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DRUG PRODUCT NAME 
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(cyclohexylcarbonyl) 1,2,3,6,7,11b-hexahydro-4H-pyrazino [2, 1-a] isoquinolin-4-one 
 
Chemical Structure 
 
 
 
 
 
 
 
 
 

 

Molecular Formula: C32H31BrN2O2                Molecular Formula: C32H31BrN2.O2C4H4O4 
Molecular weight: 555.50 Da.                         Molecular weight: 671.58 (555.50 ++116.07) Da. 
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PROPOSED INDICATION  
Multi- Drug Resistant Pulmonary Tuberculosis 
 
PROPOSED DOSAGE FORM, STRENGTH, ROUTE OF ADMINISTRATION  
AND DURATION OF TREATMENT 
Dosage form: Tablets 
Route of Administration: Oral 
Dosage: Dosing regimen (400 mg once daily [q.d.] for the first 2 weeks and 200 mg 3 times 

weekly [t.i.w.] for the following 22 weeks). 
Strength:  100 mg 
Duration of treatment: 24 weeks 
 
DISPENSED 
Rx. 
 
RELATED DOCUMENTS 
IND #: 69600 
 
REMARKS 
The applicant has performed indepth studies to elucidate the mechanism of action. The 
applicant has investigated and confirmed the proposed mechanism with supporting studies. The 
antibiotic ATP synthase target is also present in eukaryotic cells therefore the applicant tested 
the effect of bedaquiline on the human mitochondria.  The results showed that bedaquiline had 
a > 20,000-fold lower affinity for human tissue than it had on bacterial cells. 
 
One of the major problems in the treatment of tuberculosis is poor compliance because of  the 
long duration. Studies have shown that bedaquiline shortens the treatment period and will 
thereby help to alleviate one of the big drawbacks to successful treatment in more individuals. 
Therapy for tuberculosis is performed using combinations of drugs. The applicant tested 
bedaquiline with currently used regimens as well as new drugs such as PA-824 which may be 
included in treatment regimens in the future. No cross-resistance was found with other drugs  
 
The mechanism of resistance was investigated and the primary mechanism of resistance was 
found to be mutation in the atpE gene. Additionally, the applicant also investigated other 
putative mechanisms that are likely to be responsible for an increase in the minimum inhibitory 
concentration.  
 
The identification of isolates was systematic. The applicant used more than one method to 
isolate and identify the bacterial isolate. The tests were accompanied by appropriate quality 
control which provided a significant level of assurance of accuracy. The applicant utilized a 
variety of methods both classical and molecular that achieved a high level of identification. 
Identification tests also cover the types of tests that will be employed in both the industrialized 
and developing countries. This is very important since most MDR-TB is found in the poorer 
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countries. The methods employed for susceptibility testing offered flexibility as well as 
accuracy.   
Tests also showed that bedaquiline was active against strains resistant to many important anti-
mycobacterium drugs such as rifampin and isoniazid.  
Overall the microbiology aspects of this study appeared scientific, thorough,  methodological 
and accurate. From the clinical microbiology perspective, this NDA submission may be 
approved provided the applicant makes the changes in the microbiology subsection of the 
proposed label recommended by the Agency and included in section 10.  
 
EXECUTIVE SUMMARY  
 
Bedaquiline (TMC207, R207190), is a new anti-tuberculosis drug for the treatment of multi-
drug resistant tuberculosis.  This section summarizes the microbiological findings from human 
and animal studies. 
 
Mechanism of Action 
The mechanism of action of bedaquiline, a diarylquinoline, is different from that of other anti-
mycobacterium agents. The applicant has submitted a number of studies that support the 
mechanism of action which show that bedaquiline binds to ATP (adenosine 5'-triphosphate)-
synthase 3 and inhibits the production of energy in mycobacterium cells, as a result the 
bacterial cells die. Bedaquiline, in vitro, inhibits both actively replicating and non-replicating 
sensitive and resistant Mycobacterium tuberculosis. One study showed that bedaquiline killed 
dormant cells found in latent tuberculosis even though there is low cellular ATP level during 
dormancy.  
 
N-monodesmethylmetabolite (M2) is the main circulating metabolite of bedaquiline. This 
metabolite is at least 4 to 6 times less active against M. tuberculosis than the parent compound.  
Studies have shown that bedaquiline may have inhibitory activity against other species in the 
genus Mycobacterium. However, the drug appears to have a narrow spectrum of activity and 
appears to be specific for Mycobacterium species. Tests of efficacy involving other selected 
gram-positive and gram-negative bacteria showed a lack of inhibition even to large doses of 
this drug. 
 
The safety of bedaquiline for humans was demonstrated by Haagsma et al., (2009) in ovarian 
cancer cells using M. smegmatis mc2 155.  The authors showed that bedaquiline has > 20,000-
fold lower affinity for human mitochondrial ATP synthase than it has for the mycobacterium 
ATP synthase. The IC50 for mycobacterium strains was 0.01 µM and the IC50 for the human 
cancer cells was >200 µM. 
 
Mechanism of Resistance 
The results of studies suggest a potential for development of resistance and particularly at low 
concentrations of bedaquiline. The main resistance mechanism is due to mutations in the atpE 
gene. Recent studies have shown that major resistance is caused by substitutions in at least six 
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Methods for Isolation, Identification and Susceptibility Testing 
Several methods were used for the isolation, identification and susceptibility testing of M. 
tuberculosis from sputum samples. These included:  

 Two methods for microscopy 
 Two methods for culture  
 A number of identification tests 
 Three primary methods for susceptibility testing.  Susceptibility test screening 

for MDR-TB was performed using the MTBDR plus test (Hain).  
 

The primary methods of susceptibility testing employed in this study were the agar method 
using Middlebrook 7H11, the BACTEC 460 radiometric and BACTEC MGIT 960 methods 
and the Reasurin Microtiter Assay (REMA). Growth was obtained faster in liquid media than 
on solid agar medium. The sensitivity and specificity of the majority of the methods for 
isolation, identification and susceptibility testing ranged from 84 to 100%. Quality control was 
included for all testing.. The quality control bacteria were M. tuberculosis H37Rv a pan 
susceptible strain and the mutated BK12 that is resistant to bedaquiline.   
 
The accepted treatment protocol for mycobacterium infections is the use of multiple drugs. It is 
therefore important to examine the interactions between the drugs for efficacy. There was 
indifference in MIC for M. tuberculosis H37Rv when bedaquiline was combined with rifampin 
alone. However, in a three drug combination with bedaquiline, SQ109 and rifampin at Day 1 a 
decrease of > 90% in metabolic activity was achieved by 4 X and 8 X bedaquiline MIC for the 
same bacterium.  The bacterial count was 0.003% of the initial inoculum by the end of Day 2. 
Killing occurred in Day 1 even in the combination with 2 X MIC of bedaquiline. Overall as 
shown in Table 2 most combinations containing bedaquiline were significantly (p = 0.05) more 
effective than those without this drug. In this study regimens with INH and RIF that included 
bedaquiline resulted in lung and spleen negativity within 2 months. There was no antagonistic 
effect with any of the drugs. The combination of bedaquiline with  moxifloxacin and isoniazid 
appears less effective than other combinations.  
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1.0 INTRODUCTION 
The subject of this New Drug Application (NDA) is bedaquiline (TMC207, R207190) a new 
anti-tuberculosis drug for the treatment of multi-drug resistant tuberculosis (MDR-TB). 
Bedaquiline is oxidatively metabolized to an N-monodesmethyl metabolite (M2) that is also 
active against Mycobacterium tuberculosis but to a lesser degree then the parent compound 
bedaquiline. Bedaquiline is used in conjunction with at least three other anti-tuberculosis drugs 
to which M. tuberculosis isolate is susceptible.  
 
Bedaquiline is a diarylquinoline that binds to ATP (adenosine 5'-triphosphate)-synthase 3 and 
inhibits the production of energy in Mycobacterium cells which results in the death of the 
bacteria.. The activity of bedaquiline in vitro, inhibits both actively replicating and non-
replicating susceptible and resistant M. tuberculosis. 
 
In January 2005 TMC was granted orphan-drug designation. It was granted fast-track 
designation on April 2011. 
 
M. tuberculosis is an acid–fast bacterium that is the causative agent of 
tuberculosis (TB) in humans. It is a highly communicable airborne disease. With the advent of 
HIV infection with mycobacteria has increased in both poor nations and industrialized 
countries.1 The World Health Organization (WHO) estimated that there were approximately 
8.7 million new tuberculosis (TB) cases worldwide in 2011 up from 8.3 million new cases in 
2000.  The World Health Organization also estimated that in 2011 there were approximately 
1.4 million deaths from tuberculosis with about 1 million in  HIV negative individuals. 
Additionally, there were approximately 60,000 cases of multi-drug resistant tuberculosis 
(MDR-TB) worldwide2. The prevalence of TB in the USA in 2010 was 11,181. There were 
less than 100 cases of MDR-TB  in the USA in 2011 (CDC)3. 
 
The recommended tuberculosis treatment schedule is 2 months of isoniazid, rifampin, 
ethambutol and pyrazinamide followed by 4 to 7 months of isoniazid and rifampin. 
Effective as this widely accepted treatment regimen has been it has some significant 
drawbacks (86% successful treatment in 2008). It has been found to be too slow to 
manage the TB epidemic, expensive for direct observation therapy (DOT) and inconvenient for 
the patient to use.  Consequently, there is a high rate of patient non-compliance. The outcome 
of non-compliance is increased death rates and the emergence of multi-drug resistant-TB 

 
1 Corbett, et al. 2003. The Growing Burden of Tuberculosis: Global Trends and Interactions With the 
HIV Epidemic. Arch. Int. Med. 163: 1009-1021. 

 
2  World Health Organization. Global Tuberculosis Report 2012. 
  
3 Centers for disease Control,  Decrease in Reported Tuberculosis Cases MMWR 2010; 59 (No.10);                     
  289-294 October 25, 2010 
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(MDR-TB). MDR-TB is defined as infection with an isolate of M. tuberculosis that is resistant 
to isoniazid (INH) and rifampin (RIF)/rifampicin (RMP), the two most important drugs used to 
treat drug-susceptible TB. The MDR-TB isolates may also demonstrate resistance to other 
first-line anti-TB drugs, such as pyrazinamide (PZA), ethambutol (EMB), and streptomycin 
(SM). Resistance to important drugs such as INH and RMP leads to longer durations of 
combination therapy with a variety of other agents which are less effective and which have 
significant toxicities. MDR-TB-infected subjects are currently treated with at least 5 second-
line TB drugs for an extended period of time, lasting up to 2 years. Furthermore, extensively 
drug-resistant TB (XDR-TB), i.e. MDR-TB with additional resistance to aminoglycosides or 
capreomycin and fluoroquinolones (the two most important classes of second-line TB drugs), 
has recently emerged as a public health threat. Classical or standard treatment for MDR-TB is 
usually divided into two treatment phases, a 4 to 6-month intensive phase in which an 
injectable aminoglycoside is administered along with three or four other (second-line) drugs, 
including a fluoroquinolone. This is followed by a continuation phase without an 
aminoglycoside to achieve a total therapy (intensive and continuation phase) of 18 to 24 
months. The continuation period may be shortened if 12 months of treatment is given after 
documentation of sputum culture conversion from positive to negative. Inclusion of 
bedaquiline in a treatment regimen is expected to shorten the treatment schedule. 
 
2.0 NON-CLINICAL INFORMATION 
In non-clinical studies bedaquiline has been used in 2 forms the free base (R207910 or JNJ-
16175328-AAA) or as the fumarate salt (R403323 or JNJ-16175328- AEP). Throughout this 
document, these forms are referred to as (i) bedaquiline, which was used in the early stages of 
development of the drug and (ii) bedaquiline-fumarate used in the later phases. The major 
metabolite M2 (= R405786 or JNJ-28325583-AAA), was dosed and/or measured in several in 
vivo studies and evaluated in a few in vitro studies 
 
2.1 ANTIMICROBIAL SPECTRUM OF ACTIVITY 
Studies have shown that bedaquiline may be effective in the treatment of infections by M. 
tuberculosis, M. leprae, M. ulcerans, M. avium complex, M. kansasii, M. fortuitum and M. 
abscessus4. Andries et al. studied the activity of bedaquiline against various strains of M. 
tuberculosis and other species of mycobacteria. Oleic acid albumin dextrose catalase (OADC)-
enriched Middlebrook 7H11 agar containing 2-fold dilutions of bedaquiline was used. The agar 
plates were inoculated with 104 to 105 colony forming units (CFU)/mL of the test 
mycobacterium and incubated at 300C or 370C for 3 to 42 days (depending on the 
Mycobacterium species). The minimum inhibitory concentration (MIC) defined as the lowest 
concentration of drug that inhibited 99% growth was measured. The MICs for the reference 
strain, M. tuberculosis H37Rv, and 6 susceptible clinical isolates were ≤ 0.120 mcg/mL. The in 
vitro activity of bedaquiline against isolates resistant to isoniazid, rifampin, streptomycin, 
ethambutol, pyrazinamide or moxifloxacin was similar to that against susceptible isolates 

 
4Andries, et al. 2005.  A diarylquinoline drug active on the ATP synthase of M. tuberculosis. Science.         
 307: 223-227. 
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2.1.2 Activity of metabolites 
N-momodesmethylmetabolite (M2) is the main circulating metabolite of  bedaquiline. M2 was 
tested in an agar medium to compare its activity with that of the parent compound. The strain 
H37Rv at approximately 100 CFU/mL was tested on 7H10 agar supplemented with OADC and 
in 7H9 broth. The concentrations of drug tested in the agar medium were 0.006 mcg/mL to 1.0 
mcg/mL for both bedaquiline and M2. For the 7H9 broth bedaquiline was tested at a 
concentration of 0.0075 mcg/mL to 0.12 mcg/mL and M2 at a concentration of 0.009 mcg/mL 
to 0.6 mcg/mL. The MIC in agar was measured in duplicate. The MIC of M2, was 0.1 mcg/mL 
when measured in both 7H10 agar and 7H9 broth media. The MIC for bedaquiline was 0.025 
mcg/mL and 0.020 mcg/mL when measured in agar and 0.015 mcg/mL when measured in 7H9 
broth. This indicates that M2 is approximately 4 to 6 times less active than the parent 
compound.  Another metabolite N-didesmethyl (M3) has a MIC of 5.6 mcg/mL in both agar 
and liquid media against H37Rv that is 93 to 280 times higher than the parent compound 
bedaquiline. 

 
2.2 MECHANISM(S) OF ACTION 
The mechanism by which bedaquiline exhibits anti-mycobacterium activity was investigated 
by Andries et al., 2005. In this study, the genomes of bedaquiline (TM207) resistant M. 
tuberculosis strain BK12 and M. smegmatis strains R09 and R10 were sequenced and 
compared to their respective parent susceptible strains. A point mutation was identified at 
amino acid position 63 (alanine to proline change) of the F0 subunit of ATP synthase protein 
encoded by the atpE gene in the M. tuberculosis resistant strain BK12 (Figure 1A). Similarly, a 
point mutation was identified at amino acid position 32 (aspartic acid to valine) in the resistant 
M. smegmatis strains R09 and R10 (Figure 1B). These finding suggest that bedaquiline inhibits 
mycobacterium ATP synthase – the enzyme that is responsible for the production of ATP by 
oxidative phosphorylation. It inhibits the enzyme by binding to the subunit c of the enzyme5. 
Subunit c of ATP synthase is responsible for the flow of protons (H+ or Na++) from the 
intercristae region in mitochondria and the periplasmic space in bacteria to the mitochondrial 
matrix and the bacterial cytoplasm, respectively6. When wild type M. smegmatis was 
transformed with constructs containing the mutant atpE gene, the bedaquiline MIC increased 
by 1000-fold confirming the finding that mycobacterium ATP synthase is the target (Table 3). 
Analysis of bedaquiline mutants of M. tuberculosis and M. smegmatis showed that there were 
no mutations in the DNA gyrase regions gyrA and gyrB, sequences in which quinolone 
resistance develops (data not shown). This suggests that the mechanisms of action of 
bedaquiline and quinolones against Mycobacterium spp. are different and that cross-reaction is 
unlikely to occur. 

 
5 Koul et al.2007. Diarylquinolines target subunit c of mycobacterial ATP synthase. Nat Chem Biol. 3                   
  (6): 323-324. 
6 Fillingame, R. and O. Y. Dmitriev. 2002. Structural model of the transmembrane 

     F0 rotary sector of H_-transporting ATP synthase derived by solution NMR and intersubunit cross-          
     linking in situ. Biochim. Biophys. Acta 1565:232–245. 
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Table 3: Complementation studies of  bedaquiline with  

               Mycobacterium smegmatis 

 
                                  Source: Table NDA 204384 

 
Koul et al., (2007) in an effort to confirm that bedaquiline (R207910) interferes with bacterial 
metabolism related to the ATP synthase enzyme, measured the cellular ATP in wild-type M. 
tuberculosis.  It was found that during exposure of bedaquiline susceptible bacteria there is 
over-expression of genes that encode ATP synthase leading to a decrease in susceptibility to 
bedaquiline. The atpE genes from a bedaquiline resistant mutant led to a increase >100-fold 
increase in the MIC90 in M. smegmatis whereas over-expression of the wild-type subunit c 
control did not lead to a change in MIC90.  It was found that there was a dose dependent 
decrease in ATP (Figure 2). The positive control ATP synthase inhibitor 
dicyclohexylcarbodiimide (DCCD) totally blocked the production of ATP while the negative 
controls isoniazid and rifampin had no effect on the production of ATP.    
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defined as 90% of aerobic growth killed (using CFU counts) after 5 days of treatment. The 
results showed that 90% of the dormant bacteria were killed after 5 days of treatment.   
 
The cells were driven to dormancy using oxygen deprivation by three methods:  
(1) gradual depletion of oxygen for 18 days in tightly sealed and stirred tubes.  
(2) drastic depletion of oxygen as in an anaerobic chamber for 7 days  
(3) nitric oxide treatment 150 µM of a NO donor (diethylenetriamine/nitric oxide (DETA/NO) 
for 2 hours.  
 
The cells were then grown in the presence of either 0.1 mcg/mL or 10 mcg/mL bedaquiline. 
RNA was extracted from dormant as well as aerobically grown M. tuberculosis cells and the 
total cellular and ATP synthesis activity was measured from both types of cells.  Figure 3 
shows the effect of 10 mcg/mL bedaquiline in wild type dormant cells and bedaquiline -
resistant strain of M. tuberculosis BK12.  Dicyclohexylcarbodiimide (DCCD) a nonspecific 
ATP synthase inhibitor showed a drastic killing effect.  In Figure 3A, 10 mcg/mL bedaquiline 
caused a 1.8-log10 reduction in dormant cells, in Figure 3B there was a 2-log10 reduction.  In 
Figure 3C where the bacteria were subjected to drastic oxygen reduction there was a CFU 
reduction of 1.3-log10 . There was no reduction when the cells are treated with 0.1 mcg/mL 
bedaquiline8 .   
 
Figure 3: Effect of bedaquiline on wild type and resistant BK12 M. tuberculosis strains grown under oxygen 
depletion or nitric oxide stress 

Source: Koul et al. 2008. 

 
                                                                                                                                                                                        

  
8 Koul, et al. 2008. Diarylquinolines are bactericidal for dormant mycobacteria as a result of disturbed 
ATP homeostasis. J. Biol. Chem. 283:25273–25280 
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A susceptibility study by Huitric et al. (2007) tested 85 isolates of Mycobacterium species 44 
of which were MDR-TB isolates (one was identified as extensively drug resistant (XDR), 41 
were drug susceptible (DS) M. tuberculosis isolates; 22 M. avium and 28 from other non-
tuberculous mycobacterium (NTM) isolates against bedaquiline. The MIC was defined as the 
first concentration at which no bacterial growth was visible. Table 4 shows the MIC of M. 
tuberculosis from three studies - Hutric et al. 2007, Andries et al., 2005 and study C209. The 
MIC of the 109 susceptible and drug resistant strains of M. tuberculosis range from ≤ 0.008 
mcg/mL to 0.012 mcg/mL. Table 5 shows the MIC50 and MIC90 against the M. tuberculosis 
and NTM isolates. The MIC50 and MIC90 of the susceptible and MDR were 0.03 mcg/mL and 
0.06 mcg/mL, respectively. The single XDR-TB isolate had a MIC50 and MIC90 of 0.03 
mcg/mL and 0.06 mcg/mL, respectively. Bedaquiline showed strong inhibitory activity against 
8/20 NTM species with MICs ≤ 0.03 mcg/mL. Figure 6 shows the MIC distribution of the 
isolates. 
 
  Table 4: In vitro activity of bedaquiline against 109 strains of M. tuberculosis 

Bedaquiline MIC mcg/mL M. tuberculosis  Bacterium 
Resistance subtypes 

No. of 
strains MIC Range MIC50 MIC90 MIC95 

M. tuberculosis 
 
 
NDA submission 

DS-TB 
MDR-TB 
All 

65 
44 
109 

≤ 0.008-0.012 
≤ 0.008-0.012 
≤ 0.008-0.012 

0.03 
0.03 
0.03 
 
 

0.06 
0.06 
0.06 
 
 

0.06 
0.06 
0.06 
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        Figure 6: The MIC Distribution of 132  
        Bedaquiline-susceptible Mycobacterium strains 

Comparison of the protein sequence of the atpE gene of Mycobacterium strains susceptible and 
resistant to bedaquiline showed mutations in the gene that could have possibly resulted in drug 
resistance. In one case an amino acid mutation - arginine in the sensitive strains was replaced 
by valine in the resistant strain. 
 
2.2.3 Effect of bedaquiline on ATP production in human cells 
The safety of bedaquiline for humans was demonstrated by Haagsma et al., (2009) in ovarian 
cancer cells from cell line OVCAR3 and M. smegmatis mc2 155.  The authors showed that 
bedaquiline has a  > 20,000-fold lower affinity for human mitochondrial ATP synthase than it 
has for the mycobacterium ATP synthase. Activity of bedaquiline was detected only in high  
concentrations (200 µM) of the drug where there was a 35% inhibition of ATP production.  
Greater than 90% inhibition of ATP in human cells was noted in two non-selective ATP 
synthase inhibitors N,N -dicyclohexyl-carbodiimide (DCCD: 5 µM for humans, 100 µM for M. 
smegmatis) and oligomycin (1 µM) that were used as controls that inhibited ATP synthesis. 
When the effect of bedaquiline was tested on M. smegmatis ATP synthesis was inhibited by 
nanomolar concentrations of bedaquiline, complete inhibition of M. smegmatis was achieved 
by 100 nM of bedaquiline. Figures 7A and 7B show the effect of bedaquiline on human and 
Mycobacterium cells. The ATP synthesis in the mitochondria of human cancer cells that was 
inhibited in the presence of 0.1 µM of bedaquiline was very little and showed a 35% increase 
in 200 µM of bedaquiline whereas in the presence of 0.0025 µM of bedaquiline there was > 
10% inhibition of ATP synthesis. The IC50 for mycobacterium strains was 0.01 µM and the 
IC50 for the human cancer cells was >200 µM.  
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quantify the proportion of resistant mutants arising by comparison with rifampin and to assess 
the cross-resistance pattern (Andries et al., 2005). Different inocula (108, 109, and 1010 
CFU/mL) of M. smegmatis mc2155 and M. tuberculosis H37Rv strains were used to inoculate 
brain heart infusion and Middlebrook 7H11 broth containing 10% OADC. The bedaquiline 
MICs for M. smegmatis and M. tuberculosis were 0.003 mcg/mL and 0.03 mcg/mL, 
respectively. The rifampin MIC for M. smegmatis and M. tuberculosis was 0.5 mcg/mL. 
Concentrations of bedaquiline and rifampin equivalent to 2 X, 4 X, 8 X and 16 X MIC were 
used for selection and quantitation of resistant mutants. The proportions of bedaquiline 
resistant mutants were comparable to those of rifampin-resistant M. tuberculosis mutants that 
emerged (10–7 to 10–8 ).  The authors have stated that the susceptibility of bedaquiline-resistant 
M. tuberculosis strains remained unchanged relative to other anti-TB agents10. At 4 X MIC 
(0.12 mcg/mL) the mutation rate for M. tuberculosis was 5 x 10-7 and at 8 X MIC ( 0.24 
mcg/mL) the mutation rate was 5 x 10-8.  The applicant also stated that there were no mutations 
in gyrA and gyrB regions where quinolone resistance usually develops.  
 
It was determined that resistance was due to mutations in this gene but that the rate of mutation 
decreased as the concentrations of bedaquiline increased. From the sequences of 53/97 of the 
resistance mutants, the atpE gene showed five single point mutations. The mutations came 
from substitutions of five different amino acids: Asp28 →Val, Ala63 →Pro, Ile66 →Met, 
Asp28 →Pro, or Glu61→Asp. Table 6 shows the resistance patterns of mycobacterium treated 
with bedaquiline (R207910). Overall, the results suggest a potential for development of 
resistance. One explanation for the reduction in mutations as the concentration of the antibiotic 
increased is that the drug activity is concentration dependent. Thus at lower concentrations the 
antibiotic tended to be more bacteriostatic allowing the bacilli to live long enough to mutate 
whereas the higher concentrations of the drug killed the bacteria before there is time to mutate. 
 

 
10 Andries, et al. 2005.  A diarylquinoline drug active on the ATP synthase of M. tuberculosis. Science.         
 307: 223-227. 
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DaSilva et al., (2011) reviewed the information on mycobacterium efflux pumps.  He found the 
LfrA efflux pumps in M. smegmatis, the TetV against tetracycline and the Tap that affect 
aminoglycosides. M. smegmatis was generally used as a model in the reported studies.  
 
Guilfoile and Hitchinson (1991) found that when the gene cluster drrl\-drrB-drrC was over 
expressed in M. smegmatis it exported many clinically relevant antibiotics. Braibant et al., 
(2000) identified at least 12 putative genes in M. tuberculosis that encoded ABC transporters. 
Braibant et al., (2000) found that in the M. tuberculosis genome there were at least 45  
nucleotide binding domains (NBDs) in 44 different proteins, 45 membrane-spanning domains 
(MSDs) in 44 different proteins and 15 substrate binding proteins (SBPs) parts of ABC 
transporters which they tried to assemble by gene fusion and phylogenetic trees into ABC 
transporters. Twenty-six ABC transporters were reconstructed by the authors in M. 
tuberculosis among them were also found 6 antibiotic transporters, 4 of which were exporters 
similar to many of the already identified antibiotic resistance systems. Therefore efflux pumps 
are a possible means of M. tuberculosis resistance to bedaquiline. 
 
2.3.3 Cross-resistance 
 Andries at al. (2005), evaluated cross-resistance. Bedaquiline showed similar in vitro activity 
against M. tuberculosis clinical isolates resistant to the known anti-TB drugs (isoniazid, 
rifampin, streptomycin, ethambutol, pyrazinamide, or fluoroquinolones) as well as MDR-TB 
strains thereby suggesting no cross-resistance. 
In another study to investigate cross-resistance between bedaquiline and other TB drugs. The 
researchers measured and compared the MICs of H37Rv and the resistant mutant BK12 to a 
group of anti-tuberculosis drugs. The drugs were isoniazid, rifampin, ethambutol, 
streptomycin, PA-824, amikacin, moxifloxacin. The results show that the MICs against BK12, 
the mutant strain, to bedaquiline were similar to those obtained with H37Rv, the susceptible 
strain, for isoniazid, streptomycin and moxifloxacin. The MIC was a two-fold dilution lower in 
the case of rifampin, and a two-fold dilution higher for PA-824, ethambutol and amikacin i.e.  
essentially similar, because a dilution difference can represent a difference in technique, 
indicating no cross-reactivity.  Table 9 shows these results.  
 

Table 9: Comparison of the MICs of different antibiotics that tnhibited 99% of 
 the growth of the Bedaquiline-resistant and susceptible mutant  

 
                  Source Table : NDA 204384 
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2.4 NONCLINICAL PHARMACOKINETICS/PHARMACODYNAMICS 
 
2.4.1 Human Pharmacokinetics 
This summary of pharmacokinetics was extracted from the section of the background 
document prepared by Dr. Dakshina Chilukuri, Clinical Pharmacology. The clinical 
pharmacology program consisted of 16 trials that evaluated the PK, drug interactions and 
PK/PD of bedaquiline. Pharmacokinetic parameters of bedaquiline are summarized in Table 10 
(Table 1 of the clinical pharmacology document) for healthy volunteers.  
 
 
Table 10: Pharmacokinetic parameters of bedaquiline in healthy volunteers  

PK Property PK Parameter 

Dose-proportionality PK dose-proportional for doses 10 – 700 mg 
Tmax (median) ~5 hr 

t1/2 term ~ 4-5 months 
Absorption 

Food Effect 
High fat meal increased Cmax and AUC 
by 2-fold. 

Distribution Protein Binding > 99% 
Metabolism Pathways Metabolized to M2 and M3 by CYP3A4. 
Excretion Fecal excretion is the major route of elimination.  

Source Table. Chilukuri. FDA  

 
Absorption:  The exposure to bedaquiline increases approximately 2-fold when administered 
under fed conditions. Bedaquiline is recommended to be administered with food to ensure 
optimal absorption and exposure. The effect of food on exposure of bedaquiline was 
determined based on a standard meal as opposed to the high fat meal that is usually 
recommended per the FDA guidance. 
 
Distribution:  After reaching Cmax, bedaquiline concentrations decline tri-exponentially with a 
long terminal half-life (t1/2, term) of approximately 4-5 months; however, the effective half-life 
of bedaquiline is approximately 24-30 hours, based on the approximately 2-fold accumulation 
after 2 weeks of q.d. dosing. Bedaquiline is highly protein bound (>99%) in human plasma. 
The apparent volume of distribution of bedaquiline in the central compartment was estimated 
to be around 164 L. The apparent volume of distribution in the peripheral compartments was 
estimated to be around 178 L, 3010 L and 7350 L indicating that bedaquiline is extensively 
distributed in the body. 
 
2.5 ANIMAL STUDIES 
 
2.5.1 In vivo Activity of Bedaquiline in Animal Models 
The in vivo activity of bedaquiline was measured using two murine (non-established/acute and 
established) models. 
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After two weeks of infection, the mice were randomized into 21 groups – 5 monotherapy with 
each of the drugs listed above, 8 groups of two-drug combination - RIF-INH, RIF-PZA, INH- 
PZA, RIF-MXF, R207910-RIF, R207910-INH, R207910Z-PZA or R207910-MXF), and 7 
groups of three combinations - RIF-INH-PZA, RIF-MXF-PZA, R207910-INH-RIF, R207910-
MXF-RIF, R207910-INHPZA, R207910-RIF-PZA, or R207910-MXF-PZA. The negative 
control group comprised 40 untreated mice. The test mice were treated by oral gavage for 2 
months.   
The doses of the drugs used were chosen to result in AUCs similar to those achieved in 
humans. Therefore the animals were treated with the following doses by body weight R207910 
= 25 mg/kg, RIF = 10 mg/kg; PZA =150 mg/kg; MXF = 100 mg/kg; and INH =25 mg/kg.  
The mice surviving to the end of treatment were euthanized.   
Efficacy was assessed by the killing of mice at various time-points during the study cycle to 
assess the severity of infection. Severity of infection was assessed by the survival rate, weight 
of the spleen, the gross lesions in the lung and the number of CFU/mL in the lungs.  Ten 
control mice were sacrificed at Day1 after infection, 20 at Day 14.  From each treatment group 
10 mice were sacrificed 1 and 2 months after treatment initiation. 
The results show that all untreated mice died between 5 and 35 days after infection. Tables 14, 
15 and 16 show the results of treatment with 1, 2 and 3 drugs after 5 days of treatment.  The 
data show that 20% of the mice treated with bedaquiline (R207910 = J) survived to 2 months 
whereas none of the mice treated with other monotherapy survived. There was no decrease in 
bacterial count of the mice treated with INH and PZA. Treatment with two drugs resulted in 
100% survival in mice treated with a combination of bedaquiline (J) and PZA and at least 70% 
of the mice treated with the three-drug combination that included bedaquiline (J) survived. The 
activity decreased when bedaquiline (J) and PZA were combined with MXF, RIF and INH 
separately.  
The results indicate that bedaquiline was effective in eliminating M. tuberculosis from Swiss 
mice. They also indicated that the bactericidal effect of INH was similar to that of MXF when 
either was added to the combination of bedaquiline and PZA. INH and RIF are limited in TB 
treatment because of development of resistance, toxicity, hypersensitivity, and/or drug-drug 
interactions. 
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        Figure 13: The bactericidal action of bedaquiline on            Figure 14: The bactericidal action of bedaquiline      
        on Extracellular cultures of M. tuberculosis                          cultures of M. tuberculosis in J774 cells     
        

Sporce Figure : Dhillon et al.2010 
 

Figure 15: The bactericidal action of bedaquiline on cultures of M. tuberculosis in mouse peritoneal macrophages                            

 
  Source Figure : Dhillon et al.2010 

 
The bactericidal activity of bedaquiline on extracellular bacteria was slow and showed no 
difference between the concentration of 0.006 mcg/mL to 0.12 mcg/mL in which growth was 
found and the bactericidal concentrations of 0.25 to 32 mcg/mL until 21 days of treatment. 
With the J774 cells and the primary mouse peritoneal macrophages the bactericidal effect was 
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                                Table 20: Survival of mice treated with various antimycobacterial drugs in  
                                different treatment groups. 

® = Rifampin 10 mg/kg; (H) = Isoniazid 25 mg/kg. Source Table : Ibrahim et al. 2007 

 
 

The mean spleen weight of infected mice increased from 149 ± 21 mg to 524 ± 98 mg during 
the first 2 weeks of infection. At one month of treatment with bedaquiline (R207910),   
rifampin, isoniazid, moxifloxacin or pyrazinamide, the mean spleen weights decreased from 
524 mg to 350 mg. No further reduction in spleen weights was noted at the end of 2 months of 
treatment. All mice had massive gross (++) lung lesions at 2 weeks of infection. The authors 
have stated that there was a reduction of lesions after one month of therapy with the different 
treatment regimens but the data on lung lesion scores for the different treatment regimens were 
not included. The mean CFU count in the lungs was 7.2 log10 at 2 weeks of infection. At the 
end of two months of therapy, the bacterial burden in the lungs of mice treated with 
bedaquiline alone was significantly lower than rifampin, isoniazid, moxifloxacin or 
pyrazinamide alone (p<0.01).  In Table 21B monotherapy with bedaquiline (J) is used as a 
comparator and in 21C bedaquiline in combination with pyrazinamide is used as a comparator.  
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Table 21: The effect on M. tuberculosis strains from treatment with various  
                             combinations of antituberculosis drugs in bacterial counts (log10 cfu) in the  
                             lung after 1 and 2 months  

 
                       

                       
               

                        Source Tables; Ibrahim et al. 2007 

 
2.6.2 Persisters  
Lenaerts et al., (2007) undertook a study to identify the location of M. tuberculosis persister 
subpopulation. The authors found that treatment with conventional therapy for tuberculosis for 
6 weeks slightly (1.7 log 10) reduced the bacilli in the lung but treatment with bedaquiline for 6 
weeks usually resulted in sterilization in of both primary and secondary lesions. The few 
remaining bacilli in some cases were found to be extracellularly located in primary necrotic 
lesions with incomplete dystrophic calcification. The study used M. tuberculosis H37Rv. The 
drugs used were INH, RIF, PZA and bedaquiline (R207910). The female Hartley, 
approximately 600 gm guinea pigs were inoculated intra-nasally with a Madison chamber 
aerosol generation device that delivered 20 to 30 bacteria directly to the lungs of the guinea 
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pigs. After 30 days of infection, five guinea pigs were sacrificed to determine the bacterial load 
prior to treatment. The control group of animals were treated for 5 days a week with 1 mL of 
40% sucrose. The standard treatment was INH (10 mg/kg) + RIF (12 mg/kg) + PZA (25 
mg/kg). This dose was not meant to be equivalent to human doses. Bedaquiline (R207910) was 
administered at 5, 10,15 mg/kg in 1 mL of 40% sucrose. Six days after the completion of 
treatment the animals were euthanized and the right cranial lung lobe was homogenized and 
cultured on Lowenstein-Jensen plates and incubated at 370C.  After 4 weeks, the growth was 
assessed.  Table 22 shows the bacterial load at the completion of treatment. Of the five infected 
guinea pigs treated with bedaquiline at 15 mg/kg, two in each the lung and spleen had viable 
bacteria.  In the lung of the animals treated with 10 mg/kg, 2/5 and 1/5 had viable bacteria were 
isolated from the lung and spleen, respectively. Although the bedaquiline was significantly 
more effective in eliminating bacteria compared to the standard dose with 5/5 animals resulting 
in viable bacteria in both the lung and spleen, viable bacteria were isolated from some animals 
treated with bedaquiline. 
 
Table 22: Bacterial numbers in whole lungs and spleens of drug resistant M. tuberculosis in guinea pigs treated 
with various anti-mycotuberculosis drugs including bedaquiline (R207910). 

 
Source Table: Lenaertes et al. 2007 
 

Histology was performed on sections of the left cranial lung lobe and the sections were stained 
with either hematoxylin and eosin or acid-fast stain. The location of the acid-fast bacteria was 
investigated by examination of 10 random fields of the lung and the primary granuloma. In the 
primary lesion of the untreated animal AFB were found primarily extracellularly within the 
uncalcifiied necrotic tissue whereas in the secondary lesions they were found dispersed 
extracellularly and intracellularly. However, in the bedaquiline treated animal the AFB were 
found primarily in the acellular rim of the necrotic region. Figure 16 shows bacteria found 
extracellularly in the acellular uncalcified necrotic tissues in the lung of the guinea pig model.  
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                        Figure 16: Location of acid-fast bacilli in the acellular rim of primary granuloma 

.Source Figure: Lenaerts et al. 2007

 
3.0 IDENTIFICATION AND SUSCEPTIBILITY TEST METHODS AND METHODS 
FOR THE DETECTION OF RESISTANT ORGANISMS 
 
The methods used in this application for the identification and susceptibility testing are 
outlined in this section. The applicant defined multi-drug resistant M. tuberculosis as 
confirmed pulmonary infection by an isolate of M. tuberculosis resistant to both RMP and INH 
by previous screening from a TB treatment facility within the preceding 6 months. Subjects 
infected with extensively drug resistant tuberculosis (XDR-TB) were allowed to enter the trial. 
Figure 17 shows the algorithm for testing and Table 23 shows the flowchart of microbiology 
testing.  Identification of M. tuberculosis is routinely performed only from Day 1 samples.  
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Figure 17: Test algorithm for Multi-drug resistant M. tuberculosis 

 

  Table 23: Flow-chart for microbiological testing of sputum samples in this study   

 

               Source Table : NDA 204384 
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3.2 IDENTIFICATION 

3.2.1 Acid-fast bacillus microscopy  

Two methods were used for microscopy. 

(1) The fluorescent stain Auramine O was used to stain the sputum samples. The 
smear was decolorized with acid alcohol and counterstained with potassium 
permanganate. A positive mycobacterium result is demonstrated by bright 
yellow stain against a black background (Figure18).  The results are reported 
semi-quantitatively. Negative smears are counterstained by Zeihl-Neelsen. The 
sensitivity and specificity of this staining method compared to culture positivity 
is approximately 75% and 89%, respectively.14  

(2) Ziehl-Neelsen. Uses Carbol fuchsin which is decolorized with acid alcohol and 
counterstained with methylene blue.  The acid-fast bacilli appear red against a 
bluish background (Figure 18). The results are reported semi-quantitatively as 
shown in Table 25. Quality control comprised of M. tuberculosis – positive and 
E.coli – negative controls. The sensitivity of this staining method ranges from 
86 to 93% and specificity 96 to100%.14,15 

   
Table 25: Semi-quantitative reporting for acid-fast bacteria on sputum smears 

 
          Auramine O           Ziehl-Neelsen 

  

                      

 

 

                                                           
14 Tarhan et al. 2003. Comparison of auramine-rhodamine and Erlich-Ziehl-Neelsen staining            
    methods for the diagnosis of tuberculosis] Mikrobiyol Bul.  37 131-136. 
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 Figure 18: Auramine-Rhodamine and acid-fast stains of mycobacteria 

 
3.2.2 Qualitative culture of sputum samples  
These were performed in the Mycobacteria Growth Indicator Tube (MGIT) 960 for detection 
of growth of mycobacteria and for susceptibility testing.  The BACTEC 960 holds 960 tubes in 
three drawers A, B, and C each inoculated tube is entered into a specific station that is recorded 
in the instrument. 
 
The sputum samples are inoculated into 7 mL of liquid media contained in MGIT tubes that are 
imbedded with a fluorescent sensor (tris 4, 7-diphenyl-1, 10-phenonthroline ruthenium chloride 
pentahydrate) at the base of the tube. The medium is supplemented with OADC and antibiotics 
- Polymyxin B, Amphotericin B, Nalidixic acid, Trimethoprim, Azlocillin (PANTA).  The 
antibiotics inhibit the growth of contaminating bacteria and fungi allowing the slowly growing 
mycobacteria to grow unimpeded. 
  
The fluorescence that occurs when growth appears in a tube is controlled by the amount of 
oxygen in the tube. In uninoculated tubes with no growth, the oxygen binds the fluorescent 
material and quenches the fluorescence. Micro-organisms growing in the tube deplete the 
oxygen and cause the fluorescent compound to emit light. A photo sensor in the instrument 
measures the amount of light emitted. The emitted light corresponds to the amount of oxygen 
utilized by the organism.   
 
The inoculated MGIT tubes are placed in racks and read on a continuous cycle of 60 minutes. 
A row of light emitting diodes (LED) below the tubes activate the sensors and readings are 
taken. A positive tube is detected almost immediately when a cutoff value of 75 growth units 
(GU) is reached.  When a tube is flagged the technologist extracts the tube and confirms that it 
is a true positive by turbidity or the presence of granules and an AFB smear. The growth is 
cultured on solid medium and tests for identification of the growth commence. At a GU of 75 
the M. tuberculosis growth in the tube approximates 105 to 106 CFU/mL of medium. A true 
negative is reported if a tube remains negative for 42 days. In this study, a positive result was 
assigned to tubes that gave a signal in < 42 days and the growth was identified as M. 
tuberculosis. Contaminated tubes also became positive in < 42 days but the growth was not 
identified as M. tuberculosis.  
 

Show Desktop.scf  

Reference ID: 3225917

COPYRIGHT MATERIAL WITHHELD









Division of Anti-Infective Products 
Clinical Microbiology Review  

New Drug Application 
NDA # 204384   Page 50 of 96 
Date Review Completed: 12/03/2012  Clinical Microbiology Review 
 
10-2 10-3. The final concentrations of the test drug in the 7H11 media were 2, 1, 0.5, 0.25, 0.12, 
0.06, 0.03, 0.015 and 0.008 mcg/mL.  

Susceptibility was defined as the lowest concentration of bedaquiline (R207910) that inhibited 
the growth of 99% of M. tuberculosis. The susceptibility or resistance of the bacteria was 
determined based on the percentage of growth on the drug-containing medium compared to the 
drug-free medium. Mycobacterium growth in the presence of drug >1% of the control indicated 
resistance. Susceptibility was described as growth ≤ 1%.  

The bedaquiline MIC on 7H11 was equal to, or higher than 0.48 mcg/mL. The growth by the 
agar proportion method is quantitated as follows: 

Confluent (500 or more colonies)  4+  
Almost confluent (200 to 500 colonies)  3+  
100 to 200 colonies  2+  
50 to 100 colonies  1+  
Less than 50 colonies  Actual count  

 
The author also performed susceptibility testing of bedaquiline using 7H11 in another way. 
bedaquiline was diluted in DMSO to obtain 0.0075 mcg/mL, 0.015 mcg/mL, 0.03 mcg/mL, 
0.06 mcg/mL, 0.12 mcg/mL, 0.24 mcg/mL, 0.48 mcg/mL. For each isolate there was a set of 
all bedaquiline dilutions and a set of drug-free control tubes. The inoculum used in all 
bedaquiline drug-containing dilutions was 0.1 mL of 10-0, and 10-1 and for the control tubes  
10-0,10-1,10-2 ,10-3.  The inoculated 7H11 tubes were incubated at 370C in 5% O2 for up to 21 
days while for the growth control tubes incubation was allowed up to 42 days. The percentage 
of bacteria that grew on each drug concentration tube, the resistant bacteria, was calculated. 
The MIC was defined as the lowest concentration of the drug that inhibits 99% of the growth. 
The applicant calculated the MIC using the following formula:  
 
            Colony count on drug medium at 10-0 

RATIO COLONIES---------------------------------------------------------=MIC (if ≤ 1%)  

                          Colony count on control medium at 10-2 
 

For each concentration tested:  
- If the RATIO COLONIES is ≤ 1%, this concentration is the MIC.  
- If the RATIO COLONIES is > 1%, this concentration is not the MIC and the following 
concentration has to be read. The control strain was H37Rv. 
 
REMA method 
A third method used in the study for determining MIC was performed using 7H9-S liquid 
medium - Resazurin Microtiter Assay (REMA) supplemented with OADC. The REMA 
method is a rapid colorometric anti-mycobacterium susceptibility test particularly for multi-
drug resistant strains. The test is conducted in a microtiter plate. A study of the efficiency of 
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the test to detect the activity of first–line drugs was undertaken by Palomino et al., in 2002.  
The researchers used 80 clinical isolates of  M. tuberculosis to evaluate their susceptibility to 
INH and RIF and compared the results to those of the proportion method. Sixty-five of the 
samples were obtained from subjects who lived in Peru where there is a high prevalence of 
MDR-TB and 15 samples were obtained from a TB reference laboratory in Bolivia. The 
concentrations of INH used ranged from 0.03 mcg/mL to 1.0 mcg/mL and for RIF 0.06 
mcg/mL to 2.0 mcg/mL. The inoculum comprised fresh Lowenstein-Jensen isolated strains 
diluted to the turbidity of McFarland # 1 standard concentration of bacteria and were incubated 
for up to 42 days and then further diluted 1:20. One hundred microliters of both diluted drug 
and inoculum were added to each well and incubated for 7 days. Positive results were indicated 
by a change in color of reasurin.  Table 29 shows the empirical critical concentration of the 
drugs used in the REMA assay. A growth control that contained no antibiotic was included 
along with a sterility control.  

 
Table 29: Empirical critical concentrations used to test the  
activity of first and second-line anti-TB drugs in the REMA assay 

 
 
Fifty–four of the isolates that were resistant to INH by the agar proportion method resulted in  
REMA MICs of ≥ 0.25 mcg/mL, 45 of these strains had an MIC of  ≥ 1.0 mcg/mL. The agar 
proportion method showed that 26 strains were susceptible to INH the REMA method showed 
that 25/26 of these had MICs of ≤ 0.06 mcg/mL. For RIF, 49 strains were resistant by the agar 
proportion method and had an MIC of 0.5 mcg/mL by the REMA method. The agar proportion 
method showed that there were 31 strains susceptible to RIF all of which had an MIC of 0.25 
mcg/mL by the REMA method. Table 30 shows the results of this study. The sensitivity, 
specificity and positive predictive values of the REMA were all 100%. 
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the negative control. The tests were incubated at 370C for 7 days then 30 µL of  0.01 to 0.02%  
sterile reasurin were added and the culture reincubated overnight. Growth in a specific 
concentration of the drug was indicated by a change in color of the liquid culture medium in 
the well from blue to pink. The MIC of bedaquiline (R207910) was defined as the lowest 
concentration of the drug in which there was no change in color i.e. the color of the solution in 
the well remained blue.   
 
The 7H9 liquid assay is performed in a similar manner to the REMA but with the omission of 
reasurin.  As such, there is no color change to indicate growth instead; growth is measured by 
the visualization of turbidity. 
 
The radiometric broth method employs the BACTEC 460 instrument to compare the growth 
index from untreated control cultures to cultures grown in the presence of a drug by the amount 
of 14CO2 produced. The disadvantage of the BACTEC 460 is the regulations associated with 
the use of radioactive material.  This instrument uses 14C labeled substrate. Because of the 
regulations a system that is non-radioactive BACTEC MGIT 960 system was developed.  
For susceptibility testing in the MGIT 960 two tubes are inoculated – a growth control tube, 
without antibiotic, and a test tube with known quantity of antibiotic. If the drug concentration 
inhibits growth the tube with the antibiotic will remain negative i.e. show no fluorescence 
because there is no bacterium to utilize the oxygen and cause fluorescence. On the other hand 
in the drug-free (growth control) tube the bacteria will grow, utilize the oxygen and the tube 
will fluoresce.    
 
Andries et al., (2005) measured the activity of bedaquiline against isolates of M. tuberculosis 
that were fully susceptible and isolates that were resistant to first-line drugs individually as 
well as MDR-TB isolates using a BACTEC 460TB radiometric method. 
In the same study by Andries et al., 2005 the in vitro activity of bedaquiline against M. 
tuberculosis and other Mycobacterium species was measured. Oleic acid-albumin-dextrose-
catalase (OADC)-enriched Middlebrook 7H11 agar containing 2-fold dilutions of bedaquiline 
was used. The agar plates were inoculated with 104 to 105 CFU and incubated at 300C or 370C 
for 3 to 42 days depending on the Mycobacterium species. The minimum inhibitory 
concentration (MIC) defined as the lowest concentration of drug that inhibited 99% growth 
was measured. The MICs for the reference strain, M. tuberculosis H37Rv, and 6 susceptible 
clinical isolates were ≤ 0.120 mcg/ml (Table 31). The in vitro activity of bedaquiline against 
isolates resistant to isoniazid, rifampin, streptomycin, ethambutol, pyrazinamide or 
moxifloxacin was similar to that against sensitive isolates. The basis for classifying the strains 
as resistant was not specified. Low bedaquiline MICs (≤ 0.5 mcg/ml) were observed against 
other Mycobacterium species. 
The MIC values of other anti-mycobacterium agents against the Mycobacterium species were 
not provided for comparison. 
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3.3.3 Drug carry-over   
The inhibition of bacterial growth in vitro by means of high concentrations of an inhibitor was 
investigated because bedaquiline is highly protein bound. It was therefore important to 
determine the effect of carry-over so as to prevent the over estimation of the in vivo effect of 
the drug.  The carry-over effect can be demonstrated when sputum or organs from infected 
individuals are cultured for M. tuberculosis.   Lounis et al. (2008) studied the effect of protein- 
enriched media on the prevention of carry-over of bedaquiline. The author determined the 
average MIC (concentration that killed 99% of the initial inoculum resulting in the absence of 
colonies after 4 weeks) of M. tuberculosis where bedaquiline was incorporated into the media. 
The media used in the study were unsupplemented Middlebrook 7H11 medium, Middlebrook 
7H11 agar containing 5% bovine serum albumin (BSA) and Lowenstein-Jensen (LJ) medium. 
Middlebrook 7H11 medium (with 10% oleic acid, albumin, dextrose, and catalase [OADC]) 
was used as a control. Bedaquiline was added to the medium to provide three-fold dilutions 
ranging from 0.001 to 9 mcg/ mL for the Middlebrook media and 1 to 50 mcg/ mL for LJ 
medium.  The average MICs were: 0.03 mcg/ mL for unsupplemented 7H11 agar, 1 mcg/ mL 
for 7H11 agar supplemented with 5% bovine serum albumin, and 14.33 mcg/ mL for 
Lowenstein-Jensen medium.   Bedaquiline was then added to the inoculum of the mycobacteria 
suspended in either sputum or phosphate buffered saline rather than to the culture medium. The 
maximal noninhibitory concentration (MNIC), the highest concentration that resulted in the 
survival of >99% of the original inoculum, and the MICs were determined. The three-fold 
concentrations of bedaquiline used for M. tuberculosis ranged from 0. 11 mcg/mL to 394 mcg/ 
mL.  The repeated MICs were 0.97 mcg/ mL for 7H11 agar, 32.33 mcg/ mL for 7H11 agar 
with 5% BSA, and 96.33 mcg/mL for Lowenstein-Jensen medium. The control mycobacteria 
were M. smegmatis and M. tuberculosis. The sponsor states that both protein enriched media 
were able to prevent drug carry-over effects. 
 

3.4 GENOTYPING 
 
Genotyping of M. tuberculosis isolates. This protocol was used for four major purposes.  

 testing for relapse during the study  
 testing for reinfection  
 testing for discrimination between relapse and reinfection 
 clarifying the accuracy in reporting of a drug susceptibility test (DST) from the central 

laboratory  for a patient on whom the MGIT test performed locally was negative. 
This determined if a the DST was generated on the baseline isolate or a contaminant.  
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4.0 ANTIMICROBIAL INTERACTIONS AND FIXED COMBINATION STUDIES 
 
Some of the studies that describe the effect of drug combinations can be found in reviews of 
publications by Ibrahim et al. (2007) and Andries et al. (2005) described on pages 31 and 35 
respectively of this review.  

 
Reddy et al., (2010), studied the interactions between bedaquiline and SQ109 with each other 
and with rifampin. SQ109 [N-geranyl-N_-(2-adamantyl) ethane-1,2-diamine] is a new diamine 
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anti-tuberculosis drug candidate.20,21 The mechanism of action of SQ109 is not well known but 
it is found to be active at the cell wall of M. tuberculosis. Both bedaquiline and SQ109 are 
bactericidal against MDR-TB.22,23  SQ109 has a half-life of 60 hours at a dose of 300 mg/day 
(unpublished data).  Bedaquiline has a half life of 24 hours at 400 mg/day.24 
 
The study showed that SQ109 improved the rate of killing by bedaquiline of M. tuberculosis 
H37Rv between 4-to 8-fold. There was a synergistic effect for both drugs and enhancement of 
bedaquiline post-antibiotic treatment by 4 hours. The authors found that there was no 
antagonistic activity when the two drugs were used together. Figure 20 shows that the addition 
of SQ109 at a concentration of 0.5 X MIC (0.32 mcg/mL) to the culture of M. tuberculosis 
rifampin-resistant strain 2482  (MIC >100 mcg/mL) to bedaquiline (100 mcg/mL) inhibited the 
growth >99%. Reddy et al. used three strains of bacteria in the study - M. tuberculosis H37Rv, 
the M.tuberculosis H37Rv bacterial luciferase reporter strain (pSMT1) 25 and M. smegmatis 
mc2155 in a checkerboard assay.26,27     
 
The MICs were determined by BACTEC 460 radiometric method and microdilution.28,29  The 
author investigated synergistic, antagonistic and additive interactions of bedaquiline and 

 
20 Protopopova et al. 2005. Identification of a new antitubercular drug candidate, SQ109, from a 
combinatorial library of 1,2-ethylenediamines.J. Antimicrob. Chemother. 56:968–974. 

 
21 Lee et al. 2003. Combinatorial lead optimization of [1,2]-diamines based on ethambutol as potential 
antituberculosis preclinical candidates. J. Comb.Chem. 5:172–187. 
 
22 Chan et al. 2004. In vitro post antibiotic effects of rifapentine, isoniazid, and moxifloxacin against 
M. tuberculosis. Antimicrob. Agents Chemother. 48:340–343. 

 
23 Ibrahim et al. 2007. Synergistic activity of R207910 combined with pyrazinamide against murine 
tuberculosis. Antimicrob Agents Chemother. 51: 1011-1015. 
 
24 Andries et al. 2005.  A diarylquinoline drug active on the ATP synthase of M. tuberculosis. 
Science. 307: 223-227. 

   25 Snewin et al. 1999.  Assessment of Immunity to Mycobacterial Infection with Luciferase Reporter 
Constructs. Infect. Immun. 67:4586 – 4593. 

26 Chen et al. 2006. Synergistic interactions of SQ109, a new ethylene diamine with front-line 
antitubercular drugs in vitro.  J. ournal of Antimicrob. Chemother. 58: 332–337, 
 

    27 Heifets, L. B. (ed.). 1991. Drug susceptibility in the chemotherapy of mycobacterial infections, 
CRC Press, Boca Raton, FL.  

 
28 Wallace et al. 1986  Susceptibility testing of slowly growing mycobacteria  by a microdilution MIC 
method  with 7H9 broth.  J. Clin. Microbiol.  24:976–981 
 
29 Luna-Herrera et al. 1995. In vitro activity of the benzoxazinorifamycin KRM-1648 against drug-
susceptible and multidrug-resistant tubercle  bacilli. Antimicrob.  Agents Chemother. 39:440–444. 
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Susceptibility tests for C208 stages 1 and 2 were performed by two methods the REMA and 
the 7H11 agar test. Table 40 shows the MIC of baseline isolates tested by 7H11. The baseline 
was defined as the last sample prior to dosing and the endpoint as the last available sample 
post-treatment. Paired isolates were collected on 1 bedaquiline treated subject and 9 from the 
placebo group. The isolate in the bedaquiline group had a 4-fold increase in MIC (0.06 
mcg/mL to 0.24 mcg/mL). Of the 9 isolates from the placebo group 2 had decreased MIC, 
(0.015 to 0.0075 mcg/mL and 0.06 to 0.03 mcg/mL) 3 remained the same at 0.06 mcg/mL (2) 
and 0.015 mcg/mL(1), 4 isolates had increased MICs (0.06 to 0.12 mcg/mL (2) and 0.015 to 
0.024 mcg/mL(2). The MIC90 performed on 7H11 agar was ≤ 0.12 mcg/mL.  
 

               
Table 40: MIC of Baseline isolates of M. tuberculosis by the agar method 

 Source Table:: NDA 204384 

The baseline MICs by the REMA method are shown in Table 41. The MIC90 was similar to 
that of the agar method (0.125 mcg/mL).  Paired samples were obtained on 11 subjects 2 from 
the bedaquiline group and 9 from the placebo group.  Of these, one subject in the test group 
had a one dilution increase  (0.0156 mcg/mL to 0.0313) mcg/mL and one had a one dilution 
decrease (0.0625 mcg to 0.0313 mcg/mL).  A one dilution change in results could also be 
attributed to technical error. The MICs of 4 of the subjects treated with the placebo had an 
increase in MIC two of them with MICs > 4-fold increase. There was one subject in whom 
there was a decrease in MIC and four subjects in whom the MIC remained the same.  From  
study C208 only 3 isolates had > 4-fold increase in MIC over the baseline. Only one treated 
with bedaquiline showed an increase in MIC > 4-fold. The isolate was resistant to all other 
drugs at baseline except ofloxacin (OFL) but developed resistance to capreomycin (CAP) and 
kanamycin (KAN) at 8 weeks. In this study the MICs values obtained by bedaquiline are 
shown in Table 41. Table 42 shows the MICs obtained by both the agar and REMA methods at 
baseline. The MIC90 for the agar method is higher than that of the REMA method. Table 43 
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 There were six subjects who relapsed. All of the subjects showed resistance to PZA at 
baseline.  Cavitation >2 cm was noted in both bedaquiline treated subjects and 2/4 placebo 
treated subjects.  

5.3 STUDY C209 
Bedaquiline-TiDP13-C209 was an open label, unblinded multi-center trial of bedaquiline 
administered as part of a MDR-TB regimen. The major objective was to evaluate safety, 
tolerability, and efficacy of bedaquiline as part of a multi-drug regimen in the treatment of 
subjects with MDR-TB. Specifically evaluating the efficacy of treatment with 2 fixed doses of 
bedaquiline using the BACTEC 460.  The secondary objective was to determine the MIC of a 
set of M. tuberculosis drug-resistant and drug-susceptible strains.  The subjects were treated 
with bedaquiline in addition to the subject’s individualized background regimen. The sponsor 
proposed to treat 225 smear-positive MDR-TB subjects for 24 weeks with bedaquiline 
comprising 400 mg once daily for two weeks and 200 mg three times per week for the next 22 
weeks. The subjects were then followed for 24 weeks while being treated with only the 
background regimen. Microbiology assessment included smears, cultures in a MGIT and solid 
media susceptibility tests by REMA and agar from samples collected as spots. Microbiological 
efficacy was determined as cure, treatment completed, death, treatment default, treatment 
failure and transfer out and relapse. 

The inoculum comprised 0.1 mL of a McFarland Standard #1 suspension of growth inoculated 
into the BACTEC vial. The control consisted of 0.1 mL of a 1/100 bacterial suspension in 
phosphate buffered saline (PBS) added to the BACTEC vial. The concentration of bedaquiline 
in the test medium was 0.1 mcg/mL and 0.01 mcg/mL. The following drugs and concentrations 
were also used as comparators in the study. Rifampin (RIF): 2 mcg/mL, Isoniazid (NH): 0.2 
mcg/mL, Ethambutol (EMB): 5 mcg/mL, Streptomycin (SM): 4 mcg/mL. Table 44 lists the 
resistant patterns of the bacterial strains tested with the 2 concentrations of bedaquiline. Ten 
isolates were drug-susceptible, 10 were mono-, dual-, or triple-resistant, and 30 were multi-
drug resistant. Table 45 shows the distribution of strains that were susceptible to 0.1 mcg/mL 
and 0.01 mcg/mL of bedaquiline. All of the susceptible strains (10/10) of M. tuberculosis were 
susceptible to 0.1 mcg/mL of bedaquiline but only 1/10 was susceptible to 0.01 mcg/mL. All of 
the resistant strains were susceptible to 0.1 mcg/mL of bedaquiline. However, > 50% of the 
resistant strains were also susceptible to 0.01 mcg/mL of bedaquiline. 

The susceptibility of clinical isolates to bedaquiline was also determined using 7H10 agar. The 
inoculum, the same as above (1.0 µL of a McFarland #1 standard) was inoculated on to a 10% 
OADC-enriched 7H10 plate and incubated for 21 days. The results show that there was no 
difference in susceptibility between the isolates since both susceptible and resistant isolates had 
a MIC of ≤ 0.128 mcg/mL. Additionally, all except one of 85 isolates were inhibited by ≤ 
0.064 mcg/mL of bedaquiline. Table 46 shows the MICs against susceptible and drug-resistant 
strains of M. tuberculosis performed by agar and BACTEC 460 methods. 
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      Table 44: Resistance patterns of the 50 M. tuberculosis  
      clinical isolates tested with two fixed concentrations of Bedaquiline. 

 
                                Source Table : NDA204384 

 
                     Table 45: Susceptibility of Drug-sensitive and Drug-resistant M. tuberculosis to  
                          Two concentrations of Bedaquiline, as measured by the BACTEC radiometric system 

 
                     Source Table : NDA204384 
 

  
                      Table 46: MICs of bedaquiline against susceptible and resistant strains of M. tuberculosis 
                          by BACTEC 460 and agar 

 
                      Source Table : NDA204384 
 

 
C209 included another study designed to determine the MIC of bedaquiline against drug-
sensitive and drug resistant M. tuberculosis clinical isolates and to determine the susceptibility 
of the mutant BK12 which is resistant to bedaquiline. Bk12 was developed from H37Rv in the 
presence of bedaquiline. The authors tested the MICs with the concentrations of antibiotics 
shown in Table 47. 
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Table 48: MICs of bedaquiline that inhibited 99% of the growth of different strains of 
 Mycobacteria 

 
                   Source Table : NDA204384 

 
When the clinical history suggested resistance genetic tests were performed to confirm 
susceptibility or resistance. The genes used for testing resistance to INH were inhA and katG., 
for RIF the gene was rpoB, streptomycin rpsL, for PZA pncA and fluoroquinolone gyrA. 
 
5.4 STUDIES C208 Stage 2 AND C209 SELECTED COMBINED RESULTS  
 
The atp operon gene from isolates with an increase in titer of at least 4-fold or failed to convert 
was sequenced. As such, 11 isolates from the bedaquiline arm were sequenced  Isolates from 
subject 208-3004 had a 4-fold increase in titer from baseline to 8 Week  but at 24 Week had a 
successful outcome. There were three samples for 208-4465 with pre-XDR isolates - baseline, 
8 Week and 24 Week. The MICs were 0.06 mcg/mL, 0.06 mcg/mL and 0.25 mcg/mL 
respectively (agar) and 0.015 mcg/mL, 0.015 mcg/mL and 0.25 mcg/mL respectively (REMA).  
At 24 Week the outcome was failure and the isolate was still classified as Pre-XDR. Isolates 
209-0269, 209-0038 also PreXDR at baseline had a 4–fold increase in titer at 24 Week  by both 
methods and failed at 24 Week while retaining the Pre-XDR status. Isolate 209-0263 although 
initially relapsed had a successful outcome at 24 Week. All of the isolates except one that 
failed to convert or that originated from subjects who relapsed were Pre-XDR or XDR. Table 
49 shows the baseline and assessment time-points and M. tuberculosis status of the bedaquiline 
treated isolates that failed to convert. The table 49 (9) was prepared by Dr. Xianbin Li, 
statistician, FDA.  
There were five subjects in the bedaquiline arm with agar baseline MICs ≥ 0.25 mcg/mL and 
one in the placebo arm, Of the five subjects three had successful outcomes at Week 24. All 
except one subject had MDR-TB. The subject with XDR-TB also had a paired sample at Week 
24 which resulted in a MIC of 0.5 mcg/mL by both tests. The results are depicted in Table 50.  
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       Table 51: Correlation of Provisional of Provisional Interpretive Criteria with Clinical  
      Outcome-Study C208 Stage 1 Evaluation at Week 8 Evaluation from baseline MIC values 

7H 11Agar Method REMA 
Method 

Clinical 
Outcome 

No (%) MIC range 
(mcg/mL) 

No (%) MIC range 
(mcg/mL) 

Success 16 (84%) ≤ 0.008 – 0.12 16 (84%) ≤0.008 – 0.06 
Failure 3 (16) 0.015 - 0.5 3 (16%) ≤0.008 - 0.25 

 
          Table 52: Correlation of Provisional of Provisional Interpretive Criteria with Clinical  
        Outcome- Study C208 Stage 2 at Week 24 Evaluation from baseline values. 

Agar Method REMA 
Method 

Clinical 
Outcome 

No (%) MIC range 
(mcg/mL) 

No (%) MIC range 
(mcg/mL) 

Success 50/52 
(75%) 

≤0.008-0.5 51/52 
(75%) 

≤0.008-0.06 

Failure 16/16 
(24%) 

0.015 - 0.25 16/16 
(24%) 

≤0.008 - 0.25 

 
 
                       
                      Table 53: Correlation of Provisional of Provisional Interpretive Criteria with Clinical  
                      Outcome- Study C209 at 24 Week Evaluation from baseline values. 

Agar Method REMA 
Method 

 Clinical 
Outcome 

No (%) MIC range 
(mcg/mL) 

No (%) MIC range 
(mcg/mL) 

Success 138/141 
(81%) 

≤0.008 – 0.5 137/141 
(81%) 

≤0.008- 0.5 

Failure 29 (17%) 0.015 - >1 28 (17%) ≤0.008 – 0.25 

 
  
7.1 SUSCEPTIBILITY TEST QUALITY CONTROL DATA 
M. tuberculosis strain H37Rv (ATCC 27294) a pan-susceptible strain was used for quality 
control (QC). In order to determine quality control ranges M. tuberculosis H37Rv was tested 
against H710 and H711 agar and H 9 broth. There were 18 pieces of quality control data for the 
REMA tests performed in preclinical studies and 27 for the proportion method. Figures 26 and 
27 show the distributions of the data for REMA and proportion methods and Table 54 the 
compiled susceptibility data. The most common MIC for both the proportion and REMA 
methods were 0.06 mcg/mL. 
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Figure 28: Combined non-clinical and 
clinical MIC data of bedaquiline 
against H37Rv using the REMA 
method  

Figure 29: Combined non-clinical and 
clinical MIC data of bedaquiline against 
H37Rv using the agar method 

 
 
8.0 ESTABLISHMENT OF BREAKPOINTS FOR USE IN LABELING 
 
The establishment of breakpoints did not include PK/PD parameters. The MICs were 
determined using standardized methods in broth such as the microdilution technique, REMA 
method and Middlebrook 7H11 agar, and standardized inoculum. The data for the 
establishment of breakpoints were obtained from the results of trials in C208 and C209. When 
Middlebrook 7H11was used for susceptibility testing no preclinical isolate was found with an 
MIC for bedaquiline that was > 0.5 mcg/mL therefore the 7H11 agar breakpoint was set at ≤ 
0.5 mcg/mL. When the REMA method was used only one isolate resulted in an MIC of > 0.25 
mcg/ leading to the REMA breakpoint of ≤ 0.25 mcg/mL.  The proposed interpretive criteria 
for bedaquiline are shown in Table 55.  
   
Table 55: Proposed Interpretive criteria for Bedaquiline 
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Product Quality Microbiology Data Sheet 

 
A. 1. TYPE OF SUBMISSION: New 505(b)(1) NDA 

 
2. SUBMISSION PROVIDES FOR: New molecular entity NDA with a 

priority review 
 

3. MANUFACTURING SITE:   
Kemwell Biopharma Pvt. Ltd. 
34th KM, Tumkur Road, 
Teppada Begur,  
Nelamangala Taluk, 
Bangalore- 562 123 India 

 
4. DOSAGE FORM, ROUTE OF ADMINISTRATION AND 

STRENGTH/POTENCY:  
• 100 mg uncoated tablet for oral administration 

 
5. METHOD(S) OF STERILIZATION: Non-sterile dosage form 
 
6. PHARMACOLOGICAL CATEGORY: Treatment of multi-drug 

resistant pulmonary tuberculosis 
 

B. SUPPORTING/RELATED DOCUMENTS: None. 
 

C. REMARKS: This submission is in the eCTD format.  The following information 
was requested in the 16 July 2012 Product Quality Microbiology filing review.  
The applicant responded on 12 September and 19 September 2012.   

Microbiology Comment 
1. Provide the verification studies that support the proposed microbiological test methods. 

The following information request was sent to the project manager on 20 
September 2012 and a response was received on 25 October 2012. 
 

We refer to your amendment received 12 September 2012, specifically the response to FDA Question #2.  
The method verification studies requested by the FDA in this question were for the microbial enumeration 
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studies, specifically the method verification studies for USP<61> and <62> assays.  Please submit the 
method verification studies which support your planned release test for microbiological purity. 
Provide the maximum duration of the  steps in the drug product manufacturing process  

   
 
Additional Comment:  If in the future you propose a reduction in microbial limits testing we recommend 
that you have a microbial specification for the drug substance at that time.   
 
filename: N202438R1.doc 
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File name: 5_Microbiology Filing Checklist for a NDA or Supplement 010908 

NDA Number: 204384 Applicant: Janssen Therapeutics Stamp Date:  06/29/2012 

Drug Name: TMC207 NDA Type: 505(b)(1) Priority 
Review 

 

 
On initial overview of the NDA application for filing: 
  

 Content Parameter Yes No Comments 
1 Is the microbiology information (preclinical/nonclinical 

and clinical) described in different sections of the NDA 
organized in a manner to allow substantive review to 
begin?  

 
X 

  

2 Is the microbiology information (preclinical/nonclinical 
and clinical) indexed, paginated and/or linked in a manner 
to allow substantive review to begin? 

 
X 

  

3 Is the microbiology information (preclinical/nonclinical 
and clinical) legible so that substantive review can begin? 

 
X 

  

4 On its face, has the applicant submitted in vitro data in 
necessary quantity, using necessary clinical and non-
clinical strains/isolates, and using necessary numbers of 
approved current divisional standard of approvability of the 
submitted draft labeling? 

 
X 

  

5 Has the applicant submitted any required animal model 
studies necessary for approvability of the product based on 
the submitted draft labeling? 

 
 

 Not critical to analysis 
of microbiology  

6 Has the applicant submitted all special/critical studies/data 
requested by the Division during pre-submission 
discussions? 

 
X 

  

7 Has the applicant submitted the clinical microbiology 
datasets in a format which intents to correlate baseline 
pathogen with clinical and microbiologic outcome? 

 
X 

  

8 Has the applicant submitted draft/proposed interpretive 
criteria/breakpoint along with quality control (QC) 
parameters and interpretive criteria, if applicable, in a 
manner consistent with contemporary standards, which 
attempt to correlate criteria with clinical results of 
NDA/BLA studies, and in a manner to allow substantive 
review to begin? 

 
 
 
X 

  

9 Has the applicant submitted a clinical microbiology dataset 
in an appropriate/standardized format which intents to 
determine resistance development by correlating changes in 
the phenotype (such as in vitro susceptibility) and/or 
genotype (such as mutations) of the baseline pathogen with 
clinical and microbiologic outcome? 

 
X 

  

10 Has the applicant used standardized or nonstandardized 
methods for measuring microbiologic outcome?  If 

 
X 
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 Content Parameter Yes No Comments 
nonstandardized methods were used, has the applicant 
included complete details of the method, the name of the 
laboratory where actual testing was done and performance 
characteristics of the assay in the laboratory where the 
actual testing was done? 

11 Has the applicant submitted draft labeling consistent with 
current regulation, divisional and Center policy, and the 
design of the development package? 

 
X 

  

12 Has the applicant submitted annotated microbiology draft 
labeling consistent with current divisional policy, and the 
design of the development package?  

 
X 

  

13 Have all the study reports, published articles, and other 
references been included and cross-referenced in the 
annotated draft labeling or summary section of the 
submission?   

 
 
X 

  

14 Are any study reports or published articles in a foreign 
language?  If yes, has the translated version been included 
in the submission for review? 

 
X 

 One published article  
Relevant to 
microbiology is 
written in French. 
However, it is 
understandable. 

 
IS THE MICROBIOLOGY SECTION OF THE APPLICATION FILEABLE? 
__yes.______ 
 
If the NDA is not fileable from the microbiology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 

 
 
 
 
 

Lynette Y. Berkeley                                                                                    07/24/2012 
Reviewing Microbiologist      Date 
 
Fred Marsik, Ph.D.                                                                                      24 Jul 12 
Microbiology Team Leader      Date 
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PRODUCT QUALITY MICROBIOLOGY FILING CHECKLIST 

NDA Number: 204-384 Applicant: Janssen 
Therapeutics 

Letter Date: 29 June 2012 

Drug Name: TMC207 
(Bedaquiline) 

NDA Type: 505(b)(1) Priority 
Review 

Stamp Date: 29 June 2012 

 
The following are necessary to initiate a review of the NDA application: 

 Content Parameter Yes No Comments 
1 Is the product quality microbiology information 

described in the NDA and organized in a manner 
to allow substantive review to begin? Is it legible, 
indexed, and/or paginated adequately?  

X  This is a non-sterile tablet 
intended for the treatment of 
multi drug resistant pulmonary 
tuberculosis.   

2 Has the applicant submitted an overall description 
of the manufacturing processes and 
microbiological controls used in the manufacture 
of the drug product? 

X   

3 Are any study reports or published articles in a 
foreign language?  If yes, has the translated 
version been included in the submission for 
review? 

 X  

4 Has the applicant submitted microbiological 
specifications for the drug product and a 
description of the test methods? 

X  The applicant proposes skip lot 
testing after successful 
manufacture of the first 10 
production batches. 

5 Has the applicant submitted the results of 
analytical method verification studies? 

 X  

6 Is this NDA fileable?  If not, then describe why. X   
Comment to be sent to the applicant: 

1. Provide the verification studies that support the proposed microbiological test methods.  
2. 

 16 July 2012 
Jessica G. Cole, PhD Reviewing Microbiologist    Date 
 
 
Bryan Riley, PhD Microbiology Team Leader    Date 
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