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Why I choose this paper?

• It could be potentially one of the topics for my dissertation 
to analyze the effectiveness and safety of antituberculosis for 
DR-TB.
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Introduction
Bedaquiline is a 
diaryquinolone that 
recommended by the 
World Health 
Organization (WHO) as a 
group A prioritized drug 
in DR-TB treatment since 
2019 due to its 
effectiveness. 
.

 

WHO consolidated guidelines on drug-resistant tuberculosis treatment. Geneva: World Health Organization; 2019
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Guideline Treatment
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Knowledge GAP

•Bedaquiline is recommended for treating drug-
resistant TB since 2019. 
• One of the  reasons why patients do not want to complete 

the treatment is long duration of treatment and existing of 
adverse drug reactions 

• Limited data its effectiveness worldwide.
•No evidence its effectiveness using longer treatment 

higher 6 months.
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Study Question of Interest

How is the effectiveness of 
Bedaquiline among DR-TB 
patients worldwide?
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P2

P1
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Paper 1

Miguel Hernan: Professor of Biostatistics & 
Epidemiology, Harvard  T.H. Chan School of 
Public Health ; Author Book “What If”

Molly Forrest: Assoc Prof. in Depart. 
Epidemiology Harvard  T.H. Chan 
School of Public Health

Effectiveness of Bedaquiline Use beyond Six Months in Patients with 
Multidrug-Resistant Tuberculosis
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Objective Paper 1

To estimate the effect of three BDQ duration treatment strategies 
(6, 7–11, and >12 month) on the probability of successful treatment 
among patients receiving a longer individualized regimen for multidrug-
resistant tuberculosis
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Method
Study Design : observational cohort design

Framework: A TARGET TRIAL EMULATION was utilized to minimize common biases 
associated with treatment duration studies, such as immortal time bias and 
confounding by indication.

Database Used: endTB (Expand new drug markets for TB) observational study across 
17 different countries  from 2015-2018 . This observational study encompassed 2,789 
patients diagnosed with rifampicin-resistant and multidrug-resistant tuberculosis
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Method

Target Trial 
Emulation

Find the protocol of 
TARGE TRIAL

Clone data

Censored

IP weighting



Protocol of Target Trial
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Protocol of Target Trial
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Protocol of Target Trial
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Protocol of Target Trial
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Clone data 
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6 months

7-11 months

>= 12 months

1468

1468

1468

1468

To avoids the immortal time bias 
that can occur if the treatment 
strategy is assigned on the basis of 
the observed duration of 
treatment.

In this study, there is potential 
immortal time bias because longer 
treatment durations might appear 
more effective simply because 
patients must survive long enough to 
receive medication. 



Artificial Censoring
it occurs when patient data is removed from the analysis before 
treatment completion.
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6 months

7-11 months

>= 12 months

1468

1468

1468

1468

Each patient copy will be censored 
if/when it deviated from its assigned 
strategy. For example, clones 
assigned to the strategy BDQ for 7–
11 months were censored if they 
stopped BDQ for the first time 
before Month 7 or after Month 11 
for a reason other than an adverse 
event.



IP Weighting
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Artificial censoring
Introduce potential 

selection bias

So, IP weighting was used to adjust for potential selection 
bias. IP Weighting was conducting using logistic 
regression model for probability of treatment success 
among uncensored patients
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Result: Baseline Characteristics
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Result: Probability of Treatment Success
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Baseline adjusted: The model was adjusted for age (years; continuous), sex, cumulative adherence . 80% (binary, with missing 

counted as <80%), extensive disease (i.e., cavitary disease with a sputum smear result of 21 or 31), number of severe 

adverse events (binary: none vs. one or more), functional status (categorical: fully active, restricted in physically strenuous 

activity but ambulatory, ambulatory with full self-care vs. limited self- care, or completely disabled), body mass index , 18.5 

kg/m2, culture result (positive or negative), number of drugs in the regimen (count variable), prescription of cycloserine, and 

prescription of the following drugs that were likely to be effective in the patient: fluoroquinolone, linezolid, clofazimine,  and a 

second-line injectable.

Use Clone Data



Result: Success Ratio and Success Difference
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SR= Success ration; SD= Success difference; 

There is no significant difference in the effectiveness of longer bedaquiline (BDQ) treatment durations compared to 
the standard 6-month treatment regimen 

Use Cloned Data



Result: Naive Analysis
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There is  significant difference in Success Ratio of >=12 month treatment durations compared to the 
standard 6-month treatment regimen 

Do not Use Cloned Data



Strength and Limitation
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Strength
• Large and Diverse Cohort
• Target Trial Emulation Approach
• Methodological approaches to control for biases, such as immortal time bias, selection 

bias, and confounding bias

Limitation
• Missing data: 10% of patients had missing data on extensive disease.
• Adherence data limitation: BDQ-specific adherence was not directly recorded; instead, 

overall TB regimen adherence was used.
• This study did not cover the potential side effect of BDQ, such as QT prolong



Main Findings:
6-Month Regimen:

•Adjusted success rate: 85%
•Effective and comparable results in MDR-TB treatment.

Longer Durations:
7–11 Months: Success rate drops to 77% (SR: 0.91)
>=12 Months: Success rate similar to 6 months at 86% (SR: 1.01)
Clinical Insight:
•No significant benefit from extending BDQ treatment beyond 6 months.
•6-month regimen may suffice for most patients with multidrug-resistant tuberculosis.
Recommendation: Prioritize a 6-month treatment duration, ensuring sufficient potency 
with companion drugs

Conclusion
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Paper 2
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Giovanni Battista Migliori
•Professor
•Managing Director at Istituti Clinici 
Scientifici Maugeri IRCCS
Director of the WHO CC, Editor of the UNION 
Journal IJTLD/OPEN, leading TB scientist and 
Global TB Network (GTN) Chair

https://www.researchgate.net/institution/Istituti_Clinici_Scientifici_Maugeri_IRCCS?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InByb2ZpbGUiLCJwYWdlIjoicHJvZmlsZSJ9fQ
https://www.researchgate.net/institution/Istituti_Clinici_Scientifici_Maugeri_IRCCS?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InByb2ZpbGUiLCJwYWdlIjoicHJvZmlsZSJ9fQ
https://www.researchgate.net/institution/Istituti_Clinici_Scientifici_Maugeri_IRCCS?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InByb2ZpbGUiLCJwYWdlIjoicHJvZmlsZSJ9fQ


Objective Paper 2

• The study aimed to prospectively evaluate the effectiveness of 
bedaquiline and/or delamanid-containing regimens in a large 
cohort of MDR-TB patients treated globally.
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Method

52 centers, 29 
countries2015 2021

Observational, prospective study 
Duration: Data collection twice a year (up to January 
2021) from Global Tuberculosis Network (GTN)

Bedaquiline 
and/or delamanid 

Treatment 
Outcome:
Successful
Unsuccessfull 

The Global TB Network (GTN) is an international consortium dedicated to 
eliminating tuberculosis (TB)
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Method
Patient Enrolment: Patients with MDR-TB, Include all age Recruitment started  
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Data collection: 
Demographic data (age, sex, nationality) 
Clinical status at diagnosis (e.g., pulmonary TB, presence of cavitary lesions) 
Bacteriological data (sputum smear and culture results) 
Treatment history 
Adverse events and side effects 
Treatment regimens and duration

Data Analysist: Data were analysed descriptively and Treatment outcomes were evaluated only in patients 
who completed the prescribed treatment regimen.

Quality Control: The patients were managed according to WHO and National guidelines, under supervision of a coordinating 
team supervising the patients’ clinical management and validation of data. Investigators were contacted by the coordinating 
centre to ensure accuracy after recoding and validation of the dataset before final analysis was conducted. Discrepancies were 
resolved by consensus.



Result: Study Participants
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52 centers from 29 countries



Result: Patients Characteristic

Research Seminar Tuberculosis 32



Result: Outcome
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Bedaquiline and delanamid Bedaquiline

Comparing both groups, the treatment success rates are similar (good 
enough for effectiveness), though failure rates were slightly lower in the 
bedaquiline-only group (2.9% vs. 4.2%). However, the lost-to-follow-up rate 
quite high in both groups, which might indicate adherence challenges.



Strength & Limitation

Limitation: 
• Limited Pediatric and HIV Populations
• the impossibility of attributing the outcomes to a specific drug, as 

treatment regimens are inherently polypharmacological.

Strength: 
• The number of countries participating (29) from all continents, a large 

sample size.

• The prospective design, and the accuracy of the information collected.

• the majority of countries/states/regions (24/29) provided data on all 

the consecutive patients treated with bedaquiline and dela- manid 

during the study period.
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Conclusion
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The study highlights that bedaquiline and or delamanid 
improves treatment outcomes for patients with multidrug-
resistant tuberculosis (MDR-TB). 



What I Have Learned and Can Improve:

1) We can emulate RCT using observational data (target trial 
emulation)

2)  Adopt Target trial emulation using data from Indonesia
3)  Utilizing the TB registry in Indonesia 
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Comparison Two Papers
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N
o

Variables Paper 1 Paper 2

1 Study objective ➢ To estimate the effectiveness of three 
duration treatment of bedaquiline  (6, 
7–11, and >12 month) on the 
probability of successful treatment 

➢ To evalualte the effectiveness of 
bedaquiline and/or delamanid-
containing regimens in a large cohort 
of MDR-TB patients treated globally.

2 Study design Target Trial Emulation Cohort, Retrospective

3 Study setting 17 Countries (EndTB database) 
(2015-2018)

Global TB Network, 29 countries and 52 TB 
centers (2015-January 2021)

4 Participants All age of patients with RR/MDR TB 
treatment, completed bedaquiline at least 24 
weeks

All of patients with MDR TB

5 Sample Size 2,789 participants 883 participants. 

6 Outcome 
Measure

Successful or unsuccessful treatment Successful or unsuccessful treatment
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No Variables Paper 1 Paper 2

7 Statistical 
Analysis

➢ IP-Weight
➢ Logistic Regression Model

➢ Descriptive study

8 Selection Bias Even there is a potential selection bias due to arti
ficial censoring, but this study have provided IP 
weight to avoid this bias

None, no causal inference

9 Confounding Bias IP weight have conducted to avoid confounding 
bias

-
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Comment for Mita’s Paper 1

Commentor: 
2nd Year PhD student 

Chiu- Wen Chang (T88121015)
2025.03.19
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Comment 1
• In pharmacoepidemiology studies, immortal time 

typically arises when the determination of an 
individual’s treatment status involves a delay or wait 
period during which follow up time is accrued.

• The immortal time bias in the rate ratio resulting from 
misclassified or excluded immortal time increases 
proportionately to the duration of immortal time.

Q. In this study, it estimated a small decrease in 
the probability of successful treatment for 7–
11 months compared with 6 months of BDQ. Do 
you think  there is misclassification of 
treatment? How do you explain the impact? 
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Comment 2

Q2. The characteristics of 
participants, there are 
80%(n=1,181) of previous TB 
treatment with second-line 
drugs. Could it influence the 
results?

Q3.There are 10%(n=149) of 
missing with extensive disease. 
Could it influence the results?
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Feedback Comment 1 (Misclassification bias 
& Immortal time bias
• I agree that misclassification and immortal time bias is a potential 

issue in this study. With an 89% adherence rate, around 11% of 
patients did not fully comply with the treatment protocol, which 
could lead to misclassification bias. 

• However, the study try to avoid immortal time bias by using statistical 
approach such as  cloning and censoring, to provide more accurate 
comparison between treatment durations. As a result, the potential 
impact of misclassification is minimized, reducing its influence on the 
study’s overall conclusions
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Feedback  Comment 2 (Previous TB 
Treatment)

The high proportion of previously treated patients could influence the 
results, particularly by lowering success rates due to resistance and 
disease severity. However, the study applied statistical adjustments (IP 
Weighting) to control for confounding. I believe it will reduce this 
potential bias and minimize the effect to outcome
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Feedback Comment 3 (10% Missing Data)

• The 10% missing data on extensive disease could influence the 
results, particularly by underestimating disease severity and 
potentially biasing BDQ duration comparisons.

• However, in this study the authors have adjusted this problem 
using IP weighting to control confounding and make it balance 
comparison between three group. So, the impact to outcome will 
be minimial.
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Comments to Paper 2
Takeshi

(T8813076)
1st Year PhD Student 

Research Seminar Tuberculosis 46



Low coverage in the U.K.

• Why is the coverage in the U.K. so low (10%) compared to other 
countries/regions, which reported data for 80–100% of patients 
treated with bedaquiline and delamanid? Does the value of including 
U.K. data outweigh the potential risk of bias (though could be small due to 

small n) in the overall results?

Patient-centred outcomes

• The study reports on clinical outcomes such as culture conversion and 
treatment success, but how might the use of bedaquiline-containing 
regimens impact patients’ quality of life and adherence to treatment? 
What additional patient-centred outcomes should be considered in 
future studies?



Feedback

• The low UK data coverage (10%) may introduce bias due to 
underrepresentation, with only four cases enrolled, limiting statistical 
power. However, since this is a descriptive study, the researchers 
included UK data for geographic diversity and healthcare insights. 
Given the large cohort from 29 countries, the impact of this bias is 
minimal, with limited influence on overall conclusions.

“Low coverage in the U.K.”
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Feedback; Patient-centred outcomes

• The impact of bedaquiline-containing regimens on patients’ quality of 
life and adherence is truly important. Bedaquiline offers an all-oral, 
less toxic regimen, shorter duration treatment, potentially improving 
treatment adherence.

• However, prolonged BDQ use may also lead to adverse events like QT 
prolongation, (not frequent) which could impact patient well-being 
and willingness to continue treatment.

• Additional patient center we can consider: quality of life, treatment 
adherence, incidence of adverse effect.
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