 years (adjOR 6.76, 95% CI
2.56e17.87). Those with comorbidity had a higher risk of
death as compared to patients without comorbidity (adjOR
4.04, 95% CI 1.69e9.67). The use of new or repurposed
drugs, sex, FQ resistance, positive smear, history of TB,
body mass index, and year of treatment were not signifi-
cantly associated with death as compared to other groups
(Table 6).

No patient with FQ-susceptible MDR-TB had treatment
failure, nor patients with FQ-resistant MDR-TB who were
treated with �2 new or repurposed drugs within 6 months
of treatment initiation. In univariable analysis, patients
treated with 1 new or repurposed drug within 6 months of
620
treatment initiation was more likely to have treatment
failure as compared with patients who were not treated
with new or repurposed drug (adjOR 7.06, 95% CI
1.72e29.06). Sex, age group, positive smear, history of TB,
body mass index, and year of treatment were not signifi-
cantly associated with treatment failure in both univariable
and multivariable analysis (Table 7).
Discussion

Our assessment revealed that new or repurposed anti-TB
drugs have been increasingly used over the study period.
The use of new or repurposed drugs was not associated with
treatment outcomes in patients with FQ-susceptible MDR-
TB, but had an impact on treatment outcomes of FQ-
resistant MDR-TB. The use of �2 new or repurposed drugs



Table 2 Drug susceptibility testing results.

Overall
N (%)

Fluoroquinolone
susceptible
N (%)

Fluoroquinolone
resistant
N (%)

P value

Total 327 (100) 218 109
Ethambutol <0.01
Susceptible 130 (39.8) 110 (50.5) 20 (18.3)
Resistant 195 (59.6) 106 (48.6) 89 (81.7)
Unknown 2 (0.6) 2 (0.9) 0
Pyrazinamide <0.01
Susceptible 137 (41.9) 107 (49.1) 30 (27.5)
Resistant 81 (24.8) 37 (17.0) 44 (40.4)
Unknown 109 (33.3) 74 (33.9) 35 (32.1)
Streptomycin 0.01
Susceptible 146 (44.7) 110 (50.4) 36 (33.0)
Resistant 172 (52.6) 102 (46.8) 70 (64.2)
Unknown 9 (2.7) 6 (2.8) 3 (2.8)
Kanamycin 0.65
Susceptible 292 (89.3) 197 (90.4) 95 (87.2)
Resistant 32 (9.8) 19 (8.7) 13 (11.9)
Unknown 3 (0.9) 2 (0.9) 1 (0.9)
Capreomycin 0.40
Susceptible 298 (91.1) 200 (91.8) 98 (89.9)
Resistant 17 (5.2) 9 (4.1) 8 (7.3)
Unknown 12 (3.7) 9 (4.1) 3 (2.7)
Amikacin 0.78
Susceptible 271 (82.9) 182 (83.5) 89 (81.7)
Resistant 17 (5.2) 10 (4.6) 7 (6.4)
Unknown 39 (11.9) 26 (11.9) 13 (11.9)
Prothionamide 0.02
Susceptible 86 (26.3) 66 (30.3) 20 (18.4)
Resistant 34 (10.4) 17 (7.8) 17 (15.6)
Unknown 207 (63.3) 135 (61.9) 72 (66.0)
Ethionamide <0.01
Susceptible 172 (52.6) 133 (61.0) 39 (35.8)
Resistant 77 (23.6) 34 (15.6) 43 (39.5)
Unknown 78 (23.9) 51 (23.4) 27 (24.8)
Para-amino salicylic acid <0.01
Susceptible 289 (88.4) 200 (91.7) 89 (81.6)
Resistant 32 (9.8) 12 (5.5) 20 (18.4)
Unknown 6 (1.8) 6 (2.8) 0
Cycloserine 0.42
Susceptible 217 (66.4) 140 (64.2) 77 (70.6)
Resistant 1 (0.3) 1 (0.5) 0
Unknown 109 (33.3) 77 (35.3) 32 (29.4)
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was effective in mitigating treatment failure in FQ-resistant
MD-TB. The use of 1 new or repurposed drug was associated
with increased risk of treatment failure, likely due to
confounding by indication. Difficult cases were treated with
only 1 new or repurposed drug when availability of these
agents was limited, resulting in unfavourable outcomes.
Mortality was relatively high mainly because a relatively
high proportion of patients were the elderly with comor-
bidities, and the cause of death was not TB in the majority.
Loss-to-follow-up remained relatively low, confirming the
effectiveness of patient-centered management of the
TMTC.
621
Owing to the poor treatment outcomes of FQ-resistant
MDR-TB, efforts have been invested in exploring new or
repurposed agents that can be used for the treatment of
pre-XDR-TB. Clofazimine was synthesized in a drug devel-
opment project for TB in 1950s,18 but was not used for TB
treatment for decades in part because of the introduction
of isoniazid and other anti-TB drugs.19 Van Deun et al.
applied clofazimine in the Bangladesh short regimen, and
reported a high proportion of treatment success in MDR-TB
patients treated with the Bangladesh short regimen.20

STREAM stage 1 reported that the Bangladesh short
regimen was non inferior to the WHO-recommended long



Table 3 Drug used for treatment of multidrug-resistant tuberculosis.

Overall
N (%)

Fluoroquinolone
susceptible
N (%)

Fluoroquinolone
resistant
N (%)

P value

Total 327 (100) 218 (100) 109 (100)
New/repurposed drugsa

Within 6 months 105 (32.1) 51 (23.4) 54 (49.5) <0.01
Ever use 123 (37.6) 63 (28.9) 60 (55.1) <0.01
Linezolid
Within 6 months 42 (12.8) 12 (5.5) 30 (27.5) <0.01
Ever use 48 (14.7) 15 (6.9) 33 (30.3) <0.01
Clofazimine
Within 6 months 94 (28.8) 47 (21.6) 47 (43.1) <0.01
Ever use 112 (34.3) 59 (27.1) 53 (48.6) <0.01
Bedaquiline
Within 6 months 18 (5.5) 1 (0.5) 17 (15.6) <0.01
Ever use 18 (5.5) 1 (0.5) 17 (15.6) <0.01
Meropenam/Impenem
Within 6 months 14 (4.3) 4 (1.8) 10 (9.2) <0.01
Ever use 16 (4.9) 4 (4.8) 12 (11.0) <0.01
Delamanid
Within 6 months 3 (0.9) 0 3 (2.8) 0.01
Ever use 4 (1.2) 0 4 (3.7) <0.01
Moxifloxacin
Within 6 months 290 (88.7) 204 (93.6) 86 (78.9) <0.01
Ever use 300 (91.7) 208 (95.4) 92 (84.4) <0.01
Levofloxacin
Within 6 months 36 (11.0) 23 (10.6) 13 (11.9) 0.55
Ever use 49 (15.0) 30 (13.8) 19 (17.4) 0.51
Kanamycin
Within 6 months 240 (73.4) 163 (74.8) 77 (70.6) 0.13
Ever use 257 (78.6) 176 (80.7) 81 (74.3) 0.13
Streptomycin
Within 6 months 49 (15.0) 36 (16.5) 13 (11.9) 0.12
Ever use 63 (19.3) 47 (21.6) 16 (14.7) 0.12
Amikacin
Within 6 months 10 (3.1) 3 (1.4) 7 (6.4) 0.01
Ever use 14 (4.3) 5 (2.3) 9 (8.3) 0.01
Capreomycin
Within 6 months 38 (11.6) 19 (8.7) 19 (17.4) 0.01
Ever use 43 (13.2) 20 (9.2) 23 (21.1) <0.01
Cycloserine/terizidone
Within 6 months 273 (83.5) 175 (80.3) 98 (89.9) <0.01
Ever use 284 (86.9) 183 (83.9) 101 (92.7) <0.01
Prothionamide
Within 6 months 295 (90.2) 206 (94.5) 89 (81.7) <0.01
Ever use 296 (90.5) 207 (95.0) 89 (81.7) <0.01
Para-aminosalicylate
Within 6 months 172 (52.6) 99 (45.4) 73 (67.0) <0.01
Ever use 190 (58.1) 112 (51.4) 78 (71.6) <0.01
Isoniazid
Within 6 months 52 (15.9) 36 (16.5) 16 (14.7) 0.31
Ever use 61 (18.7) 43 (19.7) 18 (16.5) 0.48
Pyrazinamide
Within 6 months 236 (72.2) 162 (74.3) 74 (67.9) 0.14
Ever use 266 (81.4) 182 (83.5) 84 (77.1) 0.09
Rifabutin
Within 6 months 19 (5.8) 16 (7.3) 3 (2.8) 0.10
Ever use 23 (7.0) 18 (8.3) 5 (4.6) 0.22
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Table 3 (continued )

Overall
N (%)

Fluoroquinolone
susceptible
N (%)

Fluoroquinolone
resistant
N (%)

P value

Clarithromycin
Within 6 months 9 (2.8) 0 9 (8.3) <0.01
Ever use 12 (3.7) 0 12 (11.0) <0.01
Amoxicilin/Clavulanate
Within 6 months 21 (6.4) 3 (1.4) 18 (16.5) <0.01
Ever use 25 (7.7) 3 (1.4) 22 (20.2) <0.01
Ethambutol
Within 6 months 204 (62.4) 151 (69.3) 53 (48.6) 0.01
Ever use 223 (68.2) 158 (72.5) 65 (59.6) 0.01

a New/repurposed drugs, bedaquiline, delamanid, linezolid, meropenam/impenem, clofazimine; within 6 months, use within 6
months of treatment initiation; ever use, ever use at anytime during the treatment course.

Table 4 Outcome of treatment of multidrug-resistant tuberculosis.

Total Success
N (%)

Died
N (%)

Failed
N (%)

Loss
N (%)

P value

Overall 327 265 (81.0) 51 (15.6) 9 (2.8) 2 (0.6)
Fluoroquinolone (FQ) <0.01
Susceptible 218 187 (85.8) 30 (13.8) 0 1 (0.5)
Resistant 109 78 (71.6) 21 (19.3) 9 (8.3) 1 (0.9)
Number of N/Ra drugs used
FQ susceptible 0.74
0 167 142 (85.0) 24 (14.4) 0 1 (0.6)
1 41 35 (85.4) 6 (14.6) 0 0
�2 10 10 (100) 0 0 0
FQ resistant 0.03
0 55 42 (76.4) 9 (16.4) 3 (5.5) 1 (1.8)
1 27 18 (66.7) 3 (11.1) 6 (22.2) 0
�2 27 18 (66.7) 9 (33.3) 0 0
Age group (years) <0.01
<45 109 99 (90.8) 6 (5.5) 3 (2.8) 1 (0.9)
45e64 140 120 (85.7) 17 (12.1) 3 (2.1) 0
�65 78 46 (59.0) 28 (35.9) 3 (3.8) 1 (1.3)
Sex 0.71
Male 242 195 (80.6) 40 (16.5) 6 (2.5) 1 (0.4)
Female 85 70 (82.3) 11 (12.9) 3 (3.5) 1 (1.2)
Smear 0.91
Negative 145 119 (82.1) 22 (15.2) 3 (2.1) 1 (0.7)
Positive 182 146 (80.2) 29 (15.9) 6 (3.3) 1 (0.6)
History of TB 0.15
New 209 169 (80.7) 35 (16.8) 3 (1.4) 2 (1.0)
Previously treated 118 96 (81.4) 16 (13.6) 6 (5.1) 0
Body mass index 0.49
<18.5 70 53 (75.7) 14 (20.0) 2 (2.9) 1 (1.4)
18.5e24.9 208 174 (83.7) 29 (13.9) 4 (1.9) 1 (0.5)
�25 49 38 (77.6) 8 (16.3) 3 (6.1) 0
Comorbidities <0.01
No 131 120 (91.6) 7 (5.3) 3 (2.3) 1 (0.8)
Yes 196 145 (74.0) 44 (22.5) 6 (3.1) 1 (0.5)
Year of treatment 0.08
2009e2013 213 172 (80.8) 30 (14.1) 9 (4.2) 2 (0.9)
2014e2019 114 93 (81.6) 21 (18.4) 0 0

a New/repurposed drugs: bedaquiline, delamanid, linezolid, meropenem/imipenem, clofazimine.
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Table 5 Factors associated with treatment success of multidrug-resistant tuberculosis.

Total Treatment
success
NZ (%)

ORb (95% CI) P value Adj ORb (95% CI) P value

Total 327 265 (81.0)
Sex
Male 242 195 (80.6) 0.89 (0.47e1.69) 0.72 1.00 (0.48e2.07) 0.99
Female 85 70 (82.3) 1 e 1 e

Age group (years)
<45 109 99 (90.8) 1 e 1 e

45e64 140 120 (85.7) 0.61 (0.27e1.35) 0.22 0.83 (0.35e1.96) 0.68
�65 78 46 (59.0) 0.15 (0.07e0.32) <0.01 0.19 (0.08e0.44) <0.01
Fluoroquinolone
Susceptible 218 187 (85.8) 1 e 1 e

Resistant 109 78 (71.6) 0.42 (0.24e0.73) <0.01 0.38 (0.20e0.70) <0.01
Number of N/Ra drugs used
0 222 184 (82.9) 1 e e e

1 68 53 (77.9) 0.73 (0.37e1.43) 0.36 e e

�2 37 28 (75.7) 0.64 (0.28e1.47) 0.30 e e

Smear
Negative 145 119 (82.1) 1 e

Positive 182 146 (80.2) 0.89 (0.51e1.55) 0.67 e e

History of TB
New 209 169 (80.9) 1 e e e

Previously treated 118 96 (81.4) 1.03 (0.58e1.83) 0.91 e e

Body mass index
<18.5 70 53 (75.7) 1 e

18.5e24.9 208 174 (83.7) 1.64 (0.85e3.17) 0.14 e e

�25 49 38 (77.6) 1.11 (0.47e2.63) 0.82 e e

Comorbidities
No 131 120 (91.6) 1 e 1 e

Yes 196 145 (74.0) 0.26 (0.13e0.52) <0.01 0.31 (0.15e0.67) <0.01
Year of treatment
2009e2013 213 172 (80.8) 1 e e e

2014e2019 114 93 (81.6) 1.06 (0.59e1.89) 0.86 e e

a new/repurposed drugs: bedaquiline, delamanid, linezolid, meropenem/imipenem, clofazimine.
b OR, odds ratio; Adj OR, adjusted odds ratio.
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regimen in the management of rifampicin-resistant TB.21

Tang et al. reported that MDR-TB patients treated with
clofazimine had a treatment success proportion higher than
those treated without clofazimine.12 Linezolid was mainly
used for the treatment of Gram-positive bacteria infection,
including methicillin-resistant staphylococcus aureus,22,23

but was also active against M tuberculosis.24 A random-
ized trial tested linezolid in the treatment of patients with
extensively drug-resistant TB who did not had a response to
available treatment options and reported that the majority
of patients (87%) had a negative sputum culture within 6
months after linezolid had been added.25 A systematic re-
view and meta-analysis reported a high proportion of
sputum culture conversion in MDR-TB patients treated with
individualised regimens containing linezolid.26 However,
adverse reactions were frequent. Carbapenem were anti-
biotics against a broad spectrum of Gram-positive and
Gram-negative bacteria, and in combination with clav-
ulanate, also active against M tuberculosis.27,28 Studies
have reported outcomes of patients treated with imipe-
nem, meropenem, or ertapenem.10,29
624
Bedaquiline is a first-in-class diarylquinoline that inhibits
the proton pump of mycobacterial adenosine triphosphate
(ATP) synthase, leading to energy depletion.30 Bedaquiline
has potent bactericidal and sterilizing activity but the onset
of activity is delayed for a few days after administra-
tion.31,32 In a phase 2 b randomized placebo-controlled
trial, bedaquiline reduced time to culture conversion and
achieved a higher proportion of culture conversion as
compared with placebo.33 In a phase 3 randomized trial
(STREAM stage 2), a 9-month bedaquiline-containing
regimen was superior to a 9-month injectable-containing
regimen for the treatment of rifampicin-resistant TB.34

Delamanid is a nitro-dihydro-imidazooxazole derivative
that inhibits mycolic acid biosynthesis. Delamanid is a
prodrug requiring activation and has potent bactericidal
and sterilizing activity.35 In a randomized placebo-
controlled trial assessing safety and efficacy on the use of
delamanid in the treatment of patients with MDR-TB,
delamanid was associated with increased sputum-culture
conversion at 2 months.36 However, in a phase 3 random-
ized placebo-controlled trial, delamanid was not associated



Table 6 Factors associated with death during treatment for multidrug-resistant tuberculosis.

Total Death
NZ (%)

ORb (95% CI) P value Adj ORb (95% CI) P value

Total 327 51 (15.6)
Sex
Male 242 40 (16.5) 1.33 (0.65e2.73) 0.43 1.01 (0.46e2.22) 0.98
Female 85 11 (12.9) 1 e 1 e

Age group (years)
<45 109 6 (5.5) 1 1 e

45e64 140 17 (12.1) 2.37 (0.90e6.24) 0.08 1.62 (0.60e4.40) 0.34
�65 78 28 (35.9) 9.61 (3.74e24.71) <0.01 6.76 (2.56e17.87) <0.01
Fluoroquinolone
Susceptible 218 30 (13.8) 1 e e e

Resistant 109 21 (19.3) 1.50 (0.81e2.76) 0.20 e e

Number of N/Ra

drugs used
0 222 33 (14.9) 1 e e e

1 68 9 (13.2) 0.87 (0.40e1.93) 0.74 e e

�2 37 9 (24.3) 1.84 (0.80e4.25) 0.15 e e

Smear
Negative 145 22 (15.2) 1 e e e

Positive 182 29 (15.9) 1.06 (0.58e1.94) 0.85 e e

History of TB
New 209 35 (16.8) 1 e e e

Previously treated 118 16 (13.6) 0.78 (0.41e1.48) 0.45 e e

Body mass index
<18.5 70 14 (20.0) 1 e

18.5e24.9 208 29 (13.9) 0.65 (0.32e1.31) 0.23 e e

�25 49 8 (16.3) 0.78 (0.30e2.03) 0.61 e e

Comorbidities
No 131 7 (5.3) 1 e 1 e

Yes 196 44 (22.5) 5.13 (2.23e11.78) <0.01 4.04 (1.69e9.67) <0.01
Year of treatment
2009e2013 213 30 (14.1) 1 e e e

2014e2019 114 21 (18.4) 1.38 (0.74e2.54) 0.30 e e

a New/repurposed drugs: bedaquiline, delamanid, linezolid, meropenem/imipenem, clofazimine.
b OR, odds ratio, Adj OR, adjusted odds ratio.
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with shorter median time to sputum culture conversion
over 6 months.37 An individual patient data meta-analysis
on outcomes of pulmonary MDR-TB reported that the use
of bedaquiline, levofloxacin, moxifloxacin, linezolid, clo-
fazimine and carbapenems was associated with treatment
success, compared with failure or relapse.38 In 2019, WHO
classified bedaquiline, linezolid, levofloxacin/moxifloxacin
as group A drugs, clofazimine and cycloserine as group B
drugs for designing a longer regimen in the treatment of
MDR-TB.39

Our study covered a 10-year period during which global
experience on the use of new and repurposed anti-TB
drugs was accumulating and evidence on the efficacy of
these agents in the treatment of MDR-TB emerging. Only a
minority of patients in 2009e2013 in the TMTC were
treated with new or repurposed anti-TB drugs, and the use
of these agents increased in 2014e2019. Our study
revealed that proper case management itself was effec-
tive in achieving a high treatment success proportion in
FQ-susceptible MDR-TB even without the use of new or
repurposed drugs because of a relatively low proportion of
625
loss-to-follow-up. However, these agents were crucial for
the treatment of FQ-resistant MDR-TB, for which two or
more new or repurposed drugs were needed to prevent
treatment failure. Adding one new or repurposed drug to a
week regimen was inadequate. Mortality was relatively
high in our study, mainly due to old age and comorbidities.
Similar findings were observed among all types of TB cases
in Taiwan. Among all TB cases notified to Taiwan CDC in
2022, 23.1% died, 70.1% had treatment success, 0.3% had
treatment failure, 1.7% were lost to follow-up, 4.8% had
outcomes not-evaluated at 12 months. Of note is that the
majority of patients in the TMTC during the study period
was treated with longer regimens lasting about 20 months.
The long duration of treatment was detrimental to the
quality of life of patients and may impose substantial non-
medical cost to patients and their family. WHO has
recently recommended all oral short regimens for the
treatment of FQ-resistant MDR-TB, such as bedaquiline,
pretomanid, and linezolid for 6 months (BPaL).40 Although
the use of short regimens may reduce the duration of
suffering of patients and improve their quality of life as



Table 7 Factors associated with treatment failure.

Total Treatment failure
NZ (%)

ORb (95% CI) P value Adj ORb (95% CI) P value

Total 327 9 (2.8)
Sex
Male 242 6 (2.5) 0.69 (0.17e2.84) 0.61 0.68 (0.16e2.91) 0.60
Female 85 3 (3.5) 1 e 1 e

Age group (years)
<45 109 3 (2.8) 1 e 1 e

45e64 140 3 (2.1) 0.77 (0.15e3.91) 0.76 0.68 (0.12e3.74) 0.65
�65 78 3 (3.9) 1.41 (0.28e7.19) 0.68 1.29 (0.22e7.37) 0.77
Fluoroquinolone
Susceptible 218 0 e e e e

Resistant 109 9 (8.3) e e e e

Number of N/Ra drugs used
0 222 3 (1.4) 1 e e e

1 68 6 (8.8) 7.06 (1.72e29.06) 0.01 e e

�2 37 0 e e e e

Smear
Negative 145 3 (2.1) 1 e 1 e

Positive 182 6 (3.3) 1.61 (0.40e6.57) 0.50 2.19 (0.51e9.39) 0.29
History of TB
New 209 3 (1.4) 1 e 1 e

Previously treated 118 6 (5.1) 3.68 (0.90e14.99) 0.07 3.97 (0.93e16.86) 0.06
Body mass index
<18.5 70 2 (2.9) 1 e 1 e

18.5e24.9 208 4 (1.9) 0.67 (0.12e3.72) 0.64 0.74 (0.13e4.26) 0.74
�25 49 3 (6.1) 2.22 (0.36e13.79) 0.39 2.37 (0.35e16.21) 0.38
Comorbidities
No 131 3 (2.3) 1 e 1 e

Yes 196 6 (3.1) 1.35 (0.33e5.49) 0.68 1.39 (0.29e6.60) 0.68
Year of treatment
2009e2013 213 9 (4.2) e e e e

2014e2019 114 0 e e e e

a New/repurposed drugs: bedaquiline, delamanid, linezolid, meropenem/imipenem, clofazimine.
b OR, odds ratio, Adj OR, adjusted odds ratio.
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compared to the use of longer regimens, toxicities of short
regimens remain a challenge.

The strength of our study was that this was a population-
based study because more than 95% of patients with MDR-
TB in Taiwan were managed by the TMTC.15,16 Findings of
the study were representative of treatment outcomes of
FQ-resistant MDR-TB in Taiwan. Results of second line anti-
TB agents were provided by the national mycobacteriology
reference laboratory of Taiwan CDC, ensuring its quality.41

Furthermore, we include FQ-susceptible MDR-TB as a
comparison group, enabling assessment of the role of the
new and repurposed drugs in the management of both FQ-
resistant and FQ-susceptible MDR-TB. The proportion of
patients who were lost to follow-up was relatively small,
imposing negligible influence in evaluating the contribution
of new and repurposed drugs. The limitation of the study
was that the TMTC was unique in its structure and operation
with proper funding from Taiwan CDC.15,16 Findings of the
TMTC may not be generalizable to other settings.

In conclusion, proper use of �2 new and repurposed
anti-TB drugs helped mitigate treatment failure in FQ-
resistant MDR-TB in the TMTC. Whether the use of short
626
regimen can further improve treatment outcomes of FQ-
resistant MDR-TB require further evaluation.

Funding

The study was funded by Wan Fang Hospital (112-wf-eva-
05). The funder had no role in the study design, collection,
analysis and interpretation of data, writing of the report,
and decision to submit the paper for publication.

Data availability

The data underlying this article will be shared on reason-
able request to the corresponding author.

CRediT authorship contribution statement

Yi-Wen Huang: Data curation, Investigation, Writing e re-
view & editing, Conceptualization. Ming-Chih Yu: Data
curation, Investigation, Writing e review & editing. Chih-



Journal of Microbiology, Immunology and Infection 57 (2024) 617e628
Bin Lin: Data curation, Investigation, Writing e review &
editing. Jen-Jyh Lee: Data curation, Investigation, Writing
e original draft. Chou-Jui Lin: Data curation, Investigation,
Writing e review & editing. Shun-Tien Chien: Data cura-
tion, Investigation, Writing e review & editing. Chih-Hsin
Lee: Data curation, Investigation, Writing e review &
editing. Chen-Yuan Chiang: Conceptualization, Data cura-
tion, Formal analysis, Investigation, Methodology, Re-
sources, Writing e original draft.

Declaration of competing interest

None declared.

Acknowledgement

Special thanks go to Taiwan CDC who providing funding for
the operation of the TMTC. We thank Chih-Yun Lin and Wei-
Hsiang Hsu for data collection and management.

References

1. Van Deun A, Decroo T, Piubello A, de Jong BC, Lynen L,
Rieder HL. Principles for constructing a tuberculosis treatment
regimen: the role and definition of core and companion drugs.
Int J Tuberc Lung Dis 2018;22(3):239e45.

2. Falzon D, Gandhi N, Migliori GB, Sotgiu G, Cox HS, Holtz TH,
et al. Resistance to fluoroquinolones and second-line inject-
able drugs: impact on multidrug-resistant TB outcomes. Eur
Respir J 2013;42:156e68.

3. Pym AS, Diacon AH, Tang SJ, Conradie F, Danilovits M,
Chuchottaworn C, et al. Bedaquiline in the treatment of
multidrug- and extensively drug-resistant tuberculosis. Eur
Respir J 2016;47:564e674.

4. Guglielmetti L, Jaspard M, Le Dû D, Lachâtre M, Marigot-
Outtandy D, Bernard C, et al. Long-term outcome and safety of
prolonged bedaquiline treatment for multidrug-resistant
tuberculosis. Eur Respir J 2017;49:1601799.

5. Kuksa L, Barkane L, Hittel N, Gupta R. Final treatment out-
comes of multidrug- and extensively drug-resistant tubercu-
losis patients in Latvia receiving delamanid-containing
regimens. Eur Respir J 2017;50(5).

6. Ferlazzo G, Mohr E, Laxmeshwar C, Hewison C, Hughes J,
Jonckheere S, et al. Early safety and efficacy of the combi-
nation of bedaquiline and delamanid for the treatment of pa-
tients with drug-resistant tuberculosis in Armenia, India, and
South Africa: a retrospective cohort study. Lancet Infect Dis
2018;18(5):536e44.

7. Agyeman AA, Ofori-Asenso R. Efficacy and safety profile of
linezolid in the treatment of multidrug-resistant (MDR) and
extensively drug-resistant (XDR) tuberculosis: a systematic
review and meta-analysis. Ann Clin Microbiol Antimicrob 2016;
15:41.

8. Sotgiu G, Pontali E, Migliori GB. Linezolid to treat MDR-/XDR-
tuberculosis: available evidence and future scenarios. Eur
Respir J 2015;45:25e9.

9. Tiberi S, Payen MC, Sotgiu G, D’Ambrosio L, Alarcon Guizado V,
Alffenaar JW, et al. Effectiveness and safety of
meropenem/clavulanate-containing regimens in the treatment
of MDR- and XDR-TB. Eur Respir J 2016;47:1235e43.

10. De Lorenzo S, Alffenaar JW, Sotgiu G, Centis R, D’Ambrosio L,
Tiberi S, et al. Efficacy and safety of meropenem-clavulanate
added to linezolid-containing regimens in the treatment of
MDR-/XDR-TB. Eur Respir J 2013;41:1386e92.
627
11. Dalcolmo M, Gayoso R, Sotgiu G, D’Ambrosio L, Rocha JL,
Borga L, et al. Effectiveness and safety of clofazimine in
multidrug-resistant tuberculosis: a nationwide report from
Brazil. Eur Respir J 2017;49:1602445.

12. Tang S, Yao L, Hao X, Liu Y, Zeng L, Liu G, et al. Clofazimine for
the treatment of multidrug-resistant tuberculosis: prospec-
tive, multicenter, randomized controlled study in China. Clin
Infect Dis 2015;60:1361e7.

13. Nyang’wa BT, Berry C, Kazounis E, Motta I, Parpieva N, Tigay Z,
et al. A 24-week, all-oral regimen for rifampin-resistant
tuberculosis. N Engl J Med 2022;387:2331e43.

14. Chiang C-Y, Enarson DA, Yu M-C, Bai K-J, Huang R-M, Hsu C-J,
et al. Outcome of pulmonary multidrug-resistant tuberculosis:
a 6-yr follow-up study. Eur Respir J 2006;28:980e5.

15. Yu M-C, Chiang C-Y, Lee J-J, Chien S-T, Lin C-J, Lee S-W, et al.
Treatment outcomes of multidrug-resistant tuberculosis in
Taiwan: tackling loss to follow-up. Clin Infect Dis 2018;67(2):
202e10.

16. Lee P-H, Chan P-C, Peng Y-T, Chu P-W, Wu M-H, Jou R, et al.
Impact of universal drug susceptibility testing and effective
management of multidrug-resistant tuberculosis in Taiwan.
PLoS One 2019;14:e0214792.

17. World Health Organization. Definitions and reporting frame-
work for tuberculosis - 2013 revision. World Health Organiza-
tion Document 2013;2:1e40. WHO/HTM/TB/2013.

18. Barry VC, Belton JG, Conalty ML, Denneny JM, Eward DW,
O’Sullivan JF, et al. A new series of phenazines (rimino-com-
pounds) with high antituberculosis activity. Nature 1957;179:
1013e5.

19. Xu J, Koval A, Katanaev VL. Clofazimine: a journey of a drug.
Biomed Pharmacother 2023;167:115539.

20. Van Deun A, Aung KJM, Salim MAH, Kumar Das P, Ranjan
Sarker M, Daru P, et al. Short, highly effective, and inexpensive
standardized treatment of multidrug-resistant tuberculosis.
Am J Respir Crit Care Med 2010;182:684e92.

21. Nunn AJ, Phillips PPJ, Meredith SK, Chiang CY, Conradie F,
Dalai D, et al. A trial of a shorter regimen for rifampin-resistant
tuberculosis. N Engl J Med 2019;380:1201e13.

22. Ager S, Gould K. Clinical update on linezolid in the treatment
of Gram-positive bacterial infections. Infect Drug Resist 2012;
5:87e102.

23. Turner NA, Sharma-Kuinkel BK, Maskarinec SA,
Eichenberger EM, Shah PP, Carugati M, et al. Methicillin-resis-
tant Staphylococcus aureus: an overview of basic and clinical
research. Nat Rev Microbiol 2019;17(4):203e18.
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