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Discovery Timeline for TB Drugs: 

Isoniazid 
discovered 

Rifampin* 
discovered 

BCG Vaccine 
discovered  

1st antimycobacterial 
discovered 

(streptomycin) 

1921 

* Until bedaquiline, no new TB drugs with a new mechanism of 
action had been introduced since Rifampin 

1946 1952 1965 

Before antibiotics, TB was most often a death sentence 

• For drug-resistant TB there are few treatment options, and when left untreated or 
inadequately treated, the risk of spreading additional drug-resistant strains increases 
 

• Antibiotic resistance in healthcare settings is a significant threat to public health. By 
preventing antibiotic resistance in healthcare settings, transmission risk is reduced. 

2012 

Bedaquiline 
received U.S FDA 

accelerated 
approval 

2002 

Bedaquiline 
discovered 



Superiority Trial design thanks to unmet 
need 

Bedaquiline  

• BDQ inhibits ATP synthase, an enzyme 
essential for generation of energy in 
Mycobacterium TB, defining a new mode of 
action 

• Based on the huge unmet need, superiority 
“add on” design was feasible: The objective 
of C208 is to demonstrate superiority in 
antibacterial activity of 24 weeks of TMC207 
treatment compared to placebo in addition 
to a BR. A sample size of 75 subjects per 
group (i.e., a total of 150 subjects) achieves 
80% power to detect a difference of 22% in 
the6-month (24 weeks) conversion rates 
between the placebo group (50%) and the 
TMC207 group(72%) at a 5% level of 
significance (2-sided). 

 



How was the  20% Improvement in 
determined? 

1970: rifampin 
 First line regimen in DS-TB 

 2 month culture conversion 
Streptomycin + INH: 49 % 

Streptomycin + INH + rifampin:
 69 % 

 ∆= 20 % 

Rifampin revolutionized the  
treatment of DS-TB by  

shortening it from 18 to 9m. 

 



Significance of a  20% Improvement in 
Culture Conversion Rate? 

1970: rifampin 
 First line regimen in DS-TB 

 2 month culture conversion 
Streptomycin + INH: 49 % 

Streptomycin + INH + rifampin:
 69 % 

 ∆= 20 % 

2012: bedaquiline 
 Second line regimen in MDR-

TB 

 6 month culture conversion 
5-drug background + placebo: 58 % 
5-drug background + BDQ: 79% 

 ∆ = 21 % 

Rifampin revolutionized the  
treatment of DS-TB by  

shortening it from 18 to 9m. 

Bedaquiline could  
play a significant role 
in MDR-TB treatment. 



2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Non-clinical 

11 trials 

C202 
75 pts 

C208 Stage 1  
47 MDR-TB pts  

C209, 233 MDR, 
 pre-XDR, XDR-TB pts 

   Phase II  

   Phase I 

   Phase III  STREAM  

  

C208 Stage  2, 
160 MDR, pre-XDR-TB pts 

Bedaquiline Development Program 

2021 

Pediatric PK Study C211 

  EAP/CU/ATU  >800 patients 

Multi-country  
Registry  

    Phase IV 



Development activities (trials) with 
bedaquiline  



≥6 months 
treatment-free 

follow up 

• 160 adults with 
untreated smear-
positive MDR-TB 
 

• Randomised 1:1; 
stratified for site and 
lung cavitations 
 

• BDQ 400mg qd for 
14 days, then 200mg 
tiw 

96 weeks 24 weeks 

120-week 
analysis 

24-week 
evaluation 

24 weeks 96 weeks 

Post-investigational 
treatment phase 

Investigational 
treatment phase 

Last study visit 
120 weeks 

(30 months) 
18–24-month total MDR-TB treatment 

Placebo + BR BR only 

BR only BDQ + BR 

Objective: Demonstrate superiority of BDQ vs placebo at 24 weeks in the mITT population 

 

PhII: C208 Study Design 



PhII C208:  
Trial sites and patient recruitment (ITT population) 

Asia (N=10)  
India N = 5 
Philippines N=3 
Thailand  N=2 

Eastern Europe (N=13) 
Latvia N=6 
Russia N=7 

South America (N = 24) 
Brazil N = 4 
Peru N=20 

South Africa (N=52)  



Diacon A, et al. 44th IUATLD 2013. OP-176-02 

 Median time to culture conversion (mITT) = 83 days for bedaquiline 
versus 125 days for placebo 

 

BAS  4  8 12 16  20 24 
Time to culture conversion (week) 

0 

0.2 

0.4 

0.6 

0.8 

1.0 

Pr
op

or
tio

n 
of

 c
ul

tu
re

 p
os

iti
ve

 p
at

ie
nt

s 

50% 

Bedaquiline + BR 
(n=79) 
79% 

Placebo + BR 
(n=81) 
58% 

Secondary analysis:  
p=0.008 for the  

difference in proportion 

Superiority based on a surrogate marker:  PhII C208 Stage 
2: Significant reduction in time to conversion 

p-value from Cox proportional model adjusting for strata 
The intersection of horizontal dotted line and each treatment arm  
represents the median time to sputum conversion 

Primary analysis:  
p<0.001 for the  
difference in TtC 

Diacon AH, et al. N Engl J Med 2014;371:723–32   



Superiority based on traditional endpoints of TB: 
Increased cure rate: Outcome at study end (120 weeks; mITT) 

• Validation of the surrogate marker (24 w culture conversion) 
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(Missing=Treatment failure) 

*p=0.035 

WHO definitions1 

*p=0.003 
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• C209* included 233 adults with either newly or non-newly diagnosed confirmed 
smear-positive pulmonary MDR-TB disease, including pre-XDR- and XDR-TB 
 
 
 
 
 
 
 

 
 
 
 

Overall treatment phase 
18–24 month total MDR-TB treatment 

Open label 
Post-investigational 

treatment phase 

Last study visit 
120 weeks  

(30 months) 

24-weeks (primary efficacy endpoint) 

An adequate safety data-base: 
PhII C209: Single-arm, open-label, multicentre study 

2 weeks 2 weeks 24 weeks 96-week follow-up 
Screening 

(N=294) 
IBR + BDQ: 400mg qd for 14 

days, then 200mg tiw IBR alone 

*NCT00910871 

≥6 months 
treatment-free 

follow up 



PhII C209:  
Trial sites and patient recruitment (ITT population) 

Asia (N=84)  
China N=51 
Republic of Korea N=21 
Philippines N=5 
Thailand  N=7 

Eastern Europe (N=52) 
Ukraine N=13; Latvia N=12 
Russia N=12; Estonia N=8 
Turkey N=7 

Peru (N=18) 
South Africa (N=79)  



BAS  12 24 36  48  60 72 84  96 108  120  

Efficacy results consistent with C208 for surrogate and traditional 
endpoints; PhII C209: Time to culture conversion (MGIT) on BDQ (mITT final analysis) 
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79.5% culture converted at Week 241 

1. Haxaire M, et al. Int J Tuberc Lung Dis. 2011;14 Suppl 3:S58 
2. Pym et al, ERJ Express, Dec 2015; doi: 10.1183/13993003.00724-2015:   
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Study end (missing=failure) WHO classification 

Responders 148 (72%) Cure 125 (61%) 

 
Non responders Completed 3 (1%) 

• Failed to convert  15 (7%) Treatment failure 32 (16%) 

• Revert to positive    
  after converted 7 (3%) Transfer out/ 

default 31 (15%) 

• Discontinued but 
  converted  21 (10%) 

• Death 14 (7%) Death 14 (7%) 

 Week Time to culture conversion:  
57 days (median) 



FDA Approval (December 2012) 
EMA Approval (March 2014) 

http://www.2012annualreport.jnj.com/stories/a-breakthrough-possibly-a-beginning?autoplay=true


Impact of New Drugs under 
programmatic conditions and 
evolving Standard of Care 



Worldwide Exposure to BDQ 10/16:  12,455 patients in 74 
countries (c); >10,000 patients in 23 high MDR-TB burden c’s. 



South Africa:  
Commitment and  
Collaboration 

“…Treatment 
outcomes in 
Pre/XDR TB are 
now overtaking our 
outcomes in MDR-
TB: New Drugs are 
the top priority.” 



Bedaquiline RWE: Use in Hardest-to-Treat Patients 

Grania, Brigden, Hewison, Cathy,  Varaine, Francis, New developments in the treatment of drug-resistant 
tuberculosis: clinical utility of bedaquiline and delamanid, Doverpress, 30 October 2015 Volume 2015:8 
Pages 367—378 http://dx.doi.org/10.2147/IDR.S68351  
 

https://www.dovepress.com/infection-and-drug-resistance-archive28-v893
https://www.dovepress.com/new-developments-in-the-treatment-of-drug-resistant-tuberculosis-clini-peer-reviewed-fulltext-article-IDR


Evidence of Impact:  
Bedaquiline regimens near outcomes in Drug Sensitive TB* 

Grania, Brigden, Hewison, Cathy,  Varaine, Francis, New developments in the treatment of drug-resistant tuberculosis: 
clinical utility of bedaquiline and delamanid, Doverpress, 30 October 2015 Volume 2015:8 Pages 367—378 
http://dx.doi.org/10.2147/IDR.S68351  

* WHO Global Average: 48% 

https://www.dovepress.com/infection-and-drug-resistance-archive28-v893
https://www.dovepress.com/new-developments-in-the-treatment-of-drug-resistant-tuberculosis-clini-peer-reviewed-fulltext-article-IDR


Evolving SOC & Response by the 
field to the remaining unmet need: 
Treatment shortening/simplification 



Simpler Regimens 

Use courtesy of MSF 

https://www.youtube.com/watch?v=CSvLwb6ng5o


Simpler Regimens 

Use courtesy of MSF 



Bangladesh Regimen: A treatment reality 

Francophone African experience teaches us that policy guidance can be informed by 
operational research done by NTP’s in a manner that is faster, more efficient, and 
cheaper than doing clinical trials. 

http://www.medicalbrief.co.za/archives/nine-month-regimen-successful-in-
treating-mdr-tb-francophone-africa-study/ 



2016 Policy Updates 

9-month  
treatment regimen 

9-country 
Observational Study 

>80%  
cure rates 

New SOC in MDR 
(excl: Pre/XDR) 

Bangladesh 
(5/12/16)  

Guidelines 

~2000 pills 



US Government:  
A Call to Action 



US Government:  
A Call to Action 
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The field is running with shortened simplifed 
regimens– An Overview of Key Regimens in 
Development 

• Bedaquiline for MDR-TB: (END TB programmatic use: PIH/MSF) 
• Delamanid for MDR-TB:  (END TB programmatic use: PIH/MSF; Phase III Otsuka) 
• Bedaquiline + Delamanid for Pre-XDR/MDR (NIH) 
• Pretomanid-Bedaquiline-[oxazolidinone] for XDR-TB (TBA, NiXTB) 
• Delamanid-Bedaquiline-LZD/CFZ/ other: MDR 9m (END-TB:   PIH/MSF) 
• Pretomanid-Bedaquiline-LZD/CFZ/other: MDR 6 m (MSF TB : Practecal) 
• Bedaquiline–LZD/PZA/LEV/ETOH/-INH for 6-9 m v- SOC w/injectable for 24 m 

(NeXT Study, South Africa) 
• Bedaquiline + Delamanid for Pre-XDR/XDR 6m (USAID) 

 

 



For the treatment of those diagnosed, we are using new drugs such as Bedaquiline 
and we plan to introduce the shorter MDR-TB regimens in January 2017. [U1]   
  
Even if we have these new medicines, we must continue to push for better, shorter, 
less toxic MDR-TB regimens through targeted research. Our programme, in 
collaboration with U.S. Agency for International Development (USAID) will 
evaluate the efficacy, safety and tolerability of a six-month regimen (a combination 
of Bedaquiline and Delamanid with one to two other TB medicines) especially for 
patients with drug resistance to isoniazid, rifampicin and a quinolone. If 
successful, this could have a major impact on the MDR TB epidemic globally.  
 



Challenge: 

• With the approval of new drugs 
establishing high cure rates in MDR-TB 

• Regimen optimization with new drugs 
being undertaken by the field 
• Continued research is needed for an 

ultra short, simple, safe universal 
regimen 
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