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Abstract 

In cancer randomized controlled trials (RCT), a surrogate endpoint is intended to substitute a 

clinically relevant endpoint, e.g. overall survival (OS), and it is supposed to predict treatment 

effect. Alternative endpoints, for example progression-free survival, are increasingly being 

used in place of OS as primary efficacy endpoints in RCTs. In practice however, the 

surrogate properties of these endpoints are not systematically assessed. We performed a 

systematic literature review to identify surrogate endpoints validated in oncology. We next 

conducted MAs to evaluate surrogate endpoints in two cancer settings: advanced soft-tissue 

sarcoma and adjuvant breast cancer. Results could not definitely validate surrogate 

endpoints in these indications. OS must remain the primary efficacy endpoint in these 

settings, even though alternative endpoints may provide valuable input in earlier phase 

studies (phase II trials, futility analyses). This work provides key information for the design of 

cancer RCTs, in particular for the choice of primary endpoints to assess treatment efficacy.  

Résumé 

Dans les essais cliniques randomisés (ECR) en cancérologie, un critère de substitution est 

une mesure biologique utilisée à la place d’un critère cliniquement pertinent pour le patient, 

par exemple la survie globale (SG), qui doit permettre de prédire l’effet attendu du traitement. 

Des critères alternatifs à la SG, par exemple la survie sans progression, sont de plus en plus 

fréquemment utilisés en tant que critère de jugement principal dans les ECR. En pratique 

cependant, les capacités de substitution à la SG de ces critères ne sont pas 

systématiquement évaluées. Nous avons dressé un état des lieux des critères de 

substitution validés en cancérologie à partir d’une revue systématique de la littérature. Par la 

suite, nous avons évalué par une approche méta-analytique des critères de substitution dans 

le contexte des sarcomes des tissus mous en situation avancée et du cancer du sein en 

situation adjuvante. Les résultats n’ont pas permis de définitivement valider de critères de 

substitution à la SG dans ces indications. La SG doit donc rester le critère de jugement 

principal des ECR, même si certains critères alternatifs restent informatifs dans des 

évaluations plus précoces (phase II, analyse de futilité), sous réserve que les données de 

survie continuent à être recueillies. Ce travail fournit des informations clés pour le 

développement des ECR en cancérologie afin notamment de sélectionner au mieux les 

critères de jugement de l’efficacité thérapeutique. 
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Résumé substantiel en français 

Introduction 

Processus de développement des traitements anticancéreux 

Le développement d’un médicament repose sur un processus long et onéreux. Les 

différentes étapes de ce processus ont pour objectif d’apporter la preuve de l’efficacité, ou de 

l’inefficacité, du traitement tout en assurant la sécurité des sujets. 

Dans un premier temps, la phase préclinique, le produit thérapeutique est testé sur des 

cellules de culture (in vitro) et des systèmes vivants non humains (in vivo). Ces études 

préliminaires permettent de collecter des informations pharmacologiques, 

pharmacocinétiques et sur la toxicité afin de déterminer la dose qui sera administrée à 

l’homme par la suite.  Le produit passe ensuite par les trois phases cliniques (phase I à III) à 

l’issue desquelles une éventuelle autorisation de mise sur le marché (AMM) est délivrée. En 

oncologie, les essais cliniques incluent essentiellement des patients atteints d’un cancer. 

L’objectif principal des essais de phase I est de tester la relation dose / toxicité du traitement 

afin de déterminer la dose maximale tolérée par le patient, c’est-à-dire, la dose maximale 

n’entraînant pas de toxicités excessives. La phase II vise à évaluer l’activité anticancéreuse 

du produit thérapeutique, afin d’éliminer les molécules inefficaces. Si l’essai de phase II 

conclut à l’efficacité du traitement, il est ensuite comparé au traitement standard, ou à un 

placebo, dans un essai de phase III. Ces derniers ont pour objectif d’apporter la confirmation 

du bénéfice clinique du nouveau traitement par rapport au traitement standard. Les résultats 

des essais de phase III seront utilisés par les autorités de santé lors de la décision de 

délivrer ou non une AMM. 

Le processus de développement d’un médicament est particulièrement réglementé. Peu de 

médicaments parviennent au terme de ce processus et obtiennent une AMM. Entre 1998 et 

2008, seulement 6% des traitements anticancéreux testés en phase I ont obtenu une AMM, 

et plus de 50% des produits testés en phase II ont échoué en phase III, principalement par 

manque d’efficacité (1). Si cette proportion élevée d’échecs s’explique en partie par une 

absence réelle d’efficacité des nouvelles molécules, le choix du design d’étude ou du critère 

principal d’évaluation de l’efficacité peuvent également en être la cause. Le critère principal 

se doit d’être objectif et reproductible. Il détermine le nombre de patients nécessaires dans 

l’essai et ainsi les conclusions de l’essai. Dans les essais de phase III en cancérologie, 

l’objectif étant d’améliorer la survie des patients, la survie globale (SG), définie par le délai 

entre les dates de randomisation et de décès, est le critère validé par les autorités de santé 

dans le contexte des essais cliniques randomisés (ECR) (2,3). 
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Critères de substitution - Définitions 

Un critère clinique est une variable qui reflète le statut du patient (qualité de vie ou survie). 

Un biomarqueur est une variable objective, indicatrice d’un changement biologique, 

pathogénique ou pharmacologique lié à une intervention thérapeutique. On peut citer par 

exemple la survie sans progression (progression-free survival – PFS), définie par  le délai 

entre les dates de randomisation et de progression ou décès. Un critère de substitution est 

un biomarqueur dont l’objectif est de remplacer un critère clinique(4). Selon l’International 

Conference on Harmonization Guidelines on Statistical Principles for Clinical Trials(4), un 

critère de substitution doit satisfaire trois conditions : (i) être biologiquement pertinent, (ii) au 

niveau du patient, être associé et permettre de prédire le critère final (association au niveau 

individuel), et (iii) au niveau de l’essai, l’effet traitement sur le critère doit être associé et 

permettre de prédire l’effet traitement sur le critère final, en l’occurrence la SG dans les ECR 

en cancérologie (association au niveau de l’essai).  

Critères de substitution et Autorités de Santé 

L’utilisation des critères de substitution est guidée par le besoin de réduire le nombre de 

patients, la durée des essais, et à terme les délais de mise sur le marché des nouveaux 

traitements et le coût global des ECR. Si la SG est la référence pour mesurer l’efficacité d’un 

traitement dans les ECR en oncologie (2,3), son utilisation comme critère principal présente 

certaines limites : effectifs de patients importants, problématique des « cross-over » et des 

lignes de traitements successives, inclusions des décès toutes causes, etc. Dans ce 

contexte, des critères alternatifs de mesure du bénéfice clinique sont fréquemment utilisés. 

Ces critères incluent des évènements cliniques et/ou biologiques, tels que la progression de 

la maladie ou la toxicité du traitement, observés plus fréquemment et plus précocement que 

le décès. Ces critères composites, communément utilisés dans les essais de phase II, sont 

de plus en plus utilisés comme critère principal dans les essais de phase III (5). Dans ce 

contexte, les autorités de santé ont adapté leurs recommandations sur l’évaluation des 

traitements permettant ainsi de délivrer des AMM sur la base de critères d’évaluation autres 

que la SG. L’Agence Européenne du Médicament (AEM) et la Food and Drug Administration 

(FDA) aux Etats-Unis proposent des processus d’approbation conditionnels, ou accélérés, 

basés sur des critères autres que la SG. Ces AMM conditionnelles ont pour objectif, dans les 

cas de maladies avec un pronostic sévère, d’accélérer la mise à disposition de traitements 

efficaces constituant un besoin médial non résolu (“unmet medical need”), c’est-à-dire, pour 

lesquels les options thérapeutiques sont particulièrement limitées, voire inexistantes. Un 

nombre important d’AMM de traitements anticancéreux sont ainsi délivrées sur la base de 

critères alternatifs alors qu’aucune étude n’a permis de démontrer que ceux-ci avaient été 

formellement validés en tant que critère substitutif à la SG (6). De plus, bien qu’une 
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confirmation du bénéfice sur la SG soit requise à la suite de ces AMM conditionnelles, en 

pratique, ces études confirmatoires sont rarement menées (7). L’utilisation inappropriée de 

critères de substitution peut mener à l’AMM de traitements inefficaces sur la SG, tel que le 

bevacizumab pour le traitement du cancer du sein métastatique. En 2008, la FDA a ainsi 

délivré une AMM conditionnelle suite à un ECR ayant démontré une amélioration de la PFS 

(8). Trois ans plus tard, deux ECR ont cependant conclu à un effet très modeste sur la PFS 

ainsi qu’à une absence d’effet sur la SG (9,10). Ces résultats ont conduit au retrait de l’AMM 

du bevacizumab dans cette indication (11). L’évaluation en amont des propriétés de 

substitution des critères d’évaluation de l’efficacité alternatifs à la SG est ainsi primordiale 

pour s’assurer de mesurer précisément le bénéfice des nouveaux traitements. 

Evaluation statistique des critères de substitution 

L’évaluation statistique des critères de substitution repose sur l’estimation de deux types 

d’association : (i) l’association au niveau individuel, à savoir, le critère de substitution permet 

de prédire le critère final au niveau du patient, et (ii) l’association au niveau de l’essai, à 

savoir, l’effet traitement sur le critère de substitution permet de prédire l’effet traitement sur le 

critère final au niveau de l’essai. Depuis la publication en 1989 par Prentice des quatre 

critères opérationnels nécessaires à la validation statistique d’un critère de substitution (12), 

de nombreux travaux statistiques concernant l’évaluation des critères de substitution (13) ont 

été publiés. Les méthodes statistiques peuvent être classifiées en deux catégories, selon 

que celles-ci soient basées sur l’analyse d’un ECR unique (l’approche « single-trial »), ou de 

plusieurs essais (l’approche méta-analytique). Les approches « single-trial » incluent les 

critères de Prentice et coll. (12), la proportion de traitement expliqué de Freedman (14), 

l’association ajustée et l’effet relatif développés par Buyse et Molenberghs (15). Bien 

qu’opérationnellement simples à mettre en œuvre, ces techniques permettent uniquement 

d’évaluer l’association individuelle entre le critère de substitution candidat et le critère 

d’intérêt final, tel que la SG.  

L’approche méta-analytique permet d’estimer l’association entre les effets du traitement sur 

le critère de substitution candidat et la survie globale. Parmi les développements proposés, 

l’approche en deux étapes développée par Burzykowski, Buyse et Molenberghs est 

considérée comme la plus rigoureuse (13). Celle-ci repose sur la modélisation conjointe des 

deux critères, le critère de substitution candidat, et le critère final. Lorsque l’on s’intéresse à 

deux critères de survie, cette modélisation conjointe repose sur une fonction de copule. Dans 

un premier temps, la modélisation permet l’estimation de l’association entre les critères au 

niveau individuel. Pour chaque essai, les effets du traitement sur le critère de substitution et 

sur la SG sont estimés en tenant compte de leur association. Dans la seconde étape, un 

modèle mixte permet d’estimer l’association au niveau de l’essai, c’est-à-dire l’association 
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entre les effets du traitement sur le critère de substitution et sur le critère final, permettant de 

prendre en compte les erreurs d’estimation des effets traitements. Ce modèle requiert la 

disponibilité de données individuelles. Des modèles simplifiés à partir de données agrégées 

(telles que publiées dans la littérature) ont été proposés pour l’estimation de l’association au 

niveau de l’essai. Dans ce contexte, une régression linéaire pondérée de l’effet traitement 

sur le critère final sur l’effet traitement sur le critère de substitution permet l’estimation de 

l’association au niveau de l’essai.  

Enfin, l’effet seuil du critère de substitution (« surrogate threshold effect » - STE) a par la 

suite été développé (16). Ce paramètre permet d’estimer l’effet du traitement minimal à 

observer sur le critère de substitution afin de prédire un effet du traitement significatif sur la 

SG. Le STE apporte une information directe sur l’utilité du critère de substitution dans la 

pratique courante.  

Evaluation de la force de l’association 

A ce jour, plusieurs méthodes statistiques permettant l’estimation de différents paramètres 

sont utilisées dans les études évaluant des critères de substitution. Afin de guider les 

chercheurs dans la conduite et l’interprétation de ces études, des grilles ont été développées 

afin d’évaluer la force des associations rapportées. La grille de Taylor et Elston repose sur un 

système hiérarchique du niveau de preuve (17) : (i) niveau 1 : preuve de l’association au 

niveau de l’essai niveau, (ii) niveau 2 : preuve de l’association au niveau individuel, (iii) 

niveau 3 : preuve biologique. Cette grille permet une classification simple des critères de 

substitution, mais ignore cependant les paramètres statistiques spécifiques couramment 

rapportés. L’Institute of Quality and Efficiency in Health Care (IQWiG) allemand a proposé un 

schéma d’évaluation reposant sur (i) la qualité de la méthodologie employée et (ii) la force de 

l’association au niveau de l’essai rapportée (18). Alors que certains des éléments inclus dans 

l’évaluation de la qualité de la méthodologie peuvent être subjectifs. L’évaluation de la force 

de l’association au niveau de l’essai repose cependant sur des seuils précis. Enfin, le 

Biomarker-Surrogate Evaluation Schema (BSES) évalue quatre domaines : le schéma de 

l’étude de validation, le critère final utilisé, la méthode statistique et l’extrapolation des 

résultats (19). Contrairement à la grille IQWiG, le BSES évalue la force de l’association 

globale en se basant non seulement sur la mesure de la force de l’association au niveau de 

l’essai, mais également sur celle au niveau individuel, ainsi que le STE. Le BSES ne 

recommande cependant aucune méthode statistique pour l’estimation de ces paramètres. 

L’évaluation de la qualité du design de l’étude et l’extrapolation des résultats peuvent 

cependant être subjectives.  
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Objectifs 

Un nombre croissant d’études sont menées afin d’évaluer des critères de substitution dans 

les ECR en cancérologie. Avec la multiplicité des méthodes d’évaluation disponibles et la 

difficulté à généraliser la validation d’un critère à différentes situations thérapeutiques, il est 

nécessaire de dresser un état des connaissances récent et exhaustif des critères de 

substitution disponibles pour les ECR en cancérologie. Le premier objectif de cette thèse 

était d’identifier les méta-analyses menées dans le cadre de l’évaluation de critères de 

substitution à la SG en cancérologie par le biais d’une revue systématique de la 

littérature et d’évaluer le niveau de preuve apporté par chaque méta-analyse. 

Suite à cette revue, nous avons identifié deux situations thérapeutiques pour lesquelles la 

mise à disposition d’un critère de substitution permettrait d’améliorer le développement de 

futurs ECR : les sarcomes des tissus mous (STM) en situation avancée et le cancer du sein 

en situation adjuvante.  

Notre second objectif était donc d’évaluer les propriétés de substitution à la SG de 

différents critères de survie dans le cadre des STM en situation avancée, à partir d’une 

méta-analyse de 14 ECR. Nous nous sommes intéressés à trois critères candidats : la 

PFS,  le temps jusqu’à progression et le temps jusqu’à échec du traitement. Parallèlement, 

nous avons étudié les propriétés d’un autre critère qui suscite beaucoup d’intérêt auprès des 

oncologues, le temps jusqu’au traitement suivant, à partir d’une cohorte prospective. En 

effet, nous ne pouvions pas reconstituer ce critère à partir des essais disponibles dans le 

cadre de notre méta-analyse. 

Enfin, notre dernier objectif concernait l’évaluation des propriétés de substitution à la 

SG de différents critères de survie dans le cadre du cancer du sein en situation 

adjuvante, à partir d’une analyse groupée de cinq ECR. Nous nous sommes intéressés à 

quatre critères candidats : la survie sans rechute, la survie sans maladie invasive, la survie 

sans rechute locorégionale, et la survie sans maladie à distance. 

Etat de l’art : Critères de substitution validés dans les essais 

cliniques randomisés en cancérologie 

Contexte et objectif 

En oncologie, des critères d’évaluation de l’efficacité alternatifs à la SG sont de plus en plus 

communément utilisés à la place de la SG dans les ECR (5). Ces critères incluent différents 

types d’évènements autres que le décès, et ont ainsi l’avantage d’être observés plus 

fréquemment et plus précocement. On peut citer par exemple la PFS, définie 

précédemment. Leur utilisation est motivée par la nécessité de réduire le nombre de patients 
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à inclure, la durée et le coût des ECR. Leur utilisation nécessite cependant une évaluation 

rigoureuse afin de les valider comme critères de substitution à la SG. La qualité d’un critère 

de substitution dépend de la maladie considérée ainsi que du mécanisme d’action du 

traitement étudié, leur évaluation ne peut ainsi se faire que dans une situation thérapeutique 

précise. Ce travail avait pour objectif de dresser un état des lieux des critères de substitution 

validés en cancérologie.  

Méthodes 

Nous avons conduit une revue systématique de la littérature à partir des bases de données 

MEDLINE et SCOPUS afin d’identifier les méta-analyses évaluant des critères de 

substitution à la SG dans les ECR en oncologie. Les publications pertinentes ont été 

sélectionnées en suivant un procédé en deux étapes (sélection sur résumé puis sur article 

complet), à partir d’une grille de lecture standardisée, et par deux lecteurs indépendants. La 

force de l’association au niveau de l’essai a été évaluée à partir des critères IQWiG et BSES. 

Résultats 

Un total de 53 publications présentant 164 méta-analyses a été inclus dans cette revue de la 

littérature. La majorité des méta-analyses portaient sur l’évaluation de critères de substitution 

en situation avancée, essentiellement dans le contexte du cancer colorectal, du poumon et 

du sein. Les méthodologies employées pour l’estimation des associations au niveau 

individuel ou de l’essai étaient hétérogènes, et 17% ont utilisé la méthode en deux étapes de 

Buyse et Burzykowski. De même, il existait une forte variabilité dans les paramètres 

d’association rapportés, et pour lesquels le degré de précision (intervalles de confiance) 

n’était pas systématiquement rapporté. Ce dernier point nous a limités lors de l’application 

des grilles IQWiG et BSES pour juger de la qualité des études publiées. En situation 

adjuvante, plusieurs méta-analyses suggéraient une forte association au niveau de l’essai 

entre la survie sans maladie (disease-free survival - DFS) et la SG dans le cancer du côlon, 

du cancer du poumon non-à-petites-cellules, du cancer gastrique et des cancers oto-rhino-

laryngologiques (ORL). En situation métastatique, les associations au niveau de l’essai entre 

la PFS et la SG étaient élevées pour le cancer colorectal, le cancer du poumon et les 

cancers ORL.  

Conclusion 

Malgré un nombre croissant d’études portant sur l’évaluation de critères de substitution en 

oncologie, un nombre limité de méta-analyses reposant sur une méthodologie statistique 

rigoureuse présentent des associations suffisamment élevées pour conclure à la validité du 

critère de substitution. Un certain nombre d’informations ne sont cependant pas rapportées 

(intervalles de confiance) par les publications, limitant ainsi l’évaluation de la qualité de ces 
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études à partir des grilles actuelles. En conclusion, les données actuellement disponibles 

suggèrent un nombre limité de situations thérapeutiques avec un critère de substitution 

validé : DFS en situation adjuvante pour le cancer du côlon, du cancer du poumon non-à-

petites-cellules, du cancer gastrique et des cancers ORL ; PFS en situation métastatique 

pour le cancer colorectal, le cancer du poumon et les cancers ORL. Les associations 

estimées dans d’autres cadres thérapeutiques et/ou pour les autres critères évalués étaient 

trop faibles ou imprécises pour conclure.  

Ce travail a été accepté pour publication dans le journal Critical Reviews in Oncology / 

Hematology. 

Critères de substitution dans les essais cliniques randomisés 

portant sur les sarcomes des tissus mous en situation avancée 

Contexte et objectif 

Très hétérogènes, les STM se composent de plus de 50 sous-types histologiques, ce qui les 

rend particulièrement complexes à diagnostiquer, à étudier, et à guérir. Les STM 

représentent environ 1% des cancers de l’adulte en France (20). L’hétérogénéité, associée à 

une faible incidence, limite le développement de nouveaux traitements thérapeutiques dans 

cette indication. La validation d’un critère de substitution qui serait disponible plus 

précocement que la SG, et sur de plus grands effectifs, permettrait de réduire les effectifs et 

la durée des ECRs. A ce jour cependant, aucune méta-analyse sur données individuelles 

évaluant des critères de substitution à la SG dans cette situation thérapeutique n’a été 

publiée. Notre objectif était d’évaluer, à partir d’une méta-analyse sur données individuelles, 

les propriétés de substitution de trois critères communément utilisés dans cette indication: la 

PFS, le temps jusqu’à progression (time-to-progression – TTP) et le temps jusqu’à échec du 

traitement (time-to treatment failure – TTF). 

Méthodes 

Les essais inclus dans la méta-analyse ont été identifiés à partir d’une revue systématique 

de la littérature, du registre des essais ClinicalTrials.gov et en contactant les principaux 

groupes promoteurs français et européens (EORTC et UNICANCER). Dans un premier 

temps, les données des différents ECR ont été uniformisées. Pour chaque patient, les 

critères de survie, SG, PFS, TTP, et TTF, ont été recalculés selon les recommandations 

internationales pour la définition des critères de survie pour les ECR portant sur la SG après 

un suivi de 18 mois. 

Les associations au niveau individuel et au niveau de l’essai ont été estimées en suivant le 

modèle en deux étapes de Burzykowski, Buyse et Molenberghs (13) et le modèle de 
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régression linéaire pondérée. La force des associations a été évaluée à partir de la grille 

IQWiG (18). Deux analyses en sous-groupes ont été menées. Dans la première analyse, 

nous avons uniquement inclus les essais comparant des traitements systémiques à des 

chimiothérapies à base de doxorubicin ou ifosfamide en première ligne de traitement. Dans 

la seconde analyse, seuls les patients  atteints d’un leiomyosarcome, un des sous-types 

histologiques de STM les plus courants, ont été inclus. Enfin, nous avons conduit différentes 

analyses de sensibilité afin d’évaluer la robustesse des modèles de régression linéaire 

pondérée (variation des règles de censure et de pondération). 

Résultats 

Nous avons recueilli les données individuelles de 14 ECR (2846 patients) évaluant des 

traitements systémiques pour des patients adultes atteints d’un STM métastatique. Au 

niveau individuel, les trois critères de substitution candidats étaient modérément associés à 

la SG. Au niveau de l’essai, les associations estimées étaient faibles et manquaient de 

précision. Elles ont ainsi été classées « moyennes » selon les critères IQWiG.  

Conclusion 

Les résultats de cette méta-analyse n’ont pas permis de valider un critère de substitution à la 

SG dans le cadre des STM en situation avancée. Notre étude présentait cependant certaines 

limites liées en partie à la nature même des STM (hétérogénéité des sous-types 

histologiques, faibles effectifs en termes d’ECR). Le critère principal des ECR dans 

l’évaluation des traitements dans le cadre des STM en situation métastatique doit rester la 

SG.   

Ce travail a été soumis pour publication auprès du Journal of Clinical Oncology. 

Temps jusqu’au prochain traitement: un critère alternatif pour les 

essais cliniques randomisés portant sur les sarcomes des tissus 

mous en situation avancée? 

Contexte et objectif 

A ce jour, aucun critère de substitution à la SG n’a été validé dans le contexte des STM en 

situation avancée. Alors que la PFS est cependant fréquemment utilisé, celle-ci présente 

certaines limites dans les ECR : la PFS repose sur l’imagerie radiologique, dont la lecture et 

l’interprétation peuvent être subjectives (22) ; les critères définissant les seuils de 

progression (e.g. RECIST (23,24)) sont en constante évolution, voire remis en question dans 

le contexte des nouvelles thérapies ; la date exacte de progression reste inconnue même si 

on se réfère généralement à la date de visite comme date d’approximation.  
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Le temps jusqu’au traitement suivant (time-to-next treatment – TNT) est un critère 

d’évaluation de l’efficacité utilisé dans certaines pathologies en hématologie et dans certains 

cancers. Défini comme le temps jusqu’à initiation d’un nouveau traitement après échec du 

traitement à l’étude, le TNT inclut toutes les causes possibles de changement de traitement. 

Ce critère reflèterait ainsi une altération de l’état du patient, quelle qu’elle soit, et serait donc 

un marqueur éventuel de la SG. Dans ce contexte, l’objectif de ce travail exploratoire était 

d’évaluer l’association, au niveau individuel, entre le TNT et la SG.  

Méthodes 

Les informations concernant les traitements donnés hors essai après échec du traitement à 

l’étude ne sont, à ce jour, pas recueillies de manière systématique dans le cadre d’ECR. 

Aussi, nous nous sommes basés sur une cohorte nationale prospective de patients atteints 

d’un STM métastatique. L’association au niveau individuel entre le TNT et la SG a été 

estimée pour différentes lignes de traitement. Un modèle de copule a été appliqué afin 

d’estimer un coefficient de rang de Spearman entre les deux critères de survie. 

Résultats 

Le TNT et la SG étaient fortement associés au niveau individuel, plus particulièrement en 

première ligne de traitement (R²ind = 0.76 IC95% [0.73 ; 0.78]). 

Conclusion 

Ce travail exploratoire a permis d’estimer l’association au niveau individuel. Ce travail fournit 

ainsi des résultats prometteurs. Le TNT mériterait une évaluation plus approfondie en tant 

que critère de substitution à la SG, sur la base d’une méta-analyse d’ECR, afin de permettre 

une estimation de l’association entre les effets du traitement sur le TNT et sur la SG.  

Les résultats de ce travail ont fait l’objet d’une publication dans BMC Medicine (Savina et al. 

2017). 

Critères de substitution dans les essais cliniques randomisés 

portant sur le cancer du sein en situation adjuvante 

Contexte et objectif 

Malgré une incidence croissante, la survie des patientes atteintes du cancer du sein s’est 

significativement améliorée depuis 30 ans. En pratique, les ECR dans cette indication 

impliquent donc l’inclusion d’un nombre important de patients et un long suivi afin d’observer 

le bénéfice d’un nouveau traitement sur la SG. Un critère de substitution observé plus 

fréquemment et surtout plus précocement que la SG serait donc un atout important. L’objectif 

de ce travail était d’évaluer les propriétés de substitution à la SG de quatre critères de survie 
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dans le cancer du sein en situation adjuvante : la survie sans rechute (RFS), la survie sans 

maladie invasive (invasive disease-free survival - iDFS), la survie sans rechute locorégionale 

(locoregional relapse-free survival - LRFS) et la survie sans maladie à distance (distant 

disease-free survival - DDFS). 

Méthodes 

Nous avons mené une analyse groupée de cinq ECR évaluant des chimiothérapies, seules 

ou en combinaison avec une hormonothérapie, comme traitement adjuvant du cancer du 

sein. Dans un premier temps, les données des différents ECR ont été uniformisées. Pour 

chaque patient, les critères de survie, SG, RFS, iDFS, LRFS et DDFS, ont été recalculés 

selon les recommandations internationales pour la définition des critères de survie pour les 

ECR portant sur le cancer du sein (25,26). La RFS, iDFS, LRFS et DDFS ont été censurés 

après un suivi de cinq ans, et l’OS après un suivi de sept ans.  

Les associations au niveau individuel et au niveau de l’essai, respectivement R²ind et R²trial, 

ont été estimées en suivant le modèle en deux étapes de Burzykowski, Buyse et 

Molenberghs (2SM) (13) et le modèle de régression linéaire pondérée par la taille de l’essai. 

Etant donné le nombre limité d’ECR, nous nous sommes basés sur le centre participant 

plutôt que sur l’ECR afin d’estimer l’association au niveau de l’essai. La force des 

associations a été évaluée à partir de la grille IQWiG (18). Nous avons testé la capacité de 

prédiction des modèles de régression linéaire par une méthode de validation croisée.  

Résultats 

Les critères étudiés ont révélé une forte association avec la SG, que ce soit au niveau 

individuel ou de l’essai. Sur la base du critère IQWiG, la LRFS à cinq ans a été classée 

fortement associée à la SG à sept ans. Pour les autres critères, les associations ont été 

classées « moyenne ». Les associations au niveau de l’essai avec des temps de suivi plus 

courts étaient modérées à élevées, avec des intervalles de confiance très larges. 

Conclusion 

Les résultats de cette analyse suggèrent que la LRFS à cinq ans est un critère de 

substitution raisonnable pour la SG à sept ans. Cette conclusion devrait cependant être 

modérée par les limites méthodologiques auxquelles nous avons été confrontés. En effet, 

l’utilisation du centre participant plutôt que l’essai comme unité d’analyse a probablement 

artificiellement augmenté la précision des estimations des associations au niveau essai. 

Cette analyse est la première menée sur données individuelles pour évaluer des critères de 

substitution dans le cancer du sein en situation adjuvante. Ces résultats prometteurs seront 

à confirmer à partir d’une méta-analyse conduite sur un effectif plus important d’ECR. 
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Un article présentant les résultats de cette analyse est en cours de relecture auprès des co-

auteurs pour soumission au Journal of Clinical Oncology. 

Conclusion générale et perspectives 

L’utilisation des critères de substitution, disponibles plus rapidement et sur des effectifs plus 

faibles que la SG, est motivée par la nécessité d’accélérer le processus de développement 

des molécules. Malgré un nombre croissant de méta-analyses évaluant les critères de 

substitution à la SG, un faible nombre de critères ont cependant été formellement validés 

comme tel. Les données actuellement disponibles suggèrent un nombre limité de situation 

thérapeutique avec un critère de substitution validé : DFS en situation adjuvante pour le 

cancer du côlon, du cancer du poumon non-à-petites-cellules, du cancer gastrique et des 

cancers ORL ; PFS en en situation métastatique pour le cancer colorectal, le cancer du 

poumon et les cancers ORL.  

Notre méta-analyse a démontré que le critère principal des ECR portant sur l’évaluation des 

traitements dans le cadre des STM en situation métastatique doit rester la SG, même si la 

PFS, le TTP et le TTF restent pertinents dans le cadre d’étude de futilité et/ou d’essais de 

phase II. Le TNT, que nous n’avons pu évaluer que via une cohorte prospective, présente 

une forte corrélation au niveau individuel avec la SG.  

Dans le cadre du cancer du sein en situation adjuvante, les résultats de notre analyse 

groupée de cinq essais suggèrent de bonnes associations entre RFS, iDFS, LRFS et DDFS 

et la SG. Cependant, l’utilisation des centres participants plutôt que les essais comme unité 

d’analyse pour l’estimation de l’association au niveau de l’essai a probablement 

artificiellement réduit les intervalles de confiance associés à nos estimations. Ces résultats 

prometteurs seront à confirmer à partir d’une méta-analyse conduite sur un effectif plus 

important d’ECR. 

Le nombre limité de critères de substitution validés en cancérologie peut s’expliquer par de 

multiples facteurs. Premièrement, la plupart des méta-analyses publiées repose sur un 

fragment des données disponibles, même lorsque les auteurs tentent d’inclure 

exhaustivement tous les ECR éligibles (27). Or les données publiées diffèrent 

significativement des données non publiées et cette absence d’exhaustivité est susceptible 

de biaiser les résultats. Deuxièmement, les méthodes statistiques pour l’évaluation des 

critères de substitution sont multiples, complexes et pour la plupart requièrent une quantité 

importante de données, tant en terme d’effectif de patients que d’ECR. Troisièmement,  

l’absence de consensus en termes (i) de paramètres à estimer pour mesurer la capacité de 

substitution, (ii) de méthodologie statistique pour le calcul de ces paramètres, et (iii) de seuil 

de validation pour ces paramètres, est une limite importante à la conduite de méta-analyses 
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rigoureuse et ainsi à la validation des critères de substitution.  Enfin, la validation d’un critère 

de substitution reste spécifique à une certaine indication : validation au sein d’une population 

atteinte d’un « même » cancer et traité par des molécules au mécanisme d’action identique. 

Comme nous l’avons illustré avec les sarcomes, ceux-ci sont constitués de près de 50 sous-

types histologiques. Il peut être particulièrement complexe d’établir avec certitude qu’une 

même molécule a le même mécanisme d’action quelque soit le sous-type histologique. Les 

méta-analyses nécessaires à la validation des marqueurs de substitution sont alors 

conduites sur des populations plus ou moins hétérogènes, « diluant » ainsi les associations 

étudiées. Cette remarque s’applique bien entendu également dans le cadre de 

l’hétérogénéité des traitements. 

Les études basées sur des critères de substitution en cancérologie sont susceptibles d’être 

basées sur effectifs moindres, d’être plus rapides et moins coûteuses que des études basées 

sur la SG. De fait, l'utilisation de ces critères est indéniablement attrayante. Cette attractivité 

devrait augmenter au cours des prochaines années, notamment grâce aux avancées en 

biologie cellulaire et moléculaire. Celles-ci génèrent de nouveaux traitements nécessitant 

des tests ainsi que des nouveaux marqueurs qui pourraient servir de critères de substitution. 

Les études de validation sur les critères de substitution, même si celles-ci sont pour la 

plupart « négatives », restent des sources d’information importantes. En effet, certains 

critères, même si non validés en tant que critères de substitution à la SG, continuent à jouer 

un rôle légitime dans les études de phase II en permettant d’indiquer des premiers signes 

d’activité des traitements étudiés, ou dans des essais de phase III dans le cadre d’analyses 

intermédiaires.  
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Notations and abbreviations 
 

Notations 

• 𝑓𝑓(. ) denotes the density function, or density function, of a variable 

• 𝑓𝑓(. |. ) denotes the density function of a variable conditional to one or more other 
variables 

• 𝐹𝐹(. ) denotes the distribution function of a variable 

• 𝑃𝑃(. ) denotes the probability of an event 

• ∫. denotes the integral of a function 

• ∑. denotes a sum of values 

• 𝑣𝑣𝑣𝑣𝑣𝑣 (. ) denotes the variance of a variable 

• 𝐸𝐸[. ] denotes the expectation of a variable 

• 𝑒𝑒. Denotes the exponential function 

• . |. denotes a variable conditional to one or more other variables 

• . ̂denotes the estimation of a variable 

• . ̈denotes the prediction of a variable 

• 𝑖𝑖 = 1, … , 𝑛𝑛 denotes the trial 

𝑗𝑗 = 1, … , 𝑛𝑛𝑖𝑖 denotes the patient in trial 𝑖𝑖 

• 𝑇𝑇 is the final – or true – outcome, with 𝑇𝑇𝑗𝑗 the observed value for patient 𝑗𝑗 and 𝑇𝑇𝑖𝑖𝑖𝑖 the 

observed value for patient 𝑗𝑗 of trial 𝑖𝑖 
𝑆𝑆 is the surrogate endpoint, with 𝑆𝑆𝑗𝑗 the observed value for patient 𝑗𝑗 and 𝑆𝑆𝑖𝑖𝑖𝑖 the 

observed value for patient 𝑗𝑗 of trial 𝑖𝑖 
𝑋𝑋 is a categorical variable identifying the treatment received, with 𝑋𝑋𝑗𝑗 the observed 

value for patient 𝑗𝑗 and 𝑋𝑋𝑖𝑖𝑖𝑖 the observed value for patient 𝑗𝑗 of trial 𝑖𝑖 

• 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖2  is the individual-level association 

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  is the trial-level association 

• 𝜇𝜇 is the intercept of the regression model of 𝑇𝑇 on 𝑆𝑆 

𝜇𝜇𝑆𝑆 is the intercept of the regression model of 𝑆𝑆 on 𝑋𝑋 and 𝜇𝜇𝑆𝑆𝑆𝑆 the intercept specific to 
trial 𝑖𝑖 
𝜇𝜇𝑇𝑇 is the intercept of the regression model of 𝑇𝑇 on 𝑋𝑋 and 𝜇𝜇𝑇𝑇𝑇𝑇 the intercept specific to 
trial 𝑖𝑖 
𝜇𝜇�𝑇𝑇 is the intercept of the regression model of 𝑇𝑇 on 𝑋𝑋 and 𝑆𝑆 

• 𝑚𝑚𝑆𝑆𝑆𝑆 is the random intercept in the regression model of 𝑆𝑆 on 𝑋𝑋 for trial 𝑖𝑖 
𝑚𝑚𝑇𝑇𝑇𝑇 is the random intercept in the regression model of 𝑇𝑇 on 𝑋𝑋 for trial 𝑖𝑖 

• 𝛾𝛾 is the effect of 𝑇𝑇 on 𝑆𝑆 

𝛼𝛼 is the effect of 𝑋𝑋 on 𝑆𝑆, with 𝛼𝛼𝑖𝑖 the effect of 𝑋𝑋 on 𝑆𝑆 specific to trial 𝑖𝑖 
𝛽𝛽 is the effect of 𝑋𝑋 on 𝑇𝑇, with 𝛽𝛽𝑖𝑖 the effect of 𝑋𝑋 on 𝑇𝑇 specific to trial 𝑖𝑖 
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• 𝑎𝑎𝑖𝑖 is the random effect of 𝑆𝑆 on 𝑋𝑋 for trial 𝑖𝑖 

• 𝑏𝑏𝑖𝑖 is the random effect of 𝑇𝑇 on 𝑋𝑋 for trial 𝑖𝑖 

• 𝛽𝛽𝑆𝑆 is the effect of 𝑋𝑋 on 𝑇𝑇 adjusted for 𝑆𝑆 

𝛾𝛾𝑋𝑋 is the effect of 𝑆𝑆 on 𝑇𝑇 adjusted for 𝑋𝑋 

• 𝜀𝜀𝑗𝑗 is the random error term of patient 𝑗𝑗 in the regression model of 𝑇𝑇 on 𝑆𝑆 

𝜀𝜀𝑆𝑆𝑆𝑆 is the random error term of patient 𝑗𝑗 in the regression model of 𝑆𝑆 on 𝑋𝑋 and 𝜀𝜀𝑆𝑆𝑆𝑆𝑆𝑆 is 

the random error term of patient 𝑗𝑗 of trial 𝑖𝑖 in the regression model of 𝑆𝑆 on 𝑋𝑋 

𝜀𝜀𝑇𝑇𝑇𝑇 is the random error term of patient 𝑗𝑗 in the regression model of 𝑇𝑇 on 𝑋𝑋 and 𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇 is 

the random error term of patient 𝑗𝑗 of trial 𝑖𝑖 in the regression model of 𝑇𝑇 on 𝑋𝑋 

𝜀𝜀𝑇̃𝑇𝑇𝑇 is the random error term of patient 𝑗𝑗 in the regression model of 𝑇𝑇 on 𝑋𝑋 and 𝑆𝑆 

• 𝛴𝛴 is the covariance matrix of the random vector �𝜀𝜀𝑆𝑆𝑆𝑆, 𝜀𝜀𝑇𝑇𝑇𝑇� with 

o 𝜎𝜎𝑆𝑆𝑆𝑆 the variance of 𝜀𝜀𝑆𝑆𝑆𝑆 

o 𝜎𝜎𝑇𝑇𝑇𝑇 the variance of 𝜀𝜀𝑇𝑇𝑇𝑇 

o 𝜎𝜎𝑆𝑆𝑆𝑆 the covariance between 𝜀𝜀𝑆𝑆𝑆𝑆 and 𝜀𝜀𝑇𝑇𝑇𝑇 

• 𝛴𝛴� is the covariance matrix of the random vector (𝑎𝑎𝑖𝑖, 𝑏𝑏𝑖𝑖) with 

o 𝑑𝑑𝑎𝑎𝑎𝑎 the variance of 𝑎𝑎𝑖𝑖 
o 𝑑𝑑𝑏𝑏𝑏𝑏 the variance of 𝑏𝑏𝑖𝑖 
o 𝑑𝑑𝑎𝑎𝑎𝑎 the covariance of 𝑎𝑎𝑖𝑖 and 𝑏𝑏𝑖𝑖 

• 𝐷𝐷 is the covariance matrix of the random vector (𝑚𝑚𝑆𝑆𝑆𝑆,𝑚𝑚𝑇𝑇𝑇𝑇, 𝑎𝑎𝑖𝑖, 𝑏𝑏𝑖𝑖) with 

o 𝑑𝑑𝑆𝑆𝑆𝑆 the variance of 𝑚𝑚𝑆𝑆𝑆𝑆 

o 𝑑𝑑𝑇𝑇𝑇𝑇 the variance of 𝑚𝑚𝑇𝑇𝑇𝑇 

o 𝑑𝑑𝑎𝑎𝑎𝑎 the variance of 𝑎𝑎𝑖𝑖 
o 𝑑𝑑𝑏𝑏𝑏𝑏 the variance of 𝑏𝑏𝑖𝑖 
o 𝑑𝑑𝑆𝑆𝑆𝑆 the covariance of 𝑚𝑚𝑆𝑆𝑆𝑆 and 𝑚𝑚𝑇𝑇𝑇𝑇 

o 𝑑𝑑𝑆𝑆𝑆𝑆 the covariance of 𝑚𝑚𝑆𝑆𝑆𝑆 and 𝑎𝑎𝑖𝑖 
o 𝑑𝑑𝑆𝑆𝑆𝑆 the covariance of 𝑚𝑚𝑆𝑆𝑆𝑆 and 𝑏𝑏𝑖𝑖 
o 𝑑𝑑𝑇𝑇𝑇𝑇 the covariance of 𝑚𝑚𝑇𝑇𝑇𝑇 and 𝑎𝑎𝑖𝑖 
o 𝑑𝑑𝑇𝑇𝑇𝑇 the covariance of 𝑚𝑚𝑇𝑇𝑇𝑇 and 𝑏𝑏𝑖𝑖 
o 𝑑𝑑𝑎𝑎𝑎𝑎 the covariance of 𝑎𝑎𝑖𝑖 and 𝑏𝑏𝑖𝑖 

• 𝐶𝐶𝜃𝜃(. ) or 𝐶𝐶𝜃𝜃{. } is a single-parameter copula function with 𝜃𝜃 the copula parameter 

• 𝜆𝜆𝑆𝑆𝑆𝑆𝑆𝑆 is the hazard function of 𝑆𝑆 for patient 𝑗𝑗 of trial 𝑖𝑖 with 𝜆𝜆𝑆𝑆𝑆𝑆 the baseline hazard 

function for trial 𝑖𝑖 
𝜆𝜆𝑇𝑇𝑇𝑇𝑇𝑇 is the hazard function of 𝑇𝑇 for patient 𝑗𝑗 of trial 𝑖𝑖 with 𝜆𝜆𝑇𝑇𝑇𝑇 the baseline hazard 

function for trial 𝑖𝑖 
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STE: Surrogate Threshold Effect 

24



STEP: Surrogate Threshold Effect Proportion 

STS: Soft-Tissue Sarcoma 

TNT: Time-to-Next Treatment 

TTP: Time-To Progression 

USA: United States of America 

  

25



Table of Contents 
Acknowledgments ................................................................................................................. 3 

Scientific valorization ............................................................................................................. 6 

Résumé substantiel en français ............................................................................................10 

Notations and abbreviations .................................................................................................22 

List of Tables ........................................................................................................................28 

List of Figures .......................................................................................................................28 

1 Introduction ...................................................................................................................29 

1.1 Development process for anti-cancer drugs ...........................................................29 

1.1.1 The different stages of drug development .......................................................29 

1.1.2 Failures in the drug development process .......................................................31 

1.2 Surrogate endpoints ...............................................................................................32 

1.2.1 Definitions .......................................................................................................32 

1.2.2 Surrogate endpoints in regulatory settings ......................................................33 

1.2.2.1 The European Medicines Agency (EMA) ..................................................34 

1.2.2.2 The Food and Drug Administration (FDA) .................................................34 

1.2.2.3 Increasing use of surrogate endpoints ......................................................36 

1.2.2.4 Misuse of surrogate endpoints: an illustration ...........................................36 

1.3 Statistical evaluation of surrogate endpoints ..........................................................37 

1.3.1 Single-trial methods for the assessment of surrogate endpoints ......................38 

1.3.1.1 Prentice’s definition and operational criteria .............................................38 

1.3.1.2 Freedman’s proportion of treatment effect ................................................40 

1.3.1.3 Related effect and adjusted association ...................................................40 

1.3.2 The meta-analytic approach ............................................................................41 

1.3.2.1 The two-stage model ................................................................................42 

1.3.2.2 The simplified models...............................................................................45 

1.3.2.3 The three-level model...............................................................................48 

1.3.2.4 The surrogate threshold effect ..................................................................49 

1.3.2.5 Summary of methods for the statistical evaluation of surrogate endpoints50 

26



1.3.3 Quality of validation studies on surrogate endpoints and strength of evidence 51 

1.4 Synthesis and research objectives .........................................................................54 

2 Meta-analyses evaluating surrogate endpoints for overall survival in cancer randomized 

trials: a critical review ...........................................................................................................56 

2.1 Introduction ............................................................................................................56 

2.2 Publication .............................................................................................................56 

3 Surrogate endpoints in metastatic soft-tissue sarcoma trials .........................................92 

3.1 Introduction ............................................................................................................92 

3.2 Publication .............................................................................................................93 

3.3 Supplementary analyses ...................................................................................... 114 

3.3.1 Sensitivity analysis: Censoring process ......................................................... 114 

3.3.2 Sensitivity analysis: Weighting process ......................................................... 115 

4 Time-to-next treatment: an alternative endpoint in advanced sarcoma trials? .............. 116 

4.1 Introduction .......................................................................................................... 116 

4.2 Publication ........................................................................................................... 116 

5 Surrogate endpoints in adjuvant breast cancer trials ................................................... 128 

5.1 Introduction .......................................................................................................... 128 

5.2 Publication ........................................................................................................... 128 

6 General discussion ...................................................................................................... 145 

6.1 Conclusion on the thesis work .............................................................................. 145 

6.2 Critical insight and perspectives ........................................................................... 147 

References ......................................................................................................................... 149 

Appendices ........................................................................................................................ 154 

Appendix A: The German Institute of Quality and Efficiency in Health Care (IQWiG) 

decision tree for the overall conclusion on the surrogate validity (18) .............................. 154 

Appendix B: Biomarker-Surrogacy (BioSurrogate) Evaluation Schema (19) ................... 155 

 

  

27



List of Tables 
 

Table 1: Surrogate-based approvals for which subsequent trials report an OS benefit or a 

lack of survival benefit or for which no trials exist showing or refuting a survival benefit (7) ..35 

Table 2: Individual- and trial-level associations with 2-year OS (Ntrial = 15; Npatient = 2846) – 

Data censored at a cut-off date .......................................................................................... 114 

Table 3: Trial-level associations with 2-year OS estimated by meta-regression with different 

weighting approaches......................................................................................................... 115 

 

 

List of Figures 
 

Figure 1: Drug development process. ...................................................................................29 

Figure 2: Representation of the trial-level surrogacy .............................................................33 

Figure 3: Illustration of individual and trial-level associations (36) .........................................38 

Figure 4: Correlation between treatment effects on PFS (log(HRPFS), X-axis) and on OS 

(log(HROS), Y-axis) in 18 trials ..............................................................................................47 

Figure 5: Correlation between treatment effects on progression-free and on overall survival in 

historical trials (circles), in irinotecan trials (squares), and in oxaliplatin trial (diamond). A 

logarithmic scale is used for both axes .................................................................................50 

  

28



1 Introduction 

1.1 Development process for anti-cancer drugs 

1.1.1 The different stages of drug development 

The development of a new therapeutic product is a long and expensive process that has to 

pass through multiple stages to provide sufficient evidence of the drug efficacy while insuring 

safety (28) (Figure 1).  

Figure 1: Drug development process. HRA = health regulatory authorities. 

 

The drug development process can be broadly classified as pre-clinical and clinical. Pre-

clinical refers to experimentation that occurs before it is given to human subjects, and clinical 

refers to experimentation with humans.  

Pre-clinical studies are the first steps of drug development. They involve testing for biological 

activity in laboratory (in vitro), and preliminary tests on animals (in vivo). These studies are 

essential to ascertain that the new drug or therapy is sufficiently promising to be introduced 

into humans. Preclinical studies provide pharmacology, pharmacokinetics and toxicity data 

that will help define the dose which will be administered to humans.  

When authorized to be tested on humans, the therapeutic product goes through three main 

clinical phases (phase I to phase III) which will eventually lead to a marketing approval. In 

oncology, trials include volunteer patients with cancer for whom validated treatments have 

failed. 

Phase I trials aim to establish the recommended dose and/or schedule of new drugs or drug 

combinations for phase II trials (29). Endpoints include toxicity endpoints, usually reported as 

per the National Cancer Institute NCI Common Terminology Criteria for Adverse Events (NCI 

CTC-AE), a descriptive terminology utilized for Adverse Event (AE) reporting and severity 

grading. A dose-limiting toxicity (DLT) is defined as an AE that is serious enough to prevent 

an increase in dose or level. DLTs are determined a priori, in order to subsequently identify 
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the maximum tolerated dose (MTD), defined as the highest dose that does not cause 

unacceptable rate of DLTs.  The recommended phase II dose (RP2D) is defined based on 

the MTD, the overall safety profile of the drug, and its pharmacokinetic profile. To this extent, 

increasing doses of the drug are tested on different cohorts (one to three patients) until the 

highest dose with acceptable DLT rate is found. The guiding principle for dose escalation is 

to avoid unnecessary exposure of patients to sub-therapeutic doses of the drug while 

preserving safety and maintaining rapid accrual. Dose escalation methods for phase I cancer 

clinical trials fall into two broad classes: the rule-based designs, which include the traditional 

3+3 design and its variations, and the model-based designs. The rule-based designs assign 

patients to dose levels according to pre-specified rules based on actual observations of DLTs 

from the clinical data. Typically, the MTD or recommended dose for phase II trials is 

determined by the pre-specified rules as well. On the other hand, the model-based designs 

assign patients to dose levels and define the MTD based on the estimation of the target 

toxicity level by a model depicting the dose–toxicity relationship. Phase I clinical trials in 

oncology are small (20 to 50 subjects), single-arm, open-label, sequential studies that usually 

include patients with a good performance status whom cancer has progressed despite 

standard treatments.  

Phase II trials aim to assess preliminary signs of anti-tumor activity of a new drug, in order to 

screen out ineffective drugs and identify promising new drugs for further evaluation in phase 

III trials. Typical phase II endpoints include disease response or non-progression, defined, for 

example, as per the Response Evaluation Criteria in Solid Tumors (RECIST) in the case of 

solid tumors (24). The investigational drug is prescribed at the RP2D determined in 

preliminary phase I trials. For ethical reasons, studies of new agents in oncology usually are 

designed with two or more stages of accrual allowing early stopping due to inactivity of the 

agent. Randomization can also be employed in phase II trials. The primary aim in such case 

is not to formally compare the treatment arms as in subsequent phase III trials, but rather to 

collect efficacy data in a similar population treated with the standard strategy (in the absence 

of historical data), or to assess distinct administration schedules and/or routes of the drug. 

Sample size usually ranges from 30 to 60 patients, but can sometimes include more patients, 

specifically for randomized phase II trials.  

Building on the data from phase I and II trials, phase III trials aim to provide confirmatory 

proof of the clinical benefit of a new treatment, by demonstrating that the new treatment is 

superior, non-inferior, or equivalent either to no treatment, placebo, or the best available 

therapy. Phase III trials are randomized to ensure that groups are alike in all important 

prognostic factors and only differ in the treatment each group receives, thus providing the 

basis for causality inference. While clinical benefit in phase III oncology trials is typically 
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measured using overall survival (OS), defined as the time between the date of randomization 

and the date of death from any cause, progression-free survival (PFS) or time-to-progression 

(TTP) are often selected as alternative endpoints. However, controversy exists regarding the 

use of these alternative endpoints to OS as primary endpoints, as it will be further discussed. 

Phase III trials are conducted in large patient population, usually hundreds of subjects. 

Results of phase III trials will guide health regulatory authorities (HRA) in the grant approval 

process.  

Finally, phase IV trials are carried out once the drug has been approved by HRA. They aim to 

identify and evaluate the long-term effects of the new drug over a lengthy period for a greater 

number of patients than in phase III, usually thousands. New drugs can be tested 

continuously to uncover more information about efficacy, safety and side effects after being 

approved for marketing. Phase IV often test the drugs’ effect on specific demographics. This 

can include pregnant women or people who are currently taking other medication to assess 

drug interactions.  

1.1.2 Failures in the drug development process 

The drug development process is a highly regulated path that defeats a large number of 

candidate products proving to be too toxic or not efficient enough. As a result, in the past 

several years, the frequency of drug approvals granted by HRA has been extremely low. For 

illustration, Kola et al. analyzed the success of drugs from first-in-man to registration by the 

Food and Drug Administration (FDA) in the United States of America (USA) over a ten-year 

period for ten major pharmaceutical companies (1,30). Between 1998 and 2008, only 5% of 

oncology compounds that initiated first-in-man studies were successfully registered by the 

FDA. In the late phases of development, more than 50% of oncology drugs that succeeded in 

phase II trials subsequently failed in phase III trials. Finally, of all oncology products that were 

presented for grant approval (and for which we can thus consider that at least one phase III 

trial led to significant efficacy findings), almost 30% failed registration. Subsequent studies 

investigated causes of failures of phase III trials and reported that 80% of failures of phase III 

cancer trials were attributable to lack of efficacy (1). Although these high failure rates can be 

attributable to a true absence of treatment efficacy, an inappropriate choice of the primary 

endpoint for the assessment of treatment efficacy may partly explain these results. Defining 

the primary efficacy endpoint is a key step when designing a phase III trial, as it will drive the 

estimated sample size, which is a function of the expected size of the treatment effect, the 

degree of variability in the measure of the treatment effect, as well as the type I and type II 

error rates. The endpoint should be robust and objectively defined, while properly accounting 

for the underlying disease mechanism as well as the mechanism of action of the 

investigational drug. While OS is considered the most reliable cancer endpoint and used by 
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the HRA for regular drug approval, alternative endpoints are used to assess clinical benefit of 

new treatments in phase III trials. 

 

1.2 Surrogate endpoints  

1.2.1 Definitions 

A clinical endpoint is defined as a characteristic or variable that reflects how a patient feels 

(e.g. quality of life [QoL]), functions (e.g. QoL, patient reported outcomes), or survives (OS). 

A biomarker is a characteristic that is objectively measured and evaluated as an indicator of 

normal biological processes, pathogenic processes, or pharmacologic responses to a 

therapeutic intervention (e.g. PFS). The Biomarkers Definitions Working Group defines a 

surrogate endpoint as “a biomarker that is intended to substitute a clinical endpoint” (4). 

Surrogate endpoints and biomarkers provide valuable advantages in clinical research: those 

usually require shorter study duration and smaller sample size. As such they are ethically 

more attractive and they will incur less cost for the research. An extensive number of 

biomarkers are now available that could become potential surrogates due to the modern 

advances in biological and medical technologies: countless tissue, cellular, and hormonal 

factors; advanced imaging techniques; genomics, proteomic, metabolomics, etc. (31). 

Surrogacy requires both clinical validation, that is a strong biological rationale, and statistical 

validation. According to the International Conference on Harmonization Guidelines on 

Statistical Principles for Clinical Trials, an endpoint must satisfy three conditions to be 

formally validated as a surrogate (Figure 2):  

(i) the endpoint should be biologically relevant,  

(ii) at the patient level, the endpoint must enable predicting the final outcome 

(individual-level association),  

(iii) at the trial level, the treatment effect on the endpoint must enable predicting the 

treatment effect on the final outcome (trial-level association). 

Clinical assessment, i.e. biological relevance (condition [i]), is directly related to the goal of 

the study, and as such to the disease and to the mechanism of action of the treatment 

investigated. This assessment does not rely on statistical measures but on biological 

knowledge. In oncology, in regards to the severity of the disease, it is reasonable to assume 

that disease progression is related to survival. Conversely, toxicity is usually directly related 

to the treatment efficacy, even though it might be lived as a deterioration of the patient status. 

The assessment of the individual and trial-level associations, that is conditions [ii] and [iii], 

rely on statistical methods that will be detailed in chapter 1.3. 
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Figure 2: Representation of the trial-level surrogacy 

 

1.2.2 Surrogate endpoints in regulatory settings  

OS presents multiple advantages in cancer randomized controlled trials (RCT): it is 

universally accepted as a measure of clinical benefit for the patient; it is objectively defined, 

both in terms of events and date of incidence; it is easily and precisely measured and thus 

reproducible; it can be exhaustively collected. As such, OS has been validated by HRAs 

(2,3). On the other hand, OS presents some limitations. Observing a benefit on OS may 

require a large number of patients and/or considerable time for patient follow-up, specifically 

in the adjuvant setting. As such, costs for trials may be increased, and there might be delays 

in the introduction of possible beneficial treatments for patients. The multiple lines of 

treatments, in particular in the advanced setting, may affect OS and thus bias the 

assessment of the true treatment effect (although this corresponds to standards and should 

be balanced across treatment arms). In this context, the development of alternative 

endpoints that could capture treatment benefit appropriately and be measurable earlier, is 

central for the evolution of clinical research in oncology.  

Surrogate endpoints may not be inherently meaningful but aim to predict OS. They could 

therefore reduce the duration (and cost) of RCTs, limit patients’ inclusions, answer clinical 

research questions in a shorter timeline, and potentially accelerate the drug approval 

process. These composite endpoints include biological and/or clinical events other than 

death, such as disease progression or treatment toxicity. These include, for instance, PFS, 

defined as the time from randomization to disease progression or death, for advanced 

diseases, or DFS, defined as the time from randomization to relapse in the adjuvant setting. 

Other types of events that do not directly reflect disease progression, can also be included in 

composite endpoints. Time-to-next treatment (TNT) is defined as the time from 

randomization to the initiation of a new therapy following treatment with the investigational 

drug. The use of TNT relies on the concept that a change in treatment usually occurs in 

response to a real change in the patient status, and so includes efficacy and toxicity 

components. These alternative endpoints commonly used in phase II trials, are increasingly 

replacing OS as primary endpoints in phase III trials (5). In that context, HRAs extended their 
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recommendations on the evaluation of anticancer therapeutics to allow the use of some 

endpoints other than OS.  

1.2.2.1 The European Medicines Agency (EMA) 

In Europe, the EMA states that “confirmatory trials should demonstrate that the 

investigational product provides clinical benefit”, defined in its guidelines as prolonged 

survival, PFS or DFS (3). Nonetheless, it specifies that OS remains the most persuasive 

outcome, so that proof of benefit on PFS or DFS should be accompanied with at least a trend 

of superiority, estimated with sufficient precision, for OS. Since 2006, the EMA added the 

possibility of a “conditional approval” for specific cases, including life-threatening diseases 

(3). This marketing authorization is valid for one year and subject to the following obligations: 

(i) the benefit-risk balance is positive, (ii) the applicant will likely be able to provide 

confirmatory data on the benefit-risk balance, (iii) the product fulfils an unmet medical need, 

and (iv) the benefits to public health of immediate availability of the medicinal product 

outweigh the risks inherent in the fact that additional data are still required. 

In 2016, the EMA provided five conditional approvals and seven regular approvals for 

anticancer drugs. Among those 12 approvals, eight were based on an endpoint other than 

OS. Regarding conditional approvals, PFS was used to approve lenvatinib (mulikinase 

inhibitor), in combination with everolimus (inhibitor of mammalian target of rapamycin 

[mTOR]) for previously treated renal-cell carcinoma (RCC), alectinib (anaplastic lymphoma 

kinase [ALK] inhibitor) for previously treated ALK-positive non-small cell lung cancer and 

ixazomib (proteasome inhibitor) in combination with lenalidomide (immunomodulatory drug) 

and dexamethasone (corticosteroid) for the treatment of patients with multiple myeloma who 

received at least one prior chemotherapy treatment. Conditional approval of venetoclax (B-

cell lymphoma-2 inhibitor) for chronic lymphotic leukaemia was granted based on response 

rate. The EMA granted regular approvals of two drugs for previously treated multiple 

myeloma based on PFS: daratumumab and elotuzumab, two monoclonal antibodies. 

Similarly, regular approvals were granted to palbociclib (selective inhibitor of the cyclin-

dependent kinases CDK4 and CDK6) in the context of HR+/HER2 metastatic breast cancer 

(BC) based on PFS. Finally, chlormethine (cytotoxic agent based on mustard gas) was 

granted regular approval based on response rate for the treatment of cutaneous T-cell 

lymphoma. Interestingly, as it will be further discussed, none of the endpoints used for these 

approvals has been formally validated as a surrogate endpoint for OS. 

1.2.2.2 The Food and Drug Administration (FDA) 

In the USA, the FDA developed two types of approval processes: accelerated conditional 

approval and regular approval. Even though OS is the most reliable and preferred endpoint, 
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regular approvals can be granted based on “established surrogate endpoints” when 

assessing OS gives rise to difficulties, i.e. “long follow-up in large trials and subsequent 

cancer therapy potentially confounding survival analysis” (32). These alternative endpoints 

can be based on tumor assessment (e.g. PFS, DFS, or response rate) or symptom 

assessment. Accelerated approvals aim at reducing the delay in marketing of efficient drugs 

for serious or life-threatening diseases with no efficient therapeutic options by relieving the 

pre-grant evaluation process. The Accelerated Approval regulations, instituted by the FDA in 

1992, allow drugs for serious conditions that filled an unmet medical need to be approved 

based on an endpoint “reasonably likely to predict clinical benefit” but not yet validated as 

surrogate for OS. To limit the risk of error, post-approval clinical trials are however required to 

confirm the benefit on OS.  

In practice, confirmation studies to attest the benefit on OS, following conditional approval 

based on an alternative endpoint, are not systematically conducted. A recent review focused 

on all cancer drug approvals granted by the FDA based on a surrogate endpoint between 

2009 and 2014 (7). The authors highlighted that of the 25 drugs which received accelerated 

approvals, three (12%) failed to show a benefit on OS in subsequent studies and 16 (64%) 

remained untested for OS at the time of the study. More alarming, 12 (40%) of the 30 

products traditionally approved grants (37%) failed to demonstrate a benefit on OS in 

subsequent studies (table 1). Finally, recent works have shown that the term “unmet medical 

need” used in the context of FDA conditional accelerated approval, is imprecise and widely 

overused (27,33). In the context of oncology notably, almost 25% of the 237 cancer 

indications described as “unmet medical need” referred to indications with high incidence 

(more than 1000 annual cases), several existing regimens recommended by the National 

Comprehensive Cancer Network and a 5-year survival greater than 50% (33). For numerous 

contemporary FDA approvals of cancer drugs based on endpoints other than OS, the use of 

these alternative endpoints was thus neither justified nor justifiable. 

 

Table 1: Surrogate-based approvals for which subsequent trials report an OS benefit or a lack of survival benefit or for 

which no trials exist showing or refuting a survival benefit (7) 

 Approvals (N [%]) 

Indication Proven OS benefit No OS benefit OS benefit unknown 

Total (N=55) 10 (18.2)  15 (27.3) 30 (54.5) 

Accelerated approval (N=25) 6 (24.0)  3 (12.0) 16 (64.0) 

Traditional approval (N=30) 4 (13.3)  12 (40.0) 14 (46.7) 
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1.2.2.3 Increasing use of surrogate endpoints 

The use of surrogates for OS as primary endpoints in cancer RCTs and drug approvals has 

been increasing. While OS was the primary endpoint in 49% of trials between 1995 and 2004 

(27), this proportion declined to 36% between 2005 and 2009. At the same time, the use of 

time-to-event endpoints other than OS, such as PFS, as primary endpoints increased from 

26% to 43%. Consequently, drug approvals granted based on endpoints other than OS rose 

in the past decades. Indeed, between 2005 and 2007 only 23% of drug approvals were 

based on surrogate endpoints (34). This proportion reached 67% between 2008 and 2012 

(6). This substantial use of alternative endpoints to OS in contemporary oncology RCTs and 

approvals raises the issue of the assessment of their surrogate properties and, as such, the 

appropriateness of using them as primary endpoint for evaluating the benefit of new 

therapies.  

1.2.2.4 Misuse of surrogate endpoints: an illustration 

Invalid surrogate endpoints can lead to the marketing of toxic drugs that do not improve OS, 

as illustrated with the recent experience with bevacizumab (anti-VEGF monoclonal antibody). 

In 2008, bevacizumab obtained FDA accelerated approval for administration with paclitaxel 

for untreated metastatic BC. This decision was based on the results of a phase III trial that 

highlighted a 5.9 month improvement in median PFS when bevacizumab was added to 

paclitaxel (8). In 2011, however, the approval was withdrawn as two randomized trials 

highlighted much more moderate results (9,10). The randomized AVADO (9) trial included 

736 patients in three treatment arms: placebo plus docetaxel (placebo), bevacizumab 15 

mg/kg plus docetaxel (bevacizumab15), and bevacizumab 7.5 mg/kg plus docetaxel 

(bevacizumab7.5). Even though the benefit of addition of bevacizumab to docetaxel on PFS 

was statistically significant (bevacizumab15 vs placebo: HR [PFS] = 0.67, p-value = 0.001 

with 95% confidence interval 95%CI = [0.54; 0.83]; bevacizumab7.5 vs placebo: HR [PFS] = 

0.80 with 95%CI = [0.65; 1.00]), the gain was very modest (median PFS: 8.1 months in the 

placebo arm, 10.0 months in the bevacizumab15 arm and 9.0 months in the bevacizumab7.5 

arm). More importantly, OS was similar in all three treatment arms, with median values 

ranging from 30.2 months in the bevacizumab15 arm to 31.9 months in the placebo arm, and 

no statistically significant gain in OS was detected (bevacizumab15 vs placebo: HR [OS] = 

1.03 with 95% CI = [0.7; 1.33]; bevacizumab7.5 vs placebo: HR [OS] = 1.05 with 95% CI = 

[0.81; 1.36]). The RIBBON-1 trial was a randomized, double-blind, placebo-control, phase-III 

trial (10). The study enrolled 1237 patients to compare the efficacy and safety of 

bevacizumab when combined with different standard chemotherapy regimens versus those 

regimens alone for first-line treatment of patients with human epidermal growth factor 

receptor 2–negative metastatic BC: capecitabine in the CAPE cohort (N = 615) and taxane or 
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anthracycline in the Tax/Anthra cohort (N = 622). The two cohorts were independently 

powered and analyzed in parallel. As for the AVADO trial, the treatment effect on PFS was 

statistically significant and in favor of bevacizumab (CAPE cohort: HR [PFS] = 0.69 with 95% 

CI = [0.56; 0.84]; Tax/Anthra cohort: HR [PFS] = 0.64 with 95% CI = [0.52; 0.80]), however 

the gain in median PFS was short (5.7 months to 8.6 months in the CAPE cohort and 8.0 

months to 9.2 months in the Tax/Anthra cohort). Additionally, the treatment effect on OS was 

not statistically significant in either the CAPE cohort (HR [OS] = 0.85 with 95% CI = [0.63; 

1.14]) or the Tax/Anthra cohort (HR [OS] = 1.03 with 95% CI = [0.77; 1.38]). Following the 

publication of these results, the Oncologic Drugs Advisory Committee recommended the 

removal of bevacizumab approval in this indication (11).   

 

1.3 Statistical evaluation of surrogate endpoints 

Surrogacy requires both clinical validation, that is a strong biological rationale, and statistical 

validation.  Statistical validation requires assessing simultaneously: 

(i) the individual-level association, that is, one must ensure that the candidate 

surrogate endpoint enables adequate prediction of the final endpoint, 

(ii) the trial-level association, that is, one must ensure that treatment effect on the 

candidate surrogate endpoint enables adequate prediction of the treatment effect 

on the final endpoint. 

Both conditions must be satisfied, as “a correlate does not a surrogate make” (35). As 

illustrated by Figure 3, correlation between an endpoint and a final endpoint is not a sufficient 

condition for validating a surrogate endpoint. On each graph, the final outcome (“definitive Y”, 

y-axis) is plotted against the candidate surrogate (“surrogate X”, x-axis) for individuals 

treated with two distinct treatments, represented either by bubbles or crosses. On the left-

hand side, we observe a strong correlation between X and Y within each treatment group (an 

increase on the x-axis is associated with an increase on the y-axis, with a common slope). 

This suggests an association between the two endpoints. On the other hand, while there is 

an obvious difference in the mean value of X between the two treatment groups (x-axis), 

there is no such difference when one considers the endpoint Y (y-axis). A treatment effect on 

X cannot be translated into a treatment effect on Y. Conversely, on the right-hand side, there 

is no obvious association between X and Y within treatment group, suggesting an absence of 

correlation between X and Y. On the other hand, we observe a difference in the mean value 

of X between the two treatment groups, as well as in the mean value of Y between the two 

treatment groups. A treatment effect on X is associated with a treatment on Y, although X and 

Y are not correlated.  
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Figure 3: Illustration of individual and trial-level associations (36) 

 

 

Since 1989 and the definition of the operational criteria for surrogacy introduced by Prentice 

(12), several statistical methods have been developed for the assessment of surrogate 

endpoints (13). These methods are classified into two main categories: the single-trial and 

the meta-analytic approaches. The first approach relies on data analysis from a single trial 

which is, per se, a key limitation for the estimation of the trial-level association. Meta-analytic 

approaches consist of data analysis from several RCTs, and as such allow for the estimation 

of the trial-level association.  

1.3.1 Single-trial methods for the assessment of surrogate endpoints 

1.3.1.1 Prentice’s definition and operational criteria 

In 1989, Prentice defined a surrogate endpoint as “a response variable for which a test of the 

null hypothesis of no relationship to the treatment groups under comparison is also a valid 

test of the corresponding null hypothesis based on the true endpoint” (12). We consider the 

triplet (𝑇𝑇, 𝑆𝑆, 𝑋𝑋) where 𝑇𝑇 is the final – or true – outcome, 𝑆𝑆 is the surrogate endpoint and 𝑋𝑋 a 

categorical variable identifying the treatment received. The Prentice’s definition can then be 

mathematically translated as: 

𝑓𝑓(𝑆𝑆|𝑋𝑋) = 𝑓𝑓(𝑆𝑆) ↔ 𝑓𝑓(𝑇𝑇|𝑋𝑋) = 𝑓𝑓(𝑇𝑇), (1.1) 

where 𝑓𝑓(𝑆𝑆) and 𝑓𝑓(𝑇𝑇) represent respectively the probability distributions of the surrogate 𝑆𝑆 

and the true outcome 𝑇𝑇, and 𝑓𝑓(𝑆𝑆|𝑋𝑋) and 𝑓𝑓(𝑇𝑇|𝑋𝑋) represent respectively the distributions of the 

surrogate 𝑆𝑆 and the final outcome  𝑇𝑇 conditional to the treatment received 𝑋𝑋. Definition (1.1) 

implies that the validity of a surrogate is linked to the treatment under consideration. Since a 

direct verification of the equivalence raises practical issues in terms of repetition of 

experiment and data availability, Prentice introduces four operational criteria to assess if the 

triplet (𝑇𝑇, 𝑆𝑆, 𝑋𝑋) fulfills this definition: 

c1.  𝑓𝑓(𝑆𝑆|𝑋𝑋) ≠ 𝑓𝑓(𝑆𝑆), i.e. the treatment has a significant effect on the surrogate endpoint, 
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c2.  𝑓𝑓(𝑇𝑇|𝑋𝑋) ≠ 𝑓𝑓(𝑇𝑇), i.e. the treatment has a significant effect on the final outcome, 

c3.  𝑓𝑓(𝑇𝑇|𝑆𝑆) ≠ 𝑓𝑓(𝑇𝑇), i.e. the surrogate endpoint has a significant impact on the final 

outcome, 

c4.  𝑓𝑓(𝑇𝑇|𝑆𝑆, 𝑋𝑋) = 𝑓𝑓(𝑇𝑇|𝑆𝑆), i.e. the surrogate endpoint fully captures the treatment effect on 

the final outcome. 

We first consider the case where 𝑆𝑆 and 𝑇𝑇 are two normally distributed endpoints, with 

respective means 𝜇𝜇𝑆𝑆 and 𝜇𝜇𝑇𝑇. We denote by 𝑆𝑆𝑗𝑗 and 𝑇𝑇𝑗𝑗, the values of the surrogate and the 

final endpoints for the jth patient. 𝑋𝑋𝑗𝑗 is a covariate, here the treatment, attributed to the jth 

patient. The verification of c1 and c2 relies on the tests of significance for the parameters 𝛼𝛼 

and 𝛽𝛽, respectively, in the following models: 

𝑆𝑆𝑗𝑗 = 𝜇𝜇𝑆𝑆 + 𝛼𝛼𝑋𝑋𝑗𝑗 + 𝜀𝜀𝑆𝑆𝑆𝑆, (1.2) 

𝑇𝑇𝑗𝑗 = 𝜇𝜇𝑇𝑇 + 𝛽𝛽𝑋𝑋𝑗𝑗 + 𝜀𝜀𝑇𝑇𝑇𝑇, (1.3) 

where the error terms �𝜀𝜀𝑆𝑆𝑆𝑆, 𝜀𝜀𝑇𝑇𝑇𝑇� are assumed to follow a joint zero-mean normal distribution 

with variance-covariance matrix 𝛴𝛴, defined as: 

𝛴𝛴 =  �
𝜎𝜎𝑆𝑆𝑆𝑆 𝜎𝜎𝑆𝑆𝑆𝑆
𝜎𝜎𝑆𝑆𝑆𝑆 𝜎𝜎𝑇𝑇𝑇𝑇�. (1.4) 

Criterion c3 can be verified by testing the non-nullity of the parameter 𝛾𝛾 in the linear model 

below: 

𝑇𝑇𝑗𝑗 = 𝜇𝜇 + 𝛾𝛾𝑆𝑆𝑗𝑗 + 𝜀𝜀𝑗𝑗, (1.5) 

where 𝜇𝜇 represents the fixed intercept of the linear model, i.e. the mean baseline value of the 

true endpoint and 𝜀𝜀𝑗𝑗 is a random error term for patient 𝑗𝑗. 

Finally, to verify the fourth and last criterion, we consider the relationship between 𝑇𝑇, 𝑋𝑋 and 𝑆𝑆, 

derived from (1.2)-(1.3): 

𝑇𝑇𝑗𝑗 = 𝜇𝜇�𝑇𝑇 + 𝛽𝛽𝑆𝑆𝑋𝑋𝑗𝑗 + 𝛾𝛾𝑋𝑋𝑆𝑆𝑗𝑗 + 𝜀𝜀𝑇̃𝑇𝑇𝑇. (1.6) 

where 𝜇𝜇�𝑇𝑇 is the fixed intercept of the model, and 𝛽𝛽𝑆𝑆 and 𝛾𝛾𝑋𝑋 correspond respectively to the 

fixed effects of the treatment 𝑋𝑋 on the true endpoint 𝑇𝑇 adjusted for the surrogate 𝑆𝑆 and 𝑆𝑆 on 𝑇𝑇 

adjusted for 𝑋𝑋. The parameters 𝛽𝛽𝑆𝑆 and 𝛾𝛾𝑋𝑋 are given by: 

𝛽𝛽𝑆𝑆 = 𝛽𝛽 − 𝜎𝜎𝑇𝑇𝑇𝑇𝜎𝜎𝑆𝑆𝑆𝑆−1𝛼𝛼, (1.7) 

𝛾𝛾𝑋𝑋 = 𝜎𝜎𝑇𝑇𝑇𝑇𝜎𝜎𝑆𝑆𝑆𝑆−1, (1.8) 

The variance of 𝜀𝜀𝑇̃𝑇𝑇𝑇 in (1.6) is defined by 

𝑣𝑣𝑣𝑣𝑣𝑣 �𝜀𝜀𝑇̃𝑇𝑇𝑇� = 𝜎𝜎𝑇𝑇𝑇𝑇 − 𝜎𝜎𝑇𝑇𝑇𝑇2 𝜎𝜎𝑆𝑆𝑆𝑆−1. (1.9) 

Criterion c4 implies that  𝛽𝛽𝑆𝑆 ≡ 0 in model (1.6). 
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Although conceptually intuitive, these criteria present practical issues. Firstly, for c1 and c2 to 

be fulfilled, it is necessary to observe a significant treatment effect on both the surrogate and 

the final endpoints. In which case, one can argue that the validation of a surrogate endpoint 

might not be needed. Secondly, criterion c4, which assumes perfect surrogacy, relies on 

proving that a null hypothesis is true. This criterion can be useful to reject a poor surrogate 

endpoint, but cannot be proven. 

1.3.1.2 Freedman’s proportion of treatment effect 

To get round these methodological impediments and address the issue of less than perfect 

surrogacy, Freedman et al. followed a quantitative approach for the validation of surrogate 

endpoints (14). Based on the work by Prentice, they proposed an operational measure of 

surrogacy that reflects the proportion of treatment effect (𝑃𝑃𝑃𝑃𝑃𝑃) explained by the surrogate. To 

be a valid surrogate, an endpoint should explain a large proportion of the treatment effect. 

They define the 𝑃𝑃𝑃𝑃𝑃𝑃 as: 

𝑃𝑃𝑃𝑃𝑃𝑃 = 1 −
𝛽𝛽𝑆𝑆
𝛽𝛽

 (2.1) 

where 𝛽𝛽 and 𝛽𝛽𝑆𝑆 are the effects of treatment 𝑋𝑋 on the true endpoint 𝑇𝑇 respectively with and 

without adjustment on the surrogate endpoint 𝑆𝑆. In the case of censored time-to-event 

endpoints, 𝛽𝛽 and 𝛽𝛽𝑆𝑆 can be estimated using Cox proportional hazard models. As the 𝑃𝑃𝑃𝑃𝑃𝑃 

corresponds to a ratio of parameters a confidence interval (CI) can be calculated, based on 

the delta method or Fieller’s theorem. 

Freedman et al. pointed out that, in order to be precise, the 𝑃𝑃𝑃𝑃𝑃𝑃 requires a strong treatment 

effect on the final outcome and a large number of observations, which might not be the case 

in most randomized clinical trials, thus leading to wide CIs. Additionally, despite its name, the 

𝑃𝑃𝑃𝑃𝑃𝑃 is not a proportion, and its value can be out of the range [0, 1], for instance when the 

unadjusted and adjusted treatment effects 𝛽𝛽 and 𝛽𝛽𝑆𝑆  are on opposite sides of 0 or when the 

unadjusted treatment effect 𝛽𝛽𝑆𝑆 is very strong in comparison with 𝛽𝛽. In those cases, the 

interpretation of the 𝑃𝑃𝑃𝑃𝑃𝑃 becomes complex. Additional measures of association were 

developed to address these limitations. 

1.3.1.3 Related effect and adjusted association 

For a surrogate endpoint to be useful in practice, one must be able to predict the treatment 

effect on the final outcome based on the observed treatment effect on the surrogate. Buyse 

and Molenberghs developed the relative effect (𝑅𝑅𝑅𝑅), which is the ratio of the treatment effect 

on the final outcome to the treatment effect on the surrogate endpoint (15). They formally 

define 𝑅𝑅𝑅𝑅 as: 
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𝑅𝑅𝑅𝑅 =
𝛽𝛽
𝛼𝛼

 (2.2) 

where 𝛼𝛼 and 𝛽𝛽 are the treatment effects on the surrogate and true endpoints. As the 𝑃𝑃𝑃𝑃𝑃𝑃, 𝑅𝑅𝑅𝑅 

is a ratio of parameters so that its CI can be estimated using the delta method or Fieller’s 

theorem. When 𝑅𝑅𝑅𝑅 = 1, the treatment effects are equal, and as such indicate good 

surrogacy. When 𝑅𝑅𝑅𝑅 is inferior to one, the treatment effect on the true endpoint is weaker 

than the one on the surrogate. However, as long as the predicted treatment effect on the final 

endpoint remains clinically relevant, such endpoints may still be useful.  

The 𝑅𝑅𝑅𝑅 quantifies the link between the treatment effects on the surrogate and the true 

endpoints. This value however eludes the individual-patient level. Buyse and Molenberghs 

proposed a second complementary measure called the adjusted association, 𝜌𝜌𝑋𝑋, that aims at 

reflecting the association between the two endpoints regardless of the treatment (13): 

𝜌𝜌𝑋𝑋 =
𝜎𝜎𝑆𝑆𝑆𝑆

�𝜎𝜎𝑆𝑆𝑆𝑆𝜎𝜎𝑇𝑇𝑇𝑇
 (2.3) 

where 𝜎𝜎𝑆𝑆𝑆𝑆, 𝜎𝜎𝑆𝑆𝑆𝑆 and 𝜎𝜎𝑇𝑇𝑇𝑇 are the elements of the covariance matrix 𝛴𝛴 defined in (1.4). This 

measure quantifies the association between the endpoints at the patient level. 

In case of normally distributed endpoints, one can show that the 𝑅𝑅𝑅𝑅 and 𝜌𝜌𝑋𝑋 are linked to the 

𝑃𝑃𝑃𝑃𝑃𝑃 by the following relationship:  

𝑃𝑃𝑃𝑃𝑃𝑃 = 𝜆𝜆𝜌𝜌𝑋𝑋
1
𝑅𝑅𝑅𝑅

, 

where 𝜆𝜆 = �𝜎𝜎𝑇𝑇𝑇𝑇𝜎𝜎𝑆𝑆𝑆𝑆−1 (37). The variance ratio 𝜆𝜆 is in fact a nuisance parameter, which reflects 

the precision of the estimations of the surrogate and the true endpoints. The 𝑃𝑃𝑃𝑃𝑃𝑃 

amalgamates the association between the surrogate and the true endpoints at the individual 

level, reflected by the adjusted association 𝜌𝜌𝑋𝑋, and the association between the treatment 

effects, estimated by the 𝑅𝑅𝑅𝑅. This increases the difficulty in interpreting the 𝑃𝑃𝑃𝑃𝑃𝑃. However, 

the adjusted association 𝜌𝜌𝑋𝑋 and the 𝑅𝑅𝑅𝑅 are not free from practical issues either. Firstly, the 

CIs for the 𝑅𝑅𝑅𝑅 may be wide when the sample sizes are not sufficiently large. More 

importantly, the estimation of the 𝑅𝑅𝑅𝑅 is based on one single trial, and as such relies on the 

strong assumption that the relation between the treatment effects on the surrogate and the 

true endpoints is multiplicative, which can only be verified using a set of trials. As a result, the 

𝑅𝑅𝑅𝑅 was the basis of the meta-analytic approach developed subsequently.  

1.3.2 The meta-analytic approach 

Contrary to the single-trial approaches, meta-analytic schemas go beyond the evaluation of 

the association between the endpoints at the sole patient level (individual-level association). 
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Indeed, the key motivation for identifying a valid surrogate endpoint is to be able to predict 

the treatment effect on the final endpoint based on the treatment effect observed on the 

surrogate. This prediction requires assessing the association between the treatment effects 

on the two endpoints (trial-level association), which requires analyzing data from several 

RCTs.  

In the following section, we note 𝑛𝑛 the number of trials pooled in the analysis and 𝑛𝑛𝑖𝑖 the 

number of patients included in each trial 𝑖𝑖 ∈ [1; 𝑛𝑛]. 

1.3.2.1 The two-stage model 

Normally distributed endpoints 

We first consider the case where the surrogate endpoint 𝑆𝑆 and the final endpoint 𝑇𝑇 are 

normally distributed. The two-stage approach developed by Burzykowski, Molenberghs and 

Buyse relies on a linear mixed-effect model (13). We consider the patient 𝑗𝑗 in trial 𝑖𝑖. In the 

first stage, the distributions of 𝑆𝑆 and 𝑇𝑇 given the treatment 𝑋𝑋 are modelled using fixed-effect 

linear models, as follows: 

𝑆𝑆𝑖𝑖𝑖𝑖|𝑋𝑋𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑆𝑆𝑆𝑆 + 𝛼𝛼𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑆𝑆𝑆𝑆𝑆𝑆  (3.1) 

𝑇𝑇𝑖𝑖𝑖𝑖|𝑋𝑋𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑇𝑇𝑇𝑇 + 𝛽𝛽𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇, (3.2) 

where 𝜇𝜇𝑆𝑆𝑆𝑆 and 𝜇𝜇𝑇𝑇𝑇𝑇 are trial-specific intercepts, 𝛼𝛼𝑖𝑖 and 𝛽𝛽𝑖𝑖 are the trial-specific effects of the 

treatment 𝑋𝑋 on the surrogate 𝑆𝑆 and the final endpoint 𝑇𝑇 in trial 𝑖𝑖. Finally, 𝜀𝜀𝑆𝑆𝑆𝑆𝑆𝑆 and 𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇, the 

error terms for the 𝑗𝑗𝑡𝑡ℎ patient of trial 𝑖𝑖, are assumed to be correlated and mean-zero normally 

distributed, with covariance matrix:  

𝛴𝛴 =  �
𝜎𝜎𝑆𝑆𝑆𝑆 𝜎𝜎𝑆𝑆𝑆𝑆
𝜎𝜎𝑆𝑆𝑆𝑆 𝜎𝜎𝑇𝑇𝑇𝑇�. (3.3) 

The individual-level association corresponds to the association between the endpoints after 

adjustment for the treatment effect. Its estimation requires the construction of the distribution 

of 𝑇𝑇, given 𝑆𝑆 and 𝑋𝑋, which is derived from (3.1) and (3.2) as follows: 

𝑇𝑇𝑖𝑖𝑖𝑖|𝑋𝑋𝑖𝑖𝑖𝑖, 𝑆𝑆𝑖𝑖𝑖𝑖 ~ 𝑁𝑁 �𝜇𝜇𝑇𝑇𝑇𝑇 − 𝜎𝜎𝑆𝑆𝑆𝑆𝜎𝜎𝑆𝑆𝑆𝑆−1𝜇𝜇𝑆𝑆𝑆𝑆 + (𝛽𝛽𝑖𝑖 − 𝜎𝜎𝑆𝑆𝑆𝑆𝜎𝜎𝑆𝑆𝑆𝑆−1𝛼𝛼𝑖𝑖)𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜎𝜎𝑆𝑆𝑆𝑆𝜎𝜎𝑆𝑆𝑆𝑆−1𝑆𝑆𝑖𝑖𝑖𝑖; 𝜎𝜎𝑇𝑇𝑇𝑇 −

𝜎𝜎𝑆𝑆𝑆𝑆2 𝜎𝜎𝑆𝑆𝑆𝑆−1�. 
(3.4) 

The individual-level association, 𝑹𝑹𝒊𝒊𝒊𝒊𝒊𝒊𝟐𝟐 , is then reflected by the squared correlation between 

the two adjusted variables 𝑆𝑆𝑖𝑖𝑖𝑖 − �𝜇𝜇𝑆𝑆𝑆𝑆 + 𝛼𝛼𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖� and 𝑇𝑇𝑖𝑖𝑖𝑖 − �𝜇𝜇𝑇𝑇𝑇𝑇 + 𝛽𝛽𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖�, defined as: 

𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖2 = 𝑅𝑅𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇|𝜀𝜀𝑆𝑆𝑆𝑆𝑆𝑆
2 = 𝜎𝜎𝑆𝑆𝑆𝑆2 𝜎𝜎𝑆𝑆𝑆𝑆𝜎𝜎𝑇𝑇𝑇𝑇⁄ . (3.5) 

At the second stage, the trial-specific intercepts, 𝜇𝜇𝑆𝑆𝑆𝑆 and 𝜇𝜇𝑇𝑇𝑇𝑇, and the treatment effects, 𝛼𝛼𝑖𝑖 

and 𝛽𝛽𝑖𝑖, are split up into a fixed component and a random component as follows:  
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�

𝜇𝜇𝑆𝑆𝑆𝑆
𝜇𝜇𝑇𝑇𝑇𝑇
𝛼𝛼𝑖𝑖
𝛽𝛽𝑖𝑖

� =  �

𝜇𝜇𝑆𝑆
𝜇𝜇𝑇𝑇
𝛼𝛼
𝛽𝛽
� + �

𝑚𝑚𝑆𝑆𝑆𝑆
𝑚𝑚𝑇𝑇𝑇𝑇
𝑎𝑎𝑖𝑖
𝑏𝑏𝑖𝑖

�. (3.6) 

The random part, �

𝑚𝑚𝑆𝑆𝑆𝑆
𝑚𝑚𝑇𝑇𝑇𝑇
𝑎𝑎𝑖𝑖
𝑏𝑏𝑖𝑖

�, is assumed to follow a zero-mean normal distribution with 

dispersion matrix 𝐷𝐷 given by: 

𝐷𝐷 =  �

𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑆𝑆
𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑇𝑇𝑇𝑇 𝑑𝑑𝑇𝑇𝑇𝑇 𝑑𝑑𝑇𝑇𝑇𝑇
𝑑𝑑𝑆𝑆𝑆𝑆
𝑑𝑑𝑆𝑆𝑆𝑆

𝑑𝑑𝑇𝑇𝑇𝑇
𝑑𝑑𝑇𝑇𝑇𝑇

𝑑𝑑𝑎𝑎𝑎𝑎 𝑑𝑑𝑎𝑎𝑎𝑎
𝑑𝑑𝑎𝑎𝑎𝑎 𝑑𝑑𝑏𝑏𝑏𝑏

�. (3.7) 

To assess the trial-level association, we consider a new trial case 𝑖𝑖 = 0 for which data are 

available for the surrogate endpoint but not for the final endpoint. By fitting (3.1) and (3.6) to 

the new trial’s parameters, we obtain: 

𝑆𝑆0𝑗𝑗|𝑋𝑋0𝑗𝑗 = 𝜇𝜇𝑆𝑆0 + 𝛼𝛼0𝑋𝑋0𝑗𝑗 + 𝜀𝜀𝑆𝑆0𝑗𝑗, (3.8) 

with: 

𝑚𝑚�𝑆𝑆0 = 𝜇̂𝜇𝑆𝑆0 − 𝜇̂𝜇𝑆𝑆 

𝑎𝑎�0 = 𝛼𝛼�0 − 𝛼𝛼�. 
 

We are interested in the estimation of the effect of 𝑋𝑋 on 𝑇𝑇, i.e. the parameter 𝛽𝛽0, knowing the 

observed effect of 𝑋𝑋 on 𝑆𝑆, i.e. the parameter 𝛼𝛼0. As 𝑏𝑏0, 𝑚𝑚𝑆𝑆0 and 𝑎𝑎0 are normally distributed, 

then (𝛽𝛽 + 𝑏𝑏0|𝑚𝑚𝑆𝑆0, 𝑎𝑎0) is also normally distributed with mean and variance derived from (3.7) 

as follows: 

𝐸𝐸(𝛽𝛽 + 𝑏𝑏0|𝑚𝑚𝑆𝑆0, 𝑎𝑎0) = 𝛽𝛽 + �𝑑𝑑𝑆𝑆𝑆𝑆𝑑𝑑𝑎𝑎𝑎𝑎
�
𝑇𝑇
�𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑆𝑆
𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑎𝑎𝑎𝑎

�
−1
�
𝜇𝜇𝑆𝑆0 − 𝜇𝜇𝑆𝑆
𝛼𝛼0 − 𝛼𝛼 � (3.9) 

𝑉𝑉𝑉𝑉𝑉𝑉(𝛽𝛽 + 𝑏𝑏0|𝑚𝑚𝑆𝑆0, 𝑎𝑎0) = 𝑑𝑑𝑏𝑏𝑏𝑏 − �𝑑𝑑𝑆𝑆𝑆𝑆𝑑𝑑𝑎𝑎𝑎𝑎
�
𝑇𝑇
�𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑆𝑆
𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑎𝑎𝑎𝑎

�
−1
�𝑑𝑑𝑆𝑆𝑆𝑆𝑑𝑑𝑎𝑎𝑎𝑎

�. (3.10) 

Theoretically, a perfect surrogate at the trial level would require the conditional variance 

(3.10) to be equal to zero. In practice, the coefficient of determination, 𝑹𝑹𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝟐𝟐 , is considered 

a measure of the strength of the trial-level association: 

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2 = 𝑅𝑅𝑏𝑏𝑖𝑖|𝑚𝑚𝑆𝑆𝑆𝑆,𝑎𝑎𝑖𝑖
2 =

�𝑑𝑑𝑆𝑆𝑆𝑆𝑑𝑑𝑎𝑎𝑎𝑎
�
𝑇𝑇
�𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑆𝑆
𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑎𝑎𝑎𝑎

�
−1
�𝑑𝑑𝑆𝑆𝑆𝑆𝑑𝑑𝑎𝑎𝑎𝑎

�

𝑑𝑑𝑏𝑏𝑏𝑏
 . (3.11) 

If the dispersion matrix 𝐷𝐷 (3.7) is definite positive, then the parameter 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  is unitless and 

comprised between 0, reflecting a very poor trial-level association, and 1, meaning a perfect 

trial-level association. 
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These equations can be simplified by making some reasonable assumptions. If one assumes 

independency between the random parameters related to the intercepts (𝑚𝑚𝑆𝑆𝑆𝑆, 𝑚𝑚𝑇𝑇𝑇𝑇) and the 

ones associated with the treatment effects (𝑎𝑎𝑖𝑖, 𝑏𝑏𝑖𝑖), then the matrix 𝐷𝐷 given in (3.7) adheres to 

the following structure: 

𝐷𝐷0 =  �

𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑆𝑆𝑆𝑆 0 0
𝑑𝑑𝑆𝑆𝑆𝑆 𝑑𝑑𝑇𝑇𝑇𝑇 0 0

0
0

0
0

𝑑𝑑𝑎𝑎𝑎𝑎 𝑑𝑑𝑎𝑎𝑎𝑎
𝑑𝑑𝑎𝑎𝑎𝑎 𝑑𝑑𝑏𝑏𝑏𝑏

�, 
 

The mean and variance of (𝛽𝛽 + 𝑏𝑏0|𝑎𝑎0) can then be reduced to: 

𝐸𝐸(𝛽𝛽 + 𝑏𝑏0|𝑎𝑎0) = 𝛽𝛽 +
𝑑𝑑𝑎𝑎𝑎𝑎
𝑑𝑑𝑎𝑎𝑎𝑎

(𝛼𝛼0 − 𝛼𝛼)  

𝑉𝑉𝑉𝑉𝑉𝑉(𝛽𝛽 + 𝑏𝑏0|𝑎𝑎0) = 𝑑𝑑𝑏𝑏𝑏𝑏 −
𝑑𝑑𝑎𝑎𝑎𝑎2

𝑑𝑑𝑎𝑎𝑎𝑎
  

with the corresponding coefficient of determination given by: 

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2 = 𝑅𝑅𝑏𝑏𝑖𝑖|𝑎𝑎𝑖𝑖
2 =

𝑑𝑑𝑎𝑎𝑎𝑎2

𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑𝑏𝑏𝑏𝑏
 . (3.12) 

 

Time-to-event endpoints 

In oncology, the efficacy endpoints used in phase III trials are mainly time-to-event endpoints 

such as OS or PFS. In that context, Burzykowski et al. extended the two-stage model for 

normally distributed endpoints to time-to-event endpoints (38). Models (3.1) – (3.2) are thus 

replaced by the following copula model: 

𝐹𝐹(𝑠𝑠, 𝑡𝑡) = 𝑃𝑃�𝑆𝑆𝑖𝑖𝑗𝑗 ≥ 𝑠𝑠, 𝑇𝑇𝑖𝑖𝑖𝑖 ≥ 𝑡𝑡� = 𝐶𝐶𝜃𝜃�𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆(𝑠𝑠), 𝐹𝐹𝑇𝑇𝑇𝑇𝑇𝑇(𝑡𝑡)�,  𝑠𝑠, 𝑡𝑡 ≥ 0. (4.1) 

where 𝐹𝐹𝑆𝑆𝑆𝑆𝑆𝑆 and 𝐹𝐹𝑇𝑇𝑇𝑇𝑇𝑇 are the marginal survival functions of the surrogate and final endpoints, 

and 𝐶𝐶𝜃𝜃 is a copula function. An m-dimensional copula function 𝐶𝐶𝜃𝜃 is defined from the unit m-

cube [0,1]𝑚𝑚 to the unit interval [0,1] and satisfies the following conditions (39): 

1) 𝐶𝐶𝜃𝜃(1, … , 𝑎𝑎𝑛𝑛, 1, … 1) = 𝑎𝑎𝑛𝑛, for every 𝑛𝑛 ≤ 𝑚𝑚 and 𝑎𝑎𝑛𝑛 ∈ [0,1]; 

2) 𝐶𝐶𝜃𝜃(𝑎𝑎1, … , 𝑎𝑎𝑚𝑚) = 0 if 𝑎𝑎𝑛𝑛 = 0 for any 𝑛𝑛 ≤ 𝑚𝑚; 

3) 𝐶𝐶𝜃𝜃 is m-increasing, 

where 𝜃𝜃 is a copula-specific parameter or vector of parameters, which measures the 

dependence between the marginal distributions. These conditions imply that the one-

dimensional margins are uniform (40). Copula functions thus enable expressing joint 

distributions in terms of marginal distributions. Indeed, if we consider an m-variate density 

function 𝐹𝐹, the associated copula satisfies 𝐹𝐹(𝑦𝑦1, … , 𝑦𝑦𝑚𝑚) = 𝐶𝐶𝜃𝜃{𝐹𝐹1(𝑦𝑦1), 𝐹𝐹𝑚𝑚(𝑦𝑦𝑚𝑚)}.  
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In theory, any bivariate copula function could be used in model (4.1), since the margins do 

not depend on the copula function. In practice however, we will select the copula function 

that suits the available data the most. The choice is guided by different elements, some being 

graphics (41), statistical tests (42) or fitting measures such as Akaike’s information criterion 

(AIC) (43) or Schwarz’s Bayesian criterion (44). In surrogate validation, applications mainly 

turned to three copula functions: the Clayton copula (45), the Hougaard copula (46) and the 

Plackett copula (47).  

Depending on the copula function, the parameter 𝜃𝜃 will have different intervals of definition. 

In order to simplify its interpretation, the individual-level association 𝑹𝑹𝒊𝒊𝒊𝒊𝒊𝒊𝟐𝟐  is estimated by a 

Spearman’s rank correlation coefficient 𝜌𝜌𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 calculated based on 𝜃𝜃 using the following 

equation: 

𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖2 = 𝜌𝜌𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 12�𝐶𝐶𝜃𝜃(𝑢𝑢, 𝑣𝑣)𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 − 3. 
 

The parameter 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖2  is then defined on the unit interval, with 1 reflecting a perfect association 

and 0, a null association. 

As the second stage of the model remains unchanged, the trial-level association 𝑹𝑹𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝟐𝟐  is 

estimated following equation (3.11). 

For illustration, Buyse et al. followed the two-stage model to evaluate PFS as a surrogate for 

OS in advanced colorectal cancer. They conducted a meta-analysis (MA) of ten RCTs (N = 

3089) comparing fluouracil leucovorin with either fluouracil alone or with raltitrexed (48). PFS 

was highly correlated to OS at both the patient (𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖2 =  0.82;  95% CI =  [0.82;  0.83]) and the 

trial levels (𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2 =  0.99;  95% CI =  [0.94;  1.04]). Authors concluded that PFS is an 

acceptable surrogate endpoint for OS in the context of advanced colorectal cancer treated by 

chemotherapy. 

1.3.2.2 The simplified models 

Individual patients’ data versus aggregated data 

The two-stage model described in the previous section assumes that individual patients’ data 

(IPD) are available, that is, information with regards to the treatment, the surrogate endpoint, 

and the final endpoint are available on an individual basis. IPD limit the loss of information 

and ensure the homogeneity of the data in terms of endpoint definition and follow-up 

duration. As a result, both the individual and trial-level associations can be estimated. IPD 

however require extensive time and resources to overcome administrative (granting 

regulatory authorizations) and data management (standardization of the data, merging of 

databases, etc.) issues. In that context, simplified approaches have been proposed for the 

estimation of the trial-level association 𝑅𝑅𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟2  when only aggregated data are available, that 
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is, assuming summary measures of treatment effects are available only at the trial level. 

When IPD are available, the treatment effects are estimated separately for each trial i, and 

each endpoint. Otherwise, treatment effect estimations are extracted from the literature.  

For time-to-event endpoints, the treatment effects are usually estimated by HRs from Cox 

proportional hazards models. Consider the jth patient in the ith trial, then the hazard functions 

for the surrogate endpoint, 𝜆𝜆𝑆𝑆𝑆𝑆𝑆𝑆(. ), and the final endpoint, 𝜆𝜆𝑇𝑇𝑇𝑇𝑇𝑇(. ), are given respectively by:  

𝜆𝜆𝑆𝑆𝑆𝑆𝑆𝑆�𝑠𝑠𝑖𝑖𝑖𝑖� = 𝜆𝜆𝑆𝑆𝑆𝑆�𝑠𝑠𝑖𝑖𝑖𝑖�𝑒𝑒𝛼𝛼𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖 (4.2) 

𝜆𝜆𝑇𝑇𝑇𝑇𝑇𝑇�𝑡𝑡𝑖𝑖𝑖𝑖� = 𝜆𝜆𝑇𝑇𝑇𝑇�𝑡𝑡𝑖𝑖𝑖𝑖�𝑒𝑒𝛽𝛽𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖, (4.3) 

where 𝑠𝑠𝑖𝑖𝑖𝑖 and 𝑡𝑡𝑖𝑖𝑖𝑖 are the values of 𝑆𝑆 and 𝑇𝑇, respectively, for patient 𝑗𝑗 of trial 𝑖𝑖. 𝜆𝜆𝑆𝑆𝑆𝑆 and 𝜆𝜆𝑇𝑇𝑇𝑇 are 

the baseline hazard functions for 𝑆𝑆 and 𝑇𝑇 for trial 𝑖𝑖, and 𝛼𝛼𝑖𝑖 and 𝛽𝛽𝑖𝑖 are trial-specific fixed 

effects of treatment 𝑋𝑋𝑖𝑖𝑖𝑖 on 𝑆𝑆 and 𝑇𝑇, respectively, for patient 𝑗𝑗 of trial 𝑖𝑖. 

 

Meta-regression with weighted fixed treatment effects  

In this approach, treatment effects are considered as fixed. The association between the 

treatment effects is modelled through the linear regression of 𝛽̂𝛽𝑖𝑖 on 𝛼𝛼�𝑖𝑖: 

𝛽̂𝛽𝑖𝑖 = 𝜇𝜇 + 𝛼𝛼�𝑖𝑖𝜔𝜔𝑖𝑖𝛾𝛾 + 𝜀𝜀𝑖𝑖. (4.4) 

where 𝜇𝜇 and 𝛾𝛾 are the fixed intercept and slope of the linear model, respectively and 𝜀𝜀𝑖𝑖, the 

trial-specific error parameter for patient 𝑖𝑖, is assumed to follow a zero-mean normal 

distribution. As the treatment effects on the true and the surrogate endpoints, 𝛽̂𝛽𝑖𝑖 and 𝛼𝛼�𝑖𝑖 

respectively, are not exact observations but estimations, trial-specific parameters 𝜔𝜔𝑖𝑖 are 

introduced in the model to weight the estimations as a function of their precision. The trial-

level association is estimated by the determination coefficient 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  of model (4.4) defined 

by: 

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2 = 1 −
∑ �𝛽̂𝛽𝑖𝑖 − 𝛽𝛽𝚤̈𝚤�

2𝑛𝑛
𝑖𝑖=1

∑ �𝛽̂𝛽𝑖𝑖 − 𝐸𝐸�𝛽̂𝛽𝑖𝑖��
2𝑛𝑛

𝑖𝑖=1

 , (4.5) 

where 𝛽̂𝛽𝑖𝑖 is the estimated treatment effect on 𝑇𝑇 for trial 𝑖𝑖 and 𝛽𝛽𝚤̈𝚤 is treatment effect on 𝑇𝑇 for 

trial 𝑖𝑖 predicted based on model (4.4). 

In practice, for purpose of simplicity, the choice of the weights most usually turns to the trial 

size. However, the sample size may not adequately reflect the accuracy of the treatment 

effect estimations. For time-to-event endpoints, the precision of the estimations does not 

depend on the number of patients but rather on the number of observed events, which can 

thus be used as weights in equation (4.4). Though, the estimation errors of the treatment 

effects on both the surrogate and the final endpoints cannot be simultaneously introduced in 
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the model with this strategy. One alternative is to rely on the geometric mean of the variance 

of the HRs to account for the multi-directional error around the two HRs (49). The geometric 

mean estimates are calculated as: 

��𝐻𝐻𝐻𝐻[𝑆𝑆]𝑢𝑢𝑢𝑢 − 𝐻𝐻𝐻𝐻[𝑆𝑆]𝑙𝑙𝑙𝑙𝑙𝑙� × �𝐻𝐻𝐻𝐻[𝑇𝑇]𝑢𝑢𝑢𝑢 − 𝐻𝐻𝐻𝐻[𝑇𝑇]𝑙𝑙𝑙𝑙𝑙𝑙��, (4.6) 

where 𝐻𝐻𝐻𝐻[𝑆𝑆]𝑢𝑢𝑢𝑢, 𝐻𝐻𝐻𝐻[𝑆𝑆]𝑙𝑙𝑙𝑙𝑙𝑙 are the upper and lower limits, respectively, of the 95% CI of the 

HR for the surrogate endpoint, and 𝐻𝐻𝐻𝐻[𝑇𝑇]𝑢𝑢𝑢𝑢 and 𝐻𝐻𝐻𝐻[𝑇𝑇]𝑙𝑙𝑙𝑙𝑙𝑙 are the upper and lower limits, 

respectively, of the 95% CI of the HR for the final endpoint.  

For illustration, this approach was used in the context of advanced pancreatic cancer to 

evaluate the surrogate properties for OS of PFS (50). Based on data from the literature (18 

trials), authors conducted a meta-regression to assess the association between the log 

transformation of the treatment effects on PFS and on OS, using weights proportional to the 

trial size. They estimated a high trial-level association between PFS and OS with a 

correlation coefficient 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 of 0.78 (95% CI = [0.49; 0.91]) and a coefficient of determination 

𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  of 0.69.  

In figure 4, the treatment effects on OS (log[HROS]) for each trial are plotted as a function of 

the treatment effects on PFS (log[HRPFS]), along with the regression line from equation (4.4). 

The size of the bubble reflects the weight associated with the trial, i.e. the size of the trial.  

Authors concluded that PFS might be considered a surrogate endpoint for OS in this specific 

therapeutic situation. 

 

Figure 4: Correlation between treatment effects on PFS (log(HRPFS), X-axis) and on OS (log(HROS), Y-axis) in 18 trials 
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Meta-regression with random treatment effects  

In this approach, after estimation of the treatment effects with models (4.2)-(4.3), we 

introduce trial-specific random effects instead of weights to account for estimation errors: 

�
𝛼𝛼𝑖𝑖
𝛽𝛽𝑖𝑖� =  �

𝛼𝛼
𝛽𝛽� + �

𝑎𝑎𝑖𝑖
𝑏𝑏𝑖𝑖�. (4.6) 

The random elements 𝑎𝑎𝑖𝑖 and 𝑏𝑏𝑖𝑖 are assumed to follow a zero-mean normal distribution with 

variance-covariance matrix given by:  

𝛴𝛴� = �𝑑𝑑𝑎𝑎𝑎𝑎 𝑑𝑑𝑎𝑎𝑎𝑎
𝑑𝑑𝑎𝑎𝑎𝑎 𝑑𝑑𝑏𝑏𝑏𝑏

�, (4.7) 

The trial-level association is then estimated by the coefficient of determination 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  defined 

in (3.12). In this modelling strategy, estimation errors for the treatment effects on both the 

candidate surrogate and the final endpoints are taken into account through the introduction of 

random effect associated with the trial. Contrary to the weighted meta-regression with fixed 

treatment effects, the expression of the estimation errors is not parametric. 

The meta-regression with random treatment effects was used by Flaherty et al. to assess the 

trial-level association between PFS and OS in the context of metastatic melanoma (51). 

Based on aggregated data from 12 RCTs (N = 4416), they conducted a fixed- and random-

effects statistical analysis. The random-effects approach estimated a high trial-level 

association (𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎𝑙𝑙2  = 0.71). Despite the wide confidence interval (95% CI = [0.29; 0.90]), they 

concluded that PFS is a robust surrogate endpoint for OS based on the results of the meta-

regression with weighted fixed treatment effects (𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  = 0.89; 95% CI = [0.68; 0.97]). 

1.3.2.3 The three-level model 

In the previous sections, the unit used for the estimation of the association between the 

treatment effects was the trial. Two levels were then considered: the patient and the trial. In 

some cases however, the number of trials available is low and the unit of choice is, for 

instance, the center or the country. One can decide to keep the two-level strategy and simply 

replace the trial level by a center or country level. Another option is to consider three levels, 

with patients nested within centers (or countries) themselves nested within trials.  

For each patient 𝑘𝑘 = 1, … , 𝑛𝑛𝑖𝑖𝑖𝑖 in center 𝑗𝑗 = 1, … , 𝑁𝑁𝑖𝑖 within trial 𝑖𝑖 = 1, … ,𝑀𝑀, let 𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖 be 

random variables denoting the surrogate and the true endpoints respectively, and 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 the 

binary variable indicating the treatment group. Then we have: 

𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖|𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑆𝑆 + 𝑚𝑚𝑆𝑆𝑆𝑆 + 𝑚𝑚𝑆𝑆𝑆𝑆𝑆𝑆 + (𝛼𝛼 +  𝑎𝑎𝑖𝑖 + 𝑎𝑎𝑖𝑖𝑖𝑖)𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (4.8) 

𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖|𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑇𝑇 + 𝑚𝑚𝑇𝑇𝑇𝑇 + 𝑚𝑚𝑇𝑇𝑇𝑇𝑇𝑇 + (𝛽𝛽 + 𝑏𝑏𝑖𝑖 + 𝑏𝑏𝑖𝑖𝑖𝑖)𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇. (4.9) 
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where 𝜇𝜇𝑆𝑆 and 𝜇𝜇𝑇𝑇 are fixed intercepts, 𝑚𝑚𝑆𝑆𝑆𝑆 and 𝑚𝑚𝑇𝑇𝑇𝑇 are random intercepts for trial 𝑖𝑖 and 𝑚𝑚𝑆𝑆𝑆𝑆𝑆𝑆 

and 𝑚𝑚𝑇𝑇𝑇𝑇𝑇𝑇 are random intercepts for center 𝑗𝑗 in trial 𝑖𝑖. As previously, 𝛼𝛼 and 𝛽𝛽 are the fixed 

treatment effects on 𝑆𝑆 and 𝑇𝑇 respectively, and 𝑎𝑎𝑖𝑖 and 𝑏𝑏𝑖𝑖 are the random treatment effects on 

𝑆𝑆 and 𝑇𝑇 respectively for trial 𝑖𝑖. 𝑎𝑎𝑖𝑖𝑖𝑖 and 𝑏𝑏𝑖𝑖𝑖𝑖 are random treatment effects on 𝑆𝑆 and 𝑇𝑇 

respectively for center 𝑗𝑗 in trial 𝑖𝑖. Finally, 𝜀𝜀𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 and 𝜀𝜀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 are the individual-specific error terms, 

assumed to be zero-mean normally distributed with covariance matrix 𝛴𝛴 given by (3.3). 

The vector of random effects related to the trials (𝑎𝑎𝑖𝑖, 𝑏𝑏𝑖𝑖) is still assumed to be zero-mean 

normally distributed with covariance matrix 𝐷𝐷 given by (3.7). Similarly, we assume that the 

vector of random effects related to the centers �𝑎𝑎𝑖𝑖𝑖𝑖, 𝑏𝑏𝑖𝑖𝑖𝑖� is zero-mean normally distributed 

with covariance matrix: 

𝐷𝐷′ =  

⎝

⎛

𝑑𝑑′𝑆𝑆𝑆𝑆 𝑑𝑑′𝑆𝑆𝑆𝑆 𝑑𝑑′𝑆𝑆𝑆𝑆 𝑑𝑑′𝑆𝑆𝑆𝑆
𝑑𝑑′𝑆𝑆𝑆𝑆 𝑑𝑑′𝑇𝑇𝑇𝑇 𝑑𝑑′𝑇𝑇𝑇𝑇 𝑑𝑑′𝑇𝑇𝑇𝑇
𝑑𝑑′𝑆𝑆𝑆𝑆
𝑑𝑑′𝑆𝑆𝑆𝑆

𝑑𝑑′𝑇𝑇𝑇𝑇
𝑑𝑑′𝑇𝑇𝑇𝑇

𝑑𝑑′𝑎𝑎𝑎𝑎 𝑑𝑑′𝑎𝑎𝑎𝑎
𝑑𝑑′𝑎𝑎𝑎𝑎 𝑑𝑑′𝑏𝑏𝑏𝑏⎠

⎞. (4.10) 

Compared to the two-level model, the significant increase in assumptions and number of 

parameters to be estimated might lead to computational issues. As for the two-level 

approach, simplifications can be considered by assuming independency between random 

effects, or even by suppressing some of the random effects. 

1.3.2.4 The surrogate threshold effect 

In 2006, Burzykowski and Buyse introduced the surrogate threshold effect (STE), defined as 

“the minimum treatment effect on the surrogate necessary to predict a non-zero effect on the 

true endpoint” (16). From a statistical point of view, it is calculated based on the 95% 

prediction bound around the regression line depicting the treatment effect on the true 

endpoint as a function of the treatment effect on the surrogate endpoint. 

Let’s denote 𝑙𝑙( ) the lower prediction limit function of this 95% prediction bound, the STE 

corresponds to the value 𝛼𝛼0 such as 𝑙𝑙(𝛼𝛼0) = 0. In the context of normally distributed 

endpoints, the STE can be identified graphically by the value of 𝛼𝛼 corresponding to the 

intersection point between the lower prediction limit and the horizontal line with equation (y = 

0). 

For illustration, Buyse et al. estimated the STE based on the prediction model developed 

using the two-stage model to evaluate PFS as surrogate for OS in advanced colorectal 

cancer as discussed in earlier chapter 1.3.2.2 (48). The STE estimated reached 0.86. In this 

particular case, the treatment effects were estimated by HR, so that the interpretation of the 

STE slightly differs, as in the case of treatment effect measured with HR, the null effect 

corresponds to a value of 1 instead of 0. In this example, a STE of 0.86 means that the 
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confidence interval around the estimated HRPFS should fall below 0.86 in order to predict a 

significant benefit on OS (upper bound of the predicted HROS < 1). Figure 5 depicts the 

observed treatment effects on OS (HROS) as a function of the observed treatment effects on 

PFS (HRPFS) with the 95% prediction interval, for the example of Buyse et al. The STE is the 

value of HRPFS for which the horizontal line with equation (HROS = 1) crosses the upper 

bound of the prediction band. 

Figure 5: Correlation between treatment effects on progression-free and on overall survival in historical trials (circles), 

in irinotecan trials (squares), and in oxaliplatin trial (diamond). A logarithmic scale is used for both axes 

 

 

1.3.2.5 Summary of methods for the statistical evaluation of surrogate 

endpoints 

In his landmark paper, Prentice proposed a formal definition of surrogate endpoints, outlined 

how they could be validated, and discussed intrinsic limitations in the surrogate marker 

validation quest (12). Much debate ensued, since many authors perceived a formal criteria-

based approach as too stringent and not straightforward to verify (35). Freedman et al. took 

Prentice’s approach one step further by introducing the ‘proportion explained’, which is the 

proportion of the treatment effect mediated by the surrogate (14). Buyse and Molenberghs 

discussed some problems with the proportion explained and proposed to replace it by two 

new measures (15). The first, defined at the population level and termed ‘relative effect’, is 

the ratio of the overall treatment effect on the true endpoint over that on the surrogate 

endpoint. The second is the individual-level association between both endpoints, after 

accounting for the effect of treatment, and referred to as ‘adjusted association’.  

These concepts were next extended to situations in which data are available from several 

RCTs (13,52). The individual-level association between the surrogate and final endpoints 
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carries over naturally, the only change required being an additional stratification to account 

for the presence of multiple experiments. The experimental unit can be the center in a 

multicenter trial, or the trial in a MA context. This latter situation has been extensively 

emphasized, because an informative validation of a surrogate endpoint will typically require 

large numbers of observations coming from several trials. Moreover, meta-analytic data 

usually carry a degree of heterogeneity not encountered in a single trial, caused by 

differences in patient population, study design, treatment regimens. These sources of 

heterogeneity increase one’s confidence in the validity of a surrogate endpoint, when the 

relationship between the effects of treatment on the surrogate and the true endpoints tends 

to remain constant across such different situations. The notion of relative effect can then be 

extended to a trial-level measure of association between the effects of treatment on both 

endpoints. The two measures of association, one at the individual level, the other at the trial 

level, are proposed as an alternative way to assess the usefulness of a surrogate endpoint. 

This approach also naturally yields a prediction for the effect of treatment on the true 

endpoint, based on the observation of the effect of treatment on the surrogate endpoint. 

Finally, the surrogate threshold effect brings information regarding the practical use of a 

surrogate endpoint. Indeed, it indicates the minimum treatment effect required on the 

surrogate to predict a non-null treatment effect on the final outcome.  

As of today, the two-stage model is recognized as the most statistically rigorous approach 

(53,54). This approach makes the maximum use of all IPD and allows for the estimation of 

both levels of association. It takes into account the estimation errors in the calculation of the 

trial-level association. Aside from the administrative issues related to obtaining IPD from 

multiple RCTs, the main restriction of the two-stage approach is related to numerical 

concerns as numerical convergence may be difficult to reach if the variability within or 

between trials is not sufficient. A large number of RCTs with different treatment effects is 

preferable, even if in theory, this approach allows one to validate a surrogacy endpoint in the 

absence of treatment effect, simply because of random sampling variability.   

1.3.3 Quality of validation studies on surrogate endpoints and strength 

of evidence 

Validation of a surrogate endpoint is a complex process for which several statistical 

approaches are available that can lead to the estimation of multiple parameters, specifically 

the individual-level and/or the trial-level association. As a result, judging the quality of 

published studies assessing surrogate endpoints, and the strength of the reported 

associations can be overly complex. Consequently, validation grids have been developed to 

guide researchers with the interpretation of results of surrogacy studies.  
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In 2009, Elston and Taylor proposed a three-level hierarchy to assess the level of evidence of 

a surrogate endpoint (17). They distinguished three levels of evidence: level 1, the highest 

evidence demonstrating that the treatment effects on the candidate surrogate and the final 

outcome are correlated at the trial level; level 2, evidence demonstrating that the candidate 

surrogate and the final outcome are correlated at the patient level; and level 3, evidence of 

biological plausibility of an association between the candidate surrogate and the final 

outcome. As per the Elston and Taylor's criterion, one endpoint shall meet a trial-level 

association 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  , estimated from (3.11) or (3.12), superior to 0.7 to be ranked as level-1 

evidence of surrogacy. Of note, this ranking depends essentially on the point estimate, and 

does not account for the variability in the estimation process. 

In 2011, the German Institute of Quality and Efficiency in Health Care (IQWiG), an 

independent health technology assessment agency that assesses the benefits and harms of 

drug and non-drug technologies on behalf of the German Federal Joint Committee and the 

Federal Ministry of Health, developed recommendations for the evaluation of surrogate 

endpoints (18). They consider two evaluation stages, the first one, rather subjective, rates the 

reliability of evidence and the second one, more objective, focuses on the strength of 

evidence. They classify the methodological reliability of the study into four categories: low, 

moderate, limited or high reliability. This classification is based on the following elements: (i) 

application of a recognized approach described in the specialized statistical literature, (ii) 

conduct of analyses to test the robustness and generalizability of results, (iii) systematic 

compilation of data, (iv) sufficient restriction of indications or degrees of disease severity and 

of interventions, and (v) clear definitions of the endpoints investigated. The evaluation of the 

strength of evidence relies on objective conditions on the trial-level association estimated by 

a correlation coefficient 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡. If we consider an unweighted model and no covariates 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

can be approximated by the squared root of 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  estimated from (3.11) or (3.12) (54). The 

correlation is considered high when the lower limit of the 95% CI of the coefficient 

correlation 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is superior to 0.85, low when the upper limit of the 95% CI of 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is 

inferior to 0.7. Otherwise, the strength of the correlation is ranked as medium, meaning 

that no conclusion can be drawn based on the results. The authors then provide a 

decision tree for the overall conclusion on the surrogate validity based on both the 

reliability and the strength of the association (Appendix A). 

The first version of the Biomarker-Surrogate Evaluation Schema (BSES) was proposed in 

2007 and then upgraded to a revised version published in 2010 (19). The BSES includes four 

domains: study design, target outcome, statistical evaluation and generalizability. Each of the 

four domains is associated with a four-level rank (0 to 3) leading to a global score ranging 

from 0 to 12, calculated based on specific guidelines (Appendix B). The study domain 
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assesses the reliability of the study based on the sources of data (MA of RCTs or 

observational cohort, number and quality of RCTs). The target outcome domain focuses on 

the type of endpoints evaluated. The statistical evaluation domain ranks the strength of the 

overall association between the candidate surrogate and OS, based on three surrogacy 

measures: the individual-level association 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖2 , the trial-level association 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  estimated by 

(3.11) or (3.12) and the STE proportion (STEP), a transformation of the STE estimated by 

(5.1). No recommendation regarding methods for the calculation of 𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖2 , 𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2  and STEP are 

provided. Finally, the generalizability domain focuses on the clinical and pharmacological 

evidence supporting surrogacy, and the generalizability across populations and drug-class 

mechanisms. The overall level of evidence is finally classified as proof of surrogacy, high 

probability of surrogacy, hint of surrogacy, no proof of surrogacy, and proof of low correlation.  

To our knowledge, three validation scales have been introduced to evaluate the level of 

evidence of studies assessing surrogate endpoints. The hierarchy scale introduced by Elston 

and Taylor (17) is easy to use and interpret, however, it eludes the differences between the 

studies in terms of methodological quality and reliability. The IQWiG guidelines attempt to fill 

that void by including an evaluation of the reliability of evidence relying on multiple 

parameters such as study design, statistical methodology and sensibility analyses. Although 

these elements are relevant, the authors did not develop a formal grading scale, so that 

appreciation of reliability may be subject to bias. The evaluation of the strength of evidence 

relies on objective and robust conditions on the trial-level association and is the most 

conservative, even though it eludes the statistical method question. Finally, the BSES 

schema evaluates multiple aspects of the MA and the strength of the association is not only 

assessed through the trial-level association but also considers the individual-level 

association and the STE. However, it does not provide any recommendations regarding the 

statistical approach for the estimation of these surrogacy measures, and more particularly, 

the STEP. Additionally, even though more detailed than the IQWiG criteria, a significant 

subjectivity remains, notably when assessing the quality of the study design and the 

generalizability of the endpoint. The assessment of the generalizability is also controversial, 

since it emphasizes consistency across different drug classes. As the validity of a surrogate 

endpoint depends on the mechanisms of action of both the disease and the treatment, the 

recommendations so far were to look at drugs class by class as a surrogate may be relevant 

for one drug class but not for the other. Depending on the diseases and the treatments, this 

item may not be pertinent. 
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1.4 Synthesis and research objectives 

Surrogate endpoints are increasingly being used to replace OS as primary endpoints in 

cancer RCTs, even though their capacity to substitute for and predict OS has not been 

systematically assessed. Several studies evaluating surrogate endpoints in cancer RCTs 

have been conducted in the past 20 years, focusing on multiple therapeutic settings, 

populations and differing in terms of statistical methodology. To the best of our knowledge, 

three reviews of MAs evaluating surrogate endpoints in cancer trials have been published 

(55–57). Two reviews were restricted to specific types of tumors (e.g. solid tumors only (56)) 

or settings (e.g. advanced setting only (56)), and the last one did not clearly report the search 

strategy (55), which neither allows the reader to reproduce the results nor to assess the 

exhaustiveness of the search. With the increasing number of studies evaluating surrogate 

endpoints, an update of current knowledge, with a formal evaluation of the level of evidence, 

is necessary. The first objective of this thesis was to identify MAs that evaluated 

surrogate endpoints for OS in oncology and assess the strength of evidence provided 

by these studies. We performed a systematic review to identify MAs of cancer RCTs 

assessing surrogate endpoints for OS, and evaluated the strength of the reported 

associations based on (i) the German Institute of Quality and Efficiency in Health Care 

guidelines and (ii) the Biomarker-Surrogate Evaluation Schema. This work is presented in 

chapter 2, and is currently in press in Critical Reviews in Oncology and Hematology.   

The review highlighted certain therapeutic settings where the surrogacy question has only 

been seldom, if at all, addressed, such as in advanced soft-tissue sarcoma (STS) and in 

adjuvant breast cancer. Due to their extremely low incidence, conducting large RCTs to 

evaluate the benefit of new treatment for metastatic STS is complex. The identification of 

valid surrogate endpoints for OS that would be observed sooner and more frequently than 

OS, thereby reducing the number of included patients, would be of a great advantage for 

clinical research. As highlighted in our critical review, only one MA evaluating response rate 

and PFS as surrogates for OS in metastatic STS was conducted, but it was limited to the 

analysis of aggregated data (58). The second objective of this thesis was thus to assess 

the surrogate properties for OS of three commonly used time-to-event endpoints in 

advanced STS: progression-free survival (PFS), time-to-progression (TTP) and time-to-

treatment failure (TTF). This work is presented in chapter 3. The manuscript is currently 

under review in the Journal of Clinical Oncology.   

Some other composite endpoints such as time-to-next treatment (TNT), even though not as 

widespread as progression-based endpoints, might be interesting candidate surrogate 

endpoint. TNT is defined as the time from baseline (randomization, inclusion or initiation of 

the treatment) to initiation of a new treatment after failure of the previous one. By definition, it 
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includes all possible reasons for switching treatment, so that it might more accurately reflect 

a change in the patient status. TNT however is not systematically collected in experimental 

studies. The third objective of this thesis was to conduct a preliminary investigation of 

TNT as a potential candidate surrogate endpoint for OS, and thus to assess the 

individual-level correlation between TNT and OS, based on a multicenter cohort study of 

STS patients. This work is presented in chapter 4 and the manuscript has been published in 

BMC Medicine.   

Surrogate endpoints are particularly relevant in the context of rare disease, such as STS, but 

also in settings with extended OS, thus requiring longer trial duration, such as in adjuvant BC 

trials. While several MAs have been conducted in the metastatic setting (57), only one MA 

evaluated the surrogate properties of various endpoints for adjuvant BC trials (59), as 

highlighted in our critical review. The study was however limited to the analysis of aggregated 

data. The fourth objective of this thesis was thus to assess the surrogate properties 

for OS of four time-to-event endpoints commonly used in this setting: RFS, invasive 

disease-free survival (iDFS), distant disease-free survival (DDFS) and locoregional 

relapse-free survival (LRFS). This work is presented in chapter 5. The manuscript is 

currently under review by the co-authors.   
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2 Meta-analyses evaluating surrogate endpoints for 

overall survival in cancer randomized trials: a critical 

review 

2.1 Introduction 

In cancer RCTs, alternative endpoints are increasingly being used in place of OS to reduce 

sample size, duration and cost of trials. It is necessary to ensure that these endpoints are 

valid surrogates for OS. The objective of this preliminary work was to (i) identify MAs that 

evaluated surrogate endpoints for OS and (ii) assess the strength of evidence for each MA.  

We performed a systematic review through a computerized search of MEDLINE and 

SCOPUS databases to identify MAs that evaluated potential surrogate endpoints for OS in 

cancer RCTs. Relevant publications were selected based on a two-step process and using a 

standardized data extraction grid. We also assessed the strength of the associations 

reported in each MA based on (i) the German Institute of Quality and Efficiency in Health 

Care guidelines and (ii) the Biomarker-Surrogate Evaluation Schema.   

We retrieved 164 MAs from 53 publications. Most MAs focused on three cancer localizations: 

colorectal, lung and breast cancer. Overall, data suggests that DFS had reasonable 

surrogate properties for OS in adjuvant treatment for colon cancer, non-small-cell lung 

cancer, gastric cancer, and head and neck cancer. In the advanced setting, PFS may be an 

appropriate surrogate endpoint for OS colorectal cancer, lung, and head and neck cancers. 

This work highlighted an important heterogeneity in terms of statistical methods used for 

surrogacy assessment, as well as in terms of reported parameters. 

Consensual frameworks for the assessment of surrogacy evidence as well as for the 

reporting of summary parameters are required for improved assessment of published MAs 

on surrogate endpoints. 

This work is currently in press in Critical Reviews in Oncology / Hematology. 

2.2 Publication 
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Abstract 

Background: In cancer randomized controlled trials (RCT), alternative endpoints are 

increasingly being used in place of overall survival (OS) to reduce sample size, duration and 

cost of trials. It is necessary to ensure that these endpoints are valid surrogates for OS. Our 

aim was to identify meta-analyses that evaluated surrogate endpoints for OS and assess the 

strength of evidence for each meta-analysis (MA). 

Materials and methods: We performed a systematic review to identify MA of cancer RCTs 

assessing surrogate endpoints for OS. We evaluated the strength of the association between 

the endpoints based on (i) the German Institute of Quality and Efficiency in Health Care 

guidelines and (ii) the Biomarker-Surrogate Evaluation Schema. 

Results: Fifty-three publications reported on 164 MA, with heterogeneous statistical methods. 

Disease-free survival (DFS) and progression-free survival (PFS) showed good surrogacy 

properties for OS in colorectal, lung and head and neck cancers. DFS was highly correlated 

to OS in gastric cancer. 

Conclusion(s): The statistical methodology used to evaluate surrogate endpoints requires 

consistency in order to facilitate the accurate interpretation of the results. Despite the limited 

number of clinical settings with validated surrogate endpoints for OS, there is evidence of 

good surrogacy for DFS and PFS in tumor types that account for a large proportion of cancer 

cases. 

 

Key words: surrogate endpoint, cancer, overall survival, meta-analysis, randomized 

controlled trial, systematic review. 
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Introduction 

In cancer randomized controlled trials (RCT), overall survival (OS) is the gold standard 

primary efficacy endpoint. However, observing a benefit on OS may require a significant 

number of patients, considerable time for patient follow-up and as such, substantial trial costs 

and delays in the introduction of possibly beneficial treatments. Additionally, the added lines 

of treatment and the ethics of withholding a potentially useful treatment drive researchers to 

include a possibility for crossover in trial designs, especially in the metastatic setting. In such 

case, crossover from the control (or standard of care) treatment arm towards the 

experimental strategy is allowed, which might lead to a biased estimation of the OS benefit. 

The development of alternative endpoints, that could capture treatment benefit appropriately 

and be measurable earlier, is central to clinical oncology research progress.  

Alternative survival endpoints, such as progression-free survival (PFS) in trials of metastatic 

diseases or disease-free survival (DFS) in the adjuvant setting, are increasingly replacing OS 

in phase III trials (1). In the United States of America, a large proportion of new cancer drug 

approvals granted by the Food and Drug Administration (FDA) are based on such alternative 

endpoints (2-5). Moreover, clinical practice guidelines often expand recommendations for 

approved drugs based on studies assessing surrogates. For illustration, carfilzomib received 

FDA approval in 2012 based on response rate (RR) for relapse and/or refractory multiple 

myeloma (6). In 2013, the National Comprehensive Cancer Network (NCCN) then added 

untreated myeloma to the FDA approval in its guidelines based on the results of two small 

uncontrolled I/II trials highlighting a benefit on RR. Since Medicare and most major private 

insurers follow the NCCN guidelines for the establishment of their coverage policy, this 

expansion impacted the patient’s access to carfilzomib (7). Recent data have shown that 

almost half of cancer drug approvals are based on endpoints that have never been formally 

evaluated as surrogates for OS (5). Out of the 36 drugs approved by the FDA between 2008 

and 2012 based on an endpoint other than OS, only 5 were shown to improve OS in 

subsequent randomized studies. Of the 31 remaining drugs, 18 failed to show a benefit on 

OS and 13 remained untested for OS in August 2015 (4).  

The use of these alternative endpoints relies on the hypothesis that they can adequately 

replace, i.e. be valid surrogates of OS, otherwise this might lead to the marketing of drugs 

that do not improve OS. This issue is well illustrated with the example of bevacizumab which 

obtained FDA accelerated approval in 2008 for metastatic breast cancer based on PFS 

improvement (8). In 2011, approval was withdrawn as multiple randomized trials highlighted 

that the PFS gain was more modest than predicted by earlier trials, and importantly that there 

was no improvement in OS (9). 

The Biomarkers Definitions Working Group defines a surrogate endpoint as “a biomarker that 

is intended to substitute a clinical endpoint” (10). Validating surrogacy requires both clinical 
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and statistical validations. These include (i) a strong biological rationale, (ii) a strong 

correlation between the candidate surrogate and the final endpoint (individual-level 

association), and (iii) a strong correlation between the treatment effects observed on the 

candidate surrogate and the final endpoint (trial-level association) (11). These correlations 

can be ascertained by performing a meta-analysis of multiple randomized trials.  

Over the last two decades, several meta-analyses evaluating surrogate endpoints for 

different cancer localizations such as resectable colorectal (12), advanced lung (13) and 

metastatic breast cancer (14) have been published. In this context, we aim to provide an up-

to-date review of meta-analyses evaluating surrogate endpoints for OS in cancer RCTs.  

Methods 

The systematic review of meta-analyses involved three steps: selection of meta-analyses, 

data extraction, and scoring of the strength of the trial-level association reported between the 

candidate surrogate endpoint and OS.  

Selection  

We performed a systematic review through a computerized search of MEDLINE and 

SCOPUS databases to identify meta-analyses of RCTs assessing surrogate endpoints for 

OS in human trials. The wide search algorithm included the following key words: neoplasm, 

cancer, oncology, surrogacy, surrogate endpoints, correlation, association and prediction 

(Additional file 1). We included all studies published up to 18 July 2016 and available in 

English or French. We selected relevant publications based on a two-step process using a 

standardized data extraction grid (Additional file 2), designed and validated by two readers 

who independently checked both steps of the selection process. In the first step, general 

information was retrieved based on the abstract. Publications were ineligible if the abstract 

presented at least one of the following characteristics: letter/comment to the editor, 

conference abstract, not conducted in humans, not related to cancer only, study led on 

healthy patients, explicitly unrelated to surrogate endpoints, not a validation study of 

surrogate endpoints. In the second step of the selection process, we read the full 

manuscripts for the selected abstracts. Publications were ineligible if they included at least 

one of the following characteristics: did not consider OS as the final endpoint, did not follow a 

meta-analytical framework, did not report the trial-level association, or reported on a 

simulation study. When several publications on the exact same dataset were available (e.g. 

different methodologies to address the same objective), we only considered the original study. 

When studies led to multiple updates, we only included the last publication. We have 

presented the results of the selection process following the PRISMA guidelines for the 

reporting of systematic reviews and meta-analyses (15). 

Data extraction  

For full manuscripts that met eligibility criteria, we collected information regarding general 
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characteristics of the meta-analyses: cancer localization, disease setting (adjuvant, 

neoadjuvant, advanced), number and design (phase II or III) of trials, number of patients, and 

period of inclusion. We collected the sources of the review used to identify the trials included 

in each MA: published articles and/or congress abstracts and/or trial registries. When the 

analysis was based on a dataset collected previously for another purpose, and thus no 

review was undertaken, we assigned the label “convenience sample” to the data source. We 

collected information regarding the type of data – aggregated data or individual-patient data 

(IPD) – and retrieved the statistical methods for the assessment of the individual-level 

association, and the trial-level association (16). The individual-level surrogacy reflects the 

association between the candidate surrogate and the final endpoint (OS) regardless of the 

treatment. It can be estimated by a linear correlation coefficient (correlation of Pearson) for 

normal endpoints. In the context of time-to-event endpoints, this estimation is more complex. 

The two endpoints are jointly modelled, using for instance a copula function or a frailty model, 

to estimate a correlation parameter. When IPD are not available, the individual-level 

association is usually estimated using aggregated data from each treatment arm (such as 

response rate or median survival time) with linear models. Two main methods are available 

for the estimation of the trial-level association, i.e. the association between the treatment 

effects on the candidate surrogate and on the final endpoint. In the first approach, the 

treatment effects are estimated independently by hazard ratios (HR) or odds ratios (OR). The 

association between the treatment effects is then assessed by the coefficient of 

determination R² of a linear regression model, usually weighted by the trial size. The second 

method follows the two-stage model introduced by Burzykowski and Buyse (17, 18). In the 

first stage, the treatment effects are estimated simultaneously using a bivariate model. The 

association between the treatment effects is then estimated using an error-in variable model, 

to adjust for estimation errors. 

When available, the minimum treatment effect on the surrogate necessary to predict a non-

zero effect on the true endpoint, or surrogate threshold effect (STE) (19), was collected as 

well as the surrogate threshold effect proportion (STEP).  

Scoring the strength of the association 

We relied on two frameworks for the assessment of the strength of the association 

(Additional file 3). Both require the estimation of the trial-level association. As mentioned 

above, this association can be estimated by the coefficient of determination (R²) or the 

coefficient of correlation (r) of a regression model. The strength of the trial-level association 

was scored as per the German Institute of Quality and Efficiency in Health Care (IQWiG) 

guidelines (20): high correlation (lower limit of the 95% confidence interval of r ≥ 0.85), low 

correlation (upper limit of the 95% confidence interval of r ≤ 0.7), or medium in any other 

case, meaning that the validity of the surrogate remains unclear. If the coefficient of 

determination R² was provided instead of the correlation coefficient r, then r was calculated 
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by taking the square root. When no confidence interval was reported, we considered the 

strength of the trial-level association as medium. To distinguish those studies truly classified 

as “medium” based on the reported point estimate and its confidence interval from studies 

that reported high correlations without reporting on the precision or with wide confidence 

intervals, we assigned the level “medium +” to the latter ones. We also relied on the 

Biomarker-Surrogate Evaluation Schema (BSES) (21), which requires the estimation of three 

parameters: the individual-level association (R²ind), the trial-level association (R² trial) and the 

surrogate threshold effect proportion (STEP). The BSES classifies the association between 

the surrogate and OS as excellent (R²trial ≥ 0.60 and STEP ≥ 0.3 and R²ind ≥ 0.60, where R²ind 

is the patient-level association and R²trial is the trial-level association), good (R²trial ≥ 0.4 and 

STEP ≥ 0.2 and R²ind ≥ 0.4), fair (R² trial ≥ 0.2 and STEP ≥ 0.1 and R²ind ≥ 0.2) or otherwise 

poor. If the correlation coefficient was provided instead of the coefficient of determination, 

then R² was calculated by taking the square of r. Since most studies did not report the STEP, 

we also calculated an adapted score (BSES2), that considered the BSES classification 

algorithm but ignoring the STEP. We considered the studies that did not use formal hazard 

ratios to estimate the trial-level association as not evaluable with none of the three scales. 

Finally, to limit subjectivity and errors when ranking the strength of association, two 

assessors independently ranked the IQWiG and the BSES scores. In case of discordance, a 

third reader assessed the strength of association. If the discordance remained, the three 

readers met to reach an agreement (MS, DD, CB). 

Results 

Throughout the manuscript, we refer to the notation NP and NMA, to denote number of 

publications or number of MA respectively. 

Selection  

The algorithm initially retrieved a total of 4222 publications. At the end of selection process, 

we retained 53 articles (Figure 1). 

Characteristics of the meta-analyses 

The 53 publications (12-14, 22-71) reported on 164 meta-analyses (table 2). Some cancer 

settings were investigated in multiple publications: advanced colorectal cancer (NMA = 37 

[23% of eligible MA] and NP = 11 [21% of eligible publications]), metastatic breast cancer 

(NMA = 25 [15%] and NP = 9 [17%]), advanced lung cancer (NMA = 11 [7%] and NP = 6 [11%]), 

metastatic renal-cell carcinoma (NMA = 8 [5%] and NP = 4 [8%]), advanced gastric cancer 

(NMA = 3 [2%] and NP = 3 [6%]) and advanced pancreatic cancer (NMA = 23 [14%] and NP = 3 

[6%]). Characteristics of the 164 meta-analyses are described in table 1. A large majority of 

meta-analyses relied on aggregated data (NMA = 125, 76.2%). Most meta-analyses described 

the literature search process to identify relevant trials (NMA = 158, 96.3%). Identification was 

essentially based on published articles and abstracts (NMA = 53; 32.3%) or published manu-
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scripts only (NMA = 49, 29.9%). In addition to the trial-level association, 57 studies (34.8%) 

reported the individual-level association, among which 51 reported the associated confidence 

intervals (31.1%). Commonly used statistical methods for the estimation of the individual-

level association included the two-step model (NMA = 28, 17.1%), non-parametric methods to 

estimate a rank correlation (NMA = 19, 11.6%) and weighted linear regression models using 

survival rates or median survival times (NMA = 21, 12.8%). Weighted or adjusted linear re-

gression models were most often applied for estimation of the trial-level association (NMA = 

109, 66.5%). Among those 109 MA however, 42 (39%) did not use hazard ratios but differ-

ences or ratios of median survival times as estimators of the treatment effects. A total of 17 

meta-analyses (10.4%) reported the STE, and none reported the STEP. 

Scoring the strength of the association 

The individual-level association, trial-level association and surrogate threshold effect reported 

are available in table 2. Out of the 164 meta-analyses, a total of 95 (57.9%) were based on a 

methodology consistent with the IQWiG guidelines. The trial-level association of these meta-

analyses was classified as high (NMA = 17; 17.9%), medium + (NMA = 19; 20%), medium (NMA 

= 52; 54.7%) or low (NMA = 7; 7.4%) (Table 2). According to the BSES, the association 

between the endpoints and OS was not evaluable for all meta-analyses, since none 

estimated the STEP. Only 37 meta-analyses (22.6%) estimated all parameters required to 

apply the BSES2. Among these 37 studies, the association was classified as excellent (NMA = 

15), good (NMA = 7), fair (NMA = 5) or poor (NMA = 10) (Table 2). For 12 meta-analyses, the 

trial-level association was considered high according to IQWIG and excellent as per BSES2 

(Table 3).  

Discussion 

We provided an overview of current evidence of surrogate endpoints for OS in cancer RCTs. 

Contrary to previous reviews (6, 72, 73), we did not restrict our review to specific types of 

cancers or therapeutic settings, nor to specific endpoints and relied on a large research 

algorithm to be as exhaustive as possible. We identified 20 additional publications (22, 23, 25, 

27, 28, 38, 39, 41, 48, 53, 55, 60, 62-66, 68, 70, 71), among which nine focused on 

therapeutic settings not reported in previous reviews (41, 62-66, 70, 71) such as 

glioblastoma (68) or soft-tissue sarcoma (71). This highlights the evolving literature on 

surrogacy and the importance of regular updates. To assess the strength of the association 

between the candidate surrogate survival endpoint and OS, we relied on two frameworks, 

which, although they have not been validated, can be considered complementary: the 

German IQWiG guidelines and an adaptation of the BSES. If the IQWiG guidelines are the 

most conservative, the adapted BSES grid includes the individual-level association in the 

evaluation of the level of proof of surrogacy. 

We retrieved 164 meta-analyses from 53 publications. There is an important variability in 
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terms of number of meta-analyses reported by publication. About 43% of the 53 publications 

reported one single meta-analysis. For some cancer types however, all available meta-

analyses were reported by one publication (e.g. head and neck cancer). On the other hand, 

19 of the 23 meta-analyses conducted in pancreatic cancer came from the same publication. 

Most meta-analyses focused on three cancer localizations: colorectal, lung and breast cancer. 

One explanation is the high incidence of these cancers, and thus the potentially large 

populations that could be affected by the validation of a surrogate in these settings. The 

urgency of new treatments due to poor survival outcomes also justifies that more meta-

analyses have been conducted for cancer types with poor prognosis (in the advanced setting 

in general, but also pancreatic or head and neck cancer). Finally, related to the incidence 

issue, robust statistical validation of surrogacy requires a large dataset of large trials. As such, 

it is expected that more meta-analyses will be conducted for those cancer types where more 

data are available. In these settings, where several MA are available, one may be interested 

in pooling these data to come up with some “grand” estimate of a surrogacy measure. 

Although tempting, this approach should be avoided. Some trials may have been included in 

distinct meta-analyses, among which heterogeneity in terms of disease setting and/or 

mechanism of action of the treatment is likely to be an issue. Finally, accounting for the 

estimation errors associated with the correlation coefficient reported by each individual MA    

would be overly complex. 

In some therapeutic settings the surrogacy question has only seldom been treated, if at all, 

although the availability of a surrogate would be particularly relevant, e.g. for those disease 

with longer life expectancy or low incidence. For instance, in adjuvant breast cancer (10-year 

OS: 78%), a surrogate endpoint such as DFS would be a great asset to reduce the duration 

of trial. However, only one meta-analysis based on aggregated data was identified (43). 

Conducting large RCTs, and thus meta-analyses in rare tumors is overly complex, as 

illustrated with the case of metastatic sarcoma, for which we could only retrieve one meta-

analysis based on aggregated data (71).  

Publications did not systematically report the sources of the trials analyzed, and when 

reported, authors usually relied on published reports only. Meta-analyses conducted on non-

exhaustive data, specifically excluding unpublished trials, might lead to a selection bias (6) 

that could impact the surrogacy measures. Trials with negative or non-significant findings, 

even if very large, are more likely to remain unpublished and thus excluded in the calculation 

of the surrogacy measures (74-77). It is however difficult to infer the impact of these 

inclusions on the estimated surrogacy measures. The search for unpublished trials and the 

use of trial registries is however complex and does not guarantee the availability of the 

required parameters.  

We observed a noteworthy heterogeneity in terms of statistical methods. Most meta-analyses 

identified relied on aggregated data for the estimation of the surrogacy metrics. Historically, 
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meta-analyses originate from the quantitative synthesis of findings of studies with the trial as 

unit of measurement, so that IPD is not required. Additionally, the use of aggregated data 

enables to free oneself from the time-consuming challenges that are the collection (granting 

of the regulatory authorizations) and data-management of IPD. Consequently, the most 

exhaustive meta-analyses are based on aggregated data from the literature. In the context of 

surrogate endpoints however, there are arguments in favor of IPD. In particular, the use of 

IPD limits the loss of information, especially for the estimation of the patient-level association, 

enables the standardization of the endpoint definition and the follow-up duration, as well as 

the application of the most robust statistical method for surrogacy assessment, based on IPD 

(17, 18). On the other hand, the cost of IPD cannot be ignored. The logistics, feasibility and 

human resources required to obtain all necessary authorizations, to standardize, merge and 

analyze IPD is tremendous. 

Most meta-analyses relied on a methodology that did not enable us to evaluate the strength 

of the association irrespective of the scale considered. Regarding the BSES score, since 

STEP was never reported, the quality of the meta-analysis was not evaluable. When ignoring 

the STEP and thus relying on the BSES2 score, some studies attained both a high IQWiG 

score and an excellent BSES2 score, which indicates good surrogate properties for OS. In 

the adjuvant setting, our review suggests that DFS is a good surrogate endpoint for OS in 

colon cancer treated with fluoropyrimidine-based chemotherapy, operable and locally 

advanced non-small-cell lung cancer treated with chemotherapy and/or radiotherapy, 

curatively resected gastric cancer and locally advanced head and neck cancer treated with 

chemotherapy (12, 13, 24, 57, 61). Similarly, PFS showed very strong surrogate properties 

for OS in the context of advanced colorectal cancer treated with fluorouracil- or leucovorin-

based chemotherapy, locally advanced lung cancer and locally advanced head and neck 

cancer treated with radiotherapy (13, 34, 61). Conversely, the following endpoints showed 

very poor surrogate properties for OS: response rate and a four-category response criteria in 

advanced colorectal cancer (28, 38); response rate, complete response and objective 

response in metastatic breast cancer (47, 52); pathologic complete response in breast 

cancer treated by neoadjuvant chemotherapy or targeted therapy (44). We also identified 

promising endpoints as surrogates for OS. Indeed, further evaluation of PFS as a surrogate 

endpoint for OS should be considered in metastatic colorectal cancer treated with targeted 

therapy in 1st line setting (30) and in glioblastoma (68). Similarly, DFS showed promising 

results in locally advanced head and neck cancer treated with chemotherapy (61).  

It is expected that good surrogacy findings could be a proxy of innovation in the field and 

vice-versa. The availability of valid surrogates is indeed likely to drive researchers to use 

these surrogates as primary endpoints, leading to faster trials results and thus accelerates 

the innovation process. Conversely, innovative fields are likely to lead to more trials, more 

meta-analyses, and thus potentially more valid surrogate endpoints. 

64



Our study presents some limitations. The two frameworks we relied on to assess of the 

strength of the association reported in the meta-analyses have not been formally validated. 

In addition, these frameworks investigate additional domains to the strength of the statistical 

association that we focused on. For instance, the IQWiG framework also investigates the 

reliability of the study to be rated as low, moderate, limited or high. Although the authors 

describe the study characteristics to consider, they did not develop a formal grading scale, so 

that appreciation of reliability may be subject to bias. Similarly, the BSES involves assessing 

the generalizability of the surrogate domain which emphasizes consistency across different 

drug classes. The recommendations so far were to look to drug class by class as a surrogate 

may be relevant for one drug class and not for the other. Difference in the results of different 

classes of drugs may be explained by different biological mechanisms. Depending of the 

diseases and the treatments available, this item may not be pertinent. As for the IQWiG 

framework, we thus limited the BSES evaluation to the statistical evaluation of the surrogacy 

measures. In addition, we relied on two independent assessments to limit subjectivity when 

ranking the strength of association. In case of discordance, an agreement was reached after 

discussion with a third independent reader (MS, DD, CB).  

Interestingly, only two publications used formal validation grids to interpret their results: 

Mauguen et al. relied on the BSES grid (13) and Zer et al. (71) used a criterion proposed by 

Burnand et al. (78). Additionally, five publications assessed the strength of the association 

using criteria defined a priori (42, 43, 50, 61, 65). The subjectivity of these indicators, the 

absence of recommendation concerning their application, and more importantly the absence 

of reporting of some of the parameters required to apply these frameworks, are major 

limitations to their use and interpretation. For instance, the BSES score did not allow 

validating any of the endpoints evaluated, partly because of the absence of the STEP 

parameter, which was not reported in the meta-analyses. 

Some studies lacked statistical rigor, which prevented us from accurately evaluating the 

strength of the associations. Indeed, a rather sizeable number of meta-analyses did not 

report the confidence intervals for correlation coefficients, even for the most recent 

publications. On the 69 meta-analyses reported in the 21 papers published since 2014, less 

than half (NMA = 28; 40.6%) reported the confidence intervals or standard errors associated 

with the surrogacy measures, i.e. coefficient of correlation or coefficient of determination. In 

addition, only five (7.2%) relied on IPD and 10 (14.5%) reported the STE. 

Possible explanations for the absence of strong evidence of surrogate endpoints in cancer 

RCTs are multiple: absence of standardized statistical methods and measures for the 

evaluation of surrogacy, heterogeneity of quality indicators for the assessment of the strength 

of evidence, use of non-exhaustive sets of trials, and difficulties in gathering IPD. In addition 

to these ‘technical’ explanations, clinical and biological rationale should also be considered 

(79). First, contrary to OS, alternative endpoints such as PFS are prone to biases such as 
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measurement errors, x-ray reader and clinician interpretation, or imprecise date of event. The 

change in tumor size required to be considered as a progression might also be too small to 

have an impact on time to death. In addition, with the introduction of immunotherapeutic 

agents, the definition of progression has to be adapted and the issue of surrogacy might be 

impacted. Discrepancies between treatment effect on OS and PFS has been observed in 

different cancer types treated with immunotherapy. For instance the phase III RCT evaluating 

eribulin mesylate versus dacarbazine in patients with advanced soft-tissue sarcoma 

highlighted a significant effect on OS (HR 0.77; 95% CI 0.62-0.95) but not on PFS (HR 0.88; 

95% CI 0.71-1.09) (80). As of today however, there are not enough MA data to properly 

address the surrogacy issue in the context of immunotherapeutic agents. Finally, RCTs with 

crossover designs, especially unidirectional crossover, might complicate the surrogacy 

evaluation.   

From a statistical point of view, the use of surrogates in place of OS for drug approvals 5, 

justifies their assessment. From a clinical perspective however, one can wonder if improving 

OS remains the primary objective in certain therapeutic situations. In metastatic cancer for 

instance, with the multiplication of lines of treatment, the change in OS is not only impacted 

by the experimental treatment but also by the sequence of post-progression treatments (79). 

One can then wonder if the treatment still aims at improving OS or focuses on controlling 

disease progression. If so, the correlation link between the alternative endpoints and OS 

might not be as central as in the adjuvant setting, and progression-based endpoints such as 

PFS or TTP might still be relevant even though they do not prove to be good surrogates for 

OS.  

Conclusion 

The literature on surrogate endpoints in cancer RCTs is evolving quickly. We provided a 

summary of evidence on alternative endpoints to OS to be used as primary efficacy 

endpoints in cancer trials for various therapeutic situations, solid and non-solid tumors, 

adjuvant and advanced settings. Overall, data suggests that DFS has adequate surrogate 

properties for OS in the context of adjuvant treatment for colon cancer, non-small-cell lung 

cancer, gastric cancer, and head and neck cancer. In advanced settings, PFS may be an 

appropriate surrogate endpoint for OS in the context of metastatic colorectal cancer, lung 

cancer, and head and neck cancer. Consistency in statistical methods is required for 

surrogacy validation, frameworks for assessment of surrogacy evidence, and reporting of 

summary parameters (including their precision), for improved assessment of published meta-

analyses on surrogate endpoints.  
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Figures 
Figure 1: Flow of information through the different phases of the systematic review of studies reporting 

on the validation of surrogate endpoints for overall survival in randomized cancer trials, as per PRISMA 

guidelines (15)  

 

3868 records excluded based on 
title/abstract 

303 records excluded  

- General discussion on endpoints: N = 99 
- Review of the evidence for the use of surro-

gates: N = 23 
- Review on the use of surrogate in drug ap-

proval process: N = 18 
- Not a meta-analytic approach reporting the 

association between treatment effects: N = 
53 

- Statistical methods/simulation studies: N = 
19 

- Final outcome not OS: N = 8 
- Unit of the meta-analysis not the trial: N = 8 
- Already published or update available: N = 2 
- Other (Prognostic/predictive factors; preven-

tion; trial design/protocol): N = 10 

Articles included in synthesis 
(NP = 53) 
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- Pubmed (NP = 3869) 
- Scopus (NP = 1414) 

Removal of duplicates 

Records screened   
(NP = 4222) 

Full-text articles assessed for eligibility 
(NP = 354) 
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(NP = 51) 
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Tables 
Table 1: Characteristics of the meta-analyses reporting on surrogate time-to-event endpoints for overall 

survival in randomized cancer trials (NMA = 164) 

 NMA % 

Tumor type (number of publications investigating the tumor type)   

 Colorectal (NP = 18) 46 28 
 Breast (NP = 12) 35 21.3 
 Lung (NP = 6) 17 10.4 
 Pancreas (NP = 3) 23 14 
 Biliary tract cancer (NP = 1) 9 5.5 
 Renal Cell Carcinoma (NP = 4) 8 4.9 
 Head and Neck (NP = 1) 8 4.9 
 Gastric (NP = 4) 4 2.4 
 Non-hodgkin lymphoma (NP = 1) 4 2.4 
 Nasopharyngeal carcinoma (NP = 1) 2 1.2 
 Soft-tissue sarcoma (NP = 1) 2 1.2 
 Ovarian (NP = 1) 1 0.6 
 Glioblastoma (NP = 1) 1 0.6 
 Melanoma (NP = 1) 1 0.6 
 Multiple myeloma (NP = 1) 1 0.6 
 All solid tumors (NP = 1) 2 1.2 

Investigational treatment setting   

 Neoadjuvant 5 3 
 Adjuvant 18 11 
 Locally advanced 13 7.9 
 Advanced/metastatic 122 74.4 
 All settings 6 3.7 

Candidate surrogate endpoint by setting   

Neoadjuvant      
 Pathologic complete response (pCR) 5 100 
Adjuvant      
 Disease-free survival (DFS) 17 94.4 
 Time-to-recurrence (TTR) 1 5.6 
Locally advanced    
 Progression-free survival (PFS) 8 61.5 
 Time-to progression (TTP) 1 7.7 
 Duration of locoregional control (DLRC) 4 30.8 
Advanced / Metastatic    
 Progression-free survival (PFS) 45 36.9 
 Time-to progression (TTP) 11 9 
 PFS or TTP (PFS/TTP) 23 18.9 
 Response rate (RR) 24 19.7 
 Time-to failure (TTF) 1 0.8 
 Other 18 14.8 
All settings    
 Progression-free survival (PFS) 2 33.3 
 PFS/TTP 2 33.3 
 Complete response (CR) 2 33.3 

Data source 

 Published articles 49 29.9 
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 NMA % 

 Published articles and abstracts 53 32.3 
 Published articles and trial registries 4 2.4 
 Published articles, abstracts and trial registries 27 16.5 
 Convenience sample 25 15.6 
 Not well described 6 3.7 

Type of data   

 Individual patient data 39 23.8 
 Aggregated data 125 76.2 

Surrogacy measures and statistical methods   

Individual-level surrogacy*   
 Non-parametric rank correlation measure 19 11.6 
 Weighted linear regression on rates or median times 21 12.8 
 2-step model 28 17.1 
 Other (new methodology) 4 2.4 
Trial-level surrogacy*   
 Non-parametric rank correlation measure 42 25.6 
 Weighted linear regression or error-in-measurement model on 
 treatment effects estimated by HR 67 40.9 
 Weighted linear regression model on treatment effects 
 estimated by ratios or differences of medians 42 25.6 
 2-step model 36 22 
 Other (new methodology) 4 2.4 
Surrogate threshold effect (STE) 17 10.4 
Surrogate threshold effect proportion (STEP) 0 0 

* Does not add-up to 100% since several methods can be used in each meta-analysis 
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Table 2: Meta-analyses assessing surrogate endpoints for OS in cancer randomized trials: characteristics, results, and strength of the association (164 meta-analyses 

published in 53 manuscripts) 

Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 

Colon cancer 
DFS (22) Stage II or III patients NA Adjuvant, fluoropyrimidines with or 

without oxaliplatin or irinotecan 
1997 to 2002 Convenience 

sample (26) 
IPD 6 12 676 -- R²HR = 0.58 [0.02; 1] 

R²2SM = 0.37 [0; 0.98] 
-- Medium NE 

  Stage III patients NA Adjuvant, fluoropyrimidines with or 
without oxaliplatin or irinotecan 

1997 to 2002 Convenience 
sample (26) 

IPD 6 9 395 -- R²HR = 0.91 [0.54; 1] 
R²2SM = 0.86 [0.64; 1] 

-- Medium + NE 

 (12) Stage II or III patients NA Adjuvant, fluoropyrimidines alone or 
in combination (ACCENT dataset) 

1977 to 1999 Convenience 
sample (26) 

IPD 10 10 255 ρ2SM = 0.96 [0.95; 0.97] R²2SM = 0.94 [0.87; 1.01] 0.93 High Excellent 

 (24) Stage II or III patients NA Adjuvant, fluoropyrimidines alone or 
in combination (ACCENT dataset) 

1977 to 1999 Convenience 
sample (26) 

IPD 13 >10 000 τ2SM = 0.85 [0.72; 0.99] 
R² = 0.88; ρ = 0.93 

R²2SM = 0.90 [0.89; 0.90] 
R²HR = 0.80; ρ = 0.85 

-- High Excellent 

 (25) Stage II patients NA Adjuvant, fluoropyrimidines alone or 
in combination (ACCENT dataset) 

1977 to 1999 Convenience 
sample (26) 

IPD 18 6 966 -- R²2SM = 0.70 [0.47; 0.93] 
ρ = 0.70 [0.44; 0.80] 

-- Medium NE 

  Stage III patients NA Adjuvant, fluoropyrimidines alone or 
in combination (ACCENT dataset) 

1977 to 1999 Convenience 
sample (26) 

IPD 18 13 932 -- R²2SM = 0.88 [0.78; 0.98] 
ρ = 0.92 [0.83; 0.95] 

-- High NE 

 (26) None NA Adjuvant, fluoropyrimidines alone or 
in combination (ACCENT dataset) 

1977 to 1999 Not well described IPD 18 20 898 τ2SM = 0.87 [0.87; 0.88] R²2SM = 0.78 [0.60; 0.96] -- Medium + Excellent 

TTR (27) Stage II or III patients NA Adjuvant, fluoropyrimidines alone or 
in combination (ACCENT dataset) 

1977 to 1999 Convenience 
sample (26) 

IPD 12 13 977 τ2SM = 0.86 R²2SM = 0.96 [0.93; 0.99] -- High NE 

 (23) Stage II or III patients NA Adjuvant, fluoropyrimidines alone or 
in combination (ACCENT dataset) 

1977 to 1999 Convenience 
sample (26) 

IPD 10 10 255 R²h = 0.84 [0.83; 0.85] R²2SM = 0.82 [0.44; 0.95] 
R²h = 0.85 [0.53; 0.96] 

-- Medium + Good 

Colorectal cancer 
PFS (28) Advanced or metastatic 

disease 
All lines Pharmacologic therapies 2003 to 2013* Articles, abstracts 

and trial registries 
AD 36 NS   -- R²HR = 0.34 [0.10; 0.59] 

ρ = 0.75 
0.8 Medium NE 

 (29) Metastatic disease 1st line Biologic and non-biologic agents 1997 to 2006 Not well described IPD 22 16 762 R² = 0.69 [0.58; 0.79]  
ρ2SM = 0.51 [0.50; 0.52] 

R²HR = 0.54 [0.33; 0.75] 
R²2SM = 0.46 [0.24; 0.68] 

0.57 Medium Fair 

  Metastatic disease 1st line Non-biologic agents only 1997 to 2006 Not well described IPD 22 9 439 R² = 0.59 [0.39; 0.79] 
ρ2SM = 0.47 [0.46; 0.49] 

R²HR = 0.59 [0.31; 0.87] 
R²2SM = 0.35 [0; 0.71] 

0,59 Medium Poor 

  Metastatic disease 1st line Biologic agents in at least one 
treatment arm 

1997 to 2006 Not well described IPD 22 7 323 R² = 0.69 [0.48; 0.91] 
ρ2SM = 0.55 [0.54; 0.56] 

R²HR = 0.52 [0.24; 0.80] 
R²2SM = 0.45 [0.16; 0.75] 

0,45 Medium Poor 

 (30) Metastatic disease All lines Fluoropyrimidines alone or in 
combination 

2000 to 2011* Articles and 
abstracts 

AD 24 20 438 -- R²HR = 0.73 [0.53; 0.85] 
rHR = 0.86 [0.73; 0.92] 

0.90 Medium + NE 

  Metastatic disease 1st line Fluoropyrimidines alone or in 
combination 

2000 to 2011* Articles and 
abstracts 

AD 18 14 124 -- R²HR = 0.80 [0.60; 0.90] 
rHR = 0.90 [0.70; 0.95] 

0.91 Medium + NE 

  Metastatic disease All lines Fluoropyrimidines alone or in 
combination and targeted therapies 
in at least 1 arm 

2000 to 2011* Articles and 
abstracts 

AD 12 12 060 -- R²HR = 0.80 [0.55; 0.91] 
rHR = 0.89 [0.74; 0.95] 

0.87 Medium + NE 

  Metastatic disease 1st line Fluoropyrimidines alone or in 
combination and targeted therapies 
in at least 1 arm 

2000 to 2011* Articles and 
abstracts 

AD 8 7309 -- R²HR = 0.91 [0.73; 0.96] 
rHR = 0.95 [0.86; 0.98] 

0.90 High NE 

  Metastatic disease All lines Fluoropyrimidines alone or in 
combination and anti-EGFR antibody 
therapies in at least 1 arm 

2000 to 2011* Articles and 
abstracts 

AD 9 7 792 -- R²HR = 0.68 [0.32; 0.87] 
rHR = 0.83 [0.56; 0.93] 

0.77 Medium NE 

  Patients with advanced 
or metastatic wild-type 
KRAS tumors 

All lines Fluoropyrimidines alone or in 
combination and anti-EGFR 
antibodies in at least 1 arm 

2000 to 2011* Articles and 
abstracts 

AD 9 NS   -- R²HR = 0.72 [0.24; 0.91] 
rHR = 0.85 [0.49; 0.95] 

0.72 Medium + NE 
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Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 
 (31) Advanced (no locally 

advanced/ unresectable) 
or metastatic disease 

1st line None 2000 to 2012* Articles and 
abstracts 

AD 50 22 736 R² = 0.86 [0.79; 0.91] R²HR = 0.87 [0.67; 0.93] -- Medium + Excellent 

  Advanced (no locally 
advanced/ unresectable) 
or metastatic disease 

1st line Chemotherapy only 2000 to 2012* Articles and 
abstracts 

AD 40 17 887 R² = 0.81 [0.71; 0.88] R²HR = 0.93 [0.49; 0.97] -- Medium + Good 

  Advanced (no locally 
advanced/ unresectable) 
or metastatic disease 

1st line Oxaliplatin-based chemotherapy 2000 to 2012* Articles and 
abstracts 

AD 31 10 060 R² = 0.69 [0.36; 0.87] R²HR = 0.68 [0.41; 0.85] -- Medium Fair 

  Advanced (no locally 
advanced/ unresectable) 
or metastatic disease 

1st line Irinotecan-based chemotherapy 2000 to 2012* Articles and 
abstracts 

AD 24 7 301 R² = 0.74 [0.59; 0.86] R²HR = 0.82 [0.52; 0.95] -- Medium + Good 

  Advanced (no locally 
advanced/ unresectable) 
or metastatic disease 

1st line Chemotherapy + antibodies 2000 to 2012* Articles and 
abstracts 

AD 19 4 849 R² = 0.52 [0.09; 0.88] R²HR = 0.47 [0.05; 0.72] -- Medium - Poor 

  Advanced (no locally 
advanced/ unresectable) 
or metastatic disease 

1st line Chemotherapy + bevacizumab 2000 to 2012* Articles and 
abstracts 

AD 11 3 310 R² = 0.45 [0.00; 0.84] R²HR = 0.84 [0.05; 0.94] -- Medium + Poor 

  Advanced (no locally 
advanced/ unresectable) 
or metastatic disease; 
patients with wild-type 
KRAS tumors only 

1st line Chemotherapy + anti-EGFR 
antibodies 

2000 to 2012* Articles and 
abstracts 

AD 7 1 335 R² = 0.96 [-0.76; 1] R²HR = 0.28 [0; 0.92] -- Medium Poor 

 (32) Metastatic disease 1st, 2nd or 
3rd line 

None < 2009* Articles and 
abstracts 

AD 35 NS r = 0.89 [0.83; 0.93] 
ρ = 0.78 [0.66; 0.85] 

R²med = 0.59 -- NE NE 

 (33)  Advanced or metastatic 
disease 

NS None NS Articles AD NS   -- R²HR = 0.52 -- Medium NE 

 (34) Advanced disease NS At least 1 arm with fluorouracil + 
leucovorin (c) 

1981 to 1990 Not well described IPD 10 3 089 ρ2SM = 0.82 [0.82; 0.83] R² 2SM = 0.99 [0.94;1.04] 0.86 High Excellent 

 (35) Advanced (no locally 
advanced/ unresectable) 
or metastatic disease 

1st line None 1999 to 2005* Articles, abstracts 
and trial registries 

AD 39 18 668 ρ = 0.79 [0.65; 0.87] R²med = 0.65 
ρ = 0.74 [0.47; 0.88]  

-- NE NE 

TTP (28) Advanced or metastatic 
disease 

All lines Pharmacologic therapies 2003 to 2013 Articles, abstracts 
and trial registries 

AD 9 NS   -- R²HR = 0.65 [0.09; 0.92] 
ρ = 0.80 

0.61 Medium NE 

 (33)  Metastatic disease 1st, 2nd or 
3rd line 

None < 2009* Articles and 
abstracts 

AD 27 NS r = 0.75 [0.59; 0.84] 
ρ = 0.59 [0.37; 0.74] 

R²med = 0.32 -- NE NE 

 (34) Advanced or metastatic 
disease 

NS At least 1 arm with fluouracil + 
leucovorin (c) 

1981 to 1990 Convenience 
sample (81) 

IPD 10 3 089 R²h = 0.84 [0.82; 0.85] R²h = 0.82 [0.40; 0.95] 
R²2SM = 0.88 [0.52; 0.97] 

-- Medium + Good 

 (36) Advanced or metastatic 
disease 

1st line Chemotherapy < 2005* Articles and 
abstracts 

AD 146 35 337 -- R²med = 0.33 -- NE NE 

 (35) Advanced (no locally 
advanced/ unresectable) 
or metastatic disease 

1st line None 1999 to 2005* Articles, abstracts 
and trial registries 

AD 39 18 668 ρ = 0.24 [0.13; 0.55] ρ = 0.52 [0; 0.81]  -- NE NE 

PFS/TTP (32)  Metastatic disease 1st line None < 2009* Articles and 
abstracts 

AD 62 23 527 r = 0.87 [0.82; 0.91] 
ρ = 0.76 [0.67; 0.82] 

R²med = 0.48 -- NE NE 

 (32)  Metastatic disease 2nd line None < 2009* Articles and 
abstracts 

AD 48 NS -- R²med = 0.54 -- NE NE 

 (32)  Metastatic disease 1st, 2nd or 
3rd line 

None < 2009* Articles and 
abstracts 

AD 13 NS -- R²med = 0.37 -- NE NE 
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Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 
 (32)  Metastatic disease 1st, 2nd or 

3rd line 
None < 2009* Articles and 

abstracts 
AD 20 NS -- R²HR = 0.69 -- NE NE 

RR (28)  Advanced or metastatic 
disease 

All lines Pharmacologic therapies 2003 to 2013* Articles, abstracts 
and trial registries 

AD 32 NS   -- R²HR = 0.06 [0.01; 0.29] 
ρ = 0.53 

< 0.28 Low NE 

 (30) Metastatic disease All lines Fluoropyrimidines alone or in 
combination and targeted therapies 
in at least 1 arm, phase-III trials only 

2000 to 2011* Articles and 
abstracts 

AD 12 12 060 -- rHR = 0.50 -- Medium NE 

 (30) Patients with advanced 
or metastatic wild-type 
KRAS tumors 

All lines Fluoropyrimidines alone or in 
combination and anti-EGFR 
antibodies in at least 1 arm 

2000 to 2011* Articles and 
abstracts 

AD 9 NS   -- rHR = 0.68 -- Medium NE 

 (36)  Advanced or metastatic 
disease 

1st line Chemotherapy < 2005* Articles and 
abstracts 

AD 146 NS   -- R²med = 0.10 -- NE NE 

 (35) Advanced (no locally 
advanced/ unresectable) 
or metastatic disease 

1st line None 1999 to 2005* Articles, abstracts 
and trial registries 

AD 39 18 668 ρ = 0,59 [0.42; 0.72] ρ = 0.39 [0.08; 0.63]  -- NE NE 

 (37) Advanced disease 1st line Fluoropyrimidine with fluorouracil or 
floxuridine 

< 1991* Convenience 
sample (82-85) 

IPD 25 3 791 -- R²HR = 0.38 [0.09; 0.68] -- Medium NE 

Response (38) Advanced disease 1st line Fluoropyrimidine with fluorouracil or 
floxuridine 

1990 to 1996 Convenience 
sample (82-85) 

IPD 27 4 010 θ2SM = 6.78 [6.01; 7.55] R²2SM = 0.16 [0; 0.42] -- Low Poor 

Lung cancer  
DFS (13) Operable and locally 

advanced NSCLC 
NA Adjuvant chemotherapy vs no 

chemotherapy 
NS Convenience 

sample (86-89) 
IPD 17 5 319 τ2SM = 0.83 [0.83; 0.83] R²2SM = 0.92 [0.88; 0.95] -- High Excellent 

(13) Operable and locally 
advanced NSCLC 

NA Adjuvant radiotherapy + 
chemotherapy vs no chemotherapy 

NS Convenience 
sample (86-89) 

IPD 7 2 247 τ2SM = 0.87 [0.87; 0.87] R²2SM = 0.99 [0.98; 1] -- High Excellent 

PFS (39) Advanced NSCLC with 
or without molecular 
selection 

NS Molecular targeted agents alone (not 
in combination with other treatment 
modalities) 

2003 to 2014* Articles, abstracts 
and trial registries 

AD 18 7 633 -- R²HR = 0.23 -- Medium NE 

(39) Advanced NSCLC with 
molecular selection 

NS Molecular targeted agents alone (not 
in combination with other treatment 
modalities) 

2003 to 2014* Articles, abstracts 
and trial registries 

AD 8 NS   -- R²HR = 0 -- Medium NE 

(39) Advanced NSCLC 
without any molecular 
selection 

NS Molecular targeted agents alone (not 
in combination with other treatment 
modalities) 

2003 to 2014* Articles, abstracts 
and trial registries 

AD 10 NS   -- R²HR = 0.41 -- Medium NE 

(41) Extensive-stage SCLC 1st line None 1982 to 2007 Not well described IPD 10 2 855 τ2SM = 0.58 R²HR = 0.83 [0.43; 0.95] 
R²2SM = 0.90 (SE = 0.27) 

0.67 Medium + NE 

(13) Locally advanced 
NSCLC 

NA Radiotherapy + sequential 
chemotherapy vs radiotherapy alone 

NS Convenience 
sample (86-89) 

IPD 8 1 458 τ2SM = 0.77 [0.77; 0.77] R²2SM = 0.96 [0.93; 0.99] -- High Excellent 

(13) Locally advanced 
NSCLC 

NA Radiotherapy + concurrent 
chemotherapy vs radiotherapy alone 

NS Convenience 
sample (86-89) 

IPD 15 2 552 τ2SM = 0.85 [0.85; 0.85] R²2SM = 0.97 [0.96; 0.66] -- High Excellent 

(13) Locally advanced 
NSCLC 

NA Radiotherapy + sequential 
chemotherapy vs radiotherapy + 
concurrent chemotherapy 

NS Convenience 
sample (86-89) 

IPD 6 1 201 τ2SM = 0.83 [0.83; 0.83] R²2SM = 0.89 [0.81; 0.97] -- High Excellent 

(13) Locally advanced SCLC 
or NSCL 

NA Modified radiotherapy vs standard 
radiotherapy 

NS Convenience 
sample (86-89) 

IPD 12 2 685 τ2SM = 0.81 [0.81; 0.81] R²2SM = 0.96 [0.93; 0.98] -- High Excellent 

(40) Advanced NSCLC NS Chemotherapy alone or in 
combination with molecularly 
targeted agents 

2000 to 2011* Articles and 
abstracts 

AD 18 11 310 ρ = 0.51 ρ = 0.29 -- NE NE 

TTP (39) Advanced NSCLC 1st line Systemic chemotherapy vs cytotoxic 
or molecular-targeted agents 

1994 to 2006* Articles, abstracts 
and trial registries 

AD 54 23 157 -- R²med = 0.33 -- NE NE 
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Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 
(36) Advanced or metastatic 

NSCLC 
1st line Chemotherapy < 2005* Articles and 

abstracts 
AD 191 44 125 -- R²med = 0.19 -- NE NE 

RR (39) Advanced NSCLC with 
or without molecular 
selection 

NS Molecular targeted agents alone (not 
in combination with other treatment 
modalities) 

2003 to 2014* Articles, abstracts 
and trial registries 

AD 18 7 633 -- R²HR = 0.10 -- Medium NE 

(39) Advanced NSCLC with 
molecular selection 

NS Molecular targeted agents alone (not 
in combination with other treatment 
modalities) 

2003 to 2014* Articles, abstracts 
and trial registries 

AD 8 NS   -- R²HR = 0.04 -- Medium NE 

(39) Advanced NSCLC 
without any molecular 
selection 

NS Molecular targeted agents alone (not 
in combination with other treatment 
modalities) 

2003 to 2014* Articles, abstracts 
and trial registries 

AD 10 NS   -- R²HR = 0.43 -- Medium NE 

(36) Advanced or metastatic 
NSCLC 

1st line Chemotherapy < 2005* Articles and 
abstracts 

AD 146 35 337 -- R²med = 0.16 -- NE NE 

Breast cancer  
DFS (43) No locally advanced 

disease 
NA Adjuvant systemic treatment 1970 to 2002

  
Articles AD 126 NS   -- R²med = 0.38 -- NE NE 

 (43) No locally advanced 
disease, node-positive 
patients 

NA Adjuvant systemic treatment 1970 to 2002
  

Articles AD 79 NS   -- R²med = 0.39 -- NE NE 

 (43) No locally advanced 
disease, node-negative 
patients 

NA Adjuvant systemic treatment 1970 to 2002
  

Articles AD 20 NS   -- R²med = 0.39 -- NE NE 

 (43) No locally advanced 
disease 

NA Adjuvant chemotherapy 1970 to 2002
  

Articles AD 79 NS   -- R²med = 0.43 -- NE NE 

 (43) No locally advanced 
disease 

NA Adjuvant hormonotherapy 1970 to 2002
  

Articles AD 47 NS   -- R²med = 0.37 -- NE NE 

pCR (44) None NA Neoadjuvant chemotherapy or 
neoadjuvant anti-HER2 targeted 
therapy and cytotoxic therapy 

1990 to 2009 Articles and 
abstracts 

AD 29 14 641 -- R²HR = 0.09 [0.01; 0.41] -- Low NE 

(44) None NA Neoadjuvant anthracycline- and 
taxane-based vs anthracycline-based 
regimens 

1990 to 2009 Articles and 
abstracts 

AD 9 4 894 -- R²HR = 0.03 [0; 0.82] -- Medium NE 

(44) None NA Neoadjuvant chemotherapy, 
intensified vs standard-dose 
regimens 

1990 to 2009 Articles and 
abstracts 

AD 8 2 862 -- R²HR = 0.57 [0.19; 0.93] -- Medium NE 

(44) None NA Neoadjuvant capecitabine-containing 
vs standard regimens 

1990 to 2009 Articles and 
abstracts 

AD 7 3 678 -- R²HR = 0.15 [0.03; 0.91] -- Medium NE 

(45) None NA Neoadjuvant chemotherapy 1990 to 2011* Articles IPD 12 9 440 -- R²HR = 0.24 [0.00; 0.70] -- Medium NE 

PFS (33) Advanced or metastatic 
disease 

NS None NS Articles AD NS   NS -- R²HR = 0.78 -- Medium + NE 

(46) Metastatic disease NS Anthracycline- based regimens 1980 to 2002 Articles and 
abstracts 

AD 16 4 323 -- R²HR = 0.43 -- Medium NE 

(46) Metastatic disease NS Taxane- based regimens 1980 to 2002 Articles and 
abstracts 

AD 15 5 893 -- R²HR = 0.35 -- Medium NE 

(14) Metastatic disease 1st line Anthracycline- and/or taxane-based 
regimens 

NS Articles and 
abstracts 

IPD 11 3 953 ρ2SM = 0.69 [0.69; 0.69] r2SM = 0.48 [0; 1] -- Medium Poor 

TTP (14) Metastatic disease 1st line Anthracycline- and/or taxane-based 
regimens 

NS Articles and 
abstracts 

IPD 11 3 953 ρ2SM = 0.68 [0.68; 0.68 r2SM = 0.49 [0; 1] -- Medium Poor 
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Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 
(47) Metastatic disease 1st line Anthracycline-based regimens 1966 to 2005* Articles AD 42 9 163 -- R²HR = 0.56 (SE = 

0.0928) 
-- Medium NE 

PFS/TTP (48) Metastatic disease All lines Anthracycline, taxane or targeted 
therapy in at least one arm 

1990 to 2015* Articles, abstracts 
and trial registries 

AD 84 NS   -- R²HR = 0.31 -- Medium NE 

(48) Metastatic disease All lines Anthracycline, taxane or targeted 
therapy in at least one arm 

2004 to 2015* Articles, abstracts 
and trial registries 

AD 40 NS -- R²HR = 0.31 -- Medium NE 

(48) Metastatic disease 1st line Anthracycline, taxane or targeted 
therapy in at least one arm 

1990 to 2015* Articles, abstracts 
and trial registries 

AD 48 NS -- R²HR = 0.30 -- Medium NE 

(48) Metastatic disease ≥ 2nd line Anthracycline, taxane or targeted 
therapy in at least one arm 

1990 to 2015* Articles, abstracts 
and trial registries 

AD 27 NS -- R²HR = 0.55 -- Medium NE 

(48) Metastatic disease  Anthracycline, taxane or targeted 
therapy in at least one arm, cross-
over allowed 

1990 to 2015* Articles, abstracts 
and trial registries 

AD 20 NS -- R²HR = 0.49 -- Medium NE 

(49) Advanced or metastatic 
disease 

1st line Chemotherapy + targeted agents 2000 to 2012* Articles AD 20 10 138 R² = 0.61 
ρ = 0.81 [0.58; 0.92] 

R²HR = 0.73 
ρ = 0.7 [0.39; 0.87];  

-- Medium + Fair 

(50) Advanced or metastatic 
disease 

NS Chemotherapy only < 2010* Articles, abstracts 
and trial registries 

AD 144 43 459 ρ = 0.428 R²med = 0.86; ρ = 0.427 -- NE NE 

(51) Metastatic disease, no 
locally advanced disease 

NS None 1994 to 2008* Articles AD 67 NS   r = 0.38 R²med = 0.30 -- NE NE 

 (51) Metastatic disease, no 
locally advanced disease 

NS Anthracycline- based regimens 1994 to 2008* Articles AD 36 NS   -- R²med = 0.43 -- NE NE 

 (51) Metastatic disease, no 
locally advanced disease 

NS Hormone- based regimens 1994 to 2008* Articles AD 12 NS   -- R²med = 0.24 -- NE NE 

 (51) Metastatic disease, no 
locally advanced 
disease, HER2+ patients 

NS None 1994 to 2008* Articles AD 4 NS   -- R²med = 0.93 -- NE NE 

 (51) Metastatic disease, no 
locally advanced disease 

1st line None 1994 to 2008* Articles AD 46 NS   -- R²med = 0.28 -- NE NE 

 (51) Metastatic disease, no 
locally advanced disease 

Not 1st line None 1994 to 2008* Articles AD 21 NS   -- R²med = 0.32 -- NE NE 

RR (14) Metastatic disease 1st line Anthracycline- and/or taxane-based 
regimens 

NS Articles and 
abstracts 

IPD 11 3 953 -- r2SM = 0.57 [0; 1] -- Medium NE 

(52) Metastatic disease All lines Standard vs intensified Epirubicin-
containing chemotherapy 

NS Articles IPD 10 2 126 -- R²HR = 0.10 [0.00; 0.43] -- Low NE 

(47) Metastatic disease 1st line Anthracycline-based regimens 1966 to 2005* Articles AD 42 9 163 -- R²HR = 0.34 (SE = 
0.0590) 

-- Low NE 

CR (47) Metastatic disease 1st line Anthracycline-based regimens 1966 to 2005* Articles AD 42 9 163 -- R²HR = 0.12 (SE = 
0.0521) 

-- Low NE 

OR (47) Metastatic disease 1st line Anthracycline-based regimens 1966 to 2005* Articles AD 42 9 163 -- R²HR = 0.38 (SE = 
0.0380) 

-- Low NE 

DCR (14) Metastatic disease 1st line Anthracycline- and/or taxane-based 
regimens 

NS Articles and 
abstracts 

IPD 11 3 953 -- r2SM = 0.47 [0; 1] -- Medium NE 

Renal cell carcinoma 
PFS (53) Metastatic disease NS Targeted therapy alone NS Articles and 

abstracts 
AD 10 7 236 r = 0.85 [0.61–0.95] 

R² = 0.73 
ρ = 0.69 [0.28–0.89] 
τ = 0.55 [0.13–0.87] 

rHR = 0.45; R²HR = 0.20;  
ρ = 0.78; τ = 0.34 

-- Medium NE 
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Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 
(53) Metastatic disease NS Immunotherapy alone NS Articles and 

abstracts 
AD 9 2 829 r = 0.84 [0.63–0.93] 

R² = 0.71 
ρ = 0.85 [0.64–0.94] 
τ = 0.69 [0.49–0.88] 

rHR = 0.63; R²HR = 0.66;  
ρ = 0.80; τ = 0.66 

-- Medium NE 

(54) Metastatic disease NS Chemotherapy, immunotherapy or 
targeted therapy 

1988 to 2008 Articles and trial 
registries 

AD 30 NS   -- R²med = 0.49 3.65 NE NE 

(54) Metastatic disease NS Targeted therapy 1988 to 2008 Articles and trial 
registries 

AD 11 NS   -- R²med = 0.44 -- NE NE 

(55) Metastatic disease 1st line Targeted therapy < 2011* Articles AD 6 3 188 ρ = 0.87; R² = 0.97 R²med = 0.07; ρ = 0.36;  
rmed = 0.26 

-- NE NE 

(56) Metastatic disease NS Interleukin-2, interferon, axitinib, 
lapatinib, pazopanib, sunitinib, 
sorafenib, bevacizumab, everolimus, 
or temsirolimus 

1997 to 2010* Articles and 
abstracts 

AD 31 10 943 -- R²HR = 0.63; rHR = 0.80 -- Medium NE 

RR (55) Metastatic disease 1st line Targeted therapy < 2011* Articles AD 6 3 188 ρ = 0.96 R²med = 0.27; ρ = 0.49; 
rmed = 0.52; 

-- NE NE 

DCR (55) Metastatic disease 1st line Targeted therapy < 2011* Articles AD 6 3 188 ρ = 1 R²med = 0.95; ρ = 1;  
rmed = 0.97;  

-- NE NE 

Gastric cancer 
DFS (57) Curatively resected 

gastric cancer 
NA Adjuvant chemotherapy vs surgery 

alone 
< 2004 Articles and trial 

registries 
IPD 14 3 288 τ2SM = 0.97 [0.97; 0.98] R²2SM = 0.96 [0.93; 1] -- High Excellent 

PFS (58) Advanced or recurrent 
gastric cancer 

NS Chemotherapy < 2006 Articles IPD 20 4 069 τ2SM = 0.85 [0.85; 0.85] R² 2SM = 0.61 [0.04; 1] -- Medium Poor 

PFS/TTP (59) Advanced or metastatic 
disease 

2nd line Chemotherapy 2002 to 2013* Articles and 
abstracts 

AD 10 4 286 ρ = 0.56 [0.34; 0.74] ρ = 0.36 [0; 1] -- NE NE 

(60) Advanced or metastatic 
disease 

NS Chemotherapy 1966 to 2010* Articles and 
abstracts 

AD 36 10 484 ρ = 0.70 [0.59; 0.82] ρ = 0.80 [0.68; 0.92] -- NE NE 

Ovarian cancer  
PFS (33) Advanced or metastatic 

disease 
NS None NS Articles AD NS   NS -- R²HR = 0.73 -- Medium + NE 

Head & neck cancer  
DFS (61) Locally advanced 

disease 
NS Adjuvant chemotherapy 1965 to 2000* Convenience 

sample (90-92) 
IPD 9 2068 ρ2SM = 0.82 [0.82; 0.82] r2SM = 0.93 [0.85; 1.01] -- High Excellent 

PFS (61) Locally advanced 
disease 

NS Radiotherapy 1965 to 2000* Convenience 
sample (93) 

IPD 15 6515 ρ2SM = 0.86 [0.86; 0.86] r2SM = 0.98 [0.97; 1] -- High Excellent 

 (61) Locally advanced 
disease 

NS Concomitant chemotherapy 1965 to 2000* Convenience 
sample (90-92) 

IPD 56 9530 ρ2SM = 0.86 [0.86; 0.86] r2SM = 0.86 [0.79; 0.93] -- Medium + Excellent 

 (61) Locally advanced 
disease 

NS Induction chemotherapy 1965 to 2000* Convenience 
sample (90-92) 

IPD 32 4631 ρ2SM = 0.90 [0.90; 0.90] r2SM = 0.79 [0.66; 0.92] -- Medium Good 

DLRC (61) Locally advanced 
disease 

NS Adjuvant chemotherapy 1965 to 2000* Convenience 
sample (90-92) 

IPD 9 2068 ρ2SM = 0.65 [0.64; 0.65] r2SM = 0.84 [0.67; 1.01) -- Medium Good 

 (61) Locally advanced 
disease 

NS Radiotherapy 1965 to 2000* Convenience 
sample (93) 

IPD 15 6515 ρ2SM = 0.76 [0.76; 0.76] r2SM = 0.94 [0.89; 1] -- High Good 

 (61) Locally advanced 
disease 

NS Concomitant chemotherapy 1965 to 2000* Convenience 
sample (90-92) 

IPD 56 9530 ρ2SM = 0.76 [0.76; 0.77] r2SM = 0.72 [0.60; 0.85] -- Medium Fair 

 (61) Locally advanced 
disease 

NS Induction chemotherapy 1965 to 2000* Convenience 
sample (90-92) 

IPD 32 4631 ρ2SM = 0.53 [0.28; 0.78] r2SM = 0.59 [0.36; 0.81] -- Medium Poor 
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Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 

Pancreatic cancer  
PFS/TTP (62) Advanced or metastatic 

disease 
1st line Gemcitabine alone vs 

polychemotherapy 
2002 to 2013* Articles, abstracts 

and trial registries 
AD 30 8 467 R² = 0.6 

r = 0.75 [0.62; 0.85]    
R²HR = 0.69 
R²HR = 0.64;  
rHR = 0.78 [0.49; 0.91] 

-- Medium Fair 

PFS (63) Advanced or metastatic 
disease 

1st line Gemcitabine in combination vs 
Gemcitabine alone 

1997 to 2014* Articles AD 39 NS   -- ρ = 0.67 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine-based chemotherapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 23 NS   -- ρ = 0.71 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine + targeted therapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 16 NS   -- ρ = 0.66 -- NE NE 

 (64) Advanced or metastatic 
disease 

1st line Bevacizumab and chemotherapy vs 
chemotherapy 

2000 to 2014* Articles AD 9 NS   -- R²med = 0.71 -- NE NE 

TTP (63) Advanced or metastatic 
disease 

1st line Gemcitabine in combination vs 
Gemcitabine alone 

1997 to 2014* Articles AD 4 NS   -- ρ = 0.63 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine-based chemotherapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 3 NS   -- ρ = 0 -- NE NE 

TTF (63) Advanced or metastatic 
disease 

1st line Gemcitabine in combination vs 
Gemcitabine alone 

1997 to 2014* Articles AD 3 NS   -- ρ = 0.50 -- NE NE 

DOR (63) Advanced or metastatic 
disease 

1st line Gemcitabine in combination vs 
Gemcitabine alone 

1997 to 2014* Articles AD 7 NS   -- ρ = 0.76 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine-based chemotherapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 3 NS   -- ρ = 0.50 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine + targeted therapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 4 NS   -- ρ = 0.40 -- NE NE 

RR (63) Advanced or metastatic 
disease 

1st line Gemcitabine in combination vs 
Gemcitabine alone 

1997 to 2014* Articles AD 41 NS   -- R²med = 0.15; ρ = 0.29 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine-based chemotherapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 26 NS   -- ρ = 0.23 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine + targeted therapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 15 NS   -- ρ = 0.54 -- NE NE 

 (64) Advanced or metastatic 
disease 

1st line Bevacizumab and chemotherapy vs 
chemotherapy 

2000 to 2014* Articles AD 11 NS   -- R²med = 0.58 -- NE NE 

DCR (63) Advanced or metastatic 
disease 

1st line Gemcitabine in combination vs 
Gemcitabine alone 

1997 to 2014* Articles AD 33 NS   -- R²med = 0.56; ρ = 0.61 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine-based chemotherapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 18 NS   -- ρ = 0.71 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine + targeted therapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 15 NS   -- ρ = 0.53 -- NE NE 

 (64) Advanced or metastatic 
disease 

1st line Bevacizumab and chemotherapy vs 
chemotherapy 

2000 to 2014* Articles AD 6 NS   -- R²med = 0.56 -- NE NE 

CBR (63) Advanced or metastatic 
disease 

1st line Gemcitabine-based chemotherapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 7 NS   -- ρ = 0.78 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine-based chemotherapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 6 NS   -- ρ = 0.66 -- NE NE 

CA19-9 (63) Advanced or metastatic 
disease 

1st line Gemcitabine in combination vs 
Gemcitabine alone 

1997 to 2014* Articles AD 6 NS   -- ρ = 0 -- NE NE 

 (63) Advanced or metastatic 
disease 

1st line Gemcitabine-based chemotherapy vs 
Gemcitabine alone 

1997 to 2014* Articles AD 5 NS   -- ρ = 0 -- NE NE 
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Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 

Nasopharyngeal Carcinoma  
PFS (65) Non-metastatic disease NS Combined chemotherapy and 

radiotherapy 
1979 to 2010 Articles, abstracts 

and trial registries 
AD 15 3 760 -- R²HR = 0.99 ≤ 0.84 Medium + NE 

TTP (65) Non-metastatic disease NS Combined chemotherapy and 
radiotherapy 

1979 to 2010 Articles, abstracts 
and trial registries 

AD 9 2 422 -- R²HR = 0.88 ≤ 0.83 Medium + NE 

Multiple myeloma 
PFS (66) None NS None 2002 to 2013* Articles and trial 

registries 
AD 21 12 048 -- R²HR = 0.63 [0.43; 0.84] 

rHR = 0.80 [0.58; 0.90] 
-- Medium NE 

Melanoma – Metastatic  
PFS (67) Non-resectable or 

metastatic melanoma 
NS Dacarbazine vs any systemic 

therapy 
NS Articles, abstracts 

and trial registries 
AD 12 4 416 -- rHR = 0.71 [0.29; 0.90] 

 
-- Medium NE 

Glioblastoma  
PFS (68) None NS None 1991 to 2012* Articles and 

abstracts 
AD 10 7 125 -- R²HR = 0.92 [0.72; 0.99] -- High NE 

Indolent NHL  
PFS/TTP (69) None 1st line Chemotherapy 1990 to 2009* Articles, abstracts 

and trial registries 
AD 20 5 128 ρ = 0.56 [0.2; 0.78] ρ = 0.26 [0; 0.72] -- NE NE 

CR (69) None 1st line Chemotherapy 1990 to 2009* Articles, abstracts 
and trial registries 

AD 20 5 128 -- ρ = 0.21 [0; 0.50] -- NE NE 

Aggressive NHL  
PFS/TTP (69) None 1st line Chemotherapy 1990 to 2009* Articles, abstracts 

and trial registries 
AD 38 16 103 ρ = 0.85 [0.71; 0.92] R²med = 0.66 

ρ = 0.90 [0.73; 0.96] 
-- NE NE 

CR (69) None 1st line Chemotherapy 1990 to 2009* Articles, abstracts 
and trial registries 

AD 38 16 103 -- ρ = 0.50 [0.23; 0.74] -- NE NE 

Biliary tract cancer  
PFS/TTP (70) Advanced disease 1st line Chemotherapy < 2015* Articles and 

abstracts 
AD 19 2 148 -- R²med = 0.66 [0.32; 0.85] -- NE NE 

 (70) Advanced disease 1st line Gemcitabine-based regimens only < 2015* Articles and 
abstracts 

AD 15 2 148 -- R²med = 0.78 [0.46; 0.92] -- NE  NE 

 (70) Advanced disease 1st line Targeted therapy only < 2015* Articles and 
abstracts 

AD 7 2 148 -- R²med = 0.78 [0.14; 0.96] -- NE NE 

RR (70) Advanced disease 1st line Chemotherapy < 2015* Articles and 
abstracts 

AD 17 2 148 -- R²med = 0.29 [0.01; 0.65] -- NE NE 

 (70) Advanced disease 1st line Gemcitabine-based regimens only < 2015* Articles and 
abstracts 

AD 14 2 148 -- R²med = 0.39 [0.02; 0.75] -- NE NE 

 (70) Advanced disease 1st line Targeted therapy only < 2015* Articles and 
abstracts 

AD 7 2 148 -- R²med = 0.43 [0.03; 0.89] -- NE NE 

DCR (70) Advanced disease 1st line Chemotherapy < 2015* Articles and 
abstracts 

AD 17 2 148 -- R²med = 0.34 [0.02; 0.69] -- NE NE 

 (70) Advanced disease 1st line Gemcitabine-based regimens only < 2015* Articles and 
abstracts 

AD 14 2 148 -- R²med = 0.60 [0.17; 0.86] -- NE NE 

 (70) Advanced disease 1st line Targeted therapy only < 2015* Articles and 
abstracts 

AD 7 2 148 -- R²med = 0.44 [0.03; 0.89] -- NE NE 
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Endpoint Ref Disease specifications 
Line of 
treatment Treatment specification 

Inclusion or 
publication (*) 
period Data source 

Type of 
data 

N 
trials 

N 
patients 

Individual-level 
association Trial-level association STE 

Strength of 
association as per… 

IQWiG BSES2 

Soft tissue sarcoma  
PFS (71) Advanced or metastatic 

disease 
All lines Systemic therapy in at least one arm 1974 to 2014* Articles and 

abstracts 
AD 14 NS   -- rHR = 0.61 -- Medium NE 

RR (71) Advanced or metastatic 
disease 

All lines Systemic therapy in at least one arm 1974 to 2014* Articles and 
abstracts 

AD 11 NS   -- rHR = 0.51 -- Medium NE 

All solid tumors  
PFS (33) Metastatic disease NS None NS Articles AD 66 NS   -- R²HR = 0.62 -- Medium NE 

RR (33) Metastatic disease NS None NS Articles AD 66 NS   -- R²HR = 0.37 -- Medium NE 

DFS = disease-free survival; pCR = pathologic complete response; TTR = time-to recurrence; PFS = progression-free survival; TTP = time-to progression; RR = response rate; TTF = time-to treatment 
failure; CR = complete response; OR = objective response (partial or complete response); DCR = disease control rate; EFS = event-free survival; DLRC = duration of locoregional control; DCR = disease 
control rate; GIST = gastro intestinal stromal tumor; DOR = duration of response; CBR = clinical benefit response; CA19-9 = cancer antigen 19-9 response-related criteria 

ρ = non-parametric Spearman rank correlation coefficient; r = Pearson correlation coefficient; R² = proportion of variation estimated by weighted linear regression model; ρ2SM = Spearman rank coefficient 
estimated by the two-step model; τ2SM = Kendal’s tau estimated by the two-step model; rHR = Pearson correlation coefficient between treatment effects estimated by hazard ratios; R²HR = proportion of 
variation estimated using treatment effects estimated by hazard ratios; ; rmed = Pearson correlation coefficient between treatment effects estimated by difference or ratios of medians; R²med = proportion of 
variation estimated using treatment effects estimated by differences or ratios of medians; r2SM = Pearson correlation coefficient between treatment effects estimated using the 2-step model; R²2SM = 
proportion of variation between treatment effects estimated using the 2-step model 
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Table 3: Meta-analyses presenting a trial-level correlation ranked as ‘High’ as per the IQWIG framework and an 

association ranked as ‘Excellent’ as per the adapted BSES2 framework.  

Endpoint Cancer localization Disease specifications Treatment specifications 
DFS Colon cancer Stage II or III patients Adjuvant setting, fluoropyrimidines alone or in 

combination (12,22) 
 Lung cancer Operable and locally advanced 

NSCLC 
Adjuvant treatment by chemotherapy and/or 
radiotherapy (13) 

 Gastric cancer Curatively resected gastric cancer Adjuvant chemotherapy (57) 
 Head & neck cancer Locally advanced disease Adjuvant chemotherapy (61) 
PFS Colorectal cancer Advanced / Metastatic disease Fluorouracil- and leucovorin-based chemotherapy 

(32) 
 Lung cancer Locally advanced NSCLC Radiotherapy alone or in combination with 

chemotherapy (13) 
 Lung cancer Locally advanced SCLC or NSCLC Radiotherapy (13) 
 Head & neck cancer Locally advanced disease Radiotherapy (61) 

DFS = disease-free survival; PFS = progression-free survival; SCLC = small-cell lung cancer; NSCLC = non-small-cell lung cancer. 
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Additional files 

Additional file 1: Number of events observed for progression-free survival, time-to-progression and time-to-

treatment failure after 6 and 12 months of follow-up; All trials (Ntrial = 15; Npatient = 2846) a 

 

The following search algorithm was launched on PUBMED (last update: 18 July 2016):  

(neoplasms[mh] OR cancer [Title/Abstract] OR oncology [Title/Abstract] OR tumor [Title/Abstract] 

OR tumour [Title/Abstract] OR lymphoma [Title/Abstract] OR sarcoma [Title/Abstract] OR 

melanoma [Title/Abstract] OR myeloma [Title/Abstract] OR carcinoma [Title/Abstract]) AND 

(surrogate[Title/Abstract] OR surrogacy[Title/Abstract] OR correlation[Title/Abstract] OR 

association[Title/Abstract] OR prediction[Title/Abstract]) AND (endpoint [Title/Abstract] OR “end 

point” [Title/Abstract] OR endpoints [Title/Abstract] OR “end points” [Title/Abstract] OR "end-point" 

[Title/Abstract] OR "end-points" [Title/Abstract]) 

Limits were as follows: Article, English or French language, Human only 

 

The following search algorithm was launched on SCOPUS (last update: 18 July 2016):  

TITLE-ABS-KEY ( neoplasm  OR  cancer  OR  oncology  OR  tumor  OR  tumour  OR  lymphoma  

OR  sarcoma  OR  melanoma  OR  myeloma  OR  carcinoma )  AND  TITLE-ABS-KEY ( surrogate  

OR  surrogacy  OR  correlation  OR  association)  AND  TITLE-ABS-KEY ( endpoint  OR  "end 

point"  OR  endpoints  OR  "end points"  OR  "end-point"  OR  "end-points" )  AND ( LIMIT-TO 

( EXACTKEYWORD ,  "Human" )  OR  LIMIT-TO ( EXACTKEYWORD, ‘Humans”) 
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Additional file 2: Data extraction grid 

Publication identification 
Journal:  Title:  
1st author:  Publication date:  
  ☐ Clinical journal         ☐ Statistical journal 
Title/Abstract selection 
Human only: ☐YES ☐NO 
Cancer only: ☐YES ☐NO 
Type of publication: ☐ General article ☐ Comment 

☐ Letter to editor ☐ Conference abstract 
Healthy patients or patients in remission: ☐ YES  ☐NO   ☐To be verified 
Explicitly unrelated to surrogate end-
points: 

☐ YES  ☐NO    
Comment:  

Theme of the publication: ☐ Validation study of surrogate endpoints 
☐ Review  ☐ Guidelines 

Publication selected:  ☐ YES  ☐ NO 
Full-paper selection 
Publication available in French or English ☐YES:   ☐French ☐NO  

               ☐English 
Type of analysis: ☐Single-trial analysis 

☐Meta-analysis:       trials included 
Type of trials included: ☐Phase II ☐Phase III 

Randomized :  ☐YES ☐NO 
Comparative :  ☐YES ☐NO 

Type of data: ☐Aggregate data ☐Individual data 
Final endpoint: ☐OS ☐Other:       
Endpoints evaluated as surrogates: ☐PFS ☐TTP ☐DFS  ☐Response rate 

☐Other:  
Cancer localization: ☐Breast ☐Colorectal ☐Lung 

☐Stomach ☐Prostate ☐Gastric 
☐Other:  

Setting: ☐Adjuvant   ☐Neoadjuvant 
☐Advanced/Metastatic 

Statistic methods employed: Individual-level association: 
☐KAPPA coefficient 
☐% of agreement 
☐Non-parametric correlation coefficient 
☐Weighted linear regression on:       
☐Joint modelling 
Trial-level association: 
☐KAPPA coefficient 
☐% of agreement 
☐Non-parametric correlation coefficient 
☐Weighted linear regression on HR estimated inde-
pendently 
☐Weighted linear regression on HR estimated simulta-
neously (2-step model) 
☐Weighted linear regression on estimator other than 
HR 
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☐Error-in-variable model on HR estimated inde-
pendently 
☐Error-in-variable model on HR estimated simultane-
ously (2-step model) 

Meta-analytic unit: ☐Trial ☐Center  ☐Country 
☐Other:  

Number of patients:  
Individual-level association estimated:  
Trial-level association estimated:  
Surrogate Threshold Effect (STE):  
STE proportion (STEP):  
Authors conclusions:  
BSES score (Statistical evaluation domain) 
Adapted BSES score 
 
IQWiG score 

☐ Poor ☐ Fair ☐ Good ☐ Excellent  
☐ Not evaluable 
☐ Poor ☐ Fair ☐ Good ☐ Excellent  
☐ Not evaluable 
☐ Low ☐ Medium ☐ Medium + ☐ High  
☐ Not evaluable 

Publication selected:   ☐ YES  ☐ NO 
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Additional file 3: Frameworks for the assessment of the strength of the association 

We relied on two frameworks for the assessment of the strength of evidence of the validation 

studies on surrogate endpoints. 

The  Biomarker-Surrogate Evaluation Schema (BSES) is aimed at assessing the level of surrogacy 

evidence based on the surrogacy measures and characteristics of the study (16). The level of proof 

of surrogacy of each meta-analysis is classified as proof of surrogacy, high probability of surrogacy, 

hint of surrogacy, no proof of surrogacy, and proof of low correlation. The BSES includes four 

domains: study design, target outcome, statistical evaluation and generalizability (16). Each of the 

four domains is associated with a four-level rank (0 to 3) leading to a global score ranging from 0 to 

12, calculated based on the BSES guidelines. We specifically focused on the “Statistical 

Evaluation” domain, for which estimation of the individual-level and trial-level associations, as well 

as the STEP are required. The trial-level association R² is classified as excellent (R² ≥ 0.60 and 

STEP ≥ 0.3 and R²ind ≥ 0.60, where R²ind is the patient-level association), good (R² ≥ 0.4 and STEP 

≥ 0.2 and R²ind ≥ 0.4), fair (R² ≥ 0.2 and STEP ≥ 0.1 and R²ind ≥ 0.2) or poor otherwise.  

The German Institute of Quality and Efficiency in Health Care (IQWiG) guidelines classify the trial-

level association as a function of the correlation coefficient r as high (lower limit of the 95% 

confidence interval of r ≥ 0.85), low correlation (upper limit of the 95% confidence interval of r ≤ 

0.7), or medium in any other case, meaning that the validity of the surrogate remains unclear(15). If 

the coefficient of determination (R²) is provided instead of the correlation coefficient r, then r is 

calculated by taking the square root. 
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3 Surrogate endpoints in metastatic soft-tissue 

sarcoma trials 

3.1 Introduction 

Soft-tissue sarcoma (STS) develop from soft tissues like fat, muscle, nerves, fibrous tissues, 

blood vessels or deep skin tissues. With more than 50 different histological subtypes, such 

as leiomyosarcoma or liposarcoma, and increasing number of molecular subtypes, STS are 

very heterogeneous cancers, which make them overly complex to diagnose, study and 

consequently to cure. These rare tumors account for 1% of all malignancies in adults (20). In 

France, 4000 new cases of STS are diagnosed each year.  

Despite adequate locoregional treatment, up to 40% of patients with STS develop 

metastases. When metastases are detected, the standard of care is based on palliative 

chemotherapy with a limited efficacy. The median OS of patients with metastatic STS is 

shorter than two years. 

The rarity and heterogeneity of STS increase the difficulty of conducting large and 

homogeneous trials to evaluate new treatment. A surrogate endpoint that would be observed 

more frequently than OS would help reduce the number of patients to include and would be a 

great asset for medical research on STS treatment. Nonetheless, as highlighted in the 

previous section, to date, there is no MA based on IPD evaluating surrogate endpoints in 

advanced STS. 

We conducted a MA on IPD from 14 RCTs evaluating systemic treatment and/or targeted 

therapy for patients with advanced STS to assess the surrogate properties of three 

commonly used progression-based endpoints: progression-free survival (PFS), time-to 

progression (TTP), and time-to treatment failure (TTF). We first performed a systematic 

review of RCTs in advanced STS through a computerized search on MEDLINE. To limit 

publication bias, we also examined trial registries and contacted European sponsoring 

groups. Formal conventions were drafted to set the terms of the transfer regarding the nature 

and format of the data and the project valorization. An important work of data-management 

predated the analysis. This stage aimed at homogenizing the data in terms of computing 

format, definition of the time-to-event endpoints and censoring process. Each endpoint, 

candidate surrogates and OS, was recalculated to ensure an identical definition and follow-

up across trials. Following the two-stage approach (chapter 1.3.2.1) and the simplified meta-

regression with weighted fixed treatment effects (chapter 1.3.2.2), we estimated the 

individual- and trial-level associations with OS of PFS, TTP and TTF. 
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The MA did not lead to significant evidence to validate the candidate endpoints as surrogates 

for OS when assessing systemic treatment in advanced STS. OS should therefore remain 

the primary endpoint in RCTs conducted in this setting.  

Trial design for advanced STS is particularly challenging due to the low incidence and the 

heterogeneity of the disease and treatments, which may have contributed to weaken the 

observed correlations between candidate surrogates and OS. It is  however reasonable to 

assume that an effect on OS can only be achieved if there is an effect also on disease 

progression. As such, alternative endpoints, e.g. PFS, remain useful in testing new 

treatments in earlier drug development stages, such as in phase II trials or phase III futility 

assessment, provided OS data are collected throughout the trial. This work is currently under 

review by the Journal of Clinical Oncology. 

In supplementary analyses, we explored the robustness of the models by conducting 

additional sensitivity analyses. In the first analysis, different approaches for data censoring 

were investigated. In the second analysis, we investigated different weighting procedures for 

the meta-regression model. The results of these supplementary analyses are presented in 

section 3.3. 

3.2 Publication 
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Abstract 

Introduction: Alternative endpoints to overall survival (OS) are frequently used to assess 

treatment efficacy in randomized controlled trials (RCT). Their properties in terms of 

surrogate outcomes for OS need to be assessed. We evaluated the surrogate properties of 

progression-free survival (PFS), time-to-progression (TTP) and time-to-treatment failure 

(TTF) in advanced soft tissue sarcomas (STS). 

Methods: We performed a meta-analysis using individual-patient data (IPD). Trials were 

identified by searches of MEDLINE and ClinicalTrials.gov and by contacting European 

sponsoring groups. European phase II/III RCTs evaluating therapies for adults with advanced 

STS were eligible. Statistical methods included weighted linear regression and the two-stage 

model introduced by Buyse and Burzykowski. The strength of the trial-level association was 

ranked according to the German Institute for Quality and Efficiency in Health Care (IQWiG) 

guidelines. 

Results: IPD from 14 RCTs (N=2846) were analyzed. Individual-level associations were 

moderate (highest for 12-month PFS: ρSpearman=0.66; 95%CI [0.63; 0.68]). Trial-level 

associations were ranked as low for the three endpoints as per the IQWiG criterion. 

Conclusion: Our results do not support strong surrogate properties of PFS, TTP and TTF for 

OS in advanced STS. 

 

Key words: surrogate endpoint, soft-tissue sarcoma, overall survival, meta-analysis, 

randomized controlled trial 
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Introduction 

The choice of the primary endpoint is a key step when designing a randomized controlled 

trial (RCT). In oncology, the most commonly used endpoint to assess the efficacy of a new 

treatment in RCT is overall survival (OS) which is easily measurable, objectively defined as 

the time from randomization to death and validated by health regulatory authorities 1. 

Alternative time-to-event endpoints are commonly used in practice in phase II trials and 

increasingly being used instead of OS in phase III trials 2. These composite endpoints include 

death as well as biological and clinical events, such as disease progression or treatment 

toxicity. Such endpoints are developed due to the need to reduce the number of patients 

included, the trial duration, the delay to reach trials’ conclusions and ultimately the cost of the 

trials. However, their use in practice does not guarantee their validity as surrogates for OS. It 

is therefore essential to rigorously assess their surrogate properties for OS, and as such 

whether or not they can be used as primary endpoints for assessing the benefit of new 

therapies. This approach does not preclude their intrinsic value as parameters of patient 

benefit of a treatment. 

The International Conference on Harmonization (ICH) E9 Harmonized Tripartite guidelines - 

approved by the Food and Drug Administration (FDA) and the European Medicines Agency 

(EMA) - do not provide any recommendations on the use of specific statistical methods for 

the validation of surrogate endpoints. However, the meta-analytic surrogacy evaluation 

scheme proposed by Buyse and Burzykowski et al. 3,4 has been widely used and is 

considered as the most statistically rigorous 5,6. This approach requires individual-patient 

data (IPD) from multiple RCTs with similar design and treatment to address surrogacy from a 

multi-level framework. At the patient level, the surrogate endpoint should be correlated and 

predictive of the final endpoint regardless of the treatment (individual-level association). At 

the trial level, the treatment effect on the surrogate endpoint should be correlated and 

predictive of the treatment effect on the final endpoint (trial-level association).  

Soft-tissue sarcomas (STS) are a heterogeneous group of diseases that account for 1% of all 

malignancies in adults 7. Despite adequate locoregional treatment, up to 40% of patients with 

STS develop metastatic disease 7. When metastases are detected, the standard of care is 

palliative chemotherapy. Due to their rarity, conducting large RCTs to evaluate the benefit of 

new treatment for metastatic STS is complex. The identification of valid surrogate endpoints 

for OS that would be observed sooner and more frequently than OS, thereby reducing the 

number of included patients, would be of a great advantage for clinical research. To our 

knowledge, only one meta-analysis evaluating response rate and PFS as surrogates for OS 

in metastatic STS was conducted 8. The study was however limited to the analysis of 

aggregated data. 

95



We performed a meta-analysis of phase II / III RCTs using IPD to assess the surrogate 

properties for OS of three commonly used time-to-event endpoints in advanced STS: 

progression-free survival (PFS), time-to-progression (TTP) and time-to-treatment failure 

(TTF). This manuscript follows the international recommendations of the PRISMA guidelines 

for reporting meta-analysis 9.  

 

Methods 

This study is registered on the clinical trial registry clinicaltrials.gov (identifier: 

NCT02873923). 

Study selection 

We identified trials by using a computerized search on MEDLINE with the following search 

algorithm: “sarcoma"[MeSH] AND "randomized controlled trial"[Text Word] AND trial[Text 

Word]. We limited our research to trials published before April the 7th, 2016. We also 

searched for trials on ClinicalTrials.gov and by contacting European sponsoring groups 

(EORTC, UNICANCER). Trials were eligible if they met the following criteria: (i) phase II or III 

randomized trials on humans, (ii) evaluating therapies for adults with advanced (i.e. locally 

advanced or metastatic) STS, (iii) at least one time-to-event endpoint other than OS as 

outcome, (iv) published or soon to be published in French or English, (v) signed agreement 

from the principal investigator and the sponsor, and (vi) available IPD.  

Patients, data and outcomes 

For all patients, we gathered clinical and histological data at baseline, date of randomization, 

data related to treatment allocation, disease evaluations during trial, date of last follow-up or 

death, survival status, cause of death (if applicable), along with any randomization variable. 

We assessed the surrogate properties of PFS, TTP and TTF evaluated at six and twelve 

months for 18-month OS. Outcomes were defined following the international DATECAN 

guidelines 10. OS was defined as the time from randomization to all-cause death. When death 

was not observed, 18-month OS was censored at the date of last contact with the patient or 

at 18 months whichever came first. PFS was defined as the time from randomization to 

progression or all-cause death, whichever came first. TTP was defined as the time to 

progression or cancer-related death. Finally, TTF was defined as the time to progression or 

cancer-related death or treatment-related toxic death, whichever came first. When none of 

the events included in the definition was observed, 6- and 12-month PFS, TTP and TTF were 

censored at the date of last follow-up or 6 months, respectively 12 months, of follow-up 

whichever came first.  

Surrogacy measures 

The individual-level surrogacy was assessed following a copula-based approach, with OS 
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and the surrogate endpoints jointly modelled using a one-parameter copula. The individual-

level associations were estimated by the Spearman rank correlation coefficient (ρSpearman) 

calculated from the copula parameter 4. 

The trial-level surrogacy - the association between the treatment effects - was evaluated with 

two frameworks. In the weighted regression model (WLR) approach, treatment effects on OS 

and PFS/TTP/TTF were estimated separately for each trial, based on the logarithm of the 

hazard ratios (log(HR)) using Cox proportional hazard models. We assessed the association 

between the treatment effects using the coefficient of determination (R²WLR) of a linear 

regression model weighted by the trial size. The second method follows the two-stage model 

(2SM) adapted to time-to-event endpoints introduced by Burzykowski et al. 4. First, we 

simultaneously estimated the treatment effects on OS and on the candidate surrogate 

endpoints in each trial using a bivariate survival model based on the one-parameter Clayton 

copula. This approach enables taking into account the correlation between the endpoints in 

the estimation of the HR. We then estimated the association between the treatment effects 

(Weibull-distribution-based log(HR)) using an error-in-variable model, a regression model 

that allows taking into account the estimation errors. We assessed the trial-level association 

using the coefficient of determination (R²2SM). 

All analyses were made on an intention-to-treat basis. We reported confidence intervals for a 

two-sided confidence-level of 95% (95% CI). All analyses were performed using SAS 

software v9.3 following Burzykowski et al. 4. 

Strength of association 

The strength of the trial-level association was ranked according to the Institute for Quality 

and Efficiency in Health Care (IQWiG) guidelines 11: high association (lower limit of the 95% 

CI of R² ≥ 0.72), low association (higher limit of the 95% CI of R² ≤ 0.49) or medium 

association (neither low nor high), meaning that the validity of the surrogate remains unclear.  

Subgroup analyses 

To control trials’ heterogeneity, we performed two additional subgroup analyses. In the 1st 

subgroup analysis, we retained only trials focusing on first line treatment that included 

doxorubicin- or ifosfamide-based therapies in the control arm. In the second analysis, all 

trials were eligible, but only patients with leiomyosarcomas were included. 

 

Results 

Data 

After screening 231 abstracts, we identified 21 trials eligible for inclusion and obtained the 

trial sponsor’s agreement for 19 RCTs (Figure 1). IPD were available for a total of 14 RCTs 12-

25. Trials characteristics are presented in table 1. Three trials had two experimental arms 
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evaluating different administration schedules for the same drug 12,17,25. We combined the two 

experimental arms into one for these studies. One trial was designed as two parallel 

randomized comparative studies 16, and it was included in the meta-analysis as two distinct 

trials so that we considered a total of 15 trials. Aside from one trial 20, RCTs evaluated 

chemotherapy-based regimens. Most trials compared an experimental chemotherapy to a 

doxorubicin or ifosfamide-based chemotherapy regimen as first-line treatment (table 1). One 

trial focused on leiomyosarcomas 22 and one trial excluded liposarcomas 25, all 13 other trials 

presented similar histological subtypes inclusion criteria. 

IPD from the 2846 patients included in the trials were analyzed. Median follow-up duration 

ranged from 9.4 to 93 months (median: 35.5 months). Figure 2 displays forest plots for the 

treatment effects estimated by hazard ratios (HR) on two-year OS, and one-year PFS, TTP 

and TTF for each trial. 

Among the 2165 patients who died during the total follow-up, 1704 (78.7%) died during the 

first 18 months. During the first six months of follow-up, 1526 patients progressed and 634 

patients died: 570 from cancer, 17 from treatment toxicity and 47 from other causes. During 

the first year of follow-up, 2042 patients progressed and 1311 patients died: 1234 from 

cancer, 19 from treatment toxicity and 58 from another cause. For each of the three 

candidate surrogate endpoints, the number of events observed at 6 and 12 months is 

provided in additional file 1. 

Correlation between the candidate surrogate endpoints and OS (individual-

level surrogacy) 

We relied on a one-parameter Clayton copula model, considered the best fitting model 

compared to Plackett or Hougaard copula. Considering a six-month follow-up for the 

surrogate endpoints, the individual-level correlations with 18-month OS for the three 

endpoints evaluated were modest, with PFS showing the highest correlation (0.62; 95% CI 

[0.59; 0.65]) (Table 2). Correlations obtained when using a one-year follow-up for the 

surrogate endpoints were slightly higher (PFS: 0.66; 95% CI [0.63; 0.68]). 

Correlation between treatment effects on the candidate surrogate endpoints 

and treatment effect on OS (trial-level surrogacy) 

A total of 15 pairs of log(HR) were compared for each endpoint. When considering a six-

month follow-up for the surrogates, the trial-level associations R²WLR and R²2SM, estimated 

with the WLR approach and the two-stage model respectively, were low (R²WLR≤0.60; 

R²2SM≤0.60) (Table 2). When considering a one-year follow-up, the association measures 

remained low (R²WLR≤0.60; R²2SM≤0.05). Regression curves calculated based on the WLR 

models are shown in figure 3. As per IQWiG guidelines, all trial-level associations estimated 

were ranked as medium. 

Subgroup analyses 
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The first subgroup analysis focused on trials comparing systemic therapy to doxorubicin- or 

ifosfamide-based chemotherapies in the first-line setting (Ntrial=11; Npatient=2243). When 

considering a six-month follow-up, the three endpoints were moderately associated with 18-

month OS at the patient level (0.56≤ρSpearman≤0.67). At the trial level, the association between 

the candidate surrogates and 18-month OS was low (R²WLR≤0.60; R²2SM≤0.11) (Table 2). 

When considering a 12-month follow-up, the individual-level associations were slightly higher 

(0.61≤ρSpearman≤0.70). At the trial level, the associations between the candidate surrogates 

and OS increased, particularly when estimated with the two-stage model. For the second 

subgroup analysis focusing on leiomyosarcomas, the treatment effects on OS and on the 

candidate surrogates could not be computed for one trial due to lack of events, it was then 

excluded from the subgroup analysis. Individual-level correlations slightly decreased 

compared to the primary analysis. At the trial level however, the correlations significantly 

increased (Table 2). 

 

Discussion 

We pooled IPD data from 2846 patients included in 14 RCTs to evaluate the surrogate 

properties of PFS, TTP and TTF for OS in advanced STS. At the individual-level, 

associations between the three endpoints and OS were moderate, with the highest 

correlation observed for PFS. At the trial level, associations between the treatment effects on 

three endpoints and treatment effect on OS were low with wide confidence intervals. The 

strength of the trial-level association was quantified as medium as per the IQWiG criteria, 

indicating that the validity of the endpoints as surrogates for OS remains unclear. 

Several statistical methods are available to assess surrogacy. We relied on the two-stage 

approach developed by Buyse and Burzykowski based on IPD 4, considered the most 

rigorous statistical approach for surrogacy assessment 5,6. Similarly, several criteria have 

been proposed to assess the validity of surrogate endpoints 11,26,27. Although they present 

differences, they all require a lower limit of the 95% CI for the trial-level correlation coefficient 

at least higher than 0.6 to definitely validate a surrogate endpoint. As such, they all 

corroborate the absence of surrogacy evidence.  

To the best of our knowledge, this is the second meta-analysis conducted in advanced STS 

patients, and the first on IPD. In the first meta-analysis, conducted on aggregated data, the 

authors reported a 0.61 trial-level association when assessing the surrogate properties of 

PFS, and concluded that PFS was an appropriate surrogate for OS 8. However, we feel that 

data are lacking to conclude strongly. No confidence interval for the trial-level association 

was reported, a key element to quantify the validity of a surrogate endpoint using appropriate 

criteria 11,26,27. As the correlation estimate reported was derived from a smaller set of trials 

99



that in our study, it is likely that the precision was also poor.   

Trial design for advanced sarcoma is particularly challenging due to the rarity and the 

heterogeneity of the disease and treatments, which may contribute to weaken the observed 

correlations between candidate surrogates and OS 28. Most STS trials include different 

clinical phenotypes to increase their statistical power, even though specific RCTs would be 

required 28-30. In the present study, the distribution of sarcoma subtypes across trials was 

highly variable, with proportions ranging from 0% 22 to 18% 18 for liposarcoma, 18% 21 to 

100% 22 for leiomyosarcoma and 0% 22 to 14% 23 for synovial sarcoma. Locally advanced 

and metastatic patients have different prognoses, yet they are often conflated in trials as 

“advanced” sarcomas. Heterogeneity, in terms of treatment settings, remains between the 

trials included in our study, which could also have weakened the association between the 

candidate surrogates and OS. In the present study, 11 trials included only 1st line treatment 

(79% of all patients), one trial included 1st and 2nd line treatments (3% of patients), one trial 

included 2nd line treatment only (3% of patients) and one trial included 2nd to 5th line 

treatments (13% of patients). Central review at study entry is also likely to interfere. Patients 

with inappropriate histologies or grades could be included and thus dilute the overall 

association. In our study, 11 out of the 14 trials reported that radiological central review was 

used at study entry and two indicated that histologies were reviewed locally or in a 

specialized center. Results from our sensitivity analysis on doxorubicin- or ifosfamide-based 

therapies as first-line metastatic treatment did not significantly differ from our main analysis. 

Results from the subgroup analysis on patients with leiomyosarcoma seem promising, 

however one should interpret these results with caution due to the limited number of patients 

included. These factors, however, should be accounted for when interpreting the statistically 

non-significant correlations observed in this meta-analysis. A balance between restrictions to 

homogeneous trials to limit the dilution of the correlation estimates, while maximizing the 

number of trials to ensure sufficient precision, is thus a complex exercise.  

Finally, absence of surrogacy could also be explained if indeed the candidate endpoints 

(PFS, TTP, TTF) do not adequately predict OS. This may be an argument for surrogates such 

as pathological response which may not relate to OS because of micrometastases disease 

outside the resection areas responsible for OS, not measured by the surrogate, or if an 

intervention has offsite target effects that are independent of the disease process 31. Such 

argument however seems less likely for endpoints such as PFS which encompasses both 

local, distant events, and deaths. There may be however some potential biologic 

explanations for why survival endpoints encompassing progression may be truly increased 

without a survival impact. Booth and Eisenhauer, for example, have questioned the 

mechanisms of actions of some agents, especially those targeting cell signaling and 

angiogenesis, and whether with chronic administration, they could delay progression for a 
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time but lead to evolutionary changes in tumors, producing a more aggressive phenotype 

after treatment, thus offsetting the earlier delay in progression 32.   

One should also consider that the absence of surrogacy evidence might also be related to an 

absence of the treatment effect on OS. Alternative survival endpoints to OS, such as 

progression-free survival (PFS) in trials of metastatic diseases or disease-free survival (DFS) 

in the adjuvant setting, are increasingly replacing OS in phase III trials 2. In the United States 

of America, a large proportion of new cancer drug approvals granted by the Food and Drug 

Administration (FDA) are based on such alternative endpoints 1,33,34. In advanced STS, FDA 

granted approval for pazopanib in 2012 based on proof of benefit for PFS 20, even though at 

the time no study had assessed trial-level association between PFS and OS. The 

Accelerated Approval regulations, instituted by the FDA in 1992, allowed drugs for serious 

conditions that filled an unmet medical need to be approved based on a surrogate endpoint. 

Using a surrogate endpoint enabled the FDA to approve these drugs faster. As a result, an 

increasing number of anticancer drug product approvals by the FDA are made based on 

endpoints other than OS 1,33,34, some with no sufficient proof of their surrogate validity for OS 
34. This issue is well illustrated with the example of bevacizumab in metastatic breast cancer 

based 35,36. In the context of accelerated approval, the FDA guidance on the term unmet 

medical need is imprecise. While this is not an issue in advanced sarcoma, recent data have 

shown that this term can often be overused 37, and as such the use of surrogates through 

pathways such as accelerated approvals, may be far greater than conditions with true unmet 

needs 31.  

We could not include all the trials retrieved by our literature search, although trial-level meta-

analyses for surrogacy assessment should be based on all the available evidence. Since 

data that is easily located and included in meta-analysis can have different correlations that 

unavailable or unreported data, attempt to validate surrogate endpoints can be biased. 

However, to date, no example of a surrogate validation study based on all relevant evidence 

exists 31.  

Several conditions have to be met to ensure adequate validation of a surrogate endpoint: (i) 

a significant quantity of data, both in terms of trials and patients, (ii) homogeneity, in terms of 

disease, settings, and mechanisms of action of the drugs, and (iii) strong statistical 

thresholds. Although our meta-analysis did not lead to the validation of a surrogate in 

advanced sarcoma, endpoints that do not achieve the high bar of validated surrogate 

continue to be useful in testing new treatments 38. In disease and treatment cases in which it 

is reasonable to assume that an effect on OS can only be achieved if there is also an effect 

on PFS, lack of an effect on PFS could be used as a phase II futility assessment (or early 

phase III futility assessment), assuming that the phase III end point is OS 39,40.  
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Conclusion 

Our meta-analysis did not lead to significant evidence to validate PFS, TTP or TTF as 

surrogate markers for OS when assessing systemic treatment in advanced STS. OS should 

therefore remain the primary endpoint in a randomized phase III trial. One should however 

acknowledge that trial design for advanced soft tissue sarcoma is particularly challenging 

due to the rarity and the heterogeneity of the disease and treatments, which may have 

contributed to weaken the observed correlations between candidate surrogates and OS. In 

addition, it is reasonable to assume that an effect on OS can only be achieved if there is also 

an effect on disease progression. As such, alternative endpoints, e.g. PFS, remain useful in 

testing new treatments in earlier drug development stages, such as in phase II trials or phase 

III futility assessment, provided OS data are collected throughout the trial. 
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Figures 
Figure 1 : Flow of information through the different phases of the study selection, as per PRISMA 

guidelines 9, a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a EORTC = European Organization for Research and Treatment of Cancer; RCT = randomized control trial; STS = soft-tissue 

sarcoma 

Records identified through database 

searching (n = 231) 

- Medline: n = 154 
- Clinical trials: n = 57 
- EORTC database: n = 20 

Records after duplicates removed  

(n = 219) 

Records screened for eligibility  

(n = 219) 

Records excluded, with reasons  

(n = 198) 

- Not RCT: n = 98 
- Not STS: n = 71 
- Not metastatic setting: n = 5 
- Not adults: n = 6 
- Not humans: n = 1 
- Not survival endpoints: n = 3 
- Not published in English: n = 3 
- Review: n = 3 
- Already published: n = 1 
- Not a European sponsor: n = 3 
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(n = 14) 
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Figure 2: Forest plots of treatment effects (hazard ratios - HR) on 12-month progression-free survival (A), time-to progression (B) and time-to-treatment failure (C) 

and on 18-month overall survival (OS) estimated using separate Cox models. The first row for each trial shows the result for OS, and the second row shows the 

result for the candidate surrogate. The diamonds and squares represent the point estimates for OS and the candidate surrogate, respectively. The horizontal error 

bars show the 95% confidence interval (CI) of each hazard ratio (15 trials, 2846 patients). a 

A: Progression-free survival (PFS) 

 

B: Time-to progression (TTP) 

 

C: Time-to-treatment failure (TTF) 

 
a CT = control treatment; ET = experimental treatment. 
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Figure 3: Trial-level association between treatment effects (log(HR)) on 18-month overall survival (OS) and (A) progression-free survival, (B) time-to progression 

and (C) time-to treatment failure evaluated at 6 months and 12 months estimated by the weighted linear regression approach. Each circle represents a trial, and the 

surface area of the circle is proportional to the size of the corresponding trial (15 trials) a 

A: Progression-free survival (PFS) B: Time-to progression (TTP) C: Time-to treatment failure (TTF) 

 

 
a HR = hazard ratio; PFS = progression-free survival; TTF = time-to-treatment failure; TTP = time-to-progression; OS = overall survival 
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Tables 
Table 1: Key characteristics of the included trials a 

Study Phase Inclusion period N Treatment line Control arm Experimental arm 

Median follow-up 

All patients Patients alive 

6209125 IIb/III ≥ 2011 133 1st line Doxorubicin Trabectedin 9.4 months 8.6 months 

6207220 III 2008 - 2010 369 2nd to 5th line Placebo Pazopanib 14.6 months 12.2 months 

Taxogem22,b II 2006 - 2008 70 2nd line  Gemcitabine Gemcitabine + Docetaxel + Lenograstime 32.5 months 24.9 months 

6206124 II 2006 - 2008 118 1st line Doxorubicin Brostallicin 21.3 months 19.3 months 

6201223 III 2003 - 2010 455 1st line Doxorubicin Intensified Doxorubicin + Ifosfamide 56.4 months 30.7 months 

GEIS918 II 2003 - 2007 132 1st line Doxorubicin Intensified Doxorubicin + Ifosfamide 22.5 months 15.4 months 

Palsar221 III 2000 - 2008 87 1st line MAID MAID + MICE 22.3 months 21.4 months 

6297117 III 1998 - 2001 326 1st line Doxorubicin Ifosfamide 51.7 months 43.1 months 

6296215 II ≥ 1997 95 1st line Doxorubicin Doxorubicin pegylated liposomal 35.2 months 14.5 months 

6294113 II ≥ 1995 86 1st and 2nd line Doxorubicin Docetaxel 35.9 months 10.9 months 

Palsar119 III 1994 - 1997 145 1st line MAID Intensified MAID 93.0 months 89.7 months 

6291216 II 1992 - 1994 78 2nd-line  Ifosfamide5 g/m²/1 day Ifosfamide3 g/m²/3 days 30.6 months 16.2 months 

  1994 - 1996 103 1st line Ifosfamide5 g/m²/1 day Ifosfamide3 g/m²/3 days 35.5 months 6.6 months 

6290314 III 1992 - 1995 315 1st line Doxorubicin + Ifosfamide Doxorubicin + Ifosfamide + GM-GSF 91.4 months 40.1 months 

6290112 II ≥ 1991 334 1st line Doxorubicin Epirubicin 50.2 months 13.3 months 
a GM-GSF: Recombinant human granulocyte-macrophage colony-stimulating factor; MAID = Doxorubicin, Ifosfamide and Dacarbazine; MICE: Mesna, Ifosfamide, Carboplatin and Etoposide; Ref = 

reference. 
b Only patients with leiomyosarcoma included. 
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Table 2: Individual- and trial-level associations between 6-month and 12-month progression-free survival, 

time-to-progression, time-to-treatment failure and 18-month overall survival a 

  Individual-level association Trial-level association 

Folow-up Endpoint ρSpearman
b [95%CI] R²WLR

 c [95%CI] R²2SM
d [95%CI] 

All trials (Ntrial = 15; Npatient = 2846) 

6 months PFS 0.62 [0.59; 0.65] 0.33 [0.00; 0.60] 0.04 [0.00; 0.43] 

 TTP 0.59 [0.56; 0.63] 0.32 [0.00; 0.58] 0.07 [0.00; 0.60] 

 TTF 0.60 [0.57; 0.63] 0.32 [0.00; 0.58] 0.06 [0.00; 0.57] 

12 months PFS 0.66 [0.63; 0.68] 0.33 [0.00; 0.60] 0.00 [0.00; 0.05] 

 TTP 0.63 [0.60; 0.66] 0.30 [0.00; 0.57] 0.00 [0.00; 0.02] 

 TTF 0.64 [0.61; 0.67] 0.31 [0.00; 0.58] 0.00 [0.00; 0.01] 

Doxorubicin- or ifosfamide-based treatment, first-line setting (Ntrial = 11; Npatient = 2243) 

6 months PFS 0.63 [0.60; 0.67] 0.30 [0.00; 0.60] 0.00 [0.00; 0.08] 

 TTP 0.60 [0.56; 0.64] 0.26 [0.00; 0.58] 0.00 [0.00; 0.11] 

 TTF 0.61 [0.57; 0.65] 0.27 [0.00; 0.58] 0.00 [0.00; 0.06] 

12 months PFS 0.67 [0.64; 0.70] 0.39 [0.00; 0.66] 0.08 [0.00; 0.86] 

 TTP 0.64 [0.61; 0.68] 0.31 [0.00; 0.61] 0.12 [0.00; 1.00] 

 TTF 0.65 [0.62; 0.68] 0.32 [0.00; 0.62] 0.10 [0.00; 1.00] 

Leiomyosarcomas (Ntrial = 14; Npatient = 1025) 

6 months PFS 0.57 [0.51; 0.62] 0.59 [0.15; 0.76] 0.91 [0.00; 1.00] 

 TTP 0.55 [0.49; 0.60] 0.58 [0.13; 0.75] 0.97 [0.00; 1.00] 

 TTF 0.53 [0.48; 0.58] 0.59 [0.14; 0.76] 0.91 [0.00; 1.00] 

12 months PFS 0.59 [0.54; 0.64] 0.59 [0.16; 0.75] 0.91 [0.00; 1.00] 

 TTP 0.52 [0.47; 0.58] 0.58 [0.15; 0.75] 0.97 [0.00; 1.00] 

 TTF 0.53 [0.48; 0.58] 0.58 [0.15; 0.75] 0.91 [0.00; 1.00] 
a CI = confidence interval; PFS = progression-free survival; TTF = time-to-treatment failure; TTP = time-to-progression. 
b ρSpearman represents the Spearman rank correlation coefficient between the candidate surrogates and overall survival. 
c R²WLR represents the coefficient of determination between treatment effect on the candidate surrogates and overall survival 

based on weighted linear regression models. 
d R²2SM represents the coefficient of determination between treatment effect on the candidate surrogates and overall survival 

based on the two-stage model 4. 
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Additional files 

Additional file 1: Number of events observed for progression-free survival, time-to-progression and time-

to-treatment failure after 6 and 12 months of follow-up; All trials (Ntrial = 15; Npatient = 2846) a 

Folow-up Endpoint Number of events 

6 months TTP 1629 

 TTF 1646 

 PFS 1693 

12 months TTP 2226 

 TTF 2245 

 PFS 2303 
a PFS = progression-free survival; TTF = time-to-treatment failure; TTP = time-to-progression. 

 

Additional file 2: Number of events observed for progression-free survival, time-to-progression and time-

to-treatment failure after 6 and 12 months of follow-up; Trials with doxorubicin- or ifosfamide-based 

control arm, first-line setting (Ntrial = 11; Npatient = 2243) a 

Folow-up Endpoint Number of events 

6 months TTP 1203 

 TTF 1220 

 PFS 1264 

12 months TTP 1695 

 TTF 1714 

 PFS 1768 
a PFS = progression-free survival; TTF = time-to-treatment failure; TTP = time-to-progression. 
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Additional file 3: Individual- and trial-level associations between 6-month and 12-month progression-free 

survival, time-to-progression, time-to-treatment failure and 24-month overall survival a 

  Individual-level association Trial-level association 

Folow-up Endpoint ρSpearman
 b [95%CI] R²WLR

c [95%CI] R²2SM
 d [95%CI] 

All trials (Ntrial = 15; Npatient = 2846) 

6 months PFS 0.60 [0.56; 0.63] 0.38 [0.02; 0.62] 0.18 [0.00; 1.00] 

 TTP 0.57 [0.54; 0.60] 0.36 [0.01; 0.61] 0.35 [0.00; 1.00] 

 TTF 0.58 [0.54; 0.61] 0.36 [0.00; 0.61] 0.16 [0.00; 1.00] 

12 months PFS 0.62 [0.59; 0.65] 0.40 [0.03; 0.64] 0.02 [0.00; 0.53] 

 TTP 0.60 [0.57; 0.63] 0.37 [0.02; 0.62] 0.10 [0.00; 1.00] 

 TTF 0.61 [0.58; 0.63] 0.38 [0.02; 0.63] 0.08 [0.00; 1.00] 

Doxorubicin- or ifosfamide-based treatment, first-line setting (Ntrial = 11; Npatient = 2243) 

6 months PFS 0.60 [0.57; 0.64] 0.29 [0.00; 0.59] 0.00 [0.00; 0.16] 

 TTP 0.57 [0.53; 0.61] 0.26 [0.00; 0.57] 0.01 [0.00; 0.63] 

 TTF 0.58 [0.54; 0.62] 0.26 [0.00; 0.57] 0.01 [0.00; 0.42] 

12 months PFS 0.64 [0.61; 0.67] 0.39 [0.00; 0.66] 0.19 [0.00; 1.00] 

 TTP 0.61 [0.58; 0.64] 0.32 [0.00; 0.62] 0.71 [0.00; 1.00] 

 TTF 0.62 [0.59; 0.65] 0.33 [0.00; 0.62] 0.44 [0.00; 1.00] 

Leiomyosarcomas (Ntrial = 14; Npatient = 1025) 

6 months PFS 0.54 [0.49; 0.60] 0.68 [0.26; 0.82] NC 

 TTP 0.52 [0.47; 0.58] 0.66 [0.23; 0.80] NC 

 TTF 0.53 [0.47; 0.58] 0.68 [0.26; 0.81] NC 

12 months PFS 0.54 [0.49; 0.60] 0.74 [0.38; 0.85] NC 

 TTP 0.53 [0.47; 0.58] 0.73 [0.36; 0.84] NC 

 TTF 0.53 [0.48; 0.58] 0.74 [0.38; 0.85] NC 
a CI = confidence interval; NC = not computed; PFS = progression-free survival; TTF = time-to-treatment failure; TTP = time-to-

progression. 
b ρSpearman represents the Spearman rank correlation coefficient between the candidate surrogates and overall survival. 
c R²WLR represents the coefficient of determination between treatment effect on the candidate surrogates and overall survival 

based on weighted linear regression models. 
d R²2SM represents the coefficient of determination between treatment effect on the candidate surrogates and overall survival 

based on the two-stage model (4). 
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3.3 Supplementary analyses 

3.3.1 Sensitivity analysis: Censoring process 

In the analyses presented in the manuscript, data were censored after a certain follow-up 

duration for each patient: two years for OS and six or twelve months for PFS, TTP and TTF. 

As a result, each patient benefited from the same follow-up duration for OS and the 

candidate surrogates in the MA. In order to be more realistic, we led a sensitivity analysis 

considering a common cut-off date that is, assuming all patients are followed-up until the end 

of follow-up for the last patient included. 

For each trial, we identified the last patient included and the dates corresponding to a follow-

up of (1) two years, (2) twelve months, and (3) six months for this patient. All other patients 

included in the trial were then censored at date (1) for the evaluation of two-year OS, date (2) 

for the evaluation of the 12-month candidate surrogates, and date (3) for the evaluation of 

the 6-months candidate surrogates. 

The individual- and trial-level associations between the candidate surrogates and 2-year OS 

are presented in table 4.1. 

Table 2: Individual- and trial-level associations with 2-year OS (Ntrial = 15; Npatient = 2846) – Data censored at a cut-off 

date 

  Individual-level association Trial-level association 

Follow-up Endpoint R²ind [95%CI] R²trial (WLR)* [95%CI] R²trial (2SM)** [95%CI] 

6 months PFS 0.62 [0.59; 0.65] 0.38 [0.02; 0.63] 0.01 [-0.81; 0.84] 

 TTP 0.59 [0.56; 0.62] 0.35 [0.00; 0.60] 0.04*** [-0.15; 0.22] 

 TTF 0.60 [0.57; 0.63] 0.35 [0.01; 0.61] 0.04*** [-0.15; 0.22] 

12 months PFS 0.63 [0.60; 0.65] 0.39 [0.02; 0.64] 0.03*** [-0.13; 0.18] 

 TTP 0.60 [0.57; 0.63] 0.36 [0.01; 0.61] 0.03*** [-0.15; 0.22] 

 TTF 0.61 [0.58; 0.64] 0.36 [0.01; 0.62] 0.03*** [-0.15; 0.22] 

* R²trial (WLR): Trial-level coefficient correlation based on linear regression models weighted by the trial size 

(equation 4.5)  

** R²trial (2SM): Trial-level coefficient correlation based on the two-stage model (equation 3.12);  

*** R²trial (2SM) adjusted on estimation errors could not be computed, we report here unadjusted R²2SM (equation 

4.5) 

 

At the individual-level, the associations with OS were very close to those estimated in the 

primary analysis. At the trial-level, the associations estimated using the meta-regression 

models were also very similar whatever the censoring approach. The trial-level associations 

estimated using the two-stage models were lower than the ones from the primary analysis. 
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Note that due to convergence issues, the R²2SM adjusted on estimation errors could not be 

computed in this sensitivity analysis, so that the associations reported in table 4.1 are 

unadjusted. 

3.3.2 Sensitivity analysis: Weighting process 

When assessing the trial-level association by conducting a meta-regression, different weights 

can be used for the fixed treatment effects (chapter 1.3.2.2). If the sample size is the most 

common choice, it might not be the most relevant. The statistical power of an RCT is not 

directly determined by the number of patients but by the number of events observed during 

the trial. One approach might be to use the number of events observed as weights in the 

meta-regression.  

To evaluate the impact of the choice of the weights on the estimation of the trial-level 

association, we performed sensitivity analyses using this alternative weighting procedures. 

We carried out a meta-regression with fixed treatment effects weighted by the number of 

events common to OS and the candidate surrogate observed. For PFS, all deaths were 

considered as events in the weighting process, whereas only deaths from cancer were 

considered as events for TTP. Regarding TTF, deaths from cancer and deaths from treatment 

toxicity were included in the weighting process. As the follow-up duration was not similar for 

OS and the candidate surrogate, we chose the shorter duration, i.e. six or twelve months, to 

define the weight of each trial. The trial-level associations assessed with the two weighting 

approaches – sample size and number of events – are presented in table 4.2. 

Table 3: Trial-level associations with 2-year OS estimated by meta-regression with different weighting approaches 

Follow-up Endpoint 

R²trial (WLR) [95%CI] with weighting by… 

Sample size Number of events 

6 months PFS 0.38 [0.02; 0.62] 0.38 [0.02; 0.62] 

TTP 0.36 [0.01; 0.61] 0.36 [0.01; 0.62] 

TTF 0.36 [0.00; 0.61] 0.24 [0.01; 0.62] 

12 months PFS 0.40 [0.03; 0.64] 0.43 [0.04; 0.66] 

TTP 0.37 [0.02; 0.62] 0.40 [0.03; 0.64] 

TTF 0.38 [0.02; 0.63] 0.41 [0.03; 0.64] 

* R²trial (WLR): Trial-level coefficient correlation based on linear regression models weighted by trial size (equation 

4.5) 

 

Trial-level correlations estimated using the meta-regression weighted by the sample size and 

the numbers of deaths were very consistent, in terms of both point estimates and precision of 

the estimations.   
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4 Time-to-next treatment: an alternative endpoint in 

advanced sarcoma trials? 

4.1 Introduction 

Progression-based endpoints such as PFS or TTP have not been formally validated as 

surrogate endpoints for OS in the context of advanced STS (chapter 3). Other composite 

endpoints, not relying solely on progression evaluation, could then be worth investigating. 

Time-to-next treatment (TNT) is an established endpoint that is mostly applied in 

hematological malignancies and has recently been used in breast, colon, and prostate 

cancer (60–62). It is defined as the time from baseline (randomization, inclusion or initiation 

of the treatment) to initiation of a new treatment after failure of the previous one. By 

definition, it includes all possible reasons for switching treatment, so that it might more 

accurately reflect a change in the patient status. As information regarding subsequent 

treatments was not systematically available in the trials collected for the MA presented in the 

previous chapter, we relied on IPD from a prospective cohort of 1575 patients to investigate 

this hypothesis. We assessed prognostic factors of TNT and OS, and estimated the 

individual-level association between TNT and OS at different lines of treatment using a 

copula-based model.  

This study highlighted a strong correlation between TNT and OS at the patient level, 

especially in the first-line setting. Further investigation of TNT as a surrogate for OS in a 

formal MA of RCTs would be worth undertaking. We therefore advise to collect the relevant 

information for the definition of TNT in future trials. 

This work has been published in BMC Medicine (Savina et al. 2017). 

4.2 Publication 
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Abstract

Background: Well-designed observational studies of individuals with rare tumors are needed to improve patient
care, clinical investigations, and the education of healthcare professionals.

Methods: The patterns of care, outcomes, and prognostic factors of a cohort of 2225 patients with metastatic soft
tissue sarcomas who were diagnosed between 1990 and 2013 and documented in the prospectively maintained
database of the French Sarcoma Group were analyzed.

Results: The median number of systemic treatments was 3 (range, 1–6); 27% of the patients did not receive any
systemic treatment and 1054 (49%) patients underwent locoregional treatment of the metastasis. Half of the
patients who underwent chemotherapy (n = 810) received an off-label drug. Leiomyosarcoma was associated with a
significantly better outcome than the other histological subtypes. With the exception of leiomyosarcomas, the
benefit of a greater than third-line regimen was very limited, with a median time to next treatment (TNT) and
overall survival (OS) ranging between 2.3 and 3.7 months and 5.4 and 8.5 months, respectively. The TNT was highly
correlated with OS. Female sex, leiomyosarcoma histology, locoregional treatment of metastases, inclusion in a
clinical trial, and treatment with first-line polychemotherapy were significantly associated with improved OS in the
multivariate analysis.

Conclusions: The combination of doxorubicin with a second drug, such as ifosfamide, represents a valid option,
particularly when tumor shrinkage is expected to provide clinical benefits. After failure of the second-line therapy,
best supportive care should be considered, particularly in patients with non-leiomyosarcoma histology who are not
eligible to participate in a clinical trial. Locoregional treatment of metastasis should always be included in the
therapeutic strategy when feasible. TNT may represent a useful surrogate endpoint for OS in clinical studies.
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Background
Soft-tissue sarcomas (STSs) represent a heterogeneous
group of diseases that account for 1% of all malignancies
in adults [1]. Despite adequate locoregional treatment, up
to 40% of patients with STSs will develop metastatic dis-
ease [1, 2]. When metastases are detected, the standard of
care is based on palliative chemotherapy. Due to their rar-
ity, no specific data on the comprehensive management
and outcomes of metastatic STS patients are available.
A national network of care coordinated by three na-

tional reference centres has been set up through the
support of the French National Cancer Institute for the
management of STS patients. All suspected or diagnosed
STS cases are reviewed by an accredited pathologist who
is an expert in the field, and the cases are included in a
national database. The aim of this study was to use this
unique set of data to assess the modalities of treatment
of patients with metastatic STS in a real-life setting, to
evaluate their impact on the outcome according to the
histological subtype, and to identify prognostic factors.

Methods
Patients
From 1990 to 2013, patients ≥ 18 years old with a diag-
nosis of metastatic STS (excluding gastrointestinal stro-
mal tumors, visceral sarcomas, and Ewing tumors) who
were evaluated at one of the three national reference
centres designated by the French National Cancer Insti-
tute for the management of STS (Centre Léon Bérard,
Lyon; Institut Bergonié, Bordeaux; and Institut Gustave
Roussy, Villejuif ) were included in the prospectively
maintained database of the French Sarcoma Group. A
histological review of all patients was performed by the
members of the pathological sub-committee of the
French Sarcoma Group. The histological diagnosis and
grading was established according to the World Health
Organization Classification of Tumours and to the
French grading system [2, 3].

Outcomes
Time to next treatment (TNT) was defined as the time
from the systemic treatment onset to the next treatment
or death due to any cause, whichever came first. When
neither death nor new systemic therapy was observed,
TNT was censored at the date of last patient contact.
Overall survival (OS) was defined as the interval be-
tween the diagnosis of metastatic disease or the first-line
systemic therapy onset and the time of death. When
death was not observed, OS was censored at the date of
last patient contact.

Statistical analysis
The statistical analysis of the baseline demographics and
clinical outcomes was based on all data available up to

the cut-off date of December 31, 2015. Descriptive sta-
tistics were used to show the distribution of variables in
the population. Multivariate logistic regression models
were used to identify biological and clinical factors asso-
ciated with the type of treatment received and with the
probability of survival 5 years after the diagnosis of me-
tastases. Follow-up times were described as median
values based on the inverse Kaplan–Meier estimator [4].
Prognostic factors of TNT and OS were identified

using Cox proportional hazard models. The variables in-
cluded in the univariate and multivariate analyses are de-
tailed in Additional file 1.
The correlation between TNT and OS was evaluated

at each of the four first-lines of metastatic chemotherapy
by a Spearman rank correlation coefficient and was
expressed as a value between 0 (no association) and 1
(perfect association). We used a reviewed copula-based
approach that introduced an iterative multiple imput-
ation method [5] for the estimation of the correlation
coefficient. The data were analyzed using the SAS v9.3
and R v3.3 software packages.

Results
Patients
A total of 2165 patients were included in this study.
Their characteristics are presented in Table 1. The me-
dian follow-up duration was 61 months (range, 1–300).
The five most frequently detected histological subtypes
were leiomyosarcoma (LMS), undifferentiated pleo-
morphic sarcoma (UPS), synovial sarcoma (SS), dediffer-
entiated liposarcoma (DLPS), and malignant peripheral
nerve sheath tumors (MPNST).

General treatment patterns
The general treatment patterns are described in
Table 2. Patients over 75 years of age (P < 0.0001)
and with MPNST (P = 0.0136) had a lower probability
of receiving any systemic treatment, whereas pres-
ence of liver, lung, peritoneal, bone, pleural, skin, or
lymphatic metastases was associated with a higher
probability of receiving chemotherapy. Being over
75 years (P < 0.0001), DLPS (P = 0.0031), a grade 3 (P
= 0.0188), and the presence of more than one meta-
static site (P < 0.0001) were associated with a lower
probability of receiving a locoregional treatment,
whereas being a woman (P = 0.0012), SS (P = 0.0026),
and the presence of lymphatic, brain, bone, skin, soft
tissue, or peritoneal metastases were associated with
an increased probability of locoregional treatment.
Locoregional metastasis treatment was the sole treat-
ment for 250 patients (11.55%). The metastasis
localization was the only factor associated with the
probability of receiving only locoregional treatment.
Indeed, the presence of liver (P < 0.0001), lung (P <
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0.0001), pleural (P = 0.0005), and peritoneal (P =
0.0087) metastases was associated with a lower prob-
ability of locoregional treatment alone, whereas pa-
tients with soft-tissue metastases (P = 0.0031) were
more likely to receive only a locoregional treatment.
Best supportive care alone was more likely to be pro-
posed to patients over 75 years (P < 0.0001), with a
grade 3 tumor (P = 0.0306), or with multiple meta-
static sites (P = 0.0201).

Systemic treatment patterns (Table 2)
The median number of systemic treatments received by
the patients was 3 (min = 1 and max = 6) and did not
significantly differ across the histological subtypes. Pa-
tients < 75 years old (P < 0.0001) and those with lymph
node involvement (P = 0.0001) were more likely to re-
ceive polychemotherapy in the first-line setting. The
most frequently prescribed off-label drug was gemcita-
bine. Female sex (P = 0.0313) and age ≥ 75 years (P =

Table 1 Patient characteristics according to the study population

All patients Patients alive at 5 years Patients treated with metastatic chemotherapy

(n = 2165) (n = 224) (n = 1575)

n % n % n %

Sex

Male 1055 48.73 92 41.07 754 47.87

Female 1110 51.27 132 58.93 821 52.13

Age at first metastasis

< 75 years old 1886 87.11 216 96.43 1429 90.73

≥ 75 years old 279 12.89 8 3.57 146 9.27

Histology

Leiomyosarcoma 502 23.19 60 26.79 396 25.14

UPS 203 9.38 9 4.02 141 8.95

DLPS 172 7.94 12 5.36 112 7.11

Synovial sarcoma 188 8.68 16 7.14 150 9.52

MPNST 80 3.70 11 4.91 50 3.17

Other 1020 47.11 116 51.79 726 46.10

Grade

1 138 6.37 48 21.43 94 5.97

2 590 27.25 74 33.04 440 27.94

3 1083 50.02 63 28.13 765 48.57

Not available 354 16.35 39 17.41 276 17.52

Number of metastatic sites

1 1780 82.22 199 88.84 1248 79.24

> 1 385 17.78 25 11.16 327 20.76

Metastatic sites

Lung 1399 64.62 149 66.52 1075 68.25

Liver 410 18.94 34 15.18 352 22.35

Peritoneum 396 18.29 60 26.79 319 20.25

Bone 370 17.09 29 12.95 305 19.37

Lymph node 304 14.04 35 15.63 236 14.98

Skin 172 7.94 25 11.16 136 8.63

Soft tissue 173 7.99 36 16.07 135 8.57

Pleura 163 7.53 11 4.91 140 8.89

Brain 113 5.22 5 2.23 89 5.65

Bone marrow 12 0.55 0 0.00 10 0.63

Other 228 10.53 32 14.29 166 10.54

UPS undifferentiated pleomorphic sarcoma, DLPS dedifferentiated liposarcoma, MPNST malignant peripheral nerve sheath tumors

Savina et al. BMC Medicine  (2017) 15:78 Page 3 of 11

119



Table 2 General patterns of treatment according to study population

All patients Patients alive at 5 years Patients treated with chemotherapy

(n = 2165) (n = 224) (n = 1575)

n % n %

Metastatic treatment received

Best supportive care only 340 15.70 13 5.80 0 0.00

Locoregional treatment 1054 48.68 187 83.48 804 51.05

Surgery 408 38.71 82 43.85 282 35.07

Radiotherapy 254 24.10 12 6.42 213 26.49

Radiofrequency 42 3.98 9 4.81 33 4.10

Other 30 2.85 3 1.60 19 2.36

Combination 320 30.36 81 43.32 257 31.97

None 1111 51.32 37 16.52 771 48.95

Chemotherapy 1575 72.75 156 69.64 1575 100

None 590 27.25 68 30.36 – –

1 line 489 22.59 54 34.62 489 31.05

2 lines 293 13.53 24 15.38 293 18.60

3 lines 240 11.09 21 13.46 240 15.24

4 lines 157 7.25 11 7.05 157 9.97

> 4 lines 396 17.27 46 29.49 396 25.15

Anthracycline received

Yes – – 109 69.87 951 60.38

No – – 47 30.13 624 39.62

Anthracycline received as first line

Yes – – 98 62.82 852 54.10

No – – 58 37.18 723 45.90

Polychemotherapy received as first line

Yes – – 95 60.90 716 45.46

No – – 61 39.10 859 54.54

Inclusion in a clinical trial

Yes: – – 55 35.26 332 21.08

Line 1 – – 10 6.41 122 7.75

Line 2 – – 17 16.67 107 9.85

Line 3 – – 10 12.82 56 7.06

Line 4 – – 7 12.28 30 5.42

Other lines – – 11 23.91 17 4.29

No – – 101 64.74 1243 78.92

Off-label drugs

Yes: – – 99 63.46 810 51.43

Line 1 – – 21 13.46 194 12.32

Line 2 – – 22 21.57 203 18.69

Line 3 – – 14 17.95 169 21.31

Line 4 – – 21 36.84 142 25.68

Other lines – – 21 45.65 102 25.76

No – – 57 36.54 765 48.57
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0.0003) were factors associated with a lower probability
of being part of a clinical trial. On the contrary, patients
with LMS or SS (P = 0.0217) and patients with liver (P =
0.0072), skin (P = 0.0013) or peritoneal (P = 0.0036) me-
tastases were more likely to be included in a clinical trial
during the course of their treatment.

Time to next treatment and overall survival
The median TNT and OS according to the treatment
line setting for the five most frequent histological sub-
types are described in Table 3. Patients with metastatic
LMS had the longest median survival, whereas patients
with UPS had the shortest. The benefit of systemic ther-
apy beyond the second line setting was limited, with a
median TNT ranging between 2.3 and 3.5 months ex-
cept for LMS (>4 months). The correlation estimated
between TNT and OS was similar and high regardless of
the considered chemotherapy line (rho > 0.65); the high-
est value was observed in the first line setting (rho =
0.76; 95% CI, 0.73–0.78) (Table 4).

Prognostic factors for time to next treatment
We evaluated the prognostic TNT value calculated from
the first line systemic therapy of the main biological,
histological, and clinical factors for the 1575 patients
who received at least one systemic treatment (Table 5).
Regarding the multivariate analysis, the following fac-

tors remained associated with an increased TNT: female
sex, locoregional treatment of metastases, and adminis-
tration of polychemotherapy in the first line of meta-
static treatment (Table 5, Fig. 1). Only a grade 3 tumor
at diagnosis remained associated with a decreased TNT
(Table 5, Fig. 1).

Prognostic factors for OS
We evaluated the prognostic OS values of the main bio-
logical, histological, and clinical factors for the 1575

patients who received at least one systemic treatment
(Table 6).
The following factors remained associated with an in-

creased OS in the multivariate analysis: female sex,
LMS, locoregional treatment of metastases, inclusion in
a clinical trial, and administration of polychemotherapy
in the first line of metastatic treatment (Table 6, Fig. 2).
A grade 3 tumor at diagnosis remained associated with a
decreased OS (Table 6, Fig. 2).

Parameters correlated with 5-year survival
To evaluate the parameters associated with a long sur-
vival, we excluded patients alive and with a follow-up in-
ferior to 5 years, leading to the inclusion of 1619
patients in this analysis. A total of 224 patients were
alive 5 years after the diagnosis of metastasis. The char-
acteristics and patterns of this population are described
in Tables 1 and 2, respectively.
The odds ratios and confidence intervals estimated by

the logistic regression model for the factors significantly
associated with the probability of 5-year survival are pre-
sented in Fig. 3. The factors associated with a higher
probability of 5-year survival were locoregional treat-
ment of metastases (OR = 7.41; 95% CI, 4.42–12.41) and
inclusion in a clinical trial (OR = 1.59; 95% CI, 1.04–
2.42). A grade 3 tumor at the time of diagnosis of metas-
tasis was associated with a lower probability of 5-year
survival (OR = 0.32; 95% CI, 0.21–0.48).
To observe the impact of the locoregional treatment

modality on the probability of 5-year survival, we re-
placed the binary variable “locoregional treatment: yes/
no” by a categorical variable detailing the type of locore-
gional treatment received (surgery, radiotherapy, radio-
frequency, other, combination, or none). The following
locoregional treatment modalities were particularly and
significantly associated with a higher probability of 5-
year survival: surgery (OR = 11.20; 95% CI, 6.19–20.26),
radiofrequency (OR = 15.62; 95% CI, 5.04–48.41), and
combination of modalities (OR = 9.60; 95% CI, 5.38–
17.14). Other types of treatment, such as radiotherapy,
were also correlated with a better probability of long sur-
vival; however, the effect was not significant.

Table 3 Median time to next treatment (TNT) and overall
survival (OS) according to the histological subtype and
treatment setting

Median TNT/OS (months)

TNT1/OS1a TNT2/OS2b TNT3/OS3c TNT4/OS4d

LMS 8.0/24.9 5.6/17.3 4.6/12.3 4.4/9.2

UPS 4.8/11.0 3.5/7.9 2.3/3.7 3.5/6.2

DLPS 4.4/11.8 5.1/8.8 2.4/6.0 3.2/8.5

SS 8.7/19.7 5.7/11.7 3.4/7.8 2.3/6.0

MPNST 4.1/12.5 2.8/7.0 3.6/8.0 3.7/5.4
aCalculated from the date of first-line treatment onset
bCalculated from the date of second-line treatment onset
cCalculated from the date of third-line treatment onset
dCalculated from the date of fourth-line treatment onset
DLPS dedifferentiated liposarcomas, LMS leiomyosarcomas, MPNST malignant
peripheral nerve sheath sarcomas, SS synovial sarcomas, UPS undifferentiated
pleomorphic sarcomas

Table 4 Correlation between time to next treatment (TNT) and
overall survival (OS)

Spearman’s rho 95% CI

TNT1/OS1a 0.76 0.73–0.78

TNT2/OS2b 0.70 0.67–0.73

TNT3/OS3c 0.68 0.65–0.72

TNT4/OS4d 0.73 0.70–0.76
aCalculated from the date of first-line treatment onset
bCalculated from the date of second-line treatment onset
cCalculated from the date of third-line treatment onset
dCalculated from the date of fourth-line treatment onset
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Discussion
The heterogeneity of STS has rarely been taken into ac-
count in the design of clinical trials to investigate sys-
temic therapies in STS patients. Our results indicated
that LMS clearly represented a distinct STS subgroup

with a significantly better outcome in the advanced set-
ting. Previous studies have shown worse outcomes for
LMS than the results obtained in our current analysis.
The largest study published to date was a retrospective
analysis of 2185 patients with advanced STS treated in

Table 5 Prognostic factors for time to next treatment

Univariate analysis Multivariate analysis

Covariate P HR (95% CI) P HR (95% CI)

Sex (ref: Male) 0.0014 0.835 (0.747–0.933) 0.0013 0.825 (0.733–0.928)

Age (ref: < 75 years old) 0.0023 1.374 (1.120–1.686) – –

Histotype (ref: Other)

LMS 0.5114 0.955 (0.831–1.097) – –

DLPS 0.0068 1.357 (1.088–1.692) – –

MPNST 0.3703 1.154 (0.843–1.580) – –

SS 0.8580 0.983 (0.811–1.191) – –

UPS 0.0375 1.243 (1.013–1.525) – –

Grade (ref: < 3) < 0.0001 1.417 (1.258–1.596) < 0.0001 1.372 (1.218–1.546)

Number of metastatic sites (ref: 1) 0.1175 1.118 (0.972–1.285) – –

Liver metastasis (ref: no) 0.1436 1.103 (0.967–1.259) – –

Locoregional treatment (ref: no) < 0.0001 0.496 (0.442–0.556) < 0.0001 0.487 (0.432–0.550)

Clinical trial in first line (ref: no) 0.6453 1.048 (0.859–1.277) – –

Anthracycline in first line (ref: no) < 0.0001 0.756 (0.674–0.847) – –

Polychemotherapy in first line (ref: no) < 0.0001 0.729 (0.651–0.815) < 0.0001 0.743 (0.660–0.836)

DLPS dedifferentiated liposarcomas, LMS leiomyosarcomas, MPNST malignant peripheral nerve sheath sarcomas, SS synovial sarcomas, UPS undifferentiated
pleomorphic sarcomas

Fig. 1 Prognostic factors of time to next treatment – Kaplan–Meier curves. Kaplan-Meier Curves of time to next treatment according to
(a) gender, (b) grade, (c) locoregional treatment of metastases, and (d) type of systemic treatment

Savina et al. BMC Medicine  (2017) 15:78 Page 6 of 11

122



the first-line studies of EORTC-STBSG; these patients
showed no significant differences in terms of OS be-
tween LMS (492 cases) and the other histological sub-
types, with a median OS of approximately 12 months
[6]. However, this study, which focused only on first-line
treatment, included patients diagnosed before the identi-
fication of the KIT mutation in gastrointestinal stromal
tumors [4]. Therefore, a significant proportion of gastro-
intestinal stromal tumors, which are chemorefractory,
were likely included in the LMS group. The better out-
come of LMS may be explained by a specific biology but
also by the potentially higher sensitivity to some anti-
cancer agents such as gemcitabine, dacarbazine, or tra-
bectedin. For instance, in a recent phase II randomized
trial, patients with leiomyosarcomas of any origin bene-
fited significantly from the combination of gemcitabine
with dacarbazine, achieving a median progression-free
survival (PFS) and OS of 4.9 and 13.8 months, respect-
ively, versus 2.1 and 7.8 months, respectively, for the
non-leiomyosarcoma subtypes [7]. Moreover, a large
worldwide expanded access program for trabectedin
showed a median OS of 16.2 months in 321 heavily pre-
treated leiomyosarcoma patients versus a median sur-
vival time of 11.9 months for the whole cohort of 903
patients [8].
We report here the first study assessing the outcomes

of patients with advanced UPS. Some past reports in-
cluded patients with malignant fibrous histiocytomas

(MFHs). However, a significant subset of tumors initially
diagnosed as MFH showed a specific line of differenti-
ation (lipogenic, neurogenic, myogenic, or non-
sarcomatous) [9–12]. “MFH” is now considered an obso-
lete terminology and has been replaced by the term
UPS, which is a diagnosis of exclusion. We found that
patients with advanced UPS had the worst outcome with
the shortest TNT and a median OS of only 11 months.
These results illustrate the particular resistance to
chemotherapy of this histological subset and an intrin-
sically more aggressive biology. Further investigations
are needed to better understand the mechanisms of their
tumorigenesis and to define more appropriate thera-
peutic strategies.
Approximately 45% of the 1575 patients who under-

went systemic therapy received a combination chemo-
therapy regimen in the first-line setting. The first-line
chemotherapy for advanced, metastatic, or non-
resectable STS is typically based on single-agent doxo-
rubicin [13]. Indeed, the majority of clinical studies com-
paring single agents with combinations failed to show an
OS advantage but consistently showed improvement in
the response rates and PFS [14, 15]. Interestingly, our
analysis showed a significant impact of the use of com-
bination chemotherapy on OS, with a hazard ratio of
0.822 (0.724–0.932) and P = 0.0003. Judson et al. [14] re-
cently published the results of a randomized clinical trial
evaluating doxorubicin as a single agent in the control

Table 6 Prognostic factors for overall survival

Univariate analysis Multivariate analysis

Covariate P HR (95% CI) P HR (95% CI)

Sex (ref: Male) 0.0002 0.801 (0.713–0.899) 0.0003 0.792 (0.698–0.900)

Age (ref: < 75 years old) 0.0024 1.389 (1.123–1.717) – –

Histotype (ref: Other)

LMS 0.0004 0.765 (0.659–0.888) 0.0010 0.765 (0.652–0.897)

DLPS 0.0269 1.291 (1.030–1.619) 0.2034 1.171 (0.918–1.492)

MPNST 0.1368 1.273 (0.926–1.751) 0.2183 1.234 (0.883–1.726)

SS 0.4738 1.074 (0.883–1.307) 0.0764 1.206 (0.980–1.485)

UPS 0.0061 1.347 (1.089–1.668) 0.1839 1.168 (0.929–1.469)

Grade (ref: < 3) < 0.0001 1.692 (1.491–1.920) < 0.0001 1.687 (1.483–1.919)

Number of metastatic sites (ref: 1) 0.0136 1.200 (1.038–1.387) 0.0009 1.305 (1.115–1.528)

Liver metastasis (ref: no) 0.1056 0.891 (0.774–1.025) – –

Locoregional treatment (ref: no) < 0.0001 0.412 (0.365–0.465) < 0.0001 0.400 (0.351–0.455)

Clinical trial (ref: no) < 0.0001 0.750 (0.653–0.862) 0.0002 0.755 (0.651–0.877)

Off-label drugs (ref: no) < 0.0001 0.791 (0.703–0.890) – –

Anthracycline (ref: no) 0.0046 0.838 (0.741–0.947) – –

Anthracycline in first line (ref: no) 0.0127 0.861 (0.765–0.968) – –

Polychemotherapy in first line (ref: no) 0.0003 0.804 (0.715–0.902) 0.0023 0.822 (0.724–0.932)

DLPS dedifferentiated liposarcomas, LMS leiomyosarcomas, MPNST malignant peripheral nerve sheath sarcomas, SS synovial sarcomas, UPS undifferentiated
pleomorphic sarcomas
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arm versus doxorubicin-ifosfamide in the experimental
arm as a first-line treatment for advanced or metastatic
STS. Although the Kaplan–Meier curves presented in
the publication highlighted a difference between the two
treatment arms in favor of polychemotherapy, the trial

failed to detect a significant effect of polychemotherapy
on OS, which was in contrast to our results. Our results
suggest that the negative outcome of this study may sim-
ply be due to a lack of power as already suggested by
Benjamin and Lee [16]. Indeed, by including 450 patients

Fig. 3 Prognostic factors for 5-year survival – Odd ratios with 95% Wald’s confidence intervals

Fig. 2 Prognostic factors of overall survival – Kaplan–Meier curves. Kaplan-Meier curves of Overall survival according to (a) gender, (b) grade, (c) number
of metastatic sites, (d) locoregional treatment of metastases, (e) inclusion in a clinical trial, (f) type of systemic treatment, (g) histological subtype
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and observing at least 366 events, the trial was designed
to detect a maximum HR of 0.737. Due to the large size
of our dataset, we were able to observe an HR of 0.822.
Based on their hypotheses, a total of 827 events would
be required to detect a similar treatment effect in a ran-
domized clinical trial. Although our study suggests a
benefit in terms of OS, clinicians should also be aware
that randomized trials have clearly demonstrated that
combination chemotherapy is more toxic than single-
agent doxorubicin with a potential significant impact on
the quality of life [14, 15]. Therefore, a combination of
doxorubicin with a second drug such as ifosfamide
should be used only after a careful discussion with the
patient on the benefit/risk ratio of this approach, par-
ticularly when tumor shrinkage is expected to improve
the symptoms or clinical benefits.
A high proportion of patients received more than two

lines of systemic treatment. With the exception of leio-
myosarcomas, our results indicate that the benefit of a
greater than third-line regimen is very limited, with the
median TNT and OS ranging between 2.3 and
3.7 months and 5.4 and 8.5 months, respectively. This
result is consistent with the data from the PALETTE
study, which led to the approval of pazopanib in ad-
vanced STS [17]. In that study, the number of previous
lines of chemotherapy was a significant prognostic factor
in the multivariate analysis for PFS with a significantly
worse outcome in patients receiving pazopanib in the
third- or fourth-line settings versus the first- or second-
line settings. Given the potential toxicity and the moder-
ate benefit of systemic therapy after failure of the
second-line treatment, best supportive care should be
considered as a reasonable option, particularly in pa-
tients with non-leiomyosarcoma histology and a poor
performance status or patients who were not eligible to
participate in a clinical trial. Notably, 50% of patients re-
ceived an off-label drug during their treatment disease
course. This result reflects the increasing evidence for
the use of other drugs besides doxorubicin and ifosfa-
mide in the sarcoma field. The most frequently pre-
scribed off-label drug in this study was gemcitabine.
Indeed, gemcitabine with or without docetaxel is com-
monly used in some specific sarcoma subsets, particu-
larly in leiomyosarcomas and angiosarcomas [18–21],
although neither of these drugs is approved for this indi-
cation. Another not yet approved drug that is frequently
used in the sarcoma field is paclitaxel, which shows ac-
tivity particularly in angiosarcomas [22, 23].
A significant proportion of patients with metastatic

STS (27%) did not receive any systemic therapy. An
age > 75 years was significantly associated with a lower
probability of receiving any systemic treatment. Aging is
associated with progressive functional declines, an in-
creased prevalence of comorbidities, and a higher risk of

cardiac and hematological toxicities related to anthracy-
clines [24–26]. These data may explain the reluctance of
oncologists to use chemotherapy in elderly patients with
STS and raises the question of the development of
adapted chemotherapy regimens for elderly patients with
advanced STS, such as low-dose cyclophosphamide [27]
or liposomal doxorubicin [28].
A total of 49% of the patients received a loco-regional

treatment of the metastasis, the most frequent of which
were surgery followed by radiotherapy and radiofre-
quency ablation. The majority of these patients (71%)
had lung metastases. The published evidence on the role
of locoregional treatments, such as pulmonary metasta-
sectomy, is derived from a small number of studies with
limited sample sizes [29]. Primary bone sarcomas, which
may represent a distinct disease, are often included in
these analyses. Our present study differed from previous
publications because we used a larger database cohort,
which increased the power of the multivariate analysis;
additionally, we focused on STS exclusively to enhance
the homogeneity of the study population. As suggested
by previous studies, patients who underwent a locoregio-
nal metastasis treatment had improved survival in the
multivariate analysis. Arguments have suggested that an
observational study may not provide evidence that a dif-
ference in survival is attributable to the locoregional
treatment and that only a randomized trial can answer
the question. However, we observed that more than 80%
of metastatic patients alive 5 years after the diagnosis of
metastasis had received a locoregional treatment, versus
50% in the general population, and this parameter was
most significantly associated with the probability of be-
ing alive at 5 years in the logistic regression model. Pre-
cisely, the descriptive analyses of the patients alive after
5 years suggest that surgery, radiofrequency, and a com-
bination of different modalities are particularly beneficial
in terms of survival. This hypothesis was confirmed by
our sensibility analysis, since we found that the positive
effect on the probability of 5-year survival was signifi-
cant for these three treatment modalities only.
No data are available from randomized clinical trials to

define how best to integrate the locoregional treatment of
metastases in the management of patients with advanced
disease. The most recent attempts were made by the
European Organisation for Research and Treatment of
Cancer (EORTC-Protocol 62933) with a randomized mul-
ticenter trial to assess metastasectomy alone versus induc-
tion chemotherapy followed by metastasectomy in a
targeted sample size of 340 patients. Started in 1996, this
trial was closed due to poor accrual in November of 2000.
Notably, we report here the first large series of patients
who received non-surgical locoregional treatment of me-
tastases, including 254 patients treated with radiotherapy,
42 with radiofrequency ablation, and 320 with a
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combination of surgery plus radiotherapy or surgery plus
radiofrequency ablation of metastases.
The gold standard endpoint in randomized clinical tri-

als in oncology is OS. However, the use of a surrogate
endpoint at an earlier stage in clinical trials would speed
up the assessment of treatments and might reduce the
cost of drug development. Studies that assess the use of
alternative outcome measures, such as the response rate
or PFS, as surrogate endpoints for OS in sarcoma pa-
tients showed only a modest if any correlation with PFS
and OS [30, 31]. This issue was recently illustrated with
the pivotal trial that led to eribulin approval in patients
with liposarcomas that showed a benefit in OS but not
in PFS [32]. TNT is an established endpoint that is
mostly applied in hematological malignancies and has
recently been used in breast, colon, and prostate cancer
[33–35]. The use of this parameter is predicated on the
concept that a change in treatment usually occurs in re-
sponse to a real change in the patient status by integrat-
ing the efficacy and toxicity components. In our study,
we found a strong correlation between TNT and OS.
The prospective validation of this endpoint as a surro-
gate for OS should be done in future studies.

Conclusions
This study reports the most comprehensive information
related to the patterns of care and outcome of STS with
advanced disease managed in the real-life setting. Limi-
tations include its observational nature, which provides
a lower level of evidence than a conventional clinical
trial, the lack of data related to visceral sarcomas and
GIST, and to the safety of therapeutic interventions.
However, there are several lines of evidence indicating
that observational studies usually do provide valid infor-
mation and could be used to exploit well-designed data-
bases [36].
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5 Surrogate endpoints in adjuvant breast cancer trials 

5.1 Introduction 

Breast cancer (BC) is the most common cancer and the fifth more frequent cause of death 

from cancer in women worldwide. Despite its increasing incidence, we observed a significant 

decline in BC mortality in 30 years and the lengthening of survival. This improvement in 

survival can be explained by different factors, such as the increase of cancer screening, the 

enhancement of diagnosis methods or the development of adjuvant therapies. Conducting 

RCTs to assess BC treatments, especially in the adjuvant setting, thus implies including a 

large number of patients and a long follow-up to observe an OS benefit for a new drug. 

Therefore, the validation of surrogate endpoints for OS in the context of BC, and particularly 

in the adjuvant setting, is a key issue in clinical research. As highlighted in the review 

presented in chapter 2, rigorous MAs using IPD to assess surrogate endpoints are lacking in 

this setting. 

We conducted a pooled analysis on IPD from five RCTs evaluating adjuvant chemotherapy 

for patient with BC. We assessed the surrogate properties of four time-to-event endpoints: 

relapse-free survival (RFS), invasive disease-free survival (iDFS), locoregional relapse-free 

survival (LRFS) and distant disease-free survival (DDFS). Each endpoint, candidate 

surrogates and OS, were recalculated to ensure identical definition and follow-up across 

trials. The individual- and trial-level associations were estimated following the two-stage 

model (chapter 1.3.2.3) and the meta-regression model with weighted fixed treatment effects 

(chapter 1.3.2.3). Based on the regression equation from a weighted fixed treatment effects 

model, we also estimated the STE. As commonly performed when the number of available 

trials is limited, we used the including centers instead of the trials as the analysis unit for the 

estimation of the trial-level associations.  

This analysis showed good correlations between the candidate surrogates and OS, both at 

the individual- and the trial-level. Based on these results, the trial-level association between 

LRFS and OS was ranked high as per the IQWiG criteria. For the three other endpoints, the 

trial-level associations were ranked as medium. One should however acknowledge that the 

use of including centers instead of the trials may have artificially narrowed the reported 

confidence intervals. Further investigation based on a larger dataset of RCTs would be 

required to confirm these preliminary findings. 

The manuscript is currently under review with the co-authors. 

5.2 Publication 
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Abstract 

Introduction: Alternative endpoints to overall survival (OS) such as diease-free survival 

(DFS) are increasingly used to assess treatment efficacy in randomized controlled trials 

(RCT) to reduce the number of patients included and the trial duration. Their properties, in 

terms of surrogate markers, need to be assessed to ensure that they are adequate 

replacements for OS. We evaluated the surrogate properties of four time-to-event in adjuvant 

breast cancer. 

Methods: We relied on a meta-analytical framework using individual-patient data to estimate 

individual-level association (association between the endpoints) and trial-level association 

(association between the treatment effects). Statistical methods included weighted linear 

regression (WLR) and the two-step model (2SM) from Burzykowski et al. The strength of the 

trial-level association was ranked according to the IQWiG guidelines. The prediction capacity 

was assessed using internal validation following a leave-one-out approach. 

Results: Individual data from 5 RCTs (N=11676) were analyzed. We evaluated 5-year 

relapse-free survival (RFS), invasive DFS (iDFS), locoregional RFS (LRFS) and distant DFS 

(DDFS) as surrogate endpoints for 7-year OS. All four endpoints were highly associated with 

OS at the individual level. The trial-level association between LRFS and OS was ranked as 

high as per the IQWiG criteria and the model fitted showed good prediction properties. The 

three other candidate surrogates showed high trial-level association with OS however the 

estimations lacked precision.  

Conclusion: The four endpoints were highly associated with seven-year OS at the individual 

level. At the trial level, only LRFS was highly associated with OS as per the IQWiG 

guidelines. These results suggest that LRFS is an interesting candidate surrogate for OS. 

Further evaluation on a larger set of trials is required to confirm these results and improve 

the precision of our estimations. 

 

Key words: surrogate endpoint, breast cancer, overall survival, meta-analysis, randomized 

controlled trial  
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Introduction 

When designing a randomized controlled trial (RCT), the choice of the primary efficacy 

endpoint is a key step. This endpoint should be measurable, sensitive to the treatment effect 

and clinically relevant. In oncology, the most commonly used endpoint to assess the efficacy 

of a new treatment is overall survival (OS), easily measurable, objectively defined as the time 

from randomization to death, and validated by health regulatory authorities. With a five-year 

OS rate close to 90% in 2012, the use of OS as primary endpoint in breast cancer trials 

implies delays in the evaluation of potentially usefull therapies, specifically in the adjuvant 

setting. Alternative endpoints commonly used in phase II trials, such as relapse-free survival 

(RFS) or progression-free survival (PFS), are increasingly used as primary endpoints in 

phase III RCT (1). These composite endpoints include not only death but also biological and 

clinical events, such as disease progression or toxicity, and can help reducing the number of 

patients, the duration and ultimately the cost of the trials.  

The use of alternative endpoints in practice does not guarantee their validity as surrogates 

for OS. In the metastatic setting for instance, trials have shown a positive impact of 

everolimus and exemestane on progression-free survival (PFS) compared to exemestane 

alone in patients with hormone-receptor-positive advanced breast cancer (2). However, no 

significant treatment effect was subsequently observed on long-term OS (3), which might be 

explained either by a lack of power or due to  the absence of a validated surrogate endpoint 

in this setting. It is essential to properly and rigorously assess the surrogate properties for OS 

of such alternative endpoints, to identify adequate primary endpoints for the benefit 

assessment of new therapies. 

The International Conference on Harmonization (ICH) E9 Harmonized Tripartite guidelines - 

approved by the Food and Drug Administration (FDA) and the European Medicines Agency 

(EMA) - does not provide any recommendations on the use of specific statistical methods for 

the validation of surrogate endpoints. However the meta-analytic surrogacy evaluation 

schema proposed by Buyse et al. and Burzykowski et al. (4,5) has been widely used and is 

recognized as the most statistically rigorous (6,7). This approach requires individual-patient 

data (IPD) from multiple RCTs with similar design and treatment to address surrogacy from a 

multi-level framework. At the patient level, the surrogate endpoint is supposed to be 

correlated and predictive of the final endpoint regardless of the treatment (individual-level 

association). At the trial level, the treatment effect (summarized by the hazard ratio [HR]) on 

the surrogate endpoint should be correlated and predictive of the treatment effect on the final 

endpoint (trial-level association).  

In the absence of validated surrogate endpoints for OS in adjuvant beast cancer trials 

[CROH], we performed a pooled analysis of five RCTs to assess the surrogate properties of 

four time-to-event endpoints commonly used in this setting: RFS, invasive disease-free 

survival (iDFS), distant disease-free survival (DDFS) and locoregional relapse-free survival 
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(LRFS). To the best of our knowledge, no such analysis based on IPD has been conducted 

in the context of adjuvant breast cancer trials. 

 

Methods 

This study is registered on the clinical trial registry clinicaltrials.gov (identifier: 

NCT02873923). 

Study selection 

Trials were selected through contacts with acamedic groups (European Organisation for 

Research and Treatment [EORTC], the National Federation of French Cancer Center 

[UNICANCER]), and pharmaceutical groups. Trials were eligible if they suited the following 

criteria: (i) phase III trials, (ii) evaluating the efficacy of adjuvant chemotherapy and/or 

targeted therapy for adults with early breast cancer, (iii) with at least one time-to-event 

endpoint other than OS as outcome, (iv) published or presented in congress, (v) agreement 

from the principal investigator and the sponsor,  and (vi) available IPD.  

Data and Outcomes  

We collected individual biological and histological data at baseline, date of randomization, 

data related to treatment allocation, disease evaluations during trial, toxicity, date of last 

follow-up or death, survival status, cause of death (if applicable), along with randomization 

variables. OS was defined as the time from randomization to death, whatever the cause. 

RFS, iDFS, DDFS and LRFS were defined according to the international DATECAN breast 

cancer guidelines (8,9). Events included as failures in the definition of each endpoint are 

listed in table 1. We assessed the surrogate properties for seven-year OS of the four 

endpoints evaluated after five years of follow-up.  

Surrogacy measures 

We assessed the surrogate properties for OS of the candidate surrogates by investigating 

their association with OS (individual-level surrogacy) as well as the association between the 

treatment effect (HR) on the candidate surrogate and the treatment effect on OS (trial-level 

surrogacy). We assessed the individual-level surrogacy following a copula-based approach 

(5). We jointly modelled the candidate surrogate and OS using a one-parameter Clayton 

copula function. We estimated the individual-level associations by the Spearmann rank 

correlation coefficient (ρSpearmann) calculated from the copula parameter. 

We next estimated the trial-level surrogacy. In meta-analyses assessing surrogate endpoints, 

the number of trials might not be sufficient to properly estimate the trial-level association. In 

such case, each large trial might be subdivided into smaller groups of patients, based for 

instance on the including centers or country (4,10). We thus subdivided each of the five trials 

into smaller pseudo-trials based on including centers, that we will call trial-unit. Each trial-unit 

was designed to involve at least 400 patients (200 in each treatment arm) and at least four 

deaths (two in each treatment arm). Based on this subdivision, we followed two frameworks 
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to assess the trial-level surrogacy. First, we estimated the treatment effects on the candidate 

surrogate and OS for each trial-unit based on the logarithm of the HR (log[HR]) following Cox 

proportional hazards models. We modelled the association between the treatment effects on 

the two endpoints using a linear regression model weighted by the trial-unit size (WLR). To 

acount for the dependancy between trial-units from the same trial, we included a random 

effect related to the trial. We then estimated the trial-level association by the proportion of 

variation explained by the treatment effect on the candidate surrogate (R²WLR). The second 

method follows the two-step model (2SM) adapted for time-to-event endpoints introduced by 

Burzykowski et al. (5). First, we simultaneously estimated the treatment effects on the 

candidate surrogate and on OS using a bivariate survival model based on a one-parameter 

Clayton copula function. This approach enables taking into account the correlation between 

OS and the candidate surrogate in the estimations. To acount for the dependancy between 

trial-units from the same trial, we assumed different treatment effects for each trial-unit with 

constant baseline    hazard within trials. To assess the association between the treatment 

effects (log(HR)), we estimated the coefficient of determination of an error-in-variable model 

(R²2SM), or of a classical linear mixed-effect regression model (unadjusted R²2SM) in the 

absence of convergence of the error-in-variable model. Finally, we estimated the surrogate 

threshold effect (STE) based on the WLR model. The STE corresponds to the minimum 

treatment effect on the surrogate endpoint necessary to predict a benefit on OS, i.e. to 

predict a HR for OS with a prediction interval strictly inferior to one (11).  

We conducted all analyses on an intention-to-treat basis. Confidence intervals (CI) were 

calculated for a two-sided probability coverage of 95%. All analyses were performed using 

SAS software v9.3. 

Strength of association 

We ranked the strength of the trial-level association according to the Institute for Quality and 

Efficiency in Health Care (IQWiG) guidelines (12): high association (lower limit of the 95% 

confidence interval for R² ≥ 0.72), low association (higher limit of the 95% confidence interval 

for R² ≤ 0.49) or medium association (neither low nor high), meaning that the validity of the 

surrogate remains unclear.  

Prediction capacity 

To test prediction capacity of the endpoints, we performed internal validation  following a 

leave-one-out cross-validation approach (13). We repeatedly fit the regression model using 

data from all trial-units except one, then used the model to predict the treatment effect on OS 

based on the treatment effects for the trial-unit that was excluded. We compared the 

observed treatment effect on OS (HROS) to the 95% prediction interval computed for each 

excluded trial-unit. We measured the accuracy of the prediction by estimating the mean 

squared error prediction (MSEP) defined as the squared mean of the difference between the 
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predicted treatment effects on OS based on RFS, iDFS, LRFS and DDFS, noted HROS/RFS, 

HROS/RFS, HROS/RFS, HROS/RFS respectively, and the observed tratment effect HROS.  

Sensitivity analyses 

We conducted two sensitivity analyses. Firstly, we conducted sensitivity analyses to assess 

the impact of different follow-up durations on the individual- and the trial-level associations. 

We investigated the properties of the RFS, iDFS, LRFS and DDFS evaluated after three 

years of follow-up as surrogates for 5-year OS and 7-years OS. Secondly, to control for trials’ 

heterogeneity in terms of patient selection, we performed a subgroup analysis excluding one 

trial that focused only on HER2-positive patients.  

 

Results 

Data 

We retained five RCTs that included 11676 patients (14–18) (table 2). Each trial compared 

two treatment arms. Follow-up duration ranged from 53.4 to 95.8 months (median 74 

months). A total of 1560 patients died during follow-up (13.4%). The number of observed 

events for RFS, iDFS, LRFS, DDFS and OS at various time points is presented in table 3. 

Forest plots presenting the treatment effects on seven-year OS and five-year RFS, iDFS, 

LRFS and DDFS estimated by Cox proportional hazards models for each trial-unit are 

presented in Figure 1.  

Correlation between surrogate endpoints and OS (individual-level surrogacy) 

Measures of the individual-level associations as estimated using the 2SM method are 

presented for seven-year OS and the candidate surrogates evaluated at five years (Table 4). 

Individual-level associations were high (ρSpearman ≥ 0.98) for all candidate surrogates.  

Correlation between treatment effects on the surrogate endpoints and treatment effect 

on OS (trial-level surrogacy) 

Measures of the trial-level association as estimated using the WLR and the 2SM methods 

are presented for seven-year OS and the alternative endpoints evaluated after five years of 

follow-up (Table 4). Associations between treatment effect on the various endpoints and on 

OS are presented in figure 2 (WLR method). Based on the WLR method, point estimate for 

correlation coefficient ranged from 0.90 (iDFS) to 0.96 (RFS). Based on the 2SM method, 

point estimate for correlation coefficient ranged from 0.48 (iDFS) to 0.89 (LRFS). As per the 

IQWiG recommendations, five-year LRFS was considered highly associated with seven-year 

OS at the trial level (WLR or 2SM).  

Surrogate threshold effect (STE) 

The STE was estimated for each endpoint based on the weighted linear model on 

independently estimated log(HR) results (table 4). The highest STE was oserved for LRFS 

with a value of 0.79, that is, one should observe a treatment effect on LRFS inferior to 0.79 
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(HRLRFS<0.79), in order to predict a treatment effect on OS inferior to 1 (HROS<1) with 95% 

probability.  

Leave-one out cross-validation 

The results of the leave-one-out cross-validation for the fitted weighted regression models for 

within-trial HR are presented in table 5. For RFS, the observed HROS fell within the 95% 

prediction interval in 15 of the 21 trial-units (71%). Similar results were observed for iDFS 

(65%), LRFS (67%) and DDFS (71%). The predicted HROS fell on the same side of the 

equivalence line (HROS = 1) as the observed HROS in 86%, 88%, 86% and 100% of the cases 

for respectively RFS, iDFS, LRFS and DDFS. The MSEP was inferior to 0.001 for the four 

prediction models. 

Sensitivity analyses 

With reduced follow-up duration, the individual-level associations were not impacted by the 

reduction of the follow-up duration while trial-level decreased (additional file 1). After 

exclusion of the HERA trial which included only HER2-positive patients, individual-level and 

trial-level associations were similar to that reported for the primary analysis (additional file 2). 

 

Discussion 

We pooled IPD from 11676 patients included in five RCTs to evaluate the surrogate 

properties of five-year RFS, iDFS, LRFS and DDFS for seven-year OS in ajuvant breast 

cancer. The four endpoints showed high individual-level associations with OS. At the trial 

level, LRFS was highly associated with OS as per the IQWiG criteria. The other three 

endpoints showed high trial-level association with OS but the estimations lacked precision, 

as illustrated by the large 95%CI. The fitted regression models provided good predictions of 

the treatment effect on OS based on the observed treatment effect on LRFS. Additionally, 

the STE estimated was high, which means that LRFS would be practically usefull.   

Several statistical methods are available to assess surrogacy. We relied on the two-stage 

approach developed by Buyse and Burzykowski based on IPD (4), considered the most 

rigorous statistical approach for surrogacy assessment (5,6). Similarly, several criteria have 

been proposed to assess the validity of surrogate endpoints (11,26,27). Although they 

present differences, the IQWiG criteria is the most conservative. As such, they all 

corroborate the high level of evidence of surrogacy. 

While several meta-analyses have been conducted in the metastatic setting (19), to the best 

of our knowledge this the first meta-analysis conducted on IPD to evaluate surrogate 

endpoints in adjuvant breast cancer. Previously, only one meta-analysis based on 

aggregated data evaluated the surrogate properties of various endpoints for adjuvant breast 

cancer trials (19). This study, however, did not lead to the validation of a surrogate endpoint. 

In the neo-adjuvant setting, pathological complete response (pCR) was also investigated 

(18). The analysis, conducted on IPD, did not lead to the validation of pCR as a surrogate 
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marker for OS; no additional time-to-event endpoint was investigated.  
Some limitations to our study are worth noticing. Firstly, we relied on a convenient sample of 

RCTs for which IPD were available, rather than on an exhaustive set of all available adjuvant 

breast cancer trials. Since data that is easily located and included in meta-analysis can have 

different correlations than unavailable or unreported data, attempt to validate surrogate 

endpoints can be biased. However, to date, no example of a surrogate validation study 

based on all relevant evidence exists (28). Secondly, as commonly performed when the 

number of trials available is limited, we subdivided each of the five trials into groups of 

including centers for the assessment of the trial-level association. This approach definitely 

affects estimations, and specifically the reported 95%CI of the trial-level associations which 

are likely to be artificially narrow. Finally, some heterogeneity in terms of population remains 

between the trials, although the sensitivity analysis conducted after exclusion of the trial 

conducted on HER2-positive patients only did not reveal different results from the primary 

analysis (additional file 2). 

The Accelerated Approval regulations, instituted by the FDA in 1992, allows drugs for serious 

conditions that fill an unmet medical need to be approved based on an end-point “likely to 

predict” the clinical outcome. As a result, an increasing number of anticancer drug product 

approvals by the FDA are made based on endpoints other than OS (1,33,34), some with no 

sufficient proof of their surrogate validity for OS (34). In the context of breast cancer, the FDA 

granted two accelerated approvals since 2009 based on response rate and PFS in the 

context of neoadjuvant (Pertuzumab) and metastatic (Lapatinib) breast cancer respectively. 

Two traditional approvals granted by the FDA (Everolimus and Pertuzumab) in the metastatic 

setting were based on PFS, even though there is no proof of its validity as surrogate for OS. 

The use of invalid surrogate endpoints can however lead to the marketing of drugs without a 

significant clinical benefit. This issue is well illustrated with the example of bevacizumab in 

metastatic breast cancer which was initially granted accelerated approval based on PFS 

data, but subsequently withdrawn following publication of OS results (20,21).  

Several conditions have to be met to ensure adequate validation of a surrogate endpoint: (i) 

a significant quantity of data, both in terms of trials and patients, (ii) homogeneity, in terms of 

disease, settings, and mechanisms of action of the drugs, and (iii) strong statistical 

thresholds. Although our study was limited by the use of a convenient set of trials and a small 

number of trials, we observed high associations with OS for the four candidate endpoints 

investigated at both the individual and the trial level, and LRFS qualified as highly associated 

with OS as per the IQWiG criteria. The estimated trial-level associations between OS and 

RFS, iDFS ans DDFS were ranked as medium. Endpoints that do not achieve the high bar of 

validated surrogate continue to be useful in testing new treatments (22). Specifically, in 

settings in which it is reasonable to assume that an effect on OS can only be achieved if 

there is also an effect on disease progression, lack of an effect on the surrogate could be 
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used as a phase II futility assessment (or early phase III futility assessment), assuming that 

the phase III endpoint is OS (23,24).   

 

Conclusion 

To the best of our knowledge, this pooled analysis remains the first one conducted based on 

IPD in the context of adjuvant breast cancer. Our results suggest that LRFS may be a 

reasonnable surrogate endpoint for OS when assessing adjuvant systemic treatment in 

breast cancer. One should however acknowledge that this analysis was limited by the 

number of available trials, and the use of the including centers instead of the trials for the 

assessment of the trial-level associations might have artifically led to narrower confidence 

intervals. OS should remain the primary endpoint in RCT in this setting until meta-analyses 

conducted on a larger set of trials confirm our preliminary findngs. As it is reasonable to 

assume that an effect on OS can only be achieved if there is also an effect on disease 

progression, alternative endpoints such as LRFS remain useful in testing new treatments, 

provided that OS data are collected throughout the trial. 
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Figures 
Figure 1. Forest plots of treatment effects on 7-year overall survival (OS) and on 5-year relapse-free survival (A), invasive disease-free survival (B), locoregional relapse-

free survival (C) and distant disease-free survival (D) estimated using independent Cox models. The point estimates for the hazard ratio (HR) are presented for each trial-

unit, for overall survival (OS, diamonds) and the candidate surrogate (squares), with the 95% confidence intervals (95%CI) and the number of patients per trial-unit. 

A: Relapse-free survival (RFS) – N = 11 676 

 

B: Invasive disease-free survival (iDFS) – N = 9 922 
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C: Locoregional relapse-free survival (LRFS) – N = 11 676 

 

D: Distant disease-free survival (DDFS) – N = 11 676 

 

 

140



Figure 2. Trial-level association between treatment effects (log(HR)) on 7-year overall survival and 5-year 

(A) relapse-free-survival, (B) invasive disease-free-survival, (C) locoregional relapse-free survival and (D) 

distant disease-free survival. Equation of the weighted-linear regression model is provided below. Each 

circle represents a trial-unit with the surface area proportional to the size of the trial-unit. 

A: Relapse-free survival (RFS) – 21 trial-units 

 
log(HROS) = 0.08 [-0.02; 0.33] + 1.12 [1.00; 1.25] * log(HRRFS) 

B: Disease-free survival (DFS) – 17 trial-units 

 
log(HROS) = 0.00 [-0.38; 0.39] + 1.18 [0.97; 1.38] * log(HRiDFS) 

C: Locoregional relapse-free survival (LRFS) – 21 trial-units 

 
log(HROS) = 0.03 [-0.10; 0.15] + 1.06 [0.9; 1.21] * log(HRLRFS) 

D: Distant disease-free survival (DDFS) – 21 trial-units 

 
log(HROS) = 0.03 [-0.20; 0.25] + 0.96 [082; 1] * log(HRDDFS) 
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Tables 
 

Table 1. Clinical events and causes of death considered in the definition of relapse-free-survival, invasive disease-free-survival, locoregional relapse-free survival and 

distant disease-free survival in breast cancer trials in the adjuvant setting. * (8,9). 

Endpoint (*) 

Death from… Clinical events 

Breast 
cancer 

Non-breast 
cancer 

Protocol 
treatment 

Other 
cause 

Unknown 
cause 

Locoregional 
invasive 
events 

Invasive 
contralateral 
breast cancer 

Metastatic 
recurrence 

2nd primary 
invasive non-
breast cancer 

Ipsilateral 
DCIS  

Contralateral 
DCIS 

RFS x x x x x x  x  x  

iDFS x x x x x x x x x   

LRFS x x x x x x    x  

DDFS X x x x x   x    

* RFS = Relapse-free survival; iDFS = invasive disease-free survival; LRFS = locoregional relapse-free survival; DDFS = distant disease-free survival. Time-to-event endpoints are defined as per 
international DATECAN guidelines (8,9). 
DCIS = Ductal carcinoma in situ. 

 

 

Table 2. Characteristics of the randomized trials included in the pooled analysis (5 trials, 11 676 subjects) 

Trial Trial-units N Inclusion Control arm Experimental arm Median follow-up (*) 

PACS-01 (15) 1-4 1999 1997 - 2000 6 FEC  3 FEC  + 3 Docetaxel 63.5 months 

PACS-04 (16) 5-9 3010 2001 - 2004 FEC   Epirubicin + Docetaxel 53.4 months 

PACS-05 (18) 10 1515 2002 - 2007 FEC  (6 cycles)  FEC  (4 cycles) 73.7 months 

EORTC-10901 (14) 11-14 1724 1991 - 1999 No hormonal treatment  Tamoxifen 78.6 months 

HERA (17) 15-21 5081 > 1999 Trastuzumab (1 year) Trastuzumab (2 years) 95.8 months 

* Median follow-up is defined as the time for which 50% of patients went out of study, either because of death or lost to follow-up. 
FEC = Fluorouracile + Epirubicine + Cyclophosphamide. 
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Table 3. Frequency of events observed at various time points for overall survival, relapse-free-survival, invasive disease-free-survival, locoregional relapse-free survival 

and distant disease-free survival * 

  Number of events (% of the total number of events) observed after a follow-up of…  

Endpoint (1) N (2) 3 years (N = 10 441) 5 years (N = 6 938) 7 years (N = 3 281) 10 years (N = 93) Overall follow-up 

OS 11 676 730 (46.8%) 1238 (79.4%) 1474 (94.5%) 1558 (99.9%) 1560 (100%) 

RFS 11 676 1792 (68.9%) 2340 (90.0%) 2550 (98.1%) 2597 (99.9%) 2599 (100%) 

iDFS 9 922 1543 (67.2%) 2042 (89.0%) 2249 (98.0%) 2295 (100%) 2295 (100%) 

LRFS 11 676 1101 (56.1%) 1639 (83.5%) 1889 (96.3%) 1960 (99.9%) 1962 (100%) 

DDFS 11 676 1562 (67.5%) 2074 (89.6%) 2263 (97.8%) 2314 (99.9%) 2315 (100%) 
* RFS = Relapse-free survival; iDFS = invasive disease-free survival; LRFS = locoregional relapse-free survival; DDFS = distant disease-free survival. Time-to-event endpoints are defined as per 
international DATECAN guidelines (8,9). 
N: Number of subjects. 

 

 

Table 4. Individual- and trial-level associations between 7-year overall survival and 5-year relapse-free-survival, invasive disease-free-survival, locoregional relapse-free 

survival and distant disease-free survival. Results from the pooled analysis (21 trial-units, 11 676 subjects). 

Endpoint * 

Individual-level association CI [95%] Trial-level association CI [95%]  

ρSpearman R²WLR Unadjusted R²2SM STE 

RFS 0.99 [0.99; 0.99] 0.96 [0.82 ; 0.99] 0.54 [0.25; 0.83] 0.62 

iDFS 0.99 [0.98; 0.99] 0.90 [0.53 ; 0.98] 0.48 [0.14; 0.82] 0.60 

LRFS 0.99 [0.99; 0.99] 0.94 [0.73 ; 0.99] 0.89 [0.80; 0.98] 0.79 

DDFS 0.99 [0.99; 0.99] 0.93 [0.69 ; 0.98] 0.62 [0.37; 0.88] 0.63 

* RFS = Relapse-free survival; iDFS = invasive disease-free survival; LRFS = locoregional relapse-free survival; DDFS = distant disease-free survival. Time-to-event endpoints are defined as per 
international DATECAN guidelines (8,9). 
95%CI: 95% confidence interval. R²WLR: coefficient of determination as per weighted-linear regression. R²2SM: coefficient of determination as per the two-stage model. STE: surrogate threshold effect. 
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Additional files 

Additional file 1. Individual- and trial-level associations between overall survival and relapse-free-survival, 

invasive disease-free-survival, locoregional relapse-free survival and distant disease-free survival, using 

varying follow-ups. Results from the pooled analysis of 21 trial-units (11 676 subjects). 

1a. Individual- and trial-level associations between 7-year overall survival and 3-year relapse-free-survival, invasive 
disease-free-survival, locoregional relapse-free survival and distant disease-free survival.  

Endpoint 

Individual-level association [95%CI] Trial-level association [95%CI] 

ρSpearman R²WLR Unadjusted R²2SM 

RFS 0.99 [0.98; 0.99] 0.71 [0.41; 0.82] 0.61 [0.35; 0.87] 

iDFS 0.98 [0.98; 0.98] 0.72 [0.37; 0.83] 0.60 [0.31; 0.89] 

LRFS 0.99 [0.98; 0.99] 0.76 [0.51; 0.85] 0.74 [0.55; 0.93] 

DDFS 0.99 [0.99; 0.99] 0.70 [0.40; 0.81] 0.69 [0.47; 0.91] 

* RFS = Relapse-free survival; iDFS = invasive disease-free survival; LRFS = locoregional relapse-free survival; DDFS = distant 
disease-free survival. Time-to-event endpoints are defined as per international DATECAN guidelines (8,9). 
R²2SM: coefficient of determination as per the two-stage model. STE: surrogate threshold effect. 

 

1b. Individual- and trial-level associations between 5-year overall survival and 3-year relapse-free-survival, invasive 
disease-free-survival, locoregional relapse-free survival and distant disease-free survival.  

Endpoint 

Individual-level association IC[95%] Trial-level association IC[95%] 

ρSpearman R²WLR Unadjusted R²2SM 

RFS 0.99 [0.99; 0.99] 0.78 [0.53; 0.86] 0.57 [0.29; 0.85] 

iDFS 0.99 [0.98; 0.99] 0.73 [0.39; 0.83] 0.50 [0.17; 0.84] 

LRFS 0.99 [0.99; 0.99] 0.76 [0.50; 0.85] 0.70 [0.48; 0.91] 

DDFS 0.99 [0.99; 0.99] 0.81 [0.59; 0.88] 0.70 [0.48; 0.91] 

* RFS = Relapse-free survival; iDFS = invasive disease-free survival; LRFS = locoregional relapse-free survival; DDFS = distant 
disease-free survival. Time-to-event endpoints are defined as per international DATECAN guidelines (8,9). 
R²2SM: coefficient of determination as per the two-stage model. STE: surrogate threshold effect. 
 

 

Additional file 2. Individual- and trial-level associations between overall survival and relapse-free-survival, 

invasive disease-free-survival, locoregional relapse-free survival and distant disease-free survival, after 

exclusion of HER+ specific trial.  Results from the pooled analysis of 14 trial-units (8 277 subjects). 

Endpoint 

Individual-level association IC[95%] Trial-level association IC[95%] 

ρSpearman R²WLR Unadjusted R²2SM 

RFS 0.99 [0.99; 0.99] 0.98 [0.87; 1.00] 0.48 [0.10; 0.86] 

iDFS 0.99 [0.99; 0.99] 0.93 [0.29; 0.99] 0.47 [0.03; 0.92] 

LRFS 0.99 [0.99; 0.99] 0.94 [0.61; 0.99] 0.91 [0.82; 1.00] 

DDFS 0.99 [0.99; 0.99] 0.95 [0.67; 0.99] 0.56 [0.21; 0.90] 

* RFS = Relapse-free survival; iDFS = invasive disease-free survival; LRFS = locoregional relapse-free survival; DDFS = distant 
disease-free survival. Time-to-event endpoints are defined as per international DATECAN guidelines (8,9). 
R²2SM: coefficient of determination as per the two-stage model. STE: surrogate threshold effect. 
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6 General discussion 

6.1 Conclusion on the thesis work 

A surrogate endpoint is one which can be used in lieu of the endpoint of primary interest in 

the evaluation of experimental treatments or other interventions. Surrogate endpoints are 

useful when they can be measured earlier, more conveniently, or more frequently than the 

endpoints of interest. However, before a surrogate endpoint can replace a final endpoint in 

the evaluation of an experimental treatment, it must be formally validated. 

The first part of this work was to draw-up an overview of existing studies assessing the 

validity of surrogate endpoints for OS in cancer RCTs. We conducted a systematic and 

critical review of MAs conducted in the field of oncology to evaluate surrogate endpoints for 

OS. To assess the strength of evidence provided by each MA, we relied on specific grids 

developed for the validation of surrogate endpoints. Despite the increasing number of 

studies, only a few MAs provided reliable evidence of surrogacy for OS. In the adjuvant 

setting, DFS showed good surrogate properties for OS in the context of colon cancer, 

operable and locally advanced non-small-cell lung cancer, gastric cancer and locally 

advanced head and neck cancer. In the metastatic setting, PFS showed good surrogate 

properties for OS in colorectal cancer, locally advanced lung cancer and locally advanced 

head and neck cancer. No sufficient evidence was available in existing MAs to conclude 

regarding the validity as surrogates in other disease settings; this was either due to low 

correlations, missing surrogacy measures, unreliable statistical design or lack of accuracy in 

the estimations. This review also highlighted the heterogeneity between studies in terms of 

statistical methodology and reported measures of surrogacy. This issue is closely related to 

the absence of a validated and objective validation grid for the evaluation of MAs assessing 

surrogate endpoints. Despite these practical limitations, this work provided key information to 

researchers involved in the design of RCTs to select appropriate primary endpoints, as well 

as indications for further research perspectives with regards to surrogate endpoints that 

require further evaluation, or improvement of existing grids for the assessment of validation 

studies of surrogate endpoints. 

In the second part, we assessed the surrogate properties for OS of three commonly used 

endpoints – PFS, TTP and TTF – in the context of advanced STS, based on 14 RCTs.  The 

MA did not lead to significant evidence to validate PFS, TTP or TTF as surrogate markers for 

OS when assessing systemic treatment in advanced STS. OS should therefore remain the 

primary endpoint in RCTs conducted in this setting. Trial design for advanced STS is 

particularly challenging due to the rarity and the heterogeneity of the disease and treatments, 

which may have contributed to weaken the observed correlations between candidate 
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surrogates and OS. It is however reasonable to assume that an effect on OS can only be 

achieved if there is an effect also on disease progression. As such, alternative endpoints, e.g. 

PFS, remain useful in testing new treatments in earlier drug development stages, such as in 

phase II trials or phase III futility assessment, provided OS data are collected throughout the 

trial. This analysis did not include recent treatments, in particular immunotherapeutic agents, 

for which only a small amount of data are available to date. As the mechanism of action of 

these treatments differs significantly from cytotoxic agents, it would be of interest to conduct 

specific studies to assess surrogate endpoints for OS. 

In the third part, we evaluated TNT as a surrogate endpoint for OS in metastatic STS. 

Compared to progression-based endpoints, TNT is simple to measure and objectively 

defined. Indeed, the exact date of new treatment initiation is usually known and it frees itself 

from the subjectivity related to the evaluation of disease progression. Additionally, TNT 

includes all causes that could lead to a change in the patient status, and thus to the initiation 

of a different treatment. One might reasonably assume that deterioration of the patient status, 

whether directly caused by disease progression or by any kind of toxicity, is closely 

associated with the patient’s survival. Based on a prospective cohort of 1575 patients, we 

estimated the individual-level association between TNT and OS at different lines of 

treatment. TNT was highly associated with OS at the patient-level, especially in the first-line 

setting. Although it was not possible to estimate the trial-level association, this work suggests 

that TNT would be worth further investigating as surrogate endpoint for OS. Collecting the 

relevant data in subsequent STS trials would be particularly informative for a proper 

assessment of this endpoint in future studies.   

The last part of this thesis focused on the evaluation of surrogate endpoints in adjuvant BC 

trials. Relying on a pooled analysis of five RCTs, we assessed the surrogate properties for 

OS of four commonly used time-to-event endpoints: RFS, iDFS, LRFS and DDFS. The 

analysis showed strong correlations between the candidate surrogates and OS, both at the 

individual- and the trial-level. Based on these results, the trial-level association between 

LRFS and OS was ranked high as per the IQWiG criteria. For the three other endpoints, the 

trial-level associations were ranked as medium. One should however acknowledge that the 

use of including centers instead of the trials may have artificially narrowed the reported 

confidence intervals. Further investigation based on a larger dataset of RCTs would be 

required to confirm these preliminary findings. 
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6.2 Critical insight and perspectives 

Surrogate endpoints are designed to be easier and quicker to measure than the clinical final 

endpoint they predict. Their use is driven by the need to reduce the costs and delays related 

to the approval process by reducing the number of patients and the duration of clinical trials. 

To date however, despite the increasing number of MA evaluating surrogate endpoints, only 

a few have been formally validated.  

Even though one cannot exclude the possibility that the lack of evidence of surrogacy is due 

to the absence of prediction capacity of the candidate surrogates, some practical and 

methodological issues that might have affected the estimated correlations should be 

considered. First, MAs evaluating surrogate endpoints are based on a fragment of the 

available evidence, even when an attempt to gain unpublished reports goes along an 

exhaustive literature search that includes published articles and abstracts (27). As data from 

unpublished or unreported trials differ from easily located data, it is reasonable to assume 

that the lack of available data might bias the estimation of the surrogacy measures. Second, 

the evaluation of surrogate endpoints relies on complex statistical models that are still 

evolving. Multiple surrogacy measures have been proposed in the past two decades, and it is 

recognized that the surrogacy question can only be properly addressed through the conduct 

of a MA. To date however there is no consensus regarding the calculation and interpretation 

of these surrogacy metrics. As a result, MAs conducted to assess surrogate endpoints are 

very heterogeneous in terms of statistical methodology and results interpretation, and as 

such difficult to compare. Most MAs rely on aggregated data rather than IPD. The use of IPD 

enables estimation of the individual-level association between the candidate surrogate and 

the clinical endpoint, and harmonization of data in terms of endpoints definition and patient 

follow-up. Additionally, the most statistically rigorous methods to assess surrogate properties 

rely on IPD, as the estimation errors associated with the treatment effects cannot be properly 

taken into account in the model when based on aggregated data. The gathering of IPD is 

however time-consuming and requires agreements from the sponsors of the trials. As such, 

IPD-based MAs are usually based on a smaller set of trials, and in particular do not include 

the most recent trials. Third, commonly used surrogate endpoints, such as PFS and RFS, 

include clinical events that are difficult to measure precisely. For instance, the evaluation of 

disease progression relies on radiological imaging, which may be subject to reader's 

subjectivity. Additionally, it implies that the exact date of progression is known, although we 

typically use the date of the radiological assessment as a proxy. This uncertainty might thus 

affect the estimated associations. In such case, endpoints such as TNT might be an 

interesting alternative to progression-based endpoints.  
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The validation of surrogate endpoints has been a controversial issue and is not limited to 

oncology drugs. As highlighted by Buyse et al., difficulties have arisen on several fronts 

(Buyse Biostatistics 2000). Firstly, some endpoints used as surrogates have been shown to 

provide misleading predictions of the treatment effect upon the important clinical endpoints, 

as with the example of bevacizumab in metastatic BC patients, initially approved by the FDA 

and subsequently withdrawn, or with encainide and flecainide, two harmful drugs also 

approved by the FDA based on their anti-arrhythmic effects and subsequently withdrawn. 

Secondly, some endpoints that have not been so catastrophically misleading have still failed 

to explain the totality of the treatment effect upon the final endpoints: the case of the CD4+ 

lymphocyte counts in patients with AIDS is an example (63). Many of these problems were 

already mentioned by Prentice (1989). All these reasons have led some authors to express 

reservations about attempts to validate surrogate endpoints statistically (35,64). Their 

reservations rest to a large extent on biological considerations: a good surrogate must be 

shown to be causally linked to the true endpoint, and even so, it is implausible that the 

surrogate will ever capture the whole effect of treatment upon the true endpoint. These 

reservations are well taken, but biologically complex situations lend themselves to statistical 

evaluations that may shed light on the underlying mechanisms involved. The two-stage 

modeling approach addresses these issues: a large individual-level coefficient of 

determination indicates that the endpoints are likely to be causally linked to each other, while 

a large trial-level coefficient of determination indicates that a large proportion of the treatment 

effect is captured by the surrogate. Large numbers of observations are however needed for 

the estimates to be sufficiently precise, while multiple studies are needed to distinguish 

individual-level from trial-level associations between the endpoints and effects of interest. 

Finally, even if the results of a surrogate evaluation seem encouraging based on several 

trials, applying these results to a new trial would still require a certain amount of extrapolation 

that may or may not be deemed acceptable. 
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Appendices 

 

Appendix A: The German Institute of Quality and Efficiency in Health Care (IQWiG) decision tree for the 

overall conclusion on the surrogate validity (18) 

STE = Surrogate threshold effect 
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Appendix B: Biomarker-Surrogacy (BioSurrogate) Evaluation 

Schema (19) 

 

BIOMARKER-SURROGATE DOMAINS 

Study Design Domain # 

0 Biological plausibility & lower quality clinical studies e.g. cross-sectional observational studies 

1 Rank 0 and at least 2 good quality prospective observational cohort studies measuring S and T 

2 Rank 1 and at least 2 high quality adequately powered RCTs measuring S and T 

3 Rank 1 and all, and at least 5 high quality adequately powered, RCTs measuring S and T 

Target Outcome Domain 

0 Target is reversible disease-centered biomarker of harm 

1 Target is irreversible disease-centered biomarker of harm 

2 Target is patient-centered endpoint of reversible organ morbidity or clinical burden of disease or clinical harm 

3 Target is patient-centered endpoint of irreversible organ morbidity or clinical burden of disease or severe 

irreversible clinical harm or death 

Statistical Evaluation of BioSurrogate – Target (B-T) Domain 

0 Poor: Does not meet the criteria for Rank 1 

1 Fair: RCT R²trial ≥ 0.2 AND STEP* ≥ 0.1 AND R²ind ≥ 0.2 OR cohort data R²ind ≥ 0.4 

2 Good: RCT R²trial ≥ 0.4 AND STEP* ≥ 0.2 AND R²ind ≥ 0.4 

3 Excellent: RCT R²trial ≥ 0.6 AND STEP* ≥ 0.3 AND R²ind ≥ 0.6 (without data subdivision)** 
Generalisability of BioSurrogate-Target Domain: 

Clinical evidence across different risk populations & pharmacologic evidence across different drug-class 
mechanisms 

0 No clinical or pharmacologic evidence 

1 Clinical OR pharmacologic evidence 

2 Clinical AND pharmacologic evidence 

3 Consistent Clinical RCT AND pharmacologic RCT evidence 

# Where S is the surrogate / biomarker/ biosurrogate and T is the target / true outcome 

* STEP is defined as that proportion of the total range of the surrogate that is equal or larger than the STE 

** Some analyses with few trials subdivide into centres to increase the number of data points 

 LEVEL OF EVIDENCE OF SURROGATE ENDPOINT MULTIDIMENSIONAL VALIDITY 

A high rank on any one or more domain should not be allowed to prevail over a low rank on one or more domain 
when determining the overall level of evidence because at least good evidence of surrogacy across all domains is 
needed for surrogate validity. An A, B+, B, B- level surrogate endpoint ranks at least 2 on all domains. 

Steps to determine the level of evidence: 

1. The one and the same ‘evidence-base’ is applied across all four domains when determining the level of 
evidence. 

2. Sum of the highest rankings achieved across the four domains. 

3. If any one domain is less than Rank 2, the level of evidence drops by one alphabetic category irrespective of 
the initial level. For example, B becomes a C, B- becomes a C- , C- becomes a D and so forth. 

12   level A 

11- 9  level B+, B, B- 

8 - 6  level C+, C, C-, D+, D, D- 

5 - 3  level D+, D, D-, E+, E, E- 

2 - 0  level E+, E, E- F+, F, F 
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