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Tuberculosis: Global Scourge

▪ Infectious disease that kills most people in the world

▪ 9.4 million cases, 1.8 million deaths/year

▪ Most common cause of death in HIV-infected patients

▪ 1/3 of the world’s population latently infected

▪ Resistance is substantial (DR, MDR, XDR)
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Current TB treatment (50 years old)

• Drug sensitive TB is treated for at least 6 months with 50-year-old drugs

• MDR-TB requires 9-24 months of highly toxic, poorly efficacious drugs

Controlled Settings 
90-95% 

Standard of  Care



Treatment success globally

5

Effectiveness

Africa South-East Asia Europe

WHO 2018 Global Report
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Priority-Setting for Novel Drug Regimens to Treat TB 
An Epidemiologic Model. 
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Target Regimen Profile- Drug-Sensitive TB

Priority attributes

• 2-4 month duration

• >95% cure rate

• No requirement for lab 
testing for safety

• No drug interactions with 
first-line HIV drugs

• High barrier to emergence 
of resistance

http://apps.who.int/iris/bitstream/10665/250044/1/9789241511339-eng.pdf?ua=1

TTP



Treatment Shortening Trials

Phase 2A 

• EBA

• 2 weeks

• DOT

Phase 2B

• Culture 
conversion

• 2 months

• DOT

Phase 3 randomized 
controlled trial 

• Unfavorable 
outcome (not 
relapse)

• 18 months

• Gold standard

• Various adherence 
strategy

Learning Confirming

Study Design and Endpoints

TB ReFLECT
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One approach to improving tuberculosis therapy is to shorten the duration from 6 

months to 4 months. In this trial in over 1900 patients with smear-positive 

tuberculosis, two 4-month moxifloxacin-based regimens did not perform as well 

as the standard 6-month regimen.

Shortening treatment regimens for tuberculosis may help control the disease. In this 

trial, patients with tuberculosis in sub-Saharan Africa received either a 4-month 

gatifloxacin-based regimen or the standard 6-month regimen. The gatifloxacin regimen 

was less effective.

In this report from sub-Saharan Africa, a 4-month regimen of moxifloxacin and rifapentine

for pulmonary tuberculosis was not as beneficial as two 6-month regimens, and the 

benefits of a 6-month regimen based on rifapentine were similar to those of the standard 6-

month regimen.

Clinical Trials not delivering

> 10 years

> $ 100M 



▪ Individual Level Patient Meta Analysis (n=3709)

▪ Aimed to: 

• Identify patient groups eligible for 4 month treatment

▪ Profile “hard-to-treat” patient populations

▪ Identify drug-specific factors predicted of unfavorable response

▪ To provide data-driven evidence for immediate impact on TB treatment 
implementation 

▪ Findings validated in an independent dataset (Johnson, et al., TBRU trial)

Imperial MZ, et al, A patient-level pooled analysis of treatment-shortening regimens for drug-susceptible pulmonary 

tuberculosis., Nat Med. 2018 Nov;24(11):1708-1715.
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TB-ReFLECT: TB Re-Analysis of  FluoroquinoLone Clinical Trials

TB ReFLECT



Trials and Adherence Designs
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Adherence designs



Standard-of-Care, Adherence impact

TB ReFLECT

Risk Factors for SOC



4-Month Regimens, Adherence impact

13 TB ReFLECT

Risk Factors for short course



Adherence and 6/7 vs 7/7 Pill Counts

14 TB ReFLECT

Unforgiveness



IN ADHERENCE, PATTERNS and TIMING MATTER
Very different health outcomes are possible, indeed likely
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Early 
Discontinuation

Drug 
Holiday

Problem with 
Evening Dose

Sporadic 
Dosing

Each of the 4 patients took 75% of prescribed doses during a 3-month period

Early 
Discontinuation

Drug 
Holiday

Problem with 
Evening Dose

Sporadic
Dosing

Slide Courtesy of  T Blaschke and B. Vrijens



Adherence in Continuation Phase, SOC

16 TB ReFLECT

Timing of  Non-Adherence

REMOX (7/7) OFLOTUB (6/7)



Monthly Adherence, SOC

17 TB ReFLECT

Timing of  Non-Adherence

REMOX (7/7) OFLOTUB (6/7)



Distribution of  Monthly Missed Doses in Nonadherent patients:
Non-random patterns drive the treatment failure 
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Non-random Patterns Drive the Treatment Failure
T

B
-r

e
la

te
d

 U
n

fa
vo

ra
b

le
 O

u
tc

o
m

e

100 % Adherence

80-99% Adherence and Random patterns

80-99% Adherence and Non-Random patterns

Patterns



Pharmacological Rationale for Impact of  Clustering 
of  Missed Doses

PK Basics



Catalysis Biomarker Study
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Biomarkers for TB Cure



Adherence one of  the best “biomarkers” of  
treatment failure
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Biomarkers for TB Cure



Hard-to-Treat Patients Benefit Most 
from Adherence Interventions

Control (No intervention): 

% Adherence= 77.4%*  

Text & Medication Monitor Intervention:

%Adherence= 88.6%*

*Data from Lui et. al, PLOS Med, 2015

All patients

Hard-to-Treat patients

Easy-to-Treat patients

Relapse-Free Cure at 18 months

Clinical Trial Simulations



Cure TB Strategy with Adherence Intervention: 
Clinical Trial Simulations, Pragmatic Trial with Adherence Intervention
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Strategy 2: Stratified Duration

and Adherence intervention

Strategy  1: Stratified Duration

“one-size-fits-all“one-size-fits-all

Stratified Cure TB

Stratified Cure TB

Clinical Trial Simulations



Adherence and Forgiveness as Determinants of  
Efficacy vs Effectiveness and Clinical Trial Success
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Control >95% 
Cure

A New 
Regimen

90% Cure

80% Success 
Rates

85% Success 
Rates

Randomized 

Clinical Trial

Implementation,

Pragmatic Clinical Trial 

Efficacy

Effectiveness 

(Regimens with drugs

with long half-life)

Moving Forward
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▪ Partial- or non-adherence is the rule, rather than the exception, in clinical trials 
and in the field

▪ HRZE is unforgiving regimen requiring large resources for optimizing adherence, 
but performing excellent in the trials

▪ The gap between efficacy and effectiveness is much larger than for the 
unforgiving drug versus a ‘forgiving” drug

▪ Forgiveness of the drug should be factored in non-inferiority margin

▪ We will learn great deal from dosing history data collected with new devices

Summary 

4/1/2019
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TB ReFLECT





Value of  PK in context of  missing adherence data

▪ Minimal if no dosing history data

▪ Biased interpretation of exposure/response

▪ Up to 10 fold variation within 

a patient assuming full adherence

▪ With correct dosing histories: 

no significant variation  
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