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ABSTRACT: A retrospective study was performed to determine factors associated with the

outcome of pulmonary multidrug-resistant tuberculosis (MDR-TB) in Taipei, Taiwan.

All patients newly diagnosed with pulmonary MDR-TB in a referral centre from 1992–1996 were

enrolled and their outcome over the subsequent 6 yrs was determined.

A total of 299 patients were identified, comprising 215 (71.9%) males and 84 (28.1%) females

with a mean age of 47.3 yrs. The patients received a mean of 3.7 effective drugs. Out of the 299

patients, 153 (51.2%) were cured, 31 (10.4%) failed, 28 (9.4%) died and 87 (29.1%) defaulted. Of

the 125 patients receiving second-line drugs with ofloxacin, 74 (59.2%) were cured. Those who

received ofloxacin had a lower risk of relapse than those receiving only first-line drugs (hazard

ratio (HR) 0.16, 95% confidence interval (CI) 0.03–0.81) and a lower risk of TB-related death than

those receiving second-line drugs but not ofloxacin (adjusted HR 0.50, 95% CI 0.31–0.82).

In conclusion, multidrug-resistant tuberculosis patients who received ofloxacin were more likely

to be cured, and were less likely to die, fail or relapse. The utility of new-generation

fluoroquinolones, such as moxifloxacin, in the treatment of multidrug-resistant tuberculosis

needs to be evaluated. Default from treatment is a major challenge in the treatment of multidrug-

resistant tuberculosis.
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M
ultidrug-resistant tuberculosis (MDR-
TB), which is defined as a disease with
isolates resistant to at least isoniazid

and rifampin, compromises response to anti-TB
treatment [1–3]. MDR-TB is prevalent in a
number of countries [4].

Recommended treatment of MDR-TB includes
the use of second-line anti-TB drugs [5]. To date,
there have been no randomised controlled trials
to evaluate the treatment of MDR-TB. Treatment
regimens are determined individually for each
patient, taking into account the results of suscept-
ibility testing [6–12], or are standardised regi-
mens [13–15] depending on the local situation.

The management of MDR-TB in Taipei, northern
Taiwan, has been highly specialised in a referral
centre, the Chronic Disease Control Bureau
(CDCB), which was the headquarters of a TB
control system functioning for .40 yrs (until
2002), with a network of public health nurses
distributed in all townships and villages, respon-
sible for TB services [16]. The majority of MDR-
TB patients identified in general hospitals were
referred to the CDCB for further management.
Treatment of MDR-TB has increasingly included

the use of ofloxacin in the second-line treatment
regimen [17]. To understand the long-term out-
come of MDR-TB, a consecutive series of MDR-
TB cases were reviewed and followed up over
time, with specific attention paid to the results of
the use of ofloxacin for treatment. The results of
this follow-up study are reported here.

METHODS

Case ascertainment
Patients with MDR-TB were identified from the
Mycobacteriology Laboratory of the CDCB
(Taipei, Taiwan). Patients who were newly
diagnosed with pulmonary MDR-TB from 1992–
1996 were enrolled in this study in 2000, and their
outcome over the subsequent 6 yrs after com-
mencing treatment determined. All drug-
susceptibility testing was performed in the
CDCB [18]. Medical records were reviewed and
information was collected on age, sex, history of
TB treatment, drug susceptibility, HIV status,
medications used for treatment, adverse reactions
occurring during treatment for which medica-
tions had to be stopped, and outcome of
treatment.
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Treatment regimens
First-line drugs included isoniazid, rifampin, streptomycin,
ethambutol and pyrazinamide. All others were defined as
second-line drugs.

Individually tailored treatment regimens were decided upon at
a weekly staff conference after review of the case history and
drug-susceptibility results. Some patients continued the treat-
ment of first-line drugs without changing to second-line drugs
if they: 1) demonstrated good response to first-line anti-TB
drugs; 2) refused to take, or were thought unlikely to adhere to,
treatment with second-line drugs; 3) could not tolerate second-
line drugs; or 4) died before they could be established on
second-line drugs. For purposes of analysis the patients were
assigned to one of three treatment groups: 1) those who never
received second-line drugs for up to 1 month; 2) those who
received second-line drugs for o1 month and who never
received ofloxacin; and 3) those who received second-line
drugs for o1 month and who received ofloxacin.

Anti-TB drugs were self-administered with the support of
public health nurses who were responsible for supervising
treatment during the whole treatment course.

The second-line drugs used, and the dosages at which they
were prescribed, were as follows: prothionamide 250 mg 2–3
times daily; para-aminosalicylic acid (PAS) 150–200 mg?kg-1?

day-1 divided into 3–4 doses; cycloserine 250 mg 2–3 times daily;
ofloxacin 300–400 mg b.i.d; kanamycin/enviomycin 10–15 mg?

kg-1?day-1 daily. The duration of treatment, normally planned
for 18 months, was usually determined at the once-weekly
staff conference after review of the patient’s response to
treatment.

Follow-up and outcome analysis
For the purposes of this study, the definitions of treatment
outcome were as follows. 1) Cure: culture negative and
documented to remain culture negative o1 month later, and
never documented to become positive again up to 18 months
after commencing treatment. 2) Failure: remained positive or
became positive again o12 months after commencing the
course of treatment. 3) Death: died of any cause during
treatment. 4) Default: interrupted treatment for o2 months
before the planned completion of treatment. 4) Transfer:
transfer to other healthcare facilities and the result not known.

Patients considered eligible for relapse were those cured at 18
months following the commencement of treatment. Patients
were judged to have relapsed if they presented again as
bacteriologically positive.

Outcomes were determined by chart review, telephone contact,
home visit and review of the national TB register. The cohort
began with the date of effective treatment, which was defined
as either the date of commencing second-line drugs, or, in
those who received only first-line drugs, the date of collection
of sputum that demonstrated isolates of MDR strains. The
national TB register provided a comprehensive database for
follow-up [16]. MDR-TB cases were periodically matched with
the national TB register to identify relapse. The fate of all cases
in the series was determined up to 6 yrs’ follow-up by January
2004 from dates of effective treatment.

Statistical analysis
Categorical variables were analysed by Fisher’s exact test with
a p-value ,0.05 considered statistically significant. To assess
the risk of relapse, patients who were cured were followed up
until relapse or last contact. Cases with post-treatment follow-
up of o54 months were censored at 54 months. Kaplan–Meier
survival estimates and log-rank test were used to evaluate
factors associated with relapse. To assess the risk of death of
MDR-TB patients, all patients were followed up from the time
of effective treatment until death or last contact. Cases with
follow-up of o72 months were censored at 72 months.
Kaplan–Meier survival estimates and log-rank test were used
to evaluate factors associated with both TB-related death and
overall death. For TB-related death analysis, patients who died
after documented cure and did not have evidence of relapse
were censored. All significant variables were entered into a
multivariate Cox proportional-hazards model and a final fitted
model for both overall death and TB-related death was
determined by backward elimination using the likelihood
ratio test. The final model was checked by diagnostics
including link test, graphical methods and residual analysis.
The study was approved by the ethics review committee of the
CDCB.

RESULTS
In total, 299 patients who were newly diagnosed with
pulmonary MDR-TB from 1992–1996 were identified, compris-
ing 215 (71.9%) males and 84 (28.1%) females with a mean
(range) age of 47.3 (16–83) yrs. Of these, 26 (8.7%) were aged
,25 yrs, 107 (35.8%) aged 25–44 yrs, 126 (42.1%) aged
45–64 yrs and 40 (13.4%) aged o65 yrs. None of the 39
patients tested for the HIV antibody were seropositive. The
patients had previously received a mean (range) of 3.6 anti-TB
drugs and were infected with organisms that were resistant to
a mean of 3 (2–6) drugs.

The patients received a mean (range) of 3.7 (0–7) effective
drugs to which isolates were susceptible in vitro. Out of the 299
patients, 61 (20.4%) were treated with first-line drugs alone
(group 1), 113 (37.8%) with at least one second-line drug but
not ofloxacin (group 2), and 125 (41.8%) with second-line drugs
including ofloxacin (group 3). Neither sex (p50.92) nor age
(p50.84) was associated with the use of second-line drugs or
the use of ofloxacin. Ofloxacin was used increasingly during
1992–1996 (Chi-squared test for trend, p,0.001). Those who
received ofloxacin were more likely to be smear positive
(p,0.001) and to have isolates resistant to a larger number of
drugs tested (p,0.05). Of the 238 patients receiving at least one
second-line drug, 138 (53.8%) began second-line drug treat-
ment within 4 months of sputum collection. Out of the 299
patients, 11 (3.7%) had resection surgery, 225 (75.3%) had been
admitted to hospital for a mean of 1.4 months (median 1 month,
range 0–11 months).

Outcome of treatment
The outcome of treatment of all 299 patients was determined;
thus no patient was classified as ‘‘transfer’’. In total, 153
(51.2%) patients were cured, 31 (10.4%) failed, 28 (9.4%) died,
and 87 (29.1%) defaulted. Treatment outcome was significantly
different among the three treatment groups (p50.001). Of the
61 patients in group 1, 35 (57.4%) were cured, 7 (11.5%) died,
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and 19 (31.2%) defaulted. Of the 113 in group 2, 44 (38.9%)
were cured, 19 (16.8%) failed, 16 (14.2%) died, and 34 (30.1%)
defaulted. Of the 125 patients in group 3, 74 (59.2%) were
cured, 12 (9.6%) failed, 5 (4%) died, and 34 (27.2%) defaulted.
Among those MDR-TB patients who received at least one
second-line anti-TB drug, males were significantly more likely
to default (p50.02); patients aged 45–64 yrs were significantly
more likely to fail or die (p50.02); and patients who received
ofloxacin were significantly more likely to be cured (p50.002),
and were less likely to die or fail, as compared with other
patients.

Among the 153 patients who were cured, full information was
available to evaluate the entire bacteriological course of 139
(90.8%). Among these 139 patients, 115 (82.7%) and 126 (90.6%)
had sputum culture conversion within 3 and 6 months,
respectively. Among the 31 patients who were treatment
failures, full information was available to evaluate the entire
bacteriological course of 29 patients, of which 26 (90.0%)
remained persistently positive up to 12 months.

Relapse
The 153 patients who were cured comprised a total of 7,606
eligible person-months of follow-up after treatment com-
pletion, calculated from the point of cure to the point of
relapse, death or 54 months’ follow-up. The actual follow-up
consisted of 5,927 person-months (78% of the eligible follow-
up). Of these patients, 10 (6.5%) relapsed: five (14.3%) out of
the 35 in group 1, three (6.8%) of the 44 in group 2, and two
(2.7%) of the 74 in group 3. The risk of relapse was 4.2 per 1,000
person-months for group 1, 1.7 per 1,000 person-months for
group 2, and 0.7 per 1,000 person-months for group 3. Among
all variables, only treatment group was associated with
relapse. The risk of relapse was not significantly different
either between group 1 and group 2 (hazard ratio (HR) 0.41,
95% confidence interval (CI) 0.10–1.70), or between groups 2
and 3 (HR 0.39, 95% CI 0.06–2.31). Patients in group 3 were
significantly less likely to relapse than those in group 1
(HR 0.16, 95% CI 0.03–0.81). Kaplan–Meier estimates for

relapse-free by treatment group of the 153 cured patients are
shown in figure 1.

Death
In total, 85 (28.4%) patients who died over the 6-yr follow-up
experienced a TB-related death (table 1). Variables associated
with TB-related deaths in univariate analysis were treatment
group, age group, primary MDR-TB, and number of effective
drugs used. Multivariate Cox proportion-regression analysis
revealed statistically significant HRs for the variables treat-
ment group, age group and those receiving less than two
effective drugs. In the analysis, treatment group 2 was
significantly different from the other two groups. The
comparison of group 1 versus group 2 as baseline gave an
adjusted HR 0.43 (95% CI 0.20–0.90). The comparison of group
3 versus group 2 as baseline gave an adjusted HR 0.50 (95% CI
0.31–0.82). Comparing the o45 with the ,45 yr age group
resulted in an adjusted HR 2.16 (95% CI 1.33–3.52). Receiving
more than two effective drugs, compared with those receiving
at least two effective drugs, gave an adjusted HR 2.27 (95% CI
1.05–4.91). The risk of TB-related death was not significantly
different between groups 1 and 3 (adjusted HR 0.86, 95% CI
0.36–1.96). The risk of TB-related death was 6.4, 8.8 and 4.2 per
1,000 person-months for groups 1, 2 and 3, respectively. TB-
related Kaplan–Meier survival estimates by treatment group,
adjusted for age group and number of effective drugs used, are
shown in figure 2.

Over the 6 yrs of follow-up starting with the commencement of
treatment, 99 (33.1%) of the 299 patients died of any cause
(table 1). Multivariate Cox proportion-regression analysis
revealed that only age o45 yrs remained significantly asso-
ciated with death from any cause after adjusting for sex,
treatment group, receiving at least two effective drugs and
primary MDR-TB (adjusted HR 2.04, 95% CI 1.28–3.24).

Adverse reactions
Among the 238 patients who received second-line drugs, 51
(21.4%) patients had adverse reactions that required medica-
tions to be stopped. Among the 209 patients who received PAS,
19 (9.1%) discontinued due to nausea/vomiting (n513),
hepatitis (n53) or skin reaction (n53); among the 218 patients
who received prothionamide, 23 (10.6%) discontinued due to
nausea/vomiting (n514), hepatitis (n54), skin reaction (n53)
or vertigo/dizziness (n52); and among the 51 patients who
received cycloserine, five (9.8%) discontinued due to convul-
sion (n51), suicide ideation (n51) or mental problems (n53).
Three patients died of liver complications. One patient with
liver cirrhosis developed liver decompensation when receiving
prothionamide, PAS, ofloxacin and streptomycin simulta-
neously, while the second patient developed hepatitis receiv-
ing prothionamide, PAS, ofloxacin and HERZS (isoniazid,
ethambutol, rifampicin, pyrazinamide and streptomycin), and
the third developed hepatitis with prothionamide, PAS and
HRZ. Prothionamide or PAS were the most likely factor
responsible for the fatality events. Ofloxacin has fewer side-
effects than other second-line anti-TB drugs.

DISCUSSION
The present study revealed that, among MDR-TB patients who
received second-line drugs, those who received ofloxacin were
significantly more likely to be cured, and were less likely to die

FIGURE 1. Kaplan–Meier estimates for relapse-free by treatment group of 153

cured pulmonary multidrug-resistant tuberculosis patients. – – –: treatment group 1;

????: treatment group 2; –––: treatment group 3.

OUTCOME OF PULMONARY MDR-TB C-Y. CHIANG ET AL.

982 VOLUME 28 NUMBER 5 EUROPEAN RESPIRATORY JOURNAL



or fail, as compared with patients who received second-line
drugs but not ofloxacin. MDR-TB patients successfully treated
with second-line drugs with ofloxacin have a low relapse rate,
comparable with fully susceptible TB patients. However, the
proportion of patients cured by treatment of MDR-TB remains
low, mainly due to a high proportion of patients that defaulted
from treatment.

In the present study, patients who received only first-line
drugs were more likely to be cured than those who received
second-line drugs without ofloxacin. The difference in out-
come between those who received only first-line drugs and
those who received second-line drugs without ofloxacin was
entirely due to the higher proportion of patients who failed in
the latter group. This almost certainly illustrates that the first
group was a highly selected group as compared with the
others and the results cannot be generalised to other settings.
Furthermore, the current relapse study revealed that patients
who received first-line drugs were significantly more likely to
relapse than those who received second-line drugs with
ofloxacin. The poor results reported here associated with the
continuation of first-line drugs in MDR-TB patients, for

TABLE 1 Univariate analyses of factors associated with 6-yr tuberculosis (TB)-related death and overall death of pulmonary
multidrug-resistant TB (MDR-TB) patients

Patients n Death p-value#

TB-related Overall TB-related Overall

Total 299 85 (28.4) 99 (33.1)

Treatment group 0.009 0.004

1 61 15 (25.0) 19 (31.2)

2 133 44 (38.9) 50 (44.3)

3 125 26 (20.8) 30 (24.0)

Sex 0.09 0.03

Female 84 18 (21.4) 20 (23.8)

Male 215 67 (31.2) 79 (36.7)

Age group yrs ,0.001 ,0.001

f44 133 23 (17.3) 26 (19.6)

o45 166 62 (37.4) 73 (44.0)

Type of MDR-TB 0.02 0.02

Primary 32 3 (9.4) 4 (12.5)

Acquired 267 82 (30.7) 95 (35.6)

Smear 0.09 0.08

Positive 233 74 (31.8) 86 (36.9)

Negative 31 4 (12.9) 6 (19.4)

Not done 35 7 (20.0) 7 (20.0)

Number of drugs isolates were resistant to 0.24 0.43

2 93 20 (21.5) 25 (26.9)

3 107 30 (28.0) 36 (33.6)

o4 99 35 (35.4) 38 (38.4)

Number of drugs unused before 0.50 0.31

0–2 92 27 (29.4) 33 (35.9)

o3 207 59 (28.0) 66 (31.9)

Number of effective drugs used 0.02 0.04

0–1 33 14 (42.4) 15 (44.5)

2–6 266 71 (26.7) 84 (31.6)

Data are expressed as n or n (%). #: p-value calculated with Kaplan–Meier analysis with long-rank test.

FIGURE 2. Tuberculosis-related Kaplan–Meier survival estimates by treatment

group of 299 pulmonary multidrug-resistant tuberculosis patients, adjusted for age

group and number of effective drugs used. – – –: treatment group 2; ????: treatment

group 3; –––: treatment group 1.
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whatever reason, argue strongly for the use of second-line
drugs for all patients known to have MDR-TB.

Ofloxacin is important in the treatment of MDR-TB, consistent
with findings of studies from Denver, CO, USA [6], Turkey [8],
and Hong Kong [9]. The lower frequency of adverse reactions
to ofloxacin is important [6, 8, 9, 19, 20]. Furthermore, the low
relapse rate is a crucial finding. A higher relapse rate has been
reported when a low-dose ofloxacin and a shorter duration of
treatment (300 mg?day-1 for 12 months with a relapse rate of
20.5% [19] and 400 mg?day-1 for 9 months with a relapse of
11% [21]) was applied. Thus, dosage and treatment duration
are important. Moreover, the role of fluoroquinolone in the
treatment of MDR-TB was further highlighted in the present
study. Those who received ofloxacin had a lower risk of TB-
related death than those who received second-line drugs but
not ofloxacin, which is consistent with findings of the study
from Denver [6].

Clearly, fluoroquinolones have considerable promise in the
treatment of MDR-TB, especially the new generation fluoro-
quinolones. The potency of in vitro activity against
Mycobacterium tuberculosis of several new-generation fluoro-
quinolones is much greater than ofloxacin [22–24]. The most
potent are moxifloxacin and gatifloxacin, followed by spar-
floxacin and levofloxacin [22, 23]. A retrospective study from
Hong Kong [20] revealed that levofloxacin was more effica-
cious than ofloxacin when incorporated into multidrug regi-
mens used for the treatment of MDR-TB and should be the
drug of choice in the treatment of MDR-TB. Moxifloxacin is
probably even more promising in the treatment of TB [25–29].
The in vitro early bactericidal activity of moxifloxacin has been
shown to be better than that of ofloxacin [25]. Using a murine
model, NUERMBERGER et al. [26] showed that the combination of
moxifloxacin, rifampin and pyrazinamide reduced the time to
culture conversion. They also showed that it reduces the
treatment duration to cure TB [27] when compared with the
standard regimen of isoniazid, rifampin and pyrazinamide.
Furthermore, VEZIRIS et al. [28] have shown that the combin-
ation of moxifloxacin, thionamide, pyrazinamide and amikacin
is much more powerful than the combination of ofloxacin or
ciprofloxacin with the other three drugs. Moxifloxacin is well
tolerated in long-term administration [29] and its role as a first-
line anti-TB agent in humans has been under investigation. A
recent study comparing moxifloxacin versus ethambutol in the
first 2 months of treatment for pulmonary TB reveals that
adding moxifloxacin to isoniazid, rifampicin and pyrazin-
amide did not affect 2-month sputum culture status, but did
show increased activity at earlier time points, as compared
with ethambutol, isoniazid, rifampicin and pyrazinamide [30].
Clearly, fluoroquinolones are playing, and will continue to
play, an important role in the treatment of MDR-TB. Thus, it is
prudent to avoid indiscriminate use of fluoroquinolones in the
treatment of respiratory infections before excluding TB because
there is cross-resistance within the fluoroquinolone class [22],
and incidental monotherapy of fluoroquinolone in TB can
easily lead to fluoroquinolone resistance [31].

Although fluoroquinolones bear considerable promise in the
treatment of MDR-TB, adherence to treatment is critical. Even
when second-line drugs are employed, the proportion of
patients cured by treatment of MDR-TB remains low, as noted

in the present study and confirmed by most of the previous
reports in which the full cohort was reported: Korea 48.2% [11]
and 44.1% [12]; France 33% [13]; Peru 48% [15]; and Latvia 66%
[32]. The exception is a case series from Turkey (77%) [8],
where the definitions used for treatment were different from
those used in all the other papers in which a full cohort was
reported so it is difficult to compare the results. The
unsatisfactory outcome was mainly explained by those
patients who defaulted. The frequency was similar in this
study to results reported from Korea (39% [11] and 28.9% [13]),
France (19.6%) [12], Latvia (13%) [32] and Peru (11%) [15]. The
high defaulter rate might be partially explained by the
frequency of adverse reactions to the second-line drugs used,
a high number of tablets to be taken per day and a long
duration of treatment. To improve outcome of MDR-TB,
particular attention must be directed to develop a strategy to
address this issue.

Resection surgery has been shown to be associated with a
favourable outcome [6, 33, 34]. This could not be analysed in
the present study because only a limited number of patients
received surgery. The use of second-line drugs should be
monitored closely. The deaths from hepatic complications and
the substantial proportion of patients who discontinued drugs
due to adverse reactions is a matter of concern.

In summary, multidrug-resistant tuberculosis patients success-
fully treated with second-line drugs with ofloxacin have a low
relapse rate, comparable with patients infected with fully
susceptible tuberculosis. The utility of new generation fluoro-
quinolones, such as moxifloxacin, in the treatment of
multidrug-resistant tuberculosis needs to be evaluated.
However, defaulting from treatment is a major challenge in
the treatment of multidrug-resistant tuberculosis. Strategies to
reduce defaulters are crucial in the treatment of multidrug-
resistant tuberculosis.
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