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Background. The proportion of treatment success among patients with multidrug-resistant tuberculosis (MDR-TB) enrolled 
between 1992 and 1996 was 51.2%, and that among patients enrolled between 2000 and April 2007 was 61%. To address the challenge 
of MDR-TB, the Taiwan MDR-TB Consortium (TMTC) was established in May 2007. To assess the performance of the TMTC, we 
analyzed the data of patients enrolled in its first 5 years.

Methods. Comprehensive care was provided at no cost to patients, who were usually hospitalized for 1 month initially. Treatment 
regimens consisted of 4–5 drugs and the duration of treatment was 18–24 months. A case manager and a directly observed therapy 
provider were assigned to each patient. Psychosocial support was provided to address emotional stress and stigma. Financial support 
was offered to avoid the financial hardship faced by patients and their families. We assessed treatment outcomes at 30 months using 
internationally recommended outcome definitions.

Results. Of the 692 MDR-TB patients, 570 (82.4%) were successfully treated, 84 (12.1%) died, 18 (2.6%) had treatment failure, 
and 20 (2.9%) were lost to follow-up. Age ≥65 years (adjusted odds ratio [aOR], 6.78 [95% confidence interval {CI}, 3.14–14.63]), 
cancer (aOR, 11.82 [95% CI, 5.55–25.18]), and chronic kidney disease (aOR, 3.62 [95% CI, 1.70–7.71]) were significantly associated 
with death. Resistance to fluoroquinolone (aOR, 10.89 [95% CI, 3.97–29.88]) was significantly associated with treatment failure.

Conclusions. The TMTC, which operates under a strong collaboration between the public health authority and clinical teams, 
has been a highly effective model of care in the management of MDR-TB.
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The World Health Organization (WHO) reported that an esti-
mated 3.9% of new tuberculosis (TB) cases and 21% of previ-
ously treated TB cases worldwide were multidrug-resistant TB 
(MDR-TB) or rifampicin-resistant TB (RR-TB), and the esti-
mated number of incident cases of MDR-/RR-TB was 580 000 
(range, 520 000–640 000) in 2015 [1]. Management of MDR-/
RR-TB is challenging because it involves the use of second-line 
drugs that cause a high frequency of adverse drug reactions 
and because the treatment is lengthy. Globally, the proportion 
of MDR-/RR-TB patients in the 2013 cohort who successfully 
completed treatment was only 52%, which was due to a high 
proportion of death (17%), treatment failure (9%), or loss to 

follow-up (22%). The outcomes of extensively drug-resistant 
tuberculosis (XDR-TB) were even worse; the proportion of 
patients who were successfully treated was only 28% [1].

The treatment outcomes of MDR-TB in Taiwan have been 
previously reported. Of the 299 pulmonary MDR-TB patients 
enrolled in treatment between 1992 and 1996, 51.2% were 
cured, 10.4% experienced treatment failure, 9.4% died, and 
29.1% had a treatment interruption of ≥2 months [2]. The pro-
portion of treatment success among MDR-TB patients enrolled 
between 2000 and April 2007 increased slightly to 61% [3]. 
To address the challenge of MDR-TB, the Taiwan MDR-TB 
Consortium (TMTC), which is funded by the Taiwan Centers 
for Disease Control (TCDC), was established in May 2007. It 
provides comprehensive patient-centered care at no cost to 
MDR-TB patients, with the aim of achieving a high proportion 
of treatment success.

An assessment of the performance of TMTC in its early phase 
[3] and on a limited scale [4] revealed that >80% of MDR-TB 
in TMTC achieved treatment success. To better assess the per-
formance of TMTC and to analyze factors associated with the 
outcome of MDR-TB treatment in TMTC, we analyzed the data 
of patients enrolled in its first 5 years. The findings of the assess-
ment are reported.
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METHODS

Study Settings

The notification rate of all forms of TB in Taiwan was 72.5 per 
100 000 population in 2005, which decreased to 45.7 per 100 000 
population in 2015 (https://monitor.cdc.gov.tw/). The TMTC 
consists of 5 drug-resistant TB (DR-TB) management groups 
that provide services to the whole country. Each DR-TB manage-
ment group had a lead hospital: Taipei Medical University–Wan 
Fang Hospital, Taipei; Tao-Yuan General Hospital, Department 
of Health, Tao-Yuan; Chang-Hua Hospital, Department of 
Health, Chang-Hua; Chest Hospital, Department of Health, 
Tainan; and Buddhist Tzu Chi General Hospital, Tzu Chi 
University, Hualien. Each management group was organized by 
a senior pulmonologist in charge who organized a management 
team of nurses and directly observed therapy (DOT) supporters 
and invited a few supportive hospitals to form a network of case 
management; the focal person at each supportive hospital in the 
network was a pulmonologist or an infectious disease specialist. 
Patients diagnosed with MDR-TB at any healthcare facility in 
Taiwan that was not part of the TMTC were strongly encour-
aged to be referred to the TMTC [5].

The diagnosis and treatment service of TB was fully covered 
by the National Health Insurance program, which was supple-
mented by additional funding from the TCDC. Drug suscepti-
bility testing (DST) of first-line anti-TB drugs was performed 
at quality-assured laboratories that participated in a proficiency 
testing program organized by the Reference Laboratory of 
Mycobacteriology of the TCDC [6, 7]. Notification of TB was 
mandatory by law and reinforced by administrative and finan-
cial measures [8, 9]. It is mandatory to send isolates of MDR-TB 
to the Reference Laboratory of Mycobacteriology of the TCDC 
to confirm the diagnosis of MDR-TB. DST of the second-line 
anti-TB drugs for all patients was performed at the Chest 
Hospital, Department of Health, Tainan or at the Reference 
Laboratory of Mycobacteriology using proportion method 
with 7H10 medium (Becton, Dickinson and Company, Sparks, 
Maryland) and the GenoType MTBDRsltest (Hain Lifescience 
GmbH, Nehren, Germany) [10–12].

The anti-TB drugs used in the treatment of MDR-/XDR-TB, 
including rifabutin, kanamycin, capreomycin, amikacin, 
streptomycin, ofloxacin, levofloxacin, moxifloxacin, prothio-
namide, cycloserine, terizidone, para-aminosalicylic acid, lin-
ezolid, clofazimine, meropenem, and amoxicillin-clavulanate, 
were centrally procured by the TCDC and provided directly to 
the TMTC. The treatment was individualized by taking treat-
ment history and results of DST into account. Patients were 
usually admitted at the initiation of the MDR-TB treatment 
for 1 month and discharged once they could tolerate the reg-
imens. A case manager and a DOT provider were assigned to 
each patient in the TMTC to ensure that barriers in adherence 
to treatment were addressed effectively and in a timely manner. 

A  few mobile DOT teams (including a nurse on each team) 
were organized in each DR-TB management group for deliver-
ing community-based DOT consistently throughout the whole 
treatment course. Supportive face-to-face DOT was strictly pro-
vided for at least 5 days per week; a limited number of patients 
had DOT using video mobile phones. Psychosocial support was 
provided to address emotional stress and stigma. Financial sup-
port, including enablers and incentives totaling about US$200 
(range, US$0–600) per month, was offered to avoid the finan-
cial hardship faced by MDR-TB patients and their families. 
Radiography, sputum examinations, and blood tests were con-
ducted regularly at no cost to the patients. Adverse drug reac-
tions identified during day-to-day contact of DOT supporters 
and patients were immediately reported to clinicians. Ancillary 
drugs for adverse drug reactions, surgeries, and hospitalizations 
were also provided at no cost to patients. An expert committee 
meeting of the TMTC was organized on a quarterly basis and 
every MDR-TB case with an unsatisfactory response to treat-
ment was reviewed to assess the need for modification of regi-
mens and the need for surgical intervention.

The operation of the TMTC was funded by the TCDC; case 
management costs were approximately US$25 000–$30 000 per 
patient per year, excluding the costs of drugs [5].

Study Population

Our study population includes all MDR-TB patients who were 
referred to the TMTC between 1 May 2007 and 30 April 2012. 
However, patients treated in the health facilities that were not 
part of the TMTC may have been managed in a conventional 
manner that was less satisfactory; therefore, those who had 
been treated for 3 or more months for their current episode of 
MDR-TB before being referred to the TMTC were excluded 
from the analysis. Furthermore, patients who were <20  years 
old, patients treated with only first-line drugs, and patient with 
only extrapulmonary TB were also excluded.

The data collected included age, sex, body mass index, smear, 
cavitary lesions on the chest radiograph, alcohol use, comorbid-
ity (diabetes, cancer, chronic liver disease, hepatitis B surface 
antigen positive, anti–hepatitis C antibody positive, hyperten-
sion, and cardiovascular disease), a history of treatment with 
anti-TB drugs, type of case registration, the results of first-line 
and second-line DST, anti-TB drugs used for the current episode 
of treatment, surgical intervention, and the outcome of treat-
ment (cured, treatment completed, treatment failure, died, lost 
to follow-up). Because DST to ofloxacin, levofloxacin, moxifloxa-
cin, and gatifloxacin was not available for all patients, those with 
resistance to any of these 4 fluoroquinolones (FQs) were classified 
as FQ-resistant MDR-TB; similarly, patients with any resistance 
to kanamycin, amikacin, or capreomycin were classified as sec-
ond-line injectable (SLI)–resistant MDR-TB. MDR-TB patients 
with resistance to any FQ and any SLI were classified as XDR-TB.

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy066/4831095
by Centers for Disease Control user
on 16 March 2018

https://monitor.cdc.gov.tw/


 • CID 2018:XX (XX XXXX) • 3MDR-TB Treatment Outcomes in Taiwan

Patients were usually treated with at least 4 anti-TB drugs, 
including an injectable agent and an FQ, following the rec-
ommendations of the WHO [13]. The treatment duration was 
18–24 months, which accounted for the timing of sputum con-
version. We assessed treatment outcomes at 30  months after 
the initiation of MDR-TB treatment to classify the patients as 
cured, treatment completed, treatment failed, died, or lost to 
follow-up using the international recommendations for out-
come definitions [14]. Cured and treatment completed were 
further categorized as a treatment success.

Stata version 12 (Stata Corp LP, College Station, Texas) 
was used for statistical analyses. Categorical data were ana-
lyzed using the Pearson χ2 test. The treatment outcome was 
dichotomized into successful (treatment success) and unfa-
vorable (died, treatment failed, and lost to follow-up). Logistic 
regression models were constructed to assess the factors 
associated with success, death, treatment failure, and loss to 
follow-up. We used the logistic command in Stata to fit the 
maximum-likelihood logit models. Variables significantly 
associated with outcome on univariate analysis by χ2 test 
were entered into a multivariate model; P  <  .05 was applied 
as threshold value of backward elimination and a final fitted 
model was determined by using the likelihood ratio test. The 
final models were checked by using the goodness-of-fit test to 
assess the model fit. A P value <.05 was considered statistically 
significant.

Ethics

This study was approved by the Joint Institute Review Board of 
Taipei Medical University.

RESULTS

Between 1 May 2007 and 30 April 2012, a total of 864 MDR-TB 
patients were managed by the TMTC and accounted for more 
than 80% of the MDR-TB patients diagnosed during that period 
in Taiwan. Of the 864 MDR-TB patients, 692 adult patients 
were included in this study and 172 were excluded: 142 of those 
patients were excluded because they had been treated with sec-
ond-line anti-TB drugs for ≥3 months before being referred to 
the TMTC; 4 patients were excluded because they were only 
treated with first-line anti-TB drugs but not second-line drugs; 
1 patient with extrapulmonary TB was excluded because there 
was no pulmonary involvement; and 25 patients were excluded 
because they were <20 years old (Figure 1).

Table  1 shows the treatment outcomes of 692 patients 
included in this study. Of the 692 patients, 6 patients left Taiwan 
after the initiation of treatment of MDR-TB; 2 were successfully 
treated at other countries and 4 were not accessible (classified as 

Figure 1. Flow diagram of study population. Abbreviations: MDR, multidrug-resistant; TB, tuberculosis; TMTC, Taiwan MDR-TB Consortium.

Table  1. Treatment Outcomes of Patients With Multidrug-Resistant 
Tuberculosis

Outcome
Overall

(N = 692)a
Patients Treated in Taiwan

(N = 686)

Treatment success 570 (82.4) 568 (82.8)

Death 84 (12.1) 84 (12.2)

Treatment failure 18 (2.6) 18 (2.6)

Lost to follow-up 20 (2.9) 16 (2.3)

Data are presented as No. (%).
aSix patients left Taiwan after initiation of treatment: 2 were successfully treated at other 
countries and 4 were not accessible (classified as lost to follow-up).
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lost to follow-up). These 6 patients were not included in further 
analysis as detailed information of these patients was lacking.

Of the 686 patients included in detailed analysis, their mean 
age was 52.9 (interquartile range, 41–91) years; 351 (51.2%) 
were new patients, 189 (27.6%) relapse, 17 (2.5%) treatment 

after loss to follow-up, and 129 (18.8%) treatment after failure; 
354 (51.6%) were smear negative at the initiation of MDR-TB 
treatment; 236 (34.4%) had diabetes mellitus and 97 (14.1%) 
had liver disease (Table 2).

The total number and proportion of patients with the results 
of DST and the total number and proportion of patients with 
strains that were resistant to each drug among those who had 
test results are shown in Table  3. Among 680 patients with 
results of susceptibility testing of both FQs and SLIs, 520 
(76.5%) had MDR-TB without additional resistance to FQs and/
or SLIs (MDR-TB sensu stricto), 106 (15.6%) had FQ-resistant 
MDR-TB, 39 (5.7%) had SLI-resistant MDR-TB, and 15 (2.2%) 
had XDR-TB.

Regarding drugs ever used, 599 (87.3%) were treated with 
moxifloxacin, 151 (22.0%) were treated with levofloxacin, 489 
(71.3%) were treated with kanamycin, 45 (6.6%) were treated 
with capreomycin, 193 (28.1%) were treated with strepto-
mycin, 631 (92.0%) were treated with prothionamide, 555 
(80.9%) were treated with cycloserine, 52 (7.6%) were treated 
with terizidone, 428 (62.4%) were treated with para-aminosali-
cylic acid, 542 (79.0%) were treated with pyrazinamide, 189 
(27.6%) were treated with isoniazid, 491 (71.6%) were treated 
with ethambutol, 47 (6.9%) were treated with rifabutin, 61 
(8.9%) were treated with clofazimine, 28 (4.1%) were treated 
with amoxicillin/clavulanate, 23 (3.4%) were treated with clar-
ithromycin, 8 (1.2%) were treated with linezolid, and 1 (0.2%) 
was treated with imipenem. Thirty-three (4.8%) received sur-
gical intervention.

Table 2. Clinical and Demographic Characteristics (N = 686)

Characteristic No. (%)

Age, y (n = 686)

 <45 224 (32.7)

 45–64 294 (42.9)

 ≥65 168 (24.5)

Sex (n = 686)

 Female 186 (27.1)

 Male 500 (72.9)

BMI, kg/m2 (n = 685)

 <18.5 143 (20.9)

 18.5–23.9 394 (57.5)

 ≥24 148 (21.6)

Smear (n = 686)

 Negative 354 (51.6)

 Positive 332 (48.4)

Cavitary lesions on chest radiograph (n = 686)

 No 441 (64.3)

 Yes 245 (35.7)

Alcohol use (n = 686)

 No 587 (85.6)

 Yes 99 (14.4)

Diabetes mellitus (n = 686)

 No 450 (65.6)

 Yes 236 (34.4)

Cancer (n = 684)

 No 643 (94.0)

 Yes 41 (6.0)

Chronic kidney disease (n = 680)

 No 634 (93.2)

 Yes 46 (6.8)

Liver disease (n = 679)

 No 582 (85.7)

 Yes 97 (14.3)

Hypertension (n = 686)

 No 524 (76.4)

 Yes 162 (23.6)

Cardiovascular disease (n = 680)

 No 622 (91.5)

 Yes 58 (8.5)

History of anti-TB treatment (n = 686)

 No 309 (45.0)

 First-line drugs 324 (47.2)

 Second-line drugs 53 (7.7)

Type of case registration (n = 686)

 New 351 (51.2)

 Retreatment 335 (48.8)

 Relapse 189 (27.6)

 Treatment after loss to follow-up 17 (2.5)

 Treatment after treatment failure 129 (18.8)

Abbreviations: BMI, body mass index; TB, tuberculosis.

Table 3. Results of Drug Susceptibility Testing (N = 686)

Drug No. Tested % Tested
No.  

Resistant
% Resistant

Among Tested

First-line drugs

 Isoniazid 686 100.0 686 100.0

 Rifampicin 686 100.0 686 100.0

 Ethambutol 680 99.1 287 42.2

 Pyrazinamide 652 95.0 198 30.4

 Streptomycin 680 99.1 300 44.1

Second-line injectable 
drugs

683 99.6 54 7.9

 Kanamycin 682 99.4 50 7.3

 Amikacin 628 91.6 33 5.3

 Capreomycin 674 98.3 22 3.3

 Fluoroquinolonesa 680 99.1 121 17.8

 Ofloxacin 673 98.1 116 17.2

 Levofloxacin 175 25.5 42 24.0

 Moxifloxacin 274 39.9 57 20.8

 Gatifloxacin 387 56.4 27 7.0

Others

 Prothionamide 679 99.0 154 22.7

 Para-aminosalicylic acid 677 98.7 62 9.2

 Rifabutin 668 97.4 566 84.7

aOfloxacin was tested in 2007–2012; moxifloxacin and gatifloxacin were tested in 2010–
2012; and levofloxacin was tested in 2012 [12].
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Table 4. Patient Characteristics by Treatment Outcome

Characteristic
Total

No. (Column %)

Success Died
Treatment

Failed Lost to Follow-up

P ValueNo. (Row %)

Total 568 (82.8) 84 (12.2) 18 (2.6) 16 (2.3) …

Age, y (n = 686) <.01

 <45 224 (32.7) 206 (92.0) 9 (4.0) 6 (2.7) 3 (1.3)

 45–64 294 (42.9) 254 (86.4) 26 (8.8) 7 (2.4) 7 (2.4)

 ≥65 168 (24.5) 108 (64.3) 49 (29.2) 5 (3.0) 6 (3.6)

Sex (n = 686) .65

 Female 186 (27.1) 153 (82.3) 26 (14.0) 3 (1.6) 4 (2.2)

 Male 500 (72.9) 415 (83.0) 58 (11.6) 15 (3.0) 12 (2.4)

BMI, kg/m2 (n = 685) .09

 <18.5 143 (20.9) 108 (75.5) 28 (20.0) 4 (2.8) 3 (2.1)

 18.5–23.9 394 (57.5) 335 (85.0) 38 (9.6) 12 (3.1) 9 (2.3)

 ≥24 148 (21.6) 125 (84.5) 17 (11.5) 2 (1.4) 4 (2.7)

Smear (n = 686) .04

 Negative 354 (51.6) 287 (81.1) 54 (15.3) 7 (2.0) 6 (1.7)

 Positive 332 (48.4) 281 (84.6) 30 (9.0) 11 (3.3) 10 (3.0)

Cavitary lesions (n = 686) .29

 No 441 (64.3) 361 (81.9) 61 (13.8) 10 (2.3) 9 (2.0)

 Yes 245 (35.7) 207 (84.5) 23 (9.4) 8 (3.3) 7 (2.9)

Alcohol use (n = 686) .14

 No 587 (85.6) 479 (81.6) 75 (12.8) 18 (3.1) 15 (2.6)

 Yes 99 (14.4) 89 (89.9) 9 (9.1) 0 (0) 1 (1.0)

Diabetes (n = 686) .51

 No 450 (65.6) 379 (84.2) 50 (11.1) 12 (2.7) 9 (2.0)

 Yes 236 (34.4) 189 (80.1) 34 (14.4) 6 (2.5) 7 (3.0)

Cancer (n = 684) <.01

 No 643 (94.0) 550 (85.5) 61 (9.5) 17 (2.6) 15 (2.3)

 Yes 41 (6.0) 17 (41.5) 22 (53.7) 1 (2.4) 1 (2.4)

Chronic kidney disease (n = 680) <.01

 No 634 (93.2) 538 (84.9) 67 (10.6) 15 (2.4) 14 (2.2)

 Yes 46 (6.7) 27 (58.7) 14 (30.4) 3 (6.5) 2 (4.4)

Liver disease (n = 679) .68

 No 582 (85.7) 487 (83.7) 69 (11.3) 16 (2.8) 13 (2.2)

 Yes 97 (14.3) 77 (79.4) 15 (15.5) 2 (2.1) 3 (3.1)

Hypertension (n = 686) <.01

 No 524 (76.4) 446 (85.1) 50 (9.5) 15 (2.9) 13 (2.5)

 Yes 162 (23.6) 122 (75.3) 34 (21.0) 3 (1.9) 3 (1.9)

Cardiovascular disease (n = 680) <.01

 No 622 (91.5) 525 (84.4) 66 (10.6) 17 (2.7) 14 (2.3)

 Yes 58 (8.5) 40 (69.0) 15 (25.9) 1 (1.7) 2 (3.5)

History of anti-TB treatment .05

 No 309 (45.1) 258 (83.5) 44 (14.2) 4 (1.3) 3 (1.0)

 First-line drugs 324 (47.2) 269 (83.0) 34 (10.5) 11 (3.4) 10 (3.1)

 Second-line drugs 53 (7.7) 41 (77.4) 6 (11.3) 3 (5.7) 3 (5.7)

Type of case registration .03

 New 351 (51.2) 293 (83.5) 48 (13.7) 7 (2.0) 3 (0.9)

 Retreatment 335 (48.8) 275 (82.1) 36 (10.8) 11 (3.3) 13 (3.9)

 Relapse 189 (27.6) 157 (83.1) 21 (11.1) 5 (2.7) 6 (3.2)

 Treatment after loss to follow-up 17 (2.5) 14 (82.4) 1 (5.9) 0 (0) 2 (11.8)

 Treatment after treatment failure 129 (18.8) 104 (80.6) 14 (10.9) 6 (4.7) 5 (3.9)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: BMI, body mass index; TB, tuberculosis.
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The association between characteristics of the patients and the 
outcomes of treatment are shown in Table 4 and that between 
drug resistance and the outcome of treatment in Table 5. The 
proportion of patients with treatment success was 84.2% in 
patients with MDR-TB sensu stricto, 80.2% in FQ-resistant 
MDR-TB patients, 79.5% in SLI-resistant MDR-TB patients, 
and 53.3% in XDR-TB patients (P < .01).

Patients with pre-XDR and XDR-TB were significantly more 
likely to have surgical intervention compared with MDR-TB 
patients (11.9% vs 2.7%; P  <  .01; Supplementary Table  1). 
Surgical intervention was not significantly associated with the 
outcome (P = .99).

Table 6 shows the factors associated with treatment success. 
Patients who were aged ≥65 years (adjusted odds ratio [aOR], 
0.19 [95% confidence interval {CI}, .10–.35]) were significantly 
less likely to have treatment success compared with patients 
who were <45 years old. Patients with resistance to FQs (aOR, 
0.49 [95% CI, .29–.85]) were significantly less likely to have 
treatment success compared with those susceptible to FQs. 
Patients with cancer (aOR, 0.11 [95% CI, .05–.24]) or chronic 

kidney disease (aOR, 0.28 [95% CI, .14–.55]) were significantly 
less likely to have treatment success compared with those with-
out these diseases.

Patients who were aged ≥65 years (aOR, 8.35 [95% CI, 3.59–
19.45]) were significantly more likely to die during treatment 
compared with patients who were <45  years old. Patients with 
cancer (aOR, 10.74 [95% CI, 5.01–23.04]) or chronic kidney dis-
ease (aOR, 3.65 [95% CI, 1.71–7.76]) were significantly more 
likely to die compared with those without these diseases (Table 7).

Resistance to FQ was significantly associated with treatment 
failure (P < .01). In a multivariate analysis adjusted for age and 
sex, patients who were infected with strains that were resistant 
to FQs (aOR, 10.77 [95% CI, 3.93–29.55]) were significantly 
more likely to fail treatment than those who were not resistant 
to FQs (Supplementary Table 2).

Retreatment cases were significantly more likely to be lost to 
follow-up compared with new cases (3.9% vs 0.9%; aOR, 4.68 
[95% CI, 1.32–16.59]); the proportion of patients who were lost 
to follow-up was particularly high among patients who received 
treatment after loss to follow-up (11.8%; Supplementary Table 3).

Table  5. Susceptibility of Antituberculosis Drugs and the Treatment Outcomes of Multidrug-Resistant Tuberculosis in Taiwan, May 2007–April 2012 
(N = 686)

Drug
Total

No. (Column %)

Success Died Treatment Failed Lost to Follow-up

P ValueNo. (Row %)

Ethambutol (n = 680) .09

 Resistant 287 (42.2) 240 (83.6) 33 (11.5) 11 (3.8) 3 (1.1)

 Susceptible 393 (57.8) 322 (81.9) 51 (13.0) 7 (1.8) 13 (3.3)

Streptomycin (n = 680) .07

 Resistant 300 (44.1) 245 (81.7) 41 (13.7) 11 (3.7) 3 (1.0)

 Susceptible 380 (55.9) 317 (83.4) 43 (11.3) 7 (1.8) 13 (3.4)

Pyrazinamide (n = 652) .56

 Resistant 198 (30.4) 166 (83.8) 20 (10.1) 7 (3.5) 5 (2.5)

 Susceptible 454 (69.6) 373 (82.2) 60 (13.2) 10 (2.2) 11 (2.4)

Injectable drugs (n = 683) .03

 Resistant 54 (7.9) 39 (72.2) 13 (24.1) 2 (3.7) 0 (0)

 Susceptible 629 (92.1) 526 (83.6) 71 (11.3) 16 (2.5) 16 (2.5)

Fluoroquinolones (n = 680) <.01

 Resistant 121 (17.8) 93 (76.9) 14 (11.6) 12 (9.9) 2 (1.7)

 Susceptible 559 (82.2) 469 (83.9) 70 (12.5) 6 (1.1) 14 (2.5)

Prothionamide (n = 679) .11

 Resistant 154 (22.7) 127 (82.5) 17 (11.0) 8 (5.2) 2 (1.3)

 Susceptible 525 (77.3) 434 (82.7) 67 (12.8) 10 (1.9) 14 (2.7)

Para-aminosalicylic acid (n = 677) .15

 Resistant 62 (9.2) 50 (80.7) 8 (12.9) 4 (6.5) 0 (0)

 Susceptible 615 (90.8) 511 (83.1) 74 (12.0) 14 (2.3) 16 (2.6)

Rifabutin (n = 668) .08

 Resistant 566 (84.7) 473 (83.6) 64 (11.3) 14 (2.5) 15 (2.7)

 Susceptible 102 (17.3) 80 (78.4) 19 (18.6) 3 (2.9) 0 (0.0)

Type of MDR-TB (n = 680) <.01

 MDR-TB 520 (76.5) 438 (84.2) 63 (12.1) 5 (1.0) 14 (2.7)

 FQ-resistant MDR-TB 106 (15.6) 85 (80.2) 8 (7.6) 11 (10.4) 2 (1.9)

 SLI-resistant MDR-TB 39 (5.7) 31 (79.5) 7 (18.0) 1 (2.6) 0 (0)

 XDR-TB 15 (2.2) 8 (53.3) 6 (40.0) 1 (6.7) 0 (0)

Abbreviations: FQ, fluoroquinolone; MDR, multidrug resistant; SLI, second-line injectable; TB, tuberculosis; XDR, extensively drug resistant.
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DISCUSSION

Our assessment revealed that the TMTC, which operates under 
a strong collaboration between the public health authority and 
clinical teams, has been a highly effective model of care in the 
management of MDR-TB. The proportion of MDR-TB patients 
with treatment success was 82.8%, which was much higher than 
that of earlier cohorts of MDR-TB patients in Taiwan [2, 3].

The most striking finding is the drastic reduction of loss 
to follow-up. The proportion of patients who were lost to 
follow-up in an earlier cohort in Taiwan was 29% [2], which 
was reduced to 2.9% under the care of the TMTC. The propor-
tion of MDR-TB patients who were lost to follow-up was rela-
tively high in several settings [15–28]: 38% in the Philippines 
[16], 21% in South Africa [17], 20% in Russia [18], 20% in Peru 
[20], 17% in Norway [21], and 13% in Vietnam [22]. A study 
from the Philippines reported that adverse drug reactions and 
use of alcohol are significantly associated with loss to follow-up; 
assistance from the TB program provided to patients, patients’ 
knowledge of TB, trust in health care workers, and support 

from physicians and nurses are factors protective against loss 
to follow-up [16]. Our study found that the TMTC has been 
able to tackle most of the barriers in adherence to treatment.

A substantial proportion of our patients died, which was 
mainly due to aging and comorbidities. Among patients who 
were ≥65 years old, 29% died during treatment. A better strat-
egy to address comorbidities will be important in reducing 
the mortality of MDR-TB patients in Taiwan. The association 
between resistance to FQ and treatment failure has been previ-
ously reported [29]. These patients may benefit from the use of 
new drugs such as bedaquiline [30] and delamanid [31]. These 
new drugs have been recently procured by TCDC to be used, 
together with repurposed drugs (such as clofazimine, linezolid, 
and meropenem), in the management of difficult MDR-TB 
cases in TMTC. The proportion of XDR-TB patients with treat-
ment success was relatively low in our cohort, which was mainly 
due to a high proportion of death that was confounded by age, 
as demonstrated in the multivariate analysis. Surgical interven-
tion was not associated with a better outcome, likely because 
difficult cases (pre-XDR and XDR-TB) were more likely to have 
a surgical intervention in our study.

Our study has several strengths. This is a population-based 
study that covers >80% of MDR-TB cases detected in Taiwan 
during the study period. Hence, the findings of this study are 
highly representative. The sample size was relatively large, which 
enabled us to analyze relevant covariates that were potentially 
associated with the outcome of treatment. We identified factors 
associated with treatment failure, death, and loss to follow-up, 
all of which will be helpful in developing specific interventions 
to further improve the outcomes of patients with MDR-TB. The 
weakness of the study is that the DST results of second-line 
drugs of some patients in the early stage of TMTC were not 
available. This has been changed; current practice is that all 
MDR-TB patients should have DST of second-line drugs.

Some of the elements used in our program have been 
introduced by other groups. Mitnick et al reported that com-
munity-based DOT of individualized regimens and careful 
management of adverse drug effects has achieved a high cure 
rate [32]. A systemic review and meta-analysis reported that 
DOT was not associated with better treatment outcomes of TB 
as compared with self-administration of treatment [33]. Our 
experience shows that supportive DOT is crucial. The TMTC 
was led by senior clinicians who had substantial experience in 
TB control and clinical management of MDR-TB, thus ensur-
ing that the regimens used were consistent with international 
recommendations and adverse reactions were managed in a 
timely and effective manner. A unique aspect of TMTC is that 
the operation of the TMTC was mainly funded by the govern-
ment. Using the sufficient financial resources provided to the 
TMTC, outreach teams were organized to provide patient-cen-
tered care and supportive DOT was provided at the location 
(in the community or at the home) that was most convenient 

Table  6. Univariate and Multivariate Predictors of Multidrug-Resistant 
Tuberculosis Treatment Success

Predictor
Total
No.

Success,
No. (%)

Univariate Multivariate

OR (95% CI) aOR (95% CI)

Age, y

 <45 224 206 (92.0) Reference Reference

 45–64 294 254 (86.4) 0.55 (.31–.99) 0.71 (.37–1.35)

 ≥65 168 108 (64.3) 0.16 (.09–.28) 0.19 (.10–.35)

SLI resistance

 No 629 526 (83.6) Reference

 Yes 54 39 (72.2) 0.51 (.27–.96)

FQ resistance

 No 559 469 (83.9) Reference Reference

 Yes 121 93 (76.9) 0.64 (.40–1.03) 0.49 (.29–.85)

Smear positive

 No 354 287 (81.1) Reference

 Yes 332 281 (84.6) 1.29 (.86–1.92)

Cancer

 No 643 550 (85.5) Reference Reference

 Yes 41 17 (41.5) 0.12 (.06–.23) 0.11 (.05–.24)

Chronic kidney disease

 No 634 538 (84.9) Reference Reference

 Yes 46 27 (58.7) 0.25 (.14–.47) 0.28 (.14–.55)

Hypertension

 No 524 446 (85.1) Reference

 Yes 162 122 (75.3) 0.41 (.23–.75)

Cardiovascular disease

 No 622 525 (84.4) Reference

 Yes 58 40 (69.0) 0.42 (.23–.76)

Type of case registration

 New 351 293 (83.5) Reference

 Retreatment 335 275 (82.1) 0.91 (.61–1.35)

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; FQ, fluoroquinolone; OR, 
odds ratio; SLI, second-line injectable agent.
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to the patients. Additionally, financial hardship and psychoso-
cial problems of patients during the whole treatment course 
were addressed and managed effectively. Our experience sup-
ports a previous report that monetary incentives may help 
enhance adherence to treatment of MDR-TB patients [34].

The preliminary results of the “Evaluation of a standard-
ized treatment regimen of anti-tuberculosis drugs for patients 
with multidrug-resistant tuberculosis” (STREAM) clinical trial 
reported that the control regimen performed better than 
expected in selected population under trial condition [35]. Our 
study clearly demonstrated that when a program is strongly 
supported by political commitment and has sufficient financial 
resources, it is feasible to achieve a very low proportion of loss 
to follow-up and a high proportion of treatment success among 
patients with MDR-TB under program condition. The findings 
of our study should encourage health authorities in other coun-
tries to invest in the fight against MDR-TB.
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Consisting of data provided by the authors to benefit the reader, the posted 
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so questions or comments should be addressed to the corresponding author.
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