
Approaches for improving inference from 
observational multi-drug resistant tuberculosis 

(MDR-TB) treatment cohorts
RESIST-TB Webinar• January 27, 2020

Molly Franke, ScD
Associate Professor

Global Health and Social Medicine 
Harvard Medical School



Overview
1. Comment on generating data on 

optimal MDR-TB regimens

2. Evidence of regimen changes in 

MDR-TB regimens

3. Implications of not considering 

regimen changes

4. The “why”, “what” and “how” of 

accounting for regimen changes

5. Some friendly peer-pressure 

6. Discussion / Conclusions

CONSIDERING REGIMEN CHANGES IN 
EVALUATING MDR-TB TREATMENTS:

Why is it important and what data do 
we need to do it?



Trials of MDR-TB treatment are critically important.

1. Comment on generating data on optimal MDR-TB regimens



Observational data are also critically important.

1. Comment on generating data on optimal MDR-TB regimens



Longer MDR-TB regimens are dynamic.

2. Evidence of regimen changes in longer MDR-TB regimens
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2. Evidence of regimen changes in longer MDR-TB regimens



Longer MDR-TB regimens are dynamic.
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2. Evidence of regimen changes in longer MDR-TB regimens



Longer MDR-TB regimens are dynamic.
Regimen changes in the endTB observational study (N=1088) 

Type of change
Median number of 

changes [IQR]

All changes (including dose adjustments, 

suspensions)
8 [5 to 11]

All changes, excluding dose adjustments 6 [4 to 9]

Unique regimen combinations 5 [3 to 7]

2. Evidence of regimen changes in longer MDR-TB regimens



Historically we have lacked detailed longitudinal 
data on MDR-TB treatment.

So, we have to make tough decisions about 
classifying exposure.

3. Implications of not considering regimen changes



3. Implications of not considering regimen changes

Example: classifying exposure to DLM
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3. Implications of not considering regimen changes

Example: classifying exposure to DLM
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Example 1: Ever versus never received the drug

Disadvantages:  relevance, immortal person time
On DLM



3. Implications of not considering regimen changes

Example: classifying exposure to DLM
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Example 2: Drugs received in the first month

On DLM
Disadvantages:  relevance, misclassification



3. Implications of not considering regimen changes

What if DLM is a confounder?
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▪ Use varied 

throughout the 

study

▪ Availability increased 

over time

▪ Added to or 

substituted into 

regimens

DLM use, endTB observational study

3. Implications of not considering regimen changes
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4. The “why”, “what” and “how” of accounting for regimen changes

Why consider regimen changes?

▪ Improves relevancy of questions. 

▪ This approach reduces bias (no assumptions about nature of exposure)
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4. The “why”, “what” and “how” of accounting for regimen changes

What data is needed to consider regimen changes?

▪ DLM start and stop dates

▪ Data on factors associated with DLM use at baseline and during follow-up

▪ Cultures

▪ Adverse events

▪ Other drugs in the regimens
Presence and dates



• Use alternative statistical methods to adjust for confounding by both 
baseline and time-varying covariates.

• e.g. Inverse probability weighting, G-formula

• Statistical code and methods paper increasingly available.

• Free text and analysis code available online:
• https://www.hsph.harvard.edu/miguel-hernan/causal-inference-book/

How do you do this?

4. The “why”, “what” and “how” of accounting for regimen changes
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4. The “why”, “what” and “how” of accounting for regimen changes

How do you do this? An illustrative example in HIV
Analysis RR 95% CI

Unadjusted 3.55 2.95 – 4.27

Baseline adjusted 2.32 1.92 – 2.81

Baseline and time-varying

confounders*

0.74 0.57 – 0.96

*Inverse probability weighting in a marginal structural model

▪ Cohort of men living with HIV

▪ Estimate effect of AZT 
initiation on mortality

Hernán et al. Epidemiology. 2000

Baseline

confounders

Time-varying

confounders



Clare et al. IJE, 2019 

Publications with discussion of theory or application of methods for time-varying mediation or confounding.

61% of 432 observational studies were on:

• HIV (31%),

• cardiopulmonary health (13%)

• kidney disease (12%) 

• mental health/neurology (10%)

These methods have become common.

5. Some friendly peer pressure



Key Messages

• “… time-varying confounding is an important issue in the analysis of non-randomized

longitudinal data, and ignoring it can lead to false conclusions.”

• “A number of techniques exist to adjust for … time-varying confounding; however, they

remain under-used in the literature.”

• “Effort is required to make existing methods accessible to researchers in order to make

future analysis of longitudinal data more robust and more reliable.” 

5. Some friendly peer pressure

These methods have become common.

Clare et al. IJE, 2019 



Carly Rodriguez et al. Unpublished data.

5. Some friendly peer pressure

No TB studies have used these methods.



Summary
● Lack of detailed longitudinal data necessitates tough decisions 

and strong assumptions during analysis

● Unknown how these bias findings, affect patient care

▪ We won’t know until we do robust analyses on high-quality data.

▪ Presence / directions of these biases can be hard to predict

▪ Bias may be present in some cohorts but not others

● MDR-TB data limitations have precluded asking the most 

relevant questions and conducting the most robust analyses

6. Summary / conclusions



@MollyFranke1

Improving inferences from observational data:

6. Summary / conclusions



ANSWERING THE RELEVANT QUESTION: 
How we can analyze data from MDR-TB observational 

treatment cohorts to emulate randomized trials?

Carly Rodriguez, MPH
PhD Candidate, Department of Epidemiology, Boston University School of Public Health

Associate, Department of Global Health and Social Medicine, Harvard Medical School



RANDOMIZED TRIALS AND OBSERVATIONAL DATA

▪ Randomized trials are the gold standard in assessing the causal 
effect of a treatment on an outcome

▪ However, randomized trials can be:

▪ Untimely

▪ Impractical

▪ Expensive

▪ Unethical



DATA FROM OBSERVATIONAL TREATMENT COHORTS IS OUR NEXT BEST CHOICE



THE TARGET TRIAL APPROACH

▪ An analysis of observational data can be viewed as an attempt to 
emulate a hypothetical pragmatic randomized trial, the “target trial”

▪ Three (3) major steps:

1. Define the research question

2. Describe, in detail, the target trial

3. Explicitly emulate the target trial in the observational data

Hernan et al. Am J Epidemiol, 2016



➢ Eligibility criteria

➢ Treatment strategies of interest

➢ Assignment procedures

➢ Follow-up period

➢ Outcome

➢ Analysis plan

▪ Three (3) major steps:

1. Define the research question

2. Describe, in detail, the target trial:

3. Explicitly emulate the target trial in the observational data

THE TARGET TRIAL APPROACH

Hernan et al. Am J Epidemiol, 2016



THE TARGET TRIAL APPROACH



Three (3) steps:

1. Define the 
research question

2. Describe the   
target trial

a. Eligibility criteria

b. Treatment 
strategies

c. Assignment 

d. Follow-up period

e. Outcome

f. Analysis plan

3. Emulate the target
trial

1. DEFINE THE RESEARCH QUESTION

PICO question:

In MDR/RR-TB patients, does concomitant use of 

bedaquiline and delamanid safely improve outcomes 

when compared with other treatment options in regimens 

otherwise conforming to current WHO guidelines?



Does concomitant use of bedaquiline and delamanid for 

the first 6 months of treatment improve 6-month TB 

treatment outcome, compared to patients receiving 

bedaquiline-containing, delamanid-free regimens?
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Three (3) steps:

1. Define the research
question

2. Describe the   
target trial

a. Eligibility criteria

b. Treatment 
strategies

c. Assignment 

d. Follow-up period

e. Outcome

f. Analysis plan

3. Emulate the target
trial

Does concomitant use of bedaquiline and delamanid for 

the first 6 months of treatment improve 6-month TB 

treatment outcome, compared to patients receiving 

bedaquiline-containing, delamanid-free regimens?

PICO question:

In MDR/RR-TB patients, does concomitant use of 

bedaquiline and delamanid safely improve outcomes 

when compared with other treatment options in regimens 

otherwise conforming to current WHO guidelines?

2. DESCRIBE THE TARGET TRIAL



2. DESCRIBE THE TARGET TRIAL

Eligibility criteria Patients with culture+ RR-, MDR-TB, XDR-TB

Treatment strategies Intervention: DLM + WHO-conforming longer regimen of 4 drugs likely to 

be effective

Control: WHO-conforming longer regimen of 4 drugs likely to be effective

Assignment Random at treatment initiation, unblinded

Follow-up From randomization to: 6-month culture conversion, death, or loss-to-

follow up (whichever occurs first)

Outcome 6mo sputum culture conversion

Analysis plan Across treatment arms: % with culture conversion at 6mo, time-to-culture 

conversion



2. DESCRIBE THE TARGET TRIAL

Eligibility criteria Patients with culture+ RR-, MDR-TB, XDR-TB

Treatment strategies Intervention: DLM + BDQ + WHO-conforming longer regimen of 3 drugs

likely to be effective

Control: BDQ + WHO-conforming longer regimen of 3 drugs likely to be 

effective

Assignment Random at treatment initiation, unblinded

Follow-up From randomization to: 6-month culture conversion, death, or loss-to-

follow up (whichever occurs first)

Outcome 6mo sputum culture conversion

Analysis plan Across treatment arms: % with culture conversion at 6mo, time-to-culture 

conversion
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2. DESCRIBE THE TARGET TRIAL

Eligibility criteria Patients with culture+ RR-, MDR-TB, XDR-TB

Treatment strategies Intervention: DLM + BDQ + WHO-conforming longer regimen of 3 drugs

likely to be effective

Control: BDQ + WHO-conforming longer regimen of 3 drugs likely to be 

effective

Assignment Random at treatment initiation

Follow-up From randomization to: week 24, death, or loss-to-follow up, whichever

occurs first

Outcome 6mo sputum culture conversion

Analysis plan Across treatment arms: % with culture conversion at 6mo, time-to-culture 

conversion



2. DESCRIBE THE TARGET TRIAL
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2. DESCRIBE THE TARGET TRIAL

Eligibility criteria Patients with culture+ RR-, MDR-TB, XDR-TB

Treatment strategies Intervention: DLM + BDQ + WHO-conforming longer regimen of 3 drugs

likely to be effective

Control: BDQ + WHO-conforming longer regimen of 3 drugs likely to be 

effective

Assignment Random at treatment initiation

Follow-up From randomization to: week 24, death, or loss-to-follow up, whichever

occurs first

Outcome Sputum culture conversion at wk 24

Analysis plan Across treatment arms: % with culture conversion at wk 24, time-to-

culture conversion



3. EMULATE THE TARGET TRIAL

▪ Assume multi-country observational cohort of 
patients with RR-, MDR-, and XDR-TB treated
under programmatic conditions with bedaquiline, 
delamanid, or both

Three (3) steps:

1. Define the research
question

2. Describe the   
target trial

a. Eligibility criteria

b. Treatment 
strategies

c. Assignment 

d. Follow-up period

e. Outcome

f. Effect of interest

g. Analysis plan

3. Emulate the target
trial



TARGET TRIAL OBSERVATIONAL COHORT

Eligibility criteria Patients with culture+ RR-, MDR-TB, XDR-TB Same

Treatment

strategies

Intervention: DLM + BDQ + WHO-conforming

longer regimen of 3 drugs likely to be effective

Control: BDQ + WHO-conforming longer regimen of 

3 drugs likely to be effective

Same

Note, this requires excluding patients with

<4 drugs likely to be effective, >4 drugs

likely to be effective, not counting DLM

Assignment Random at treatment initiation Regimen received on day 1 of treatment

based on site, provider preference, etc.

Follow-up From randomization to: week 24, death, or

loss-to-follow up, whichever occurs first

From treatment initiation to: [Same]

Outcome Sputum culture conversion at week 24 Same

Analysis plan Across treatment arms: % with culture 

conversion at week 24, time-to-culture 

conversion

Inverse probability (IP) treatment weighting

for baseline confounders and IP censoring

weights for treatment switches, LTFU
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3. EMULATE THE TARGET TRIAL

▪ Analysis plan

▪ MDR-TB treatment is complex

▪ Treatment regimens often change dependent on 
other time-varying factors such as bacteriologic
response, toxicity, and resistance

Three (3) steps:

1. Define the research
question

2. Describe the   
target trial

a. Eligibility criteria

b. Treatment 
strategies

c. Assignment 

d. Follow-up period

e. Outcome

f. Effect of interest

g. Analysis plan

3. Emulate the target
trial



TIME-DEPENDENT CONFOUNDING IN MDR-TB COHORTS 

+ -+ +

Baseline End of treatmentTime 1 Time 2 Time 3 Time 4

VS



3. EMULATE THE TARGET TRIAL

▪ Analysis plan

▪ MDR-TB treatment is complex

▪ Treatment regimens often change dependent on 
other time-varying factors such as bacteriologic
response, toxicity, and resistance

▪ Simple adjustment methods, such as regression
on baseline factors and propensity score 
matching, likely does not completely resolve
bias

▪ Methods that can account for complex
longitudinal data are needed (inverse probability
weighting, g-formula)

Three (3) steps:

1. Define the research
question

2. Describe the   
target trial

a. Eligibility criteria

b. Treatment 
strategies

c. Assignment 

d. Follow-up period

e. Outcome

f. Effect of interest

g. Analysis plan

3. Emulate the target
trial



CONCLUSION

▪ Observational treatment cohorts can be used to draw inferences on 
the treatment and management of MDR-TB when evidence from 
randomized trials is not available

▪ The target trial approach is a powerful tool to design analyses in 
observational cohort data

▪ Forces clear statement of research question

▪ Structured approach to identify and avoid common pitfalls and potential 
sources of bias

▪ Improves transparency and allows others to critically examine the design 
of observational analyses and the validity of their estimates


