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With more than 1 million deaths and 9 million estimated 
incident cases in 2013 tuberculosis represents one of the top 
clinical and public health priorities worldwide (1).

The World Health Organization (WHO) public 
health strategy known as DOTS, launched in the 90s’ 
and then scaled-up globally, has contributed to revert 
the TB incidence trend and the disease-related mortality, 
if the current estimates are compared with those of the 
pre-DOTS era. However, TB control and eventually 
elimination (i.e., defined as less than one case per million 
population) are challenged by the cursed duet (the TB/HIV  
co-infection) and by multidrug-resistant tuberculosis 
(MDR-TB, tuberculosis caused by Mycobacterium tuberculosis 
strains resistant to at least two of the most powerful first-line  
anti-TB drugs, isoniazid and rifampicin). 

The WHO estimated that 13% of the 9 million TB cases 
(1.1 million people) were HIV-infected, particularly in the 
WHO African Region, where 4 out of 5 of these cases are 
estimated to occur in 2013. The qualitative and quantitative 
immune-deficiency related to the HIV replication, not 
controlled by appropriate anti-retroviral therapy, and 
significantly increases the probability of acquiring TB 
disease given infection. In these individuals the clinical 
course of pulmonary and extra-pulmonary TB is more 
severe and associated with higher probability of death. 

Furthermore, MDR-TB (which largely is a man-made 
phenomenon) has become a serious problem in those 
geographical areas where national health-care systems face 

economic, logistic, and organizational weaknesses (e.g., in 
Africa, Asia, and former Soviet Union countries) (2,3). The 
2014 WHO Global Report estimated that 3.5% and 20.5% 
of new and previously treated TB cases had MDR-TB,  
with a total estimated incidence of 480,000 cases in 2013. 
Unfortunately, only 136,000 of them were detected, so that 
transmission of drug resistant strains is rampant among 
close contacts, treatment with inappropriate anti-TB 
regimens further increasing the probability of developing 
additional antibiotic resistances (1).

Aim of the present contribution is to describe the global 
MDR-TB context, focusing on the problems related to 
its prevention, diagnosis and treatment. In particular the 
new and re-proposed drugs are described into details. The 
review of the literature, although non-systematic, has been 
done to capture the recent key articles available.

Managing MDR: lights and shadows

The best way to prevent MDR-TB is to diagnose and 
treat correctly the cases whose strains of Mycobacterium 
tuberculosis are susceptible to first-line anti-TB drugs.  
A recent European study demonstrated that clinical and 
public health mismanagement of MDR-TB cases occurred 
also in highly specialized reference centers of the European 
Union. Management pitfalls were detected mainly in 
infection control activities (implementation of administrative 
and environmental measures), as well as inappropriate 
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use of personal protective equipment), prescription 
of anti-TB drugs (particularly dosage and duration of 
second- and third-line antibiotics) and anti-retrovirals,  
as well as contact tracing of close contacts (4,5). 

In low- and middle-income countries the situation is 
even worse due to the sub-optimal laboratory network (not 
making systematic culture, drug susceptibility testing and 
rapid molecular testing with Xpert MTB/RIF possible) 
and second line anti-TB drugs (6). Treatment of MDR-TB 
cases is long, expensive and complicated by the frequent 
occurrence of adverse events (AE), calling for changes in 
the prescribed regimen and need for ancillary drugs. All this 
may compromise the patients’ adherence to treatment.

In 2013, 97,000 patients were administered an appropriate 
treatment for MDR-TB. Although this represents a low 
proportion if compared with the estimated prevalent cases 
worldwide, the positive news is that the number of treated 
cases is today higher than those treated in 2009 (1).

Unfortunately more and more severe cases of MDR-TB,  
known as extensively-drug resistant tuberculosis (XDR-TB)  
(i.e., TB caused by MDR Mycobacterium tuberculosis strains 
resistant to any fluoroquinolones and to one of the second-line  
injectable drug amikacin, kanamycin, and capreomycin) have 
been described. The XDR-TB definition was considered to 
have a clinical and operational value (7) because of its worse 
clinical appearance coupled with worse prognosis. More 
recently, the new acronym totally drug-resistant tuberculosis 
(TDR-TB) was proposed for the top severe cases, but 
this definition was not endorsed by WHO because the  
drug-susceptibility testing for third-line drugs is not reliable 
and a complete characterization of the anti-TB drugs which 
should be ex vivo tested to ascertain their susceptibility is 
missing (8). The WHO estimated that the proportion of 
MDR-TB with an XDR-TB form should be 9% (1).

A systematic review and an individual patient data  
meta-analysis carried out a few years ago collected the 
most relevant MDR-TB cohorts described in the scientific 
literature (32 datasets including 9,153 patients) from  
23 countries belonging to all WHO Regions, in order to 
assess the clinical outcomes and the covariates associated 
with the best success rates (9). Fifty-four percent, equivalent 
to 4,934 patients, achieved treatment success (cure or 
treatment completion), whereas 23% defaulted, 15% died, 
and 8% failed or relapsed. Individuals who defaulted or died 
were older, HIV-infected, previously exposed to anti-TB 
drugs, and with a more severe disease.

The administration of ethionamide/prothionamide, 

as well as ofloxacin or late-generation quinolones, 
pyrazinamide, and cycloserine was associated with a higher 
probability of treatment success, compared to failure, relapse 
and death. Unfortunately, the prescription of group 5 drugs 
(amoxicillin-clavulanate, clofazimine, clarithromycin, and 
thiacetazone), whose efficacy is unknown for Mycobacterium 
tuberculosis, did not demonstrate higher effectiveness in 
a subset of patients belonging to the pooled cohort. The 
treatment success rate was higher in those treated with 
at least four and three drugs during the intensive and the 
continuation phase, respectively. The effective duration 
of the intensive phase should be from 7 to 8.4 months, 
whereas the effective duration of the therapy should be  
24.6-27.5 months.

The same authors proved how additional resistances 
to a basic MDR-TB pattern could significantly influence 
the treatment success rate: it was 64% for patients 
infected by mycobacterial strains with resistances only to 
isoniazid and rifampicin, whereas decreased in cases with 
further resistance to second-line injectable drugs (56%), 
fluoroquinolones (48%), or to second-line injectable drugs 
and fluoroquinolones (40%). The latter group (XDR-TB)  
could be successfully treated if exposed to at least six 
and four anti-TB drugs during the intensive and the 
continuation phase, respectively. Moreover, the duration is 
also important, as an intensive phase of 6.6-9 months and 
a total duration of 20.1-25 months proved to be successful. 
Additional resistances to the XDR pattern (for instance, 
group four drugs) were associated with higher rates of death 
and treatment failure (10,11).

Two new drugs after 40 years of neglect

The current WHO guidelines for MDR-TB (12), based on 
the above-mentioned systematic review and an individual 
patient data meta-analysis, support the best possible use of 
old, toxic, and poorly effective drugs. When facing XDR- or  
TDR-TB cases clinicians have difficulties in identifying a 
sufficient number of anti-TB drugs to design an effective 
regimen. This was a situation pushing them back to a pre-
antibiotic era (13). 

In this context, the need of new anti-TB drugs is obvious. 
After more than 40 years without new TB drugs, two new 
drugs (bedaquiline and delamanid) have been recently 
approved by the Food and Drug Administration (FDA) and 
the European Medicine Agency (EMA) for the American 
and European market, respectively (Table 1).
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Table 1 Summary of the main studies on bedaquiline and delamanid

Drug/registration 
number

Class
Study ID number/ 
clinical trial phase

Main findings References

Bedaquiline 
(TMC207)/
NCT00449644

Diarylquinoline TMC207-TIDP13- 
C208/phase II

The addition of bedaquiline (TMC207) to OBR 
reduced the time to C conversion vs. OBR from  
125 to 83 days (HR 2.44; 95% CI, 1.57-3.80; 
P<0.001) and increased the proportion of C 
converters at 24 weeks (79% vs. 58%; P=0.008) 
and at 120 weeks (62% vs. 44%; P=0.04). Cure 
rates at 120 weeks were 58% and 32% respectively 
(P=0.003). The incidence of AE was similar in group 
and control patients but ten and two unexplained 
deaths were registered, respectively

(14)

Bedaquiline Diarylquinoline Compassionate use 
programme

The article reports the first two cases treated with 
bedaquiline under compassionate use. No AE were 
noted

(15)

Delamanid Trial 
204 (OPC-67683)/
NCT00685360

Nitroimidazole 242-07-204/phase II Among patients who received OBR plus 100 mg of 
delamanid BID, 45.4% had C conversion at  
2 months vs. 29.6% OBR patients (P=0.008).  
As compared with OBR, the group receiving OBR 
plus delamanid 200 mg BID had a higher proportion 
of SS and C conversion (41.9%, P=0.04). Most 
AE were mild to moderate and evenly distributed 
across groups. Although no clinical events due to 
QT prolongation on ECG were observed,  
QT prolongation was reported significantly more 
frequently in the delamanid groups

(16)

Delamanid Trial 
208 (OPC-67683)/
NCT01424670

Nitroimidazole 242-09-213/phase III Patients who participated in the previously reported 
controlled trial of delamanid and the subsequent 
open-label extension trial were eligible to participate 
in a 24-month observational study designed to 
capture treatment outcomes. Favorable outcomes 
were observed in 143 (74.5%)/192 patients receiving 
delamanid for ≥6 months vs. 126 (55%)/229 patients 
receiving delamanid for ≤2 months. Mortality was 
reduced to 1.0% among those receiving long-term 
delamanid vs. short-term/no delamanid (8.3%; 
P=0.001). Treatment benefit also seen among  
XDR-TB patients

(17)

Delamanid Nitroimidazole Compassionate use 
programme

The article reports the first case treated with 
delamanid under compassionate use, being a 
pediatric case. The case was diagnosed in the 
context of a complex epidemic in Milano, Italy.  
No AE were noted

(18)

QT, QT interval is a measure of the time between the start of the Q wave and the end of the T wave in the heart’s electrical cycle. 

OBR, optimized background regimen; HR, hazard ratio; CI, confidence interval; SS, sputum smear; AE, adverse events; BID, bis in 

die (twice daily); ECG, electrocardiogram; XDR-TB, extensively drug-resistant tuberculosis.
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Bedaquiline (TMC207), a diarylquinoline, was the first 
drug released in the market after a clinical development 
process proving its efficacy, safety, and tolerability (19). 
In particular, the clinical trials confirmed its ability to 
inhibit the Mycobacterium tuberculosis ATP synthase and, 
consequently, its replication. The initial bacteriostatic action 
is followed by a bactericidal effect after 5-7 days. Phase II 
studies demonstrated positive pharmacological interactions 
with the other first- and second-line anti-TB drugs. The 
proportion of culture converters was high and the probability 
of developing resistance to bedaquiline was low. However, 
experts highlighted that its future efficacy is strictly related 
to the prescription of an appropriate backbone regimen as 
per WHO guidelines (proper drug selection, duration and 
dosages, based on full drug-susceptibility testing) (14,20-22). 
The drug has been initially available under compassionate 
use, and proved to be safe (15).

Delamanid (OPC-67683), a nitro-dihydro-imidazooxazole, 
is able to inhibit the synthesis of the mycolic acid, removing 
a crucial component of the bacterial wall. Its bactericidal 
activity has been compared to that of isoniazid, acting in 
both the intra- and extra-cellular environment (23). One 
study showed that delamanid-containing regimens could 
significantly decrease the mortality after 6 months of 
treatment. The delamanid-related treatment success was 
74.2% in a large cohort of MDR-TB patients after 6 months 
of treatment; furthermore, its efficacy was also confirmed in 
the XDR-TB group (treatment success: 61.4%) (16,17,24). 
The first case treated under compassionate use was a pediatric 
case, who tolerated the treatment well (18).

Knowing more on re-proposed drugs

In parallel with the studies on bedaquiline and delamanid, 
other observational and experimental trials were conducted 
to assess efficacy, safety, and tolerability of other antibiotics 
licensed to treat different bacterial infections. In particular, 
linezolid (used to treat methicillin-resistant Staphylococcus aureus 
infections) and glycopeptides (vancomycin and teicoplanin) 
are used off-label to treat MDR- and XDR-TB patients 
when the therapeutic alternatives do not allow designing 
an effective regimen (25-29). A systematic review and 
individual patient data meta-analysis collected all the global 
observational experience on linezolid to treat drug-resistant  
Mycobacterium tuberculosis strains and pooled individual 
data to provide a clear picture on its efficacy, safety, and  
tolerability (25). The linezolid-containing regimens prescribed to  

121 MDR-TB patients contributed to achieve high sputum 
smear (SS) and culture conversion rates (92.5% and 93.5%, 
respectively). The pooled success rate was 81.8%. If the 
efficacy was similar comparing outcome indicators in 
individuals treated with a daily dosage >600 or ≤600 mg, 
the safety and tolerability profiles were significantly better 
in those treated with a lower daily linezolid dosage. The 
most relevant AE involved the blood count (i.e., anemia and 
thrombocytopenia), the peripheral nervous system, the optic 
nerve, and the gastro-intestinal apparatus. Those findings 
confirmed the results of the largest observational, multi-country 
cohort which underscored the potentiality of this drug (26).  
The validity of the retrospective observational design was 
confirmed by the first experimental study which enrolled 
41 XDR-TB patients (27,28). The majority of them (87%) 
achieved sputum culture conversion after 6 months of 
linezolid exposure. However, potentially linezolid-related 
AE occurred in 82% of cases, leading to its permanent 
discontinuation in three individuals. All the XDR-TB 
cases were treated with 600 mg once daily. A sub-group 
of individuals treated with 300 mg per day proportionally 
experienced less AE. The assessment of the blood 
concentration of linezolid [the so called Therapeutic Drug 
Monitoring (TDM)] is able to reduce the side effects related 
to highest concentration of the drug, while maintaining 
adequate concentration and achieving economic savings, 
given linezolid is very expensive (30).

Another interesting class of antibiotics, used off-label in 
difficult-to-treat cases is represented by the carbapenems 
supported by a β-lactamase inhibitor. Meropenem showed 
interesting preliminary results in the only study published as 
of today. This observational, retrospective study addressed 
the issues related to meropenem efficacy and safety; it was 
administered with linezolid to 37 cases in Italian and Dutch 
centers at a daily dosage of 3 g. Although patients treated 
with meropenem had a more severe disease, the proportion 
of SS and culture conversion was lower in individuals exposed 
to a linezolid-containing regimen only in comparison 
with those treated with meropenem. One patient only 
discontinued meropenem because of liver toxicity (31). Very 
recently our group published the first report on the use of 
ertapenem at the dose of 1 g daily during the ambulatory 
phase of treatment. The drug was well tolerated (32).

The tolerability and pharmacokinetic profile of  
co-trimoxazole, frequently prescribed for different bacterial, 
fungal, and parasitic infections, was proven in a study 
enrolling ten patients. The Authors concluded that the drug 
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was effective and safe, a single patient reporting gastro-
intestinal symptoms (33).

The role of surgery 

Surgical intervention was perceived as an old-fashioned 
therapeutic option although it has been frequently used 
in some geographical areas (e.g., in former Soviet Union 
countries) as an alternative or an adjunctive therapy for 
TB patients. However, more, recently surgery has been  
re-discovered to manage difficult-to-treat MDR-/XDR-
TB patients (34-36). A systematic review and meta-analysis 
showed that the success rate in those surgically treated is 
higher [with odds ratio (OR) >2], particularly in the XDR-TB  
patients (OR of treatment success: 4.55) (34). The WHO 
Regional Office for Europe issued a document, supported by 
experts, where observational scientific evidence proved the 
efficacy of surgery in localized forms of MDR- and XDR-TB,  
particularly after the patient’s exposure to 4-6 active anti-TB  
drugs. However, the expert panel recommended several 
conditions allowing surgical interventions, which include 
good pulmonary reserve, localized forms, low surgical risk, 
and proven previous failure with polichemotherapy. The 
interventions should be performed only in specialized centers 
with an appropriate infection control system in place (35,36).

Conclusions

The MDR-TB phenomenon has been defined a ‘back to the 
future’; it need to be adequately addressed. The WHO’s Stop 
TB Strategy, launched in 2006, underlined for the first time 
the risk posed by the MDR-TB and TB/HIV co-infection 
pandemics to the global TB control and provided strategic 
answers to tackle them. The new End TB Strategy, supporting 
the vision of TB elimination, further elaborates on how to 
prevent its occurrence while managing the cases already existing.

The availability of two new drugs and of several re-
proposed ones, gives us a real opportunity. Day after day we 
understand better how to use these new therapeutic options 
both when added to an optimized background regimen 
(OBR) or when included in new regimens. 

It is important to underline that an essential condition 
to protect the new drug is to ensure their rational use 
within stronger public health systems supporting patient’s 
adherence and preventing default and failure (37,38). 
Without governments’ commitment and adequate funding 
we risk losing in a few years the results of 40 years of efforts. 
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