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Abstract: New drugs are desperately needed to combat XDR-TB as effective treatment involves at least four drugs to 
which the patient is sensitive or has never received in the past. Most Indian patients have received almost all second line 
drugs and have amplified resistance to most of the available drugs. Thioridazine has proven anti tuberculous effects  
in vitro and in vivo mouse models and we used this drug as salvage therapy in 4 Indian patients with XDR (near total drug 
resistance) with advanced disease. We found this drug to be well tolerated, even in this malnourished and ill patient 
population. It also resulted in clinical improvement in 3 of the 4 patients. Larger studies are being planned with this drug 
being added on to standardized or individualized XDR-TB regimens at an earlier stage. Because thioridazine has been 
used successfully for therapy of XDR-TB when in combination with antibiotics to which the patients were non-
responsive, the suggestion has been made that Thioridazine is eligible for patent as “New Use”. 
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INTRODUCTION 

 India carries a fifth of the global burden of tuberculosis, 
and an equally high proportion of the world’s multidrug 
resistant tuberculosis (MDR-TB) cases [1, 2]. Data from 
India on the prevalence of extensively drug resistant 
tuberculosis (XDR-TB) defined as MDR-TB strains that are 
resistant to quinolones and any second-line injectable drug 
are limited. However these data reveal that as high as 10-20 
percent of all MDR-TB cases have been found to be XDR-
TB [3, 4] and a study from our centre found a prevalence of 
30 percent of pre-XDR TB (MDR-TB strains that are 
resistant to quinolones) [5]. In a country that bears 16 per-
cent of the world’s population, these trends are disturbing, 
and warrant serious measures to curb the further spread of 
drug-resistant strains. In addition to a massive scale-up for 
treatment of patients with MDR and XDR TB at a national 
level, an expanded drug armamentarium is sorely the need of 
the hour, as the existing therapeutic options, especially for 
XDR-TB are limited, poorly tolerated and ineffective. 
 Thioridazine, an inhibitor of bacterial efflux pumps, has 
proven antituberculous effects in vitro [6, 7], and in vivo in 
mouse models [8]. In addition, the known safety profile and 
identifiable adverse events from our knowledge of using the 
drug as an antipsychotic medication, make it worthy of being 
considered as a potential antituberculous drug in humans [9], 
especially as salvage therapy on a compassionate basis for 
patients with XDR-TB, till further data are available or the 
newer drugs that are presently in the pipeline can be 
prescribed. 
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METHODS 

 The study was conducted at the P.D.Hinduja National 
Hospital and Medical Research Centre, Mumbai, India. The 
hospital is a private tertiary care institute with one of the 
busiest TB referral practices in the city. Patients diagnosed 
with XDR-TB or refractory pre-XDR TB were recruited 
consecutively and offered add-on treatment with Thiori-
dazine in addition to the available drugs according to the 
drug susceptibility pattern of their strain of the Bacillus
detected on sputum culture. 
 A written informed consent was obtained from each 
participant who consented to enrolling in the study. The 
Ethics committee at the P.D.Hinduja National Hospital and 
Medical Research Centre approved the study on compas-
sionate grounds, and funding for the study was provided by a 
grant from the research department of the hospital. 
 In addition to a detailed clinical history and examination, 
enrolled participants were subjected to a pre-treatment 
baseline ECG, 2 dimensional echocardiography and a 24-
hour ambulatory Holter monitoring to specifically look for 
any cardiac arrhythmias or prolongation of the QT-interval, 
as the drug is known to be cardiotoxic. In addition to the 
baseline monitoring, patients underwent weekly ECGs for 
the first month during the phase of dose escalation, followed 
by monthly ECGs. Patients were also advised to report any 
symptoms of excessive somnolence, visual abnormalities or 
palpitations. Monthly sputum smears for the first 3 months 
followed by 3 monthly cultures in addition to chest radio-
graphs at the time of sputum examinations were used, in 
addition to clinical parameters to gauge response to therapy. 
 The protocol comprised starting therapy with Thiori-
dazine at 25mg taken once at bedtime, escalated weekly by 
25mg to reach the dose of 75mg a day taken at bedtime. This 
dose was selected based the potential for combined ocular 
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toxicity with Linezolid, neurological adverse effects as a 
result of a combination with Cycloserine, and cardiotoxicity 
(especially in view of the low BMI of our patients). The 
same protocol had also been tried with success in a study by 
Abbate et al. [10]. 

RESULTS 

 Four patients consented and were enrolled for the trial. 
The baseline characteristics of the patients are outlined in 
Table 1. As evident from the table, all 4 patients were 
grossly cachexic, had been on various regimens for a median 
of 23 months and had bilateral diffuse pulmonary disease. 
Patients 1, 2 and 3 were suffering from XDR-TB, while 
patient 4 had pre-XDR TB but had shown no radiological or 
clinical improvement despite 4 months of treatment. All of 
the patients were HIV-negative. None of the patients had any 
baseline cardiac abnormalities. The drug susceptibility 
patterns for the strains of MTB grown in culture for each of 
the patients are summarized in Table 2.
 Three patients tolerated the full dose of thioridazine 
without any reported adverse effects. Patient No. 4 reported 
palpitations when the dose was escalated from 50mg to 
75mg, and although this was not associated with any ECG 
abnormalities, a decision was taken not to further escalate 
the dose of 50mg, which she tolerated well. It should also be 
noted that all our patients were prescribed cycloserine in 
addition to thioridazine, and no adverse neurological effects 
were observed as a result of combining these two drugs. 
 The details of the drugs prescribed in addition to thiori-
dazine, clinical course of the patients and the outcomes have 
been summarized in Table 3.
 Two of the four patients showed clinical signs of impro-
vement, significantly gaining weight, and reporting improve-
ment in symptoms of fever, fatigue and breathlessness. One 
of these 2 patients had an improvement in smear status as 
well, converting from a baseline of 3+ to a 2-month smear 
status of 1+. One patient was lost to follow-up after 4 months 
of therapy. All of the other 3 patients had poor outcomes; 
succumbing to progressive respiratory failure (one of which 
was secondary to the development of a spontaneous pneu-
mothorax in a severely scarred underlying lung). The  

Table 2. Drug Susceptibility Patterns of the TB Strains Seen 
in the Patients (S = Streptomycin, H = Isoniazid, R = 
Rifampicin, E = Ethambutol, Z = Pyrazinamide). 

Patient 
No. 

Sensitive To Resistant To 

1 Clofazimine S,H,R,E,Z 

Kanamycin 

Ethionamide  

Ofloxacin, Moxifloxacin 

p-Aminosalicylic acid (PAS) 

Amikacin 

Capreomycin 

2 Clofazimine 

Capreomycin 

S,H,R,E,Z 

Kanamycin 

Ethionamide  

Ofloxacin, Moxifloacin 

p-Aminosalicylic acid (PAS) 

Amikacin 

3 Clofazimine 

p-aminosalicylic 
acid (PAS) 

S,H,R,E,Z  

Kanamycin 

Ethionamide 

Ofloxacin, Moxifloxacin 

Amikacin 

Capreomycin 

4 Clofazimine 

Capreomycin 

Kanamycin 

S,H,R,E,Z 

Ethionamide Ofloxacin , Moxifloxacin 

p-Aminosalicylic acid (PAS) 

median survival among these 3 patients was 5 months after 
the institution of thioridazine therapy. All the patients 

Table 1. Baseline Characteristics of the Patients. 

Patient Number Age Sex Baseline Weight BMI Baseline Smear CXR Prior Treatment Duration 

1 41 F 28 12.3 2+ Bilateral diffuse infiltrates 24 months 

2 26 M 35 11.3 negative Bilateral diffuse infiltrates 20 months 

3 15 F 25.8 11.11 3+ Bilateral diffuse infiltrates 31 months 

4 30 F 34 13 3+ Bilateral diffuse infiltrates 22 months 
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expired in the intensive care unit after being hospitalized; 
none of them suffered cardiac arrhythmias as the precipi-
tating event. 

DISCUSSION 

 Our study of the use of thioridazine in a small cohort of 4 
patients with clinically and radiologically advanced drug 
resistant tuberculosis as a last resort, on a compassionate 
basis, was by no means designed or equipped with the power 
to detect effectiveness of the drug. However, the clinical res-
ponse seen in two of the patients, microbiological improve-
ment in one patient, and the lack of any serious adverse 
effects or intolerance in any, suggest that further studies 
analyzing the use of the drug are warranted. Prescribing the 
drug to those with the worst prognosis and reporting poor 
outcomes (as in our study) would be an example of 
confounding by indication, and the only way to clarify this 
would be to conduct randomized trials in patients with MDR 
and XDR-TB using Thioridazine in addition to the standard 
of care and measure the standard outcomes of success such 
as time to sputum conversion, cure, morbidity, mortality and 
relapse.  

 For a disease such as drug resistant tuberculosis, that has 
a rising incidence and limited therapeutic options, it becomes 
almost mandatory to try all the available resources available 
while waiting for newer drugs to be developed and pres-
cribed. Our study indicates that Thioridazine, with a proven 
safety profile, established efficacy in the laboratory and with 
possible indicators of efficacy in patients is one such 
resource that is worthy of further evaluation. Because Thiori-
dazine has been used successfully for therapy of XDR-TB 
when in combination with antibiotics to which the patients 
were non-responsive, the suggestion has been made that 
Thioridazine is eligible for patent as “New Use” [11]. 

CURRENT & FUTURE DEVELOPMENTS  

 This study showed that Thioridazine, started as a salvage 
drug in 4 patients with advanced XDR-TB was safe and well 
tolerated. The drug was probably started too late for it to 
really be effective in these 4 desperately ill patients but we 
have at least established its safety in this malnourished and 
sick patient cohort and paved the way for larger trials with 
Thioridazine added on at an earlier stage in future. Larger 
studies are being planned with this drug being added on to 
standardized or individualized XDR-TB regimens at an 
earlier stage.  

Table 3. Summary of Drugs Prescribed, Clinical Course and Outcomes. 

Patient 
No. 

Drugs Prescribed in 
Addition to Thioridazine 

Comments Outcome 

1 Cycloserine 

Linezolid 

Clofazimine 

Clarithromycin 

Tolerated full-dose of thioridazine. 

Gained 4kgs in weight on treatment 

No improvement in clinical, radiological or smear status 

Expired after 7 months of treatment due to 
progressive respiratory failure 

2 Capreomycin 

Clofazimine 

Cycloserine 

Linezolid 

Tolerated full-dose of thioridazine. 

No improvement in clinical or radiological status 

Expired after 3 months of treatment due to 
progressive respiratory failure 

3 PAS 

Clofazimine 

Cycloserine 

Linezolid 

Tolerated full-dose of thioridazine 

Gained 5.8kgs in weight on treatment 

Improvement in clinical,radiological and smear status 
(3+ to 1+) 

Developed a pneumothorax while on 5th month 
of treatment.  Expired of respiratory failure as 
the lung failed to expand despite an intercostal 
drainage tube 

4 Capreomycin 

Clofazimine 

Cycloserine 

Linezolid  

Linezolid had to be stopped in view of reported burning 
of feet 

Did not tolerate full dose of thioridazine, reported 
palpitations.  

Was prescribed oxygen therapy for persistent 
hypoxemia 

Was on the 4th month of 50mg/day at last follow-up  
No signs of improvement 

Lost to follow-up 
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