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Introduction 

Aims: to discuss  

 The need for new drugs 

 The clofazimine study  

 The carbapenem studies 

 The linezolid studies 

 The delamanid paediatric study 

 The bedaquiline study 

 Combining BQ+DLM 

• Conclusions   



MDR/RR-TB: 3 COUNTRIES, ALMOST 50% CASES  

   

   



 A day of treatment: drug-susceptible TB 



A day of treatment: MDR-TB 



Developing a new drug 
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Ethambutol 

1961 

Capreomycin  

1963 

Ofloxacin 

1985 

Gatifloxacin 

1992 

1946: first randomized  clinical  controlled 

trial:streptomycin monotherapy caused  resistance 

1952: first regimen: streptomycin, aminosalicylic 

acid and isoniazid  for 24 months 

1960s: aminosalicylic acid was replaced by 

ethambutol: streptomycin, isoniazid and ethambutol for 

18 months  

1970s: strepotomycin, isoniazid, 

rifampicin and ethambutol for 9-12 months 1986: isoniazid, rifampicin, pyrazinamide, 

ethambutol for 6-8 months (oral)  2020s: new universal  and 

shorter  regimen (2-4 months) 

for TB disease and infection?  

Linezolid, 

moxifloxacin 

2003 

Migliori GB, CID 2015 

History of anti-TB treatment 

Rifabutin 

1987 

Meropenem/clavula

nate  

2006 



Treatment outcomes for pt diagnosed with MDR-TB by WHO Region,  

2012-2014 cohorts 

Success IPD global analysis: 

Longer  76% (30 studies; ~1400 pts) 

Shorter 78% (3 studies, <500 pts, double failures/relapses) 



Resistance to fluoroquinolones and second-line injectable drugs: impact on MDR-TB outcomes. Eur Respir J. 2012 Oct 25; doi: 
10.1183/09031936.00134712 

Treatment success among different MDR-TB patient groups  
(circles=point estimates; lines=95% confidence interval) 



Shorter MDR-TB regimen (2) - Main remarks 

• Standardized regimen; limited modifications are possible 

• 4-6 Km-Mfx-Pto-Cfz-Z-Hhigh-dose-E / 5 Mfx-Cfz-Z-E 

• Recommendation applies to adults, children, PLHIV 

• Ideally, patients are tested for resistance to fluoroquinolones and 
second-line injectable drugs; not recommended in case of 2nd line 
drug resistance, extrapulmonary disease and pregnancy 

• Lowered costs (<US$1,000 in drug costs/patient)  

• Monitoring for effectiveness, relapse, and harms (active TB drug 
safety monitoring and management (aDSM)) applies 

• Trials (e.g. STREAM) expected to provide high-certainty evidence 
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FAILING REGIMEN, DRUG 
INTOLERANCE, RETURN AFTER 
INTERRUPTION >2 MONTHS, 

EMERGENCE OF ANY 
EXCLUSION CRITERION 

Choosing the treatment regimen for RR-/MDR-TB 

• Confirmed resistance or suspected ineffectiveness to a medicine in 

the shorter MDR-TB regimen (except isoniazid resistance)? 

• Exposure to >1 second-line medicines in the shorter MDR-TB 

regimen for >1 month? 

• Intolerance to >1 medicines in the shorter MDR-TB regimen or risk 

of toxicity (e.g. drug-drug interactions)? 

• Pregnancy? 

• Extrapulmonary disease? 

• At least one medicine in the shorter MDR-TB regimen not available? 

YES 

  

Longer  

MDR-TB regimens 

Shorter MDR-
TB regimen 

NO 

  



 

WHO 2016  TB drugs classification 

GROUP  A 

Fluoroquinolones 

Levofloxacin 

Moxifloxacin 

Gatifloxacin  

GROUP  B 

Second-line injectable 

agents 

Amikacin 

Capreomycin 

Kanamycin 

(Streptomycin) 

GROUP  C 

Other Core Second-line 

Agents 

Ethionamide / 

Prothionamide 

Cycloserine / Terizidone 

Linezolid 

Clofazimine 

GROUP  D 

Add-on agents  

(not core MDR-TB 

regimen components) 

D1 

Pyrazinamide 

Ethambutol 

High-dose isoniazid 

D2 
Bedaquiline 

Delamanid 

D3 

p-aminosalicylic acid 

Imipenem-Cilastatin 

Meropenem 

Amoxicillin-

Clavulanate 

(Thioacetazone) 

 

WHO 2011 TB drugs classification 

 

GROUP 1. First-line oral anti-TB 

drugs 

Isoniazid  

Rifampicin 

Ethambutol 

Pyrazinamide 

GROUP 2. Injectable anti-TB 

drugs  

 (injectable or parenteral 

agents) 

Streptomycin 

Kanamycin  

Amikacin 

Capreomycin  

GROUP 3. Fluoroquinolones  Levofloxacin  

Moxifloxacin 

Gatifloxacin  

Ofloxacin  

GROUP 4. Oral bacteriostatic 

second-line anti-TB drugs 

Ethionamide / Prothionamide 

Cycloserine/ Terizidone 

p-aminosalicylic acid  

GROUP 5. Anti-TB drugs with 

limited data on efficacy and/or 

long-term safety in the 

treatment of drug-resistant 

TB. 

(Bedaquiline) 

(Delamanid) 

Linezolid 

Clofazimine 

Amoxicillin/Clavulanate 

Imipenem/Cilastatin 

Meropenem 

High-dose isoniazid  

Thioacetazone  

Clarithromycin  

Drugs with potential for further scale-up of the hieararchy: linezolid, delamanid, bedaquiline, carbapenémicos 
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Questions: 

1. Clofa: does it work with MDR-TB? 

2. In HIV co-infected? 

3. Which outcomes at programme level? 

4. What is the correct dose? 

5. Is it really safe? 

ERJ 2017 

What know before? Not much 

- A single meta-analysis based on 

cases from the Bangladesh study 

(selected group) 

- Correct dose unknown 

- No info on HIV+ 



‘Young 

Programme’ 

 

Oflo 

‘Mature 

Programme’ 

 

Levo 

Both regimens are not super-strong: 3 drugs (probably) active 



Some differences 

emerging over time 



Prevalence of resistances 

lowering over time 



• More deaths in the ‘young’ programme  

• Success (not significantly) minor  



Effectiveness 

• Success: 60.9% 

A bit lower than using Z (in other studies: ~65%) because: 

1. Regimen with Z better 

2. More resistences (FQs) with the ‘young’ programme 

3. More re-treatments with the ‘young’ programme 

4. Less DOT with the ‘young’ programme 

• Clofa works well with HIV-co-infected (6% here; in other 

studies 1 case only) 

 

 





• The dose working well is 100 mg/day 

• AE are minor: gastrointestinal 10.5%, pigmentation 50.2%, 

neurological 9-13% of cases 

• AE less than in other studies 

Tolerability 



Conclusions from the Brazil study 

• Larger study in the literature 

• Clofa works well (success >60%) at programme level  

• Dose: 100 mg/ day 

• Minor AE 

• Does not increase resistance to other drugs 



What known before on Carbapenems? 

• Good activity in vitro 

• Almost nothing in clinical studies on humans 



Ertapenem to treat MDR-/XDR-TB 

Tiberi S, et al. ERJ 2016  



New evidence on Carbapenems: ICSG 

Eur Respir J. 2016;  

47: 1235-43. 

Eur Respir J. 2016;  

47:1758-1766 

Clin Infect Dis. 2016 

May 1;62(9):1188-90 



International Carbapenems Study Group (ICSG) 

Meropenem 96 cases (49.0% XDR) Imipenem 84 cases (67.9% XDR) 

Setting 5 centres /15 countries, 4 continents 10  centres /15 countries, 4 continents 

Age/sex M 34±10.3 yr / 56.3% (76.0% migr) 36±11.2 yr / 60.7% (32.1% migr) 

HIV+/ART 8 HIV+ (9%) / 6 ART 2 HIV+ (2.4%) on ART 

Previous Diagnosis Failure 79.0%; success 11.3% Failure 87.2%; success 1.3% P<0.05 

Previous Tx Median 2 (IQR 1-4) Median 2 (IQR 1-3) 

Resistant to Median 8 drugs (IQR 6-9) Median 8 drugs (IQR 7-8) P<0.05 

Duration 85 d (IQR 49-156) 187 d (IQR 60-428) 

SS neg 45 d (IQR 28-68) 30 d (IQR 30-60) 

C neg 44 d (IQR 28-75) 60 d (IQR 30-90) P<0.05 

Outcomes 
Success 57.3%; continue Tx 25.0%; 

died 11.4%; default 5.2%  

Success 40.5%; continue Tx 

27.3%; died 23.9%; adefault 7.1% 
P <0.0001  

Interruptions AE  Linezolid 17.1%; Meropenem 8.5% Linezolid 22.5%;Imipenem 7.3% 

New drugs 1 Delamanid, 9 BQ 0 Delamanid, 7 BQ 



Conclusions: 

- Clinical efficacy, but parenteral use! 

- Well tolerated 

- But expensive! 

- Switch option with Ertapenem 

 



Linezolid: what was known 

- 600 mg << toxic than 1,200 mg (ERJ 2019) 

- 300 mg: might create resistances 

- Clarithromycin: >> blood levels of LNZ 

- Ideal dose: 300-600 mg/die 



First evidence that 600 mg produces << AE than 1,200  

Major AE: 14.3 vs. 40.4% (ERJ 2009) 
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Adverse events

0 0.2 0.4 0.6 0.8 1

Alffenaar  JWC et al. [46] 0.00    (0.00 - 0.37)
Anger HA/Condos R et al. [34] 1.00    (0.78 - 1.00)
De Lorenzo S et al. [35] 0.67    (0.09 - 0.99)
FortunJ et al. [22] 1.00    (0.29 - 1.00)

Koh WJ et al. [45] 0.82    (0.48 - 0.98)
Migliori GB et al. [8] 1.00    (0.03 - 1.00)
Park IN et al. [44] 0.71    (0.29 - 0.96)
Schecter GF et al. [30] 0.22    (0.07 - 0.44)

Singla R et al. [31] 0.71    (0.42 - 0.92)
Udwadia ZF et al. [32] 1.00    (0.29 - 1.00)
Villar M et al. [33] 0.22    (0.03 - 0.60)
Von der Lippe B et al. [43] 0.80    (0.44 - 0.97)

Proportion of adverse events (95% CI)

Pooled Proportion = 0.59 (0.49 to 0.68)
Chi-square = 61.94; df =  11 (p = 0.0000)
Inconsistency (I2) = 82.2 %

Linezolid interruption due to adverse events 

0 0.2 0.4 0.6 0.8 1

Alffenaar  JWC et al. [46] 0.00    (0.00 - 0.37)

Anger HA/Condos R et al. [34] 0.87    (0.60 - 0.98)

FortunJ et al. [22] 1.00    (0.29 - 1.00)

Koh WJ et al. [45] 0.82    (0.48 - 0.98)

Migliori GB et al. [8] 1.00    (0.03 - 1.00)

Park IN et al. [44] 0.40    (0.05 - 0.85)
Schecter GF et al. [30] 1.00    (0.03 - 1.00)

Singla R et al. [31] 1.00    (0.69 - 1.00)

Udwadia ZF et al. [32] 0.54    (0.25 - 0.81)

Villar M et al. [33] 1.00    (0.03 - 1.00)

Von der Lippe B et al. [43] 0.70    (0.35 - 0.93)

Proportion of linezolid interruption due to adverse events (95% CI)

Pooled Proportion = 0.69 (0.58 to 0.79)

Chi-square = 37.19; df =  10 (p = 0.0001)

Inconsistency (I2) = 73.1 %

AE in Linezolid- containing regimens. Sotgiu et al, ERJ 2012 



TDM: is it the future of  

MDR-TB treatment? 





Delamanid: what known? 

• Favourable outcomes: 74.5%).  

• Mortality reduced to 1.0%  

• Works also among XDR-TB pts  

                                        

35 

Delamanid improves SS-C 

conversion at month 2 (45.4 

vs 29.6%) 

 

- No info on children 

- No info on combined 

use with BQ 

- Not much known on 

the effect on QT 



19 children, 16 treated, 3 HIV+ 

Resistant to 5-15 drugs 

Adult dose (100 mg x 2/day), 

one- 22kg, half dose 

6 completed 24 weeks DLM 

10 continuing treatment 



DLM in children 

1 child had QTcF >500 ms; after short interruption able to continue 

DLM without further problems 

13/16 (81.2%) culture neg at month 2 



Delamanid Trial 2013: EFFICACY 

 

 

Outcomes N° cases % favorable 

outcomes 

Trial 204/208/116 

Phase 2 

ERJ 2013 

192 74.5% 

Trial 213 

Phase 2 

339 81.4% 

Latvia  

Programamtic use 

ERJ 2017 

19 84.2% 



Delamanid Trial 2013: SAFETY 
 

DLM+OBR  

N: 341 

Placebo + OBR 

N: 170 

Total 

N: 511 

AE on Tx 

 

4 (1.2%) 5 (2.9%) 9 (1.8%) 

Discontinuation 

for AE 

 

8 (2.3%) 3 (1.8%) 11 (2.2%) 

Serious AE 

 

89 (26.1%) 47 (27.6%) 136 (26.6%) 

Hepatotoxicity 

 

22 (6.5%) 12 (7.1%) 34 (6.7%) 

QT prolongation 

 

18 (5.3%) 5 (2.9%) 23 (4.5%) 



Delamanid QTcF (95% CI) 
 

Week Trial 204 (100 mg BID) 

Moxi excluded 

Trial 213 

Moxi included (24% cases) 

4 7.6 msec  (5.3-9.8) 4.7 msec  (2.2-7.2) 

 

8 

 

12.1 msec  (9.6-14.7) 

 

5.3 msec  (2.7-9.9) 

26 

 

N/A 2.5 msec  (-0.3-5.3) 

 

No amplification of resistance 

 

DLM+OBR vs PLC+OBR (%) : FLD 1.9 vs 6.5; Z 1.2 vs 5.1; SLD 3.1 vs 4.5; FQ 1.8 vs 3.6 



International BQ Study Group 



Distribution of MDR-/XDR-TB treated with BQ, 2008-2016  

Borisov S. et al. Efficacy of BQ, ERJ 2017  



Borisov S. et al.  

Safety and tolerability of BQ  

ERJ 2017 in press 

Median values and trends of QTcF 

With 168 days of exposure (median), only 

11% interrupted tretament (6% with AE)  

Median values of QT tend to stabilise 

after week 12 



Does BQ kill? Premature ventricular complex bigeminy 

Cause of death: hypokalaemia 



Treatment outcomes by Region: Africa has 10% lower 

success 

 

Overall success rate: 77% 

Overall smear conversion rate, end treatment: 90.0% 

Overall, culture conversion rate, end of treatment: 91.8%  

Treatment outcome Africa Eastern 

Europe 

Other 

settings 

Total cohort (n=113) (n=85) (n=49) 

Treatment success 73 (64.6) 65 (76.5) 38 (77.6) 

Cured 73 (64.6) 54 (63.5) 27 (55.1) 

Completed - 11 (12.9) 11 (22.5) 

Died 27 (23.9) 3 (3.5) 3 (6.1) 

Defaulted 9 (8.0) 8 (9.4) 1 (2.0) 

Failure 3 (2.7) 9 (10.6) 7 (14.3) 

Transferred out 1 (0.9) - - 



Is BQ safe on QT? 

 
<0.9% of cases treated had problems 



First case of extensively drug-resistant tuberculosis treated 

with both delamanid and bedaquiline 

Researchers have described the first case of severe 

extensively drug-resistant tuberculosis (XDR-TB) treated with 

both delamanid and bedaquiline. The findings, published as a 

letter in the European Respiratory Journal, reports the 

rationale for prescribing both delamanid and bedaquiline in an 

XDR-TB case and describes the difficulties encountered in the 

early phase of treatment. 

Read the full study 

Access the ERS/WHO TB Consilum 

http://ersnet.us4.list-manage.com/track/click?u=07b6a7283a1da5b8e4d63ae64&id=342c014b68&e=8f77e75870
http://ersnet.us4.list-manage.com/track/click?u=07b6a7283a1da5b8e4d63ae64&id=589dacf82d&e=8f77e75870


First case treated with DLM+BQ  

 [ 

Variable Details 

Details India, 39 years, Female, 65 kg (at diagnosis: 31/08/2015) 

Case category Retreatment case; 4 previous treatment rounds 

Drugs administered in 
previous anti-TB treatments  

Kanamycin 750 mg im (12 months) 
Levofloxacin 1g, PAS 10 g, Cycloserine 750 mg, Ethionamide 750 mg,  
Capreomycin 1g im (14months) High dose Isoniazid 900mg; Rifabutin 300mg; 
Clofazimine 200mg; Clarythromycin 1g; Amoxicillin-clavulanate 625mg; Terizidone 
1g TDS; Imipenem 500mg iv TDS (12 months); Linezolid 600 mg then 300mg 

Previous outcome Cured (twice) 

Bacteriology at baseline Sputum smear +;  Culture +; Xpert +     At Day 18: SS -; C: ongoing 

Radiology Bilateral upper zones fibrocavitary lesions 

Drug resistances 
Resistant to 12 drugs: H,R, Km,Amk,Cm,Mfx,Ofx,Eto, PAS,Lzd, HdH, High dose Mfx 
Susceptible to: Cfz 

Last treatment regimen 

delamanid, bedaquiline, clofazimine (200 mg) and terizidone (1 g), all started on 
25/2/2016; and meropenem 1g TDS plus amoxi/clav 1g/200mg TDS iv (started 
28/2/2016)  BQ stopped on 07/03/2016 restarted 12/03/2016 



UPDATE ON THE CASE 

Tadolini M et al. ERJ 2016 
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MINIMUM REQUIREMENTS COMBINED USED DLM+BQ – 

LANCET ID 2015 

  Requisite Comment 

1 Clinical centre  

qualified 

The clinical centre is highly qualified in terms of clinical expertise, 
number of cases managed and laboratory services. The eligibility criteria 
for these centres should comply with national regulation, and, ideally, to 
international ones to be developed 

2 Informed consent The patient should sign it, as recommended by the World Health 
Organization separately for delamanid5 and bedaquiline 

3 Pharmaco-vigilance Pharmacivigilance to be seen as both a guarantee for the patient and an 
additional source of information complementing existing trials 

4 Expert opinion on 

rational use of drugs 

The use of the drugs is considered rationale by an independent and 
qualified body such as the ERS TB Consilium (available at: 
www.tbconsilium.org in different languages and free of charge ). This 
step is also an essential component of the Otsuka’s delamanid 
compassionate use programme 

http://www.tbconsilium.org/


PREVALENCE OF RESISTANCE TO THE DRUGS COMPOSING 

THE BANGLADESH REGIMEN (ERJ 2016) 

Cohort 
FQ 

(95% CI) 

Clofa 

(95% CI) 

E 

(95% CI) 

Z 

(95% CI) 

Prothio 

(95% CI) 

Kana 

(95% CI) 

Intern Carbap 

Study Group 

(ICSG) 

137/336, 40.8% 

(35.6-46.1) 
- 

232/339, 68.4% 

(63.5-73.4) 

195/300, 65.0% 

 (59.6-70.4) 

174/314, 55.4% 

(49.9-60.9) 

100/225, 44.4% 

(37.9-50.9) 

ICSG Europe 
91/283, 32.2% 

(26.8-37.6) 
- 

195/284, 68.7% 

(63.3-74.1) 

165/255, 64.7% 

(58.8-70.6) 

150/279, 53.8% 

(48.0-59.7) 

64/172, 37.2% 

(30.0-44.4) 

ICSG S. America 
46/53, 86.8% 

(77.7-95.9) 
- 

37/55, 67.3% 

(54.9-79.7) 

30/45, 66.7% 

(52.9-80.5) 

24/35, 68.6% 

(53.2-84.0) 

36/53, 67.9% 

(55.3-80.5) 



COMPARISON OF THE RESULTS ON PHENOTYPIC AND GENOTYPIC RESISTANCE TO ANTI-

TB DRUGS, MEXICO, 2010-2017 

  

Phenotypic results 

N=112* 

Genotypic results 

N=57* Kappa value (95% CI) 

N (%) N (%) 

Fluoroquinolones Resistant 26/111 23.42  12/57 21.05   0.894 (0.751 - 1.000) 

Ofloxacin Resistant 26/111 23.42     

Moxifloxacin Resistant 8/49 16.33       

Injectables Resistant 13/111 11.71  1/57 1.75   0.226 (-0.145 - 0.597) 

Amikacin Resistant 9/111 8.11      

Kanamycin Resistant 10/92 10.87      

Capreomycin Resistant 6/50  12.00      

Ethambutol Resistant 38/112 33.93  19/57  33.33    0.763 (0.585 - 0.942)  

Isoniazid Resistant 97/112  86.61 31/57  54.39     0.597 (0.402 - 0.793)  

katG + inhA genes     1/57 1.78   

katG gene only     18/57 31.58  

inhA only     14/57 24.56 

Pyrazinamide Resistant 46/110 41.82       

ELIGIBLE FOR THE SHORTER 

REGIMEN 

Crit 1: 80 

Crit 2: 56 

Crit 3: 50 

71.42% 

50% 

44% 

      

* The denominators varies as not necessarily all 112 strains underwent the tests for all the drugs 

Criterion 1: eligible if NO resistance to fluoroquinolones AND injectables AND NO katG + inhA mutations 

Criterion 2: eligible as per Criterion 1 AND NO resistance to ethambutol  

Criterion 3: elegible as per Criterion 2 but NO katG mutation (see text for details) 



Impact (1) 

The cohort studies by Dick Menzies 



Impact 2 

 IPD (Dick Menzies’s cohort II) of 12,156 M/XDR-TB cases 

(effectiveness) and 13,641 for tolerability 

 Major source of evidence for ATS/ISDA/CDC/ERS guidelines 

and future WHO ones 

 Contribution of ERS TB Collaborative projects: 

- Carbapenems: 145/191 cases (75.9%)  

- Clofazimine: 149/790 cases (18.9%) for efficacy, all 1,485 for 

tolerability analysis 

- BQ: 140/411 cases (34.1%)  

- All Clofazimine data send to FDA for approval of TB indication 

 



Conclusions 
 After 40 years we have 2 new drugs 

 BQ and DLM seem to be effective and well tolerated 

 Under non-trial conditions BQ achieved 77% success!! With large 

regional differences 

 We need quality studies, also in programmatic conditions, in both adults 

and children 

 Important to monitor the QT interval and implement aDSM 

 Clofazimine: new evidence support is effectiveness and safety; FDA is 

evaluating to include the TB indication 

 Carbapenems: although expensive and needing parenteral 

administration, they can be useful 

 The ERS effort will continue with the aDSM project and the severe cases 



Thanks to the members of the ERS/ALAT and 

ERS/SBPT collaborative projects: this framework 

made possible to perform the studies presented  

 



Ευχαριστίες!! 

 

Thanks!! 

 


