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• Antitubercular drugs were first introduced in 
the 1950’s 

• The paucity of drug classes resulted in a high 
relapse rate.

• This necessitated prolonged treatment 
regimens.



Molecular Biology of Drug Resistance

• Mtb. exhibits a low spontaneous mutation rate, as
well as a doubling time (18-24 hours )

• Thick cell wall made of Mycolic acid, precludes
horizontal transfer of resistance genes via plasmids
or transposon.

• All currently known acquired resistances are
mediated through chromosomal mutations that arise
under selective pressure of antibiotic use.

Smith, Wolff et al. (2013)



Spontaneous mutation rates

Drugs 
Number for a single 

mutation  change 

Number of drug 
resistant mutants 

in a Rx-naïve  
patient(1012)

EMB 107 100000

STM and INH 108 10,000

RMP 1010 100



Two phases of chemotherapy 

– Intensive phase-

• “phase of bactericidal activity”                                        

• Measured by culture negativity

– Continuation phase-

• “phase of sterilizing activity”

• kill the more slowly growing organisms or persister’s

• Measured by relapse rates

• Determines the duration of a regimen 



Need for newer regimens and drugs

• The standard regimen 

– Long duration of Treatment

– Poor adherence 

• Suboptimal programmatic conditions leads to increased 
mortality 

– Emergence of drug resistant strains 



Shorter chemotherapy of tuberculosis 

• The approach to shorter chemotherapy 
includes

1. Use of standard drugs in higher doses

• High dose Rifampicin, high dose INH

2. Use of newer class of antimycobacterial drugs 

• Fluoroquinolones, Nitroimidazoles: Pretomanid, 
Oxazolidinone: Linezolid, Beta-lactams/Carbapenems,  
Diarylquinolines: Bedaquiline 



• Attempts to shorten the duration of Rifampicin, by
substitution of INH/Ethambutol or INH/ Thioacetazone was
found to be inferior to the 6 month regimen.

• Regimens which omitted Rif in CP phase had to be extended
by 2 months to prevent unacceptable relapse rates.



Study Population Intervention Outcome 

Johnson, Hadad et al. 
(2009)
randomized, open-label  
study

1. Non-cavitary TB
2. Non-HIV  
3. Negative  

sputum 
cultures after 2 
months.

N=370

HRZE for 2 
months 
followed by 2 
or 4 months of 
HR

Relapse rate (7.0 vs. 
1.6%; risk 
difference, 0.054; 
95% confidence 
interval

•Shortening treatment from 6 to 4 months in adults with non
cavitary disease and culture conversion after 2 months using
current drugs resulted in a greater relapse rate.
•The combination of non cavitary disease and 2-month culture
conversion was insufficient to identify patients with decreased risk
for relapse.



Newer Agents 



RIFAQUIN  trial

New England Journal of Medicine 371(17): 1599-1608.



• Evaluated the use of Moxifloxacin to shorten the duration of 
treatment or reduce the interval between doses. 

• Conducted by INTERTB  consortium in southern Africa.



• Primary outcomes

1. The proportion of patients classified as failure/relapse by 18 
months after the start of treatment expressed as the difference 
between the proportion in the intervention regimens and the 
control regimen.

2. Number of relapses with rifamycin mono-resistance (RMR) 
occurring in HIV-infected patients,

3. Grade 3 or 4 adverse events.

• Secondary outcomes

1. Per protocol analysis of the first primary outcome.

2. Time to failure/relapse

3. Proportions of patients achieving culture negativity at 8 W

4. Adverse events

5. Rate of completion of chemotherapy

6. Number of observed doses of chemotherapy ingested







Results 



• The 6-month regimen that included weekly administration of 
high-dose rifapentine and moxifloxacin was as effective as the 
control regimen. 

• The 4-month regimen was not non-inferior to the control 
regimen.



NIRT Trial



• 4-month Gatifloxacin or Moxifloxacin containing regimens
given thrice-weekly in patients with newly diagnosed sputum-
positive pulmonary TB.

• Open label RCT

• Initially planned to enroll 1200 patients, with 400 in each arm.

• Study was terminated prematurely due to higher recurrence
in the non-control arms.



Inclusion criteria Exclusion

1. Age > 18 yrs
2. New sputum smear positive 

on two smears 

1. Previously treated for > 30 
days

2. Weight < 30 Kg
3. DM
4. Severe HT
5. HIV coinfection
6. Seizures 



Outcome 

Favourable 3  sputum cultures were negative in the last month of Rx

one culture was positive but cultures during the subsequent 
months were negative without additional Rx

Unfavorable >1 one sputum culture was positive in the last month of 
treatment, one of which was > 20CFU, or drug toxicity, or the 
patient died of TB during treatment

Rx was changed for persistent sputum positivity, or for 
radiographic or clinical deterioration

Recurrence 2 positive sputum cultures in a 2-month period, one of which 
> 20 colonies, or ii) positive sputum cultures during 4 
consecutive monthly examinations, < 20 colonies b)

Clinical/radiological recurrence, defined as clinical or 
persistent radiological deterioration consistent with TB in the 
absence of bacteriological criteria defined above.



• Study started with C and G arms due to non availability of M 
in 1:1 ratio

• Later on in 1:2:1 to compensate for the delayed start in M 
arm.

(p = 0.04)



• 16%, 10% and 6% of patients in the G, M and control regimen 
arms respectively had recurrence of TB

• The differences in the TB recurrence rate between the G arm 
and the control arm was statistically significant (16% vs 6%; RR 
0.90; 95% CI 0.83–0.98; p = 0.02). 

• The difference in the recurrence rate between the M arm 
(10%) and the control arm (6%) was not statistically significant 
(RR 0.96; 95% CI 0.89–1.04; p = 0.38). 

• The difference in the recurrence rate between the G and M 
arms was also not statistically significant. (RR 0.94; 95% CI 
0.85–1.04; p = 0.31).



• TB recurrence rates in the gatifloxacin and moxifloxacin
regimens higher necessitating the premature termination of
the trial.

• Reasons for the failure of the FQ regimen :-

– Dosage of FQ’s – possibly requires higher doses than the
conventional doses used to Rx bacterial disease

– Post antibiotic effect- Moxifloxacin doesn’t have a
significant PAE

Chan, Au-Yeang et al. (2004)



OFLOTUB TRIAL !



• Aimed to establish non- inferiority of a 4 month Gatifloxacin
containing regimen compared with 6 month standard
regimen.

Gatifloxacin 
regimen

Control/standard 
regimen

IP Phase HRZG HRZE

CP Phase HRG (2) HR (4)



Inclusion criteria  Exclusion Criteria 

18-65 yrs TB in past 3 years

Smear positive new cases HIV Grade III & IV

Rifampicin sensitive DM/NIDDM

Impaired renal, hepatic function

Pregnant or lactating women

QT interval > 480 , or drugs 
causing above

Patients with bradycardia (<40)

Drugs with anti-TB effects, 
steroids



• Primary Outcome 

– Percentage of participants with an unfavourable outcome 
by 24 months after the end of treatment

Failure 2 positive cultures at 16 weeks and at 20 weeks 
in the test arm and at 24 and 28 weeks in the 
control arm.

Relapse > 2 positive cultures of >10 colonies in 2 separate 
monthly sputum collections during a 12 week 
period " after cure. 

Recurrence 

Death

Withdrawal from study 



Results 







• study failed to show gatifloxacin substituted for ethambutol 
was non inferior to standard regimen.

• main reason being higher recurrence rate observed  with the 
4-month regimen, despite rapid culture conversion during 
treatment.

• dosage of gatifloxacin was not adjusted on the basis of body 
weight, and treatment was administered 6 days a week.



REMoxTB Trial



• This trial tested the feasibility of two moxifloxacin-containing
regimens for effective 4-month treatment of uncomplicated,
smear-positive pulmonary tuberculosis.





Outcome 

Favourable two negative-culture results at different visits 
without an intervening positive result

Unfavorable bacteriologically or clinically defined failure or 
relapse within 18 months after randomisation 





• The trial showed that the substitution of moxifloxacin in 4-
month regimens based on either isoniazid or ethambutol did
not meet the margin for non inferiority, as compared with the
6-month control regimen.



Why Moxifloxacin regimens failed ?

• Studies involving Moxifloxacin were designed based on the
plasma concentration.

• However, Pconc may be a poor indicator of tissue and
granuloma perfusion, especially perfusion into necrotic
granulomas caseum-filled cores.

• Although preclinical trials showed a Rx shortening potential of
moxifloxacin in mice, this was not replicated in human trials.

• MoxF achieved several fold lower concentration compared to
Rifampicin, which itself exhibited a slow accumulation until
high steady-state concentrations were achieved deep within
lesions,



• Pyrazinamide alone rapidly perfused throughout the lesion.

• This inability to efficiently drug the entire lesion probably
explains why shortening the course of many MoxF regimens
was not successful.

(Prideaux, Via et al. 2015)



PanACEA MAMS-TB-01 trial

• High-dose (35mg/kg) rifampicin, in combination with standard
dose of isoniazid, pyrazinamide and ethambutol, showed a
significant shortening of time to culture conversion with a
covariate-adjusted hazard ratio of 1.75, 95% confidence
interval (1.21-2.55) over the 12 weeks of experimental
treatment.



• Regimens using newer drugs 

1. PaMZ regimen 



PaMZ regimen

• combination of moxifloxacin, pretomanid (PA-824), and 
pyrazinamide was found to effective against both DS and DR 
Mtb in preliminary studies.

• 2b study of bactericidal activity—defined as the decrease in 
colony forming units (CFUs) of Mycobacterium tuberculosis in 
the sputum of patients with microscopy smear-positive 
pulmonary tuberculosis, showed superior bactericidal activity 
in drug-susceptible tuberculosis during 8 weeks of treatment.



Mean ∆ Log10 CFU credibility interval 

MPa200Z

0·155 (0·133–0·178)

0·117
(in DR TB)

(0·070–0·174).

MPa100Z 0·133 (0·109–0·155) 

HRZE 0·112 (0·093–0·131) 



Shortening Treatment by Advancing Novel 
Drugs (STAND) Trial

• A Phase 3 Open-Label Partially Randomized Trial Study.

• Assess the efficacy, safety and tolerability of a combination of
moxifloxacin, PA-824, and pyrazinamide treatments with
varying doses and treatment lengths from 4 to 6 months in
subjects with drug-sensitive (DS) pulmonary TB compared to
standard HRZE treatment .(NCT02342886)

• Currently recruiting patients





• Oxazolidinone antibiotic class, inhibits protein synthesis by 
binding the 23S ribosomal RNA (rRNA) portion of the bacterial 
50S ribosomal

• Mic < 1μG/ml 

• A/e- peripheral neuropathy, hyper-lactatemia, and 
myelosuppression. 

• EBA- in preclinical trials and murine models showed only a 
modest antimycobacterial efficacy. 

• December 2008 through May 2011



Inclusion criteria Exclusion criteria

Males and females age 20 and above Subjects who have previously been on LZD

Documented PTB at screening Women of childbearing potential

Radiographic evidence of tuberculous disease 
of the lung(s)

ANC< 1000, WBC< 3.0 X 103/Μl, Hb< 7.0 g/dL
Platelet count < 75,000 cells/mm3

Chronic  AFB positive sputum smears and 
culture positive

Cr > 2.0 mg/dL
AST >100 IU/L/g _ALT >100 IU/L
Total bilirubin > 2.0 mg/dL

MTB species identification as Mycobacterium 
tuberculosis

Moderate or severe peripheral or optical 
neuropathy. 
diabetes-related eye, foot, heart or kidney 
disease

resistance to INH, RIF, kana/capreomycin, 
rifabutin, ofloxacin, and moxifloxacin OR
failure to respond to treatment despite DST
susceptibility

HIV-1 or HIV-2 infection
SLE or RA 

Failure to respond (after at least 6 months) to a 
2nd line drug  regimen including any known 
active agents

SSRI, MAO, Chemo, systemic corticosteroids, IL, 
ART, within 30 days or planned for use within 
60days 



Study design

• Patients with XDR TB and no response to available
chemotherapeutic regimen randomized to receive linezolid
either immediately or after 2 months without a change in
their background regimen.

• After sputum conversion or 4 months, a 2ND randomization,
randomised to continue receiving linezolid at a dose of 600
mg per day or to receive a lower dose, 300 mg per day, for an
additional 18 months or until therapy was stopped owing to
side effects or laboratory abnormalities.



1. Primary end-point 

– sputum-culture conversion, with data censored at 4 
months. 

– Conversion was defined as negative sputum samples on 
solid (Lowenstein–Jensen) medium for 3 consecutive 
weeks

• 2nd ry end points 

– time to discontinuation due to intolerance of LZD drug

– occurrence of relapse with active disease at 12 months 
after the end of treatment



• 15 /19 patients (79%) in the immediate-start group and 7/20
(35%) in the delayed-start group had conversion to negative
sputum cultures on solid medium (P = 0.001)

• Combining the two groups, 34 /38 patients who received
linezolid (89%) had culture conversion on solid medium by 6
months at a median of 75 days after the start of treatment with
linezolid.

• In the 2nd randomization of 38 patients who received Linezolid,
15/17 (88%) in 600mg group had adverse events compared with
11/16 (69%) in the 300mg group.



• 27 had negative results on sputum culture 1 year after the 

end of treatment, 3 were lost to follow-up, and 8 withdrew 

before the end of the study, including the 4 patients in whom 

linezolid failed, as reported previously.

• The median duration of tuberculosis treatment was 789 days 

overall, with 781 days of linezolid.

• Linezolid is effective at achieving culture conversion among 

patients with treatment refractory XDR pulmonary 

tuberculosis.



Drawbacks

• Linezolid a single active agent being added to a failing 
regimen.

• The trough level of the drug was above the MIC in all patients 
in 600mg group, whereas it was below MIC in 3 patients in 
300mg group.

• 4 (11%)patients developed acquired resistance to Linezolid.

• Pk studies showed that, 300mg can maintain the drug level 
above the mutation preventing level.



Trial Objective Regimen Remarks

RIFATOX Trial Evaluate the toxicity of 
high dose rifampicin (15 
& 20 mg/kg/d)
N= 300

2EHR15Z/2HR15/2HR
2EHR20Z/2HR20/2HR
vs. 2HRZE/4HR

-20 mg/kg 
safe/tolerable, dose-
related ↑ LFTs < gr3
- No ∆ in culture 
conversion rates

RIFASHORT Trial Evaluate Toxicity and 
Efficacy of high dose 
Rifampicin

2HRZE/4HR
2HR1200ZE/2HR1200

2HR1800ZE/2HR1800

Not yet open for
participant recruitment

HIGHRIF1 EBA
N=68

2wk max tolerability 
dosage, Pk, EBA R to 
35 mg/kg

35 mg/kg 
safe/tolerable, no gr4/5 
events, min LFT↑(<3)

HIGHRIF2
Evaluate safety and 

efficacy

2R 1200 (20 mg/kg) v. 900

(15 mg/kg) v. 600 (10 
mg/kg)

No serious adverse 
events for Rifampicin @
10 and 15mg/Kg

HIGHRIF3 (phase a dosage-ranging study HRZE vs. Prelim. Data suggests 



Short course MDR regimen 



Inclusion criteria Exclusion criteria 

Patients with proven or highly likely MDR-
TB

culture identified only environmental 
mycobacteria and Mycobacterium 
tuberculosis was never isolated,

No age criteria the patient had a history of previous 
treatment
with second-line drugs

Antwerp laboratory failed to confirm 
RMP- plus INH-resistant TB (i.e.,
MDR-TB).

overt liver disease 



Treatment protocol

• high-dose GFX, EMB, PZA, and clofazimine (CFZ) throughout, 
supplemented during the minimum 4-month intensive phase 
by KM, prothionamide (PTH), and INH.

• If sputum smear microscopy results at month 4 were positive, 
the IP was extended until sputum smears were negative or 
the patient was declared to have bacteriological treatment 
failure.

• The duration of the continuation phase was fixed at 5 months



• Cure: completion of treatment with five or more negative
cultures over at least 12 months (follow-up period included
after the last positive culture.

• Completion: completion of treatment with documented
bacteriological conversion status persisting up to the end of
treatment, but fewer than five negative cultures or < 12
months of observation after the last positive culture.

• Failure: one or more positive cultures during treatment after
at least 150 days, or death or default with bacteriological
evidence of active TB after the first 2 months of treatment, or
a medical decision to definitively terminate treatment due to
adverse drug reactions.

• Relapse: cure or treatment completion, followed by at least
one positive culture during post-treatment follow-up, unless
the strain was proven to be Genotypic ally different from the
initial isolate.



• Reinfection disease: recurrent disease with a genotypically 
different strain.

• Death: death from any cause during treatment not meeting g 
the criteria for prior failure.

• Default: interruption of treatment for at least 2 months not 
meeting the criteria for prior failure.

• Conversion on culture: two negative cultures taken at least 30 
days apart; time to conversion is from startnof treatment until 
the time the first of these two negative specimens was taken.



• Bacteriologically favourable –cure/treatment 

completed 

• Bacteriologically unfavourable -failure/relapse



• Of the 515 patients, 435 (84.5%) had a successful treatment 
outcome (cured or treatment completed,; of these, 82.3% 
(n→358) did not relapse for 24 months, and 93.1% (n ¼ 405) 

for 712 months after treatment completion.



• Time to complete treatment
• Of the 439 patients who completed the prescribed regimen, 50%

completed treatment within 272 days (9 months), 75% within 299
days (10 months), 90% within 331 days (11 months), and 95%
within 363 days (1 year)



Conventional/Other MDR regimens Bangladesh regimen

meta-analysis of 9153 MDR-TB patients
from 32 observational studies conducted in
23 countries showed a 54% treatment
success rate.

relapse-free cure rate of
87.9%

Costly, € 82 000 approx Cheap, € 200, with
generics

Duration ≥20 months 9 to 11 months

Numerous adverse effects well tolerated, and
serious events requiring a
regimen change were
rare.

(Ahuja, Ashkin et al. 2012)



• No RCT’s comparing the Bangladesh regimen with the current
standard of care WHO regimen.

• Despite being introduced into the National programs of many
countries.

• STREAM 1 trial aims to address this issue.


