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ABSTRACT We performed a multicenter, prospective, randomized study to investi-
gate the efficacy and safety of clofazimine (CLO) for treatment of extensively drug-
resistant tuberculosis (XDR-TB) in China. Forty-nine patients infected with XDR-TB
were randomly assigned to either the control group or the CLO group, both of
which received 36 months of individually customized treatment. The primary end-
point was the time to sputum culture conversion on solid medium. Clinical out-
comes of patients were evaluated at the time of treatment completion. Of the 22
patients in the experimental group, 7 (31.8%) met the treatment criterion of “cure”
and 1 (4.5%) “complete treatment,” for a total of 8 (36.4%) exhibiting successful
treatment outcomes without relapse. In the control group, 6 patients (22.2%) were
cured and 6 (22.2%) completed treatment by the end of the study. Statistical analy-
sis revealed no significant difference in successful outcome rates between the CLO
group and the control group. The average sputum culture conversion time for the
experimental group was 19.7 months, which was not statistically different from that
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for the control group (20.3 months; P � 0.57). Of the 22 patients in the CLO group,
12 (54.5%) experienced adverse events after starting CLO treatment. The most
frequently observed adverse event was liver damage, with 31.8% of patients
(7/22 patients) in the CLO group versus 11.1% (3/27 patients) in the control
group exhibiting this adverse event. Our study demonstrates that inclusion of
CLO in background treatment regimens for XDR-TB is of limited benefit, especially
since hepatic disorders arise as major adverse events with CLO treatment. (This
study is registered with the Chinese Clinical Trial Registry [ChiCTR, www.chictr.org.cn]
under identifier ChiCTR1800014800.)

KEYWORDS clofazimine, extensively drug-resistant tuberculosis, clinical outcome,
efficacy, safety

Despite recent progress in reducing the global incidence and mortality rates of
tuberculosis (TB), increasing prevalence of multidrug-resistant TB (MDR-TB), with

resistance to rifampin (RIF) and isoniazid (INH), poses a serious obstacle to TB control
(1, 2). Of even greater concern, MDR-TB isolates with additional resistance to a fluoro-
quinolone (FQ) and at least one injectable drug (kanamycin, amikacin, or capreomycin)
have been reported and are referred to as extensively drug-resistant TB (XDR-TB) (3, 4).
In fact, the World Health Organization (WHO) estimated that almost 10% of 480,000
MDR-TB cases in 2013 were actually XDR-TB (5). Treatment of MDR-TB and XDR-TB cases
requires burdensome, ineffective, and poorly tolerated second-line anti-TB agents, with
recommended treatment courses lasting up to 24 months (6). Unfortunately, even
patients who complete treatment often exhibit unsatisfactory treatment outcomes,
with a success rate of only �50% among MDR-TB patients by the end of treatment (7).
Response rates among XDR-TB patients are even worse, due to their extended drug
resistance to even the most potent second-line anti-TB drugs, thus highlighting the
urgent need for improved regimens against XDR-TB.

Clofazimine (CLO), a member of the riminophenazine antibiotic class, was initially
developed for the treatment of TB (8, 9). Unfortunately, preliminary experiments
showed that CLO exhibited poor in vivo efficacy against Mycobacterium tuberculosis in
guinea pig and simian models, despite its potent activity against Mycobacterium leprae
(10, 11). Therefore, CLO was subsequently used widely only to treat M. leprae rather
than M. tuberculosis infections. In recent years, a series of studies have been carried out
to evaluate the efficacy, safety, and tolerability of CLO-containing regimens for the
treatment of drug-resistant TB, especially MDR-TB and XDR-TB cases (12–15). A meta-
analysis found that a greater percentage of patients infected with MDR-TB experienced
favorable treatment outcomes after treatment with CLO, compared with patients who
received no CLO (8). In addition, contradictory evidence with regard to the efficacy of
CLO-containing regimens for treatment of XDR-TB across numerous clinical trials has
been attributed mainly to the limited number of XDR-TB patients enrolled in those
studies (16). Thus, in order to broaden the evidence base, we carried out a randomized
clinical prospective study to evaluate the efficacy of CLO when added to the recom-
mended regimen for treatment of XDR-TB patients. Safety and tolerability were also
assessed in this cohort study.

RESULTS
Study patients. A total of 49 XDR-TB-infected patients who met the inclusion

criteria were enrolled in the study. On the basis of randomized assignment, 22 patients
were assigned to the experimental group, while the other 27 were assigned to the
control group (Fig. 1). Of the 49 XDR-TB patients, 43 had received anti-TB treatment for
more than 1 year before their recruitment into the study. The mean number of drugs
to which patient isolates were resistant was 6.0 for both groups. No significant
differences in demographic, clinical, or drug susceptibility features between the two
groups were observed (Table 1).
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Patients were monitored during 36 months of XDR-TB treatment. Of 22 patients in
the experimental group, therapy was discontinued for 5 patients who were lost to
follow-up monitoring (n � 2), suffered an adverse event (n � 2), or withdrew consent
(n � 1). In the control group, four patients discontinued therapy due to lack of
follow-up monitoring (n � 2) or adverse events (n � 2) (Fig. 1).

Treatment outcomes. Of the 22 patients in the experimental group, 7 patients

(31.8%) met the definition of “cure” and 1 (4.5%) met the definition of “complete
treatment,” for a total of 8/22 patients (36.4%) who had successful treatment outcomes
without relapse (Table 2). In contrast, 7/22 patients (31.8%) failed to clear the bacteria
and 2/22 died of XDR-TB during treatment. Of 27 patients in the control group, 6/27
patients (22.2%) were cured and 6/27 (22.2%) completed treatment, while 8/27 patients
(29.6%) failed treatment and 3/27 (11.1%) died by study completion. Statistical analysis
revealed that there was no significant difference in the rates of successful outcomes
between the CLO group and the control group. We analyzed the time to sputum
culture conversion using data collected every 3 months during the follow-up period.
The average time to sputum culture conversion for the experimental group was 19.7
months, which was not statistically significantly different from that for the control
group (20.3 months; P � 0.57) (Fig. 2).

Safety. Of the 22 patients in the CLO group, 12 experienced adverse events after

starting CLO treatment. The most frequently observed adverse event was liver damage,
with 31.8% of patients in the CLO group versus 11.1% in the control group exhibiting
this adverse event; however, the incidence rate of hepatic damage in the CLO group
was not significantly higher than that for the control group (P � 0.09). The median time
to onset of hepatic damage was 9 months for the CLO group (range, 4 to 24 months)
and 6 months for the control group (range, 2 to 11 months). Importantly, among the
patients experiencing hepatic damage, the median time to symptom improvement was
only 3 weeks for both groups. Skin discoloration occurred in only 5 patients from the
CLO group. In addition, the rates of other adverse events for patients treated with CLO
were similar to those for patients not treated with CLO (P � 0.05) (Table 3).

FIG 1 Enrollment and outcomes.
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DISCUSSION

In this study, we found that the inclusion of CLO as part of an individualized regimen
for the treatment of XDR-TB did not increase the rate of favorable outcomes or shorten
the time to culture conversion, compared with patients who received no CLO. Indeed,
a large variance in the success rates for patients receiving CLO-containing drug

TABLE 1 Demographic and clinical characteristics of XDR-TB patients enrolled in this study

Characteristic Experimental group (n � 22) Control group (n � 27) P

Age (mean [range]) (yr) 42.40 (25–65) 42.46 (20–62) 0.987
Male (no. [%]) 17 (77.3) 19 (70.4) 0.587
Body mass index (mean [range]) (kg/m2) 18.91 (12.91–25.35) 21.15 (12.49–26.75) 0.191

Treatment history (no. [%])
New case 0 (0.0) 3 (11.1) 0.310
Previously treated case 22 (100.0) 24 (88.9)

Treatment duration for previously treated patients
(mean [range]) (mo)

36.14 (9–96) 24.96 (1–66) 0.194

Comorbidity (no. [%])
Diabetes mellitus 1 (4.5) 1 (3.7) 1.000
COPDa 1 (4.5) 2 (7.4)
Cardiopathy 0 (0.0) 1 (3.7)

Course of disease (no. [%])
�1 y before randomization 0 (0.0) 4 (14.8) 0.221
�1 y to 3 y before randomization 6 (27.3) 7 (25.9)
�3 y before randomization 16 (72.7) 16 (59.3)

Previous treatment (no. [%])
�1 y before randomization 1 (4.5) 5 (18.5) 0.265
�1 y to 3 y before randomization 10 (45.5) 13 (48.1)
�3 y before randomization 11 (50.0) 9 (33.3)

Susceptibility test result of resistance (no. [%])
Isoniazid 22 (100.0) 27 (100.0)
Rifampin 22 (100.0) 27 (100.0)
Ethambutol 13 (59.1) 16 (59.3) 0.990
Ofloxacin 22 (100.0) 27 (100.0)
Amikacin 22 (100.0) 27 (100.0)
Capreomycin 20 (90.9) 24 (88.9) 1.000

No. of drugs with resistance (median [range]) 6.0 (4–8) 6.0 (4–8)

Background regimen (no. [%])
Prothionamide 22 (100.0) 27 (100.0)
Pyrazinamide 22 (100.0) 27 (100.0)
Moxifloxacin or levofloxacin 22 (100.0) 27 (100.0)
p-Aminosalicylic acid 20 (90.9) 22 (81.5) 0.598
Capreomycin or amikacin 19 (86.4) 23 (85.2) 1.000
Ethambutol 22 (100.0) 27 (100.0)

aCOPD, chronic obstructive pulmonary disease.

TABLE 2 Clinical outcomes of patients enrolled in this study

Clinical outcome

No. of patients (%)

PExperimental group Control group

Favorable outcome 0.493
Cure 7 (31.8) 6 (22.2) 0.449
Treatment completion 1 (4.5) 6 (22.2) 0.178

Adverse outcome 0.493
Failure 7 (31.8) 8 (29.6) 0.869
Death 2 (9.1) 3 (11.1) 1.000
Default 5 (22.7) 4 (14.8) 0.733
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combinations has been observed in other studies (8). In line with our observations,
reports from Brazil and Sri Lanka revealed that the success rates for drug-resistant TB
patients treated with CLO-containing regimens were not significantly different from
those for patients treated with non-CLO-containing regimens (17, 18). In contrast, a
series of other studies revealed that the presence of CLO was an independent indicator
of culture conversion among drug-resistant TB patients (13, 19). There are several
potential explanations for these inconsistent findings. On one hand, the limited benefit
of CLO may reflect the favorable efficacy of the background regimens used in the
present study. In a retrospective multicenter study from China, the treatment success
rate in the XDR-TB group was only 13% (20). Similar poor clinical outcomes were
reported for XDR-TB patients from South Korea (18%) and the United States (20%) (21,
22), with results lower than the �50% culture conversion rate in our study. Compared
with the 24-month regimens endorsed by the WHO, personalized regimens using six
drugs and 36-month treatment duration might produce more favorable clinical out-
comes in the treatment of XDR-TB. In view of our data from a limited sample of XDR-TB
cases, the poor efficacy achieved after inclusion of CLO in potent drug treatment
regimens should be verified in a controlled clinical trial incorporating more patients.
Our data indicate that the addition of CLO may not improve primary and final clinical
outcomes in the treatment of XDR-TB. On the other hand, there is no doubt that TB
patients infected with organisms with broader-spectrum drug resistance patterns
exhibit poorer treatment outcomes. The patients enrolled in this study were all XDR-TB
patients with prolonged previous treatment durations, while most participants in
previous studies were MDR-TB patients and thus were more susceptible to second-line
anti-TB drugs than were patients with XDR-TB. As noted by Velayati and colleagues (23),
the cell walls of XDR-TB isolates are significantly thicker than those of both MDR-TB and
susceptible isolates, thus potentially reducing the permeability of the bacteria to drugs
and increasing overall drug resistance, including resistance to CLO.

Our data also demonstrated that 12 (55%) of 22 patients in this study experienced

FIG 2 Times to sputum culture conversion in the control and experimental groups.

TABLE 3 Adverse events during 36 months of treatment among patients enrolled in this
study

Adverse event

No. of patients (%)

PExperimental group Control group

Skin discoloration 5 (22.7) 0 (0.0) 0.014
Hepatic damage 7 (31.8) 3 (11.1) 0.090
Renal damage 2 (9.1) 3 (11.1) 1.000
Other 1 (4.6) 3 (11.1) 0.617
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adverse events after starting CLO treatment. This rate is similar to results reported from
Bangladesh (48%) but lower than rates in Shanghai (89%) and Norway (70%), while
higher than rates in the United States (12%) and in the U.S. state of Georgia (11%) (8,
12, 24). There are several potential factors that determine the incidence of adverse
events. First, adverse events are thought be related to the administered dose, because
decreasing the dose of CLO in one study brought benefits to patients suffering from
skin discoloration and gastrointestinal side effects (12). Second, an extended duration
of treatment could also contribute to the high incidence of adverse effects.

Despite the lack of significant differences due to the small sample size, our results
indicate that the inclusion of CLO in the background regimen may yield an increased
incidence of hepatic disorders, compared with the control group. In contrast, a recent
clinical trial by Tang et al. demonstrated that there was no significant increase in the
incidence of hepatic disorders when CLO was added to the treatment regimen (13). This
discrepancy may stem from the application of a less aggressive drug treatment regimen
against MDR-TB in that study, compared to the regimen used against XDR-TB in this
study. Although hepatic disorders are not a common adverse event associated with
CLO administration, several agents in the background regimen, such as protionamide,
pyrazinamide, p-aminosalicylic acid, and ethambutol, could contribute to hepatic dis-
orders (25). Given that the major in vivo drug metabolism of CLO relies on liver
cytochrome P450 activity for detoxification (26), we hypothesize that the addition of
CLO to the background regimen may increase the metabolic burden of liver cells,
thereby leading to a high rate of hepatic damage when CLO is used in combination
with other drugs. Hence, our data raise the question of whether routine liver
function tests should be performed to monitor XDR-TB patients receiving treat-
ments containing CLO.

We also acknowledge several obvious limitations of the present study. First, despite
the enrollment of all patients who met the criteria throughout the study period, the
small number of patients, associated with a low prevalence of XDR-TB, limits the overall
significance of our study conclusions. Second, the correlation between in vitro suscep-
tibility to CLO and clinical outcomes was not analyzed, since a standardized in vitro
drug susceptibility test method for CLO was not employed during the study period.
Third, the treatment outcomes for XDR-TB patients were assessed only at the end of
treatment; therefore, the posttreatment relapse rate was not analyzed. Despite these
limitations, our study provides important insights into the role of CLO for the treatment
of XDR-TB.

In conclusion, our randomized controlled trial has demonstrated that the inclusion
of CLO in the background treatment regimen is of limited benefit for patients with
XDR-TB. In addition, hepatic disorders emerge as major adverse events for patients
receiving complicated regimens containing CLO. In view of the limitations of this study,
a controlled clinical trial with more patients, to determine the efficacy of CLO in the
treatment of patients with XDR-TB, is warranted.

MATERIALS AND METHODS
Participants. Patients were recruited from 11 specialized TB hospitals in China, including Beijing

Chest Hospital, Shanghai Pulmonary Hospital, The First Affiliated Hospital of Chongqing Medical Uni-
versity, The Third People’s Hospital of Shenzhen, The Sixth People’s Hospital of Nantong, Shenyang Chest
Hospital, Chongqing Public Health Medical Center, Jiamusi Tuberculosis Control Hospital, The First
Affiliated Hospital of Xiamen University, Hangzhou Red Cross Hospital, and Qingdao Chest Hospital. From
2009 to 2010, we enrolled pulmonary patients with positive sputum smears, 18 to 65 years of age, who
were harboring XDR-TB, on the basis of in vitro phenotypic drug susceptibility testing. Susceptibility
testing was performed for M. tuberculosis isolates using rifampin, isoniazid, ethambutol, ofloxacin,
amikacin, and capreomycin (except pyrazinamide), according to the proportion method, on Lowenstein-
Jenson (L-J) medium. Exclusion criteria included (i) allergy to CLO or any other antimicrobial agents used
in this study; (ii) previous treatment with CLO; (iii) a positive result for human immunodeficiency virus
(HIV); (iv) pregnant or breastfeeding; (v) severe cardiovascular, liver, kidney, or other comorbidities; and
(vi) a history of psychiatric illness.

Study design. This was a multicenter, prospective, randomized study conducted in 11 hospitals in
China. After enrollment, participants were randomly assigned to either the control group or the CLO
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group by using a computer-generated random-number table, as administered by the staff of Beijing
Chest Hospital. Participants and clinical staff members were not blinded throughout the study period.

The WHO-endorsed four-drug regimen included capreomycin, moxifloxacin, p-aminosalicylic acid,
and ethambutol (pyrazinamide) for both groups (27). Drug susceptibility testing was used to determine
two other effective drugs from drug groups 4 and 5 to add to the WHO-endorsed regimen, for an
individualized treatment regimen for each patient. Finally, patients enrolled in the CLO group also
received 100 mg CLO once daily in addition to their individualized background regimens. Detailed
administration of overall drug regimens for each treatment phase are summarized in Fig. 3. Drugs were
administered by means of directly observed therapy (DOT) during hospitalization. A trained family
member administered DOT during the outpatient period, and health workers monitored therapeutic
compliance by means of weekly telephone interviews and monthly checks of pill counts. Medical
expenditures were covered through health care insurance and financial support through the National
Science and Technology Major Program of China. The study was approved by the ethics committees of
Beijing Chest Hospital, Capital Medical University. Each participant provided written informed consent
prior to enrollment in this study. This study is registered with the Chinese Clinical Trial Registry (ChiCTR,
www.chictr.org.cn) under identifier ChiCTR1800014800.

Efficacy assessment. After enrollment, clinical visits were scheduled to establish baseline pretreat-
ment patient information. All patients were then monitored for 3 years through clinical assessments
every 3 months. Routine examinations during each clinical visit included a physical examination,
radiological examination, complete blood count, and biochemical examination of blood. In addition,
sputum samples were collected for culture of M. tuberculosis on L-J medium. Drug susceptibility testing
for first- and second-line drugs was performed using the proportion method, on L-J medium (27).

The primary endpoint was used to determine the percentage of patients with overall successful
outcomes by the end of treatment. Patient treatment outcomes were classified based on criteria outlined
by the WHO and presented in previous publications, as described by Laserson et al. (28). Briefly, patients
were assigned the treatment outcome of cure if they completed treatment with no evidence of failure
and provided three or more consecutive negative cultures, taken at least 30 days apart, after the
intensive phase. Patients with treatment outcomes designated complete treatment finished the treat-
ment regimen according to the study design but did not meet the definition of cure due to a lack of three
or more consecutive negative cultures, taken at least 30 days apart, after the intensive phase. Patients
with treatment outcomes designated treatment failure included patients who terminated treatment or
required a change in their permanent treatment regimen involving at least two anti-TB drugs. Treatment
failure included lack of conversion by the end of the intensive phase, bacterial reversion to positive status
during the continuation phase after conversion to negative status, or adverse drug reactions. The
outcome designated death included patients who died for any reason during the course of treatment.
The outcome designated default included patients whose treatment was interrupted for 2 or more
consecutive months. Patients with successful outcomes were patients who either were cured or
completed treatment.

The safety and tolerability of treatment were monitored through blood counts, alanine aminotrans-
ferase levels, aspartate aminotransferase levels, uric acid examinations, and patient self-reporting.
Hepatic damage was defined as elevation of serum transaminase levels to at least 3 times the upper
limits of normal levels in the presence of gastrointestinal symptoms or elevation of serum transaminase
levels to at least 5 times the upper limits of normal levels without symptoms. Renal damage was defined
as elevation of creatinine levels to at least 1.3 times the upper limit of normal levels. Skin discoloration
was defined as the visible presence of reddish discoloration/pigmentation and ichthyotic changes of the
skin. Adverse events were recorded daily. A patient safety committee supervised the monitoring of
patient safety throughout the study and stopped treatment in the event of the occurrence of anti-TB-
drug-related adverse events defined as grade 4 or higher.

Statistical analysis. The sample size calculation was based on an assumption of favorable outcome
rates of 25% and 65% for the control and experimental groups, respectively (29). To achieve 80% power
using � set to 0.05, 22 patients were needed for each experimental condition. Given that 20% of the
patients in each study group might have outcomes that could not be evaluated, we determined that a
sample size of 28 patients per group would suffice.

Statistical analysis was performed using SPSS software, version 22 (SPSS, Chicago, IL, USA). The
chi-square test was used to evaluate the distribution patterns of categorical variables. If the smallest
expected frequency was less than 5, then Fisher’s exact test was used to compare categorical variables.
Kaplan-Meier analysis was used to compare the times to smear and culture conversion between patients

FIG 3 Treatment regimens for the control and experimental groups in this study. Cm, capreomycin; Mfx, moxifloxacin;
Gfx, gatifloxacin; Z, pyrazinamide; E, ethambutol; PAS, p-aminosalicylic acid; Pto, protionamide.
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in the control group and those in the CLO group. Statistical significance was declared for P values of
�0.05.
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