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Overview

▪ Beyond clinical trials: novel drugs and drug 

treatments as part of larger health programmes

▪ The case of tuberculosis 

▪ Modeling the impact of novel TB drugs and 

treatment programmes: 3 examples 

▪ Conclusions



Beyond clinical trails: effective and efficient use 

of novel drugs and drug regimens in populations 

Efficacy: 

Does it work in 
clinical trials 

Effectiveness:

Does it work in 
practice?

Impact: 

Does it benefit 
entire populations?

Efficiency: 

Does it contribute to 
more efficient use 

of resources

Direct benefits

Indirect benefits



Global coverage of antiretroviral therapy 

among people living with HIV

Source: UNAIDS 2018 estimates; Global AIDS Monitoring 2018



Mathematical models in the evaluation of 

treatment and health programmes

Garnet et al., The Lancet, 2011 (adapted)



Impact of drug treatment in populations –

Types of mathematical models commonly used

▪ Decision tree models

▪ Markov models

▪ Population-based, 
transmission-dynamic models

Pan et al., Lancet Diab Endocr, 2015



Tuberculosis worldwide (2017)

(Source: WHO)
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Estimated incident TB cases per 100,000 population

WHO Global TB Report, 2018



Source: WHO



Timeline for tuberculosis drug development

Podany & Swindells, F100Res, 2016





Overview of examples

Author Year Title

Dye et al. 1998 Prospects for worldwide tuberculosis control 

under the WHO DOTS strategy

Kendall et al. 2017 Priority-Setting for Novel Drug Regimens to 

Treat Tuberculosis: An Epidemiologic Model

Kunkel et al. 2016 Benefits of continuous isoniazid preventive 

therapy may outweigh resistance risks in a 

declining tuberculosis/HIV co-epidemic



WHO declares TB a global emergency in 1994



WHO’s DOTS strategy, 1995

▪ “Direct Observed Treatment Short-course” strategy

▪ Aim: to provide high-quality TB treatment globally

▪ 5 elements: 

➢ Political commitment

➢ Case detection through bacteriology

➢ Standardized treatment, with supervision and patient support

➢ Effective drug supply system

➢ Monitoring and impact evaluation

Global TB control targets for 2010: 

70% Case detection under DOTS, 85% Treatment success



Prospects for worldwide tuberculosis control under the WHO DOTS strategy

http://www.sciencedirect.com/science/article/pii/S0140673698031997#gr6 [02.05.2014 11:38:41]

TECHNICAL APPENDIX. Modelling TB Control Under Dots

Model

The structure resembles that of previous  state-transfer  compartmental models (Waaler 1968, Blower et

al 1995, 1996), especially  those which include age-structure and allow for exogenous reinfection

(Vynnycky 1996, Vynnycky and Fine 1997). But the new model has emerged from a fresh appraisal of

the data ( Fig. 1). Definitions ofvariables and transition parameters are in Table 1.

Figure 1. 

Flow diagram of the age-structured compartmental  model for tuberculosis.  Refer to Table 1 for definitions of variables

and parameters,  and to (1), (2), (3), (4), (5), (6), (7), (8) and (9) for a formal description  of the model.

Table 1.

Definitions of variables  and parameters in the age-structured TB model.

Symbol Interpretation

S(t,a) Never before  infected, susceptible  to infection

L(t,a) Latently infected, or cured of TB under  good chemotherapy

Ti(t,a) Infectious  (smear  positive) TB;  primary, endogenous,  exogenous or relapse

Tn(t,a) Non-infectious (smear  negative)  pulmonary  and extra-pulmonary  TB

Ni(t,a) Self-cured, from infectious  TB; non- infectious
Nn (t,a) Self-cured, from non-infectious TB;  non-infectious
Fi(t,a) Proportion of Ti which  is not cured under  treatment (classed as having ‘failed’,  ‘defaulted’  or ‘transferred

out’ in cohort analysis)

Fn(t,a) As Fi,  but from Tn

M(t,a) Immune to infection,  naturally (MOTT) or following vaccination

I(t,a) Incidence  rate of infectious (sub I) or non- infectious (sub n) TB

?(t) Incidence  rate (all rates per capita)  or force of infection,  or annual  risk  of infection (ARI)

?(t) Per capita contact rate between Ti and other  individuals

? Exponential  rate of decline in ?, reflecting ‘socio -economic  improvement’

?(t,a) Proportion of population in age class  a  at time t

m+(a) Rate at which  immunity  is acquired  by S as a result of non-specific natural infection (age- independent)

or vaccination  (age- independent,  or children < 1 yr)

m- Rate at which  protective immunity  is lost

? Death rates; subscripts  i, n, HIV  and TB/HIV refer to different rates for Ti,  Tn,  THIV  and TTB/HIV

f(a) Proportion of progressive primary cases which  becomes infectious

? Proportion of Fi which  is infectious

n(a) Rate of natural cure for Ti and Tn

p(a) Proportion of infected S which  develop progressive primary TB (within 1 yr), infectious or non- infectious

r Rate of relapse  from F to T
rn Rate of relapse  after  self -cure, from N to T

v(a) Rate at which  L  progress to TB by endogenous reactivation

w Rate of smear conversion,  from non- infectious to (Tn) to infectious TB (Ti)

Figure options

Population-based transmission-dynamic model

Dye et al., The Lancet, 1998



Projected TB incidence when 

meeting the targets for DOTS

Achieving 70% case detection and 

85 treatment success under DOTS 

will prevent 23% or 48 million TB 

cases by 2020.

HIV-1 epidemics will increase TB 

incidence and deaths but not reduce 

the preventable proportion of TB 

cases and deaths.

WHO estimates 2018

Dye et al., The Lancet, 1998



Modeling to inform priority setting for 

novel TB drugs

▪ Different characteristics of treatment matter for reducing TB 

deaths and new cases:

➢ Efficacy

➢Duration

➢ Ease of adherence

➢Medical contraindications

➢ Barrier to resistance

➢ Baseline prevalence of resistance 

▪ Modeling can help understand the impact that these 

characteristics have when implementing novel drug regimens

Kendall et al., PLoS Med, 2017



Kendall et al., PLoS Med, 2017



Kendall et al., PLoS Med, 2017

Impact of different characteristics on TB mortality



Kendall et al., PLoS Med, 2017

Impact of different characteristics on TB mortality



Benefits vs. resistance risk of extending 

isoniazid preventive therapy in Botswana

▪ Isoniazid recommended for TB preventive therapy 

among HIV-infected people

▪ Among people living with HIV, longer durations of 

IPT may increase effectiveness but increase 

selective pressure for drug resistance

▪ Aim of model: to determine the relative importance 

of these two effects

Kunkel et al., AIDS, 2016



Transmission-dynamic model of continuous vs. 6-months IPT 

among HIV-infected people

Kunkel et al., AIDS, 2016



Key findings

▪ in a declining TB epidemic (Botswana), the benefits of 

continuous IPT outweigh resistance risks

▪ in a scenario of increased transmission, the benefits of 

longer IPT may be eroded by increasing drug 

resistance

▪ the benefits of IPT may outweigh any increase in 

resistance when coupled with strong TB and HIV case-

finding and treatment programs, and robust drug-

resistance surveillance

Kunkel et al., AIDS, 2016



Kunkel et al., AIDS, 2016



Conclusions

▪ Increasing use of mathematical modelling to inform the 

impact of novel TB drugs and drug treatment

▪ Mathematical models can be helpful to guide decision 

making beyond clinical trials, specifically for:

➢ Evaluating the impact of treatment programmes

➢ Setting priorities for drug development

➢ Projecting beneficial vs. adverse effects (drug resistance)   



SACEMA - DTTC

Tuberculosis Modelling Partnership

and Research Programme

Working Group Data Analysis & Modelling

WGDAM



Thank you!

Contact: 

fmarx@sun.ac.za

(Florian Marx)
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