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Summary

Priority setting in health, in the context of Universal Health Coverage, emphasizes three values:
improving population health, ensuring equity in access to and quality of services and avoiding
impoverishment or underutilization of services as a result of out-of-pocket expenditures.
Allocative efficiency can be measured with respect to any one of these values, or with respect to
all together by different variants of Cost-Effectiveness Analysis. In this thesis, we use the
Generalized Cost-Effectiveness Analysis, a standardized approach developed by the World Health
Organization’s programme, ‘Choosing Interventions that are Cost-Effective’ (WHO-CHOICE)
that can be applied to all interventions in different settings. This thesis provides a quantitative
assessment of allocative efficiency within three health categories: communicable diseases,
noncommunicable diseases, and road traffic injuries, focusing on two economically and
epidemiologically diverse regions: Eastern sub-Saharan Africa and Southeast Asia. Our objectives
are to inform health policy debates, improve the world’s body of knowledge on the cost-
effectiveness of different interventions by providing more information on the allocative efficiency

in those three disease groups and contribute to discussions on Universal Health Care packages.

Keywords: cost-effectiveness analysis, priority setting, universal health coverage, HIV,
tuberculosis, malaria, breast cancer, cervical cancer, colorectal cancer, resource allocation,
expansion path, impact modelling, intervention costing, road traffic injury, road safety, value for

money, WHO-CHOICE

Résumé

La définition des priorités en matiere de santé, dans le contexte de la couverture sanitaire
universelle, met 'accent sur trois valeurs : améliorer la santé de la population, garantir I'égalité
d'accés aux services et la qualité de ceux-ci et éviter 1'appauvrissement des usagers ou la sous-
utilisation des services par ceux-ci en raison de dépenses non remboursables. L’efficience
allocative peut €tre mesurée par rapport a l'une quelconque de ces valeurs, ou par rapport a
l'ensemble, par différentes variantes de l'analyse cott-efficacité. Dans cette theése, nous utilisons la
« Generalized Cost-Effectiveness Analysis », une approche normalisée développée par le
programme « Choosing Interventions that are Cost-Effective » de 1’Organisation Mondiale de la
Sant¢, (WHO-CHOICE), qui peut étre appliquée a toutes les interventions dans différents

contextes. En utilisant cette approche, notre travail de thése fournit une estimation quantitative de
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l'efficience allocative des ressources pour trois groupes de problémes de santé : les maladies
transmissibles, les maladies non transmissibles, les accidents de la circulation, en mettant 'accent
sur deux régions économiquement et épidémiologiquement différentes : 1'Afrique subsaharienne
de I’Est et I'Asie du Sud-Est. Nos objectifs étant d’éclairer les débats sur les politiques de santé,
d’améliorer le corpus mondial de connaissances sur le rapport colt-efficacité de différentes
interventions en fournissant davantage d’informations sur I’efficience de 1’allocation de ressources
pour les trois groupes de problémes de santé précités et de contribuer aux discussions sur

I’¢laboration des programmes de soins de santé universels.

Mots-clés : colit-efficacité, priorités en santé, couverture sanitaire universelle, VIH, tuberculose,
paludisme, cancer du sein, cancer du col utérin, cancer colorectal, allocation des ressources,
trajectoire d’expansion, modélisation des impacts, évaluation des cofits, accidents de la route, ,

accidents de la circulation, sécurité routiére, WHO-CHOICE.
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Résumé substantiel

Les objectifs de développement durable traitent de la couverture sanitaire universelle dans sa cible
3.8. La couverture sanitaire universelle vise a ce que I’ensemble de la population regoive les
services de santé dont elle a besoin sans souffrir de difficultés financiéres. Elle préconise des
politiques de financement de la santé qui veillent a ce que les droits des plus vulnérables ne soient
pas négligés tout en promouvant équité, efficience et efficacité. Cependant, les ressources sont
limitées et 1’établissement des priorités est nécessaire pour définir les interventions pour lesquelles
les bénéfices en termes de santé peuvent €tre les plus importants. Pour 1’établissement de ces
priorités, I'efficience de 1’allocation des ressources en santé peut tre mesurée a l'aide de différentes
variantes de l'analyse colit-efficacité. Dans ce travail de these, nous utilisons la « Generalized Cost-
Effectiveness Analysis » (GCEA), une méthode d’analyse cotit-efficacité standardisée, développée
par le programme de 1’Organisation Mondiale de la Santé « Choosing Interventions that are Cost-
Effective » (WHO-CHOICE) et qui peut étre appliquée a toutes les interventions et contextes.
WHO-CHOICE a été lancé en 1998 pour aider les décideurs a fixer des priorités en maticre de
cotts, d’effets sur la santé et de rapport cotit-efficacité des interventions de santé. La GCEA sert a
la définition de priorités en produisant des informations sur les interventions de santé offrant le
meilleur rapport qualité-prix, aidant ainsi les décideurs a choisir les interventions et les
programmes qui optimisent la santé aux vues des ressources disponibles. Ce travail de these vise
a fournir une évaluation quantitative de l'efficience de l'allocation des ressources pour trois
catégories de problémes de santé : maladies transmissibles, maladies non transmissibles et
accidents de la circulation, en mettant l'accent sur deux régions économiquement et
épidémiologiquement différentes : : I'Afrique subsaharienne de 1’Est et 1'Asie du Sud-Est. Cette
approche donne un exemple, pour chaque groupe de probléme de santé, du rapport colt-efficacité
d’une intervention ; nous permettant ainsi d’éclairer les débats sur les politiques de santé,
d’améliorer le corpus de connaissances sur le colt-efficacité¢ de différentes interventions en
fournissant davantage d’informations sur I’efficience de 1’allocation de ressources dans les trois

groupes définis et de contribuer aux discussions sur les programmes de soins de santé universels.

Le chapitre I présente les fondements théoriques de la GCEA, sa méthodologie et ses possibilités

d’application pour les décideurs. La plupart des analyses cott-efficacité rencontrées dans la
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littérature développent une approche incrémentale, consistant a comparer le cotit additionnel et
I’efficacité¢ additionnelle d’une intervention par rapport a la pratique usuelle. Cette approche
comporte des limites, notamment, elle suppose une efficacité de l'intervention actuellement mise
en ceuvre. Elle omet ainsi 1’identification d’éventuelles mauvaises allocations de ressources, qui
autrement allouées, auraient pu générer un bénéfice substantiel en termes de santé. Elle présente
le risque de pénaliser 1'évaluation d'autres interventions en raison des failles déja préexistantes au
niveau du systéme de santé. Elle peut étre hautement contextualisée, son point de départ étant le
contexte actuel dans lequel elle est développée ce qui peut limiter sa généralisation a d’autres
contextes. La GCEA a ét¢ développée et conceptualisée afin de surmonter ces limites. Elle utilise
un comparateur commun, un scénario dans lequel tous les impacts des interventions actuellement
mises en ceuvre sont supprimés. Ce comparateur commun est appelé scénario « nul » et son
utilisation par la GCEA présente deux avantages principaux. Premiérement, 1’utilisation du
scénario « nul » comme hypothese contrefactuelle permet a la GCEA d’évaluer I’efficacité des
interventions actuellement mises en ceuvre. Evaluer les inefficiences d'allocation actuelles peut
générer des bénéfices significatifs pour la santé, potentiellement plus que la simple identification
d'une nouvelle intervention produisant des avantages comparativement moindres pour la santé.
Deuxiémement, en supprimant les impacts de I’intervention actuelle, les résultats de la GCEA sont
de facto transférables vers d'autres contextes. La GCEA peut constituer une approche forte de
I’analyse colit-efficacité dans la mesure ou elle n’est pas contrainte par ce qui se fait dans la
pratique usuelle, mais pourrait aider a revoir et éventuellement a réviser les choix antérieurs, en
donnant aux responsables politiques une base rationnelle s’ils décident d’une réaffectation des
ressources vers des interventions plus cott-efficaces. Cette approche généralisée fournira des
informations opportunes, accessibles et utiles sur l'efficacité des interventions et peut ainsi éclairer
les débats sectoriels sur l'affectation des ressources, pouvant ainsi grandement contribuer a la

formulation des politiques de santg.

Dans la GCEA, les cotits sont mesurés du point de vue des systémes de santé — essentiellement
toutes les organisations, personnes et actions ayant pour objectif premier de promouvoir, rétablir
ou maintenir la santé, quel que soit le payeur (privé ou public). L'évaluation des cofits suppose une
capacité constante des systemes de santé. Cela garantit que les variations de colt-efficacité
résultent de différences réelles dans les cofits et les effets des interventions comparées plutot que

d'une mauvaise mise en ceuvre ou de 1'échec des systémes de santé. Les cofits sont classé€s en cofits
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liés aux patients, colts du programme et, le cas échéant, complétés par les coflits liés aux
fonctionnements du systeme de santé. Les cofts liés aux patients sont généralement associés a la
prestation de soins curatifs, mais peuvent également inclure certains types d’activités éducatives
et de prévention pour la santé. Une approche par ingrédient est utilisée pour mesurer les cotits de
chaque intervention. Les colts du programme sont les cofits nécessaires au développement et a la
maintenance de l'intervention de santé en dehors du point de prestation, telle que la formation. Les
cotts liés aux fonctionnements du systéme de santé sont des colits partagés, telle que la chaine
d'approvisionnement. L’effet sur la santé est mesuré en terme d’ Année de Vie Corrigée du facteur
d'Invalidité, rapportées dans WHO-CHOICE sous I’acronyme «HLY gained». Les interventions
sont incluses dans 1’analyse, qu’il s’agisse de recommandations de I’OMS, d’interventions fondées
sur les meilleures pratiques ou de programmes d’interventions couramment utilisés sur la période
étudi¢e. L'exclusion d'une intervention n'implique pas qu'elle ne soit pas colt-efficace, mais
simplement que l'analyse effectuée n'est pas exhaustive. Les interventions sont analysées
individuellement ou en combinaison. L’intervention de santé étudiée peut Etre préventive,

promotionnelle, curative, de réadaptation ou palliative.

Le chapitre II explore l'utilisation de l'approche GCEA pour fournir une évaluation de la
performance des systémes de santé au cours de la premieére décennie du 21e siécle (2000-2010) en
ce qui concerne l'efficacité de 1'allocation des ressources sur le VIH, la tuberculose et le paludisme.
Il examine le rapport cott-efficacité de quelques interventions sélectionnées notamment sept
scénarios pour le paludisme a P. vivax, 14 pour le paludisme a P. falciparum, 12 pour le VIH et
10 pour la tuberculose, ces interventions sont analysées a 50%, 80% et 95% en termes de
couverture de la population ; ainsi que 1’ensemble des interventions couramment utilisées au cours
de cette période. Ce faisant, notre étude met en lumicre l'élaboration et la mise en ceuvre de
programmes dans ces domaines prioritaires. Afin de calculer I'impact sur la population des
différents scénarios d'intervention, les simulations pour le paludisme a P. falciparum et a P. vivax
ont été réalisées a l'aide de la plate-forme OpenMalaria, un programme C ++ open source pour la
micro-simulation de I'épidémiologie du paludisme et des impacts des interventions sur la charge
mondiale de cette maladie. PopMod, un programme de modélisation de la population développé
par WHO-CHOICE, a été utilisé pour combiner les données projetées d'incidence des cas,
d'¢limination des parasites et les données de mortalité avec les évaluations de 1'état de santé. Les

simulations pour le VIH ont été réalisées avec le modele Goals, un modele compartimental
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dynamique développé dans la suite de modeles open source Spectrum. Ce modéle est largement
utilisé pour produire des projections des tendances épidémiques ainsi que des projections de
lI'impact des interventions. Il a été utilisé dans de nombreuses régions, en particulier dans les
régions d'Afrique australe et orientale, pour étudier le colit et I'impact des stratégies nationales et
autres sur le VIH. Goals simule la transmission du VIH et ses conséquences sur la morbidité et la
mortalité chez les populations adultes agées de 15 a 49 ans. Les simulations pour la tuberculose
ont été réalisées avec le « Tuberculosis Impact Model and Estimates » (TIME), un mode¢le
compartimental dynamique développé également dans la suite de modeles open source Spectrum.
Ce modele a été utilisé dans la plupart des contextes de tuberculose, y compris dans les pays ou la
tuberculose est une maladie opportuniste du VIH, dans des systémes de santé peu performants,
dans les pays a forte charge de tuberculose multirésistante et dans les pays ou les programmes de
lutte antituberculeuse reposent sur une forte implication du secteur privé. Le programme mondial
de lutte contre la tuberculose a utilis¢ TIME pour produire des estimations de la charge que
représentent le VIH et la tuberculose dans le rapport mondial sur la tuberculose. Le modele TIME
refléte les principaux aspects de 1’histoire naturelle de la tuberculose, notamment 1’infection
primaire et latente, la réinfection et la réactivation de la tuberculose latente. La plupart des
interventions incluses dans notre étude présentaient un rapport colt-efficacité virtuel inférieur a
100 I$/ HLY. Les interventions les plus rentables €taient les suivantes: les interventions ciblant les
travailleuses du sexe (en Asie du Sud-Est) et la circoncision médicale masculine volontaire (en
Afrique subsaharienne de 1’Est) a 95% de couverture pour le VIH; les soins et contrle de base
(traitement + détection + test de sensibilit¢ aux médicaments) a 50% de couverture pour la
tuberculose dans les deux régions; la prise en charge des cas graves de paludisme a P. vivax en
Asie du Sud-Est ainsi que du paludisme a P. falciparum en Afrique subsaharienne de I’Est. En
outre, l'analyse des interventions couramment mises en ceuvre par rapport a la trajectoire
d'expansion des interventions cott-efficaces sur cette période permet de conclure a une bonne
performance de la communauté mondiale en ce qui concerne ces maladies transmissibles au cours
de la premiére décennie du 21e siecle. Le rdle de 1'assistance internationale, financiere et technique,
a sans doute été essentiel a ces réalisations. Si nous nous référons, par exemple, au dernier rapport
mondial de I'OMS sur le financement de la santé, 46% des fonds extérieurs alloués a la santé et
20% des dépenses de santé des gouvernements nationaux allaient a la lutte contre le VIH / sida,

paludisme et tuberculose.
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Le chapitre III illustre l'utilisation de la GCEA pour calculer le rapport cott-efficacité des
interventions contre le cancer du sein, le cancer du col utérin et le cancer colorectal. Alors que la
communauté mondiale s'achemine vers la couverture sanitaire universelle, le but de notre étude
était de présenter des résultats d'analyses identifiant comment les décideurs peuvent optimiser les
bénéfices pour la santé en utilisant les interventions anticancéreuses énumérées a l'annexe 3 du
Plan d'action mondial pour la prévention et la lutte contre les maladies non transmissibles 2013-
2020. Les interventions incluses dans notre analyse sont basées sur les directives de I'OMS. Ces
directives mettent 1’accent sur la lutte globale contre le cancer, incluant le diagnostic, la
stadification, le traitement multimodal, les soins aux survivants et les soins palliatifs. L‘impact
pour la santé a été estimé a l'aide d'une simulation déterministe de cohorte a transition d'état
(modé¢le de Markov). Dans ce type de simulation, les stades sains et les stades pathologiques,
répartis par age, sont modélisés comme les états exhaustifs et mutuellement exclusifs d’un modéle
de Markov, c’est-a-dire que, a tout moment transversal dans le temps, toutes les personnes de la
population appartiennent a un seul et méme état. Nos résultats ont démontré que la vaccination
contre le papillomavirus humain (deux doses) chez les filles dgées de 9 a 13 ans combinée a la
prévention du cancer du col utérin par le dépistage des femmes agées de 30 a 49 ans au moyen
d’une inspection visuelle a 1’acide acétique associée a un traitement rapide des Iésions
précancéreuses en Asie du Sud-Est et la vaccination contre le papillomavirus humain (deux doses)
chez les filles agées de 9 a 13 ans dans I’Est de 1’ Afrique subsaharienne ont été les interventions
les plus cott-efficaces. Pour le cancer du sein, dans les deux régions, le traitement du cancer du
sein de stades I et II par chirurgie + traitement systémique a une couverture de 95% s'est révélé
l'intervention la plus cott-efficace. Pour le cancer colorectal, l'intervention la plus cott-efficace
était le traitement du cancer colorectal de stade I et II avec une chirurgie + chimiothérapie et une
radiothérapie a une couverture de 95%. Notre étude présente quatre conclusions principales: les
interventions de prévention et de contrle du cancer sont colt-efficaces et peuvent
considérablement réduire le fardeau de la maladie dans le monde; une approche progressive dans
la mise en ceuvre en suivant une trajectoire d’expansion des interventions cott-efficaces peut étre
utilisée; les interventions sur les cancers a un stade précoce sont généralement plus rentables que
celles pour les cancers a un stade avancé; et les programmes de soins palliatifs, considérés comme
un droit humain a la santé et recommandés par I'Assemblée mondiale de la Santé, peuvent étre mis

en ceuvre a un colt généralement faible.
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Enfin, dans le but d'améliorer la réponse aux accidents de la circulation, le chapitre IV vise a
examiner le rapport colt-efficacité d'interventions préventives éprouvées utilisant 1'approche
GCEA. La Décennie d’action pour la sécurité routiere des Nations-Unies a accord¢ une attention
accrue aux accidents de la circulation. La sécurité routicre est désormais explicitement traitée dans
les objectifs de développement durable 3.6 et 11.2. Notre étude présente des estimations
actualisées du rapport cott-efficacité de stratégies que les pays peuvent utiliser pour faire face a la
charge mondiale des accidents de la circulation. Notre analyse évalue 13 interventions
individuelles et combinées. Elles sont extraites des recommandations du rapport mondial sur la
prévention des accidents de la circulation et portent principalement sur les mesures de sécurité
routiére préalables a I’événement, ciblant les changements de comportement humain, en raison de
la disponibilité de données robustes sur leur efficacité et leur faisabilité. Comme dans la précédente
analyse WHO-CHOICE, un systéme dynamique modélisé avec une matrice de Haddon a été utilisé
comme cadre de référence pour identifier les facteurs qui ont un impact sur les accidents de la
circulation. Un mode¢le de population multi-états (PopMod) a été utilisé€ pour estimer les scénarios.
Notre étude a montré que, pour prévenir les accidents de la circulation, la combinaison
d’interventions individuelles appliquant simultanément de multiples mesures de sécurité routiere
s’était révélée Etre le scénario le plus rentable. La Iégislation sur la conduite en état d'ivresse et son
application via des tests d'haleine aléatoires des conducteurs aux points de contrdle routiers (en
Asie du Sud-Est) et I'application de limitations de vitesse via des caméras mobiles / portables (en
Afrique subsaharienne de 1I’Est) a 80% de couverture étaient les interventions individuelles les plus
rentables. Les interventions incluses dans notre étude sont conformes au paquet technique proposé
par Save-LIVES publi¢ par I'OMS. Notre analyse permet de conclure que les interventions visant
a améliorer la sécurité routiére sont cott-efficaces par rapport aux autres mesures de santé

publique.

Comme indiqué plus haut, I'utilisation de 1’analyse cout-efficacité pour évaluer 1’efficience de
I’allocation de ressources peut évoluer vers des analyses contextualisées ou des évaluations plus
généralisées. La démarche préconisée par la GCEA est de se concentrer sur 1’évaluation générale
des cofits et des effets sur la santé de différentes interventions. Pour la définition des priorités en
maticre de santé, les informations cotit-efficacité doivent étre collectées de maniére a permettre
aux décideurs d'atteindre le maximum de résultats avec les ressources disponibles et de déterminer

le meilleur moyen d'utiliser les ressources supplémentaires si elles deviennent disponibles. Comme
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on peut voir ci-dessus, la GCEA fournit des estimations précieuses du rapport qualité-prix des
interventions de santé. Elle met I'accent sur 'amélioration de la santé résultant de différents choix
quant a la manicre d'utiliser les ressources de santé. Cependant, I'amélioration de la santé n'est
qu'un objectif du systeme de santé. Par conséquent, les résultats de la GCEA ne doivent pas étre
utilisés comme une formule toute faite. Ces résultats doivent entrer dans le débat politique comme
étant uniquement un apport parmi d’autres et les décideurs doivent évaluer le compromis entre les
colts de la modification de la combinaison d’interventions courantes et l'impact de différentes
combinaisons par rapport aux autres objectifs du systéme de santé. IlIs doivent étre pris en compte
a coté d'autres facteurs allant au-dela de 1'efficacité, tels que 1'accessibilité financiere, la capacité
de mise en ceuvre, la faisabilité, I'impact budgétaire et I'équité. Un défi possible a I’approche de la
GCEA consisterait a distinguer les inefficiences techniques dans la mise en ceuvre d’une
intervention donnée de I’inefficience allocative. Nos études traitent de cette question en supposant
que les systemes de santé¢ ont une capacité constante, ce qui garantit que les variations de cott-
efficacité résultent de différences réelles de cotits et d'effets des interventions comparées plutot
que d'une mauvaise mise en ceuvre ou des échecs du systéme de santé. Un deuxieme défi est la
question de savoir comment gérer les colits supplémentaires liés a la modification des stratégies
(par exemple, les cofits de transition) qui peuvent étre traités a 1’aide de la trajectoire d’expansion

programmatique présentée au chapitre II.
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Introduction
The achievement of Universal Health Coverage (UHC) is addressed by the Sustainable

Development Goals (SDG) in its 3.8 target [1]. UHC has been defined as all individuals and
communities receiving the health services they need without suffering financial hardship [2]. It
advocates for health funding policies to ensure that the rights of the most vulnerable are not
forgotten (‘no one is left behind’), to promote equity, efficiency and effectiveness [3]. However,
resources are finite and priority setting is required to define areas of action where the greatest

health gains can be achieved.

Priority setting in health, in the context of UHC, emphasizes three values: improving population
health, ensuring equity in access to and quality of services and avoiding impoverishment or
underutilization of services as a result of out-of-pocket expenditures. Allocative efficiency' can be
measured with respect to any one of these values, or with respect to all together by different
variants of Cost-Effectiveness Analysis (CEA). In this thesis, we use the Generalized Cost-
Effectiveness Analysis (GCEA), a standardized approach developed by the World Health
Organization’s programme, ‘Choosing Interventions that are Cost-Effective’ (WHO-CHOICE)
that can be applied to all interventions in different settings. WHO-CHOICE was launched in 1998
to help policymakers set priorities with regards to costs, effects and cost-effectiveness of health
interventions [4]. GCEA serves priority setting by producing information on health interventions
that provide the highest ‘value for money’ and helps policy makers choose the interventions and

programmes, that maximize health for the available resources.

This thesis aims to provide a quantitative assessment of allocative efficiency within the three health
categories: communicable diseases, noncommunicable diseases (NCDs), and road traffic injuries
(RTlIs), focusing on two economically and epidemiologically diverse regions: Eastern sub-Saharan
Africa and Southeast Asia. This approach will give us examples of the cost-effectiveness of a
common technology set in diverse settings to provide a generalized league table of the cost-
effectiveness of interventions for each disease group. The objectives, therefore, are to inform

health policy debates, improve the world’s body of knowledge on the cost-effectiveness of

! Allocative efficiency refers to the optimal choice of interventions’ combination to maximize the health of the
population, given the level of resources while technical efficiency alludes to the ability to produce given outputs at
the most reduced conceivable cost [5].

21



different interventions by providing more information on the allocative efficiency in those three

disease groups and contribute to discussions on Universal Health Care packages.
The thesis chapters are organized as follows:

Chapter I presents the GCEA to provide an understanding of the approach used throughout the

thesis, its theoretical foundation, methodology and application for policy makers.

Chapter II explores the use of the GCEA approach to provide an assessment of the performance of
global health systems in the first decade of the 21st century (2000-2010) regarding the allocative
efficiency of HIV, tuberculosis and malaria. It examines the cost-effectiveness of selected optimal
interventions and commonly used intervention packages over this period. In doing so, this study

shines a spotlight on the development and implementation of programs in these priority areas.

Chapter III illustrates the use of the GCEA to calculate the cost-effectiveness results for breast
cancer, cervical cancer, and colorectal cancer. The purpose of this study was to present results of
analyses that identify how decision-makers can achieve maximum health gain using the cancer
interventions listed in Appendix 3 of the Global Action Plan for the Prevention and Control of

NCDs 2013-2020.

Chapter IV presents updated estimates of the cost-effectiveness of evidence-based, practical
strategies that countries can use to address the burden of RTIs. Road safety has been receiving
increased attention through the United Nations Decade of Action on Road Safety and is now
explicitly addressed in Sustainable Development Goals 3.6 and 11.2. In an effort to enhance the
response to RTIs, this study aims to examine the cost-effectiveness of proven preventive

interventions using the GCEA approach.
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Chapter I: Generalized Cost-Effectiveness Analysis (GCEA)
Generalized Cost-Effectiveness Analysis (GCEA) has been discussed in depth in other literature

[5], [6], [7]- This chapter aims only to give an overview on GCEA that pertains to the present

thesis, to provide in-hand information on this approach’s concepts and benefits.

Concept and theoretical foundation
Numerous guides have been developed throughout the years that recommend CEA to aid decision

when allocating scarce resources to health interventions [8], [9], [10], [5], [11], [12]. A CEA
evaluates the costs and health effects of a specific health intervention to assess its allocative
efficiency regarding the maximization of population health status given a budget constraint. In
economic theory, CEA is founded on the belief that health adds to social welfare independently to
the consumption of services and non-health goods [5]. CEA in health can be embedded into what
is called the Decision Maker’s Approach, a theoretical framework that aims to optimize health
benefits from a given budget [13]. In this approach, CEA results are intended to inform decision-

makers rather than prescribe decisions to be made or strictly prioritize interventions.

Most CEA studies in the literature pursue an incremental approach, where they compare the
additional cost of an intervention over current practice with additional benefits. Limitations of such
an approach have been discussed elsewhere [6], but two will be recounted here. First, the
incremental approach in CEA assumes the efficiency of the intervention currently being
implemented, failing to identify existing possible misallocation of resources that could have
resulted in a substantial health gain and penalizing other interventions assessment by the possible
current health system inefficiency. Second, such study is highly contextualised as its starting point
is the current setting in which it is developed; the cost and time involved as well as the possible

complexity of the resource allocation models will limit their practical use and generalizability.

GCEA has been developed and conceptualized to overcome those limitations by using a common
comparator, a scenario where all the impacts of currently implemented interventions are removed.
This common comparator is referred to as the ‘null’ scenario, and its use by the GCEA presents
two main advantages. First, using the ‘null’ as counterfactual allows the GCEA to evaluate the
efficiency of currently implemented interventions. Assessing current allocative inefficiencies may
yield significant health gains, potentially more than identifying new intervention that will give

smaller benefits in health. Second, by removing the current intervention constraint, the results of
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the GCEA will be transferable to other settings. This generalized approach will provide valuable,
opportune, affordable and useful information on the efficiency of health interventions to enlighten
sectoral debates on resource allocation, which can make a great contribution to health policy

formulation.

The ‘null’ scenario
As with any CEA, the interventions studied must be evaluated against a counterfactual scenario.

For GCEA, this common comparator is the ‘null’ or the scenario of doing nothing. This scenario
does not assume that none of the past interventions has ever been undertaken; it depicts what will
happen if the interventions currently implemented cease as of today. Consequently, the ‘null’
represents a transition of the epidemiological profile of disease over time, not a stable
epidemiological situation. In addition, the ‘null’ scenario does not assume that all currently
implemented interventions are suppressed, but only those that may affect the disease of interest;

for example, for the study on cancer, current interventions on malaria have not been removed.

A back-adjusting approach [5] is applied to measure the impact of the ‘null’, using the
epidemiological information of the interventions currently implemented, their effectiveness and
their coverage rates. To do so, the following formulas derived from [5] are used depending on the

number of current interventions:

e For a single intervention:

where

An: null hazard rate ( e.g. incidence, remission, case-fatality or disability weight...)
A= current hazard rate

c= current coverage of intervention

e= current effectiveness of the intervention
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e For multiple interventions which address the same outcome:
Ac

A =
N A—ce)*(I—cpey)*..x(1—cy.ep)

Epidemiological information or hazard used depend on the nature of the interventions to remove
(e.g. preventive interventions affect the incidence of diseases, curative interventions affect the

remission or case fatality rates, rehabilitative and palliative interventions affect the severity).

For communicable diseases, as we will see in the following paper on HIV, tuberculosis and
malaria, we use dynamic models; rates are therefore modelled until equilibrium is reached because

the effect is not instantaneous.

The time horizon
The choice and influence of time horizon in CEA have been widely discussed in the literature [9],

[10], [14], [15]. The time horizon is the duration over which the costs and effects of the
interventions studied are measured. The time horizon is identical for all compared interventions.
Infectious disease models often apply a long period of implementation to capture changes in
disease incidence and transmission dynamics over time following the introduction of the
intervention [16]. A long time horizon is needed to fully capture the health impacts associated with
preventive interventions, therefore allowing a meaningful comparison with therapeutic and
curative interventions; for example, simulating 100-year vaccination intervention is not
uncommon [17]. This is even more usual in the economic evaluation of noncommunicable
diseases, where conditions are frequently chronic and medications are taken daily until death. As
a result, to capture all the costs and effects related to an intervention, the use of a life horizon is
much more progressively regular in economic evaluation. The same practice is adopted with
GCEA; health effects of the null and interventions are measured over the lifetime of the individuals
currently alive, which has been pragmatically defined as 100 years. The same duration is adopted

for the costs. This duration allows the GCEA study to capture one generation.
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Methodology

Interventions
In economic evaluation, when the defining purpose of an intervention is to improve health, we

consider it a ‘health intervention’ [18]. More precisely, the International Classification of Health
Interventions (ICHI) of the WHO defines the health intervention as an ‘act performed for, with or
on behalf of a person or population whose purpose is to assess, improve, maintain, promote or
modify health, functioning or health conditions’ [16]. A health intervention can be preventive,

promotive, curative, rehabilitative or palliative.

Interventions are included in the analysis whether they are recommendations by WHO or by
control experts, best-practice interventions or commonly used intervention packages over a
specific period of interest. Exclusion of an intervention does not imply that it is cost-ineffective,
but simply that the analysis undertaken is not exhaustive. Interventions are analysed individually
or in combination. For each combination, the independence or mutual exclusivity of the combined
interventions is considered. Interventions are independent when they can be implemented in the
same package, with or without interactions of costs and effects. Conversely, interventions are

mutually exclusive when they must replace one another [19].

Interventions costs
The perspective is the point of view adopted to decide which types of costs should be included in

the economic evaluation. In GCEA, costs are measured from the perspective of health systems -
essentially all organizations, people and actions whose primary intent is to promote, restore or
maintain health [20], regardless of the payer (private or public). A constant capacity of the health
systems is assumed in the costs evaluation. This ensures that variations in cost-effectiveness result
from genuine differences in the costs and effects of the interventions being compared rather than

poor implementation or failure of health systems.

An ingredients approach is used to measure the costs of each intervention. In this approach, the

quantities of all resources required to deliver the intervention (Q) are multiplied by their unit prices

(P).

C=QXP
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In its costs valuation, GCEA includes all direct, market-valued costs necessary to provide the
health intervention. The costs measured represent the opportunity costs as defined in economics
in the sense that the costs represent the value foregone by not using the same resources for
something else. However, this excludes all non-monetary patient contributions (e.g. travel time)
and potential earnings of patients. In theory, travel time and any other time costs incurred that the
patient incurs, related to seeking the intervention, represent an opportunity cost as this time cannot
be used to produce consumption in other areas; a similar argument applies to potential earnings as
it affects the consumption of services and goods, but both are excluded here on ethical grounds.
Their inclusion would prioritize extending the lives of the rich who earn more over the poor [5],

[21], [19]. GCEA also excludes costs outside of the health system.

Costs are estimated at different coverage levels for each intervention or combination of
interventions, assuming that interventions are first provided to an easy-to-reach population before
scaling up to marginal and meagrely populated areas. Combinations of interventions costs are

analysed considering any interactions in costs or cost offsets [5].

There are numerous ways of classifying costs. In GCEA, the costs are classified into patient costs
and programme costs and, where applicable, supplemented by health system costs [22], [23], [19].
Patient costs are the costs directly related to individual intervention delivery or incurred at the
point of delivery. They are usually associated with the provision of curative care but may also
include certain types of educational activities for health and prevention. Programme costs are the
costs required for the development and maintenance of the health intervention outside of the point
of delivery, such as training. Health system costs are shared costs related to health system
functions, such as supply chain. Depending on the type of intervention, the cost-driver may differ,
with the intervention aimed at behaviour-change in health requiring more programme than patient
costs. Table 1 provides a summary of the type of costs that can be included in each classification,

derived from [22], [23].
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Table 1: Patient costs, programme costs and health system costs

Costs classification Inputs

Patient costs Medicines, diagnostic tests, other consumables

Behaviour change communication

Health facility visit unit costs, incorporating health systems costs

Programme costs Personnel

Materials and supplies

Media operating costs

Transport operating costs

Equipment operating costs

Maintenance

Utilities (e.g. electricity, gas, water)

Health system costs Supply chain

For patient costs, quantity estimates (Q) are drawn from those used in previous WHO-CHOICE
analyses, other published costs or cost-effectiveness studies if quantity details are available or
estimated from WHO guidelines for treatment and surveillance after treatment. The quantity
results are validated in consultation with experts in the field of the diseases studied. The prices (P)
for each input, such as drugs and diagnostic tests, are taken from different sources such as the
Management Sciences for Health (MSH) drug price database [24] and in consultation with costing
experts. Inpatient and outpatient care or service delivery unit costs, are standardized estimates
produced and available at WHO-CHOICE [4]; details on the multivariate regression analysis
performed using STATA? are available in [25].

For programme costs, full details on the quantity assumptions, price statistical analysis and
econometric modelling are published in [19], [26]; estimates are available with WHO-CHOICE.
Quantity assumptions are standardized while prices are provided at the level of WHO region [27]
and countries. To account for economies of scale and scope, programme costs are scaled by

number of interventions and level of coverage. Health system costs like supply chain costs are

2 STATA is a complete, integrated software package that allows data manipulation, visualization, statistics, and
reproducible reporting [80].
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theoretically not covered under programme costs in GCEA but applied as a mark-up ratio in the

costing process [22].

For transferability across settings, costs are reported in international dollars to account for
differences in purchasing power and, where necessary, adjusted over time using the Gross

Domestic Product (GDP) price index [28]

Interventions health effects
The denominator of the cost-effectiveness ratio needs to be estimated using an outcome indicator

that measures changes in health considering both fatal and non-fatal outcomes. In GCEA, this
health outcome is measured using the Disability-Adjusted Life Years (DALY) [29], [30], reported
in WHO-CHOICE with the acronym ‘HLY gained’.

DALY was first developed during the five-year Global Burden of Disease (GBD) study started in
1988- a joint study between the World Bank, WHO and Harvard School of Public Health [31],
[32]. This study aimed to quantify the burden of disease and injury in human populations and
define the major health challenges globally through a measure that can also be used for CEA. A
preliminary form of DALY was presented and explained in the World Development Report, 1993
[33] which presented estimates of burden of disease and cost-effectiveness of interventions using
DALY as outcome measure, to help set priorities for health spending. Since then, DALY has been
refined and used regularly to report on the global burden of disease [34], plan for health research

and development and as a measure of the outcome on the CEA, as in the chapters of this thesis.

DALYs introduction in priority setting for health was intended to broaden the scope of measuring
diseases in terms of mortality to include an estimate of the impact of morbidity and to make more
transparent the ethical dimensions of the quantification of health [35], [36]. The DALYs
framework is founded on the combination of two egalitarian principles. First, that the burden
calculated for like health outcomes should be the same, i.e. treating like health outcomes as like.
This appeals to the most notional concept of fairness in the sense that the contribution of a 30-
year-old woman’s premature death to the estimation of the disease burden should be the same
whether she lives in a rich suburb of New York or in the favelas of Brazil. Second, that the non-

health characteristics of the individual affected by a health outcome to be taken into account in
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measuring the associated disease burden should be limited to age and sex, those characteristics

having the same significance worldwide [35], [37], [36].

Briefly reporting on the comparison of DALYs with other aggregate social measures in the
literature, DALY does not indicate the total sum of individual utility lost due to ill health, as the
quality-adjusted life year (QALY), for example, would do [35]. Health-related utility includes a
more extensive scope of wellbeing that extends beyond the focus on health looked for in DALY.
Health, as defined in DALY, interacts with these other dimensions but can be conceptualized as
being distinct from them [5] [38]. DALY seems to be closer to a measure of health ‘capabilities’
or ‘functioning’ using the language developed in [39]. In DALYs, health can be seen as a basic
means to achieve well-being, isolating the health problem from any other problem. DALY
measure health and do not incorporate the welfare associated with any income-enhancing
properties of an intervention. The concept of DALY's avoids any notion of being satisfied with
one’s health. Rather, it looks to measure health by the level of hardship experienced by a person

in being able to use one’s own body [35].

In the DALY concept, any individual is brought into the world with a certain number of life years
potentially lived in optimal health. Individuals may lose these healthy life years by dying
prematurely or living in health states worse than optimal health. The DALY's metric represent these

losses in healthy life years. One lost year of healthy life is equivalent to one DALY.

DALYs corresponding to a disease or health condition are computed as the sum of the Years of
Life Lost (YLL) due to premature mortality in the population and Years Lost due to Disability
(YLD) for people living with the health condition or its consequence [29].

DALY =YLL +YLD

DALY as estimated for the GBD studies is a measure of loss whilst it represents a gain
measurement in GCEA. To emphasize the refinement between the DALY measure used in GBD

and that applied in GCEA, the terminology ‘Healthy Life Year’ (HLY) gained is used for GCEA.

YLL is a function of the duration of life lost due to a death at each age and the mortality rate. For
its calculation, an estimation of how long people should live must be defined. In the GBD study,

an expectation of life at each age based on some ideal standard is used, e.g. for GBD 2010, a
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synthetic life table constructed from the lowest currently observed mortality rates at each age. In
GCEA, the reasoning is different; the need is to measure the YLLs gained by the intervention,
which represents the difference of the value of this measure with and without the intervention.

Practical examples to illustrate the rationale for this measure can be found in [5] and [40].

YLD is conceptualized as the partial loss of healthy years due to living in a health state worse than
optimal health, weighted by the health state severity. While death is not difficult to define, the
severity of non-fatal health outcome on one individual is. This severity differs from one individual
to another and depends on one’s personal characteristics and environment. The ‘valuation’ of this
severity is termed health state valuation or disability weight. It can be estimated using various
methods, such as the time trade-off (TTO)?, person trade-off (PTO)*, visual analogue scale (VAS)?
and pairwise comparison®. For instance, in the GBD 2010, the disability weights were measured
using household surveys conducted in five countries’ and an open-access survey; the disability
weights were then estimated based on paired comparisons of sequelae depicted with brief labels
[30]. The severity weight used does not suggest any societal estimation of the value of a person in
a disability or health condition, nor does it imply an interpretation of the lived experience of any
disability or health. It measures a social inclination for a health state in connection to the societal
‘ideal’ of good health [5]. In addition to the severity weight, the YLD is also a function of the
incidence or prevalence of the disease or health state [30], [29]. In the GBD study, a weight
between 0 and 1 is assigned to years lived in health states worse than optimal health, with 0
representing full health. Conversely, the values used in GCEA are the complements of the weight

used in the GBD (i.e. 1-health decrement) with 0 representing death and 1, full health.

PopMod [41] and Spectrum [42] population models are used to project and capture the effect of
each intervention on the aggregate number of healthy years lived by a population, combining the

prevalence, incidence, mortality, severity weight and information on coverage, as well as

3 TTO: Participants are asked to imagine themselves living in an imperfect health state for a defined number of years.
The participants should then indicate how many years in the current health state they would be willing to 'trade off' so
as to regain full health [81].

4 PTO: Participants are asked to trade quality and quantity of life in a hypothetical cohort of disabled and healthy
individuals to determine the worth of the disability [31], [82].

3 VAS: Participants are asked to consider the consequences of living with a disease or a condition for a given duration
and scale its severity [83].

¢ Pairwise comparison: Participants are asked to decide who is healthier between two hypothetical individuals in
different health conditions [30] [84].

7 Bangladesh, Indonesia, Peru, United Republic of Tanzania and the United States of America
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effectiveness of the intervention. In those population models, people are allowed to move in and
out of health states as per the incidence, remission and case-fatality rates. The time spent in each
health state is assigned a severity weight using the disability weight from the GBD, as previously
indicated. Meta-analyses on effect sizes were used to estimate the magnitude of the effect on

disease rates and, if not possible, randomized studies or before/after programme evaluation.

Discounting
In simple terms, to discount is to convert a future value to its present value. One tends to value

future costs and effects less than current ones; the farther in the future the costs and effects occur,
the lower their value. This underlines the need to adjust the value of the costs and effects for the
time at which they occur in economic evaluation. Generally, costs and effects of a health
intervention materialize over the time they occur (e.g. a human papillomavirus (HPV) vaccination
intervention). However, discounting future costs and health effects of a health intervention can
affect their economic evaluation outcome. A growing body of literature has discussed the

appropriate discounting rules to apply [43], [44], [45], [46], [47].
Discounting costs may be justified through various uncontroversial reasons [5], [43].

e Opportunity costs — which, as explained earlier, reflect the value foregone by not using the
same resources for something else. For example, instead of being spent on the health
intervention, the resource could have been invested in another sector of the economy,
which would have generated a positive rate of return [48].

e Catastrophic risk — people or society consider that they may not be alive to benefit from
future consumption, as well as the likelihood of catastrophe.

e Pure rate of time preference — people or society prefer consumption now to future
consumption.

e Consumption growth — if income increase is expected, any increase in consumption has
more value now than in the future.

Discounting health effects, however, is one of the controversial topics that emerges from the
literature, as health intervention effects are not reported in monetary units. One argument is that if
healthcare resources are being discounted, so should health effects, inferring that healthcare

resources are ultimately transformed into health [43], [49]. Conversely, ‘health is a unique product
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that cannot be traded in overtime, and therefore cannot be invested elsewhere at a real rate of

return’— is one of the counter-arguments [50], [43].

The second controversial topic is whether to use an equal or differential rate between health
intervention effects and costs. Discounting costs and effects of health interventions at the same
rate has been the dominant practice for quite a while and still is [43], [12], [5]. This approach has
been supported by two influential justifications. First, the time paradox of Keeler and Cretin [51]
arguing that if lower rates for the health intervention effects were used rather than an equal discount
rates for the costs and effects of health interventions, decision-makers would indefinitely postpone
all health expenditures because the cost-effectiveness ratio of a health intervention would increase
with each year it is postponed. Second, the consistency argument of Weinstein and Stason [52]
which illustrates that two programs that are identical except in timing must have their costs and
effects discounted at the same rate to receive equal priority in decision-making. In the meantime,
other publications support the opposite view, namely the concept of differential discounting [53],

[54], [55], [46].

Additional to the previous topics, further approaches such as the height of the discount rate [48],
[53], [49], [56], [57] and the use of constant or hyperbolic discounting remain a matter of debate
in the economic evaluation literature with those in support of constant discounting [58], [59] and

against it [60], [61].

For GCEA, results are presented under two scenarios: One applying a differential discount rate,
with a zero-discount rate for health intervention effects and a discount rate of 3% [5] for costs, and
an alternative scenario with an equal discount rate of 3% [5] for health intervention effects and
costs. This will allow for the results to be understood under the two perspectives and will also

serve as a sensitivity analysis of the results.

Threshold
In the CEA, the threshold is a standard used to identify the health intervention that, in a given

setting, has relatively poor, good or very good value for money. Alongside other considerations
relevant to local setting, the threshold can be used as an indication to guide policy makers in their

decision making [22].
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The conceptual perspectives, methodologies, and general use of thresholds have been largely
debated in the economic evaluation literature [62], [63]. Among the arguments common to those
who have welcomed a threshold in a CEA is its practicality as an approximation to improve
efficiency and that it allows for better transparency and consistency in the decision-making process
[64]. The counter-argument claims a lack of empirical and theoretical basis of the recommended
thresholds [65], [63]. Of the latter, the most commonly cited are those based upon a country’s per
capita GDP and the Commission on Macroeconomics and Health’s corresponding estimate of the
economic value of a year of healthy life [66]. GDP-based thresholds were criticized, because

‘people value life in dimensions that extend beyond income’ [22], [67].

In its previous analysis, WHO-CHOICE has used the Commission on Macroeconomics and
Health’s GDP-based thresholds to comment on its CEA results [68]. However, a publication in
2016 [22] clarified WHO-CHOICE’s intention to express the results as they were in [68], i.e. only
to guide policy-makers on value for money, emphasized the necessity to not use a threshold as a
stand-alone criterion for decision-making, recommended against the indiscriminate use of the most
common threshold, i.e. three times the per capita GDP per DALY averted, and explained the role
of CEA results in the decision-making process. Henceforth, GCEA results are no longer presented

as per GDP capita groupings.

In GCEA, the concept of opportunity cost and trade-offs are the most relevant perspective to
consider in the choice of type of cost-effectiveness threshold to use, rather than a rigid cost-
effectiveness threshold in the sense that, in considering the implementation of a new intervention,
decision-makers need estimates of ‘both the health that might be gained elsewhere through the
alternative use of the resources needed for the new intervention and the health that is likely to be
lost if the new intervention is not used’ [22]. Moreover, the use of the ‘null’ in GCEA contributes

to fairness in this choice.

Figure 1 shows the four quadrants that visually represent the incremental cost-effectiveness plane
on which the cost-effectiveness decision should be made [69], [70]. The vertical axis divides the
plane according to the incremental effects and the horizontal axis according to the incremental
costs. Interventions in the southeast quadrant are always considered cost-effective because they

are less expensive and more effective; interventions in the northwest quadrant have been
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considered ‘dominated’ as more costly and less effective, and those in the northeast and southwest

quadrants are those for which a trade-off between costs and effects should be considered.

In GCEA, an intervention would be weakly dominated by other interventions if a combination of
these other interventions were more cost-effective. Weakly-dominated interventions can be
identified by calculating the incremental cost-effectiveness ratios for each successively costlier
intervention — if one of these incremental ratios is lower than the previous one in the increasingly
costly and mutually exclusive sequence of interventions, then the precedent is ruled out by weak

dominance.

Figure 1: The incremental cost effectiveness plane [69]
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GCEA in priority setting
General contribution
The information provided by the results of a GCEA for a set of health interventions represents a

key input into the broader task of priority setting.

First, by using the ‘null’ scenario as the counterfactual of the analysis, GCEA can identify not only

current inefficiencies in allocation, but also underused or new interventions that can provide good
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value for money. Once identified as cost-effective, those interventions can be rapidly disseminated
at a global level. Conversely, GCEA can discourage the use of inefficient but broadly used

interventions.

Second, GCEA assesses a set of interventions in different combinations at different levels of
coverage, taking into account the interactions in the impacts and costs of all the interventions. This
process can highlight the efficiency of any individual intervention within any set. In other words,
it can show which interventions are a very expensive way to improve health in any combination,

or less expensive but more effective.

Third, GCEA can help decision-makers evaluate and possibly improve the performance of their
health systems in terms of one goal, namely the level of health. To this end, GCEA defines the sets
of interventions providing the best value for money and helps policy makers to choose the

interventions that optimize health within the limits of available resources.

Furthermore, GCEA can be used to guide or review financing decisions. One can argue that there
should be no attempt to provide cost-ineffective interventions on grounds of efficiency. As a result,
GCEA can help inform decisions on full repayment, subsidy, or refusal to cover the costs of
providing a service. GCEA could also be used to state the frequency or extent of intervention

coverage.

Finally, GCEA can help define priorities for Research and Development. It can be used to estimate
the contribution of interventions, or combinations of interventions, to the reduction of a disease
burden. If one assumes that all combinations of cost-effective interventions have a relatively small
impact on the total burden of a given disease, research into new ways of decreasing this burden

may be necessary

As discussed above, GCEA provides valuable estimates of the value for money of the health
interventions. It focuses on improvements in health resulting from different choices about how
health resources should be used. However, improving health is only one goal of the health system.
Therefore, GCEA results should not be used formulaically. They enter the policy debate as one
input and decision-makers must evaluate the trade-off in the costs of changing the combination of

interventions and the impact of different combinations against other goals of the health system.
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They need to be considered alongside other factors beyond efficiency, such as affordability,

implementation capacity, feasibility, budget impact and fairness [62].

Contextualization to national setting
To stimulate change where necessary, there is a need to contextualize estimated sub-regional

measures of the cost, effects and cost-effectiveness of GCEA to the setting in which the

information will be used.

To do so, WHO-CHOICE has developed a new country contextualization tool, ‘CHOICE
Spectrum’ [4], an online contextualization platform which provides countries with the opportunity
to quickly develop locally contextual evidence to begin evidence supported priority setting activity
or to create a database of cost-effectiveness results for use in an health technology assessment
(HTA) decision-making process. Faster and easier to use than previous WHO-CHOICE tools, this
tool is freely available for download and supported through user manuals, with technical assistance

and peer review options available to WHO member states.

Conclusion
As discussed at the start of this chapter, the use of CEA to assess the allocative efficiency of

resource allocations can evolve either towards contextualized analyses or more generalized
assessments. Most CEA studies currently observed in the literature are setting-specific; they do
not allow an assessment of the current combination of interventions and are based on incremental
cost-effectiveness information. The path that GCEA is promoting is to focus on the general
assessment of the costs and health effects of different interventions. For sector-wide health priority
setting, cost-effectiveness information should be collected in a way that allows policy-makers to
achieve as much as they can with the resources available and to identify how best to use additional
resources if they become available — GCEA addresses both. By using the ‘null” comparator, GCEA
can assess the effectiveness of interventions currently implemented in addition to the assessment
of new interventions. Moreover, without the various highly variable local decision constraints, the
main residual limitation of using GCEA for priority setting is the availability of resources.
Removing the current intervention constraint also allows the GCEA results to be transferable to

other settings.

The subsequent chapters, therefore, explore the application of the GCEA for each of the three main

health categories as briefly introduced earlier in the thesis outline; namely, communicable diseases
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in chapter I with Plasmodium falciparum malaria, Plasmodium vivax malaria, HIV and
tuberculosis; noncommunicable diseases in chapter II with breast cancer, cervical cancer and
colorectal cancer and road traffic injuries in chapter IV. The choices of each disease included in
the analysis were mainly driven by the burden that they represent globally but mainly in the regions
studied. Malaria, a preventable and curable disease, causes the death of more than 400,000 people
worldwide each year. The African Region bears over 90% of this malaria morbidity, despite the
influx of funding received by the control programs, followed by the Southeast Asia Region. More
than 200 million cases of malaria have been recorded worldwide, with Plasmodium falciparum
being the most prevalent malaria parasite in the African Region, accounting for almost 100% of
estimated malaria. Conversely, more than 50% of the Plasmodium vivax cases occurred in the
Southeast Asia Region. [71]. HIV has infected more than 70 million people since the beginning of
the epidemic, killing more than 30 million individuals. The African region is the most affected,
with nearly 70% of people in this region living with HIV, followed by the Southeast Asia region,
with about 9.5%. [72], [73], [74]. Millions of people keep getting infected with tuberculosis each
year. It is considered to be one of the top 10 causes of death worldwide, with around 50% of
tuberculosis mortality occurring in the Southeast Asia region and around 30% in the African
Region [75]. Cancer mortality increased by 26% between 2000 and 2015, with a significant
increase in Asia and Africa [76]. Cervical cancer and breast cancer are the leading causes of
cancer-related deaths among women in the sub-Saharan Africa region, accounting for 23.2% and
19.3%, respectively, of cancer deaths, while colorectal cancer is one of the most common causes
of cancer deaths for both sexes around the world [77]. Road traffic injuries represent the tenth
leading cause of death among all age groups and are anticipated to become the seventh leading
cause of death by 2030. Annually, 1.25 million people die in road accidents around the world. [78]
In the African region, the number of road traffic injuries and deaths have increased over the last

three decades. [79].
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Abstract

Background
This paper forms part of an update of the WHO-CHOICE programmes. It provides an assessment

of global health system performance during the first decade of the 21st century (2000-2010) with
respect to allocative efficiency in HIV, TB and malaria, thereby shining a spotlight on programme
development and scale up in these MDG priority areas; to examine the cost effectiveness of

selected best-practice interventions and intervention packages commonly in use during this period.

Methods
Generalized cost-effectiveness analysis (GCEA) was used to determine the cost effectiveness of

interventions for HIV, TB and malaria. Impact modelling was performed using the OpenMalaria
platform for malaria and using the Goals and TIME models in Spectrum for HIV and TB. All
health system costs, regardless of payer, were included and reported in international dollars. Health
outcomes are estimated and reported as the gain in healthy life years due to the specific intervention

or combination. Analysis was restricted to eastern sub-Saharan Africa and Southeast Asia.

Results
At the reference year of 2010, commonly used interventions for HIV, TB and malaria were cost-

effective, with cost-effectiveness ratios less than I$ 100/HLY saved for virtually all interventions
included in this study. HIV, TB and malaria prevention and treatment interventions are highly cost-
effective and can be implemented through a phased approach to full coverage to achieve maximum

health benefits and contribute to progressive elimination of these diseases.

Conclusions
During the first decade of the 21st century (2000-2010), the global community has done well

overall for HIV, TB, and malaria programmes as regards both economic efficiency and
programmatic selection criteria. The role of international assistance, financial and technical,
arguably was critical to these successes. As the global community now tackles the challenge of
universal health coverage, this analysis can reinforce commitment to SDG targets but also the

importance of continued focus on these critical programme areas.

Keywords
Cost-Effectiveness Analysis, HIV, Tuberculosis, Malaria, Priority Setting, Universal Health

Coverage
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Key Messages:

1. Implications for policy makers

e Country level: Continue to scale up comprehensive HIV, TB, and malaria programmes.
e Global level: Continue to provide technical and donor assistance for HIV, TB, and malaria
programmes.

e Both: Generalize these practices to the rest of the health system.

2. Implications for public

Although more needs to be done, coverage levels are higher in HIV, TB and malaria than for other
conditions in the regions studied; moreover, overall and on average the right interventions are
being done. These observations are not a cause for complacency. Regression to lower levels of
epidemic control is possible and in some cases is now being witnessed. International collective
action, in conjunction with institutions committed to strengthening domestic actors, has made a
convincing case as a global public good for HIV, TB and malaria control, demonstrating
international development assistance for health can be transformative when combined with

technical assistance about intervention choice and programme development.
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Main Manuscript:

Background
The Sustainable Development Goals (SDGs) address universal health coverage (UHC) in target

3.8 8[1], [2]. Priority setting in the context of UHC emphasizes three values: improving population
health, ensuring equity in access to and quality of services and avoiding impoverishment or
underutilization of services as a result of out-of-pocket expenditures [3], [4]. Allocative efficiency
can be measured with respect to any one of these values, or with respect to all three together, for

example using Extended Cost-Effectiveness Analysis.

Here, we adopt generalized cost-effectiveness analysis (GCEA), an approach used by WHO’s
programme Choosing Interventions that are Cost-Effective (CHOICE), which has been a global
leader in cost-effectiveness analysis in global health since 1998. This GCEA approach has the
principal advantage to allow for critical analysis of the package of currently implemented

interventions, along with those that may be additionally considered under scaling-up scenarios.

We propose to provide a quantitative assessment of allocative efficiency within three critical
diseases areas during the first decade of this century. This historical analysis provides a
retrospective evaluation of programme development and scale up during this period. HIV,
tuberculosis (TB), and malaria are of interest not only because of the MDGs but also because of
the creation of The Global Fund to Fight AIDS, Tuberculosis and Malaria (The Global Fund),

which contributed to an unprecedented increase in funding towards these infectious diseases.

This paper also forms part of an update of the WHO-CHOICE programme and previous stand-
alone analyses of the cost-effectiveness of interventions to combat HIV, TB, or malaria [5], [6],
[7]. As in previous work, we focus here on two economically and epidemiologically diverse
regions: eastern sub-Saharan Africa and Southeast Asia [8] in order to have examples of the
indicative cost-effectiveness of a common technology set in diverse settings. We stress the word
“indicative”, since the analysis is regional and has not been contextualized to particular country

settings, as would be done for example for national and subnational decision-making, programme

8 “Achieve universal health coverage, including financial risk protection, access to quality essential health-care
services and access to safe, effective, quality and affordable essential medicines and vaccines for all
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development and priority setting. Rather, we examine how implementation at a macro scale

performed relative to global knowledge about best practice during the period 2000-2010.

Given that Plasmodium falciparum (P. falciparum) is the most prevalent malaria parasite in the
WHO African Region and that most (56%) cases of Plasmodium vivax (P. vivax) malaria occur in
the WHO South-East Asia Region [9] we focus our analysis on P. falciparum malaria, HIV and
TB for the eastern sub-Saharan Africa region, and on P. vivax malaria, HIV and TB for the South-

East Asia region.

Methods
The methods and rationale of GCEA used by WHO-CHOICE have been published elsewhere [10],

[11].The principal advantage of GCEA is that it allows for an analysis of the package of currently
implemented interventions, along with those that may be considered under alternative or scaling-
up scenarios. The cost effectiveness of interventions is examined first individually against a “null”
scenario, a counterfactual scenario in which the effects of all currently implemented interventions
are removed, and second as packages of interventions defined as combinations of the most cost-
effective individual interventions. To allow for comparison and integration of results in a sub-
sectoral analysis, common methods and assumptions are applied for HIV, TB, and malaria. Health
outcomes are measured and reported as the gain in healthy life years (HLYs) due to a specific
intervention or combination thereof. For the calculation of HLY's, disease weights were obtained
from the Global Burden of Disease study, 2010 [12]. For costing, all market-traded health system
inputs are costed, regardless of payer (i.e. programme costs, service delivery of the intervention,
drugs and expendables). Programmes are considered to be implemented for 100 years in the
context of a population level model that calculates duration-dependent life-table effects such as
healthy life expectancy. A 3% per annum discount rate is applied to costs in all scenarios. HLY

are reported both undiscounted and with a 3% per annum discount rate.

The cost effectiveness of disease-specific sets of regional counterfactual scenarios is assessed
against a null comparator (no intervention), along with individual and combined interventions,
including seven scenarios for P. vivax malaria (Table 1), 14 for P. falciparum malaria (Table 2),
12 for HIV (Table 5) and 10 for tuberculosis (Table 7). The effects and costs of current (i.e. actual)
practice were also assessed relative to this baseline. Interventions are analysed at 50%, 80% and

95% coverages; details for the current scenarios can be found in Tables 3, 4, 6 and 8.
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The list of interventions is not exhaustive and excluding an intervention does not imply that it is
cost ineffective. The term “current” refers to a representation of the average combination of
interventions used in typical countries in the relevant geographical area at year 2010. Some of
these interventions, however, do not reflect the recommendations of WHO anymore and up-to-
date WHO recommendations can be found in Table 9. Thus, our results are intended to be
indicative of average implementation performance relative to the global knowledge of best practice
at the time, rather than as prescriptive packages intended for countries to implement now. As noted,
our principal objective here is to assess and evaluate retrospectively programmatic performance in
HIV, TB and malaria control during the first decade of the 21* century. In addition, in the case of
malaria, we also assess the potential cost-effectiveness of the RTSs vaccine in the context of our

GCEA framework.

An expansion path shows the steps in programme expansion that a hypothetical decision-maker
could follow when maximizing health. However, in constructing such an expansion path, even
when maximization of population health is the goal it is presumably important to consider other
factors too. We therefore present two expansion paths, one, a health-maximizing expansion path
that has no constraints apart from the cost effectiveness of interventions, and, two, a programmatic
expansion path that respects the fact that health system resources represent asset-specific
investments that cannot be easily substituted. In other words, while an “expansion path” reflects
an optimal path for the expansion of health services, the concept of optimal may also include
certain criteria for programme acceptability. For example, the concept of bringing a highly cost-
effective intervention to full coverage in a given year only to drop it and replace it with a different
intervention when higher levels of funding are available the following year can be excluded on
programmatic grounds, due to the large fixed costs associated with changing disease control
strategies. When such a case is suggested on cost-effectiveness grounds, the programmatic
expansion path can be “forced” to adopt the intervention that will subsequently be optimal in this
programmatic sense at full implementation. This means that, if a particular technology appears on
the expansion path at a certain level of coverage, then for the next steps, we considered only the
most cost-effective combination of interventions that also included this particular technology at
the same or higher levels of coverage (interventions, albeit, that are potentially less cost effective
than available alternatives, implying higher costs but also higher effects). Finally, we note that the

concept of an expansion path in either of these guises (health maximizing or programmatic) is at
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base only an indicative device to illustrate trade-offs implicitly made by the policy-maker in the

course of health system development.

The WHO-CHOICE results are provided at regional level; further contextualization is necessary
for individual country-level implementation [13], so our scenarios should be considered only as
estimates of (actual) average performance at macro level versus counterfactual idealized practice

during the period 2000-2010.

Impact Modelling

Malaria Model
Simulations for P. falciparum malaria and P.vivax malaria were performed using the OpenMalaria

platform [14], an open-source C++ program for micro-simulating malaria epidemiology and the
impacts of interventions on disease burden. A WHO-CHOICE population model, PopMod [15],
was used to combine projected case incidence, parasite clearance and mortality data with the health

state valuations to calculate the population impact of the different intervention scenarios.

All malaria simulations were based on a scenario used earlier [16], [17], [18]. A major innovation
compared to the scenario used in [16] is the modelling of fevers with non-malarial aetiology. This
scenario with non-malaria fevers (NMF) modelling was adapted to country-specific conditions for
the following aspects: seasonality of transmission, history of ITN use, history of case management
coverage and intensity of transmission. For P. vivax, also the prevalence of G6PD deficiency [19]

was taken into account.

Management of severe cases was presumed to be constant over time and among countries of the
same region, and the probability of treatment per five-day time step was assumed to be 48% [20],
[21]. The per-capita rates of malaria cases and deaths from OpenMalaria were scaled to WHO case
incidence estimates per country in 2010 [22]. Similarly, the number of treatments (with or without
diagnostic tests), and the number of diagnostic tests, at a given coverage level were also scaled to

the WHO estimates of cases.

Interventions against malaria
Insecticide Treated Nets (ITNs) distribution was modelled on an annual basis and their effect

was hypothesised to last one year (modelled with a step-wise attrition function). During the year,
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no chemical retreatment or physical decay was modelled. Costing of nets, however, was done on

the basis of actual estimates of useful life [23].

Case management and diagnostic testing Without testing, fevers without parasites, fevers with
incidental parasites (i.e. fevers that occur in people that are not caused by the malaria infection),
and malarial fevers (i.e. fevers caused by the malaria infection) have an equal probability of being
treated with an antimalarial. With testing, fevers without parasites are not treated. Without G6PD
testing, all P. vivax positive patients except pregnant women should receive primaquine. With
G6PD testing, a status of non-eligibility for primaquine (either due to G6PD deficiency, or due to
policy regarding primaquine treatment) was assigned at birth with a pre-set probability dependent

on the proportion of hemizygous men in the population.

RTS,S malaria vaccine was modelled as was previously done by Swiss TPH for the Malaria
Vaccine Initiative [24]. While this vaccine is not recommended by WHO, it is a potential new
intervention included in this study for illustrative purposes, drawing on previous modelling

conducted for WHO.

Table 1: Interventions included in the analysis for P. vivax malaria

# Scenario name Description

1 CMS Management of severe cases

2 ITN Insecticide-treated bed nets

3 CMSITN Management of severe cases + Insecticide-treated bed nets

Management of suspected uncomplicated cases + Management
4 CMU_CMS
of severe cases

Management of suspected uncomplicated cases + Management
5 CMU_CMS_ITN

of severe cases + Insecticide-treated bed nets
6 CMUPQX*_CMS As #4 with primaquine only given to non-G6PDd® males
7 CMUPQX*_ CMS_ITN As #5 with primaquine only given to non-G6PDd® males

°G6PDd: Glucose-6-phosphate dehydrogenase (G6PD) deficient

*PQX: G6PDd testing in males, non-deficient males receive primaquine, and all others (G6PDd males and all

females) do not receive primaquine.

55



Table 2: Interventions included in the analysis for P. falciparum malaria

#  Scenario name Description
1 CMS Management of severe cases
2 ITN Insecticide-treated bed nets
3 CMS_ITN Management of severe cases + Insecticide-treated bed nets
Management of suspected uncomplicated cases +
4 CMU_CMS
Management of severe cases
Management of suspected uncomplicated cases +
5 CMU_CMS_ITN
Management of severe cases + Insecticide-treated bed nets
6 CMS_RTSS Management of severe cases + Malaria vaccine with RTS, S
7 ITN_RTSS Insecticide-treated bed nets + Malaria vaccine with RTS, S
Management of severe cases + Insecticide treated bed nets
8 CMS_ITN_RTSS
+ Malaria vaccine with RTS,S
Management of suspected uncomplicated cases +
9 CMU_CMS_RTSS
Management of severe cases + Malaria vaccine with RTS, S
Management of suspected uncomplicated cases +
10 CMU_CMS_ITN_RTSS Management of severe cases + Insecticide treated bed nets
+ Malaria vaccine with RTS,S
11 CMU_D*_CMS As #4, but treatment seeking fever cases RDT® tested
12 CMU_D* CMS_ITN As #5, but treatment seeking fever cases RDT® tested
13 CMU_D*_CMS_RTSS As #9, but treatment seeking fever cases RDT® tested
14 CMU_D* CMS_ITN_RTSS As #10, but treatment seeking fever cases RDT® tested

*D: Diagnostics; ° RDT: Malaria rapid diagnostic test
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Table 3: Population in need and current coverage for P. vivax malaria

Interventions Population in need Current coverage (%) References

All- age population, men
Case management o ] 52

and women living in [20], [21], [25]
ITN malaria endemic areas 21

Table 4: Population in need and current coverage for P. falciparum malaria

Interventions Population in need Current coverage (%) References

Case management All- age population, men 40

ITN and women living in [20], [21], [26]
58

malaria endemic areas

HIV Model
Simulations for HIV were performed with the Goals model, a dynamic compartmental model

developed in the open-source Spectrum suite of models [27], [28], [29], [30], [31], [32]. The Goals
model is widely-used to produce projections of epidemic trends as well as projections of the impact
of interventions. It has been used in many regions, particularly in the Southern and Eastern African

region, to study the cost and impact of national and other HIV strategies.

Goals simulates transmission of HIV and its morbidity and mortality consequences for adult
populations aged 15—49 years, which are structured into five risk categories: stable couples (men
and women reporting a single partner in the last year), multiple partners (men and women with
more than one partner in the last year), female sex workers and clients, men who have sex with
men (MSM), and people who inject drugs (PWID). These groups are based on risk stratifications
available in publicly available data sources, such as Demographic and Health Surveys (DHS) and
AIDS Indicator Surveys (AIS), as well in behavioural surveys. HIV transmission in Goals is
explicitly calculated from behavioural (e.g. age at first sex, number of sexual partners and number

of sex acts per sexual partner) and biomedical (e.g. ART, condom use and VMMC) characteristics.

Goals is directly linked to the AIDS Impact Model (AIM) module in Spectrum, which is used
annually to produce national HIV burden estimates towards the Global AIDS report [28], [29].
Goals uses the HIV progression structure in AIM, in which HIV progression is captured through
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movement in CD4 categories, which form the basis of ART eligibility criteria, ART initiation and

ART coverage levels and is also the basis of mortality patterns.

AIM also estimates the effects of programs preventing mother-to-child transmission [33], [34].
AIM further calculates corresponding epidemic patterns for children (0—14 years) and models HIV

progression for adults above 49 years.

Interventions against HIV
The impact of behavioural interventions for HIV is represented by an impact matrix which

summarizes the impact of key behavioural interventions (e.g. community mobilization, mass
media campaigns, condom distribution programs, outreach to key populations) with respect to the
reduction of condom non-use, reduction of number of partners, and increase in age at first sex for

the populations outlined above, based on meta-analysis of research studies [33], [34], [35], [36].

In addition to these behavioural factors, HIV transmission risk further depends on biomedical
factors including ART use, VMMC, the prevalence of other sexually transmitted infections (STIs)
and the use of pre-exposure prophylaxis (PrEP).

Interventions in Goals can change any of these factors, and thereby affect HIV transmission risk

and the future course of the epidemic.

To apply intervention structure of the Goals model to our CHOICE scenarios, we constructed three
ART scenarios in which eligibility for ART is progressively relaxed. In the first scenario ART is
provided to all children two years and younger, to all other children under the age of 15, to all
adults (15 years and older) with CD4 count below 350 cells/uL and Option B+ (ART continued
after a pregnancy during which ART is initiated) is followed in the PMTCT program. The second
scenario is the same except that a CD4 count below 500 cells/uL replaces CD4 350 cells/uL in the
definition of the first scenario. In the third scenario CD4 count is removed as an eligibility criterion
and ART is applied as prevention (the so-called TasP strategy). All these strategies assume HIV
testing services as part of ART enrolment process. Testing is an entry point and it matters who

gets testing as services and impact depend on this.

The list of interventions is extended through voluntary male circumcision (VMMC), STI

treatment, behavioural interventions (mass media, condom distribution and youth-based programs)
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as well as outreach programs to high-risk groups (FSW and their clients, PWID and MSM

outreach). Three combination scenarios are defined by adding all of these interventions to the three

ART scenarios.

Table 5: Interventions included in the analysis for HIV

# Scenario name

Description

FSW Female Sex Workers and clients
2 PWID People Who Inject Drugs community outreach and peer education
Mass Media communication designed to increase demand and improve
3 MMEO use of COndoms, and condom provision
4 MSM Interventions targeting Men who have Sex with Men
5 VMMC Voluntary Male Medical Circumcision
6  YFI Youth Focused Interventions
HIV testing services + Antiretroviral therapy for all HIV positive adults
7  ART3 with CD4 < 350, all HIV positive children =<2 yrs, children>2 yrs with
CD4 <350, pregnant women Option B+
HIV testing services + Antiretroviral -therapy for all HIV positive adults
8 ARTS with CD4 < 500, all HIV positive children =<2 yrs, children>2 yrs with
CD4<500, pregnant women Option B+
HIV testing services + Antiretroviral therapy Treatment AS Prevention
o AP for all HIV positive adults, children and PMTCT* Option B+
ART3 + MMCO + FSW +PWID + MSM +YFI + Management of Sexually
10 CBt Transmitted Infections +VMMC
ART5 + MMCO + FSW +PWID + MSM +YFI + Management of Sexually
toes Transmitted Infections +VMMC
12 CB3 TASP + MMCO + FSW +PWID + MSM +YFI + Management of Sexually

Transmitted Infections +VMMC

*PMTCT: Prevention of mother-to-child transmission

°pregnant women Option B+: lifelong antiretroviral therapy treatment giving to HIV-positive pregnant

women regardless of CD4 count or WHO clinical stage [37]
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Table 6: Population in need and current coverage for HIV

Current coverage (%)

Eastern Southeast
Intervention Population in need sub- Asia References
Saharan
Africa
Female sex Female sex workers aged
workers and 15-49 years 31 67
clients
PWID community People Who Inject Drugs
outreach and peer aged 15-49 years (male and 10 33
education female)
Mass media Population aged 15-49 years
(male and female) 29 31 Egl’rt[sgg]’ UNGdA;iz
Condom provision lgr(:l[;;lelz;trllc:jnf:ﬁ]eaciel)S-49 years 27 )8 collected for the
Men who have sex Men who have sex with men UNAIDS global
) 25 28 report (analogous
with men aged 15-49 years
. to the TB reports)
Voluntary male Population aged 10-19 years
dical 1 70 and data collected
f:?:céfr?cision (male) for the Resource
Need Model
Youth focused Population aged 15-49 years e;:rcsises ode
interventions (male and female) and STI 60 18
symptomatic
STI° management  Population aged 15-49 years
(male and female) and STI 36 23
symptomatic
HIV testing Population aged 15-49 years
. 23 4
services (male and female)

*STI Sexually Transmitted Infections

TB Model
Simulations for TB were performed with the Impact component of the TB Impact Model and

Estimates (TIME) model, a dynamic compartmental TB model developed in the open-source

Spectrum suite of models [27], [40].

TIME is used by TB policymakers and national TB programmes (NTPs) to develop strategic
responses and strategies for TB and to produce projections that inform funding applications. The
model has been used in most TB settings, including in countries where TB is driven by HIV, in
weak health systems, in countries with high MDR-burden and in countries where TB programs
depend on a high level of private-sector involvement. The Estimates component of TIME was used
by the Global TB Programme to produce estimates for HIV-TB burden towards the Global TB
Report.
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The TIME model reflects key aspects of the natural history of TB including primary and latent
infection, re-infection and re-activation of latent TB. Smear positivity, negativity and smear
conversion is explicitly handled. TIME also accounts for the characteristics of paediatric TB,
treatment history and drug resistance. It has additional structure for HIV/ART which mimics the
structure of the Spectrum AIDS Impact Model (AIM) module to directly use its HIV programmatic
data. TIME includes two generic strains by MDR status: susceptible and resistant to treatment.
Resistance can be acquired during treatment upon transmission, at rates that distinguishes it from

the susceptible TB type in the model.

Interventions against TB
A description of the TIME model and its parametrization can be found in the technical appendix

of [40]. Interventions in TIME are structured according to a general care-and-control cascade for
TB, which is further structured by HIV and MDR status as relevant. The cascade starts with a
screening rate which is defined for smear-positive cases, and relative screening rates are specified
for smear-negative and TB susceptible cases. Diagnosis of TB is defined by sensitivity and
specificity values which are used to characterise the most widely-used and WHO-recommended
diagnostic tools in diagnostic pathways for TB. Estimates of diagnostic sensitivity and specificity

used in TIME are based on those discussed in [41], [42], [43].

Following screening and diagnosis, cases are linked to care at a specified acquisition rate and then
treated at a specified success rate. The model does not explicitly handle a delay between diagnosis
and treatment. Coverage, sensitivity and specificity of drug susceptibility tests (DST) for treatment
naive and previously treated cases are specified. These inputs characterize MDR diagnosis and
notification, including notification of non-MDR cases as MDR due to non-perfect specificity of

DST.

The model has a detailed structure for active case finding and household-based contact tracing for
children and adults as well as subsequent links to preventive therapy (IPT) for cases identified with
latent TB on the basis of a detailed testing algorithm. Prioritized access to ART for HIV-positive

TB cases is explicitly linked to ART enrolment numbers from the Spectrum AIM model.

To apply intervention structure of the TIME model to this CHOICE analysis, we constructed a

basic care-and-control scenario which comprise screening (of all population dimensions, including
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smear, HIV and MDR-status), detection (including DST to find MDR among new and retreatment
cases) and treatment for non-MDR and MDR case (including cases that are false diagnosed due to
non-perfect specificity). Note that the different components of this basic care cascade cannot be

individually studied in this analysis approach, but rather only as packages.

The basic scenario package has two variations. One representing a traditional diagnostic algorithm
of symptomatic screening, followed with smear microscopy or clinical diagnosis and culture for
MDR diagnosis. A second scenario represents a recommended design for future diagnostic
algorithms which are projected to change to an increasing and dominant use of X-ray for screening
and rapid molecular tests such GeneXpert for diagnosis of non-MDR and detection of rifampicin

resistance, and by assumption diagnosis of the general MDR strain in our model.

Core interventions recommended in the End TB Strategy [44] and the Global Plan to End TB 2016-
2020 [45] are added to the basic care-and-control cascade. First is preventive therapy for HIV-
positive TB cases not on ART and on ART with latent TB infection (LTBI). Then preventive
therapy for children ages (0-14) with LTBI found in the context of household screening of index
cases. Finally, we added ART prioritization for notified HIV-positive TB cases, irrespective of

CD4 count.

This overall intervention structure is kept general and do not address specific activities or
implementation approaches that are necessary to implement the package. In different TB contexts
screening rates might be increased through active case finding and enhanced passive case finding
in specific groups at high risk of TB infection (e.g. diabetics, prisoners, miners, and so on).
Community health workers are often employed to improve high treatment success. We made no
assumptions regarding these types of underlying activities that are required to achieve the coverage

levels of the intervention packages studied.

We also made no assumption regarding the future trend of the number of tests that will be needed
to find one case, and kept the value fixed at 10, which is considered an average value. Generally,
it is expected that this value will increase as more aggressive screening policies are adopted by

national TB programmes. These are considered too context specific to specify here.
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Table 7: Interventions included in the analysis for tuberculosis

# Scenario name Description

Treatment (FLD+SLD) +Detection (Xpert +X-ray+ Culture)
! B2 +Drug susceptibility testing

Treatment (FLD+SLD)+Detection (Xpert + X-ray +Culture)
2 B2 AX +Drug susceptibility testing + ART® prioritization for TB cases

Treatment (FLD+SLD) +Detection (Xpert + X-ray +Culture)
3 B2_AX_PX_PXC +Drug susceptibility testing + ART® prioritization for TB cases +

Preventive therapy + Preventive therapy for children

Treatment (FLD +SLD) +Detection (Xpert + X-ray +Culture)
* B2 PX +Drug susceptibility testing +Preventive therapy
c B2 PXC Treatment (FLD +SLD) +Detection (Xpert + X-ray +Culture)

+Drug susceptibility testing + Preventive therapy for children

Treatment (FLD +SLD) +Detection (Smear+ X-ray+ Culture)
o Bl +Drug susceptibility testing

Treatment (FLD +SLD) +Detection (Smear+ X-ray+ Culture)
7 BLAX +Drug susceptibility testing + ART® prioritization for TB cases

Treatment (FLD +SLD) +Detection (Smear+ X-ray+ Culture)
8 B1_AX_PX_PXC +Drug susceptibility testing + ART® prioritization for TB cases +

Preventive therapy + Preventive therapy for children

Treatment (FLD +SLD) +Detection (Smear+ X-ray+ Culture)
K BLPX +Drug susceptibility testing + Preventive therapy

Treatment (FLD +SLD) +Detection (Smear+ X-ray+ Culture)
10 B1_PXC

+Drug susceptibility testing + Preventive therapy for children

°ART: Antiretroviral therapy; FLD: First li