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What proportion of  patients are cured with the 
6-month standard regimen for DS-TB?

MITT = Modified Intention-To-Treat; PP = Per Protocol

99% - SHRZ/HR Fox, 1981

95-99% - SHRZ/HR(Z) FDA guidance for pulmonary TB trials, 2013

96% - SHR EA/BMRC Study R 1972

95.1% (PP) RIFAQUIN, Jindani et al. 2014

92% NIRT, Jawahar et al. 2013

92% (PP) REMoxTB, Gillespie et al. 2014

88.7% (PP) OFLOTUB Phase III, Merle et al. 2014

85.6% (MITT) RIFAQUIN, Jindani et al. 2014

84% (MITT) REMoxTB, Gillespie et al. 2014

82.8% (MITT) OFLOTUB Phase III, Merle et al. 2014

▪ What do we mean by 

‘cure’?

▪ When is it measured?

▪ What is the 

denominator (patient 

population)?

▪ How do we classify 

death or loss to 

follow-up?

▪ What about treatment 

changes for adverse 

events?
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“…Of the 107 patients who were evaluated 

six months after the end of therapy, 95 

(89%) were successes, which significantly 

exceeded the historical success rates for 

treatment of extensively drug resistant TB.”
https://www.fda.gov/news-events/press-announcements/fda-approves-new-drug-

treatment-resistant-forms-tuberculosis-affects-lungs

“…Favorable status was reported in 79.8% of 

participants in the long-regimen group and in 78.8% of 

those in the short-regimen group — a difference, with 

adjustment for HIV status, of 1.0% (95% CI, −7.5 to 9.5) 

(P=0.02 for noninferiority).”

“…in the per-protocol analysis, a favorable outcome

was reported in fewer patients in the isoniazid group 

(85%) and the ethambutol group (80%) than in the 

control group (92%)… Results were consistent in the 

modified intention-to-treat analysis and all sensitivity 

analyses.



4



▪ Trial comparing various combinations of 

Isoniazid, Streptomycin and PAS.

▪ No clear ‘primary endpoint’

▪ “…It is concluded, judging solely from the 

results [on 10 endpoints] at three months, 

that streptomycin + isoniazid… is 

clinically the most effective of the 

treatments studied.”

Weight 
gain

Temperature

Sedimentation 
rate

Radiographic 
changes

Cultures

Drug 
resistance



Relapse rate

Difference from 
control (95% CI)

1. Lost to follow-up as success

2. Lost to follow-up excluded

3. Lost to follow-up as relapse

Rifapentine FDA NDA
Details from Statistical Review of 2-year follow-up, 2000

⬛ Rifapentine

⬛ Control



Rifapentine FDA NDA
Details from Statistical Review of 2-year follow-up, 2000

▪ The FDA approved rifapentine, but the statistical reviewer 

noted the following caution:

- “It might be in the patients’ best interest to add a statement to the 

proposed label cautioning that relapse rates could actually be 

much higher than they appear due to the fact that we don’t know 

what happened to almost a third of the patients who 

converted.”
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Sensitivity analyses

RIFAQUIN

REMoxTB

STREAM
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Lack of 
standardization 

in definitions

Hinders 
evidence 
synthesis

Undermines 
basis for margin 
of non-inferiority

Mixture of 
efficacy, safety 

and missing data

Imprecise  
research question 

(Estimand)

Multiplicity of 
analysis 

approaches (ITT, 
MITT, PP, etc.)

Inflation of Type I 
and/or Type II 

Errors

Bias in treatment 
effect estimates

What are the implications of  this language disconnect?

Barrier to 
identifying highly 

efficacious 
strategies
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What are the implications of  this language disconnect?
Consumers

…

Clinical 
trial 

results 

Guidelines 
developers

Regulatory 
agencies

Patient and 
community 

groups

National 
programs
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REMoxTB
STREAM Delamanid C213 trial
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REMoxTB 

(MITT)

REMoxTB 

(PP)

STREAM 

(MITT)

Delamanid 

C213 30m 

outcomes 

WHO DR-TB 

Guidelines*

Favorable / 

Success

Unfavorable / 

Failure

Excluded

Lack of standardization
Challenges for evidence 

synthesis

* ‘Treatment failure or relapse versus treatment success’ analysis in guidelines

Completed treatment, culture converted and culture 

negative at end of follow-up 
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REMoxTB 

(MITT)

REMoxTB 

(PP)

STREAM 

(MITT)

Delamanid 

C213 30m 

outcomes 

WHO DR-TB 

Guidelines*

Favorable / 

Success

Unfavorable / 

Failure

If before 15 

months

Excluded
If after 15 

months

Lack of standardization
Challenges for evidence 

synthesis

* ‘Treatment failure or relapse versus treatment success’ analysis in guidelines

Lost to follow-up after treatment completion
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REMoxTB 

(MITT)

REMoxTB 

(PP)

STREAM 

(MITT)

Delamanid 

C213 30m 

outcomes 

WHO DR-TB 

Guidelines*

Favorable / 

Success

Unfavorable / 

Failure

Excluded

Lack of standardization
Challenges for evidence 

synthesis

* ‘Treatment failure or relapse versus treatment success’ analysis in guidelines

Lost to follow-up during treatment 
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REMoxTB 

(MITT)

REMoxTB 

(PP)

STREAM 

(MITT)

Delamanid 

C213 30m 

outcomes 

WHO DR-TB 

Guidelines*

Favorable / 

Success

Unfavorable / 

Failure

Excluded

Lack of standardization
Challenges for evidence 

synthesis

* ‘Treatment failure or relapse versus treatment success’ analysis in guidelines

Change of two drugs in background regimen for 

adverse drug reaction
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REMoxTB 

(MITT)

REMoxTB 

(PP)

STREAM 

(MITT)

Delamanid 

C213 30m 

outcomes 

WHO DR-TB 

Guidelines*

Favorable / 

Success
?

Unfavorable / 

Failure
TB-related

Excluded
Not TB-

related
?

Lack of standardization
Challenges for evidence 

synthesis

* ‘Treatment failure or relapse versus treatment success’ analysis in guidelines

Death after treatment completion
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Mixture of efficacy, safety 
and missing data

Barrier to identifying highly 
efficacious regimens

Assumptions

• True relapse rate in 

control: 5%

• Power: 90%

• Superiority: Power to 

show reduction to 1% 

• Non-inferiority: Margin 

of 5%

• Non-TB events 

independent of 

treatment and TB events

Non-inferiority

Superiority 
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Conclusions

▪ Lack of standardization of primary endpoint definitions 

hinders evidence synthesis

▪ Conflation of efficacy, safety and missing data into one 

dichotomous endpoint inflates Type I and Type II errors and 

introduces bias in treatment effect estimates

▪ Inclusion of non-TB events is a barrier to identification of 

highly efficacious treatment strategies
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Conclusions

▪ Catch-all endpoint definitions address imprecise research 

questions and treatment effects

→ Greater separation between clinical trial results and consumers 

of those results 
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What should we do about it? 

▪ Specification of appropriate estimand(s) for TB trials

- Estimand = Precise statement of treatment effect estimate of interest

- Can we define estimand(s) that meet requirements for regulators, 

guidelines developers, patients and community groups?

▪ Development of appropriate methods for analysis that yield 

unbiased estimates in the presence of missing data 

▪ Greater standardization across sponsors
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A better framework for linking research questions 
with endpoint and analyses
ICH E9 (R1) Addendum, draft 2014

Mallinckrodt CH, Bell J, Liu G, Ratitch B, O'Kelly M, 

Lipkovich I, et al. Aligning Estimators With 

Estimands in Clinical Trials: Putting the ICH E9(R1) 

Guidelines Into Practice. Ther Innov Regul Sci. 2019
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