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PREAMBULE  

  

Le premier des objectifs du plan cancer 2014-2019 était de guérir plus de malades en favorisant les diagnostics 

plus précoces. Cet objectif laisse espérer davantage de diagnostic à des stades précoces accessibles à une 

résection chirurgicale. A l’heure actuelle, la chirurgie exérèse d’un cancer broncho-pulmonaire non à petites 

cellules (CBNPC) est le traitement offrant le plus d’espoir de guérison. Ce travail de thèse s’intéresse tout 

particulièrement au devenir des patients opérés. 

Malgré une intention curatrice, les patients opérés d’un CBNPC sont à risque de récidive du cancer opéré mais 

ont également un risque de second cancer, et en particulier de second cancer broncho-pulmonaire primitif 

(SCBP), supérieur à celui de la population générale, de l’ordre de 20% d’incidence cumulée à 10 ans. Ce travail 

de thèse est structuré autour de trois axes : 

- un axe pronostique, pour une meilleure connaissance des facteurs de risque de survenue des récidives et 

SCBP, ainsi que leur devenir ; 

- un axe thérapeutique, avec l’objectif de réduire le risque de récidive et SCBP par les stratégies péri-

opératoires ; 

- un axe diagnostique, allant de la surveillance des patients opérés d’un CBNPC à l’obtention d’une preuve 

histologique de récidive ou SCBP. 

 

Lorsque survient une lésion pulmonaire de même diagnostic histologique que le cancer opéré, le diagnostic 

différentiel entre récidive du cancer opéré ou SCBP est difficile. Plusieurs définitions existent. En se basant 

sur l’hypothèse que les récidives sont le témoin d’une agressivité de la maladie cancéreuse, et donc le plus 

souvent de plus mauvais pronostic que les deuxièmes cancers, nous avons conduit dans un premier temps une 

revue systématique Cochrane de l’ensemble des définitions utilisées dans la littérature afin d’identifier celle 

qui offre la meilleure distinction pronostique, sur laquelle se baser pour le diagnostic différentiel entre récidive 

du cancer opéré et SCBP. 

 

Il y a quelques années, l'immunothérapie s'est imposée dans l'arsenal thérapeutique du cancer broncho-

pulmonaire. D'abord utilisée en situation métastatique, l'immunothérapie est maintenant testée en situation 

péri-opératoire dans de nombreux essais. Cependant, en raison de la diversité des combinaisons et des 

stratégies thérapeutiques, qui n'ont pas toutes été comparées entre elles, une incertitude demeure quant à la 

meilleure thérapie péri-opératoire pour les patients opérés d'un CBNPC de stade précoce. Nous avons initié 

une revue systématique d’essais interventionnels avec méta-analyse en réseau selon la méthode Cochrane 

portant sur l'efficacité de ces traitements péri-opératoires chez les patients atteints de cancer du poumon non à 

petites cellules. 

L’étude IFCT-0302 est la seule large étude randomisée de surveillance des opérés d’un CBNPC. Elle a inclus 

1775 patients. Son objectif était de comparer la survie globale de deux stratégies de surveillance : par clinique 
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et radiographies thoraciques dans le groupe contrôle, et par clinique, radiographies thoraciques et scanners 

thoraco-abdominaux dans le groupe expérimental. La qualité de vie décrite par le patient (QdV) est une mesure 

de trois domaines de la santé perçue : physique, social et émotionnel. La QdV est impactée par une condition 

médicale ou son traitement. L'évidence suggère que la chirurgie du cancer du poumon a un impact significatif 

sur la QdV. L’objectif de notre travail a été d’évaluer l’influence du type de surveillance sur la QdV dans la 

population de l’étude IFCT-0302. 

 

Lorsqu’une image pulmonaire anormale est détectée, son diagnostic histologique s’obtient fréquemment par 

ponction transthoracique guidée par le scanner. La principale complication du geste est le pneumothorax. Les 

contraintes hospitalières ne permettent pas d’hospitaliser tous les patients après une ponction transthoracique. 

Nous avons dans ce troisième axe, travaillé à la validation d’un score prédictif de survenue d’un pneumothorax 

retardé après une ponction-biopsie transpariétale pulmonaire scannoguidée, afin de sélectionner les patients 

qui doivent être surveillés en hospitalisation conventionnelle. Ce travail a été réalisé sur une cohorte de patients 

du CHU de Besançon, une partie de la cohorte ayant permis d’élaborer le score, l’autre de le valider. Enfin un 

travail de validation externe sur une cohorte de patients de l’Hôpital Bichat – Claude Bernard a été réalisé. 
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I. INTRODUCTION  

 

A. Généralités 

 

Selon les données de GLOBOCAN, 2 206 771 cancers du poumon ont été diagnostiqués dans le monde en 

2020. Il représentait 14.3% des cancers chez l’homme (14% en France) et 8.4% chez la femme (10% en France) 

(1, 2). Le cancer du poumon non à petites cellules (CBNPC) est le type de cancer du poumon le plus courant, 

représentant 85 % des cancers bronchiques (1). Parmi les CBNPC, plusieurs sous-types histologiques 

existent (3) : l’adénocarcinome, le carcinome épidermoïde, le carcinome à grandes cellules et les tumeurs 

neuroendocrines. L’extension de la maladie est décrite selon la classification TNM, dont la dernière et 8ème 

révision date de 2016 (4). Les stades IA-1, IA-2, IA-3, IB, IIA, et IIB correspondent à des tumeurs dites 

localisées. Les stades IIIA, IIIB et IIIC correspondent à des tumeurs dites localement avancées. Les stades IV-

A et IV-B correspondent à des tumeurs métastatiques. Le pronostic diffère selon le stade clinique au moment 

du diagnostic, avec dans les CBNPC, un taux de survie à 24 mois de 87 à 97 % pour le stade I et de 10 à 23 % 

pour le stade IV en 2017 (2). L'évaluation précise du statut ganglionnaire (N) est cruciale pour la prise en 

charge et le pronostic du cancer du poumon non à petites cellules non métastatique. Dans la publication récente 

des propositions de la 9ème classification TNM, l'ajout de nouveaux sous-descripteurs du statut N2 est faite 

avec la description d'une seule station (N2a) et l'infiltration de plusieurs stations (N2b) (5). 

La chirurgie avec ou sans traitement systémique péri-opératoire reste la pierre angulaire du traitement du 

CBNPC de stade précoce résécable chez un patient opérable (6). L’indication de chimiothérapie péri-opératoire 

est systématique chez tous les patients en état physique et physiologique de la recevoir pour les tumeurs de 

plus de 4 cm soit les stades pII et pIII de la 8ème classification TNM (4). En cas de chimiothérapie adjuvante, 

la chimiothérapie est préférentiellement débutée dans les 4 à 8 semaines suivant l’acte chirurgical. L’utilisation 

d’un protocole contenant du cisplatine (plus de 300mg/m2 de dose totale) et de la vinorelbine est privilégiée 

suivant un schéma de 21 jours, 4 cycles. En cas d’âge > 75 ans, PS>1, ou comorbidités contre-indiquant la 

chimiothérapie, l’efficacité de cette chimiothérapie adjuvante n’a pas été démontrée (7). L’association d’une 

chimiothérapie et d’une immunothérapie préopératoire est depuis peu le nouveau standard dans le traitement 

d'un cancer bronchique non à petites cellules résécable à haut risque de récidive, dont les tumeurs expriment 

PD-L1 au seuil ≥ 1 % et dont les tumeurs ne présentent pas de mutation sensibilisante de l’EGFR connue, ni 

de translocation ALK connue (8, 9). 

 

 

B. Traitement chirurgical des CBNPC de stade I-IIIB résécables (TNM8) 

 

La décision thérapeutique repose sur la résécabilité de la tumeur, évaluée en réunion de concertation pluri-

disciplinaire mais dont la définition est complexe, particulièrement dans les stades III (10) où l’'atteinte 
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ganglionnaire médiastinale comprend différentes sous-catégories allant de l'atteinte non visible au staging 

clinique du N2, à l’atteinte dite « bulky » avec enveloppement des structures proximales (5). L'EORTC-Lung 

Cancer Group a mené un projet de consensus Delphi pour établir une définition consensuelle de la résécabilité 

dans le CPNPC de stade III. Sur 37 combinaisons TNM possibles, un consensus était atteint pour 24 

combinaisons seulement (65 %) (11). Dans une revue systématique sur les critères de résécabilité décrits dans 

la littérature, on retrouvait comme facteurs acceptables pour la résection (12): une station N2 unisite (11 %), 

une maladie N2 de petite taille (4 %), un downstaging (8 %) et une assurance de marge saine R0 (8 %).  Les 

recommandations de l’ESMO en 2017, actualisées en 2021, considéraient la maladie N2 uni-site comme 

résécable (13, 14). Pour un autre panel d’experts français, la chirurgie doit être aussi réservée pour les N2 uni-

site et lorsque plusieurs sites ganglionnaires N2 sont atteints, le patient doit être orienté vers une chimiothérapie 

et radiothérapie concomitante puis une immunothérapie de consolidation (15). Les recommandations 

chirurgicales actuelles préfèrent la lobectomie pour le traitement des CBNPC de stade I et II. Une 

segmentectomie peut se proposer pour le traitement des stades I périphériques (16, 17). La résection atypique 

n’est pas anatomique et ne constitue, pour l’heure, pas une technique de choix. Enfin, un curage ganglionnaire 

est systématiquement réalisé et doit comporter la résection de 3 groupes ganglionnaires minimum. Les critères 

de qualité de la chirurgie carcinologique sont essentiels pour la survie des patients et l’analyse des facteurs 

pronostiques pour les études cliniques. Le but principal d’une résection chirurgicale pour un CBNPC est 

d’obtenir une résection complète (R0), à la fois de la tumeur et du curage des ganglions lymphatiques 

homolatéraux à la lésion, ce qui est l’élément pronostique essentiel impactant la survie à long terme des patients. 

Cette résection R0 repose sur les constatations peropératoires décrites par le chirurgien et celles décrites par 

l’anatomopathologiste analysant l’ensemble des prélèvements. L’IASLC a proposé la terminologie suivante 

(18) : 

• Résection complète (R0) : marges de résections histologiquement saines (marges vasculaires, bronchiques, 

périphérie des structures réséquées en-bloc), réalisation d’un curage ganglionnaire systématique ou au moins 

d’un curage sélectif « lobe-spécifique » comportant au minimum 6 unités ganglionnaires (3 scissuraux et 

hilaires N1 − 3 médiastinaux N2 provenant de 3 sites différents dont le site sous-carénaire), absence de rupture 

capsulaire au niveau des éléments du curage ou sur la pièce d’exérèse à la marge de celle-ci, et ganglions les 

plus distaux histologiquement sains (sites 2 et 9). L’importance du curage ganglionnaire et donc du staging 

ganglionnaire peropératoire est aussi un critère majeur de qualité de la chirurgie pourtant encore non 

complètement respecté. Cette évidence est cependant peu partagée, non seulement dans la pratique clinique 

quotidienne, mais aussi en recherche clinique (19). Dans cette analyse rétrospective de qualité de la chirurgie 

sur 9626 vétérans américains publiés Heiden BT et coll, les paramètres de qualité ont été évalués comme tel 

(20): intervention chirurgicale effectuée en temps opportun (6 633 [68,9 %]), approche mini-invasive (3 986 

[41,4 %]), lobectomie (6 843 [71,1 %]) ou segmentectomie (532 [5,5 %]), curage ganglionnaire adéquat (3 

278 [34,0 %]) et marge chirurgicale négative (9 312 [96,7 %]). Dans l’essai randomisé ACOSOG Z4032 

comparant la résection infra-lobaire seule à l’association d’une résection infra-lobaire et d’une curiethérapie 

chez des patients atteints d’un CBNPC de stade clinique I, plus d’un tiers des patients opérés n’avaient eu 
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aucune évaluation ganglionnaire peropératoire (21). Dans les stades cliniques N0, plus l’exérèse ganglionnaire 

du curage est large, meilleur est le pronostic (22). Enfin il est démontré dans les stades N1–2 que le ratio 

ganglionnaire (rapport nombre de ganglions N+/nombre total de ganglions examinés) plus élevé est associé de 

façon indépendante à une moins bonne survie globale et survie sans progression (23). Dans les essais 

récemment publiés sur les immunothérapies péri-opératoires, il n’y a pas de données publiées sur la qualité de 

la chirurgie (24). 

 

C. Actualité des traitements péri-opératoires 

 

La résection chirurgicale seule n'est pas curative chez de nombreux patients atteints d'un CBNPC à un stade 

précoce, le taux de récidive augmentant avec un stade plus élevé. La chimiothérapie péri-opératoire à base de 

platine a longtemps été le standard pour les patients atteints d'une maladie résécable de stade II-IIIA, bien que 

les avantages en termes de survie soient modestes, avec une augmentation de la survie globale (SG) d'environ 

5 % (25). Récemment, l'immunothérapie a été intégrée aux schémas thérapeutiques néo-adjuvants et adjuvants 

sur la base de données démontrant une amélioration de la survie sans événement (EFS) et de la survie sans 

maladie (DFS), respectivement, pour les CBNPC de stades localisés ou localement avancés, résécables, sans 

mutation activatrice. 

 

Sans mutation activatrice 

 

Le rationnel biologique de la chimiothérapie péri-opératoire est la destruction des micro-métastases, réduisant 

ainsi les récidives et ainsi le risque de décès (26). Dans cette optique, l'immunothérapie adjuvante a été 

développée pour améliorer ces résultats contre la maladie micro-métastatique, qui est théoriquement associée 

à une charge néoplasique plus faible et à une plus faible dédifférenciation clonale des cellules cancéreuses. La 

chirurgie affecte la réponse immunitaire. En effet, les effets du stress chirurgical et postopératoire immédiat 

sur l'immunité ont été correctement caractérisés et incluent l'immunosuppression médiée par l'augmentation 

des niveaux de cytokines et de facteurs de croissance liés au stress, tels que les catécholamines, les 

prostaglandines et les cytokines inflammatoires (IL-6, IL-8, IL-10 et TNF) (27). L'inflammation conduit à une 

immunosuppression persistante à la fois dans le microenvironnement du lit tumoral et au niveau systémique. 

Ces réponses inflammatoires postopératoires au stress pourraient potentiellement être combinées – de 

préférence dans la période postopératoire immédiate – avec une stimulation immunitaire par l’immunothérapie 

pour surmonter les effets pro-métastatiques et pro-angiogéniques directs de la chirurgie, inverser 

l’immunosuppression et améliorer les réponses immunitaires antitumorales. IMpower-010 était le premier 

essai de phase III ayant démontré un bénéfice en DFS de l'immunothérapie, après une résection chirurgicale 

complète, une chimiothérapie adjuvante, puis une année d'Atézolizumab adjuvant chez les patients atteints d'un 

CBNPC, PD-L1 positif de stade II-IIIA (28). Ce traitement, a été approuvé par l’agence européenne et 

américaine du médicament. Il convient de noter que même si l’étude a démontré un bénéfice en matière de 
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DFS chez les patients avec PD-L1 positif de stade II-IIIA (Hazard Ratio [HR], 0,66 ; IC à 95 %, 0,50 à 0,88), 

une analyse post-hoc a indiqué que le bénéfice était majoritairement dû aux patients présentant une expression 

tumorale de PD-L1 ≥ 50 %. Le hazard ratio était de 0,87 et 0,43 pour les patients avec PD-L1 1% < 50% et ≥ 

50%, respectivement. Compte tenu du manque de bénéfice pour les tumeurs PD-L1 de 1 % à 49 %, la 

Commission européenne a approuvé l'Atezolizumab uniquement pour les patients atteints de PD-L1 ≥ 50 %. 

Cette stratégie n’est pas prise en charge par l’assurance maladie en France. 

L'essai KEYNOTE-091 (29) a également démontré une amélioration de la DFS chez les patients CBNPC de 

stade IB (≥4 cm) à IIIA avec l’association au traitement standard d’un an de Pembrolizumab en adjuvant. Il 

est intéressant de noter qu’il n’y avait aucune association entre une plus grande ou une moindre efficacité dans 

l’Essai KEYNOTE-091 par expression PD-L1. 

L’expérience de l’immunothérapie prescrite dans d’autre situation du CBNPC, dans d’autres pathologies 

comme le mélanome, a laissé émerger l’hypothèse que l'efficacité de l'immunothérapie serait maximisée 

lorsque la tumeur primitive est toujours en place et présenterait alors une charge élevée de néoantigènes avec 

une hétérogénéité limitée parce que les cellules cancéreuses n'ont pas encore été exposées à l'immunothérapie 

(29). Vraisemblablement, la présence de la tumeur en place pendant un traitement néoadjuvant 

d’immunothérapie permettrait une plus large réponse anti-tumorale des lymphocytes T en raison de 

l'exposition à un large répertoire d'antigènes tumoraux (30). L’administration néoadjuvante 

d’immunothérapies permet le conditionnement de la tumeur et l’expansion des lymphocytes T mémoire 

spécifiques de la tumeur au début de l’évolution de la maladie (31). Dans les modèles précliniques publiés, 

une charge tumorale élevée et une hétérogénéité limitée des antigènes tumoraux étaient associées à de meilleurs 

résultats de l’immunothérapie ce qui suggèrait qu’une prescription néoadjuvante d’immunothérapie serait à 

prioriser dans la stratégie péri-opératoire. Dans cette situation néo-adjuvante, un essai de phase III, CheckMate-

816 a démontré une amélioration de l'EFS avec le Nivolumab plus chimiothérapie pendant trois cycles par 

rapport à la chimiothérapie seule pour les patients présentant un stade IB à IIIA résécable, EGFR et ALK 

sauvage (8). Les traitements néo-adjuvants peuvent s’évaluer par l’analyse de la pièce opératoire qu’on appelle 

la réponse pathologique. L'amélioration de l'EFS avec la chimiothérapie/Nivolumab était fortement associée à 

l’obtention d'une réponse pathologique complète (pCR) dans l’étude checkmate 816 (HR à 0,13 vs pas de 

pCR). Cette étude a permis l’autorisation en accès précoce du Nivolumab, en association à une chimiothérapie 

à base de sels de platine dans le traitement néoadjuvant des patients adultes, atteints d'un cancer bronchique 

non à petites cellules résécable à haut risque de récidive, dont les tumeurs expriment PD-L1 au seuil ≥ 1 % et 

dont les tumeurs ne présentent pas de mutation sensibilisante de l’EGFR connue, ni de translocation ALK 

connue. 

D’autres études ont associé immunothérapie adjuvante et néo-adjuvante comme AGEAN qui a évalué dans 

une étude de phase III l'activité du Durvalumab et de la chimiothérapie administrée avant chirurgie par rapport 

au placebo et à la chimiothérapie administrée dans un contexte néoadjuvant et adjuvant pour les patients 

atteints d'un CPNPC résécable à un stade précoce (IIA-IIIB). Après un suivi médian de 11,7 mois, l'EFS 

médiane était non atteint dans le bras immunothérapie versus 25,9 mois dans le bras chimiothérapie seule (32). 
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Dans ce même design d’étude, où le Pembrolizumab était proposé avec la chimiothérapie (4 cycles avant la 

chirurgie puis pendant 1 an seul après la résection).  La survie sans événement à 24 mois était de 62,4 % dans 

le groupe pembrolizumab et de 40,6 % dans le groupe placebo (risque relatif de progression, de récidive ou de 

décès : 0,58 ; intervalle de confiance [IC] à 95 % : 0,46 à 0,72 ; P < 0,001) (33). 

L’immunothérapie en situation péri-opératoire a transformé le traitement des patients atteints d'un CBNPC 

résécable (stade I–IIIA/B).  Il existe plusieurs schémas thérapeutiques péri-opératoires en termes de produit 

d'immunothérapie, de combinaison à d'autres immunothérapies, à la chimiothérapie et en termes de 

chronologie d'administration (néoadjuvant, adjuvant, les deux), ou encore de durée. De même, les stratégies 

testées sont également différentes. Par conséquent, en l’absence d’un grand nombre d’essais contrôlés 

randomisés comparant tous les schémas thérapeutiques péri-opératoires, l’incertitude demeure quant à la 

meilleure option pour les patients opérables atteints d’un CBNPC résécable (34). 

Le ciblage des patients reste une autre question ouverte car tout le monde ne semble pas en bénéficier, voir 

pour certains patients en tirer préjudice comme les patients présentant des altérations moléculaires (mutations 

activatrices de l’EGFR, réarrangement de ALK). 

 

Avec addiction 

 

Des thérapies ciblées sont plus appropriées pour ces patients, comme l’Osimertinib, thérapie ciblée de l’EGFR, 

qui est recommandé en traitement adjuvant après résection tumorale complète et après chimiothérapie 

adjuvante (si indiquée) des patients adultes atteints d’un CBNPC de stade IB – IIIA avec mutations activatrices 

du récepteur du facteur de croissance épidermique (EGFR) par délétion de l’exon 19 ou substitution de l’exon 

21 (L858R) (35). 

Enfin très récemment, selon une analyse intermédiaire de l'essai ALINA, l'alectinib (thérapie ciblée de ALK) 

était associé à des bénéfices significatifs en termes de survie sans maladie (DFS) par rapport à la chimiothérapie 

à base de platine seule, observés en situation adjuvante dans la population CBNPC de stade II et IIIA (n = 231 ; 

risque relatif [HR] 0,24 ; intervalle de confiance [IC] à 95 % 0,13–0,45 ; p < 0,0001) (36). 

 

La stratégie thérapeutique des CBNPC de stades III est donc la plus complexe, pouvant également faire appel 

à une chimio-radiothérapie concomitante suivie d’une immunothérapie par durvalumab. Lung ART a évalué 

la radiothérapie post-op chez les patients N2 après résection complète et chimiothérapie néoadjuvante ou 

adjuvante. Dans cet essai, la radiothérapie adjuvante n'était pas associée à une meilleure survie et ne peut donc 

plus être recommandée chez les patients atteints d'un CPNPC de stade IIIA-N2 (37). 

Albain KS et coll, dans l'essai intergroupe 0139, ont présenté une étude de phase III dans laquelle les patients 

atteints d’un cancer N2 étaient randomisés entre une chimio-radiothérapie néo-adjuvante plus une intervention 

chirurgicale ou une chimio-radiothérapie seule. Au total, 164 patients ont été opérés. Bien que cela ne soit pas 

statistiquement significatif, les patients du bras chirurgical auraient une meilleure survie sans progression 

(SSP). La survie globale (SG) n'était pas différente entre les deux bras, principalement en raison du manque 
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de puissance dû au manque et au nombre réduit de cycles de chimiothérapie pouvant être administrés dans le 

bras chirurgical, mais également en raison du taux de mortalité élevé des patients ayant été opérés d’une 

pneumonectomie. Par conséquent, une analyse exploratoire a été menée montrant une amélioration de la SG 

chez les patients soumis à une lobectomie par rapport à un groupe apparié traité par chimio-radiothérapie seule. 

L'étude a conclu que les deux thérapies peuvent être suggérées dans ce sous-groupe de patients (38).  

Ainsi, différents traitements multimodaux sont décrits, où la place de la chirurgie est souvent remise en 

question. Dans une revue systématique sur la prise en charge des stades IIIA-N2, aucun facteur prédictif ni 

pronostic n'a pu être identifié, ce qui ne facilite pas l'avancée décisionnelle concernant le rôle de la chirurgie 

dans ce sous-groupe (39). Girard N et coll, ont démontré dans une analyse de pratique, une reproductibilité des 

décisions en réunion de concertation pluridisciplinaire de 70% lorsqu’ils rediscutaient le même dossier après 

un intervalle de temps (40).  

 

 

D. Surveillance après chirurgie d’un CBNPC 

 

Une fois que le patient est opéré, et que les éventuels traitements péri-opératoires sont terminés, un schéma de 

surveillance clinique et radiologique est indiqué. L’objectif de cette surveillance est de rechercher l’apparition 

d’effets secondaires au traitement, de détecter la survenue de récidives locales ou systémiques, de seconds 

cancers ou des comorbidités. La programmation d’une imagerie thoracique régulière a pour but de détecter la 

récidive pulmonaire ou le second cancer pulmonaire (SCBP) à des stades précoces, et ainsi proposer de 

nouveau un traitement avec une intention curatrice. Les recommandations sur la surveillance des patients 

opérés d’un cancer broncho-pulmonaire reposent sur des avis d’experts (41, 42, 43). Un examen clinique et un 

scanner thoracique sont recommandés tous les 6 mois les deux premières années de surveillance, puis une fois 

par an Le TEP-scanner n’est pas recommandé, ni l’imagerie cérébrale, ni le dosage de biomarqueurs sanguins. 

L’étude IFCT-0302 est le seul large essai randomisé multicentrique qui a comparé deux schémas de 

surveillance chez les patients opérés d’un CBNPC de stade I, II, IIIA ou T4 (selon la 6ème édition de la 

classification TNM) quel que soit le traitement péri-opératoire reçu. Le groupe contrôle avait une surveillance 

semestrielle par examen clinique et radiographie thoracique pendant deux ans puis la surveillance était annuelle 

jusqu’à la 5ème année. Le groupe expérimental avait la même surveillance au même rythme avec en plus un 

scanner thoraco-abdominal avec injection de produit de contraste et une fibroscopie bronchique (44). Le suivi 

médian était de 8,7 années et aucune différence sur la survie globale n’a été démontrée selon le schéma de 

surveillance, avec une survie à 8 ans de 51% chez les patients avec la surveillance « simple » et d’environ 55% 

chez les patients avec la surveillance par scanner thoraco-abdominal. La surveillance post-thérapeutique des 

CBNPC par scanner systématique n’a donc pas montré de bénéfice sur la survie globale. Toutefois, celle-ci a 

montré que les diagnostics de récidives, en particulier de récidives pulmonaires, et de SCBP étaient plus 

fréquents et plus souvent alors qu’asymptomatiques. Ces diagnostics de SCBP, de récidives précoces se 

faisaient à un stade plus précoce et donc accessible à un traitement chirurgical ou de radiothérapie dans le 



17 
 
 

groupe de suivi basé sur la tomodensitométrie que dans le groupe de suivi minimal. Groupe. Il est 

vraisemblable que l’étude a manqué de puissance pour mettre en évidence un bénéfice en termes de survie 

globale. Outre l’habitude de surveiller les patients opérés d’un CBNPC par scanner thoracique, les résultats de 

l’étude peuvent donc justifier de poursuivre une surveillance clinique et scannographique. 

 

 
E. Les Seconds Cancers Broncho-Pulmonaire Primitifs 

 

Si une lésion suspecte apparait sur une imagerie thoracique réalisée au cours de la surveillance d’un patient 

opéré d’un cancer broncho-pulmonaire, la différence entre une récidive du premier cancer et l’apparition d’un 

second cancer pulmonaire n’est pas aisée. Lorsque l’anatomopathologie est différente du cancer opéré, il n’y 

a aucun doute sur un diagnostic de second cancer pulmonaire. Différentes définitions permettant de distinguer 

les récidives des SCBP ont été proposées (45, 47, 50). La plupart des études traitant sur le second cancer 

pulmonaire utilise les critères de Martini et Melamed qui datent de 1975 (45). Selon ces critères, une deuxième 

tumeur de type histologique différent peut être classée comme métachrone, même si la plupart des études 

portant sur des patients traités chirurgicalement atteints de plusieurs cancers primitifs du poumon (soit 

synchrone ou métachrone) ont rapporté un type histologique identique entre les 2 tumeurs dans > 50 % des cas 

(46, 47, 48, 49). Lorsque l’histologie est identique entre les deux tumeurs, un intervalle libre de deux ans entre 

les tumeurs, ou une origine d’un carcinome in situ, ou une seconde tumeur dans un lobe ou un poumon différent 

sans adénopathie commune et sans métastase extra-pulmonaire, permet le diagnostic de SCBP.  

Un ensemble révisé de critères a ensuite été proposé par Antakli et al (50), puis par Colice et al (51), qui ont 

prolongé l'intervalle sans maladie requis jusqu'à 4 ans. Des approches alternatives utilisant des critères de tests 

histomorphologiques ou moléculaires ont été proposées dans des rapports plus récents (52). Ces critères ont 

été repris par l’American College of Chest Physicians (ACCP) (53): le diagnostic de SCBP est resté basé sur 

l’histologie lorsqu’elle est différente du premier cancer ou lorsque les caractéristiques génétiques moléculaires 

sont différentes ou résultent d'un foyer distinct de carcinome in situ ; lorsque l’histologie est identique au 

premier cancer, le second cancer pulmonaire est retenu si le délai d’apparition est de plus de 4 ans, en l’absence 

de métastase à distance ; enfin si l’histologie est identique et que les deux cancers se situent dans 2 poumons 

différents sans adénopathie N2 ou N3 et sans métastases impliquées, le SCBP est retenu. La différence 

principale avec les critères de Martini et Melamed réside dans l’intervalle diagnostique entre les deux tumeurs: 

2 ans ou 4 ans selon la définition. 

Cette distinction n’est pas un hasard. Le risque global de récidive locorégionale ou à distance varie de 20 à 

42 % chez les patients opérés d’un CBNPC de stade IA à IIB (54, 55). Ce risque est maximal durant les 2 

premières années post-opératoires. Dans l’étude de Lou et al., le risque de récidive tombe à 2 % la 4ème année 

de surveillance (54). Le risque de second cancer pulmonaire suit une courbe différente puisqu’il varie de 1 à 

2 % par an dès la première année post-opératoire, sans jamais décroitre par la suite. Ce risque est cumulatif 

puisqu’il atteint 20 % après 10 années de surveillance (56, 57).  
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D’autres définitions existent, l’intervalle diagnostique entre les deux tumeurs reste le critère qui varie le plus. 

Par exemple, l’étude de Pairolero et al. (58) n’utilise pas le critère de temporalité pour séparer les tumeurs 

d’histologie identique, et cette définition a été reprise dans plusieurs études (59, 60). Aussi, l’étude de Von 

Bodegom et al. retient un intervalle libre de 3 ans entre deux tumeurs d’histologie différente pour un diagnostic 

de second cancer pulmonaire (61). 

 

Les patients opérés d’un cancer du poumon sont donc à risque de récidive du cancer opéré mais ont également 

ce risque de second cancer, et en particulier de second cancer du poumon, supérieur à celui de la population 

générale, de l’ordre de 20 % à 10 ans. A compter du diagnostic de récidive, le taux de survie à 5 ans est estimé 

entre 16 et 23 % (62, 63), la survie moyenne est d’environ 25 à 30 mois (63, 64, 65). Le taux de survie à 5 ans 

des patients présentant un second cancer pulmonaire est estimé entre 23 et 77 % (64), la survie moyenne est 

d’environ 49 mois (65). 

  

F. La Collaboration Cochrane 

 

La collaboration Cochrane est une organisation à but non lucratif indépendante qui regroupe plus de 28 000 

volontaires dans plus de 100 pays. Cette collaboration s'est formée à la suite d'un besoin d'organiser de manière 

systématique les informations issues de la recherche médicale. Elle a pour but de regrouper des données 

scientifiquement validées de manière accessible et résumée. Elle conduit à des revues systématiques et des 

méta-analyses d'essais randomisés contrôlés d'interventions en santé. Ces travaux sont publiés dans la 

bibliothèque Cochrane (Cochrane library, http://www.cochranelibrary.com/). 

La collaboration est reconnue comme organisation non gouvernementale par l'Organisation mondiale de la 

santé (OMS) depuis janvier 2011. 

Le Cochrane Lung Cancer Group est l’un des groupes de la collaboration. Il est situé à Besançon depuis 

Octobre 2013 et est dirigé par le Professeur V. WESTEEL (Université de Franche-Comté / Centre Hospitalier 

Régional et Universitaire de Besançon). 

Créé en 2010 à l'hôpital Hôtel-Dieu à Paris et dirigé par le Professeur Isabelle Boutron, le Centre Cochrane 

Français fait partie des 14 centres de la Collaboration Cochrane dans le monde. 

Une revue systématique est une manière approfondie, globale et explicite d’interroger la littérature médicale.  

Dans le cadre de la Collaboration Cochrane, il s’agit d’une démarche scientifique rigoureuse constituée de 

plusieurs étapes : 

1) Vérification de l’absence de revue Cochrane, de titre soumis ou de protocole en cours sur le sujet 

2) Élaboration et soumission du titre 

3) Élaboration et soumission du protocole 

4) Recherche de toutes les études existantes, essais cliniques ou autres études appropriées, publiées ou 

non, qui ont répondu à une même question clinique précise ; par exemple, tous les essais cliniques effectués 

afin d’évaluer l’efficacité d’un traitement. 
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5) Évaluation de la qualité de chaque étude et sélection de celles qui correspondent à un standard de 

qualité élevé 

6) Synthèse des résultats obtenus dans les études sélectionnées. 

7) Finalement, si les données le permettent, effectuer une analyse statistique, appelée méta-analyse. 

Elle permet de regrouper les résultats quantifiés provenant de plusieurs études en un résultat résumé. 

 

Initialement, le groupe Lung Cancer proposait essentiellement des revues systématiques d’intervention. La 

collaboration est de plus en plus intéressée à fournir des synthèses des données provenant d'essais de puissance 

et de niveau de preuve différents, soit en comparant les données des études d'observation avec celles des essais 

randomisés, soit en complétant les informations par une analyse rigoureuse de la littérature et en répondant à 

une question complémentaire de celle des essais contrôlés randomisés. Cette méthodologie s’applique aux 

revues pronostiques dont le groupe lung cancer souhaite développer son expertise. 

De plus, la collaboration Cochrane développe une méthodologie en comparaison indirecte à l'aide des méta-

analyses en réseau. 

La synthèse des données, par revue systématique ou méta-analyse, peut être régulièrement mise à jour et former 

le concept de revue systématique vivante (living systématique review). Les revues systématiques vivantes sont 

également développées dans une méthodologie rigoureuse. 

Les résultats d’une revue systématique peuvent être présentés de manière qualitative ou quantitative (méta-

analyse). Dans les deux cas, la synthèse doit résumer la direction de l’effet traitement, la taille de l’effet, la 

cohérence des résultats entre les études et le niveau de rigueur des preuves. 

La méta-analyse conventionnelle est la combinaison statistique des résultats d’au moins deux études distinctes 

comparant deux traitements donnés (traitement actif versus placebo ou traitement actif versus un autre 

traitement actif). Cette méthode permet : 

- d’augmenter la puissance c’est-à-dire la possibilité de détecter une différence statistiquement significative si 

elle existe ; 

- d’améliorer la précision de l’estimation de l’effet traitement,  

- de réaliser des analyses en sous-groupes, 

- d’explorer les raisons de résultats divergents entre études. 

Les revues systématiques Cochrane et les méta-analyses qui en découlent sont contrôlées par des instances très 

rigoureuses. Ainsi, cela en fait des outils de références pour les décisionnaires de santé. 

 

 

G. L’examen de ponction-biopsie sous scanner 

 

Dans l’idéal, toute nouvelle image pulmonaire suspecte de récidive ou SCBP, devrait faire l’objet d’une preuve 

anatomopathologique, qui permettrait une comparaison morphologique, immunohistologique et moléculaire 

du cancer index et de la nouvelle lésion. Au cours de la surveillance, la découverte de nodules pulmonaires au 
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cours de la surveillance postopératoire d’un CBNPC peut justifier la réalisation d’une ponction-biopsie 

pulmonaire (PBP) percutanée guidée par scanner puisque l'endoscopie bronchique est souvent non contributive, 

notamment dans les lésions périphériques et de petite taille (66).  

Dans une méta-analyse récente, Di Bardino et al. ont évalué la précision diagnostique de la biopsie thoracique 

guidée par tomodensitométrie à 92,1 % (9 567/10 383), avec une sensibilité de 92,1 % (7 343/7975) et une 

spécificité d’environ 100 % pour le diagnostic de malignité (67). Les principales complications des PTP sont 

en premier lieu le pneumothorax, suivi des hémorragies (intra-alvéolaires en chef de file, hémoptysies, 

hémothorax), loin devant l’embolie gazeuse et la dissémination tumorale le long du trajet de l’aiguille (68).  

La létalité de l’examen est très faible : dans les rares études la rapportant, souvent nulle, elle atteint au 

maximum mentionné 0,12 %, imputée essentiellement à des hémothorax, des hémoptysies ou des embolies 

gazeuses fatales (69, 70). 

Le taux d’incidence du pneumothorax en particulier, dont la définition exacte diffère selon les articles 

(pneumothorax sur les coupes scannographiques immédiates post-PTP, ou pneumothorax retardé sur les 

radiographies thoraciques de contrôle post-PTP), oscille entre 4 et 54 %. Dans la méta-analyse récente de 

Heerink et al, il est en moyenne de 25,3 % avec 5,6 % de pneumothorax requérant une intervention 

thérapeutique (71). Aucun consensus n’existe pour la prise en charge spécifique de ces pneumothorax 

iatrogènes. Généralement, ceux-ci surviennent sur table au décours immédiat, sinon dans la première heure 

suivant le geste. Cependant, par crainte du pneumothorax retardé, qui apparaît chez 3,3 % des patients dans 

l’article de Choi et al, la plupart des équipes surveillent leurs patients plusieurs heures après la procédure et 

parfois la nuit entière (72). En outre, plusieurs facteurs de risque de survenue de pneumothorax post-PTP sont 

rapportés. Huo et al, dans une méta-analyse de 2020, en ont identifié les facteurs suivants : une lésion de petite 

taille, une profondeur intra-parenchymateuse de la lésion importante (suggérant une grande quantité de 

parenchyme aéré traversé par l’aiguille), un poumon emphysémateux, et le passage de l’aiguille à travers une 

bulle d’emphysème ou une scissure (73). 

Dans les recommandations proposées par la British Thoracic Society, une radiographie thoracique doit être 

réalisée une heure après l'intervention (74), sans qu'aucune surveillance spécifique ne soit requise après une 

PTP sans complication. À notre connaissance, aucune recommandation ou consensus d’experts n'utilise de 

scores prédictifs pour personnaliser la surveillance post-PTP. 
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OBJECTIFS  
  

 

Notre travail avait pour objectif une meilleure connaissance des facteurs de risque de survenue des récidives 

et deuxièmes cancers pulmonaires primitifs (axe pronostique), la synthèse des données sur les stratégies 

thérapeutiques péri-opératoires (axe thérapeutique) et la meilleure compréhension de leurs difficultés 

diagnostiques (axe surveillance et diagnostique).  

 

Axe pronostic :  

• une revue systématique pronostique selon la méthode Cochrane pour définir le pronostic des récidives 

et des seconds cancers broncho-pulmonaires primitifs chez les patients opérés d’un cancer broncho-

pulmonaire index afin de différencier ces 2 entités. 

Axe thérapeutique :  

• une revue systématique en réseau selon la méthode Cochrane d’essais interventionnels pour  évaluer 

l’efficacité et la tolérance des stratégies de traitements péri-opératoires d’immunothérapie chez les 

patients atteints de cancer du poumon non à petites cellules résécables. 

 

Axe diagnostique : 

• Évaluer l’influence du type de surveillance sur la qualité de vie dans la population de l’étude IFCT-

0302 

 

• Valider un score prédictif de survenue d’un pneumothorax retardé après une ponction-biopsie 

transpariétale pulmonaire scannoguidée, afin de sélectionner les patients qui doivent être surveillés en 

hospitalisation conventionnelle. 
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SURVIE GLOBALE DES RECIDIVES OU DES SECONDS CANCERS PULMONAIRES 

CHEZ LES PATIENTS OPERES D’UN CARCINOME BRONCHOPULMONAIRE NON 

A   PETITES CELLULES : 

REVUE SYSTEMATIQUE PRONOSTIQUE 

	

Résumé 

Après une chirurgie du cancer du poumon à visée curative, la récidive de ce cancer ou un second cancer 

pulmonaire primitif (SCBP) sont les principales causes de décès chez les personnes atteintes d'un cancer du 

poumon non à petites cellules opéré. De nombreuses études ne font pas de distinction entre la récidive du 

cancer index et le SCBP, alors que notre point de vue est qu'il s'agit de 2 entités différentes. L'amélioration du 

diagnostic respectif de la récidive du cancer du poumon index et du SCBP pourrait identifier 2 histoires 

naturelles différentes, aux possibilités de diagnostic et de retraitement différentes, et donc affecter le pronostic 

de ces deux entités distinctes. 

Objectifs 

Comparer la survie globale chez les personnes présentant une récidive et un SCBP après une chirurgie du 

cancer du poumon. Si la survie diffère entre la récidive du cancer du poumon index et le SCBP, il pourrait être 

possible d'explorer et d'identifier ultérieurement la définition la plus discriminante parmi toutes celles publiées. 

Méthodes de recherche 

Nous avons effectué des recherches dans les bases de données suivantes sans aucune restriction, basées sur la 

langue, la date de publication ou le statut de publication : MEDLINE via PubMed (de 1951 à la date de la 

recherche) et Embase (de 1947 à la date de la recherche). 

Les critères de sélection 

Nous avons inclus des études longitudinales prospectives et rétrospectives, quelle que soit la durée de suivi, 

qui examinaient le pronostic de la récidive du cancer du poumon index, du SCBP ou des deux après résection 

d’un cancer pulmonaire. Nous avons exclu les études transversales, car il n'était pas possible de déterminer le 

pronostic à partir de ce modèle. 

Collecte et analyse de données 

Deux auteurs de la revue (GE et RZ) ont sélectionné les études pour inclusion et ont entrepris l'extraction des 

données, l'évaluation du risque de biais et l'évaluation selon les recommandations GRADE. Nous avons évalué 
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la survie globale (SG) pour la récidive et le SCBP sous forme de moyennes ou de médianes, avec leurs 

estimateurs de variabilité correspondants. Si les études incluses mesuraient la valeur pronostique (degré 

d'association) de la récidive par rapport au SCBP, nous avons utilisé les HR avec leurs intervalles de confiance 

plutôt que les médianes et les moyennes pour estimer le pronostic par la SG. 

Principaux résultats 

A l’heure de la rédaction de ce travail de thèse, la sélection des articles est terminée, le recueil des données a 

été réalisé permettant de présenter le rapport d’analyse des biais ainsi qu’une revue narrative des données 

synthétisées. Ces résultats préliminaires sont présentés à la fin du manuscrit du protocole. 

Nous avons identifié 86 études (30 252 adultes). Quarante-cinq étaient des études monocentriques, une menée 

dans deux centres et huit étaient des études multicentriques. Six études ont comparé l’association survie globale 

des récidives et des SCBP. Sur ces six études, le pronostic était influencé par le stade au diagnostic, car 2 

études ne prenant en compte que les récidives accessibles à une chirurgie, n’ont pas retrouvé de différence en 

termes de survie globale entre les récidives et les SCBP. 

Conclusion : 

Nous avons constaté que la survie des patients atteints d'un CPNPC réséqué de stade I à IIIA semble être 

influencée par le stade au diagnostic de la récidive ou du SCBP. Comme les SCBP sont plus souvent 

diagnostiqués à un stade localisé, ils semblent avoir un meilleur pronostic. 
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Abstract	Objectives	 
This	is	a	protocol	for	a	Cochrane	Review	(prognosis).	The	objectives	are	as	follows:	 

This	is	a	protocol	for	a	Cochrane	prognosis	review.	We	aim	to	compare	overall	survival	in	people	with	recurrence	
and	SPLC	after	lung	cancer	surgery.	If	survival	differs	between	index	lung	cancer	recurrence	and	SPLC,	it	might	be	
possible	to	subsequently	explore	and	identify	the	most	discriminant	definition	among	all	those	published.	 

Our	review	question	and	eligibility	criteria	are	based	on	the	following	PICOTS	table	(Debray	2017;	Moons	2014). 

Population	 
People	aged	over	18	years	who	underwent	complete	resection	of	stage	T1–3	N0–2	NSCLC	according	to	the	eighth	edition	of	the	

TNM	classification	or	equivalent	(Goldstraw	2016),	and	who	have	a	recurrence	of	the	index	lung	cancer	or	an	SPLC,	regardless	

of	perioperative	treatment	 
Intervention	 Not	applicable	 
Comparator	 Not	applicable	 
Outcome	 Overall	survival	(OS)	 

Timing	 
Prospective	and	retrospective	longitudinal	studies,	reporting	on	index	lung	cancer	recurrence,	or	SPLC	or	both	after	surgery	for	

an	index	lung	cancer.	We	will	also	include	randomised	controlled	trials	(RCTs).	 
Setting	 No	restrictions	regarding	setting	 

 

Background	
Description	of	the	health	condition	and	context	 

Lung	cancer	remains	 the	 leading	cause	of	cancer-related	death	worldwide,	accounting	 for	18%	of	 total	cancer	
deaths	in	2020	(Sung	2021).	More	than	half	of	people	with	lung	cancer	(57%)	are	diagnosed	with	a	metastatic	
disease	(Howlader	2020).	Non-small	cell	lung	cancer	(NSCLC)	is	the	most	common	type	of	lung	cancer,	accounting	
for	84%	of	all	diagnoses	(Howlader	2020).	In	NSCLC,	outcomes	differ	according	to	stage	at	diagnosis,	with	a	60-
month	survival	rate	of	68%	to	92%	for	stage	I	and	of	0%	to	10	%	for	stage	IV	(Goldstraw	2016).	 

Surgery	 with	 or	 without	 perioperative	 chemotherapy	 remains	 the	 cornerstone	 treatment	 of	 early-stage	 lung	
cancer	(Ettinger	2020).	Most	international	recommendations	suggest	follow-up	after	lung	cancer	surgery	to	detect	
treatment-related	complications,	index	lung	cancer	recurrence	or	a	second	primary	lung	cancer	(SPLC).	Experts	
recommend	radiological	and	clinical	control	twice	yearly	for	two	years	and	once	yearly	between	two	and	five	years	
after	surgery	(Colt	2013;	Postmus	2017;	Schneider	2020).	 
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People	treated	for	lung	cancer	with	curative	intent	are	at	high	risk	of	disease	recurrence	and	SPLC	development	
(Lou	2013;	Stirling	2021).	 If	a	 suspicious	 lung	 lesion	appears	during	 follow-up,	 it	 is	 challenging	 to	distinguish	
between	 these	 two	 occurrences,	 although	 several	 sorting	 strategies	 exist.	 In	 1975,	 Martini	 and	 colleagues	
proposed	 the	 following	 criteria:	 differing	 histology	 is	 indicative	 of	 a	 second	 primary	 cancer;	 and	 where	 the	
histological	type	is	the	same,	indications	of	second	primary	cancer	include	an	interval	between	the	two	cancers	of	
at	least	two	years,	carcinoma	in	situ,	and	location	in	another	lobe	or	lung	in	absence	of	lymphatic	involvement	and	
extrapulmonary	metastases	(Martini	1975).	In	all	proposed	definitions,	the	diagnostic	interval	between	the	two	
tumours	is	the	most	inconstant	criterion.	Recommendations	published	in	2003	from	the	American	College	of	Chest	
Physicians	(ACCP)	proposed	a	new	definition	of	SPLC	for	histologically	similar	tumours,	with	a	four-year	disease-
free	interval	(Detterbeck	2003).	 

Health	outcomes	 

The	 five-year	 survival	 rate	 of	 people	with	 lung	 cancer	 treated	with	 curative	 intent	 ranges	 from	36%	 to	 92%	
according	 to	stage	(Goldstraw	2016).	The	 leading	cause	of	death	 is	cancer	disease,	whether	 index	 lung	cancer	
recurrence	or	an	SPLC	(Fink-Neuboeck	2020).	Risk	of	recurrence	 is	highest	during	the	 first	 two	postoperative	
years	(around	10%)	and	decreases	thereafter	(Lou	2013).	The	risk	of	developing	an	SPLC	does	not	follow	the	same	
trend:	it	is	around	1%	to	2%	per	year	and	does	not	decrease	over	time,	with	a	cumulative	risk	of	20%	at	10	years	
(Antakli	1995;	Johnson	1998;	Ripley	2014;	Leroy	2019).	 

One	 systematic	 review	 published	 in	 2021	 reported	 that	 scheduled	 surveillance	 programmes	 significantly	
increased	curative	retreatment	for	SPLC	or	recurrence	(Stirling	2021).	However,	it	was	not	possible	to	distinguish	
between	 index	 lung	cancer	 recurrence	and	SPLC,	as	most	 studies	did	not	provide	separate	data	 for	 these	 two	
outcomes.	 

Why	it	is	important	to	do	this	review	 

Many	studies	do	not	distinguish	between	index	lung	cancer	recurrence	and	SPLC	despite	the	available	criteria	for	
separating	these	diagnoses.	Improving	the	respective	diagnosis	of	index	lung	cancer	recurrence	and	SPLC	might	
identify	different	natural	histories,	diagnosis	and	retreatment	possibilities,	and	therefore	affect	the	prognosis	of	
these	two	distinct	diseases.		

Clinical	implication,	could	even	be	wider	as	a	better	knowledge	of	these	two	natural	histories	could	make	it	
possible	to	personalize	the	monitoring	of	operated	people	or	even	personalize	perioperative	treatments.	

Finally,	in	clinical	research,	standardizing	the	definition	of	SPLC	could	allow	a	better	evaluation	of	the	impact	of	
perioperative	treatments	currently	under	development	on	the	occurrence	of	SPLC. 

Objectives	 
This	is	a	protocol	for	a	Cochrane	prognosis	review.	We	aim	to	compare	overall	survival	in	people	with	recurrence	
and	SPLC	after	lung	cancer	surgery.	If	survival	differs	between	index	lung	cancer	recurrence	and	SPLC,	it	might	be	
possible	to	subsequently	explore	and	identify	the	most	discriminant	definition	among	all	those	published.	 

Our	review	question	and	eligibility	criteria	are	based	on	the	following	PICOTS	table	(Debray	2017;	Moons	2014).	 

Methods	 
This	section	is	based	on	the	general	protocol	template	provided	by	the	Cochrane	Prognosis	Method	Group.	 

Criteria	for	considering	studies	for	this	review	 

We	will	include	studies	reporting	index	lung	cancer	recurrence,	SPLC	or	both	after	surgery	for	an	index	lung	cancer.	 
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Types	of	studies	 

We	will	include	prospective	and	retrospective	longitudinal	studies.	We	will	exclude	cross-sectional	studies,	as	it	is	
not	possible	to	determine	prognosis	from	this	design.	 

We	will	exclude	studies	that	do	not	distinguish	between	recurrence	and	SPLC.	We	will	also	exclude	case	reports	
and	prospective	case	series,	defined	here	as	studies	including	fewer	than	20	participants.	 

To	our	knowledge,	there	are	no	eligible	RCTs.	If	we	do	identify	any,	we	will	consider	them	observational	studies	
and	treat	recurrence	and	SPLC	as	events	for	subgroup	analysis.	In	the	same	way,	if	we	identify	studies	where	only	
a	 subset	 of	 participants	 are	 eligible	 for	 inclusion,	 we	 will	 consider	 these	 as	 observational	 studies	 and	 treat	
recurrence	and	SPLC	as	events	for	subgroup	analyses.	 

Given	the	prognostic	nature	of	our	objective,	we	will	include	studies	with	any	follow-up	duration.	 

Targeted	population	 

Populations	and	cohorts	of	people	aged	18	years	or	older	who	have	undergone	complete	resection	of	a	primary	
NSCLC	and	who	have	index	lung	cancer	recurrence	or	an	SPLC.	 

Histological	proof	of	recurrence	or	SPLC	is	not	an	inclusion	criterion	for	this	review.	 

Types	of	outcomes	to	be	predicted	Primary	objectives	 

Population	 
People	aged	over	18	years	who	underwent	complete	resection	of	stage	T1–3	N0–2	NSCLC	according	to	the	eighth	edition	of	the	

TNM	classification	or	equivalent	(Goldstraw	2016),	and	who	have	a	recurrence	of	the	index	lung	cancer	or	an	SPLC,	regardless	

of	perioperative	treatment	 
Intervention	 Not	applicable	 
Comparator	 Not	applicable	 
Outcome	 Overall	survival	(OS)	 

Timing	 
Prospective	and	retrospective	longitudinal	studies,	reporting	on	index	lung	cancer	recurrence,	or	SPLC	or	both	after	surgery	for	

an	index	lung	cancer.	We	will	also	include	randomised	controlled	trials	(RCTs).	 
Setting	 No	restrictions	regarding	setting	 

Overall	survival	(OS)	of	people	diagnosed	with	index	lung	cancer	recurrence	or	SPLC	after	complete	resection	for	
NSCLC.	We	will	define	OS	as	time	between	the	diagnosis	of	recurrence	or	SPLC	to	death	from	any	cause	or	to	last	
follow-up	(mean	survival	in	months).	 

Overall	mortality:	proportion	of	mortality	(percentage)	from	one	to	two	years,	from	two	to	five	years,	and	from	
five	years	(upper	limits	not	inclusive).	 

Secondary	objectives	 

To	assess	the	most	discriminant	definition	for	recurrence/SPLC	in	terms	of	OS.	 

Additionally,	we	will	explore	the	following	characteristics	of	the	included	studies.	
OS	from	surgery	of	the	index	lung	cancer	in	the	recurrence	group	and	in	the	SPLC	group	 

Detection	method	of	index	lung	cancer	recurrence	or	SPLC	(scheduled	or	unscheduled	procedure,	symptomatic	or	
not)	 

Extension	(stages)	at	diagnosis	of	index	lung	cancer	recurrence	or	SPLC	Treatment	of	index	lung	cancer	recurrence	
or	SPLC	 
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Health-related	 quality	 of	 life	 at	 one	 to	 two	 years,	 at	 two	 to	 five	 years,	 and	 from	 five	 years	 (upper	 limits	 not	
inclusive),	measured	with	any	generic	or	disease-specific	quality	of	life	instrument	 

Search	methods	for	identification	of	studies	Electronic	searches	 

We	will	search	for	relevant	studies	in	the	following	databases	with	no	restrictions	based	on	language,	publication	
date	or	publication	status.	 

1.	MEDLINE	via	PubMed	(from	1951	to	date	of	search)	2.	Embase	(from	1947	to	date	of	search)	 

We	will	perform	the	electronic	searches	according	to	the	recommendations	of	the	Cochrane	Methods	Prognosis	
Group,	using	 filters	described	by	Ingui	and	colleagues	 in	2001	and	updated	by	Haynes	and	colleagues	 in	2005	
(Haynes	2005;	Ingui	2001).	Appendix	1	presents	the	search	strategies	for	MEDLINE,	and	Appendix	2	presents	the	
search	strategies	for	Embase.	 

Searching	other	resources	 

We	 will	 handsearch	 the	 references	 of	 eligible	 studies	 to	 identify	 additional	 studies	 for	 inclusion.	
We	will	search	the	meeting	abstracts	of	conferences	from	the	following	sources	(from	2020	to	date	of	search).	 

American	Society	of	Clinical	Oncology	(ASCO)	
European	Society	for	Medical	Oncology	(ESMO)	
World	Conference	on	Lung	Cancer	(WCLC)	
International	Lung	Cancer	Research	Association	(IASLC)	
European	Society	for	Medical	Oncology	(ESMO)	Immuno-Oncology	Congress	European	Lung	Cancer	Conference	
(ELCC)	 

American	Association	of	Cancer	Research	(AACR)	
We	will	collect	clinical	study	reports	about	the	checkpoint	inhibitors	from	the	websites	of	the	US	Food	and	Drug	 

Administration	(FDA;	www.fda.gov)	and	European	Medicines	Agency	(EMA;	www.ema.europa.eu).	 

Data	collection	 

Selection	of	studies	 

Using	Covidence	software	(Covidence),	two	review	authors	(LL	and	CM)	will	independently	screen	the	titles	and	
abstracts	of	records	retrieved	by	the	searches,	excluding	those	they	consider	clearly	ineligible.	We	will	retrieve	the	
full-text	 articles	 of	 the	 remaining	 records,	 and	 two	 review	 authors	 (LL	 and	 GE)	will	 assess	 them	 against	 our	
eligibility	criteria.	We	will	resolve	any	disagreements	through	discussion	or	by	involving	a	third	review	author,	if	
necessary.	 

We	will	present	the	process	of	study	selection	in	a	PRISMA	study	flow	diagram	(Rethlefsen	2021).	Data	
extraction	and	management	 

We	will	base	our	data	extraction	form	on	the	CHecklist	for	critical	Appraisal	and	data	extraction	for	systematic	
Reviews	of	prediction	Modelling	Studies	(CHARMS;	Moons	2014).	We	will	pilot	our	data	extraction	form	on	 

 

several	studies	and	make	appropriate	amendments.	
We	will	extract	the	following	information	from	each	included	study.	 
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Study	identification:	author	and	year	of	publication	Study	design:	cohort	study,	RCT	
Study	setting:	number	of	centres	
Study	dates:	study	start	and	completion	date	Study	eligibility	criteria	 

Participants	 characteristics:	 number,	 age,	 sex,	 smoking	 status	 Study	 interventions	 (for	 RCTs)	
Study	outcomes:	primary	and	secondary	outcomes	(for	RCTs)	Prognostic	factors	(if	analysed	in	the	included	study)	 

Number	of	prognostic	factors	Definition	of	prognostic	factors	 

Methods	for	measuring	prognostic	factors	(e.g.	medical	records,	clinical	diagnosis,	pathological	diagnosis)	 

Timing	of	measurement	(before	or	after	surgery)	 

Association	measures	for	prognostic	factors,	reported	as	odds	ratios	(ORs),	risk	ratios	(RRs)	or	hazard	ratios	(HRs)	
with	95%	confidence	intervals	(CIs).	We	will	extract	both	unadjusted	and	adjusted	data	(detailing	the	adjustment	
variables).	 

Study	analysis	method:	unadjusted	and	adjusted	analysis	and	modelling	method	used	(univariate,	multivariate	or	
other	methods)	 

Other	information:	funding	and	conflicts	of	interest	Information	to	assess	risk	of	bias	 

We	will	conduct	data	management	and	analysis	according	to	the	methodology	described	in	the	Cochrane	Handbook	
for	Systematic	Reviews	of	Interventions	(Deeks	2022).	 

Two	review	authors	(LL	and	RM)	will	extract	data	to	an	Excel	spreadsheet	(Microsoft	2018).	We	will	resolve	any	
disagreements	through	discussion	or	by	involving	a	third	review	author	(GE),	if	necessary.	 

We	will	contact	trial	authors	for	missing	information.	 

Assessment	of	risk	of	bias	in	included	studies	 

Two	review	authors	(LL	and	RM)	will	evaluate	risk	of	bias,	resolving	any	discrepancies	by	including	a	third	
reviewer	(GE).	There	is	no	available	scale	for	assessing	risk	of	bias	in	global	prognostic	studies.	For	this	review,	
we	will	use	the	Quality	In	Prognosis	Studies	tool	(QUIPS;	Hayden	2013).	

We	will	rate	risk	of	bias	in	the	following	six	domains	:		

• Outcome	measurement	
• Study	confounding	
• Statistical	analysis	and	reporting	
• Study	participation	
• Prognostic	factor	measurement	
• Study	attrition	

For	each	domain	we	will	assigne	an	overall	rating	of	‘low	risk’,	‘moderate	risk’,	or	‘high	risk’	based	on	the	
signaling	item.	

Measures	of	association	or	predictive	performance	measures	to	be	extracted	 

We	will	assess	OS	for	recurrence	and	SPLC	as	means	or	medians,	with	their	corresponding	variability	estimators.	
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If	included	studies	measure	the	prognostic	value	(degree	of	association)	of	recurrence	compared	with	SPLC,	we	
will	use	HRs	with	their	CIs	(where	available)	rather	than	medians	and	means	to	calculate	OS.	We	will	extract	the	
unadjusted	and	adjusted	measure	of	association	for	each	study,	if	available.	

The	core	set	of	adjustment	factors	are	age,	smoking	status	and	the	tumour-specific	factors.	If	any	studies	provide	
adjusted	estimates	but	do	not	adjust	for	the	core	set	of	adjustment	factors,	we	will	include	data	in	the	overall	
meta-analysis	but	exclude	the	studies	in	a	sensitivity	analysis.		

We	will	use	the	HR	as	a	common	measure	of	association.	We	will	meta-analyse	HRs,	RRs	and	ORs	separately	
(Riley	2019).	

Dealing	with	missing	data	 

We	will	not	impute	missing	outcome	data.	We	will	consider	the	method	utilised	for	dealing	with	missing	data	in	
relation	to	the	outcome,	and	assess	the	associated	risk	of	bias	accordingly.	If	any	studies	use	'last	diagnosis	carried	
forward'	when	outcomes	are	unavailable,	we	will	assign	a	high	risk	of	bias.	However,	we	will	include	studies	with	
missing	data	in	the	analysis.	 

Assessment	of	heterogeneity	 

If	 a	meta-analysis	 is	possible,	we	will	use	a	 random-effects	model,	 as	we	expect	 the	 included	 studies	 to	differ	
methodologically	and	clinically.	 

To	address	statistical	heterogeneity,	we	will	perform	the	Chi2	test	to	identify	variation	in	effect	estimates	beyond	
chance,	considering	a	P	value	below	0.05	representative	of	a	significant	result,	and	we	will	calculate	the	I2	statistic	
to	describe	the	percentage	of	the	variability	in	effect	estimates	owing	to	heterogeneity	rather	than	sampling	error.	
We	will	adopt	the	following	standard	thresholds	for	interpretation	(Deeks	2011).	 

0%	to	40%:	might	not	be	important	
30%	to	60%:	may	represent	moderate	heterogeneity	50%	to	90%:	may	represent	substantial	heterogeneity	75%	
to	100%:	considerable	heterogeneity	 

We	will	perform	subgroup	analyses	to	explore	possible	sources	of	heterogeneity	(see	'Subgroup	analyses'	section	
below).	 

Assessment	of	reporting	deficiencies	 

We	plan	to	investigate	publication	bias	if	we	include	10	or	more	studies	in	any	meta-analysis.	We	will	visually	
examine	any	asymmetry	in	funnel	plots,	and	test	for	asymmetry	by	applying	Egger's	test	for	HRs	and	Peters'	test	
for	ORs	(Debray	2018;	Sterne	2011).	 

Data	synthesis	Meta-analysis	 

We	will	obtain	pooled	estimates	of	OS	by	meta-analysis,	pooling	data	for	recurrence	and	SPLC	separately.	We	will	
conduct	indirect	comparison	of	the	overall	prognosis	for	both	conditions	by	comparing	estimates	and	their	CIs.	If	
trials	 present	 comparative	 HRs,	 we	 will	 pool	 them	 to	 allow	 for	 direct	 comparison	 of	 the	 prognosis	 of	 both	
conditions.	We	will	use	adjusted	measures	of	effect,	if	available.	 

We	plan	to	include	all	eligible	studies	in	the	review	and,	if	possible,	to	restrict	the	results	summary	and	any	meta-	
analyses	 to	 results	 from	 multivariable	 analyses.	 Where	 this	 is	 not	 possible,	 we	 will	 include	 the	 results	 of	
univariable	analyses,	taking	into	account	the	phase	of	investigation	in	both	the	risk	of	bias	assessment	and	GRADE	
rating	on	the	certainty	of	the	summary	estimates.	 

Studies	may	measure	 the	 strength	 of	 association	 between	 prognostic	 factors	 (recurrence	 and	 SPLC)	 and	 the	
outcomes	in	different	ways	(using	ORs,	RRs	or	HRs)	(Riley	2019).	Where	studies	do	not	report	the	measure	of	
association,	we	will	try	to	calculate	any	unreported	measures	of	association	using	a	2	×	2	frequency	table,	graphs	
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and	figures.	We	hope	to	combine	adjusted	prognosis	estimates	from	multivariable	statistical	models,	 including	
studies	with	similar	participant	populations	and	prognostic	factor	definitions.	We	will	meta-analyse	the	following	
factors	separately.	 

Unadjusted	and	adjusted	measures	of	prognostic	value	of	recurrence	compared	with	SPLC	 

Ideally,	prognostic	estimates	adjusted	for	different	confounders.	However,	realistically,	we	will	probably	have	to	
combine	risk	factors	adjusted	for	different	sets	of	confounders.	 

When	meta-analysis	is	inappropriate,	we	will	synthesise	results	narratively.	 

Where	data	are	sufficiently	similar	to	permit	pooling,	we	will	use	a	random-effects	approach,	given	our	expectation	
of	high	heterogeneity	between	studies.	We	will	apply	 the	Hartung-Knapp-Sidik-Jonkman	method	 to	obtain	CIs	
(IntHout	2014).	We	will	use	RevMan	Web	(RevMan	Web	2020)	and	Stata	software	(StataCorp	2021)	to	run	our	
analyses.	 

Subgroup	analysis	 

When	feasible,	we	will	perform	subgroups	analysis	by	the	following	characteristics	:		

• Study	design	(prospective	versus	retrospective)	
• Age	
• Sex		
• Stage	at	first	surgery		
• Smoking	status		
• Duration	of	follow-up		
• Surgery	type		
• Experience	of	surgeon	 

We	will	distinguish	prospective	and	retrospective	studies	because	we	suspect	 there	will	be	an	unequal	 loss	of	
information	between	the	two	groups	(recurrence	versus	SPLC).	Indeed,	one	of	our	hypotheses	is	that	these	two	
events	occur	at	differing	delays	after	surgery,	which	is	why	we	propose	to	create	subgroups	based	on	duration	of	
follow-up.	 

Different	factors	may	influence	survival	after	resection	of	a	primary	NSCLC,	including	age,	sex	and	smoking	status.	
We	hypothesise	that	risk	of	recurrence	in	relation	to	risk	of	SPLC	increases	with	age,	and	we	believe	that	female	
sex	and	smoking	cessation	are	protective	factors	for	risk	of	recurrence.	 

Finally,	stage	at	first	surgery,	surgery	types	and	experience	of	the	surgeon	are	factors	that	can	influence	risk	of	
recurrence.	 

Sensitivity	analysis	 

We	will	conduct	sensitivity	analyses	by	restricting	the	meta-analyses	to	data	from	studies	with	OS	that	are	at	low	
risk	of	bias.	 

Conclusions	and	summary	of	findings	 

We	will	provide	a	summary	of	findings	table	with	the	following	outcomes.	OS	for	people	with	index	lung	cancer	
recurrence	or	SPLC	 

Percentage	 mortality	 from	 one	 to	 two	 years,	 from	 two	 to	 five	 years,	 and	 from	 five	 years	 after	 detection	 of	
recurrence	or	SPLC	(upper	limits	not	inclusive).	 
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We	will	use	the	GRADE	approach	recommended	in	Chapter	14	of	the	Cochrane	Handbook	for	Systematic	Reviews	of	
Interventions	(Schünemann	2020)	and	modified	for	overall	prognosis	studies	(Iorio	2015)	to	rate	the	certainty	of	
the	evidence.	 

In	contrast	to	observational	intervention	studies,	we	will	start	with	high	certainty	of	evidence	for	cohort	studies	
and	 low	certainty	of	 evidence	 for	RCTs.	Rating	will	 result	 in	 a	 judgement	of	 high,	moderate,	 low,	 or	 very	 low	
certainty	of	the	evidence.	 

We	will	interpret	our	judgements	as	follows	(Iorio	2015).	
High:	we	are	very	confident	that	the	true	prognosis	(probability	of	future	events)	lies	close	to	that	of	the	
estimate.	 

Moderate:	we	are	moderately	confident	that	the	true	prognosis	(probability	of	future	events)	is	likely	to	be	close	
to	the	estimate,	but	there	is	a	possibility	that	it	is	substantially	different.	 

Low:	 our	 confidence	 in	 the	 estimate	 is	 limited;	 the	 true	 prognosis	 (probability	 of	 future	 events)	 may	 be	
substantially	different	from	the	estimate.	 

Very	low:	we	have	very	little	confidence	in	the	estimate;	the	true	prognosis	(probability	of	future	events)	is	likely	
to	be	substantially	different	from	the	estimate.	 
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Appendices	
Appendix	1.	MEDLINE	search	strategy	 

1.	lung	neoplasms[MeSH	Terms]	 

2.	"Bronchopulmonary	carcino*"[Title/Abstract]	OR	"Cancer	of	Lung*"[Title/Abstract]	OR	"Cancer	of	the	Lung*"	
[Title/Abstract]	 OR	 "Lung	 adenocarcinoma*"[Title/Abstract]	 OR	 "Lung	 Cancer*"[Title/Abstract]	 OR	 "Lung	
carcinoma*"[Title/Abstract]	 OR	 "Lung	 malignan*"[Title/Abstract]	 OR	 "Lung	 Neoplasm*"[Title/Abstract]	 OR	
"Lung	 Tumo*"[Title/Abstract]	 OR	 "Pulmonary	 adenocarcinoma*"[Title/Abstract]	 OR	 "Pulmonary	
Cancer*"[Title/Abstract]	OR	"pulmonary	carcino*"[Title/Abstract]	OR	"pulmonary	malignan*"[Title/Abstract]	OR	
"Pulmonary	Neoplasm*"	[Title/Abstract]	OR	"Pulmonary	tumo*"[Title/Abstract]	 

3.	Carcinoma,	Non-Small-Cell	Lung[MeSH	Terms]	OR	"Nonsmall	Cell	Lung	Cancer*"[Title/Abstract]	OR	"Non	Small	
Cell	Lung	Cancer*"[Title/Abstract]	OR	"Nonsmall	Cell	Lung	Carcinoma*"[Title/Abstract]	OR	"Non	Small	Cell	Lung	
Carcinoma*"[Title/Abstract]	OR	NSCLC[Title/Abstract]	 

4.	 Small	 Cell	 Lung	 Carcinoma[MeSH	 Terms]	 OR	 "Oat	 Cell	 Carcinoma*"[Title/Abstract]	 OR	 "Oat	 Cell	 Lung	
Cancer*"[Title/Abstract]	OR	SCLC[Title/Abstract]	OR	 "Small	 Cell	 Lung	Cancer*"[Title/Abstract]	OR	 "Small	 Cell	
Lung	Carcinoma*"[Title/Abstract]	 

5.	#1	OR	#2	OR	#3	OR	#4	 

6.	 Neoplasms,	 Second	 Primary[MeSH	 Terms]	 OR	 "Second	 Primary"[Title/Abstract]	 OR	 "Second	 lung"	
[Title/Abstract]	 OR	 "Second	 Cancer"[Title/Abstract]	 OR	 "second	 neoplasm"[Title/Abstract]	 OR	 Recurren*	
[Title/Abstract]	 

7.	#5	AND	#6	
8.	Carcinoma,	Non-Small-Cell	Lung[MeSH	Terms]	OR	nsclc[Title/Abstract]	 

9.	 "lung	cancer*"[Title/Abstract]	OR	"lung	carcinom*"[Title/Abstract]	OR	"lung	neoplasm*"[Title/Abstract]	OR	
"lung	tumor*"[Title/Abstract]	OR	"lung	tumour*"[Title/Abstract]	 

10.	"non	small	cell*"[Title/Abstract]	OR	"nonsmall	cell*"[Title/Abstract]	 

 

11.	(#8	OR	#9)	AND	#10	
12.	Neoplasm	Recurrence,	Local[MeSH	Terms]	OR	recurren*[Title/Abstract]	 

13.	 pneumonectomy[MeSH	 Terms]	 OR	 Pulmonary	 Surgical	 Procedures[MeSH	 Terms]	 OR	 lobectom*	
[Title/Abstract]	OR	pneumonectom*[Title/Abstract]	OR	 resect*[Title/Abstract]	OR	 surgery[Title/Abstract]	OR	
surgical[Title/Abstract]	OR	segmentectom*[Title/Abstract]	 

14.	(Small	Cell	Lung	Carcinoma[MeSH	Terms])	OR	(SCLC[Title/Abstract])	15.	(#11	AND	#12	AND	#13)	NOT	#14	
16.	#7	OR	#15	
17.	Survival[MeSH	Terms]	OR	Survival[Title/Abstract]	 
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18.	overall[Title/Abstract]	OR	risk[Title/Abstract]	OR	prognos*[Title/Abstract]	OR	recurren*[Title/Abstract]	19.	
#17	AND	#18	
20.	#16	AND	#19	 

21.	(Validat*	OR	Predict*[Title]	OR	Rule*)	OR	(Predict*	AND	(Outcome*	OR	Risk*	OR	Model*))	OR	((History	OR	
Variable*	OR	Criteria	OR	Scor*	OR	Characteristic*	OR	Finding*	OR	Factor*)	AND	(Predict*	OR	Model*	OR	Decision*	
OR	 Identif*	 OR	 Prognos*))	 OR	 (Decision*	 AND	 (Model*	 OR	 Clinical*	 OR	 Logistic	 Models[MeSH	 Terms]))	 OR	
(Prognostic	 AND	 (History	 OR	 Variable*	 OR	 Criteria	 OR	 Scor*	 OR	 Characteristic*	 OR	 Finding*	 OR	 Factor*	 OR	
Model*))	 

22.	Stratification	OR	Roc	Curve[MeSH	Terms]	OR	Discrimination	OR	Discriminate	OR	"c-statistic"	OR	"c	statistic"	
OR	"Area	under	the	curve"	OR	AUC	OR	Calibration	OR	Indices	OR	Algorithm	OR	Multivariable	 

23.	#21	OR	#22	24.	#20	AND	#23	 

Appendix	2.	Embase	search	strategy	 

#1,'bronchopulmonary	 carcino*':ti,ab	 OR	 'cancer	 of	 lung*':ti,ab	 OR	 'cancer	 of	 the	 lung*':ti,ab	 OR	 'lung	
adenocarcimoma*':ti,ab	 OR	 'lung	 cancer*':ti,ab	 OR	 'lung	 carcinoma*':ti,ab	 OR	 'lung	 malignan*':ti,ab	 OR	 'lung	
neoplasm*':ti,ab	OR	 'lung	 tumo*':ti,ab	OR	 'pulmonary	 adenocarcinoma*':ti,ab	OR	 'pulmonary	 cancer*':ti,ab	OR	
'pulmonary	 carcino*':ti,ab	 OR	 'pulmonary	 malignan*':ti,ab	 OR	 'pulmonary	 neoplasm*':ti,ab	 OR	 'pulmonary	
tumo*:ti,ab'	OR	'lung	tumor'/exp	OR	'lung	tumor'	 

#2,'non	small	cell	lung	cancer'/exp	OR	'nonsmall	cell	lung	cancer*':ti,ab	OR	'non	small	cell	lung	cancer*':ti,ab	OR	
'nonsmall	cell	lung	carcinoma*':ti,ab	OR	'non	small	cell	lung	carcinoma*':ti,ab	OR	'nsclc':ti,ab	 

#3,'small	cell	lung	cancer'/exp	OR	'oat	cell	carcinoma*':ti,ab	OR	'oat	cell	lung	cancer*':ti,ab	OR	'sclc':ti,ab	OR	'small	
cell	lung	cancer*':ti,ab	OR	'small	cell	lung	carcinoma*':ti,ab	 

#4,#1	OR	#2	OR	#3	 

#5,'second	 cancer'/exp	 OR	 'second	 primary':ti,ab	 OR	 'second	 lung':ti,ab	 OR	 'second	 cancer':ti,ab	 OR	 'second	
neoplasm':ti,ab	OR	'recurren*':ti,ab	 

#6,#4	AND	#5	 

#7,'non	small	cell	lung	cancer'/exp	OR	'nonsmall	cell	lung	cancer*':ti,ab	OR	'non	small	cell	lung	cancer*':ti,ab	OR	
'nonsmall	cell	lung	carcinoma*':ti,ab	OR	'non	small	cell	lung	carcinoma*':ti,ab	OR	'nsclc':ti,ab	 

#8,'cancer	recurrence'/exp	OR	'recurren*':ti,ab	 

#9,'lung	 resection'/exp	 OR	 'lobectom*':ti,ab	 OR	 'pneumonectom*':ti,ab	 OR	 'resect*':ti,ab	 OR	 'surgery':ti,ab	 OR	
'surgical':ti,ab	OR	'segmentectomy'/exp	OR	'segmentectom*':ti,ab	 

#10,'small	cell	lung	cancer'/exp	OR	'oat	cell	carcinoma*':ti,ab	OR	'oat	cell	lung	cancer*':ti,ab	OR	'sclc':ti,ab	#11,#7	
AND	#8	AND	#9	NOT	#10	
#12,#6	OR	#11	
#13,'survival':ti,ab	AND	('overall':ti,ab	OR	'risk':ti,ab	OR	'prognos*':ti,ab	OR	'recurrent':ti,ab)	 

#14,#12	AND	#13	 

#15,'validat*'	OR	'predict*':ti	OR	'rule*'	OR	('predict*'	AND	('outcome*'	OR	'risk*'	OR	'model*'))	OR	(('history'	OR	
'variable*'	OR	'criteria'	OR	'scor*'	OR	'characteristic*'	OR	'finding*'	OR	'factor*')	AND	('predict*'	OR	'model*'	OR	
'decision*'	OR	'identif*'	OR	'prognos*'))	OR	('decision*'	AND	('model*'	OR	'clinical*'	OR	'statistical	model'/exp))	
OR	('prognostic'	AND	('history'	OR	'variable*'	OR	'criteria'	OR	'scor*'	OR	'characteristic*'	OR	'finding*'	OR	'factor*'	
OR	'model*'))	 



36 
 
 

#16,'stratification'	OR	'receiver	operating	characteristic'/exp	OR	'discrimination'	OR	'discriminate'	OR	'c-statistic'	
OR	'c	statistic'	OR	'area	under	the	curve'	OR	'auc'	OR	'calibration'	OR	'indices'	OR	'algorithm'	OR	'multivariable'	 

#17,#15	OR	#16	#18,#14	AND	#17	 

Appendix	3.	Data	collection	form	Datacollectionform	 

General	information	 

Methods	 

Study	ID	(surname	of	first	author	and	year	first	full	report	of	study	was	published	e.g.	Smith	2001)	 
Notes:	 
Date	form	completed	(dd/mm/yyyy)	 
Name/ID	of	person	extracting	data	 
Study	title	 
Study	author	contact	details	 
Publication	type	(e.g.	full	report,	abstract,	letter)	 
Notes:	 

Study	Characteristics	 

Eligibility	criteria	 

(Insert	inclusion	criteria	for	each	characteristic	as	

defined	in	the	Protocol)	 

Eligibility	criteria	met?	 
Location	in	text	or	source	

(pg	&	¶/fig/table/other)	 Ye	s	 No	 Unclear	 

Type	of	study	 

RCT,	prospective	or	retrospective	longitudinal	

studies,	reporting	on	the	recurrences	of	the	index	lung	

cancer	or	SPLC	or	both	after	surgery	for	an	index	lung	

cancer	with	more	than	20	participants.	 

    

Participants	 

Population	and	cohorts	of	people	older	than	18	years	

after	complete	resection	of	a	primary	NSCLC	

presenting	a	recurrence	of	the	index	lung	cancer	or	a	

SPLC.	 

    

Types	of	prognostic/	

predictive	factor(s)	or	

model(s)	 

The	main	aim	is	to	assess	overall	prognosis	of	

recurrence	or	SPLC.	 
    

Types	of	outcome	measures	 

Overall	survival	for	people	with	a	recurrence	of	the	

index	lung	cancer	or	a	SPLC	in	people	with	NSCLC	

after	complete	resection	for	NSCLC	(time	between	the	

diagnosis	of	recurrence	or	SPLC	to	death	from	any	

cause	or	last	follow-up).	 

Percentage	of	mortality	at	1	year	to	<	2	years,	at	2	

years	to	<	5	years,	and	at	>	5	years	of	recurrence	and	

SPLC	in	people	with	NSCLC	after	complete	resection	

for	NSCLC	will	be	collected	or	calculated	if	possible.	 

Secondary	outcomes:	 

Overall	survival	from	surgery	of	the	index	lung	cancer	

for	people	with	a	recurrence	of	the	index	lung	cancer	
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or	a	SPLC	(time	between	the	surgery	to	death	from	

any	cause	or	last	follow-up)	 
INCLUDE	 EXCLUDE	 
Reason	for	exclusion	  
Notes:	 

 

Characteristics	of	included	studies	Methods	 
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Preliminary	Results	
	

Description	of	studies  
 

 
Results	of	the	search		 
	
The	search	identified	12.489	studies;	528	duplicates	were	removed.	11961	were	screened	for	title	and	abstract	
screening,	11.766	were	excluded	and	195	full	text	articles	were	assessed	for	eligibility.	86	were	selected	and	64	
were	included	for	data	extraction	after	removal	of	duplicates	or	lack	of	data	about	survival.	 
 
Figure 1. Study flow diagram.  
 

 
 
Included	studies  

Fifty-five	studies	were	conducted	in	a	retrospective	design.	Five	are	prospective	studies	(Takenaka	2022,	Rice	
2003,	Sugimura	2007,	Westeel	2022,	Zhang	2016),	four	others	are	literature	review	(Bowes	2023,	Loukeri	2015,	
Johnson	1008,	Fedor	2013).	

Fifty-two	were	monocentric,	one	was	conducted	in	two	centers	(Subotic	2018)	and	eight	were	multicenter	
studies	(Takenaka	2022,	Fu	2022,	Wong	2016,	Rice	2003,	Taioli	2016,	VanMeerBeeck	1996,	Matsumura	2016,	
Wu	2020,	Westeel	2022).	

Study	samples	ranged	from	23	to	9001	participants.		
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They	were	conducted	in	Europe,	North	America	and	Asia,	specifically:	twenty	in	Japan,	eleven	in	the	USA,	nine	in	
South	Korea,	three	in	Taiwan,	three	in	China,	and	one	each	in	Serbia,	Austria,	Germany,	France,	the	Netherlands,	
Belguim	and	Scotland.They	were	conducted	in	Europe,	North	America	and	Asia,	specifically:	twenty	in	Japan,	
eleven	in	the	USA,	nine	in	South	Korea,	three	in	Taiwan,	three	in	China,	and	one	each	in	Serbia,	Austria,	Germany,	
France,	the	Netherlands,	Belguim	and	Scotland.  

 
 
Participant	characteristics  
 
The	review	included	39536	older	adults,	women	represent	8,7%	(VanRens	2001)	to	60%	(Lee	2009),	median	
age	at	first	curative	treatment	range	from	61	(Kim	2006)	to	71,8	years	(Ha	2015),	and	60.2	(Subotic	2018)	to	
74,5	years	(Saicho	2013)	at	recurrence	or	second	primary	lung	cancer.	
	
Outcome	measures 	
	
Seven	studies	compared	outcomes	concerning	recurrences	and	SPLCs	in	wich	only	2	reported	hazard	ratios	of	
overall	survival	between	recurrences	and	SPLC.	The	other	5	only	offer	a	descriptive,	non-comparative	analysis	
by	presenting	median	survival	and	survival	rates	at	3,	5,	10	years.	
For	the	other	47	studies	which	only	reported	the	prognosis	of	an	entity	(recurrences	or	SPLC),	the	outcomes	
used	were	the	median	survival	and	the	survival	rates	at	1,	2,	3,	5	and	10	years. 	
	
Definitions	used  
	
In	the	majority	of	cases,	to	distinguish	between	a	new	primary	lung	cancer	and	a	recurrence,	the	distinction	was	
primarily	based	on	histology	if	a	biopsy	had	been	performed.	However,	since	most	studies	are	retrospective,	
few	biopsies	are	conducted	when	a	new	lesion	appears.	Therefore,	differentiation	between	those	two	could	be	
done	in	several	ways.  
 
Definitions	of	SPLC:  
 
When	studies	address	the	prognosis	after	a	second	lung	cancer,	the	Martini	and	Melamed	definition	was	used	in	
the	vast	majority	of	cases.	Three	studies	employ	the	criteria	defined	by	Antakli	et	al.	
One	considers	a	Synchronous	Primary	Lung	Cancer	(SPLC)	after	4	years	of	progression-free	survival	(Ha	2015).	
In	one	study	(Taioli	2016)	which	recruitment	of	SPLC	was	assessed	with	SEER	database,	they	used	the	Multiple	
Primary	dataset	(MP	dataset).	Briefly,	SEER	takes	into	account	histology,	site,	laterality,	and	time	since	initial	
diagnosis	to	identify	multiple	primary	cancers.	For	the	present	analysis,	only	second	primary	lung	cancers	
included	in	the	MP	data	set	that	were	pathologically-proven	and	developed	at	least	six	months	after	the	
diagnosis	of	the	first	cancer	were	extracted.	
A	 study	 focusing	 on	operated	metachronous	NSCLCs	 considers	 any	new	NSCLC	 appearing	 after	 surgery	 as	 a	
second	cancer,	without	considering	the	tumor	site,	progression-free	survival,	or	histological	type.  
 
Definitions	of	recurrence: 
 
The	diagnosis	of	a	recurrence	is	often	made	by	elimination	when	a	new	lesion	appears.	If	it	is	considered	as	a	
second	cancer,	it	can	be	an	exclusion	criterion.	The	decision	can	be	made	using	the	same	criteria	mentioned	
above	or	sometimes	solely	based	on	clinical	and	radiological	data,	at	the	discretion	of	clinicians.  
 
 

Risk	of	bias	of	included	studies 
	
To	evaluate	the	risk	of	bias	(ROB),	we	used	the	Quality	In	Prognosis	Studies	tool	(QUIPS;	Hayden	2013).	
	
We	rated	risk	of	bias	in	the	following	six	domains	:		

• Outcome	measurement	
• Study	confounding	
• Statistical	analysis	and	reporting	
• Study	participation	
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• Prognostic	factor	measurement	
• Study	attrition	

For	each	domain	we	assigned	an	overall	rating	of	‘low	risk’,	‘moderate	risk’,	or	‘high	risk’	based	on			the	
signaling	item.	
	
Thirty-four	studies	were	at	high	risk	of	bias	in	at	least	one	domain.	Two	studies	were	at	low	risk	of	bias	in	every	
domain	(Choi	2022,	Takenaka	2016).	Twenty-five	studies	were	at	high	risk	of	bias	in	at	least	one	domain.	No	
studies	were	at	low	risk	of	bias	in	every	domain.	
Most	common	issues	werea	around	study	population	(ten	studies)	because	sometimes	the	initial	lung	cancer	
included	small	cell	lung	cancers,	or	a	metastatic	lung	tumor	and	some	patients	didn’t	underwent	curative	
surgery	but	they	received	other	cancer	specific	treatments.	For	study	attrition	bias	(two	studies)	or	bias	in	
definitions	(ten	studies)	of	a	recurrence	or	a	SPLC	were	not	always	detailed,	some	studies	which	evaluate	
outcomes	after	recurrence	didn’t	explained	if	they	excluded	SPLC.	It	was	heterogeneity	in	the	follow-up	
(because	of	a	majority	of	retrospective	studies).	In	the	majority	of	studies,	death	from	all	causes	was	considered	
instead	of	lung	cancer	specific	related	death,	and	some	studies	include	initial	stage	IIIIB	or/and	stage	IV	and/or	
small	cell	lung	cancers.		
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Figure 2. Risk of bias summary: review authors’ 
judgements about each risk of bias item for each 
included study 
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Overall	survival	between	people	diagnosed	with	index	lung	cancer	
recurrence	or	SPLC	after	complete	resection	for	NSCLC 

 
 
 
Seven	studies	compared	outcomes	concerning	recurrences	and	SPLCs:		
	
•	 Two	out	of	7	studies	(Subotic	2018,	Kim	2006)	demonstrate	a	survival	advantage	post-recurrence	of	the	
index	lung	cancer	compared	to	post-second	primary	lung	cancer.		
Subotic	and	coll.	evaluated	post	completion	pneumonectomy	outcomes,	post-recurrence	survival	(PRS)	=	48	
months,	post-SPLC	=	7.7	months.	
Kim	and	coll	shown	prognosis	after	surgical	resection	of	a	recurrence	or	a	SPLC,	median	survival	after	surgery	
was	78.5	months	and	70%	at	5	years	vs	62,4	months	and	69%	for	SPLCs.	
However,	the	main	limitation	lies	in	the	fact	that	they	involve	very	small	sample	sizes	(respectively	24	and	9	
recurrences,	4	and	20	second	primary	lung	cancers).	These	studies	only	presented	recurrences	or	SPLC	
accessible	to	curative,	surgical	treatment.	
	
•	 Five	of	7	studies	(Martini	1999,	Mayne	2020,	Fink-Neuboeck	2020,	Endo	2012,	Westeel	2022)	show	an	
advantage	in	terms	of	survival	after	a	second	primary	lung	cancer.	They	involve	larger	sample	sizes	
(respectively	for	recurrences:	n=36,	46,	175,	102,	536	and	for	second	primary	cancers:	n=26,	45,	25,	13,	67).	

• Martini	1999	:	survival	after	surgical	resection	of	recurrences	or	SPLC	:	10	years	survival	=	7%,	and	
36%	after	resection	of	a	SPLC.	

• Mayne	2020	:	outcomes	after	lobectomy	for	stage	IA	NSCLC	:	for	recurrences,	PRS	at	5	years	=	2,3%	vs	
57,5%	for	SPLC.	

• Fink-Neuboeck	2020	:	survival	after	surgical	resection	of	recurrences	or	SPLC	:	10	years	survival	=	
10%,	and	52%	after	resection	of	a	SPLC.	

• Endo	2012	:	Outcomes	after	curative	surgical	resection	of	NSCLC	:	SPLC	:	PRS	=	63.3	months,	
recurrences	:	PRS	=	18	months.	

• Westeel	2022	:	Post	curative	surgical	resection	of	NSCLC	:	SPLC		:	PRS	=	2,4	years,	survival	=	74%	at	1	
year	and	30%	at	5	years.	For	recurrences,	PRS	=	1,1	years,	survival	=	55%	and	17%	at	1	and	5	years	
respectively.		

	
Nineteen	studies	assessed	prognostic	of	recurrences	after	complete	surgical	resection	of	initial	stage	I	to	IIIA	
NSCLC	(Isaka	2022,	Williams	2006,	Takenaka	2022,	Saicho	2013,	Sonobe	2014,	Takenaka	2016,	Sakurai	2000,	
Ichinose	2014,	Takenaka	2015,	Takashi	2015,	Mizuno	2018,	Sugimura	2007,	Sasaki	2014,	Sekihara	2017,	Wang	
2014,	Hashimoto	2022,	Zhang	2016,	Choi	2016,	Wong	2016).	Post	recurrence	survival	range	from	218	days	(7,3	
months)	to	30	months.	
	
Thirteen	studies	evaluated	survival	post	SPLC	after	complete	surgical	resection	of	initial	stage	I	to	IIIA	NSCLC.	
PRS	range	from	11,8	months	to	4,8	years	(Lee	2009,	Reinmuth	2013,	Rosengrat	1991,	Bhaskarala	2010,	Ha	
2015,	Aziz	2002,	Wu	2020,	Bae	2011,	Loukeri	2015,	Fischer	2021,	Johnson	1998,	Choi	2022,	Mousset	1989,	
Roeslin	1989).	
	
Table	1	show	the	results	summary	of	the	included	studies	about	recurrence	prognosis.	
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Table 1: results summary of the included studies about recurrence prognosis 
 ID study comparison N Recurrence free 

interval 
Survival : start at the diagnosis of recurrence 

 
    

Median OS 1 year 2 years 3 years 5 years 
4 Isaka 2022 recurrences 358 16,3 months 27.3 months    29.8% 
          
10 Williams 2006 recurrences 390 11,5 months 8.1 months 37,00%    
          
13 Takenaka 2022 recurrences 495 14 months 30 months    31.9% 
          
18 Saisho 2013 recurrences 76 12,7 months 17,7 months 68,30% 45,80%             
19 Sonobe 2014 recurrences 234  21 months   33,00% 19,90% 
          

21 Takenaka 2016 

recurrences (overall) 280  25 months    20,30% 
recurrences (75+years 
patients) 65  17 months     
recurrences (younger 
patients) 215  26 months               

26 Sakurai 2000 recurrences 123  18,2 months 30,80% 13,80%  3,30% 
          
31 Ichinose 1994 recurrences 215  11,5 months 49,30% 25,60%  11,40% 
          

36 Takenaka 2015 

NSCLC recurrences (overall) 280 12 months 25 months    20,30% 
NSCLC recurrences (EGFR Mt + 
TKI)   49 months     
recurrences (EGFR wild and 
unkown + TKI)   20 months     
recurrences (patients non 
treated by TKI)   17 months     
recurrences (EGFR Mt+)   44 months     
recurrences (Wt)   21 months     
recurrences (ADK : unkown 
status)   20 months               

37 Takahashi 2015 recurrences 138 21 months 22,5 months  44,60%  25,90% 
          

38 Mizuno 2018 

recurrences (overall) 281  21,6 months   55,70% 34,80% 
recurrences (EGFR Mt+) 135  36,1 months   68,00% 41.9% 
recurrences (KRAS Mt+) 33  18,2 months   34,10% 27.3% 
recurrences (ALK 
rearrangements) 13  35,8 months   60,60% 60.6% 
recurrences (no mutation) 100  16,5 months   44,50% 24.3% 

          
45 Sugimura 2007 recurrences 390 11,5 months 8,1 months 37,00% 17,00%   
          
52 Sasaki 2014 recurrences 127  21,9 months 69,80% 44,40%   
          
53 Sekihara 2017 recurrences 635 24 months 9 months   23,00% 13,00% 
          

62 
Wang 2014 
(abstract) recurrences 235  13 months 54.8% 32.6%   

          

63 
Hashimoto 2022 
(abstract) 

recurrences 443 13,2 months  74,00% 55,00%  16,00% 
EGFR or ALK mutated    86,00% 71,00%  24,00% 
EGFR or ALK- or unkown    64,00% 40,00%  10,00% 

          

65 
Zhang 2016 
(abstract) recurrences 160  20 months               

47 Choi 2016 recurrences  141 14,2 months 10,8 months 50,70%  28,40%            

17 Wong 2016 

recurrences : overall 3043 15.9 months NO DATA  
loco-regional recurrences + 
active treatment   19,9 months    11,40% 
loco-regional recurrences + 
supportive care only   4,0 months    4,80% 
distant recurrences + active 
treatment   11,6 months    6,90% 
distant recurrences + 
supportive care only   3,0 months    2,00% 
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DISCUSSION 1er AXE THEMATIQUE :  
 
Caractérisation pronostique des patients après chirurgie, récidives, SCBP 
  

 
L’objectif premier de cette thèse était d'évaluer le devenir des patients après une chirurgie exérèse d’un cancer 

broncho-pulmonaire non à petites cellules. La première démarche a été de mieux définir le profil des patients 

opérés en distinguant 2 trajectoires pronostiques, les patients présentant une récidive et ceux présentant un 

second cancer. Dans cette revue systématique pronostique, nous avons identifié 86 études sur 30252 patients. 

Sur ces 86 études, 6 proposaient une comparaison directe du pronostic entre les récidives et les seconds cancers 

broncho-pulmonaires (SCBP). Le pronostic des récidives ou des SCBP était influencé par le stade au diagnostic. 

Or les récidives étaient plus fréquemment diagnostiquées à un stade métastatique, sans accès à un traitement 

curateur. Les définitions utilisées des SCBP vs récidives, ne différaient quasi exclusivement que sur le délai à 

utiliser pour séparer ces 2 entités (2 ans vs 4 ans). Cette différence n’impactait pas sur le pronostic des 2 entités. 

L’information à retenir de cette analyse est à notre sens l’évolution de l’incidence après chirurgie des SCBP et 

récidives. Les récidives, surviennent essentiellement dans les 2 ans, avec une incidence forte pendant les 6 

premiers mois de surveillance puis une baisse rapide. A l’inverse, l’incidence des SCBP est constante, allant 

de 2% à 5% d’incidence par an (44, 75, 76, 77). Aucun facteur de risque, clinique, biologique, radiologique, 

n’a permis de mieux caractériser les patients qui feront une récidive ou un SCBP. 

 

La production de revues systématiques par le groupe Lung Cancer de la collaboration Cochrane comporte 

essentiellement des synthèses d’essais cliniques randomisés d’intervention. La présente revue pronostique sur 

la survie des récidives ou seconds cancers pulmonaires a été la première de type pronostique, permettant au 

groupe de s’approprier la méthodologie Cochrane des revues systématiques pronostiques. Les limites 

méthodologiques et la plus grande hétérogénéité des études d’observation incluses dans cette revue ainsi que 

l’insuffisance des méthodes actuelles à contrôler tous les problèmes de leur agrégation méta-analytique 

constituent le défi principal à l’élaboration de ce type de revues. Il faudra dans un premier temps identifier tous 

les facteurs expliquant la survie des récidives et des SCBP. Puis après leur identification, les prendre en compte 

dans l’analyse finale par une pondération par l’inverse de la probabilité d’être exposé ou l’utilisation d’un 

score de propension (78-80). Ceci sous-entend une méta-analyse sur données individuelles qui seront très 

complexes à obtenir. 

 

Cette revue systématique pronostique a permis d’identifier plusieurs évolutions cliniques des patients opérés 

d’un CBNPC, indépendamment des définitions. La première évolution est celle de patients présentant une 

récidive précoce, souvent symptomatique, au stade métastatique et de pronostic péjoratif. Cette récidive 

concerne de 16% à 40% des patients selon les stades à la chirurgie du cas index. L’incidence de ces récidives 

précoces diminue dans les 2 premières années post-chirurgie, en étant maximale dans les 3 premiers mois de 
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surveillance (44, 54, 75,76,77). D’autres patients vont présenter une récidive indolente, jusqu’à 40% des 

récidives et seront diagnostiqués plus tardivement à des stades au diagnostic de la récidive plus précoce. A 

l’inverse, l’incidence des SCBP semble stable au cours du temps entre 1,5% et 4% selon les séries (55, 56, 57). 

Ceci même lorsque la surveillance se prolonge au décours des 5 ans souvent rapportés. Il est possible que le 

pronostic des récidives indolentes soit comparable à celui des SCBP. Il y a peu d’analyse basée sur des preuves 

anatomopathologiques dans les études possiblement à l’origine d’un biais de classement entre les 2 entités. 

Seule une étude utilise des paramètres de biologie moléculaire pour différencier les 2 entités (52). 

 

La survie globale des récidives et des SCBP est corrélée au stade et donc à la possibilité d’un retraitement 

curateur au diagnostic de ces 2 entités. Ainsi la récidive semble de moins bon pronostic car elle est 

diagnostiquée à des stades plus avancés. Notre revue a révélé des cas de récidives de la maladie ou de seconds 

cancers chez 18 à 71 % des patients sous surveillance, avec des taux de récidive plus élevés pour le stade IIIA 

(52 à 72 %) que pour ceux des stades I à II (11% à 22%). La plupart des récidives ont été diagnostiquées dans 

les deux premières années suivant le traitement. Dès le diagnostic de récidive, le taux de survie à 5 ans était 

estimé entre 16 et 23 % (1), avec une survie moyenne d'environ 25 à 30 mois (4, 54). Le taux de survie à 5 ans 

des patients atteints d'un deuxième cancer du poumon est estimé entre 23 et 77 % (60). 

 

La récidive est majoritairement diagnostiquée chez des patients symptomatiques (entre 51% à 82%) (58, 62). 

Celle-ci témoigne de maladies plutôt agressives, se développant à distance du poumon sur des sites 

symptomatiques (os, cerveau). Dans ces études, les auteurs présentaient des cohortes de patients opérés de 

cancer index au début des années 2000, avant que le PetScanner ne soit implémenté en routine (81) et 

recommandé en systématique du bilan d’extension pré-opératoire (82). L’on peut imaginer que le 

développement du PetScanner permettrait de reclasser ces tumeurs en métastatiques d’emblée et réduire le 

taux de récidives métastatiques agressives (83). Les SCBP étaient majoritairement diagnostiqués par un suivi 

avec scanner, et ce plus souvent qu’en cas de récidive (67 à 90%) (44, 84, 85). Les études incluses dans cette 

analyse ont été publiées entre 2000 et 2020. Il est vraisemblable que la précision diagnostique de l'imagerie 

par scanner ait évolué au cours de cette période, sans toutefois pouvoir affirmer que cela ait impacté la prise 

en charge et le pronostic de ces patients. Les symptômes ne motivaient en général pas de consultation non 

programmée par le suivi.  

On pourrait discuter un faible rendement à l’imagerie répétée par scanner au décours immédiat de la chirurgie 

car la récidive, souvent diagnostiquée par les symptômes, souvent agressive et peu accessible à un traitement 

curateur ne voit que peu son histoire naturelle modifiée par une détection précoce. Mais les traitements actuels 

sont plus efficaces en situation même avancée, notamment chez les patients peu symptomatiques et donc il a 

peut-être un intérêt à un diagnostic avant que la récidive soit trop évoluée (86). Néanmoins, selon les 

recommandations actuelles, une proportion de plus en plus importante des opérés aura déjà reçu un traitement 

par chimio-IO péri-opératoire et si le patient récidive, cela veut dire que la maladie est non sensible à 

l’immunothérapie et donc peu d’options thérapeutiques permettront d’espérer inverser la progression tumorale. 
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A l’inverse, prolonger les scanners thoraciques de surveillance pour poser plus précocement le diagnostic de 

SCBP, dont l’incidence est constante et persistante au cours du temps, semble se justifier davantage.  

 

Il existait des limites à cette revue. L’utilisation d’analyses issues de données rétrospectives constitue la limite 

principale. Ces études ont généralement des données manquantes, des biais d’inclusion, d’échantillonnage, 

d’information et de non-randomisation. Il y avait une certaine hétérogénéité entre les études incluses. Par 

exemple, la cohorte décrite par Subotic et al. (87) s’intéressait à des récidives ou SCBP de stade opérable, 

alors que la cohorte décrite par Fink-Neuboeck et al analysait tous les stades (75). Les études, issues de cohorte 

ancienne, ne présentaient pas d’étude ancillaire biologique comme celle publiée par Girard et al. Pourtant dans 

l’étude biomarker France, 20%, des patients aux stades précoces présentaient des mutations EGFR (88). Une 

piste d’exploration future serait d’utiliser les techniques actuelles de séquençage de l’ADN tumoral après 

biopsies des suspicions de récidives ou SCBP pour mieux les caractériser. 

 

Conclusions : Cette revue de la littérature pronostique a permis d’étendre l’expertise du groupe lung cancer de 

la collaboration Cochrane, notamment sur la synthèse d’essais non randomisés, sur la prise en compte de 

l’hétérogénéïté des études observationnelles. Ce travail se poursuit pour aboutir à la présentation complète des 

résultats et à la publication de la revue sur le site Cochrane. 

La définition la plus utilisée et donc celle retenue après analyse de la littérature reste celle de Martini et 

Melamed (45) notamment par le choix du délai de 2 ans pour définir la période de récidive. Cette définition 

est à placer dans le contexte des études analysées, essentiellement publiées avant l’avènement des techniques 

de biologie moléculaire. La perspective serait de moderniser cette définition par l’utilisation de ces techniques. 

Une étude ancillaire sur les patients de l’étude IFCT-0302 de surveillance des opérés pourrait être proposée 

avec analyse ou relecture histo-moprhologique des prélèvements faits sur les récidives ou SCBP. Pour mémoire, 

dans cette étude, les récidives et SCBP étaient classées par l’investigateur utilisant la définition de Martini et 

Melamed sans relecture indépendante ni obligation de preuve histologique. Enfin cette revue serait à refaire 

en bornant la date d’inclusion des études à l’avènement des traitements d’immunothérapie soit en situation 

métastatique pour évaluer l’impact sur un diagnostic précoce des récidives mêmes métastatiques soit en 

situation péri-opératoire pour en voir les effets sur l’incidence des récidives et/ou SCBP ainsi que leur pronostic.  
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ARTICLE 
  

 
 

Axe Thérapeutique 
 
 

Revue systématique avec métanalyse en réseaux des traitements péri-opératoire d’immunothérapie 
dans le cancer bronchique non à petites cellules, protocole 

 
 

 
Résumé 

Jusqu'à récemment, il n'y a eu aucune avancée dans les stratégies thérapeutiques systémiques périopératoires 

(néoadjuvante ou adjuvante) depuis près d'une décennie chez les patients opérés d’un CBNPC. Parallèlement, 

l’utilisation généralisée de l’immunothérapie a transformé le traitement du CBNPC métastatique ou non 

résécable. Ces succès ont motivé le développement de l’immunothérapie dans le CBNPC résécable. 

L’association d’une chimiothérapie et d’une immunothérapie préopératoire est depuis peu le nouveau standard 

dans le traitement d'un cancer bronchique non à petites cellules résécable à haut risque de récidive, dont les 

tumeurs expriment PD-L1 au seuil ≥ 1 % (8, 9). 

Il existe actuellement plusieurs schémas thérapeutiques péri-opératoires en développement en termes 

d'immunothérapie, d'association à d'autres immunothérapies, de chimiothérapie et en termes de timing 

d'administration (néoadjuvant, adjuvant). 

Le groupe Lung cancer de la collaboration Cochrane souhaitait développer son expertise dans la méthodologie 

des revues systématiques avec méta-analyse en réseaux. Il a donc été proposé de réaliser ce type de 

méthodologie appliquée à la thématique des traitements péri-opératoires d’immunothérapie. 

Objectifs 

L'objectif de cette revue systématique est de réaliser une méta-analyse en réseaux afin de comparer les effets 

des stratégies périopératoires d'administration d'immunothérapie sur la survie globale chez les patients 

opérables atteints d'un CBNPC résécable. 

Modèle de recherche 

Nous inclurons des essais contrôlés randomisés (ECR) en groupes parallèles. Nous exclurons les essais croisés 

et en grappes, car ces modèles d'étude ne sont pas pertinents dans ce contexte. Nous exclurons les études à un 

seul bras. Nous inclurons les ECR quel que soit leur statut de publication ou leur langue de publication. Nous 
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inclurons l'immunothérapie périopératoire (néo-adjuvante, adjuvante, les deux), avec ou sans chimiothérapie, 

quel que soit le protocole de chimiothérapie. 

Nous rechercherons des études pertinentes dans les bases de données suivantes : 

- MEDLINE (accessible via Pubmed) de 2018 à aujourd'hui 

- Embase de 2014 à aujourd'hui 

- Registre Cochrane des essais contrôlés (CENTRAL) de 2014 à aujourd'hui 

- et le Web de la Science. 

Nous commencerons intentionnellement à partir de 2018 car c’est la date à laquelle le premier essai sur 

l’immunothérapie a été publié (Forde PM. NEJM, 2018). Nous n’appliquerons aucune rétractation aux 

stratégies de recherche. Nous effectuerons les recherches électroniques selon les recommandations du 

Cochrane Intervention Group (Higgins JPT. Cochrane, 2022).  

Conclusion : Nous espérons pouvoir proposer une analyse hiérarchique des stratégies thérapeutiques péri-

opératoires d’immunothérapie avec analyse de leur profil de tolérance. Cette revue sera proposée sur un mode 

« living » avec une actulalisation bi-annuelle jusqu’à ce que les auteurs jugent la réponse comme acquise. 
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Abstract
Objectives
This is a protocol for a Cochrane Review (intervention). The objectives are as follows:
First objective

To perform indirect comparisons in order to generate a clinically meaningful hierarchy of perioperative strategies
of immunotherapy administration on overall survival in operable people with resectable non small cell lung
cancer.
Second objective

To compare the effectiveness and safety of different immunotherapy agents that are administrated peri-operation
among people with iresectable non small cell lung cancer via a network meta-analysis.
Third objective

To maintain the currency of evidence by taking a living systematic review approach.

Background
Description of the condition
Lung cancer remains the leading cause of cancer-related death worldwide, accounting for 18% of the total cancer
deaths in 2020 (GLOBOCAN 2020). Lung cancers represent a group of heterogeneous entities both in terms of
histology and molecular profile (Herbst 2008). Histologically, they are categorized into two types: non-small cell
lung cancer (NSCLC) and small cell lung carcinoma (SCLC). NSCLCs are typically subdivided into
adenocarcinoma, squamous cell carcinoma (SqCC), and large-cell carcinoma.
Non-small cell lung ca ncer is the most common type of lung cancer, accounting for 80 to 85% of all lung cancers
(Herbst 2008). Both NSCLC and SCLC have very low survival rates. However, the outcomes differ according to
stage at diagnosis, with a 24-month survival rate of 87 to 97% for stage I NSCLC and of 10 to 23% for stage IV.
Stage I to IIIA NSCLC (classified as early stages in the TNM classification, eight edition - see Appendix 1 )
accounts for 40% to 45% of all cases of lung cancer (Goldstraw 2016). This number is likely to grow with
increased adoption of low-dose computed tomography screening leading to increased identification of early-
stage NSCLC.
Surgery with or without perioperative chemotherapy (around the time of surgery) remains the treatment
cornerstone of early stage lung cancer (Ettinger 2022).
For stage I to IIIA NSCLC, despite surgical resection, relapses and mortality are common. The five-year survival
rate of people with lung cancer treated with curative  intent ranges from 36% to 92% according to stage
(Goldstraw 2016).

Description of the intervention
The aim of perioperative chemotherapy is to reduce mortality by reducing the risk of recurrence. For decades,
platinum-based adjuvant chemotherapy was the standard of care for patients with resectable stage II–IIIA
disease, although the survival benefits were modest, with an increase in overall survival (OS) of approximately
5% (Lim 2009). Efforts to improve outcomes by  adding antiangiogenics (e.g. bevacizumab) (Wakelee 2017) or
adjuvant postoperative radiation therapy failed to confer a survival benefit (Le Pechoux 2022), underscoring the
ongoing need for better outcomes in this setting.
Recently, immunotherapy has been incorporated into neo-adjuvant and adjuvant regimens on the basis of data
demonstrating improvement in event-free survival (EFS) and disease free survival (DFS), respectively, for early-
stage, resectable NSCLC without a driver mutation. IMpower-010 was the first phase III trial that demonstrated a
DFS benefit with immunotherapy, following complete surgical resection, adjuvant chemotherapy, and then up to a
year of adjuvant atezolizumab in patients with PD-L1–positive, stage II-IIIA disease (Felip 2021), leading the FDA
to approve atezolizumab for this population. Of note, although the study demonstrated DFS benefit in patients
with PD-L1– positive stage II-IIIA (stratified  hazard ratio [HR], 0.66; 95% CI, 0.50 to 0.88), a post hoc analysis
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indicated that the benefit was driven overwhelmingly by patients with tumor PD-L1 expression ≥ 50%. The
hazard ratio was 0.87 and 0.43 for patients with PD-L1 1%-49% and ≥ 50%, respectively. Given the lack of
benefit for PD-L1 of 1%-49%, the European Commission has approved atezolizumab only for patients with PD-L1
≥ 50%.
KEYNOTE-091 (PEARLS) trial also demonstrated improvement in DFS for patients with stage IB (≥4 cm) to IIIA
NSCLC who received up to a year of adjuvant pembrolizu mab, and now has received FDA approval in this
setting irrespective of PD-L1 expression. Interestingly, there was no association of greater or lesser efficacy in the
KEYNOTE-091 trial by PD-L1 expression: The HR for DFS with PD-L1 ≥ 50% was 0.82 (0.57-1.18) versus 0.76
(0.63- 0.91) in the overall trial population (O’Brien 2022).
In the neoadjuvant setting, the CheckMate-816 trial demonstrated an improvement in EFS with nivolumab plus
chemotherapy for three cycles when compared with chemotherapy alone for patients with resectable stage IB to
IIIA EGFR and ALK wild-type NSCLC (Forde 2022) and also has received FDA and European Commission
approval. Similar to the findings in IMpower010, the HR for EFS in CheckMate-816 was 0.85 (0.54-1.32), 0.58
(0.30-1.12), and 0.24 (0.10-0.61) for patients with PD-L1 expression <1%, 1%-49%, and ≥ 50%, respectively,
although the differences here were not enough to lead to changes in regulatory approval on the basis of tumor
PD-L 1 expression. Notably, improved EFS with chemotherapy/nivolumab was highly associated with the
achievement of a pathologic complete response (pCR) (HR, 0.13 vs no pCR).
AGEAN was a phase III, study assessing the activity of durvalumab and chemotherapy administered prior to
surgery compared with placebo and chemotherapy administered in a neoadjuvant and adjuvant setting for
patients with resectable early-stage (IIA-IIIB) NSCLC. After a median follow-up of 11.7 months, median EFS was
not reached in the durvalumab-based regimen arm versus 25.9 months in the chemotherapy-alone arm. People
in the durvalumab-based regimen arm showed a 32% reduction in the risk of disease progression precluding
definitive surgery, disease recurrence, or death compared with those in the chemotherapy-alone arm (Heymach
2023).

How the intervention might work
Most people with advanced NSCLC will not be cured, so cancer prevention and effective treatment of early-stage
disease are the cornerstones of reducing mortality. Mounting evidence suggests that the incorporation of
neoadjuvant immunotherapy may lead to:

tumour regression and long-lasting anti-tumour immune responses in people with resectable NSCLC ,
early eradication of micrometastases,
a higher treatment initiation rate as well as higher people adherence,
the possibility of surgical downstaging,
a potential decrease in need for more extensive procedures (such as pneumonectomy or open
thoracotomy),
and the ability to assess pathologic responses, which may serve as a predictor of survival and inform
decisions about future treatment immunotherapy (Conroy 2023).

Adjuvant immunotherapy can allows fastest time to surgery, eliminate undetectable residual “micrometastatic”
tumour cells that may exist in lymph nodes, blood vessels, or lymphatic vessels, delaying or reducing
postoperative recurrence and metastasis, prolonging PFS and OS, and improving people qua lity of life (Peng
2023).

Why it is important to do this review
Until recently, there were no guidelines modifications in perioperative systemic therapy (neoadjuvant or adjuvant)
but the widespread use of immunotherapy has transformed the treatment of metastatic or unresectable NSCLC.
These successes have motivated research into using these treatment modalities for curable early-stage NSCLC.
There are currently several perioperative treatment regimens available in terms of immunotherapy: association
with other immunotherapy agents, with chemotherapy, timing of administration (neoadjuvant, adjuvant). The
strategies being tested are also different. Therefore, in the absence of a large number of randomised controlled
trials comparing all perioperative treatment regimens, uncertainty remains as to the best option for operable
people with resectable NSCLC. Specifically, many questions remain unanswered in the use of i mmunotherapy in
the perioperative setting:

Which people could benefit most from immunotherapy? Evidence regarding the therapeutic benefit of
immunotherapy as perioperative treatments for early-stage NSCLC (stage I-II) is limited. Biomarkers, such
as PD-1/PD-L1, T cell infiltration, tumor mutation burden (TMB), and others, are helpful for the selection of
non-operable people who benefit most from immunotherapy (Herath 2022). However, studies that
examined immunotherapy as perioperative treatments usually d o not use biomarkers for participants
selection. It has not yet been determined whether it is necessary to consider PD-1/PD-L1 expression to
apply immunotherapy as perioperative treatments. Alterative biomarkers, such as imaging data, liquid
biopsies, and even some clinical characteristics, could have the potential to predict the efficacy of
neoadjuvant immunotherapy. A gap remains in the knowledge of the effects of perioperative



56 
 
 

 
 
 
 
 

immunotherapy in the elderly. We know that perioperative chemotherapy is not effective above the age of
75 (Früh 2008), is this the case for immunotherapy?
What is the optimal duration? Various treatment duration has been proposed with no real comparison to
justify which one is more effective.
What is the best timing and sequence of immunotherapy with other systemic therapies? The timing
between adjuvant, neo-adjuvant or both prescriptions is not compared, making it impossible to recommend
any strategy.

Stakeholders (patients, practitioners) have a constant need for relevant, accessible, up-to-date and reliable
syntheses of high-quality evidence to inform their decisions.
Hundreds of randomised controlled trials (RCTs) have been launched on the use  of immunotherapy in the
perioperative setting and their results will be published gradually over the coming years. However, the vast
majority of those trials are using placebo as a comparator because the pharmaceutical industry who is the main
sponsors of large RCTs does not want to take the risk of a comparison that would not be in favour of their product
and block the approval process.

Living systematic review approach
After the first publication of this review, we are planning to maintain it as a living systematic review (LSR) with a
yearly update. This means that we will search the literature continually and will incorporate any new evidence on
a regular basis (Elliott 2017). A living systematic review approach is appropriate for this review because the topic
is important for clinical decision-making; current evidence is unlikely to provide certainty; and a very active
research programme is ongoing. Indeed, the review authors are aware of several ongoing trials and believe that
incorporating results from these trials in a timely manner is crucial, as these findings may have an impact on
review conclusions.

Objectives
First objective

To perform indirect comparisons in order to generate a clinically meaningful hierarchy of perioperative strategies
of immunotherapy administration on overall survival in operable people with resectable non small cell lung
cancer.
Second objective

To compare the effectiveness and safety of different immunotherapy agents that are administrated peri-operation
among people with iresectable non small cell lung cancer via a network meta-analysis.
Third objective

To maintain the currency of evidence by taking a living systematic review approach.

Methods
Criteria for considering studies for this review

Types of studies
We will include parallel-group randomised controlled trials (RCTs). We will exclude cross-over and cluster trials,
as these study designs are not relevant in this setting. We will exclude single-armed studies.
We will include RCTs regardless of their publication status or language of publication.

Types of participants
People aged 18 years or older, with pathologically confirmed NSCLC (any histology) of stage I to IIIA according to
the AJCC staging system (8th edition - see Appendix 1) with an indication of resection or operated. People must
not have any contraindication to immunotherapy and/or standard of care (chemotherapy)

Types of interventions
We will include perioperative immunotherapy (neo-adjuvant, adjuvant, both), with or without chemotherapy,
whatever the chemotherapy protocol.
Chemotherapy regimens are usually composed of doublet platine, with docetaxel, etoposide, paclitaxel,
vinorelbine neoadjuvant, adjuvant, both, with no limit on the number of cycles.
For immunotherapy, we will consider the following inte rventions:
- Neoadjuvant immunotherapy as monotherapy
- Neoadjuvant immunotherapy in combination with chemotherapy
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- Adjuvant immunotherapy as monotherapy
- Adjuvant immunotherapy in combination with chemotherapy
- Neoadjuvant and adjuvant immunotherapy as monotherapy
- Neoadjuvant and adjuvant immunotherapy in combination with chemotherapy
At any time points, at any dose and at any frequency.
Currently, the main immunotherapy drugs are atezolizumab, cemiplimab, durvalumab, nivolumab,
pembrolizumab, sintilimab or other PD-1, PD-L1 inhibitors.

Types of outcome measures
We will estimate the hierarchy of evidence for the following outcome:

Primary outcomes

- Overall survival (OS) from the randomisation or allocation to death or last follow up, at any time points.

Secondary outcomes

- Disease free survival (DFS) from the randomisation or allocation to the first sign or symptom of cancer or death,
at any time points.
- Relapse-free survival (RFS) from the surgery to the first sign or symptom of cancer or death, at any time points.
- Time to  recurrence (TTR) from the surgery to disease recurrence, where deaths without recurrence were
censored at the time of death, at any time points.
- Cancer specific survival (CSS) from the randomisation or allocation to the date of death from the disease, at any
time points.
- Safety, toxicity profile, assessed according to NCI-CTCAE guidelines.
- Patient reported outcomes include instruments or tools that measure functional status, health-related quality of
life, symptom and symptom burden, personal experience of care, and health-related behaviours such as anxiety
and depression

Search methods for identification of studies
We will perform a comprehensive search with no restrictions on language of publication or publication status.

Electronic searches
We will search for relevant studies in the following databases:

MEDLINE (accessed via Pubmed) from 2018 to present
Embase via Elsevierfrom 2018 to present
Cochrane Central Register of Controlled Trials (CENTRAL) from 2018 to present
and Web of Science.

We will intentionally start from 2018 onwards as it is the date the first trial on immunotherapy was published
(Forde 2018). We will perform the electronic searches according to the recommendations of the Cochrane
Intervention Group (Higgins 2022). The search strategy will combine relevant medical subject headings (MeSH)
and keywords. The search strategies for MEDLINE via PubMed, Embase and CENTRAL are shown in Appendix
2, Appendix 3 and Appendix 4,  respectively, and was designed with the help of the Lung Cancer Group
Information Specialist.

Living systematic review approach
As this is a living systematic review, we will search the following databases twice a year, using auto-alerts when
possible:

Cochrane Lung Cancer Group Trials Register.
Cochrane Central Register of Controlled Trials (CENTRAL), in the Cochrane Library.
MEDLINE, accessed via PubMed.
Embase.

For other electronic databases and electronic sources (including trials registries), we will also set up auto-alerts
(when possible) to deliver biannually search yield by email. When auto-alerts are not possible, we will manually
search these electronic databases and electronic sources each 6 months.
We will review search methods and strategies yearly, to ensure that they reflect any terminology changes in the
topic area or in the databases.
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- Adjuvant immunotherapy as monotherapy
- Adjuvant immunotherapy in combination with chemotherapy
- Neoadjuvant and adjuvant immunotherapy as monotherapy
- Neoadjuvant and adjuvant immunotherapy in combination with chemotherapy
At any time points, at any dose and at any frequency.
Currently, the main immunotherapy drugs are atezolizumab, cemiplimab, durvalumab, nivolumab,
pembrolizumab, sintilimab or other PD-1, PD-L1 inhibitors.

Types of outcome measures
We will estimate the hierarchy of evidence for the following outcome:

Primary outcomes

- Overall survival (OS) from the randomisation or allocation to death or last follow up, at any time points.

Secondary outcomes

- Disease free survival (DFS) from the randomisation or allocation to the first sign or symptom of cancer or death,
at any time points.
- Relapse-free survival (RFS) from the surgery to the first sign or symptom of cancer or death, at any time points.
- Time to  recurrence (TTR) from the surgery to disease recurrence, where deaths without recurrence were
censored at the time of death, at any time points.
- Cancer specific survival (CSS) from the randomisation or allocation to the date of death from the disease, at any
time points.
- Safety, toxicity profile, assessed according to NCI-CTCAE guidelines.
- Patient reported outcomes include instruments or tools that measure functional status, health-related quality of
life, symptom and symptom burden, personal experience of care, and health-related behaviours such as anxiety
and depression

Search methods for identification of studies
We will perform a comprehensive search with no restrictions on language of publication or publication status.

Electronic searches
We will search for relevant studies in the following databases:

MEDLINE (accessed via Pubmed) from 2018 to present
Embase via Elsevierfrom 2018 to present
Cochrane Central Register of Controlled Trials (CENTRAL) from 2018 to present
and Web of Science.

We will intentionally start from 2018 onwards as it is the date the first trial on immunotherapy was published
(Forde 2018). We will perform the electronic searches according to the recommendations of the Cochrane
Intervention Group (Higgins 2022). The search strategy will combine relevant medical subject headings (MeSH)
and keywords. The search strategies for MEDLINE via PubMed, Embase and CENTRAL are shown in Appendix
2, Appendix 3 and Appendix 4,  respectively, and was designed with the help of the Lung Cancer Group
Information Specialist.

Living systematic review approach
As this is a living systematic review, we will search the following databases twice a year, using auto-alerts when
possible:

Cochrane Lung Cancer Group Trials Register.
Cochrane Central Register of Controlled Trials (CENTRAL), in the Cochrane Library.
MEDLINE, accessed via PubMed.
Embase.

For other electronic databases and electronic sources (including trials registries), we will also set up auto-alerts
(when possible) to deliver biannually search yield by email. When auto-alerts are not possible, we will manually
search these electronic databases and electronic sources each 6 months.
We will review search methods and strategies yearly, to ensure that they reflect any terminology changes in the
topic area or in the databases.
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Living systematic review considerations
In developing this living systematic review, we will note when these key conferences are to be held and will
search conference proceedings when published:

American Society of Clinical Oncology (ASCO)
European Society for Medical Oncology (ESMO)
American Association for Cancer Research (AACR)
World Conference on Lung Cancer (WCLC)

We will contact corresponding authors of ongoing studies as we identify them and will ask them to advise when
study results are available, or to share early or unpublished data. We will contact the corresponding authors of
any newly included studies for advice regarding other relevant studies.
We will manually search the reference lists of all newly included studies.

Data collection and analysis

Selection of studies
We will use Covidence (Covidence) to identify and remove potential duplicate records. Two review authors (CM,
GE) will blindly review titles, abstracts or both to determine which studies should be assessed further using the
same software. The same two review authors will investigate independently all potentially relevant records as full
text, mapped records to studies, and will classify studies as included studies, excluded studies, studies awaiting
classification, or ongoin g studies following the criteria for each provided in chapter 4 of the Cochrane Handbook for
Systematic Reviews of Interventions (Lefebvre 2019). We will resolve any discrepancies through consensus or
recourse to a third review author (VW).
Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents, or multiple reports of a primary study, we will
maximise the yield of information by mapping all publications to unique studies and collating all available data.
We will use the most complete data set aggregated across all known publications. In case of doubt, we will give
priority to the publication reporting the longest follow-up associated with our pr imary or secondary outcomes.

Data extraction and management
We will develop a dedicated data extraction excel sheet form (Microsoft Excel) that we pilot-tested ahead of time.
For studies that fulfil our inclusion criteria, two review authors (CM, GE) will independently extract the following
information:
• Study design
• Study dates
• Study settings and country
• Participant inclusion and exclusion criteria (e.g. age, TNM stage)
• Participant details, baseline demographics (e.g. age, sex, smoking status, performance status)
• Numbers of participants by study and by study arm
• Details of relevant experimental intervention (type of immunotherapy, chronology and duration of administration)
and comparator intervention (e.g. type of chemotherapy, chronology and duration of administration)
• Definitions of relevant outcomes and timing of outcome measurement (e.g. in months), as well as relevant
subgroups (e.g. based on age, TNM stage, sex , smoking status, Performance status)
• Study funding sources
• Declarations of interest by primary investigators
In case of disagreement we will consult a third author (VW). The same review authors will also extract all data
relevant to the review outcomes. For dichotomous outcomes, we will obtain numbers of events and totals for
populations as well as summary statistics with corresponding measures of variance. For continuous outcomes,
we will obtain the means and standa rd deviations or data necessary to calculate this information.
In tables, we will provide information about potentially relevant studies, including the trial identifiers.
We will conduct data management and analysis according to the methodology described in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2022).
We will contact the authors of included studies to obtain key missing data as needed.

Assessment of risk of bias in included studies
Two review authors (GE and RM) will independently assess the risk of bias of each included study using the
Cochrane 'Risk of bias' tool (RoB1) as per Chapter 8 of the Cochrane Handbook for Systematic Reviews of
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Interventions (Higgins 2011).
We will consider the following domains:
Selection bias: random sequence generation.
Selection bias: allocation concealment.
Performance bias: blinding of participants and personnel.
Detection bias: blinding of outcome assessment.
Attrition bias: incomplete outcome data for outcomes related to efficacy and safety.
Reporting bias: selective reporting of outcomes.
Other bias, such as inclusion of participants discordant to prespecified n umber of participants needed for
calculation, unplanned interim analyses, and unbalanced baseline characteristics across study arms.
We will rate each domain of the tool as having 'low', 'high', or 'unclear' risk of bias at study level and for each
outcome we will support the rating of each domain with a brief description. We will summarise risk of bias for
each outcome within a study by considering all domains relevant to the outcome (i.e. both study-level entries,
such as al location sequence concealment, and outcome-specific entries, such as blinding).
We will resolve disagreements by consensus or by consultation with a third review author (CM).
We will identify the impact of bias on the results by performing a sensitivity analysis.

Measures of treatment effect
Characteristics of included studies and information flow in the network

We will generate descriptive statistics for the trial, and study population characteristics across all eligible trials,
describing the types of comparisons and some important variables, either clinical or methodological (such as
year of publication, age, severity of illness, sponsorship and clinical setting). The available evidence will be
presented in the network diagram. The size  of the nodes will reflect the amount of evidence accumulated for each
treatment (total number of patients), the breadth of each edge will be proportional to the inverse of the variance of
the summary effect of each direct treatment comparison, and the colour of each edge will represent risk of bias
(refer Risk of bias assessment section). To understand which are the most influential comparisons in the network
and how direct and indirect evidence influences the final summary data , we will use the contribution matrix that
describes the percentage contribution of each direct meta-analysis to the entire body of evidence (Chaimani A
2013).
Relative treatment effects

For overall survival outcome we will use the hazard ratio (HR) and 95%CI to combine data.
For dichotomous outcome such as adverse events, we will use a risk ratio (RR) with a 95%CI as a measure of an
estimated effect.
For continuous data such as health-related quality of life measures we will use the mean difference (MD) to
combine data across studies using the same measures and the standardised mean difference (SMD) when
studies used different scales  to measure the same outcome.
We will apply a random effect model to combine data as we anticipate methodological and clinical heterogeneity
across the included studies.
We will summarise results in forest plots in both pairwise comparison and network reanalysis for the different
agents of immunotherapy.
We will estimate the pairwise relative treatment effects of the competing interventions using time-to-event data for
survival outcomes and relative effect sizes (mean d ifferences or risk ratio) for safety outcomes. We will present
results from network metanalysis as summary relative effect sizes (SMD or RR) for each possible pair of
treatments. We will perform analyses according to recommendations provided in Chapter 9 of the Cochrane
Handbook (McKenzie 2022), and use Cochrane's statistical software, RevMan Web (RevMan Web 2023), for
analysis. When possible, we will perform these standard pair-wise meta-analyses using a random-effects  model
because we will anticipate methodological and clinical heterogeneity across studies. We will calculate
corresponding 95% CIs for all analyses, and will graphically present the results using forest plots. When trials are
clinically too heterogeneous to be combined, we will perform only subgroup analyses without calculating an
overall estimate. In order to avoid duplication with the supporting reviews of this network meta-analysis, we will
describe only the pairwise comparisons for the data that could not be included in the network due to concerns
about transitivity.
Relative treatment ranking

We will estimate the ranking probabilities that all immunotherapy treatments would be at each possible rank for
each intervention. We used the surface under the cumulative ranking curve (SUCRA) to rank the effectiveness
and safety of each treatment (Salanti 2011). SUCRA accounts for both effect size magnitude and uncertainty
around the underlying effect size. When the SUCRA value is at 100%, this indicates the treatment is the best and
most effective one and the value of 0% indicates the treatment to be the least effective in the network. We will



61 
 
 

 
 
 
 

display results (network plot, SUCRA plots and league table) using the 'network graph package' in Stata (Stata
2023; Chaimani 2017).

Unit of analysis issues
The participant will be the primary unit of analysis.

Studies with multiple treatment groups

For studies with multiple comparison groups that compare two or more intervention groups versus the same
control group, we will first attempt to combine groups to create a single pair-wise comparison. When this is not
possible we will include the multi groups trials as a series of two groups comparison. We will calculate within-
study correlation as recommended in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2022).

Dealing with missing data

Dealing with missing data

We will try to obtain any missing data relevant to the risk of bias assessment and the review outcomes from study
authors. We will try and perform intention-to-treat analyses if data will be available. We will investigate attrition
rates (e.g. dropouts, losses to follow-up, withdrawals) and critically appraise issues of missing data. If studies
have used single imputation techniques (such as last observation carried forward, mean imputation etc.) we will
consider the study to be at high risk of bias. In such cases, we will conduct a sensitivity analysis using a pattern
mixture model (White 2008; Mavridis 2015) to evaluate how robust results are and departures from missing at
random assumption.

Assessment of heterogeneity
Assessment of clinical and methodological heterogeneity within treatment comparisons

To evaluate the presence of clinical heterogeneity we will generate descriptive statistics for trial and study
population characteristics (potential effect modifiers such as dose, frequency and duration of treatment) across all
eligible trials that compare each pair of interventions. We will assess the presence of clinical heterogeneity within
each pairwise comparison by comparing these characteristics. We will assess the impact of these relevant
modifiers by performing subgroups analysis and a sensitivity analysis.
Assessment of the transitivity ass umption

Lack of transitivity in a network can threaten the validity of the consistency assumption, that is, the statistical
agreement between direct and indirect evidence (Caldwell 2005; Lu 2004). Before conducting a network meta-
analysis, we will assess the transitivity assumption. Network meta-analysis rests on the assumption of transitivity,
that is, that effect modifiers have a comparable distribution across treatment comparisons in a network (Cipriani
2013; Jansen 2013). To assess the plausibility of this assumption, we will assess the similarity of inclusion and
exclusion criteria of all studies, including participants, treatments, and outcomes, to evaluate whether they
impacted treatment effects. In this context we expect that the transitivity assumption will hold assuming that:
The common treatment used to compare different strategies indirectly is similar when it appears in different trials
(chemotherapy product in standard of care is administered in a similar way).
All pair-wise comparisons do not differ with respect to the distribution of effect modifiers (the design and study
characteristics of neoadjuvant versus chemotherapy alone trials are similar to adjuvant immunotherapy versus
chemotherapy alone).
Assessment of statistical heterogeneity

We will explore whether treatment effects for our primary outcomes are robust in subgroup analyses and network
meta-regression usin g the following characteristics: age, TNM stage, sex, smoking status, and Performance
status. We will analyse each characteristic separately and finally include in a meta-regression those
characteristics that were found to be statistically significant in the univariate analyses.
Assumptions when estimating the heterogeneity

In standard pairwise meta-analyses we will estimate different heterogeneity variances for each pairwise
comparison within a random effects model framework.
Measures and tests for heterogeneity

We will assess the presence of heterogeneity within each pairwise comparison using the I2 (percentage of
variability that is due to differences in the underlying effects across studies) and τ 2 statistics.
The assessment of statistical heterogeneity in the entire network will be based on the magnitude of τ2 estimated
from the network meta-analysis models. For dichotomous outcomes the magnitude of the heterogeneity variance
will  be compared with the empirical distribution (Turner 2012).
Assessment of statistical consistency

In network meta-analysis, results can be misleading in the presence of inconsistency. We will evaluate the
presence of inconsistency both locally and globally. We will evaluate each network locally using the loop-specific
method by generating an inconsistency factor along with a 95% CI for each closed-loop (Veroniki 2013). In this
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way, we will identify which piece of evidence is responsible for inconsistency, and we will explore this further. We
also will apply a global assessment for consistency in each network by applying the design-by-treatment
interaction model (White 2012). It has been shown that inconsistency tests have low power to detect true
inconsistency (Song 2003; Veroniki 2013). Hence, we will assess transitivity even in the absence of evidence for
inconsistency. If inconsistency is fo und, we will follow the guidance provided in the Cochrane Handbook for
Systematic reviews of interventions (Chaimani 2019).

Assessment of reporting biases
We will attempt to obtain study protocols to assess for selective outcome reporting. We will use comparison-
adjusted funnel plots to assess small-study effects (Chaimani A 2013). There are different possible explanations
for the asymmetry of a funnel plot, including true heterogeneity of effect with respect to trial size, poor
methodological design (and hence bias of small trials), and publication bias. We, therefore, will interpret these
results carefully. When there is a visual asymmetry of funnel plot we will perform an exploratory analysis for
dichotomous data such as contour-enhanced funnel plots and trim and fill sensitivity analyses

Data synthesis

Pairwise meta-analyses

For each pair-wise comparison, we will synthesise data to obtain summary standardised mean differences
(SMD, Cohen’s d) for continuous outcomes or relative risk (RR) for dichotomous outcomes, both with 95%
Credible Intervals (CrI). We will use a random effects model (inverse variance weighting) to incorporate the
assumption that the different studies are estimating different, yet related, treatment effects. For each outcome, we
will first assume that each pairwise meta-analysis comparing treatments X and Y has its own heterogeneity
variance parameter t2 XY and then assume that there are two heterogeneity parameters; one common for all
placebo-controlled trials and one for all active versus active comparisons. Visual inspection of the forest plots and
monitoring of the posterior distributions of t2 P, t2 XY and t2 will be used to investigate the possibility of statistical
heterogeneity. We will compare the posterio r distributions of the heterogeneity parameters to their predictive
distributions, as described elsewhere (Turner 2012; Rhodes 2015). Finally, we will calculate the I2 statistic and its
95% CrI to convey the amount of heterogeneity. Initially, we will perform standard pairwise meta-analyses using a
random effects model in RevMa Web (RevMan Web 2023), and we will perform all other analyses in Stata 14
using the 'network' (Stata 2023) and 'network graphs' packages (Stata 2023; White 2012; White 2015).
Methods for indirect and network comparisons

We will fit a random-effects network meta-analysis model because we anticipate methodological and clinical
heterogeneity across studies. We will assume a common within-network heterogeneity estimate across
comparisons, and we will estimate this using the restricted maximum likelihood (REML) method (Veroniki 2016).
This is a reasonable assumption, given that all treatments included in the network are of the same n ature. An
advantage of this approach is that treatment comparisons informed by a single study can borrow strength from
the rest of the studies in the network (Salanti 2008). If the collected studies appear to be sufficiently similar with
respect to the distribution of effect modifiers (refer Assessment of transitivity assumption section), we will conduct
a random effects NMA to synthesise all evidence for each outcome, and obtain a comprehensive ranking of all
treatments. We wil l use arm-level data and the binomial likelihood for dichotomous outcomes. We will account for
the correlations induced by multi-arm studies by employing multivariate distributions. We will assume a single
heterogeneity parameter for each network. We will present the summary RR or SMD for all pairwise comparisons
in a league table. We will also estimate the prediction intervals to assess how much the common heterogeneity
affects the relative effect with respect to the extra u ncertainty anticipated in a future study.
We will conduct a network meta-analysis using the network suite of commands in Stata (Stata 2023; White 2012;
White 2015).
Methods for direct treatment comparisons

We will perform analyses according to recommendations provided in Chapter 9 of the Cochrane Handbook of
systematic review of interventions (Deeks 2022), and use Cochrane's statistical software, RevMan web (RevMan
Web 2023), for analysis. When possible, we will perform these standard pair-wise meta-analyses using a
random-effects model because we will anticipate methodological and clinical heterogeneity acro ss studies. We
will calculate corresponding 95% CIs for all analyses, and will graphically present the results using forest plots.
When trials are clinically too heterogeneous to be combined, we will perform only subgroup analyses without
calculating an overall estimate. In order to avoid duplication with the supporting reviews of this network meta-
analysis, we will describe only the pairwise comparisons for the data that could not be included in the network
due to conce rns about transitivity.

Living systematic review considerations
Whenever we identify new evidence (meaning new studies, data, or information) that is relevant to the review,
we will extract the data and assess risk of bias, as appropriate. We will not adjust meta-analyses to account for
multiple testing, given that methods related to frequent updating of meta-analyses are under development
(Simmonds 2017 [https://revman.cochrane.org/#/003418080817045395/dashboard/htmlView/1.0?
revertEnabled=true#REF-Simmonds-2017]).
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Our aim is to update the synthesis at least annually. For this purpose, we will search for, screen and extract data
every six months. The updated synthesis will be reported online at least twice a year on a specific page that will
be created on the Cochrane Lung Cancer Group website (https://lungcancer.cochrane.or) .In addition, we will
update this Cochrane Review at least once a year, or as soon as the certainty of evidence (assessed with the
GRADE methodology) changes.
We will wait  until the accumulating evidence changes one or more of the following aspects of the review, before
incorporating it and re-publishing the Cochrane Review:

the findings of one or more critical outcomes;
the credibility (e.g. GRADE rating) of one or more critical outcomes;
new settings, population, interventions, comparisons or outcomes studied; or
new serious adverse events.

Subgroup analysis and investigation of heterogeneity
When we will find important heterogeneity and/or inconsistency, we will explore possible sources for primary
outcomes. When sufficient studies are available, we will perform subgroup analysis by using the following
potential effect modifiers as possible sources of inconsistency and/or heterogeneity.

Patient age (younger than 65 years versus 65 years and older).
TNM stage (<IIA versus > or = to IIA).
Performance Status (0-1 versus 2 or more)

These variables are chosen because they have been shown to impact the prognosis after resection of localised
lung cancer (Wei 2011).

Sensitivity analysis
We plan to perform sensitivity analyses limited to the primary outcome (OS) to explore the influence of the
following factors (when applicable) on effect size:

Restricting the analysis to RCTs with low risk of bias.
Restricting the analysis to RCTs with adequately described inclusion criteria (age, TNM stage, sex,
smoking status, performance status).

Summary of findings and assessment of the certainty of the evidence
We will create a 'Summary of findings' table to summarise key results of the review, using the Confidence in
Network Meta-analysis (CINeMA) framework and software (Chaimani 2021; CINeMA 2020; Salanti 2014). To
evaluate the confidence in the results of the pairwise comparisons for the critical outcomes, we will rely on the
GRADE approach (Schünemann 2019). We will include the following outcomes:
Primary outcome:

OS

Secondary outcomes:

DFS
RFS
TTR
CSS
Safety, toxicity profile with the use of the National Cancer Institute Common Terminology Criteria for
Adverse Events v4.03 [CTCAE] grading scales (CTCAE V4).
Patient reported outcomes.

All analyses of the primary outcome will be duplicated using the netmeta package in Stata (Stata 2023).
We will assess the quality of evidence will be assessed.
Methods for future updates

We will review the scope and methods of this review yearly, in light of potential changes in the topic area or in
evidence available for inclusion in the review (e.g. additional comparisons, interventions, or outcomes), or
according to newly available review  methods.
We will consider each year the necessity for the review to be living by assessing ongoing relevance of the
question to decision-makers and by determining whether uncertainty is ongoing in the evidence and whether
further relevant research is likely.
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Appendices
Appendix 1. The Eighth Edition of TNM Staging of Lung Cancer

T  (primary tumor)
T1 Tumor <3 cm
Tis Carcinoma in situ (squamous or adenocarcinoma)
T1mi Minimally invasive adenocarcinoma
T1a Tumor 1 cm
T1b Tumor>1 but 2 cm
T1c Tumor>2 but 3 cm
T2 Tumor>3 but 5 cm or tumor involving: visceral pleura,y main bronchus (not carina), atelectasis to hilumy
T2a Tumor>3 but <4 cm
T2b Tumor>4 but <5 cm
T3 Tumor>5 but <7 cm or invading chest wall, pericardium, phrenic nerve; or separate tumor nodule(s) in the same lobe
T4 Tumor>7 cm or tumor invading: mediastinum, diaphragm, heart, great vessels, recurrent laryngeal nerve, carina, trachea, esophagus,
spine; or tumor nodule(s) in a different ipsilateral lobe
N (regional lymph nodes)
N0 No regional node metastasis
N1 Metastasis in ipsilateral pulmonary or hilar nodes
N2 Metastasis in ipsilateral mediastinal or subcarinal nodes
N3 Metastasis in contralateral mediastinal, hilar, or supraclavicular nodes
M (distant metastasis)
M0 No distant metastasis
M1a Malignant pleural or pericardial effusionz or pleural or pericardial nodules or separate tumor nodule(s) in a contralateral lobe
M1b Single extrathoracic metastasis
M1c Multiple extrathoracic metastases (1 or>1 organ)

Appendix 2. MEDLINE search strategy accessed via PubMed
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1 Carcinoma, Non-Small-Cell Lung[MeSH Terms]
2 NSCLC[Title/Abstract]
3 "lung cancer*"[Title/Abstract]
4 "lung carcinom*"[Title/Abstract]
5 "lung neoplasm*"[Title/Abstract]
6 "lung tumor*"[Title/Abstract]
7 "lung tumour*"[Title/Abstract]
8 "non small cell*"[Title/Abstract]
9 "nonsmall cell*"[Title/Abstract]
10 (#3 OR #4 OR #5 OR #6 OR #7) AND (#8 OR #9)
11 #1 OR #2 OR #10
12 ((Pulmonary Surgical Procedures[MeSH Terms]) OR (pneumonectomy[MeSH Terms])) OR
(thoracotomy[MeSH Terms])
13 ((((((((((((lobectomy[Title/Abstract]) OR ("Lymph node sampl*"[Title/Abstract])) OR (operable[Title/Abstract]))
OR (perioperat*[Title/Abstract])) OR (perioperat*[Title/Abstract])) OR (postoperat*[Title/Abstract])) OR (preoperat*
[Title/Abstract])) OR (resectable[Title/Abstract])) OR (resection*[Title/Abstract])) OR
(segmentectomy[Title/Abstract])) OR (surgery[Title/Abstract])) OR (surgical*[Title/Abstract])) OR
(thoracotomy[Title/Abstract])
14 (((Immunotherapy[MeSH Terms]) OR (Antineoplastic Agents, Immunological[Pharmacological Action])) OR
(Immune Checkpoint Inhibitors[MeSH Terms])) OR (Immune Checkpoint Inhibitors[Pharmacological Action])
15 ((("Immune Checkpoint Inhibitor*"[Title/Abstract]) OR ("PD L1 Inhibitor*"[Title/Abstract])) OR ("PD 1 Inhibitor*"
[Title/Abstract])) OR ("CTLA 4 Inhibitor*"[Title/Abstract])
16 ((((((((n ivolumab[MeSH Terms]) OR (nivolumab[Title/Abstract])) OR (Opdivo[Title/Abstract])) OR ("ONO 4538"
[Title/Abstract])) OR (ONO4538[Title/Abstract])) OR ("MDX 1106"[Title/Abstract])) OR (MDX1106[Title/Abstract]))
OR (BMS 936558[Title/Abstract])) OR (BMS936558[Title/Abstract])
17 (((((pembrolizumab[Supplementary Concept]) OR (pembrolizumab[Title/Abstract])) OR
(lambrolizumab[Title/Abstract])) OR (Keytruda[Title/Abstract])) OR (SCH-900475[Title/Abstract])) OR (MK-
3475[Title/Abstract])
18 ((((durvalumab[Supplementary Concept]) OR (durvalumab[Title/Abstract])) OR (Imfinzi[Title/Abstract])) OR
(MEDI-4736[Title/Abstract])) OR (MEDI4736[Title/Abstract])
19 (((((atezolizumab[Supplementary Concept]) OR (atezolizumab[Title/Abstract])) OR (Tecentriq[Title/Abstract]))
OR (anti-PDL1[Title/Abstract])) OR (MPDL3280A[Title/Abstract])) OR (MPDL-3280A[Title/Abstract])
20 (((((avelumab[Supplementary Concept]) OR (avelumab[Title/Abstract])) OR (bavencio[Title/Abstract])) OR
("MSB 0010682"[Title/Abstract])) OR (MSB0010682[Title/Abstract])) OR (MSB0010718C[Title/Abstract])
21 #12 OR #13
22 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20
23 #11 AND #21 AND #22
24 randomized controlled trial[Publication Type] OR randomized[Title/Abstract] OR placebo[Title/Abstract] OR
drug therapy[MeSH Subheading] OR randomly[Title/Abstract] OR trial[Title/Abstract] OR groups[Title/Abstract]
25 animals[MeSH Terms] NOT humans[MeSH Terms]
26 #24 NOT #25
27 #23 AND #26

Appendix 3. EMBASE search strategy accessed via Elsevier

non small cell lung cancer'/exp
NSCLC:ti,ab
"lung cancer*":ti,ab
"lung carcinom*":ti,ab
"lung neoplasm*":ti,ab
"lung tumor*":ti,ab
"lung tumour*":ti,ab
"non small cell*":ti,ab
"nonsmall cell*":ti,ab
(#3 OR #4 OR #5 OR #6 OR #7) AND (#8 OR #9)
#1 OR #2 OR #10
lung surgery'/exp OR 'thoracotomy'/exp
(lobectomy OR "Lymph node sampl*" OR operable OR perioperat* OR perioperat* OR postoperat* OR preoperat* OR resectable OR
resection* OR segmentectomy OR surgery OR surgical* OR thoracotomy):ti,ab
immunotherapy'/exp OR 'immunological antineoplastic agent'/exp OR 'immune checkpoint inhibitor'/exp
("Immune Checkpoint Inhibitor*" OR "PD L1 Inhibitor*" OR "PD 1 Inhibitor*" OR "CTLA 4 Inhibitor*"):ti,ab
'nivolumab'/exp OR (nivolumab OR Opdivo OR "ONO 4538" OR ONO4538 OR "MDX 1106" OR MDX1106 OR "BMS 936558" OR
BMS936558):ti,ab
pembrolizumab'/exp OR (pembrolizumab OR lambrolizumab OR Keytruda OR "SCH-900475" OR "MK-3475"):ti,ab
durvalumab'/exp OR (durvalumab OR Imfinzi OR "MEDI-4736" OR MEDI4736):ti,ab
atezolizumab'/exp OR (atezolizumab OR Tecentriq OR "anti-PDL1" OR MPDL3280A OR "MPDL-3280A"):ti,ab
avelumab'/exp OR (avelumab OR bavencio OR "MSB 0010682" OR MSB0010682 OR MSB0010718C):ti,ab
#12 OR #13
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#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20
#11 AND #21 AND #22
randomized controlled trial'/exp OR (randomized OR placebo OR "drug therapy" OR randomly OR trial OR groups):ti,ab
animal'/exp NOT 'human'/exp
#24 NOT #25
#23 AND #26

Appendix 4. CENTRAL search strategy
ID Search Hits
#1 MeSH descriptor: [Carcinoma, Non-Small-Cell Lung] explode all trees 4896
#2 nsclc 11095
#3 "lung cancer*" 23446
#4 "lung carcinom*" 51
#5 "lung neoplasm*" 76
#6 "lung tumor*" 672
#7 "lung tumour*" 672
#8 "non small cell*" 15374
#9 "nonsmall cell*" 10462
#10 (#3 or #4 or #5 or #6 or #7) and (#8 or #9) 14841
#11 MeSH descriptor: [Pulmonary Surgical Procedures] explode all trees 1633
#12 MeSH descriptor: [Pneumonectomy] exp lode all trees 607
#13 MeSH descriptor: [Thoracotomy] explode all trees 616
#14 lobectomy OR "Lymph node sampl*" OR operable OR perioperat* OR perioperat* OR postoperat* OR
preoperat* OR resectable OR resection* OR segmentectomy OR surgery OR surgical* OR thoracotomy 357817
#15 #11 OR #12 OR #13 OR #14 358434
#16 MeSH descriptor: [Immunotherapy] explode all trees 8819
#17 MeSH descriptor: [Antineoplastic Agents, Immunological] explode all trees 538
#18 MeSH descriptor: [ Immune Checkpoint Inhibitors] explode all trees 95
#19 "Immune Checkpoint Inhibitor*" OR "PD L1 Inhibitor*" OR "PD 1 Inhibitor*" OR "CTLA 4 Inhibitor*" 974
#20 MeSH descriptor: [Nivolumab] explode all trees 618
#21 nivolumab OR Opdivo OR "ONO 4538" OR ONO4538 OR "MDX 1106" OR MDX1106 OR "BMS 936558"
OR BMS936558 2655
#22 pembrolizumab OR lambrolizumab OR Keytruda OR SCH-900475 OR MK-3475 2658
#23 durvalumab OR Imfinzi OR MEDI-4736 OR MEDI4736 996
#24 atezolizumab OR Tecentriq OR anti-PDL1 OR MPDL3280A OR MPDL-3280A 1296
#25 avelumab OR bavencio OR "MSB 0010682" OR MSB0010682 OR MSB0010718C 356
#26 #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 372451
#27 #10 AND #15 AND #26 3209
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DISCUSSION 2nd AXE THEMATIQUE :  
 
Stratégies péri-opératoires de réduction du risque de récidive et SCBP 
 

 
 

 

Nous avons entrepris une revue systématique dynamique d’essais interventionnels avec méta-analyse en 

réseaux sur les traitements péri-opératoires d’immunothérapie dans le CBNPC résécable. La méthode de méta-

analyse en réseau avec comparaison indirecte permet de prendre en compte les différences dans les effets 

relatifs du traitement au fil du temps, les biais de sélection sur la différence de survie.  

Plusieurs problématiques se posaient : 

- l’hétérogénéité des études, 

- le temps zéro différent entre les essais. 

L’hétérogénéité est surtout le fait des différences dans les critères d’inclusion des études, des différences de 

produits d’immunothérapie utilisés, leur association ou non à d’autres molécules (immunothérapie, 

chimiothérapie, anti-angiogénique…). En cas de stratégie péri-opératoire, les études ne stratifiaient pas toutes 

sur la réponse pathologique. Il sera proposé des analyses en sous-groupe sur les facteurs identifiés comme 

source d’hétérogénéité. 

La différence du temps zéro entre les études constitue le principal défi méthodologique à notre sens. En effet, 

les études qui randomisent les patients après la chirurgie et l’éventuelle chimiothérapie adjuvante n’ont pas les 

mêmes patients à risque que les études incluant avant la chirurgie. Il y a une proportion de patients non opérés 

après un schéma néo-adjuvant (jusqu’à 20% dans certaines études [8, 32, 33]) et ceux ne terminant pas une 

chimiothérapie adjuvante. Ces patients, ne sont pas pris en compte dans les analyses de survie des essais 

d’évaluation des traitements adjuvants. 

 

Nous avons proposé des méthodes d’implémentation statistique avec un modèle mixte prenant en compte le 

risque relatif variable au cours du temps (89).  

 

D'autres hypothèses sont spécifiques aux méta-analyses en réseaux et à vérifier: la transitivité et la cohérence. 

La méthode de Bucher et al. (90) repose sur l'hypothèse de transitivité qui ne peut être testée au niveau 

statistique. L'hypothèse de transitivité dans le cas de notre étude consiste dans le fait que les patients inclus 

dans le réseau auraient pu en principe être randomisés dans n'importe quelle situation de traitement : néo-

adjuvant, adjuvant ou péri-opératoire. Or comme expliqué préalablement, cette hypothèse n’est pas respectée 

si l’on considère les études avec randomisation après chirurgie ou chimiothérapie adjuvante. Une analyse sera 

nécessaire soit par extrapolation si les données pré-chirurgie sont disponibles et permettent un appariement 

soit si des essais de stratégies adjuvantes ont inclus et randomisés des patients avant la chirurgie. Cette 

hypothèse est toutefois respectée dans la comparaison d’essai de stratégies néo-adjuvantes avec péri-opératoire 
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(néo-adjuvant et adjuvant). La cohérence est définie comme l'absence de discordance entre les résultats issus 

de comparaisons directes et ceux issus de comparaisons indirectes. Il n’y a, à notre connaissance, aucune 

comparaison directe entre les différentes stratégies de traitements d’immunothérapie péri-opératoires. Ces 

essais seront probablement mis en place prochainement ce qui nous a fait proposer d’actualiser les résultats de 

la revue systématique avec le concept de living. 

Les analyses indirectes des méta-analyses en réseaux apportent un surplus d’information par rapport aux revues 

d’intervention directes. Par exemple, dans une étude de Blanchard P. et al, dont le but était d'identifier le 

meilleur traitement péri-opératoire pour les cancers de la tête et du cou localement avancés, l’analyse en 

réseaux a permis une hiérarchisation des stratégies de traitements que ne permettaient pas 2 revues 

systématiques d’intervention publiées antérieurement (91). 

Notre revue systématique permettera d’apporter de la puissance à des analyses en générale réalisées en sous-

goupe. La définition de la résécabilité est difficile avec un travail de consensus international en cours (11). 

Peut-être que l’analyse synthétique des données d’efficacité des traitements de chimiothérapie-

immunothérapie néo-adjuvants chez les CBNPC de stades III, permettera une meilleure définition de la 

résécabilité. L’avènement du traitement néoadjuvant par immunothérapie a relancé le débat sur le traitement 

optimal des patients atteints d’un CBNPC de stade IIIB à la limite de la résécabilité (8, 92). Aucun essai n’a 

encore évalué le rôle de cette stratégie dans la conversion d’un CBNPC non résécable en CBNPC résécable. 

Dans l’essai CheckMate 816, des pourcentages plus faibles de pneumonectomies ont été réalisés dans le bras 

nivolumab néo-adjuvant (17 % contre 30 %) (8). En revanche, dans les essais Checkmate 77T, AGEAN et 

KEYNOTE-671, les pourcentages étaient similaires quel que soit le traitement néoadjuvant avec ou sans 

immunothérapie (93, 32, 33). Par conséquent, l’espérance d’un downstaging par l’association de 

l’immunothérapie à la chimiothérapie en situation néo-adjuvante n’est pas encore prouvée. 

Enfin des données de sécurité pourront être étudiées. Par exemple, chez les patients sous immunothérapie néo-

adjuvante, en raison de la réaction inflammatoire, les chirurgies thoraciques d’exérèse des CBNPC étaient 

décrites plus difficiles (94). L’essai IONESCO a été arrêté prématurément en raison d’un taux de mortalité 

postopératoire élevé de 9 % à 90 jours (95). Cependant, dans l’essai CheckMate 816, la durée médiane de 

l’intervention chirurgicale était de 186 minutes chez les patients recevant une chimio-immunothérapie 

néoadjuvante et de 210 minutes chez ceux recevant une chimiothérapie néoadjuvante seule (8). Une synthèse 

des données de tolérance semble pertinente pour l’analyse de ces stratégies. 

 

En conclusion ce travail de revue systématique avec méta-analyse en réseaux laisse espérer de nombreuses 

réponses aux problématiques nouvelles des traitements d’immunothérapie péri-opératoires. Ce travail fait 

l’objet d’un échange avec l’équipe du groupe Cochrane France pour l’apport de leur expertise sur les méta-

analyse en réseaux. 

Le concept d’une revue systématique vivante, permettera d’agrémenter les résultats d’informations nouvelles 

au fil de leur publication. Par exemple, la découverte de nouveaux biomarqueurs, l’intérêt de l’analyse de la 

réponse pathologique dans la stratégie thérapeutique… 
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Enfin cette revue servira de base à la construction d’essai thérapeutique académique (Intergroupe Francophone 

de Cancérologie Thoracique) sur la stratégie de traitement péri-opératoire des CBNPC. 
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ARTICLES 
  

 

Axe Diagnostique 

 

Impact sur la qualité de vie et sur la pénibilité ressentie par les patients d’un suivi basé sur le 

scanner thoraco-abdominal par rapport au suivi minimal chez les patients opérés d’un cancer du 

poumon non à petites cellules (CPNPC) de l'essai de phase III IFCT-0302 

 

L'essai IFCT-0302 était un essai multicentrique randomisé qui n'a pas retrouvé de bénéfice en survie globale à 

l’ajout d’un scanner thoraco-abdominal et d’une fibroscopie bronchique (facultatif pour les adénocarcinomes) 

à un suivi basé sur un examen physique et une radiographie pulmonaire dans le cancer bronchique réséqué. 

Nous présentons ici les résultats d’analyse de qualité de vie et de la pénibilité rapportés par les patients, un 

critère d'évaluation secondaire de l'essai. 

Méthodes 

La qualité de vie liée à la santé (QdV) était évaluée à l'aide du questionnaire Short Form-12 (SF-12), et la 

pénibilité par une échelle visuelle analogique (entre 0 et 10) administrés lors de la randomisation, tous les 6 

mois pendant 2 ans et annuellement jusqu'à 5 ans ou jusqu'à progression de la maladie, deuxième cancer 

primitif ou décès si l'un de ces événements survenait avant 5 ans. Le temps jusqu’à détérioration et un modèle 

mixte pour mesures répétées (MMRM) ont été utilisés pour analyser les données longitudinales. 

Résultats 

Entre janvier 2005 et novembre 2012, 1 775 patients ont été randomisés dans l’essai IFCT-0302. Au départ, 

756 des 888 patients (85,1 %) du groupe de suivi minimal avaient au moins un score de QdV disponible, et 

747 des 887 (84,2 %) du groupe de suivi basé sur la tomodensitométrie. Au total, 80,8 % des patients du groupe 

de suivi minimal et 75,6 % du groupe de suivi par tomodensitométrie ont rempli des questionnaires pendant 

une période allant jusqu'à un an. Il n'y avait aucune différence entre les groupes dans l’analyse du temps jusqu’à 
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détérioration pour les deux dimensions du questionnaire SF-12 : dimension mentale [RR (groupe de suivi basé 

sur CT vs groupe de suivi minimal) : 0,97 ; IC à 95 %, 0,82 à 1,15 ; p = 0,74] et dimension physique [RR (le 

groupe de suivi basé sur CT vs le groupe de suivi minimal) : 1,13 ; IC à 95 %, 0,92 à 1,38 ; p = 0,24)] et 

MMRM. La pénibilité était statistiquement plus élevée dans le groupe de suivi par tomodensitométrie (p < 

0,0001) et était liée à la fibroscopie bronchique. 

Interprétation 

Aucun impact sur la QdV n'a été démontré en ajoutant le scanner thoraco-abdominal et la fibroscopie 

bronchique dans le suivi après résection du cancer pulmonaire, contrairement à la pénibilité impactée par la 

fibroscopie bronchique. 
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Impact of CT scan-based vs. minimal follow-up on patient-reported health-
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Evidence before this study 

Over the last decade, a tremendous growth in the incorporation of health-related quality of life 

(HRQoL) in cancer clinical trials has been observed. The US FDA considers HRQoL as an endpoint 

that assesses direct clinical benefit for the patient. To our knowledge, there is no study evaluating the 

relationship between follow-up procedures and HRQoL. The IFCT-0302 study is a randomised, 

controlled trial assessing the value of chest CT scans for the surveillance of patients with completely 

resected non-small cell lung cancer (NSCLC) in terms of overall survival. The results showed that 

the addition of chest CT scans to a follow-up including clinic visits and chest x-rays did not improve 

overall survival. CT scans were associated with the detection of more asymptomatic patients who had 

developed recurrence. 

Added value of this study 

To our knowledge, the IFCT-0302 trial is the first phase 3 study to evaluate the effect of chest CT 

scans on patient survival after complete resection of stage I–IIIA NSCLC. 

The primary endpoint of overall survival was not met, therefore, HRQoL could be considered as an 

outcome to judge efficacy of each follow-up strategy. 

The addition of chest CT scans (plus fibre-optic bronchoscopy in nonadenocarcinoma histology) to 

the follow up after surgery for NSCLC did not influence the HRQoL in the IFCT-0302 trial. The 

penibility assessed using a visual analogue scale graduated from 0 to 10, was significantly higher in 

the CT-based follow-up group due to the addition of fibre-optic bronchoscopy.  

Implications of all the available evidence 

The results of this large, randomised study provide guidance for clinicians and decision makers 

regarding the follow-up of patients who have undergone surgery for lung cancer. Overall survival 

was not significantly improved using a CT-based follow-up approach. However, the analysis of 
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HRQoL and penibility in the IFCT-0302 trial, showed no difference in HRQoL. Penibility was 

increased in patients who underwent fibre-optic bronchoscopy in the CT-based follow-up arm. These 

HRQoL and penibility results, along with the detection of more recurrences and second primary 

cancers with thoracic CT scans, which were more frequently asymptomatic, at an early stage and 

more frequently accessible to curative treatment, support its use for the follow-up of patients operated 

on for NSCLC. 
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Abstract 

Background 

The IFCT-0302 trial was a randomized multicenter trial that found no benefit to overall survival in 

adding chest CT-scan and fibre-optic bronchoscopy (optional for adenocarcinomas) to a follow-up 

based on physical examination and chest X-ray in resected NSCLC. We present the results of patient-

reported outcomes (PROs), a secondary endpoint of the IFCT-0302 trial. 

Methods 

PROs consisted of health-related quality-of-life (HRQoL), assessed using the Short Form-12 (SF-12) 

questionnaire, and a penibility visual analog scale (between 0 and 10) at randomization, administered 

every 6 months for 2 years and annually until 5 years or until disease progression or second primary 

cancer or death if any of these events occurred before 5 years. Time to deterioration and a mixed 

model for repeated measures (MMRM) were used to analyze longitudinal data. 

Findings 

Between January 2005 and November 2012, 1775 patients were randomized in the IFCT-0302 trial. 

At baseline, 756 of the 888 patients (85.1%) in the minimal follow-up group had at least one HRQoL 

score available, and 747 of 887 (84.2%) in the CT-based follow-up group. A total of 80.8% of patients 

in the minimal follow-up group and 75.6% in the CT-based follow-up group completed questionnaires 

up to one year. There were no differences between groups in the time to deterioration for the two 

summary components of the SF-12 questionnaire: mental component summary [HR (the CT-based 

follow-up group vs. the minimal follow-up group): 0.97; 95% CI, 0.82–1.15; p = 0.74] and physical 

component summary [HR (the CT-based follow-up group vs. the minimal follow-up group): 1.13; 

95% CI, 0.92–1.38; p = 0.24)] and in MMRM. Penibility was statistically higher in the CT-based 

follow-up group (p<0.0001) and was related to fibre-optic bronchoscopy. 

Interpretation 
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No impact in HRQoL was demonstrated adding thoracic CT scans and fibre-optic bronchoscopy in 

the follow-up after resection of NSCLC, in contrast with penibility related to fibre-optic 

bronchoscopy. 

Key words: Health-related quality of life – Time to deterioration HRQoL – Resected NSCLC – 

Surveillance – Follow-up 
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Introduction 

Lung cancer remains the leading cause of cancer-related deaths worldwide, accounting for 18% of 

total cancer deaths in 2020 (1). Non-small cell lung cancer (NSCLC) is the most common type of 

lung cancer, accounting for 80 to 85% of cases (2). In NSCLC, lung cancer outcomes differ according 

to the stage at diagnosis, with a 24-month survival rate of 87 to 97% for stage I and 10 to 23% for 

stage IV in 2017 (3). 

Surgery with or without perioperative systemic treatment remains the cornerstone treatment of early-

stage lung cancer (4). Most international recommendations suggest a follow-up for people after lung 

cancer surgery to detect treatment-related complications and/or recurrences of the index lung cancer 

or a new primary lung cancer. Radiological and clinical control twice a year for two years and once 

a year between 2 and 5 years after surgery is usually proposed (5, 6, 7). 

Patient-reported outcomes (PROs), such as symptoms, function, and other health-related quality-of-

life (HRQoL) aspects, are increasingly evaluated in cancer randomized controlled trials (RCTs) and 

required by regulatory authorities (8). While there are data demonstrating HRQoL evolution after 

NSCLC surgery (9, 10), the influence of follow-up strategies on HRQoL after surgery for lung cancer 

is unknown. Follow-up procedures might also be considered as having a negative impact on HRQoL 

(because they remind the patients of their disease or because of the invasiveness of these procedures) 

and as positively influencing HRQoL (when ruling out cancer recurrence). 

The IFCT-0302 trial was a randomized multicenter trial that found no benefit in overall survival in 

adding chest CT scan and fibre-optic bronchoscopy (optional for adenocarcinomas) to a follow-up 

based on physical examination and chest X-ray in resected NSCLC (11). We present here the results 

of patient-reported outcomes (PROs), a secondary endpoint of the IFCT-0302 trial. 

 

Methods 
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Patients and study design of the IFCT-0302 trial 

The IFCT-0302 trial was a randomized multicenter trial that compared two follow-up programs for 

completely resected stage pI, II, IIIA and T4 (pulmonary nodules in the same lobe) N0-2 NSCLC 

(TNM 6th edition) (11). 

In the minimal follow-up group, the follow-up consisted of clinical examination and chest X-ray 

(CXR). In the CT-based follow-up group, patients underwent clinical examinations, CXR, and 

thoraco-abdominal contrast-enhanced CT scan plus fibre-optic bronchoscopy (optional for 

adenocarcinomas). In both arms, the procedures were repeated every 6 months after randomization 

during the first 2 years and yearly until 5 years. Supplementary procedures were allowed in cases 

with symptoms. The primary endpoint was overall survival (OS), defined as the time from 

randomization to death from all causes. Patients who survived were censored at the last follow-up 

(11). PROs were secondary endpoints. The study was conducted according to the Declaration of 

Helsinki of 1964 and Good Clinical Practice guidelines. All patients provided written consent to 

participate, and the research protocol was approved by a national ethics committee. 

 

Health-related quality of life 

HRQoL was assessed using the Short Form-12 (SF-12) questionnaire (12). Originally developed from 

the Medical Outcomes Study (MOS) 36-item Short-Form Health Survey SF-36 (13), the SF-12v2® 

covers the same eight health domains as the SF-36 with substantially fewer questions, making it a 

more practical research tool (14). Physical health-related domains include General Health (GH), 

Physical Functioning (PF), Role Physical (RP), and Body Pain (BP). Mental health-related scales 

include Vitality (VT), Social Functioning (SF), Role Emotional (RE), and Mental Health (MH) (15). 

The instrument has been validated across a number of chronic diseases and conditions (16) and used 

in lung cancer screening programs (17, 18). 

The questionnaires were offered to the patient at randomization, before each patient visit every six 
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months during the first two years of follow-up, and every year until the end of the fifth postoperative 

year. All 12 questions were grouped into two global components: the physical component (Physical 

Component Summary or PCS) and the mental component (Mental Component Summary or MCS), 

as recommended by the authors (19). The score of the two components was obtained by weighting 

individual items and adding to a constant (57.65693 and 60.58847, respectively) for PCS and MCS 

in order to have a mean of 50 and a standard deviation of 10 in a general population. If one item is 

missing, the PCS and MSC are missing. Finally, high scale scores of the SF-12 physical and mental 

component summaries represent a good quality of life (20). 

 

Penibility evaluation 

The penibility of follow-up was assessed using a visual analogue scale graduated from 0 to 10 

where 0 represents the absence of penibility and 10 a maximum. The penibility of the follow-up 

was assessed at the same time as the HRQoL. 

 

Statistical analysis 

The primary objective of IFCT-0302 was to demonstrate whether a surveillance program in resected 

NSCLC with chest CT scan and fibre-optic bronchoscopy can improve survival compared to a follow-

up based only on physical examination and chest X-ray. The primary endpoint was not met (11). 

PROs were secondary endpoints of the trial. This was analyzed on the modified intent-to-treat (mITT) 

population, defined as all intent-to-treat patients for whom all SF-12 scores were available at baseline 

(mITT1 population) and all intent-to-treat patients for whom a penibility score was available at 

baseline (mITT2 population). 

The analysis was conducted according to the patient-reported outcome CONSORT (Consolidated 

Standards of Reporting Trials) statement (21). For each evaluation time, the percentage of unanswered 
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or incomplete questionnaires, as well as the median scores and interquartile range (IQR) of the 

domains of the SF-12 and penibility scale, were described. 

Baseline characteristics and OS were compared between the mITT1 population (resp. mITT2) and 

the non-mITT1 population (resp. non-mITT2). OS was estimated with the Kaplan‒Meier method and 

compared with the log-rank test. 

For the mITT1 and mITT2 populations, baseline characteristics, including the HRQoL scores of the 

patients, are described herein by treatment arms with frequencies and percentages for qualitative 

variables and with means, standard deviations (SDs), medians and interquartile ranges (IQRs) for 

quantitative variables. Qualitative variables were compared using a chi-square or a Fisher exact test, 

and quantitative variables were compared using a nonparametric Mann‒Whitney test. OS was 

compared among arms in the mITT1 and mITT2 populations. 

Longitudinal analyses of SF-12 score changes compared to baseline were performed with the mixed-

model for repeated-measures (MMRM), including time effects as a categorical variable, treatment, 

and treatment by time interaction. They were adjusted in relation to the baseline score, with the 

consideration of an unstructured covariance matrix. The model also included random effects on the 

intercept to reflect any individual deviance from the mean intercept. 

Time to deterioration HRQoL (TTD) of the SF-12 scores was also used as the modality of longitudinal 

analysis. It was defined as the interval between randomization and the occurrence of the first 

deterioration representing a minimal important difference (MID) of at least 5 points (22) compared 

to the HRQoL score at baseline for each component summary (23). Patients without deterioration 

detected were censored at the last HRQoL evaluation date. Patients with baseline scores but no 

follow-up score were censored immediately after baseline (Day 1). Only questionnaires completed at 

the planned measurement times according to the protocol were included in the analysis. 

The TTD curves were calculated using the Kaplan–Meier estimation method, described using 

medians with 95% confidence intervals (Cis), and compared between treatment arms using log-rank 
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tests. Associations between TTD and the variables used as stratification factors for randomization 

(stage (cI–II vs. III), histology (adenocarcinomas vs. others), perioperative chemotherapy (yes vs. 

no), and perioperative radiotherapy (yes vs. no)) and variables known to be able to influence HRQoL 

evaluations (age, gender, smoking status) were assessed in univariate Cox proportional hazards 

regression models, and hazard ratios (HRs) with their 95% CIs provided (24). After consideration of 

collinearity between variables, all variables with a univariate p value <0.1 were eligible for a 

multivariate Cox regression model. The treatment arm variable was forced into the multivariate 

model. 

For penibility score analysis, two MMRM analyses were performed, one considering the follow-up 

treatment group and the other considering the type of follow-up (fibre-optic bronchoscopy vs. CT 

scan) in the CT-based follow-up group following the same previous methodology. 

A p value of 0.05 or lower was considered statistically significant. No adjustment for multiple testing 

was made since HRQoL was a secondary endpoint. The P value was interpreted for an exploratory 

purpose. All analyses were performed using SAS software, Version 9.4 (SAS Institute), and R 

software (Version 4.1). 

 

Results 

Patients and HRQoL scores at baseline 

Between January 2005 and November 2012, 1775 patients were randomized in the IFCT-0302 trial 

(minimal follow-up group: 888 patients; CT-based follow-up group: 887 patients) (11). Seventy-one 

patients were ineligible and included in the ITT population. At baseline, 756 of 888 patients (85.14%) 

in the minimal follow-up group arm answered the SF-12 questionnaire without any missing data at 

baseline, versus 747 of 887 (84.22%) in the CT-based follow-up group arm (Figure 1). The HRQoL 

analyses were carried out on this population of 1503 patients (mITT1 population). The baseline 
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characteristics and OS of these patients did not differ between the ITT and mITT1 populations 

(Supplementary Table 1, Supplementary Figure 1a) or between groups in the mITT1 population 

(Table 1, Supplementary Figure 2a). In the mITT1 population, the median age was 63 years 

(IQR=13.61). They comprised 1145 males (76.2%), 131 nonsmokers (8.72%), 1071 stage ≤IIA 

(71.3%), and 888 adenocarcinomas (59.1%) (Table 1). Postoperative chemotherapy, radiotherapy, or 

both was administered in 592 (39.4%) of 1503 patients, and postoperative radiotherapy was 

administered in 121 (8.1%) of 1503 patients. The mean score for the Physical Component Summary 

at baseline was 37.0 (SD=7.3) in the minimal follow-up group and 37.8 (SD=7.7) in the CT-based 

follow-up group (p=0.04). The mean scores for the Mental Component Summary at baseline were 

44.1 (SD=10.5) and 43.5 (SD=10.6), respectively (p=0.35) (Supplementary Table 2). 

 

Compliance with the HRQoL questionnaires during follow-up 

Patient compliance with the HRQoL questionnaires over time is presented in Figure 1. The total 

numbers of questionnaires completed with at least one HRQoL score available among patients 

remaining in the study were 951 for 1215 patients (78.3%) at 1 year and 370 for 628 patients (58.9%) 

at 5 years. From months 6 and 12, the compliance was significantly higher in the minimal follow-up 

group (P value chi-square = 0.009 and P = 0.027, respectively). 

 

Longitudinal analyses of HRQoL 

In the prespecified MMRM analysis of mean change between baseline and each measurement time, 

we found that for Physical Component Summary and Mental Component Summaryand for each 

group, patients reported an improvement in their HRQoL in 2 phases: a first phase of rapid 

improvement in HRQoL during the first year and then a second phase of overall stagnation after this 

first year (Figure 2). For the SF-12 physical component summary, the mean changes between baseline 

and 1 year were + 6.4 versus + 0.5 between 1 year and 5 years in the minimal follow-up group and + 
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5.4 versus - 0.01 in the CT-based follow-up group, respectively. We found no significant difference 

over time across groups in either component summary (p value for interaction term between time and 

group =0.6084 and 0.2370 for physical and mental component summary, respectively). 

In the TTD analysis, there was no difference between follow-up groups for the SF-12 physical 

component summary (HR = 1.13; 95% CI, 0.92–1.38; log-rank p = 0.24) or for the SF-12 mental 

component summary (HR = 0.97; 95% CI, 0.82–1.15; log-rank p = 0.74) (Figure 3). There were no 

differences between arms in terms of TTD for any of the subgroups analyzed for the SF-12 physical 

component summary (Supplementary Figure 3) and for the SF-12 mental component summary 

(Supplementary Figure 4). 

In the univariate Cox analyses, the only variable that was significantly associated with an increased 

SF-12 physical component summary was female sex (HR = 0.72; 95% CI, 0.56–0.93; p = 0.01) (Table 

2). In a multivariate Cox analysis, in which sex, age and smoking status were entered, age < 65 years 

was the only variable independently associated with a longer TTD for the SF-12 physical component 

summary (HR = 0.81; 95% CI, 0.65–0.99; P = 0.037) (Table 2). In univariate and multivariate Cox 

analyses, no variable significantly influenced the TTD for the SF-12 mental component summary 

(Table 3). 

 

Penibility 

At baseline, 629 of 888 patients (70.83%) in the minimal follow-up group answered the penibility 

scale prompts without aberrant data, versus 635 of 887 (71.59%) in the CT-based follow-up group 

(Supplementary Figure 5). Penibility analyses were carried out on this population of 1264 patients 

(mITT2 population). No differences in terms of baseline characteristics or OS were observed between 

the non-mITT2 population (Supplementary Table 1, Supplementary Figure 1b) and the miTT2 

population or between groups in the mITT2 population (Table 1, Supplementary Figure 2b). In this 

mITT2 population, the scores were not different at baseline between groups (Supplementary Table 
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3). In the MMRM analysis of mean changes between baseline and each measurement time, the 

penibility decreased faster in the minimal follow-up group (interaction term p value<0.0001; mean 

difference between 1 year and baseline: -0.87 (SD=2.4) and -0.26 (SD=3.0) for the minimal follow-

up and CT-based follow-up groups, respectively) (Supplementary Figure 6). Fibre-optic 

bronchoscopy was found to be negatively associated with the CT-based follow-up group, influencing 

the penibility score (Supplementary Table 4) (at 2 years in the minimal follow-up group, mean 

difference between no fibre-optic bronchoscopy and fibre-optic bronchoscopy: 1.45; p < 0.0001). 

When we compared the scores of patients who received only a CT scan, the penibility of the no fibre-

optic bronchoscopy group was closer to that of the minimal follow-up group (Supplementary Figure 

7; mean change between 1 year and baseline =-0.87 (SD=2.4), -0.47 ((SD=2.9), 0.19 ((SD=3.2) in 

the minimal follow-up, no fibre-optic bronchoscopy and fibre-optic bronchoscopy groups, 

respectively). 

 

Discussion 

The addition of chest CT scans (plus fibre-optic bronchoscopy in nonadenocarcinoma histology) to 

the follow up after surgery for NSCLC did not influence the HRQoL in the IFCT-0302 trial. The 

penibility was significantly higher in the CT-based follow-up group due to the addition of fibre-optic 

bronchoscopy. Although there are data reporting HRQoL after complete resection for NSCLC (25, 

26), to our knowledge, there is no study evaluating the relationship between follow-up procedures 

and HRQoL. 

Longitudinal analysis of HRQoL in the IFCT-0302 study showed a first phase of improvement in 

HRQoL during the first postoperative year, particularly during the first six months (Figure 2). For the 

SF-12 physical component summary, the mean changes between baseline and 6 months were + 4.7 in 

the minimal follow-up group and + 3.7 in the CT-based follow-up group, and the mean changes 

between 6 months and 12 months were + 2.4 in the minimal follow-up group and + 1.6 in the CT-
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based follow-up group. The same improvement in HRQoL was observed in the systematic review by 

Gazala and colleagues in 393 patients undergoing thoracotomy in 5 mainly retrospective studies (27). 

They concluded that postoperatively, there was an initial decline in HRQoL (mainly in the physical 

component) followed by a return to preoperative HRQoL scores approximately three months after 

surgery evaluated using different HRQoL scales (European Organization for Research and Treatment 

of Cancer (EORTC) Quality of Life Questionnaire (QLQ)-C30 (cancer core questionnaire), EORTC 

QLQ-LC13 lung cancer-specific module and SF-36). Even after bronchial sleeve lobectomy or 

pneumonectomy, as reported by Balduyck and colleagues in 100 consecutive patients with a diagnosis 

of NSCLC, the HRQoL (assessed using EORTC QLQ-C30 and the EORTC QLQ-LC13) improved 

during the first year, although this improvement was slow and did not return to the preoperative score 

(28). In the IFCT-0302 study, there was no evaluation of HRQoL before surgery, as patients were 

randomized postoperatively, but the HRQoL scores at one year were close to those of the general 

population (11). Szeliga and colleagues showed in a prospective cohort of 72 patients (52 men and 

20 women) who underwent the surgical removal of lung cancer that the mental component summary 

of the HRQoL was only impaired during the first week after surgery (29). In the same cohort, surgery 

was found to have a major impact on physical functioning in the week after the operation, and a return 

to the preoperative score was observed six months after treatment. In the systematic review by Gazala 

and colleagues, 11.5% of patients underwent video-assisted thoracic surgery (VATS), which was 

associated with a more rapid improvement in HRQoL (27). In the IFCT-0302, fewer than 10 patients 

in each arm underwent VATS. We do not know whether the patient HRQoL returned to the 

preoperative scores, but the initial improvement in HRQoL is concordant with the literature, with the 

main improvement occurring during the first 6 months (29). The slope of HRQoL improvement over 

one year might be explained by the fact that most lung cancer resections in France were performed 

with open thoracotomy during the period of the study. 

In the IFCT-0302 study, there was no significant difference in the HRQoL scores between the 2 
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follow-up groups. Based on screening studies (30, 31), patient perceptions of follow-up may include 

a fear of cancer recurrence or a second primary cancer diagnosis, penibility of procedures and patient 

concerns over radiation exposure (32). In the NLST, Nelson and PAN-CAN trials, no significant 

differences were found in HRQoL physical and mental components and state anxiety at 1 or 6 months 

by screening arm or after screening among participants who screened false-positive, positive for 

significant incidental findings, or negative. In the NLST, 2812 participants who had baseline HRQoL 

assessments were asked to complete the Short Form-36. The only significant difference in HRQoL 

scores during screening consisted of lower physical and mental health scores and higher state anxiety 

for those who screened true-positive and developed lung cancer within 1 year of their screening 

examination compared with all other screening groups (31). In the IFCT-0302 study, recurrence, as 

reported by the investigators, occurred in 246 patients (27·7%) in the minimal follow-up group and 

289 (32·6%) in the CT-based follow-up group. Second primary lung cancers (SPLCs) were diagnosed 

in 102 patients (11·5%) in the minimal follow-up group and in 96 (10·8%) in the CT-based follow-

up group. Therefore, the absence of a significant difference between the 2 follow-up groups in terms 

of diagnosis of recurrence or SPLC may explain the absence of a difference in the HRQoL results. 

Penibility was increased in the CT scan follow-up group because of fibre-optic bronchoscopy, which 

is more invasive than CT scans. Because it rarely leads to the detection of recurrence or second 

primary cancer in cases of normal thoracic CT scans, fibre-optic bronchoscopy is not recommended 

in guidelines for the follow-up of patients after curative-intent surgery for NSCLC (4, 5, and 6). 

Multivariate Cox analysis in the present study revealed that only an age under 65 years was 

independently associated with a longer TTD for the physical component summary of the SF-12. In a 

study of 1718 (23.6%) patients who underwent curatively intended surgery, Brønserud MM et al 

showed that age under 70 years, along with earlier pathological cancer stage, nonsquamous histology, 

better forced expiratory volume, ECOG PS 0 or 1, a Charlson score of 0 or 1, high educational level, 

high disposable income, affiliation with the work market, and living with a partner, was only 
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associated with a better role functioning score using EORTC QLQ-C30 (24). Follow-up strategies 

were not analyzed in this study. Despite a thorough preoperative workup taking into account 

comorbidities, elderly patients remain at higher risk of morbi-mortality after lung cancer surgery, 

which can explain their impaired HRQoL (33). 

In our trial, compliance levels were high at baseline, with approximately 12% missing data. Long-

term compliance was good, with over 50% of patients answering the questionnaires at 5 years, which 

compares favorably with published compliance rates (31, 34). In another study evaluating compliance 

with HRQoL questionnaires published by Brønserud et al. and involving 7295 lung cancer patients, 

including 1718 operated patients, only 4229 (58%) completed at least one questionnaire (1315 [77%] 

of the operated patients). In this same cohort, the best response rates were achieved among patients 

treated with surgery and among patients who discussed their questionnaires with health care 

personnel. Responders had significantly better health and a higher socioeconomic position than 

nonresponders (34). In the NLST study, 1450 of the 11,581 screened patients responded to the HRQoL 

questionnaires at T1 of screening. To the best of our knowledge, imputation techniques for missing 

data are only exploratory and not validated and are not yet recommended for longitudinal HRQoL 

calculations using survival analyses such as TTD. There was no significant difference in HRQoL and 

penibility between compliant and noncompliant patients at baseline in either baseline characteristics 

or OS. 

Certain other limitations of this analysis should be acknowledged. Since we randomly assigned 

patients after surgery, these HRQoL data did not fully evaluate the patient experience from the time 

of diagnosis. However, this delay is unlikely to have affected the results. Moreover, these prespecified 

and post hoc analyses remain exploratory and therefore lack formal statistical testing for some 

outcomes. 

In conclusion, the analysis of HRQoL and penibility in the IFCT-0302 trial, which demonstrated no 

difference in survival between a follow-up with chest CT scan and fibre-optic bronchoscopy and a 
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follow-up based only on physical examination and chest X-ray after curative-intent surgery for lung 

cancer, showed no difference in HRQoL. Penibility was increased in patients who underwent fibre-

optic bronchoscopy in the CT-based follow-up arm. These HRQoL and penibility results, along with 

the detection of more recurrences and SPLCs with thoracic CT scans, which were more frequently 

asymptomatic, at an early stage and more frequently accessible to curative treatment, support its use 

for the follow-up of patients operated on for NSCLC. 

 

ACKNOWLEDGMENTS 

This study was supported by the French Health Ministry (PHRC 2003/2012), French National 

Cancer Institute (INCa–PNES Poumon), Weisbrem-Benenson Foundation, La Ligue Nationale 

Contre Le Cancer, and Lilly Oncology. We thank the trial participants and their families, all 

investigators, the staff of the Intergroupe Francophone de Cancérologie Thoracique, Alain Depierre, 

Silvy Laporte, Astrid Pozet, Mariette Mercier, Marie-Christine Woronoff-Lemsi, Franck Bonnetain, 

Brigitte Depierre, Alexandra Land and Marie Paule Lebitasy. 

 

CONFLICT OF INTEREST STATEMENT 
The authors declare no conflicts of interest. 
FUNDING SOURCES 
None 
AUTHOR CONTRIBUTIONS 
	

The scientific guarantor of this publication is V.W. 

J.H., D.V., A.L. and A.A. have significant statistical expertise. 

The study protocol follows the ethical guidelines of the Helsinki Declaration and was approved by 

the institutional review board. 

G.E., V.W., F.M. : Conceptualization, Methodology, Formal analysis, Investigation and Writing — 

Original Draft, Writing — Review & Editing — M.M., E.G-L., E.K., A.B-T., P.R., S.B., C.A-V., 



95 
 
 

H.B., F.D., A.L., P.B. : Investigation, Writing — J.H., D.V., A.L. and A.A.: Methodology, Formal 

analysis, Writing.  

 

  



96 
 
 

FIGURE and TABLE LEGENDS 

Table 1: Baseline characteristics of the mITT1 and mITT2 populations by follow-up group. 

Table 2: Univariate and multivariate Cox models for time to deterioration of the SF-12 physical 

component summary. 

Table 3: Univariate Cox model for time to deterioration of the SF-12 mental component summary. 

Figure 1: Flowchart for HRQoL data. 

Figure 2: Changes in the SF-12 physical (A) and mental (B) summary components between baseline 

and each measurement time, presented as a plot of the least mean square change from baseline with 

95% CI bars from the mixed model for repeated measures-adjusted scores. 

Figure 3: Time to deterioration of the SF-12 (A) physical component summary and (B) mental 

component summary. 

Supplementary Table 1: Patient characteristics between mITT populations (mITT1 and mITT2) and 

non-mITT populations. 

Supplementary Table 2: Descriptive analysis of the HRQoL for two summary component of the SF-

12 questionnaire at each measurement time 

Supplementary Table 3: Descriptive analyze of penibility scale scores according to the 

randomization group at each measurement time 

Supplementary Table 4: Penibility scale scores according to the randomization group and the 

performance of fibre-optic bronchoscopy 

Supplementary Figure 1: Overall survival in the ITT population regarding completion of the SF-12 

(A) and penibility scale (B) at baseline 

Supplementary Figure 2: Overall survival in the mITT1 (A) and mITT2 (B) populations by follow-

up group. 
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Supplementary Figure 3: Time to deterioration of symptoms, subgroup analysis, forest plot for the 

physical component summary. 

Supplementary Figure 4: Time to deterioration of symptoms, subgroup analysis, forest plot, for the 

mental component summary. 

Supplementary Figure 5: Flow chart for the penibility scale data 

Supplementary Figure 6: Changes in penibility between baseline and each measurement time in the 

mITT2 population. Plot of the least mean square change from baseline with 95% CI bars from the 

mixed model for repeated measures-adjusted scores. 

Supplementary Figure 7: Changes in penibility between baseline and each measurement time in the 

mITT2 population depending on having follow-up by CT scan alone, fibre-optic bronchoscopy and 

CT scan and neither (minimal follow-up). Plot of the least mean square change from baseline with 

95% CI bars from the mixed model for repeated measures-adjusted scores. 
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Table 1: Baseline characteristics of the mITT1 and mITT2 populations by follow-up group 

  mITT1 population   mITT2 population  

  

Minimal follow-
up 

CT-based 
follow-up p value 

Minimal follow-
up 

CT-based follow-
up p value 

group group  group group  

n=756 n=747   n=629 n=635   
             

Sex                       

  Male 575 76.06 570 76.31 0.9105 481 76.47 481 75.75 0.7633 
  Female 181 23.94 177 23.69   148 23.53 154 24.25  

Median age, years (IQR) median 63.34 (13.35)     62.8 (14.21) 0.2110 63,16 (13,33) 62,8 (14,59) 0.3803 
Smoking status                     

  Former or current 
smoker 693 91.77 679 90.90   582 92.53 579 91.18  0.6938 

  Never smoker 63 8.33 68 9.10   47 7.47 56 8.82   
Fibre-optic bronchoscopy                
           
  No 43 5.69 36 4.82 0.4506 34 5.41 29 4.57 0.4934 
  Yes 713 94.31 711 95.18   595 94.59 606 95.43  

Clinical stage                       
  I 519 68.65 506 67.74 0.7664 427 67.89 439 69.13 0,8162 
  II 103 13.62 103 13.79   84 13.35 85 13.39   
  III 134 17.72 137 18.34   118 18.76 110 17.32   
  IV 0 0 1 0.13   0 0 1 0.16   
Histological subtype            

Adenocarcinoma 444 58.73 444 59.44 0.7583 376 59.78 375 59.06 0.8322 
 Squamous 267 35.32 250 33.47  215 34.18 214 33.70   

Large cell 32 4.23 37 4.95  25 3.97 32 5.04   
Others 13 1.72 16 2.14  13 2.07 14 2.20  

Surgery                       

  
Lobectomy or 
bilobectomy 

654 86.51 653 87.42 0.7933 544 86.62 562 88.64 0.5440 

  Pneumonectomy 89 11.77 80 10.71   72 11.46 61 9.62   
  Segmentectomy 13 1.72 14 1.87   12 1.91 11 1.74   
Preoperative chemotherapy, 
or preoperative radiotherapy 
or both 

           

 
No 671 88.76 650 87.02 0.3007 559 88.87 557 87.72 0.5232  
Yes 85 11.24 97 12.98  70 11.13 78 12.28  

Postoperative chemotherapy, 
radiotherapy, or both 

                      

  No 467 61.77 444 59.44 0.3543 392 62.32 379 59.69 0.3367 
  Yes 289 38.23 303 40.56   237 37.68 256 40.31   
Preoperative or 
postoperative radiotherapy, 
or both 

           

 
No 689 91.14 678 90.76 0.8002 572 90.94 578 91.02 0.9576  
Yes 67 8.86 69 9.24  57 9.06 57 8.98  

Preoperative or 
postoperative chemotherapy, 
or both 

                      

  No 427 56.48 398 53.28 0.2123 359 57.07 345 54.33 0.3261 
  Yes 329 43.52 349 46.72   270 42.93 290 45.67   

Abbreviations: mITT, modified intent-to-treat population; IQR, interquartile range 
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Table 2: Univariate and multivariate Cox model for time to deterioration of the Physical Component Summary    
Univariate Cox Model Multivariate Cox Model 

    n (events) Hazard 
Ratio 

95% CI p value Hazard 
Ratio 

95% CI p value 

Group Minimal follow-up 756 (189) 1.000  
0.23661 1.000  0.2235  

CT based follow-up 747 (188) 1.130 0.92 to 1.38  1.13 0.93-1.39  
Sex Male 1145 (302) 1.000   0.01223 1.000   0.0712 
  Female 358 (75) 0.723 0.56 to 0.93   0.77 0.58-1.02   
Age <65 861 (203) 1.000  

0.06005 1.000  0.0365  
>=65 642 (174) 1.215 0.99 to 1.49  1.24 1.01-1.53  

Smoking status Former or current 
smoker 

1372 (350) 1 0.49 to 1.06  0.09875    

  Never smoker 131 (27) 0.719   
   

Surgery Lobectomy or 
bilobectomy 

1307 (330) 1.000  
0.36374    

 
Pneumonectomy 169 (37) 0.993 0.71 to 1.39     

 
Segmentectomy 27 (10) 1.576 0.84 to 2.96     

Histology Adenocarcinoma 888 (230) 1.000   0.45541  
   

  Other 615 (147) 0.924 0.75 to 1.14     
  

Stage I/II 1231 (320) 1.000  
0.97161    

 
III 271 (57) 1.005 0.76 to 1.33     

Perioperative rt No 1367 (349) 1.000   0.64361  
   

  Yes 136 (28) 1.095 0.74 to 1.61     
  

Perioperative ct No 825 (214) 1.000  
0.41480     

Yes 678 (163) 1.088 0.89 to 1.33     
 
 
 
 
 
 

 

 

 
Table 3: Univariate Cox model for time to deterioration of the Mental Component Summary 

    n (events) Hazard 
Ratio 

95% CI p value 

Group Minimal follow-up 756 (288) 1.000 
 

0.73260  
CT based follow-
up 

747 (263) 0.971 0.82 to 1.15 
 

Sex Male 1145 (418) 1.000   0.74790 
  Female 358 (133) 0.969 0.80 to 1.18   
Age <65 861 (321) 1.000 

 
0.83804  

>=65 642 (230) 0.982 0.83 to 1.16 
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Smoking status Former or current 
smoker 

1372 (501) 1   0.90481 

  Never smoker 131 (50) 0.98 0.74 to 1.32   
Surgery Lobectomy or 

bilobectomy 
1307 (493) 1.000 

 
0.34633 

 
Pneumonectomy 169 (49) 0.807 0.60 to 1.08 

 
 

Segmentectomy 27 (9) 0.895 0.46 to 1.73 
 

Histology Adenocarcinoma 888 (333) 1.000   0.61494 
  Other 615 (218) 0.957 0.81 to 1.14   
Stage I/II 1231 (463) 1.000 

 
0.56709  

III 271 (88) 1.069 0.85 to 1.34 
 

Perioperative rt No 1367 (517) 1.000   0.63821 
  Yes 136 (34) 0.920 0.65 to 1.30   
Perioperative ct No 825 (321) 1.000 

 
0.78980  

Yes 678 (230) 1.023 0.86 to 1.21 
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Figure 1: Flow chart for health-related quality of life data. 
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Figure 2: Plot of the least mean square change from baseline with 95% CI bars from MMRM for the 

physical component summary (A) and mental component summary (B) 
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Figure 3: Time to deterioration of the SF-12 (A) Physical component summary and (B) Mental 
component summary in the mITT1 population. 
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Supplementary Table 1: Patient characteristics between mITT populations (mITT1 and mITT2) and non-mITT 
populations. 

    
ITT 

population 
Non-mITT1 
population 

mITT1 
population 

p value 
Non-mITT2 
population 

mITT2 
population 

p value 

  n=1775 n=272 n=1503   n=272 n=1264   
    n %                     
Sex Male 1355 76.34 210 77.21 1145 76.18 0.7144 393 76.91 962 76.11 0.7194 
  Female 420 23.66 62 22.79 358 23.82   118 23.09 302 23.89   
Median age, years 
(IQR) 

 62.96 (13.80) 62.53 (14.21) 63.03 (13.61) 0.6332 63.03 (13.58) 62.95 (13.96) 0.8642 

Smoking status                          

  Former or current 
smoker 

1627 91.75 255 93.68 1372 91.28  0.4108 227 91.14 1161 91.85 0.8212 

  Never smoker 148 8.35 17 6.32 131 8.72   45 8.86 103 8.15   
Fibre-optic bronchoscopy                    
  No 90 5.08 11 4.09 79 5.26 0.4221 27 5.31 63 4.98 0.7743 
  Yes 1682 94.92 258 95.91 1424 94.74   481 94.69 1201 95.02  
 Unknow 3  3  0   3  0   
Clinical stage                           
  I 1205 68.00 180 66.91 1025 68.20 0,9035 339 66.73 866 68.51 0.7796 
  II 244 13.77 38 14.13 206 13.71   75 14.76 169 13.37   
  III 322 18.17 51 18.96 271 18.03   94 18.50 228 18.04   
  IV 1 0.06 0 0 1 0.07   0 0 1 0.08   
 Unknow 3  3  0   3  0   
Histological subtype              

Adenocarcinoma 1042 58.74 154 56.83 888 59.08 0.2632 291 57.06 751 59.41 0.7953  
Squamous 614 34.61 97 35.79 517 34.40 

 
185 36.27 429 33.94   

Large cell 79 4.45 10 3.69 69 4.59 
 

22 4.31 57 4.51   
Others 39 2.20 10 3.69 29 1.93 

 
12 2.35 27 2.14  

 Unknown 1  1  0   1  0   
Pathological stage                           

  I 1120 63.71 157 59.47 963 64.46 0.2940 306 60.59 814 64.96  0.2259 

  II 323 18.37 55 20.83 268 17.94   101 20.00 222 17.72   

  III 315 17.92 52 19.70 263 17.60   98 19.41 217 17.32   

 Unknow 17  8  9   6 0 11   
Surgery                      
  Lobectomy or 

bilobectomy 
1533 86.61 226 84.64 1307 86.96  0.4525 427 84.06 1106 87.64 

0.0731 
  Pneumonectomy 206 11.64 37 13.86 169 11.24   73 14.37 133 10.54  
  Segmentectomy 31 1.75 4 1.50 27 1.80   8 1.57 23 1.82  
 Unknown 5  5  0   3  2   
Preoperative 
chemotherapy, or 
preoperative 
radiotherapy or 
both 

                  

      

  

  No 1547 87.25 226 83.70 1321 87.89 0.0575 431 84.68 1116 88.29 0.0389 

  Yes 226 12.75 44 16.30 182 12.11   78 15.32 148 11.71   

 Unknown 2  2  0   2  0   
Postoperative 
chemotherapy, 
radiotherapy, or 
both 

                 

   

 

  Missing 3   3   0   0.4932 3 
 

0 
 

0.9471 

  No 1080 60.95 169 62.83 911 60.61   309 60.83 771 61.00  
  Yes 692 39.05 100 37.17 592 39.39   199 39.17 493 39.00  
Preoperative or 
postoperative 
chemotherapy, or 
both 

                

        

  

  Missing 3   3   0   0.9411 3   0   0.2607 

  No 972 54.85 147 54.65 825 54.89   268 52.76 704 55.70   
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  Yes 800 45.15 122 45.35 678 45.11   240 47.24 560 44.30   
Abbreviations: mITT, modified intent-to-treat population; IQR, interquartile range. 
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Supplementary Table 2: Descriptive analysis of HRQoL for two summary components of the SF-12 questionnaire, at each measurement 
time 

 

 

mITT1 Population Minimal Follow-up CT-Scan Follow-up  

  n mean 
(SD) 

median IQR n mean 
(SD) 

median IQR n mean 
(SD) 

median IQR p value 

Baseline 
PCS12 1503 37.35 

(7.48) 
37.11 9.81 756 36.95 

(7.27) 
36.7 9.93 747 37.75 

(7.68) 
37.69 9.70 0.04300 

MCS12 1503 43.80 
(10.53) 

43.47 16.82 756 44.07 
(10.51) 

43.95 17.10 747 43.52 
(10.55) 

43.05 16.71 0.35229 

M6 
PCS12 1111 41.55 

(8.78) 
41.18 14.03 578 41.64 

(8.85) 
41.31 14.36 533 41.46 

(8.72) 
41.08 13.42 0.72424 

MCS12 1111 45.80 
(10.24) 

46.64 16.06 578 45.77 
(10.35) 

46.45 17.10 533 45.84 
(10.14) 

46.93 14.87 0.86138 

M12 
PCS12 951 43.16 

(8.81) 
43.55 13.87 509 43.24 

(8.98) 
43.67 13.96 442 43.07 

(8.62) 
43.45 13.30 0.71467 

MCS12 951 46.55 
(10.24) 

48.13 16.87 509 46.93 
(10.33) 

48.46 17.41 442 46.11 
(10.13) 

47.94 15.90 0.16998 

M18 
PCS12 823 43.26 

(8.92) 
43.73 14.06 444 43.26 

(9.03) 
44.27 14.26 379 43.27 

(8.80) 
42.83 13.86 0.96691 

MCS12 823 46.75 
(10.26) 

48.6 15.98 444 46.57 
(10.31) 

48.38 16.56 379 46.95 
(10.21) 

48.8 15.17 0.63304 

M24 
PCS12 740 43.36 

(8.80) 
44.33 13.54 397 43.30 

(8.75) 
44.35 13.09 343 43.42 

(8.88) 
44.31 14.40 0.82653 

MCS12 740 46.78 
(10.29) 

48.55 16 397 47.01 
(10.16) 

48.63 15.49 343 46.51 
(10.44) 

48.32 16.26 0.52990 

M36 
PCS12 612 43.69 

(8.77) 
44.69 13.53 331 43.79 

(8.88) 
44.91 14.18 281 43.58 

(8.65) 
44.63 13.16 0.71720 

MCS12 612 47.50 
(10.57) 

50.02 16.02 331 47.78 
(10.26) 

50.13 16.56 281 47.19 
(10.92) 

49.87 15.37 0.55752 

M48 
PCS12 532 43.72 

(9.07) 
44.72 14.08 283 43.78 

(9.03) 
44.59 14.05 249 43.66 

(9.14) 
45.02 13.82 0.92188 

MCS12 532 47.74 
(9.88) 

49.68 14.39 283 48.54 
(9.41) 

50.49 13.43 249 46.84 
(10.33) 

48.99 14.88 0.08415 

M60 
PCS12 370 43.32 

(8.88) 
43.68 14.31 204 43.57 

(9.20) 
44.24 15.41 166 43.01 

(8.47) 
43.19 13.27 0.46059 

MCS12 370 47.01 
(9.90) 

49.56 15.28 204 47.33 
(9.71) 

49.78 15.77 166 46.61 
(10.14) 

49.09 14.93 0.56949 

Abbreviations: mITT1, modified intent-to-treat population; IQR, interquartile range; PCS12, SF-12 physical component summary; MCS12, SF-12 

mental component summary; SD: standard deviation. P value, Mann–Whitney nonparametric test. 
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Supplementary Table 3: Descriptive analysis of penibility scale scores according to the randomization group at 
each measurement time 

 
miTT2 population Minimal Follow-up  CT-Scan Follow-up 

n median IQR n median q1-q3 n median q1-q3 p value 

Baseline 1264 0.94 2.94 610 0.96 2.81 605 0.87 2.98 0.46118 

M6 892 0.58 1.73 432 0.38 1.54 428 1.11 2.53 0.00000 

M12 768 0.49 1.65 380 0.29 1.34 356 1.11 2.05 0.00000 

M18 665 0.58 1.63 334 0.38 1.25 304 0.85 1.94 0.00001 

M24 613 0.56 1.55 306 0.39 1.15 281 0.78 2.04 0.00001 

M36 508 0.46 1.64 264 0.29 1.44 228 0.87 1.84 0.00034 

M48 449 0.58 1.74 228 0.38 1.58 202 0.92 1.93 0.00069 

M60 294 0.67 1.65 155 0.46 1.39 131 0.87 2.02 0.00115 
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Supplementary Table 4: Penibility scale scores according to the randomization group and the performance of a 
fibre-optic bronchoscopy 

Minimal Follow-up  CT-Scan Follow-up  
Bronchoscopy No-bronchoscopy  Bronchoscopy No-bronchoscopy  

n median IQR n median IQR p value n median IQR n median IQR p value 
M6 419 0.38 1.54 12 0.05 0.63 0.09830 213 0.58 1.53 215 1.73 3.74 <0.0001 
M12 363 0.29 1.25 12 1.62 3.18 0.04173 178 0.48 1.36 176 1.8 3.28 <0.0001 
M18 318 0.38 1.2 12 0.72 1.16 0.11225 174 0.58 1.49 126 1.63 3.08 <0.0001 
M24 294 0.38 1.15 10 0.43 0.67 0.45819 153 0.48 01.49 124 1.68 4.38 <0.0001 
M36 256 0.29 1.44 4 0.87 3.52 0.25506 121 0.38 1.37 105 1.44 2.91 <0.0001 
M48 216 0.38 1.56 10 0.77 1.83 0.82054 110 0.58 1.63 89 1.55 2.22 <0.0001 
M60 149 0.39 1.36 4 1.52 2.18 0.04241 76 0.43 1.02 52 2.02 2.75 <0.0001 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 1: Overall survival in the ITT population according to completion of SF-12 
(A) and the penibility scale at baseline 
A 



113 
 

 

 

 

 

 

 

 

 

 

B 



114 
 

 

 

 

 

 

 

 

 

 



115 
 

Supplementary Figure 2: Overall survival in the mITT1 (A) and mITT2 (B) populations by follow-up 
group. 
A 

 

B 
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Supplementary Figure 3: Time to deterioration of symptoms, subgroup analysis, and forest plot for 

the physical component summary. 
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Supplementary Figure 3: Time to deterioration of symptoms, subgroup analysis, and forest plot for the physical dimension.

Forest plot
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678 (163)

1503 (377)

HR

1.10
1.19

1.08

1.22

1.16
0.96

1.15

1.10

0.98
1.14

1.15
0.88
1.17

1.16
0.70

1.16
1.09

1.13

95%CI

0.88 to 1.38
0.76 to 1.87

0.82 to 1.42

0.90 to 1.64

0.94 to 1.45
0.57 to 1.62

0.89 to 1.49

0.79 to 1.52

0.46 to 2.08
0.93 to 1.41

0.93 to 1.43
0.45 to 1.70
0.33 to 4.13

0.94 to 1.43
0.33 to 1.52

0.89 to 1.51
0.80 to 1.48

0.92 to 1.38

pValue

0.8119

0.6243

0.4976

0.7783

0.7103

0.7766

0.3588

0.8377
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Supplementary Figure 4: Time to deterioration of symptoms, subgroup analysis, and forest plot for 

the mental component summary 

 

 

  

Supplementary Figure 4: Time to deterioration of symptoms, subgroup analysis, and forest plot for the mental dimension

Forest plot
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   Other

TOBACCO
   No
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EXERESE

   Lobectomy ou bi
   Pneumonectomy
   Segmentectomy

PERIOPERATIVE RT

   No
   Yes

PERIOPERATIVE CT
   No
   Yes

OVERALL

No. of Patients (Events)

1145 (418)
358 (133)

861 (321)

642 (230)

1231 (463)
271 (88)

888 (333)

615 (218)

131 (50)
1372 (501)

1307 (493)
169 (49)
27 (9)

1367 (517)
136 (34)

825 (321)
678 (230)

1503 (551)

HR

1.01
0.85

1.01

0.91

0.96
1.02

0.93

1.03

0.79
0.99

0.96
0.97
1.50

0.98
0.92

1.11
0.81

0.97

95%CI

0.84 to 1.23
0.60 to 1.19

0.81 to 1.26

0.70 to 1.18

0.80 to 1.15
0.67 to 1.55

0.75 to 1.15

0.79 to 1.35

0.45 to 1.38
0.83 to 1.18

0.80 to 1.15
0.55 to 1.71
0.40 to 5.60

0.82 to 1.16
0.47 to 1.80

0.89 to 1.38
0.62 to 1.05

0.82 to 1.15

pValue

0.3605

0.5258

0.7053

0.5423

0.4911

0.7283

0.7849

0.0698
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Supplementary Figure 5: Flow chart for the penibility scale data 
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Supplementary Figure 6: Plot of the least mean square change from baseline with 95% CI bars from 
MMRM for the penibility scale 
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Supplementary Figure 7: Changes in penibility between baseline and each measurement time in the 

mITT2 population depending on having follow-up by CT scan alone, fibre-optic bronchoscopy and 

CT scan and neither (minimal follow-up). Plot of the least mean square change from baseline with 95% 

CI bars from the mixed model for repeated measures-adjusted scores. 
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Validation d’un score de risque de survenue de pneumothorax retardé après une ponction-biopsie 
pulmonaire transthoracique scano-guidée 

 
 
Résumé :  
 
L'objectif principal de cette étude était d'identifier les facteurs de risque de pneumothorax post-biopsie 

pulmonaire transthoracique percutanée (BPTC) puis d'établir et de valider un score prédictif de survenue de 

pneumothorax afin d'identifier les patients éligibles aux soins ambulatoires. 

 
Matériel et méthodes : 

Les patients ayant subi une BPTC entre le 1er novembre 2012 et le 1er mars 2017 ont été évalués 

rétrospectivement pour déterminer les facteurs cliniques et radiologiques potentiellement liés à la survenue d'un 

pneumothorax. Une régression logistique multivariée a été utilisée pour identifier les facteurs de risque et le 

coefficient du modèle pour chaque facteur a été utilisé pour calculer un score. Ensuite, une cohorte de validation 

a permis d’évaluer prospectivement de mars 2018 à octobre 2019. 

 
Résultats : 

Parmi les 498 patients éligibles dans la cohorte de l'étude, un pneumothorax est survenu chez 124 patients 

(24,9 %) et a nécessité un drainage chez 34 patients (6,8 %). Les facteurs de risque de pneumothorax étaient la 

présence d’une broncho-pneumopathie chronique obstructive (OR 95 % IC 2,28 [1,18–4,43]), plusieurs 

passages à travers la plèvre (OR 95 % IC 7,71 [1,95–30,48]), une approche antérieure pour la biopsie (OR 95 % 

IC 6,36 3,82). –10,58]), distance peau-pleure ≤30 mm (OR 95 % IC 2,25 [1,09–6,65]) et épanchement pleural 

aérique > 10 mm (OR 95 % IC 9,27 [5,16–16,65]). Parmi les 236 patients de la cohorte prospective de validation, 

un pneumothorax était survenu chez 18 % de ces patients et 8 % ont été drainés. Un score négatif (<73 points) 

prédisait une probabilité de survenue d'un pneumothorax de 7,4% et un drainage tardif de 2,5% (OR 95% IC 

respectivement 0,18[0,08–0,39] et 0,15[0,04–0,55]) et suggérait une durée d'hospitalisation réduite (P = 0,009). 

 
Conclusion : 

Ce score prédictif du pneumothorax secondaire au BPTC présente des performances et une précision 

pronostiques élevées pour orienter les patients vers une prise en charge ambulatoire.  
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Score to Predict the Occurrence of Pneumothorax After
Computed Tomography-guided Percutaneous Transthoracic

Lung Biopsy
Yassine Lamfichekh, MD,* Valentin Lafay, MD,† Joffrey Hamam, MD,‡

Alicia Guillien, PhD,§ Marc Puyraveau, MSc,∥ Julien Behr, MD,*
Philippe Manzoni, MD,* Paul Calame, MD,*

Jean-Charles Dalphin, MD, PhD,†✠ Guillaume Eberst, MD,†¶#
Franck Grillet, MD,*** and Virginie Westeel, MD, PhD†¶#

Purpose: The main objective of this study was to identify risk factors
for post-percutaneous transthoracic lung biopsy (PTLB) pneumo-
thorax and to establish and validate a predictive score for pneu-
mothorax occurrence to identify patients eligible for outpatient care.

Material and Methods: Patients who underwent PTLB between
November 1, 2012 and March 1, 2017 were retrospectively eval-
uated for clinical and radiologic factors potentially related to
pneumothorax occurrence. Multivariate logistic regression was used
to identify risk factors, and the model coefficient for each factor was
used to compute a score. Then, a validation cohort was
prospectively evaluated from March 2018 to October 2019.

Results: Among the 498 eligible patients in the study cohort,
pneumothorax occurred in 124 patients (24.9%) and required
drainage in 34 patients (6.8%). Pneumothorax risk factors were
chronic obstructive pulmonary disease (OR 95% CI 2.28
[1.18–4.43]), several passages through the pleura (OR 95% CI 7.71
[1.95–30.48]), an anterior biopsy approach (OR 95% CI 6.36
3.82–10.58]), skin-to-pleura distance ≤ 30 mm (OR 95% CI 2.25
[1.09–6.65]), and aerial effusion > 10 mm (OR 95% CI 9.27
[5.16–16.65]). Among the 236 patients in the prospective validation
cohort, pneumothorax occurred in 18% and 8% were drained. A
negative score (< 73 points) predicted a probability of

pneumothorax occurrence of 7.4% and late evacuation of 2.5% (OR
95% CI respectively 0.18[0.08–0.39] and 0.15[0.04–0.55]) and sug-
gested a reduced length of hospital stay (P= 0.009).

Conclusion: This predictive score for pneumothorax secondary to
PTLB has high prognostic performance and accuracy to direct
patients toward outpatient management.

Clinical Trials: NCT03488043

Key Words: Image-guided biopsy, lung cancer, pneumothorax, risk
factors

(J Thorac Imaging 2023;38:315–324)

I n the era of chest computed tomography (CT) screening
for lung cancer screening,1 the use of percutaneous CT-

guided lung biopsy (PTLB) to assess evolving small lung
lesions is steadily growing. PTLB makes it possible to obtain
a histologic diagnosis of a pulmonary nodule or mass when
bronchial endoscopy is impracticable, especially when
lesions are too peripheral. This procedure has a substantial
diagnostic yield in both sensitivity and specificity2 with
infrequent complications, which include pneumothorax,
hemoptysis, hemothorax, infection, and air embolism.3,4
Pneumothorax is the most frequent complication, occurring
between 9% and 54%, with an average of 20%.5 A meta-
analysis including 8133 procedures reported a prevalence of
pneumothorax of 25.3%, with 5.6% requiring intervention.4

Various studies have explored the risk factors for post-
PTLB pneumothorax, and found that reduced lesion size,
number of pleural needle passes, and length of intra-
pulmonary trajectory are significantly associated with an
increased risk of pneumothorax.6–10 The transfissural needle
trajectory and the radiologist’s experience are also related to
the risk of pneumothorax.7,9 However, some risk factors are
controversial in the literature. Emphysema, patient age,
lesion cavitation, location of lung lesion, presence of pleural
effusion, number of samples, needle-pleural angle, and
patient position after biopsy have no significant association
with the risk of pneumothorax, according to Yeow et al.7

The development of a pneumothorax increases costs, as
well as the need for hospitalization to manage the patient’s
symptoms, such as chest pain, shortness of breath, and
hypoxia. In this perspective, the British Thoracic Society
recommends patient monitoring followed by a control chest
radiography 1 hour after biopsy and at 48 to 72hours.11 To
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this day, there is no clear consensus on patient management
and surveillance following PTLB.

Patient management after PTLB used to be mainly
hospitalization. However, a change of care is being seen in
many centers, with increased outpatient management, but
this strategy has pitfalls, and patients more suitable for
in-patient care should be identified.

The objective of this study was to develop and validate
a predictive score for pneumothorax based on patient,
lesion, and procedure characteristics to classify patients
according to their pneumothorax risk, and thereby select
patients who could benefit from outpatient care.

MATERIALS AND METHODS

Ethical and Legal Considerations
This study followed the ethical guidelines of the

Declaration of Helsinki and was approved by the local
review board (approval number P/2018/372). All patients
provided written informed consent.

Study Design and Inclusion Criteria
This study was carried out at the University Hospital of

Besancon, France, in 2 parts. After a retrospective analysis
of all consecutive diagnostic CT-guided PTLB of a lung
nodule or mass between November 1, 2012 and March 1,
2017 (study cohort), and then, prospective validation was
conducted between March 30, 2018 and October 31, 2019
(validation cohort). All adult patients (older than 18 years of
age) undergoing CT-guided PTLB for diagnostic purposes
were eligible for the study. Ineligibility criteria were
pulmonary lesions in contact with the pleura for which no
ventilated pulmonary parenchyma was crossed; multiple
sites of biopsy; preexisting pneumothorax; target lesion with
alveolar or interstitial pattern; excavated lesions; and
patients with missing or uninterpretable chest x-ray
after PTLB.

Study Variables
The following patient characteristics were retrieved

from medical charts: height (m) and weight (kg); comor-
bidities (chronic obstructive pulmonary disease [COPD]
documented in the patientÕs medical history, and/or any
other respiratory disease); history of homolateral thoracic
radiation therapy or surgery; smoking status (current
smokers [ie, active or stopped <1 year before PTLB], former
smokers [ie, stopped > 1 year previously], and nonsmokers
[< 100 cigarettes during their lifetime]).

Percutaneous Transthoracic Lung Biopsy
Procedure

PTLB was performed by 2 trained interventional
radiologists (J.B. and P.M.) with 10 and 30 years of expe-
rience, respectively, on a Sensation 64 CT (Siemens
Healthineers, Germany). The patient was placed on the CT
table in a prone, supine, or lateral decubitus position,
depending on the lesionÕs location, and a chest CT scan was
performed. Local anesthesia was obtained using lidocaine
chlorydrate 1%. A 19 Gauge co-axial needle and a 20 G
semi-automatic biopsy needle (Temno, Merit Medical,
Utah, USA or Quick core, Cook Medical, IN) were used.
One to 5 tissue samples were taken, depending on their
macroscopic quality and patient tolerance of the procedure.
After removing the needle, a CT scan was performed
in search of pneumothorax. If positive, either the

pneumothorax was complete, and a chest tube was imme-
diately inserted, and if incomplete, a second CT scan was
performed at 5 minutes to monitor progress. In case of
majoration, the pleural drain was inserted.

A chest x-ray was performed systematically between 4
and 24 hours after the biopsy on a DuraDiagnost Rel 4
table (Philips Healthcare, Netherlands). If the chest x-ray
demonstrated complete pneumothorax, chest tube insertion
or exsufflation was performed. In case of incomplete pneu-
mothorax, and based on its tolerance, pneumothorax was
either drained or monitored using chest x-rays until reso-
lution or worsening, requiring pleural drainage.

Imaging Analysis
Images were independently reviewed by 4 readers

(retrospective phase: F.G., chest radiologist and J.H., pul-
monologist; prospective phase: V.L., pulmonologist and
Y.L., radiologist) on a PACS workstation (Carestream
Health, Rochester, NY). In case of disagreement between
readers, the consensus was achieved by simultaneous read-
ing. Data relating to the target lesion , and the procedure
were reported, namely: date, operator, procedure duration
(time between needle insertion through the pleura and nee-
dle withdrawal), PTLB approach (anterior, lateral or pos-
terior), number of biopsy samples, lesion location, size (in
mm) and depth (from pleura to lesion, in mm), skin-
to-pleura distance (in mm), presence of diffuse emphysema
(defined when ≥ 10% of total lung parenchymal volume had
a density lower than −940 HU, obtained using automated
lung segmentation software (Thoracic VCAR, Advantage
Workstation platform, Version 3.2 Ext 3.3, GE Healthcare,
Milwaukee, WI),12 emphysema on the needle path, number
of passages through the pleura, passage through a fissure,
hemorrhage along the path after needle withdrawal (defined
by ground glass opacity or consolidation along needle path)
and distance between hemorrhage and pleural puncture
point (in mm), and postprocedural aerial effusion (as the
maximum distance of detachment of the visceral pleura
from the parietal pleura measured in mm). All measures
were done on an axial CT slice in a lung window set (1600;
−600 HU).

On frontal chest x-rays, pneumothorax was considered
as complete if there was either pulmonary detachment over
the entire axillary height and more than 2 cm at the
pulmonary hilum or detachment of more than 3 cm at the
pulmonary apex.13

Statistical Analysis
Results are expressed as mean ± SD for quantitative

variables and as numbers and percentages for categorical
variables. The χ2 test was used to compare qualitative var-
iables. For the comparison of means, Student t-test or the
Wilcoxon test were used depending on the normality of the
distribution. To develop the score, all quantitative variables
were categorized, and bivariate logistic regression was used
to identify factors associated with the occurrence of pneu-
mothorax; P values< 0.05 were considered statistically sig-
nificant. Multivariate logistic regression was performed,
including the factors identified in the bivariate analyses that
yielded a P value <0.20, with stepwise selection of variables
to obtain the final multivariate model. The performance of
the model was evaluated using the C-index (equivalent
to the area under the ROC curve) and calibration by
the Hosmer-Lemeshow test. The optimal cutoff to predict
the occurrence of pneumothorax was identified using the
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Youden index on the ROC curve to maximize both sensi-
tivity and specificity. To overcome the statistical uncertainty
due to the use of a limited sample size, a bootstrap technique
was applied. Statistical indicators were calculated for each
of the 5000 data sets. The mean and 95% confidence interval
of the mean bounded by the 2.5% and 97.5% percentiles of
the bootstrap distribution were calculated.

The model was transposed into a nomogram. First, the
score was calculated by adding the points attributed to each
identified factor; second, each value of the score was
assigned a positive likelihood ratio. Finally, from FaganÕs
nomogram, by drawing a straight line through the pretest
probability (prevalence of pneumothorax in our population)
and the positive likelihood ratio found, we obtained the
probability of the occurrence of pneumothorax after PTLB.
We applied the same multivariate logistic model to the
prospective validation cohort, and we assessed C-index,

probability of pneumothorax, sensitivity, specificity, and
positive and negative predictive values with the same cutoff
as that calculated in the development cohort. All statistical
analyses were performed by the biostatistics unit of the
University Hospital of Besancon using SAS version 9.4
(SAS Institute Inc., Cary, NC) with a significance level set
at 0.05.

RESULTS

Retrospective Study Cohort
A flowchart of both cohorts is shown in Fig. 1. In all,

923 patients had CT-guided PTLB in the retrospective
cohort. A total of 498 patients were included. Chest X-ray
was noninterpretable or missing in 74 patients. Patients had
a mean age of 67.3 (±11.2) years (Table 1). Sixty-two

FIGURE 1. Flowchart of the study.

TABLE 1. Patient Characteristics and Comparison Between Study and Validation Cohorts

Study cohort Validation cohort
n = 498 MD n = 236 MD P

Age (y), mean (SD) 67.3± 11.2 Ñ 67.9± 10.9 Ñ 0.56
Male, n (%) 305 (61) Ñ 140 (59) Ñ 0.80
BMI <30 kg/m2, n (%) 375(75) 60 197 (83) Ñ 0.38
Smoking status Ñ 44 Ñ Ñ Ñ
Non smokers, n (%) 106 (23) Ñ 53 (22) Ñ 0.77
Former smokers, n (%) 183 (40) Ñ 109 (46) Ñ 0.11
Current smokers, n (%) 165 (36) Ñ 74 (31) Ñ 0.73

COPD, n (%) 62 (13) 10 75 (32) Ñ < 0.001
History of homolateral chest irradiation, n (%) 14 (3) 10 16 (7) Ñ 0.01
History of homolateral chest surgery, n (%) 8 (2) 10 19 (8) Ñ < 0.001

BMI indicates body mass index (weight in kilograms/ the square of the height in meters); COPD, chronic obstructive pulmonary disease; MD, missing data.
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(12.4%) patients had COPD, 305 were males (61.2%), and
348 were smokers or ex-smokers (70%).

Pneumothorax occurred in 124 patients (24.9%) and
was incomplete in 69% of cases and complete in 31%.

Pneumothorax drainage was required in 34 patients (27%
of all pneumothorax, 6.8% of the 498 patients). In bivariate
analysis, among patient characteristics, age >70 years
(P= 0.01), BMI <30 kg/m2 (P= 0.003), and COPD (P< 0.001)
were associated with a significantly higher risk of pneumo-
thorax (Table 2). The risk of developing pneumothorax was
significantly increased when the lesion was in the middle or
upper lobes compared with the lower lobes (P< 0.001). Among
the procedure-related factors, a significantly increased risk of
pneumothorax was observed with the following variables: an
anterior approach compared with lateral and posterior
approaches (P<0.001), >1 passage through the pleura

(P= 0.01), and aerial effusion >10 mm (P<0.001). Hemor-
rhage along the path after needle withdrawal was frequently
seen (441 patients, 89%), and a significantly higher risk of
pneumothorax was observed when there was no contact of the
hemorrhage with the pleural puncture site (P<0.001). Among
the procedure-related factors, variables associated with a
nonsignificant risk of pneumothorax (P< 0.20) were skin-to-
pleura distance <30 mm (P=0.05) emphysema on the needle
path (P= 0.07), and passage through a fissure (OR 1.79
[0.88Ð3.65], P=0.11).

Multivariate Analysis and Score Definition
The multivariate model included the 498 patients, and

13 of the 15 variables identified in the bivariate analysis with
a P< 0.20 (Table 2). Hemorrhage contact with the pleura
and BMI were not included in the model because of missing
data in 51 (10.2%) and 60 patients (12%), respectively. The

TABLE 2. Results of the Bivariate Analysis in the Study Cohort

Presence of pneumothorax Absence of pneumothorax
N= 124 N= 374 P OR [95% CI]

Patient-related factors
Age ≥ 70, n (%) 64 (52) 144 (39) 0.01 1.70[1.13Ð2.57]
Male, n (%) 77 (62) 228 (61) 0.82 1.05[0.69Ð1.59]
BMI <30 kg/m2, n (%) 99 (94) 276 (83) 0.003 3.41[1.42Ð8.15]
Smoking status Ñ Ñ 0.93 Ñ
Nonsmoker, n (%) 28 (24) 78 (23) Ñ 1.00
Weaned > 1 year, n (%) 45 (39) 138 (41) Ñ 0.98[0.56Ð1.71]
Active or weaned <1 year, n (%) 43 (37) 122 (36) Ñ 0.91[0.53Ð1.57]
Presence of COPD, n (%) 27 (22) 35 (10) < 0.001 2.66[1.53Ð4.62]
History of respiratory disease, n (%) 13 (11) 28 (8) 0.31 1.43[0.72Ð2.86]
History of homolateral chest irradiation,

n (%)
4 (3) 10 (3) 0.76 1.21[0.37Ð3.93]

History of homolateral chest surgery, n (%) 0 (0) 8 (2) 0.21 Ñ
Diffuse emphysema, n (%) 42 (34) 93 (25) 0.05 1.54[0.99Ð2.39]

Lesion-related factors
Size of lesion > 20 mm, n (%) 95 (77) 255 (68) 0.08 1.53 [0.96Ð2.44]
Lesion side Ñ Ñ 0.25 Ñ
Left, n (%) 58 (47) 153 (41) Ñ 1.27 [0.84Ð1.91]
Right, n (%) 66 (53) 221 (59) Ñ 1.00
Lesion location Ñ Ñ < 0.001 .
Lower lobe, n (%) 24 (19) 183 (49) Ñ 1.00
Upper or medium lobe, n (%) 100 (81) 191 (51) Ñ 3.99 [2.45Ð6.51]

Procedure-related factors
Operator experience Ñ Ñ 0.56 Ñ

< 10 y 84 (68) 242 (65) Ñ 1.14 [0.74Ð1.75]
> 10 y 40 (32) 131 (35) Ñ 1.00

Approach Ñ Ñ 0.001 Ñ
Anterior, n (%) 74 (60) 87 (23) Ñ 4.88 [3.17Ð7.52]
Lateral and Posterior, n (%) 50 (40) 287 (77) Ñ 1.00

Several pleural passages Ñ Ñ 0.01 Ñ
No, n (%) 117 (94) 369 (99) Ñ 1.00
Yes, n (%) 7 (6) 5 (1) Ñ 4.42[1.38Ð14.17]

Distance skin/pleural ≤ 30 mm, n (%) 19 (15) 34 (9) 0.05 1.81 [0.99Ð3.31]
Angulation of the needle 57.3Ð16.0 58.3Ð17.3 0.55 0.996 [0.98Ð1.008]
Parenchyma crossed ≥ 20 mm, n (%) 103 (83) 276 (74) 0.04 1.74 [1.03-2.94]
Emphysema on needle path, n (%) 19 (15) 35 (9) 0.07 1.75 [0.96Ð3.18]
Passage through a fissure, n (%) 13 (10) 23 (6) 0.11 1.79 [0.88Ð3.65]
No. samples 3.0Ð1.0 3.0Ð1.0 0.91 1.01 [0.82Ð1.24]
Procedure duration ≤ 12 min, n (%) 103 (83) 283 (76) 0.10 1.54 [0.91Ð2.61]
Aerial effusion ≥ 10 mm 53 (43) 32 (9) < 0.001 7.98 [4.80Ð13.26]
Hemorrhage-pleural contact* Ñ Ñ < 0.001 Ñ

Yes, n (%) 76 (72) 311 (93) Ñ 1.00
No, n (%) 30 (28) 24 (7) Ñ 5.12 [2.83Ð9.25]

Ñ Analysis is not possible due to the small number of patients in both groups. P: significance threshold below 0.20.
*Missing data regarding hemorrhage-pleural contact (n= 18 for presence of pneumothorax, n= 39 for absence of pneumothorax).
BMI indicates body mass index; COPD: chronic obstructive pulmonary disease; OR: odds ratio).
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Pearson correlation coefficient between BMI and skin-
pleura distance was 0.43. Five variables were significantly
associated with an increased risk of pneumothorax: COPD,
anterior PTLB approach, > 1 passage through the pleura,
distance skin-pleura <30 mm, and aerial effusion > 10 mm
(Table 3). The P value from the Hosmer-Lemeshow test was
0.79, and the C-index was 0.81 (Fig. 2).

By assigning a value to each variable in the multi-
variate analysis based on the logistic regression coefficient,
we obtained an overall score ranging from 0 to 348. The best
cutoff value based on the Youden index was a score of 73
points, which made it possible to discriminate, with the best
ratio in terms of sensitivity and specificity, patients who
would present a pneumothorax from those who would not.
Different score cutoffs are shown in Fig. 2. A Fagan
nomogram was built based on each variableÕs value after
indexation (Fig. 3).

Score Validation in the Prospective Validation
Cohort

The characteristics of the 236 patients included in the
validation cohort differed from the development cohort in
terms of the history of COPD (P< 0.001) and history of
homolateral chest surgery and irradiation (P= 0.01 and
<0.001, respectively) (Table 1). Pneumothorax occurred in
44 patients (18.6%). Chest tube insertion was necessary for
19 patients (43% of all pneumothorax, 8% of the 236
patients).

Using the score, with a cutoff value of 73 points, the
C-index was 0.78, and sensitivity and specificity were 79.5%
and 58.8%, respectively. The negative and positive predictive
values were 92.6% and 30.7%, respectively. (Fig. 2). A score
<73 points was significantly associated with reduced pneu-
mothorax occurrence (7.4%, OR 0.18, 95% CI [0.08Ð0.39]),
chest tube insertion (2.5%, OR 0.15, 95% CI [0.04Ð0.55]) and
length of hospital stay (1.1 vs. 1.6 d, P= 0.009) (Table 4).

Procedures examples with score utilization are depicted
in Figs. 4, 5, and 6.

DISCUSSION
Our results showed a rate of pneumothorax of 24.9% in

the retrospective cohort and 18.6% in the validation cohort.
We determined and validated a score predicting the occur-
rence of post-PTLB pneumothorax based on COPD, ante-
rior approach, several pleural passages, skin-pleura distance
≤ 30 mm, and aerial effusion ≥ 10 mm. The score had a

TABLE 3. Pneumothorax Risk Factors After Transthoracic Lung
Biopsy: Results of Multivariate Analysis in the Study Cohort. Score
Value in Points for Each Risk Factor as Determined From the
Logistic Regression Coefficients

Beta
AOR

[95% CI] P
Score
value

Intercept -1.8513 Ñ < 0.001 Ñ
COPD Ñ Ñ 0.02 Ñ
No 0 1.00 Ñ 0 pt
Yes 0.8246 2.28

[1.18Ð4.43]
Ñ 37 pts

Approach Ñ Ñ < 0.001 Ñ
Posterior/lateral 0 1.00 Ñ 0 pt
Anterior 1.8498 6.36

[3.82Ð10.58]
Ñ 83 pts

Several pleural
passages

Ñ Ñ 0.004 Ñ

No 0 1.00 Ñ 0 pt
Yes 2.0421 7.71

[1.95Ð30.48]
Ñ 92 pts

Skin-pleura distance Ñ Ñ 0.03 Ñ
> 30 mm 0 1.00 Ñ 0 pt
≤ 30 mm 0.8123 2.25

[1.09Ð6.65]
Ñ 36 pts

Aerial effusion Ñ Ñ < 0.001 Ñ
< 10 mm 0 1.00 Ñ 0 pt
≥ 10 mm 2.2266 9.27

[5.16Ð16.65]
Ñ 100 pts

AOR indicates adjusted odds ratio; BMI, body mass index; COPD,
chronic obstructive pulmonary disease.

FIGURE 2. Predictive model C-index and statistical performance of the best cutoff values to predict the occurrence of pneumothorax after
Percutaneous Transthoracic Lung Biopsy. Blue curves represent the retrospective study cohort and the green curve represents the prospective
validation cohort. AUC indicates area under the curve, PTX, Pneumothorax, *: the probability of pneumothorax occurrence.
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sensitivity of 81% and a specificity of 67%, and a high
negative predictive value in both cohorts (92.6% and 91%,
respectively).

The prediction score of PTLB complications is cur-
rently trending.14Ð20 Both the retrospective studies by
Anzidei et al and Iezzi et al presented a score predicting
the occurrence of several complications, including
pneumothorax.14,15 Yang et al recently presented a pre-
dictive score for pneumothorax after a CT-guided co-axial
core needle lung biopsy.16 In a retrospective study of 489
patients, including a validation cohort of 158 patients, the
pneumothorax rate was higher than ours, at 33%, and the
area under the receiver operating characteristic curve used
to determine the discrimination of the predictive model was
lower (0.72) than in our study. Increased age, emphysema,
absence of pleural thickening, upper lobe location, size< 3
cm, and lobulation sign were associated with an increased
risk of pneumothorax. Wang et al developed a predictive
model for pneumothorax following CT-guided PTLB
for a solitary pulmonary nodule in 311 patients.17 The

pneumothorax rate was 31% and the AUC was 0.80.
Important risk factors like emphysema were not analyzed.
Zhao et al, in an outpatient population, reported a pneu-
mothorax rate of 31% in 864 patients.18 The AUC was 0.73
and the sensitivity and specificity of the predictive score was
56.8% and 79.6%, respectively. Emphysema, absence of
contact between lesion and pleura, and prone or lateral
position were associated with an increased risk of pneumo-
thorax. Again Zhao et al recently developed a predictive
score similar to ours, which appears less efficient (AUC=
0.71) with an increased number of factors to assess (9).19

Among the variables included in our score, the biopsy
approach is a debated risk factor for pneumothorax in the lit-
erature. We showed that an anterior approach was associated
with a higher risk of pneumothorax. Mills et al found a higher
risk of pneumothorax by multivariate analysis with the use of a
lateral approach.21 A posterior approach, with rapid reversion of
patients, appears to protect from pneumothorax.22,23 Dorsal or
even contralateral decubitus after posterior or lateral approach,
with compression of the puncture point, may help to plug the

FIGURE 3. Nomogram of the predictive pneumothorax score after percutaneous transthoracic lung biopsy: The upper part of the figure
represents the score scale ranging from 0 to 100 points. Each of the 5 factors is assigned a different value, depending on whether it is
present or absent. The total score is thus calculated and, the lower part of the figure is used to deduce the probability of pneumothorax
occurrence. Up to 73 points (included), the risk of pneumothorax occurrence is considered mild, and the proposed management attitude
is the absence of clinical and radiological surveillance, and discharge to home is proposed. Above 73 points, the risk is intermediate to
high, and clinical and radiological surveillance is recommended. COPD indicates chronic obstructive pulmonary disease, PTX,
Pneumothorax.

TABLE 4. Predictive Clinical Application of the Score Applied on the Prospective Validation Cohort

Score <73 n= 122 Score ≥ 73 n= 114 OR [95% CI] P

Pneumothorax, n (%) 9 (7.4) 35 (30.7) 0.18 [0.08Ð0.39] < 0.0001
Chest tube insertion, n (%) 3 (2.5) 16 (14) 0.15 [0.04Ð0.55] 0.0037
Duration (in days) of chest tube insertion, mean (SD) 3.3 (1.5) 3.6 (1.6) Ñ 0.863*
Length (in days) of hospital stay, mean (SD) 1.1 (1.2) 1.6 (1.7) Ñ 0.009 

*Wilcoxon rank test.
 Student t-test.
CI indicates confidence interval; OR, odds ratio.
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freshly created breach, thus limiting the risk of air leakage and,
therefore, pneumothorax. We showed that a skin-to-pleura dis-
tance <30 mm was predictive of pneumothorax, which has not
been previously reported. In a series reported by Yeow et al,
univariate analysis showed a significant relationship between
chest wall thickness and the risk of pneumothorax after PTLB.7
Keeping in mind that spontaneous pneumothorax occurs pref-
erentially in tall and thin subjects, these variables suggest a

physiopathological mechanism protecting patients with a thick
chest wall from the risk of pneumothorax. As anticipated, the
presence of aerial effusion on final CT control was a significant
risk factor for post-PTLB pneumothorax in the multivariate
model. We could have considered this aerial effusion blade as a
pneumothorax, rather than as a risk factor. Indeed, pneumo-
thorax is defined as the presence of air in the pleural cavity. The
ultimate aim of our study was to identify patients who would

FIGURE 4. Example of score application: A 42-year-old old man with no history of chronic obstructive pulmonary disease, who benefited
from a lung biopsy for the diagnosis of a right upper lobe mass using a posterior approach (A and B). In the absence of postprocedural
aerial effusion, her score was calculated at 36 points, which represents a risk of 10% to 20% of postprocedural pneumothorax . She had a
chest x-ray 2 hours following the biopsy, which showed no pneumothorax and was therefore discharged at H+4 (C). D, A schematic
representation of her pleural space (deep blue visceral pleura, light blue parietal pleura) with no pneumothorax. E, Shows the score
details.
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require clinical and radiologic monitoring because they were
considered at risk of developing pneumothorax that might
require possible evacuation. However, more than half of the
patients had aerial effusion of all sizes at the end of PTLB, while
the pneumothorax rate at the first chest x-ray was 24.9%. Thus,
at least half of the patients with the presence of an aerial effusion
would not have visible pneumothorax on chest x-rays and,
therefore, could be eligible for outpatient care. The other risk

factors of pneumothorax identified in our study were consistent
with those reported in the literature. COPD and particularly
emphysema on the needle path are associated with a higher risk
of pleural drainage.22,24Ð27 The association between the number
of pleural passages and the risk of pneumothorax is
debated,22,25Ð27 probably due to the difficulty of accurately
evaluating this variable in the retrospective setting of most
published studies. Pneumothorax occurrence with a score

FIGURE 5. Example of score application: A 62-year-old old woman with a history of chronic obstructive pulmonary disease, who
benefited from a lung biopsy for the diagnosis of a right upper lobe mass, using an anterior-posterior approach (A). In the absence of
significant postprocedural aerial effusion (B), her score was calculated at 120 points, which represents a risk of 50% of postprocedural
pneumothorax. She had a chest x-ray 2 hours following the biopsy, which showed an incomplete pneumothorax, asymptomatic, and
was therefore hospitalized for surveillance (C). Pneumothorax resolved the day following the biopsy without specific care. D, A schematic
representation of her pleural space (deep blue visceral pleura, light blue parietal pleura), showing incomplete pneumothorax. E, Shows
the score details.
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<73 points was 7.4% and late evacuation of 2.5% by means of a
high predictive negative value (92.6%) in our study. A score
<73 points was strongly associated with a reduced risk of

pneumothorax and chest tube insertion. Length of hospital stay
was also significantly lower in those with a score <73 (1.1 vs.
1.6 d). Patients for whom an anterior approach is chosen, when

FIGURE 6. Example of score application: A 69-year-old old woman with a history of chronic obstructive pulmonary disease and
emphysema, who benefited from a lung biopsy for the diagnosis of a right upper lobe nodule using an anterior-posterior approach (A). In
the presence of postprocedural aerial effusion but >10 mm (B), her score was calculated at 183 points, which represents a risk of 80% of
postprocedural pneumothorax (B). Indeed, the control chest biopsy-ray showed a complete pneumothorax associated with shortness of
breath and right chest pain (C). Chest drainage was carried out under fluoroscopic guidance (control chest x-ray following drainage
displayed (D). E, A schematic representation of her pleural space (deep blue visceral pleura, light blue parietal pleura), with complete
pneumothorax. F, Shows the score details.
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more than 1 fissure is crossed during the biopsy, or who have a
>10 mm aerial effusion on the CT control have automatically a
score >73 points, therefore requiring increased surveillance.

Our study has several limitations. Despite the large number
of patients, the single-center design may have led to selection
bias. However, patients were all managed by the same experi-
enced team in a large university hospital, with reproducible
operative techniques over time thanks to a local protocol. With
the latter protocol, all patients were hospitalized for at least
1 day, and therefore all pneumothorax, in particular delayed
pneumothorax, were diagnosed, either by symptoms or by sys-
tematic radiography (whereas most studies focus on immediate
pneumothorax).11 Due to the retrospective design of the study
cohort, 60 patients had missing data for the variable BMI. The
use of the skin-pleura distance, which might be a mediator of the
relationship between BMI and the risk of pneumothorax, could
carry part of the information included in the BMI. Hemorrhage-
pleural contact has been previously reported as a risk factor for
pneumothorax after PTLB,8 accounting for the ability of blood
to control the broncho-pleural fistula. It was not measurable in
51 patients because of the proximity between the lesion and the
pleura. Our study and validation cohorts differ in terms of
medical history (COPD, history of respiratory disease, homo-
lateral chest surgery, and irradiation), probably because of
missing data in the retrospective cohort. Although our study
included one of the largest cohorts compared with published
data, a larger sample size would nonetheless have conferred
increased statistical power.We counterbalanced this difficulty by
using the bootstrap technique.

In conclusion, we developed a practical predictive score for
clinically relevant pneumothorax after PTLB. Patients with a
score of less than 73, based on a history of COPD, anterior
biopsy approach, number of pleural passes, skin-pleura distance,
and presence of a significant aerial effusion, had a 7.4% risk of
developing a pneumothorax (and maximum 2.5% risk of
requiring delayed evacuation), making them eligible for out-
patient management. These results, and their economic impact,
need to be confirmed in a multicenter trial.
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Validation dans une cohorte externe du score prédictif de survenue du pneumothorax post-biopsie 
pulmonaire transthoracique 

 
Résumé 
 
Contexte :  

La complication la plus courante empêchant la prise en charge ambulatoire après une biopsie pulmonaire 

percutanée guidée par scanner (BPTC) est la présence d'un pneumothorax nécessitant la mise en place d'un drain 

thoracique. Récemment, notre équipe a établi un score pratique prédisant le risque de pneumothorax 

cliniquement pertinent après BPTC afin de guider le parcours du patient. 

 
Objectifs :  

Évaluer les performances de ce score pour prédire le pneumothorax dans une cohorte prospective externe 

indépendante de patients. 

 
Méthode : 

 Les patients ayant réalisé une BPTC au CHU Bichat-Claude Bernard (Paris, France) entre le 1er janvier 2015 

et le 31 décembre 2017 ont été évalués prospectivement sur les facteurs cliniques et radiologiques 

potentiellement liés à la survenue d'un pneumothorax. Le score utilisait 5 variables pour prédire la survenue 

d'un pneumothorax : BPCO, abord antérieur du PTLB, >1 passage plèvre, distance peau-pleure ≤30 mm et 

épanchement pleural aérique ≥10 mm au scanner réalisé en fin de procédure. 

 
Résultats :  

Le score a pu être évalué chez 313 patients. Un pneumothorax est survenu chez 95 patients (30,4 %). Dans cette 

cohorte externe, avec une valeur seuil de 73 points, le score avait un C-index de 0,77, une sensibilité de 75 % 

et une spécificité de 56 %. Les valeurs prédictives négatives et positives étaient respectivement de 84 % et 43 %. 

Un score < 73 était significativement associé à un moindre recours au drainage thoracique (2,0 % chez les sujets 

avec un score < 73 vs 12,0 % si ≥ 73, p = 0,002), mais pas associé à une moindre durée d'hospitalisation (4,7 ± 

20,2 jours chez les sujets avec un score < 73, 5,0 ± 11,7 jours chez les sujets avec un score ≥ 73, p = 0,86). 

 
Conclusion : 

 Ce score prédictif a confirmé des performances pronostiques intéressantes pour prédire le risque de 

pneumothorax après PTLB en pratique clinique courante.  
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ABSTRACT 
Background: The most common complication preventing outpatient management, after percutaneous CT-

guided lung biopsy (PTLB) is the occurrence of a pneumothorax that requires chest tube placement. Recently, 

our team established a pragmatic score predicting the risk of clinically relevant pneumothorax after PTLB in 

order to guide the patient journey, called CAPAD score for this study.  

Objectives: To evaluate the performance of this score for predicting pneumothorax using an independent, 

external prospective cohort of patients. 

Method: Patients who underwent a PTLB performed at the University Hospital Bichat-Claude Bernard (Paris, 

France) between January 1st 2015 and December 31st 2017 were prospectively evaluated on clinical and 

radiological factors potentially related to pneumothorax occurrence. The CAPAD score uses 5 variables to 

predict the occurrence of a pneumothorax: COPD, Anterior PTLB approach, >1 crossing through the Pleura, 

Aerial effusion ≥10 mm on the CT-scan performed at the end of the procedure, and Distance skin-pleura 

≤30mm.  

Results: The CAPAD score could be assessed in 313 patients. Pneumothorax occurred in 95 patients (30.4 %). 

In this external cohort, with a cut-off value of 73 points, the score had a c-index of 0.77, a sensitivity of 75% 

and a specificity of 56%. The predictive negative and positive values were 84% and 43%, respectively. A score 

< 73 was significantly associated with reduced chest tube insertion (2.0% in subjects with score < 73 vs 12.0% 

if ≥ 73, p = 0.002). 

Conclusion: Our pragmatic CAPAD score confirmed interesting prognostic performances in predicting the risk 

of clinically relevant pneumothorax after PTLB. 
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INTRODUCTION 

Increased use of chest computed tomography (CT) for lung cancer screening is associated with 

the discovery of a rising number of small lung lesions (1). Percutaneous CT-guided lung biopsy (PTLB) 

is recommended for obtaining a histological diagnosis of pulmonary nodules or masses when bronchial 

endoscopy is impracticable, especially in peripheral lesions (2, 3, 4). In all guidelines, evaluation of 

the risk of pneumothorax is crucial when deciding on a PTLB because pneumothorax is the most 

common complication that occurs during (or immediately after) a PTLB (5). Patients are typically 

monitored after CT-guided transthoracic procedures, given these potential complications. Keeping 

patients under nursing observation after procedure adds significant drain on nursing resources, severely 

limits the capacity of the radiology unit due to surveillance procedures and is more costly (6). As far 

as we know, there is no consensus in the literature on a specific post-operative follow-up protocol for 

these patients. A wide variation of protocols exists, between no surveillance imaging (7) and obtaining 

chest x-rays (CXRs) at 1 and 3 hours (8, 9), or 24 hours post procedure since pneumothorax late 

occurrence is possible (10). Alternatively, monitoring procedures increasingly recommend faster 

discharge from hospital and discharge only based on clinical observation without any follow-up 

imaging has even been proposed (7). However, the conclusion of this study was that obtaining a routine 

follow-up CXR in all patients after PTLB appears warranted, given the high rate of delayed 

pneumothorax and large percentage of patients who will eventually require a chest tube. Protocols are 

often based on institutional and operator preferences. In the guidelines proposed by the British 

Thoracic Society, a CXR should be performed one-hour post procedure (11), with no specific 

monitoring required following an uncomplicated biopsy procedure. To our knowledge, none of these 

guidelines, institutional protocol or operator preferences used adequate predictive scores to personalize 

post-PTLB monitoring. 

Recently, our team established a pragmatic score predicting the risk of clinically relevant 

pneumothorax after PTLB (12). The aim of this score is to guide the patient journey, either towards 
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maximal monitoring with hospitalization or towards rapid discharge when the risk of pneumothorax 

requiring needle aspiration or tube drainage is low. It should also help to determine whether a patient 

requires "surveillance and control CXR " or "no surveillance”. This score was first determined from a 

single-institution retrospective cohort of consecutive patients with diagnostic CT-guided PTLB for 

lung nodules or masses, and subsequently validated in a confirmatory validation cohort from the same 

institution. The CAPAD score is based on history of COPD, Anterior biopsy approach, number of 

Pleural crossings, skin-pleura Distance and presence of a significant Aerial effusion at CT-scan 

immediately after the procedure were the 5 variables to predict the occurrence of a pneumothorax with 

a cutoff score set at 73 points. Patients with a score less than 73 had a 7.4% risk of developing a 

pneumothorax (and a 2.5% risk of requiring pleural evacuation), making them eligible for outpatient 

management (12).  

The objective of the current study was to assess the external validity of our CAPAD score to predict 

post-PTLB pneumothorax in an independent prospective cohort of patients from the University 

Hospital Bichat-Claude Bernard. 

 
MATERIALS & METHODS 

Study type, inclusion criteria and data collection 

This study is prospective cohort study conducted in the University Hospital Bichat-Claude 

Bernard (Paris, France) from January 2015 to December 2017. 

Complications and associated risk factors from PTLB were secondary endpoints of this study. 

Data were collected retrospectively from patients’ computer files for all consecutive patients who 

underwent PTLB: inpatient duration stay, demographic and lung function test data, CT scan analysis 

assessed emphysema (absence or presence) in the whole area of the lung and not specifically around 

the nodule, lesion characteristics including size, lobe location, distance from pleural puncture site and 

contact with a fissure, biopsy approach, skin-pleura distance and presence of a significant aerial 

effusion at CT-scan immediately after the procedure. 
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Percutaneous Transthoracic lung biopsy procedure 

PTLB procedures at the University Hospital Bichat-Claude Bernard have been previously 

described (13). PTLB were conducted under CT guidance (Brillance 40 Phillips or Aquilion PRIME 

Canon) with core biopsy sizes (18G or 20G semi-automated cutting needle: Temno, Cook, Bard, Argon) 

specified. All procedures were performed by one of six chest radiologists, including two seniors 

with >10 years’ experience in CT-guided biopsies, and four juniors (13). Post-procedural whole-lung 

ultra-low-dose CT scans were systematically performed within 5 min after the last puncture to detect 

complications including post-procedure aerial effusion. Post-procedural immediate aerial effusion was 

defined as the maximum distance of detachment of the visceral pleura from the parietal pleura 

measured in mm on an axial post-procedure CT slice. If an aerial effusion was detected in an 

asymptomatic patient with a <3 cm distance between lung and chest wall, another whole-lung CT was 

performed 10 min later to check on any further expansion. If the patient was symptomatic or if the 

pneumothorax was even greater, a chest tube was inserted under CT-scan control and the patient is 

hospitalized. In all cases, CXR was performed between 4 and 6 hours post-PTLB procedure to check 

for late pneumothorax occurrence or worsening when a chest tube was not immediately inserted. In 

case of asymptomatic aerial effusion not requiring chest tube insertion, the patient was discharged with 

a planned outpatient visit and CXR 7 days later. 

Imaging analysis 

CT scan analysis assessed the occurrence of post-procedure aerial effusion, emphysema 

(absence or presence) in the whole area of the lung and not specifically around the nodule, and lesion 

characteristics including size (in mm), location, depth (distance from pleural puncture site to lesion), 

skin to pleura distance (in mm) and contact with a fissure. To use the same definition of pneumothorax 

than in the population used to develop the CAPAD score, the images were reviewed retrospectively 

by an investigator from University Hospital of Besançon (GE). with the following variables defined 

as in the cohort allowing the establishment of the score. In the event of disagreement, a discussion 
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between each team (University Hospital Bichat-Claude Bernard and University Hospital of Besançon) 

allowed a conclusion to be reached. 

 

Definition of outcome: pneumothorax 

The diagnosis of pneumothorax was made when on the post-procedure CT slice it was complete 

(>3 cm distance between lung and chest wall) as described by the British Thoracic Society (14) and 

required immediate drainage. On frontal CXR, pneumothorax was considered as complete if there was 

either a pulmonary detachment over the entire axillary height and more than 2 cm at the pulmonary 

hilum, or a detachment of more than 3 cm at the pulmonary apex (14). Indication of chest tube insertion 

followed BTS recommendations (14), essentially based on significant symptoms (breathlessness), 

underlying compromised respiratory function, and impossibility of ambulatory management (mainly 

for socio-cultural reasons). 

Score definition 

The CAPAD score uses 5 variables to predict the occurrence of a pneumothorax: COPD (37 

points if present), Anterior PTLB approach (83 points), >1 crossing through the Pleura (92 points), 

Distance skin-pleura ≤30mm (36 points), and Aerial effusion ≥10 mm (100 points). The number of 

points of each variable was determined according to a weighting obtained in a multivariate logistic 

regression model in the initial Besançon cohort of patients (12).  The score corresponds of the sum of 

the points and a cutoff of 73 points was established to classify the patients at high risk (score ≥73) or 

low risk (score<73) of pneumothorax occurrence (12). The COPD was defined using the 

recommendations of the Global Initiative on Obstructive Lung Disease (GOLD) with the use of a fixed 

ratio (FEV1/FVC<0.7), together with exposure to tobacco smoke or any noxious fumes or gases and 

respiratory symptoms (15). 

 

Ethical and legal considerations 
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This study followed the ethical guidelines of the declaration of Helsinki and was approved by 

the Bichat-Claude Bernard Hospital institutional review board (CRM-1909-029). According to French 

observational study regulations, all patients received a printed information sheet explaining the 

procedure, complication risks and data collection, before providing their oral consent. 

 

Statistical analysis  

Results are expressed as mean±standard deviation (SD) for quantitative variables, and as 

number and percentage for categorical variables. The chi2 test was used to test the association between 

two categorical variables. For the comparison of means, the student test or the Wilcoxon test were used 

depending on the nature of the distribution. The performance of the model was evaluated using the c-

index (equivalent to the area under the ROC curve) and its calibration by the Hosmer-Lemeshow test. 

We applied the multivariate logistic model in the external cohort, and assessed c-index, probability of 

pneumothorax, sensitivity, specificity, predictive negative and positive values using the cut-off of 73, 

determined in the initial cohort. All statistical analyses were performed using SAS v9.4 (SAS Institute 

Inc., Cary, NC, USA) with a significant level < 0.05. 

 
RESULTS 

Study cohort 

Among the 474 patients included in the initial cohort, constitutive data of the CAPAD score 

were available in 313 patients who therefore represented the final dataset of patients (Figure 1). The 

baseline characteristics and study outcomes (pneumothorax occurrence, chest tube insertion and length 

of hospitalization) did not differ between the excluded and included patients (Supplementary Table 

1) except for gender with slightly more males in the included patients. The characteristics of patients 

and imaging analysis are summarized in table 1. The study population included 215 men (69%) with 

a median age of 65 years (interquartile range (IQR) 30–89 years), and 153 patients were considered as 

having a COPD (48.9%). The majority of PTLB indications were suspicion of malignancy for 293 
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patients (94%). The median (IQR) lesion diameter was 29 mm (3–148 mm) (Table 1). The only 

difference between the two cohorts (Besançon and Bichat) concerned the proportion of COPD, which 

was higher in the Bichat validation cohort (Supplementary Table 2). 

 

Pneumothorax occurrence 

Pneumothorax occurred in 95 patients (30.4 %) but drainage was required in 23 patients (24% of all 

pneumothorax, 7.3% of the 313 patients). In bivariate analysis, among clinical and demographic 

characteristics, no variable was associated with a significantly higher risk of pneumothorax (Table 1). 

From the morphological analysis of CT scan, the risk of developing pneumothorax was significantly 

increased when the distance from the hilum to the lesion (in millimeters) was higher (p=0.0073) and 

when the nodule size was smaller (p<0.0001) (Table 1). Among the procedure-related factors, 

significantly increased risk of pneumothorax was observed with the following variables: biopsy needle 

size at 20G (p=0.0125) and a higher duration from pleural puncture to end of PTLB (in minutes) 

(p=0.0117) (Table 2). 

  

Score validation in the external cohort 

The multivariate logistic regression using factors of the CAPAD score is presented in the Table 3. 

Only aerial effusion significantly correlated with the risk of pneumothorax occurrence (Adjusted OR: 

52.49 [19.95 - 181.62]; p<0.001) (Table 3). Applying the predetermined score on this validation cohort, 

with a cut-off value of 73 points, 147 patients had a score <73 and 166 had a score ≥73. Regarding 

statistical performance of the score, c-index was 0.77, sensitivity and specificity were 75% and 56%, 

respectively. The predictive negative and positive values were 84% and 43%, respectively (Figure 2). 

A score < 73 points was significantly associated with reduced pneumothorax occurrence (7.4% in 

patients with score < 73 vs 30,7% in ≥ 73; OR : 0.15; 95% CI, 0.08-0.27; p<0.0001), chest tube 

insertion (2.0% in patients with score < 73 vs 12.0% in ≥ 73; p = 0.002), but not the length of hospital 



146 
 

stay (4.7±20.2 days in patients with score < 73, 5.0±11.7 days in patients with score ≥ 73 (p=0.86)) 

(Table 4). As expected, patients with chest tube insertion had longer length of hospital stay 

(Supplementary table 2). 

In multivariate analysis, aerial effusion ≥10mm is associated with pneumothorax (adjusted OR= 52.49 

[CI, 95%: 19.95-181.62]) (Table 3). Among the subjects without any aerial effusion (n=225), 17 (7.6%) 

presented with a pneumothorax of whom only 4 (1.8%) required drainage according to BTS 

recommendations vs 78 (88.6%) and 19 (21.6%) in the 88 subjects with aerial effusion ≥10 mm, 

respectively (p<0.001 for both). No correlation was found between each variable (Table 3). 

 
DISCUSSION 
The current study aimed at validating a predictive score for the occurrence of pneumothorax after 

PTLB, the CAPAD score (based on COPD, anterior PTLB approach, >1 passage through the pleura, 

distance skin-pleura ≤30mm, and aerial effusion ≥10 mm) elaborated in a cohort of 498 patients from 

Besançon university hospital (from March 2018 to Oct. 2019). We now report in this independent 

validation using a series of 313 patients from Bichat university hospital (accrued from Jan. 2015 to 

Dec. 2017), a predictive negative value of 84%. Thus, the CAPAD score can reliably identify 

patients who have a low risk of pneumothorax, eligible for outpatient care management after PTLB.  

To our knowledge, this is the only study reporting scores to predict PLTB complications with an 

external cohort validation supporting the stability of the score. Accordingly, in both independent 

cohorts of patients a score<73 was associated to a low incidence of pneumothorax (7.4% in both 

cohorts), and a low frequency of chest tube insertion (respectively 2.5 and 2.0%). 

Among all components of the CAPAD score, aerial effusion was, as in the initial cohort, the 

most significantly associated with the occurrence of pneumothorax in the multivariate analysis of the 

external cohort (adjusted OR= 52.49 [CI, 95%: 19.95-181.62]) (12). Aerial effusion is even the only 

variable associated with the risk of pneumothorax in the validation cohort. The comparison between 

the initial cohort and this external cohort showed that patient characteristics were similar, except for 
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the rate of COPD. This can be due to a difference in the collection of this variable: retrieved from the 

comorbidity list in the initial cohort, extracted from the results of lung function tests in the external 

cohort. In the literature, the link between post-PTLB pneumothorax occurrence and the severity of 

obstructive ventilatory disorder has not been established (16). When focusing on studies in which 

COPD is defined by extracting information from the medical record, then links are found (17). This 

suggests that they identify more advanced COPDs with possibly more frequently emphysema, which 

is a well-established risk factor for post-PTLB pneumothorax (18). 

Procedures were the same in both series of patients with respect to experience of chest 

radiologists, indications, respect of contraindications, PTLB itself and immediate post-procedure early 

monitoring (12, 13). The main difference between the 2 centers concerns the late post-procedure 

monitoring. In the external cohort, CXR was performed 4 to 6 hours after PTLB to check for late 

pneumothorax occurrence or worsening when a chest tube had not been immediately inserted. In case 

of aerial effusion and/or asymptomatic pneumothorax with no indication of chest tube insertion, the 

patient was discharged with a planned outpatient visit and CXR 7 days later. In the initial cohort, a 

systematic CXR was performed 4 to 6 hours, and 24 hours after PTLB. All patients were hospitalized 

for at least one day, and therefore all pneumothorax, in particular delayed, were diagnosed. 

Pneumothorax frequencies were strikingly close in the two cohorts (24.9% in the initial cohort vs 30.4% 

in the external cohort and 28.3% when including patients with missing data impeding the calculation 

of the score), and in the range of rates of pneumothorax reported in the literature. Indeed, the pooled 

overall pneumothorax incidence was 25.9% (ranging from 4.3% to 52.4%), and the pooled incidence 

of pneumothorax requiring chest tube placement was only 6.9% (ranging from 0% to 15%) in a meta-

analysis by Heerink WJ and coll (19).  

According to current definitions (3), we did not consider aerial effusion observed at immediate 

post-PTLB chest CT-scan as a pneumothorax, but rather as a risk factor for subsequently developing 

one. Although debatable, since pneumothorax is defined as the presence of air in the pleural cavity, 
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our goal was to predict actual clinically relevant pneumothorax. More than half of the patients had an 

aerial effusion of all sizes at the end of a PTLB, while the pneumothorax rate at the first CXR was only 

24.9%. Moreover, the term “delayed pneumothorax” is not clearly defined either. Both pneumothorax 

developing 3 or 4 hours after PTLB (20) and aerial effusions diagnosed at first post-PTLB CT-scan 

control have been reported as delayed pneumothorax in several papers (21). However, in patient 

without aerial effusion, only 17 (7.6%) made a PNO and 4 (1.8%) were drained while 78 (88.6%) and 

19 (21.6%) in the 88 subjects with aerial effusion ≥1 mm (Supplementary figure 1). This highlights 

the weight of aerial infusion in the risk of post-PTLB pneumothorax and supports systematic CT-Scan 

at the end of the procedure, particularly when outpatient care is planned. This importance is in concert 

with the guidelines under motivating to obtain a CT-Scan of the chest, once the biopsy has been 

performed, to identify any immediate post-procedural complication such as pneumothorax (22). In 

addition, several teams have shown that if no aerial effusion was seen on the immediate post-PTLB 

chest CT-Scan, only mild, mostly asymptomatic pneumothorax was subsequently observed (23, 24). 

In the 17 patients without aerial effusion and presenting a pneumothorax, eight (47%) had a score >73 

and for the 4 of these 17 patients requiring chest drainage, two (50%) had a score >73. In this external 

cohort, in the absence of aerial effusion, the score made only missed 2 drained pneumothorax in the 

entire cohort. Modifying the aerial effusion variable within the score to a cutoff of 0 would have made 

possible to further increase the negative predictive value.  

Our study has some limitations. Despite the large number of patients included, the score could 

be assessed only in 313 patients of the 474 constituing the external cohort. That can induce bias due to 

missing data. Omitting everyone without complete data is known as complete case (or available case) 

analysis and is probably the most common approach. The results may be biased unless the data are 

missing at random (25). The baseline characteristics and study outcomes (pneumothorax occurrence, 

chest tube insertion and length of hospitalization) did not significantly differ between the excluded and 

included patients except for gender, which is not known as a risk factor for post-PTLB complications 
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(19), supporting the hypothesis that most missing data were "missing at random". Another limitation 

could consist of the absence of evaluation at 24 hours as in the initial cohort from university Hospital 

of Besançon, which could have induced an attrition bias. We therefore cannot exclude that a minimal 

proportion of pneumothorax might have been missed, while being asymptomatic, still fully resolved 

on the control CXR a medical evaluation at 7 days. However, the probability that such infra-clinical, 

infra-radiological, late but transient pneumothorax might have distorted the weight of aerial effusion 

remains low. Finally, the patients of the two study cohorts benefited from PTLB carried out by 

experienced teams, experts in interventional radiology. Intuitively, chest radiologists experience is 

thought to influence complication rate. In a large single-cohort study, Yeow et al. reported operator 

experience as the third major risk factor for pneumothorax (26) after lesion size and lesion depth. In 

our study, we did not take into account the experience of the chest radiologists. The accuracy of our 

predictive score was not found to be high in this external cohort, despite, the very high negative 

predictive value gives hope for significant routine utility. 

In conclusion, our results support that such a pragmatic predictive score could be useful, by 

excluding with a 84% meaningful negative predictive value the occurrence of a symptomatic 

pneumothorax after PTLB. Patients with a score of less than 73, based on history of COPD, anterior 

biopsy approach, number of pleural passes, skin-pleura distance and presence of a significant aerial 

effusion, only had a 7.4% risk of developing a pneumothorax (and a 2% risk of requiring delayed 

evacuation), making them eligible for ambulatory management. 
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Table 1: Patients characteristics 

Characteristic All   No pneumothorax Pneumothorax p-value 
  n = 313   n = 218 n = 95   

Age 65±11   65±11  66±10  0.222 
 [range: 30 - 89]  [range: 30 - 89] [range: 33 - 86]  

Gender     0.843 
    Female 98 (31%)  67 (31%) 31 (33%)  

    Male 215 (69%)  151 (69%) 64 (67%)  

COPD     0.21 
    Yes 153 (49%)  101 (47%) 52 (55%)  
    No 160 (51%)  117 (53%) 43 (45%)  
PTLB indication     0.603 
    Other 4 (1.3%)  3 (1.4%) 1 (1.1%)  

    Rebiopsy 4 (1.3%)  2 (0.9%) 2 (2.1%)  

    Suspicion of infection 12 (3.8%)  10 (4.6%) 2 (2.1%)  

    Suspicion of malignancy 293 (94%)  203 (93%) 90 (95%)  

Nodule size (in millimeters) 29±21   32±22  23±14  <0.00012 
 [range: 3 - 148]  [range: 5 - 148] [range: 3 - 73]  

Distance from the hilum to the 
lesion (in millimeters) 32±23  30±23  37±23  0.0072 

  [range: 0 - 90]  [range: 0 - 90] [range: 0 - 88]  
Distance from the pleural puncture 
site to the lesion (in millimeters) 
 

18±20[ 
range: 0 - 103]  17±20 

[range: 0 - 97] 
20±19 

[range: 0 - 103] 0.192 

Contact with a lung fissure 49 (16%)  36 (17%) 13 (14%) 0.643 
Emphysema     0.313 

    Absent 165 (53%) 121 (56%) 44 (46%)   

    Moderate 111 (35%) 72 (33%) 39 (41%)   

    Severe 37 (12%) 25 (11%) 12 (13%)   

      
      
      
      
      
      
1 Mean±SD [range: Range]; n (%)      

2 Welch Two Sample t-test      

3 Pearson's Chi-squared test      
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Table 2: Procedure-related factors  

Characteristic All   No pneumothorax Pneumothorax p-value 
  n = 313   n = 218 n = 95   

Biopsy needle brand     0.123 
    Argon 2 (0.7%)  2 (1.0%) 0 (0%)  

    Bard 135 (46%)  92 (45%) 43 (49%)  

    Cook - Quickcore 55 (19%)  33 (16%) 22 (25%)  

    Temno 99 (34%)  76 (37%) 23 (26%)  

    Unknown 22  15 7  

Biopsy needle size     0.013 
    18 77 (26%)  63 (31%) 14 (16%)  

    20 216 (74%)  142 (69%) 74 (84%)  

    Unknown 20  13 7  

Needle repositioning count     0.403 
    0 143 (46%)  107 (49%) 36 (39%)  

    1 73 (24%)  50 (23%) 23 (25%)  

    2 57 (18%)  38 (17%) 19 (21%)  

    3 29 (9.4%)  19 (8.7%) 10 (11%)  

    4 6 (1.9%)  3 (1.4%) 3 (3.3%)  

    5 1 (0.3%)  0 (0%) 1 (1.1%)  

    7 1 (0.3%)  1 (0.5%) 0 (0%)  

    Unknown 3  0 3  

Duration from pleural puncture to end of PTLB (in 
minutes) 11±7  10±7  13±8  0.012 

  [range: 2 - 39]  [range: 2 - 39] [range: 2 - 38]  

    Unknown 2  1 1  

Number of samples by PTLB     0.043 
    1 35 (13%)  17 (9.3%) 18 (22%)  

    2 83 (31%)  56 (31%) 27 (33%)  

    3 107 (40%)  80 (44%) 27 (33%)  

    4 33 (12%)  25 (14%) 8 (9.6%)  

    5 7 (2.6%)  5 (2.7%) 2 (2.4%)  

    6 1 (0.4%)  0 (0%) 1 (1.2%)  

    Unknown 47  35 12  
1 Mean±SD [range: Range]; n (%)  2 Welch Two Sample t-test  3 Pearson's Chi-squared test 
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Table 3. Pneumothorax risk factors after transthoracic lung biopsy: results of multivariate analysis in the 
study cohort.  

  
No 

pneumothorax Pneumothorax 
P 

value Crude OR  Adjusted* OR 
  n = 218 n = 95   [95% CI] [95% CI] 
COPD   0.21   

   No 117 (54%) 43 (45%)  1.00 1.00 
   Yes 101 (46%) 52 (55%)  1.40 [0.86 - 2.28] 1.20 [0.66 - 2.19] 
Approach   0.86   

   Posterior/lateral 75 (34%) 31 (33%)  1.00 1.00 
   Anterior 143 (66%) 64 (67%)  1.08 [0.65 - 1.82] 1.08 [0.65 - 1.82] 
Several pleural 
passages 

  0.69   

   No 204 (94%) 87 (92%)  1.00 1.00 
   Yes 14 (6%) 8 (8%)  1.34 [0.52 - 3.25] 2.14 [0.73 - 5.72] 
Skin-pleura 
distance 

  0.07   

   >30mm 189 (87%) 74 (78%)  1.00 1.00 
   ≤30mm 29 (13%) 21 (22%)  1.85 [0.98 - 3.44] 1.89 [0.85 - 4.02] 
Aerial effusion   <0.001   

   <10mm 214 (98%) 49 (52%)  1.00 1.00 
   ≥10mm 4 (2%) 46 (48%)  50.22 [19.30 - 172.42] 52.49 [19.95 - 181.62] 
*Multivariate model: PNO ~ COPD + approach + several pleural passages + skin-pleura distance + aerial 
effusion 
Score value in points for each risk factor as determined after logistic regression indexat. 

COPD: Chronic obstructive pulmonary disease; BMI: Body Mass Index; AOR = Adjusted Odds-Ratio. 
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Table 4. Predictive clinical application of the score applied on 
the external cohort. 

  
  

Score < 
73 

n=147 

Score ≥ 73 
n=166 

p-value 
 

Pneumothorax, n (%) 17 (7.4) 78 (30.7) <0.0001 

Chest tube insertion, n 
(%) 

3 (2.0) 20 (12) 0.002 

Length (in days) of 
hospitalization, mean 
(SD) 

4.7 (20.2) 5.0 (11.7) 0.86 

 



Figure 1: Flowchart of validation external cohort from Bichat Hospital 
 
 



Figure 2. ROC curve of the score in external cohort 
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Supplementary Table 1: Patient characteristics and outcomes between excluded subjects and 

included subjects  

  
Excluded 
subjects 

Included 
subjects p 

  n = 161 n = 313 

Age (years) 62.7 ± 15.9 65.4 ± 10.7 
0.0
5 

Male, n(%) 94 (58%) 215 (69%) 
0.0
3 

Length (in days) of hospitalization 3.8 ± 9.2 4.8 ± 16.2 
0.3
9 

Pneumothorax, n (%) 39 (24%) 95 (30%) 
0.2
0 

Pneumothorax requiring chest tube insertion, n 
(%) 8 (5%) 23 (7%) 

0.4
3 
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Supplementary Table 2: Patient characteristics between validation cohort (Bichat) and 

initial cohort (Besançon) 

Characteristic Validation Cohort 
(Bichat)   Initial Cohort 

(Besançon) p-value 

  n = 313   n = 236   

Age 65±11   68±11  0.0082 
Gender    0.033 
    Female 98 (31%)  96 (41%)  

    Male 215 (69%)  140 (59%)  

COPD    <0.0013 
    Yes 153 (49%)  75 (32%)  
    No 160 (51%)  161 (68%)  
Emphysema     

    Severe 37 (12%) 64 (27%) 0.123  

1 Mean±SD [range: Range]; n (%)     

2 Welch Two Sample t-test     

3 Pearson's Chi-squared test     
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Supplementary Table 3: Comparison between patients without/with chest tube insertion 

  
Patients without 

chest tube insertion 
Patients with chest 
tube insertion p 

  n = 290 n = 23 
Age (years) 66.5 [59.2 - 73.2] 60.2 [56.1 - 69.3] 0.10 
Male, n ( %) 198 (68%) 17 (74%) 0.74 
Length (in days) of hospitalization 1.0 [1.0 - 3.0] 8.0 [4.5 - 13.0] < 0.001 
Score ≥ 73, n (%) 146 (50%) 20 (87%) 0.002 
 

Supplementary figure 1: Focus on aerial effusion 
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DISCUSSION 3ème AXE THEMATIQUE :  
 
Surveillance des patients opérés d’un CBNPC et stratégie d’obtention 
d’une preuve histologique de récidive ou SCBP  
 
 

Surveillance 

 

La justification d’une surveillance après chirurgie d’un CBNPC est la détection précoce des complications des 

traitements chirurgicaux ou médicaux et le diagnostic des récidives ou SCBP à un stade accessible à un 

traitement potentiellement curateur. Edelman et al. ont proposé des critères pour évaluer l’utilisation des tests 

dans le suivi d’un traitement anticancéreux à visée curative (96). Ceux-ci incluent les éléments suivants : 

-  l'intervalle de dépistage et la durée de suivi doivent être cohérents avec le risque maximal de récidive 

et l'histoire naturelle de la tumeur ;  

- le risque de second cancer doit également guider la surveillance ; 

- les examens d’imagerie doivent être dirigés vers les sites de récidive les plus probables avec des valeurs 

prédictives positives et négatives élevées ;  

- un traitement doit être disponible permettant une guérison, ou au minimum une prolongation 

significative de la survie ou un meilleur contrôle des symptômes ;  

- et l'initiation d'un traitement plus précoce devrait améliorer les résultats de ce traitement (que ce soit en 

survie, et/ou en qualité de vie). 

 

L’analyse ancillaire de la qualité de vie dans l’essai IFCT-0302 a montré que l'ajout du scanner thoraco-

abdominal injecté (plus de l’endoscopie bronchique chez les histologies non-adénocarcinomes) au suivi après 

une intervention chirurgicale pour un CPNPC n'a pas influencé la qualité de vie. La pénibilité était 

significativement plus élevée dans le groupe de suivi basé sur le scanner, influencé par la pénibilité associée à 

l’endoscopie bronchique. Cette étude est à notre connaissance, la seule s’intéressant à l’influence du suivi sur 

la qualité de vie.  

 

La qualité de vie de la surveillance doit être interprétée dans le contexte de l’utilité de la stratégie. Pour les 

CBNPC résécables, la principale cause de décès reste la maladie cancéreuse, que ce soit par une récidive du 

cancer du poumon index ou un SBPC. Comme montré précédemment, le risque de récidive est le plus élevé au 

cours des deux premières années postopératoires (environ 10%) et diminue par la suite (44, 75, 76, 77). Younes 

RN et al ont démontré dans une cohorte rétrospective de 130 patients, le pronostic péjoratif de la récidive, cela, 

quelle que soit la thérapie instituée après la détection de celle-ci. La grande majorité des patients (91,4%) 

présentant des récidives étaient décédés de leur cancer dans les deux ans suivant la récidive, quel que soit le 
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type de suivi. A l’inverse, l’incidence des SCBP reste stable, de l’ordre d’1 à 3 % par an, atteignant un risque 

cumulatif de 20 % à 10 ans, avec des diagnostics réalisés chez des patients en général asymptomatiques et à des 

stades précoces (97). L’étude IFCT-0302 n’a pas mis en évidence de gain de survie lorsque la surveillance 

comportait un scanner thoraco-abdominal et une endoscopie bronchique (en cas de cancer non épidermoïde), 

mais un diagnostic plus fréquent de récidives et SCBP précoces asymptomatiques accessibles à une nouvelle 

chirurgie (44). Les habitudes et la plupart des recommandations reposent sur la réalisation d’un scanner 

thoracique régulier de surveillance. L’absence d’impact sur la qualité de vie les conforte avec un suivi par 

examen clinique et scanner thoraco-abdominal, selon le schéma de l’étude IFCT-0302, semestriel pendant les 

deux premières années postopératoires puis annuel. La pénibilité de l’endoscopie bronchique, qui ne permet 

que très rarement (3,3% de manière isolée) le diagnostic d’une récidive ou d’un SCBP ne justifie pas son 

intégration à la surveillance des patients opérés d’un CBNPC.  

Comme nous avons présenté par ailleurs, les traitements d’immunothérapie en situation péri-opératoire et les 

thérapies ciblées en situation adjuvante ont transformé le traitement des patients atteints d'un CBNPC résécable 

(stade I–IIIA/B).  Les analyses de QdV de ces études n’ont pas montré de signal en faveur d’un changement de 

la QdV avec l’addition de ces thérapeutiques. Ces analyses ont pour limite un suivi limité dans le temps et un 

nombre restreint de temps de mesure. Il est montré que c’est le diagnostic d’une récidive qui génère une 

altération de la qualité de vie. En réduisant les récidives, on peut espérer une amélioration au long cours de la 

QdV par ces stratégies thérapeutiques non perçue dans les analyses présentées (98). 

Il a par ailleurs été démontré que les évaluations de la qualité de vie chez les patients opérés d’un CBNPC 

peuvent contribuer à une amélioration de la prise en charge globale (diététique, psychologique…) et pourraient 

même avoir une valeur pronostique (99). Möller A et al ont montré chez 170 patients atteints d'un cancer du 

poumon réséqué, une association significative entre le score résumé de la composante physique du questionnaire 

SF-36 et la survie globale, avec un rapport de risque pour une augmentation d’un point sur l'échelle de 0 à 100 

de 0,958 (995 % IC=0,932 à 0,985 ; p = 0,003) (100). Dans une étude de cohorte prospective basée sur la 

population de 249 patients chez qui était prévue une chirurgie thoracique pour un CBNPC, Al-Ameri M et al, 

ont montré qu'un score sur la composante physique inférieur à la valeur de référence était associé à une survie 

significativement plus mauvaise et cela indépendamment de l’histologie, du stade TNM, du type de chirurgie 

(lobectomie vs pneumectomie) et des comorbidités (HR 2.02, 95% CI: 1.34 to 3.06, p = 0.001) (101). Certains 

ont d’ailleurs recherché des interventions pour améliorer la qualité de vie des patients après la chirurgie. Il a été 

démontré, par exemple dans cette étude observationnelle publiée par Balduyck B et al chez 70 patients 

consécutifs traités par lobectomie ou pneumonectomie sur la cessation du tabagisme en situation péri-opératoire, 

que celle-ci améliorait la qualité de vie postopératoire (102). La qualité de vie est donc un outil sur lequel 

pourrait se reposer la surveillance, permettant d’implémenter une approche multi-modale plus personnalisée en 

fonction des symptômes et du vécu du patient, en associant à la clinique et au scanner thoraco-abdominal, toutes 

les composantes des soins de support avec une dimension socio-psychologique. 
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Score prédictif de pneumothorax post-ponction transthoracique scannoguidée 

 

Dans la cadre de la surveillance, à l’instar du dépistage, le scanner thoracique conduit à la découverte de nodules 

pulmonaires le plus souvent non accessibles en endoscopie bronchique simple. La biopsie pulmonaire 

percutanée guidée par scanner est recommandée pour obtenir un diagnostic histologique de nodules ou de 

masses pulmonaires lorsque l'endoscopie bronchique est non contributive, notamment pour les lésions 

périphériques. D’autres techniques sont possibles, comme l’utilisation de la mini-sonde d’échographie radiale 
et d’un cathéter guide avec ou sans repérage radioscopique, avec ou sans repérage spatial (au préalable ou en 

temps réel). De toutes ces techniques, la PTP sous scanner est la plus utilisée, plus pour des raisons 

d’accessibilité (disponibilité de la technique, pas d’anesthésie générale) que de performances. Le pneumothorax 

est la complication la plus courante survenant pendant ou après une ponction sous scanner, survenant dans 20 à 

30 % des cas (103). Les patients sont généralement surveillés après le geste. Garder les patients en 

hospitalisation après l'intervention nécessite des ressources infirmières, limitant les capacités d’accueil tout en 

majorant le coût. 

L'objectif d’établir un score prédictif de survenue de la principale complication (le pneumothorax) était 

d'orienter le parcours du patient, soit vers une surveillance maximale en hospitalisation, soit vers un retour à 

domicile rapide lorsque le risque de drainage d’un pneumothorax était faible. Dans une cohorte initiale, du CHU 

de Besançon, les composantes du score prédictif du pneumothorax dérivées par pondération d’une analyse 

multivariée étaient les 5 items suivants: la présence d’une BPCO, l’abord antérieur vs latéral ou postérieur, un 

nombre de passage de la plèvre supérieur à un, une distance peau-plèvre traversée par l’aiguille inférieure ou 

égale à 30 mm, et une lame d’épanchement aérique supérieure ou égale à 10 mm sur les coupes 

scannographiques de contrôle immédiat (104). Un score inférieur à 73 points (négatif) était prédictif d’une faible 

survenue de pneumothorax retardé. La validation du score sur la cohorte de Bichat Claude-Bernard démontrait 

que le score prédictif du pneumothorax était valide dans une cohorte externe, avec une valeur prédictive négative 

élevée de 84 %, suggérant une large applicabilité. Ce travail présentait plusieurs limites. Le score n’a pu être 

évalué que chez 313 patients sur les 474 constituant la cohorte externe, en raison de données manquantes. 

Toutefois, les caractéristiques des patients et scannographiques ainsi que les résultats de l'étude (apparition d'un 

pneumothorax, insertion d'un drain thoracique et durée de l'hospitalisation) ne différaient pas significativement 

entre les patients exclus et inclus, à l'exception du sexe, qui n'est pas connu comme un facteur de risque de 

complications post-PTP. Une autre limite pourrait être l'absence d'évaluation à 24 heures comme dans la cohorte 

initiale du CHU de Besançon, ce qui aurait pu induire un biais d'attrition. Nous ne pouvons donc pas exclure 

qu'une proportion minime de pneumothorax asymptomatiques ait pu être manquée lors du contrôle radio et de 

l’évaluation médicale à 7 jours. Ceci reste néanmoins sans conséquences pratiques, puisque l’objectif de ce 

travail était de prédire les pneumothorax nécessitant une intervention médicale. 

A notre connaissance, peu d’études portant sur l’établissement d’un tel score ont été publiées, sans pouvoir 

répondre précisément à cette question pragmatique de terrain de par leurs limites respectives (105, 106). Deux 
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études ont développé des scores prédictifs de survenue globale de complications post-PTP, sans se concentrer 

spécifiquement sur le pneumothorax (107, 108). Deux autres études, exclusivement focalisées sur le risque de 

pneumothorax mais sans cohorte de validation, ont établi pour outil prédictif des équations complexes difficiles 

à employer au chevet des patients. Seules les deux dernières études, plus récentes, proposent chacune un score 

sous forme de nomogramme facile d’utilisation, mais restent méthodologiquement imparfaites, reposant sur des 

séries rétrospectives sans validation externe (105, 109). 

Dans les deux cohortes ayant permis l’élaboration du score, une très faible proportion des patients (2% dans la 

cohorte du CHU Besançon, non évalué dans la cohorte de Bichat-Claude Bernard) avait une ponction sous 

scanner pour une suspicion de récidive ou de SCBP après chirurgie d’un CBNPC. Il est vraisemblable qu’en 

cas de PTP d’une image homolatérale à la chirurgie, le risque de pneumothorax soit très faible en raison de la 

symphyse pleurale. L’avènement espéré du dépistage dans les années à venir qui devrait faire découvrir des 

nodules dont la taille est inférieure à 2 cm, la réalisation de plus en plus fréquente de chirurgies infra-lobaires 

dont il a été montré que le risque de récidive locale est plus important, va probablement faire accroitre 

l’indication de PTP chez les patients opérés d’un CBNPC. La petite taille de ce sous-groupe dans nos études ne 

permet pas de conclusion quant à la pertinence du score prédictif de pneumothorax chez ces patients. 

 

En conclusion, nos résultats soutiennent qu’un tel score prédictif pragmatique pourrait être utile, en prédisant 

avec une valeur prédictive négative significative de 84 % la survenue d’un pneumothorax symptomatique après 

PTP. Les patients avec un score inférieur à 73, basé sur les antécédents de BPCO, l'abord de biopsie antérieur, 

le nombre de passages pleuraux, la distance peau-plèvre et la présence d'un épanchement aérique important, 

n'avaient qu'un risque de 7,4 % de développer un pneumothorax (et un risque de 2 % de risque de nécessiter 

une évacuation retardée), les rendant éligibles à une prise en charge ambulatoire. 

 

La surveillance des patients opérés d’un CBNPC pose encore de multiples questions, telles que l’influence du 

sevrage tabagique, du respect des critères qualité de la chirurgie initiale, du classement des récidives /SCBP par 

un comité indépendant plutôt que pas l’investigateur sur la survenue des récidives et SCBP et l’intérêt du 

scanner thoracique. Ces analyses sont en cours sur les données de l’essai IFCT-0302. De nouvelles questions 

émergent avec les changements des stratégies périopératoires, telles que l’intérêt de l’ADN tumoral circulant et 

de l’éventuelle adaptation des modalités de surveillance en fonction de sa positivité ou de l’obtention d’une 

réponse pathologique complète après chimio-immunothérapie néoadjuvante. La surveillance se doit enfin d’être  

multimodale avec prise en charge des comorbidités et du sevrage tabagique, suivi diététique, psycho-social…et 

structurée. La mise en place de parcours de soins structurés et régulièrement évalués fait partie des objectifs à 

atteindre pour améliorer la prise en charge des patients opérés d’un CBNPC. 
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CONCLUSION 

 

En conclusion, ce présent travail de thèse a comporté la rédaction du premier protocole de type pronostique du 
groupe Cochrane Lung Cancer. Les premiers résultats de ce travail montrent que la définition classique, 

initialement publiée par Martini et Melamed en 1975, utilisée pour différencier les SCBP des récidives chez les 

patients opérés d’un CBNPC est cohérente avec l’histoire naturelle de ces événements en termes de délai de 

survenue et de survie. Les possibilités d’amélioration de cette définition reposent sur une analyse comparative 

histomoléculaire de la nouvelle tumeur pulmonaire avec le cancer du poumon index. Celle-ci n’étant pas 

systématiquement possible, donne toute sa valeur à la définition historique. Nous envisageons néanmoins de 

vérifier cette définition en la confrontant à une relecture des cas pour lesquels une preuve histologique de la 

nouvelle tumeur est disponible à l’échelle régionale. 

 

Notre travail a ensuite porté sur les immunothérapies péri-opératoires des CBNPC résécables, avec la rédaction 

du premier protocole de revue systématique avec méta-analyse en réseau du groupe Cochrane Lung Cancer. Ce 

travail permettra de comparer indirectement les différentes stratégies péri-opératoires parmi lesquelles il est 

actuellement difficile de choisir celle qui allie la meilleure efficacité à la moindre toxicité, dans ce contexte 

particulier de patients considérés, jusqu’à preuve du contraire comme guéris. Cette revue sera une revue dite 

« vivante », c’est-à-dire actualisée à chaque fois que de nouveaux résultats seront connus, dans cette situation 

où la recherche clinique est particulièrement dynamique. Nous porterons un intérêt particulier lors de la 

diffusion des résultats à long terme, à l’incidence des seconds cancers primitifs et surtout des SCBP. 

 

Enfin, alors que l’étude IFCT-0302 a montré que l’intégration du scanner thoraco-abdominal à la surveillance 

clinique dans le suivi des patients opérés d’un CBNPC permettait d’augmenter le nombre de récidives et SCBP 

asymptomatiques accessibles à une nouvelle chirurgie, sans toutefois allonger la survie globale, nous avons 

montré que le scanner n’impacte pas la qualité de vie. Ces résultats renforcent les habitudes et la plupart des 

recommandations selon lesquelles le scanner thoracique fait partie intégrante de la surveillance des patients 

opérés d’un CBNPC. Celle-ci se doit par ailleurs d’être multimodale afin d’optimiser la qualité de vie, qui a une 

valeur pronostique (gestion des comorbidités, nutrition, soutien psychologique, prise en charge sociale, aide au 

sevrage tabagique…). D’autres aspects de la surveillance des opérés sont en cours d’analyse dans l’étude IFCT-

0302, comme l’impact du sevrage tabagique, de la qualité de la chirurgie ainsi que d’une analyse indépendante 

des événements (récidive/SCBP) sur l’intérêt de la surveillance par scanner thoracique. Dans le champ 

diagnostique, nous avons également travaillé sur le risque de pneumothorax après PTP sous scanner et élaboré 

un score reposant sur cinq items (présence d’une BPCO, l’abord antérieur vs latéral ou postérieur, un nombre 
de passage de la plèvre supérieur à un, une distance peau-plèvre traversée par l’aiguille inférieure ou égale à 30 

mm, et une lame d’épanchement aérique supérieure ou égale à 10 mm sur les coupes scannographiques de 
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contrôle immédiat), validé sur une cohorte indépendante, permettant d’identifier les patients qui peuvent être 

pris en charge en ambulatoire, sans disposer de données spécifiques aux patients opérés d’un CBNPC. 
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ANNEXE : 

  
 

Valeur pronostique de la lymphopénie T CD4+ dans le cancer du poumon non à petites cellules 
 

 
Résumé 

 

Introduction : 

La cohorte TELOCAP a permis d’évaluer l’influence de divers paramètres immunologiques dans le cancer 

bronchique non à petites cellules (CBNPC). Nous présentons ici l’influence de la lymphopénie T CD4+sanguine 

dans cette cohorte. 

 
Méthodes : 

Ont été inclus les patients diagnostiqués d’un CBNPC, de stade clinique I à IV, traités au CHU de Besançon et 

à l’hôpital européen Georges-Pompidou. La lymphopénie T CD4+ la lymphopénie T CD8+dans le sang 

circulant, étaient respectivement définies comme un nombre absolu de lymphocytes (ALC)<500/μL et<224/μL 

au diagnostic. Le critère principal de jugement était la survie globale. 

 
Résultats : 

Au total, 186 patients ont été inclus de 2010 à 2014. Les analyses univariées ont montré que la lymphopénie T 

CD4+était corrélée à une plus faible survie globale (HR 1,616 [IC95 %=1,107 ; 2,358] p=0,0127). En revanche, 

aucune association n’a été trouvée avec la lymphopénie T CD8+. En analyse multivariée, le statut de 

performance ≥2 (HR : 2,191 [IC95 %=1,413 ; 3,396] p=0,0005), le stade métastatique (HR : 2,558 

[IC95 %=1,722 ; 3,802] p<0,0001) ont été significativement corrélés avec une faible survie. On retrouve, par la 

même analyse, une valeur pronostique défavorable de la lymphopénie T CD4+dans la population de cancer au 

stade localisé (SG médiane à 21,8 versus 72 mois, p=0,035). Dans l’ensemble de la cohorte CBNPC, 

l’interpolation de fonction spline cubique a montré que les patients avec un nombre de lymphocyte T 

CD4+≤500/μL étaient les plus à risque de décès. L’analyse a montré une relation linéaire entre le nombre de 

lymphocytes T CD4+et la survie globale. En revanche, aucun relation linéaire n’a été trouvée entre le risque de 

décès et le nombre de lymphocytes T CD8+. 

 
Conclusion 

Dans la présente étude, nous avons identifié la lymphopénie T CD4+comme un facteur pronostique 

indépendant, péjoratif, pour la survie globale dans le CPNPC chez les patients atteints de CBNPC localisé.  
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Prognostic value of CD4+ T lymphopenia 
in non-small cell lung Cancer
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Laurie Cuche1, Pascale Jacoulet1, Hamadi Almotlak5, Jean Lahourcade1, Marie Gainet-Brun1, Elizabeth Fabre6, 
Françoise Le Pimpec-Barthes7, Olivier Adotevi3,4,5† and Virginie Westeel1,2,3† 

Abstract 
Background: There is a paucity of data regarding the prognostic influence of peripheral blood CD4+ T lymphopenia 
in non-small cell lung cancer (NSCLC). Therefore, we investigated the prognostic value of T lymphopenia in NSCLC.

Materials: Treatment-naive patients with a pathological diagnosis of NSCLC, at clinical stage I to IV were included in 
the prospective TELOCAP1 study. Lymphocytes count was evaluated in peripheral blood by flow cytometry. CD4+ 
and CD8+ T lymphopenia were defined as an absolute count of < 500/μL and < 224/μL respectively. The prognostic 
value of T lymphopenia was analyzed in the whole population, in local/loco-regional (stage I-IIIB) and in advanced 
(stage IV) NSCLC disease, using the Kaplan-Meier method and Cox regression models for survival curves and multivari-
ate analysis, respectively.

Results: Between July 2010 and January 2014, 169 evaluable patients with clinical stage I to IV NSCLC were prospec-
tively enrolled. The prevalence of CD4+ and CD8+ T lymphopenia was similar in the study population (around 29%). 
Patients with CD4+ T lymphopenia showed lower overall survival than those with CD4+ T lymphocytes count > 500/
μL (median overall survival (OS) 16.1 versus 21.7 months, hazard ratio (HR): 1.616 [95% CI: 1.1–2.36], p = 0.012). This 
association with OS was especially marked in local/loco-regional NSCLC stages (median OS, 21.8 versus 72 months, 
respectively, HR: 1.88 [95% CI: 0.9–3.8], p = 0.035). Multivariate analysis confirmed the worse prognosis associated with 
CD4+ T lymphopenia in local/loco-regional NSCLC, but not in metastatic patients (HR 2.028 [95% CI = 1.065–3.817] 
p = 0.02). Restricted cubic spline analysis showed that patients with CD4+ T lymphocytes count ≤500/μL displayed a 
high risk of death regardless of NSCLC clinical stage. There was no obvious relationship between CD8+ T lymphope-
nia and clinical outcome.

Conclusion: We identified CD4+ T lymphopenia as an independent prognostic factor in local/loco-regional stages of 
NSCLC and CD4+ T lymphopenia is also associated with a high risk of death, regardless of NSCLC clinical stage.

Trial registration: EUDRACT: 2009-A00642–55.
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Introduction
Recent progress in the treatment of non-small cell lung 
cancer (NSCLC) includes the introduction of immu-
notherapy, especially immune checkpoint inhibitors 
[1]. Although the use of immunotherapy in NSCLC has 
shown promising results, there remains a lack of pre-
dictive biomarkers indicating treatment benefit from 
immunotherapy [2]. Therefore, a better understanding of 
patient immune response is needed.

Evidence supports the role of the immune system 
in lung cancer development [3]. Indeed, high levels of 
tumor-infiltrating lymphocytes (TILs) have been shown 
to be associated with longer survival, and a significant 
reduction in the risk of death in patients with NSCLC [4–
7]. More recently, a report by Mascaux et  al. suggested 
that lung carcinogenesis involves a dynamic co-evolution 
of tumor bronchial cells and a decrease in local immune 
response [8]. Because evaluation of TILs requires large 
lung cancer specimens, there are few data on TILs in 
patients with advanced NSCLC. A retrospective cohort 
of 159 stage III and IV NSCLC patients did not show any 
association between TILs and prognosis [9].
The anti-tumor immune response is provided by both 

adaptive and innate immunity, in which T lymphocytes 
play a central role. Although, CD8+ T lymphocytes 
(CD8 TL) have been considered to be the main pro-
tagonists, due to their cytotoxic activity on tumor cells, 
it is now clear that CD4+ T lymphocytes (CD4 TL) 
also play a critical role in orchestrating the antitumor 
immune response [10–12]. Tumor-reactive CD4 TL have 
been found to ensure recruitment of cytotoxic CD8 TL 
at the tumor site [13]. In cancer patients, a high density 
of tumor-infiltrating CD4 Th1 cells has been identified 
as a good prognostic marker in several human cancers, 
including lung cancer [14]. CD4 TL can also exert a 
direct antitumor activity that is independent of CD8 TL, 
by recruiting and activating innate immune cells, such as 
natural killer lymphocytes and macrophages [15].
The critical role of CD4 T cell in antitumor immu-

nity is supported by the poor prognosis associated with 

CD4 T lymphopenia in several cancers [16, 17]. CD4+ 
T lymphopenia has been found to be an independent 
risk factor for early death and for febrile neutropenia 
in lymphoma, myeloma, sarcoma, breast carcinoma, 
digestive tract carcinoma and germ cell tumor [16]. 
Furthermore, CD4+ lymphopenia was associated with 
non-response to chemotherapy, suggesting the impor-
tant role of CD4+ T cells in controlling tumor pro-
gression [17]. There is a paucity of data regarding the 
prognostic influence of peripheral blood CD4+ T lym-
phopenia in NSCLC. Therefore, in the present study, 
we analyzed the prognostic value on overall survival 
of CD4+ T lymphopenia in patients with stage I to IV 
NSCLC.

Patients and methods
Study population
Patients with a pathological diagnosis of NSCLC, clini-
cal stage I to IV, were included between July 2010 and 
January 2014, at the University Hospital Jean Minjoz, in 
Besançon and the European Hospital Georges Pompi-
dou (EHGP), Paris, France, in the prospective TELO-
CAP01 study (EUDRACT: 2009-A00642–55) [18, 19]. 
The TeloCap01 study is a prospective, multicenter, 
immune-monitoring study conducted in patients with 
stage I–IV NSCLC, whose primary objective was to 
evaluate the landscape of telomerase-specific CD4+ 
T-cell responses in patients with NSCLC. The prog-
nostic value of CD4+ T lymphopenia was a secondary 
endpoint of the TELOCAP01 trial. Before any therapy, 
including surgery, we collected and isolated blood lym-
phocytes, serum and plasma, which were frozen until 
later analysis. Survival data were collected at 1 and 
2 years after inclusion.

Patients who were HIV positive, those receiving corti-
costeroids treatment, those with immunosuppression or 
another cancer diagnosis (except for basal cell carcinoma 
of the skin and in  situ carcinoma of the uterine cervix) 
were excluded from the TELOCAP01 study. Stage I, II, 

Highlights 
This study investigates the unknown prognostic inßuence of peripheral blood CD4+ T lymphopenia in non-small cell 
lung cancer (NSCLC) with long-term follow-up

CD4+ but not CD8 + T lymphopenia was associated with poor survival in patients with localized NSCLC

The CD4+ T lymphopenia appears to be an independent prognostic factor for poor overall survival in local/loco-
regional NSCLC.

CD4+ T lymphocyte count ≤500/μL in peripheral blood is associated with a high risk of death in NSCLC

Keywords: CD4+ T lymphopenia, Non small cell lung cancer, Prognosis, CD8+ T lymphopenia - local/loco-regional 
NSCLC



181 
 

 
 
 
 
 
 
 

Page 3 of 11Eberst et al. BMC Cancer          (2022) 22:529  

and III NSCLC were considered as local/loco-regional 
NSCLC (7th edition of the TNM [20]).

All patients provided written informed consent and 
the protocol was approved by the ethics committee CPP 
(Comité de Protection des Personnes) Ile de France IV 
on 07/09/2009. The Telocap01 study was conducted in 
accordance with the Declaration of Helsinki and Good 
Clinical Practice guidelines.

Assessment of blood lymphocyte count
Fresh, peripheral blood samples were collected before 
any treatment. Phenotypic analysis of peripheral blood 
lymphocyte subsets and absolute numbers of T cells, 
CD4+ and CD8+, were determined by single platform 
flow cytometry using the TetraCXP® method, Flow-
Count fluorospheres, and FC500® cytometer (Beckman 
Coulter, Villepinte, France) according to the manufac-
turer’s recommendations [21].

CD4+ T and CD8+ T lymphopenia were defined as 
absolute lymphocyte counts (ALC) < 500/μL and < 224/
μL respectively, according to a previous study by 
D’Hautcourt JL et al. [22]. These thresholds correspond 
to the lower limit of normal at the laboratory of the 
French Blood Transfusion Centre (Etablissement Fran-
çais du Sang) where the lymphocyte counts were per-
formed by flow cytometry, as justified by the study of 
D’Hautcourt et al. [22].

Statistics
Overall survival (OS) was defined as the time from the 
date of inclusion to the date of death from any cause, or 
the date of last follow-up, for patients who were alive at 
last contact. Patients last known to be alive were cen-
sored at the time of their last follow-up assessment. 
The endpoint date was July 2020. Continuous variables 
are presented as median (interquartile range) and cat-
egorical variables as number (percentage). The rela-
tionship between main patient characteristics and T 
cell counts was studied. Medians and percentages were 
compared using the Wilcoxon rank test and Chi-square 
test (or Fisher’s exact test, if appropriate), respectively. 
OS was estimated using the Kaplan-Meier method and 
described using median or rate at specific time points 
with 95% confidence intervals (95% CI). Follow-up was 
calculated using a reverse Kaplan-Meier estimation 
when feasible [18]. Cox proportional hazards regres-
sion was performed to estimate hazard ratios (HR) and 
95% CIs for factors associated with OS. The association 
of baseline parameters with OS was first assessed using 
univariate Cox analyses and variables with a p-value 
≤0.05 were entered into a final multivariate Cox regres-
sion model. When used continuously, the association 

between biological parameters and OS was investigated 
using the restricted cubic splines method with graphi-
cal evaluation. All analyses were performed using SAS 
version 9.3 (SAS Institute Inc., Cary, NC) and R soft-
ware version 2.15.2 (R Development Core Team; http:// 
www.r- proje ct. org). A p-values ≤0.05 was considered 
statistically significant and all tests were two-sided.

Results
Influence of clinical parameters on peripheral T cell count 
in NSCLC
Between July 2010 and January 2014, 170 NSCLC 
patients with a clinical stage I to IV were enrolled for the 
prospective study TELOCAP1. Among them, T lympho-
cyte count could not be measured in one patient.
The characteristics of the 169 evaluable patients are 

detailed in Tables  1 and 2. Median age was 64.5 years 
(95% CI = 57.5–70.5 years). 1 hundred and ten patients 
(65%) were males. A total of 147 patients (87%) were 
current or former smokers. A majority of patients had 
an ECOG performance status of 0 or 1 (80%). The his-
tological type was adenocarcinoma in 87 patients (62%). 
Molecular analyses were available in 79 patients and 
EGFR mutations were observed in 11 patients and KRAS 
mutations in 19 patients. The proportion of patients with 
local/loco-regional NSCLC was 51%. No patient received 
immunotherapy (Tables 1 and 2).
The T lymphocyte subset counts are summarized in 

Table  1. In the overall cohort, the mean lymphocyte 
count was 778/μl and 410/μl for CD4 and CD8 sub-
sets respectively. We observed that both CD4 and CD8 
T cell counts declined with increasing age and NSCLC 
stage. As expected, the level of CD4 T lymphocytes 
was significantly lower in advanced stages compared to 
localized stages (710 versus 840 CD4/μL, p = 0.05). No 
obvious association was observed for the other main clin-
ical parameters (Table 1).

Next, to assess the prognostic value of T lympho-
cyte count (CD4 or CD8) in the whole cohort, we used 
thresholds to define CD4+ and CD8 + T lymphope-
nia (< 500/μL and < 224/μL) respectively [22]. In whole 
cohort, CD4+ T lymphopenia (< 500/μL) and CD8+ T 
lymphopenia (< 224/μL) were observed in 28.4 and 29.6% 
of patients respectively. CD4+ T lymphopenia was sig-
nificantly more frequently observed in elderly patients 
(p = 0.053), and in patients with performance status ≥2 
(p = 0.041). There was a trend towards an increased fre-
quency of CD4+ T lymphopenia (56%) in metastatic 
patients versus 44% in patients with localized NSCLC 
(p = 0.24). No association was found between CD4+ or 
CD8+ count T cell counts and other variables such as 
gender, smoking, and histology (Table 2).
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CD4+ but not CD8 + T lymphopenia was associated 
with poor survival in NSCLC patients
The estimated median OS was 20.4 months for the over-
all cohort, 44.8 months in local/loco-regional NSCLC 
and 13.4 months in metastatic patients. In the whole 
cohort, median OS was better for patients with CD4 TL 
counts > 500/μL compared with those who had CD4 + T 
lymphopenia (21.7 versus 16.1 months, respectively, 
HR: 1.616 [95% CI: 1.1–2.36], p = 0.012) (Fig.  1A). The 
favorable prognostic value of CD4 TL count > 500/μL 
was observed in patients with local/loco-regional disease 
(stage I to IIIB), but not in metastatic patients (median 
OS, 72 versus 21.8 months, respectively, HR: 1.88 [95% 
CI: 0.9–3.8], p = 0.0286) (Figs. 1B and C).

In contrast, no obvious association was visible between 
CD8+ T lymphopenia and survival (median OS 21.3 ver-
sus 18.8 months, HR: 1.0 [95% CI: 0.70–1.5] p = 0.991) 
(Fig. 1D). A trend towards a favorable prognostic value 
of CD8+ TL count > 224/μL was observed in patients 
with local/loco-regional disease but not in metastatic 

patients (median OS 55.6 versus 31.1 months, p = 0.339) 
(Figs.1E-F).

Univariate analyses showed that among the main 
patient characteristics, CD4 + T lymphopenia, total lym-
phocyte count, performance status ≥2 and advanced 
NSCLC were associated with worse OS (Table  3): 
CD4+ T lymphopenia (HR 1.61 [95% CI = 1.107; 
2.358] p = 0.012); performance status ≥2 (HR 2.88 [95% 
CI = 1.88; 4.405] p < 0.0001); advanced stage (HR 3.03 
[95% CI = 2.08; 4.43] p < 0.0001)); total lymphocyte count 
< 1000/μL (HR 1.65 [IC 95% = 1.06; 2.56] p = 0.0262). In 
contrast, no association was found between the abso-
lute CD8 T cell count and OS (Table 3). Colinearity was 
observed between immunological parameters. Only 
CD4+ T lymphopenia was included in the multivariate 
analysis because among the immunological parameters, 
this variable was most strongly associated with survival 
in univariate analysis.
The multivariate analyses performed in whole cohort 

showed that performance status ≥2 (HR 2.191 [95% 

Table 1 Absolute CD4 and CD8 lymphocyte counts according to patientsÕ characteristics. +: large cell carcinoma, adenosquamous 
carcinoma and sarcomatoid carcinoma
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Fig. 1 Overall Survival according to CD4 and CD8 T lymphopenia in NSCLC. Association between CD4 lymphopenia and overall survival in the 
whole cohort (A), local/locoregional (B) and metastatic disease (C). Association between CD8 lymphopenia and overall survival in the whole cohort 
(D), local/locoregional (E) and metastatic disease (F)



185 
 

 
  

Page 7 of 11Eberst et al. BMC Cancer          (2022) 22:529  

CI = 1.413; 3.396] p = 0.0005) and advanced stage (HR 
2.558 [95% CI = 1.722; 3.802] p < 0.0001) were signifi-
cantly correlated with poor survival, whereas a trend 
towards worse prognosis with CD4+ T lymphope-
nia was observed (HR 1.422 [95% CI = 0.971; 2.083] 
p = 0.0704) (Table 4). However, the multivariate analyses 
carried out in the subgroups of patients showed CD4+ T 
lymphopenia was significantly correlated with poor sur-
vival in local/loco-regional but not in metastatic patients 
(HR 2.028 [95% CI = 1.065; 3.817] p = 0.02) (Table 4).

Next, the risk of death was analyzed using the 
restricted cubic spline (RCS) model, which character-
izes a non-linear dose-response association between 
a continuous variable and an outcome. In the whole 
NSCLC cohort, the RCS model showed that patients 
with CD4 TL count ≤500/μL displayed a higher risk of 
death. Notably, the gradual risk observed in the whole 
cohort, local/loco-regional NSCLC and in metastatic 

stage suggested a linear relation between CD4 TL 
count and patient OS (Fig. 2A, B, C). In contrast, the 
RCS approach showed no linear relation between risk 
of death and CD8 + T cell count (Fig. 2D, E, F). Thus, 
low level of CD4 TL count in peripheral blood appears 
to be an independent risk factor for death in NSCLC.

Discussion
In the present study, we identified the CD4+ T lympho-
penia (count < 500/μL) as a poor prognostic factor asso-
ciated with a high risk of death in NSCLC. However, 
no association between CD8+ TL lymphopenia and 
patients’ clinical outcome was found in this cohort. This 
suggests that in contrast to CD8 T cells, high levels of 
peripheral CD4 T cells play a protective role in NSCLC 
patients. This is the first prospective study addressing 
the prognostic value of CD4+ T lymphopenia in NSCLC 
with long-term follow-up.

Table 3 Univariate analysis for overall survival

No. of patients Nr of deaths HR 95% CI P

Age Ñ years 169

  < 70 123 90 1

  ≥ 70 46 32 1.074 0.717 to 1.608 0.7301

Patient sex 169

 Male 110 83 1

 Female 59 39 0.805 0.550 to 1.179 0.2651

Smoking status 169

 Current or former smoker 147 108 1

 Never smoker 22 14 0.813 0.465 to 1.419 0.4659

Performance status OMS 167

 0Ð1 134 91 1

  ≥ 2 33 30 2.881 1.885 to 4.405 <.0001
Histologic subtype 141

 Adenocarcinoma 87 67 1

 Squamous cell carcinoma 37 31 1.221 0.797 to 1.871

 other 17 15 1.711 0.974 to 3.003 0.1549

Stage 169

 Local/Loco-regional (I-III) 86 49 1

 Advanced (IV) 83 73 3.039 2.083 to 4.433 <.0001
CD8+ T Lymphocytes 169

  ≥ 224 /μl 119 86 1

  < 224 /μl 50 36 0.998 0.676 to 1.472 0.9903

CD4+ T lymphocytes 169

  ≥ 500 /μl 121 81 1

  < 500 /μl 48 41 1.616 1.107 to 2.358 0.0127
Total lymphocytes count 169

  ≥ 1000 /μl 129 73 1

  < 1000 /μl 40 28 1.65 1.06 to 2.56 0.0262
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Previous studies have reported that CD4 lymphopenia 
was associated with poor prognosis in cancer patients 
[16, 17, 23], but these studies did not include patients 
with lung cancer. Here, we found that metastatic patients 
were more frequently affected by CD4 lymphopenia than 
patients with localized disease. However, the results 
showed that CD4+ T lymphopenia was significantly 
associated with poor survival in local/loco-regional dis-
ease, but not in metastatic patients. An explanation 
may be related to functional impairment of CD4 T cells, 
regardless of their circulating levels. Indeed, chronic 
inflammation and the accumulation of immunosuppres-
sive factors at the metastatic stage can lead to functional 
alterations in CD4 T lymphocytes, which play a crucial 
role in the immune surveillance of cancers [24–26].
The metastatic status is the result of an accumulation 

of co-founding clinical parameters (PS, site of metastasis 
…), as well as a chronic inflammatory, and immune-sup-
pressive environment [8]. Interestingly, a CD4 TL count 
< 500/μL increases the risk of death in this cohort of both 
in localized and metastatic NSCLC. This is particularly rel-
evant for the management of localized patients, to identify 

patients with poor outcomes after surgery and adapt the 
treatment, with adjuvant therapy or intensified follow-up. 
In line with our data, a high preoperative total lymphocyte 
count was shown to reduce 5-year OS and 5-year relapse-
free survival rates in resected colorectal cancer [27]. More-
over, CD4 T lymphopenia was found to have prognostic 
value only in patients with localized disease in our study, 
so it would be interesting to explore factors involved in 
CD4 lymphopenia in this setting, such as immune senes-
cence. Indeed, CD4 T lymphopenia was found significantly 
more frequently in older patients including in patients 
with localized disease (mean age around 70 years).

We found that only peripheral CD4 lymphopenia 
influences the prognosis of NSCLC patients. This find-
ing could be related to the central role of CD4 T cell in 
antitumor immunity [10, 28]. Indeed, CD4 T cells, par-
ticularly the Th1 subset, control cell-mediated immunity 
against tumors and have a “helper” role towards antitu-
mor CD8 T cells [12]. Consequently, tumor-infiltrat-
ing Th1 cells have been identified as a good prognostic 
marker in many human cancers [29, 30]. Furthermore, 
we recently reported that the presence of circulating 

Table 4 Multivariate analysis for overall survival

In All Patients

No. of patients No. of deaths HR 95% CI P

Performance status OMS 167

 0Ð1 134 91 1

  ≥ 2 33 30 2.191 1.413 to 3.396 0.0005
Stage 167

 Local/Loco-regional 84 48 1

 Advanced 83 73 2.558 1.722 to 3.802 <.0001
CD4+ T lymphocytes 167

  ≥ 500 /μl 120 80 1

  < 500 /μl 47 41 1.422 0.971 to 2.083 0.0704
In patients with local/loco-regional NSCLC

No. of patients No. of deaths HR 95% CI P
Performance status OMS 84

 0Ð1 78 43 1

  ≥ 2 6 5 1.788 0.687 to 4.649 0.2335

CD4+ T lymphocytes 84

  ≥ 500 /μl 64 33 1

  < 500 /μl 20 15 2.028 1.065 to 3.817 0.0288
In Advanced NSCLC

No. of patients No. of deaths HR 95% CI P
Performance status OMS 83

 0Ð1 56 48 1

  ≥ 2 27 25 2.270 1.354 to 3.806 0.0019
CD4+ T lymphocytes 83

  ≥ 500 /μl 56 47 1

  < 500 /μl 27 26 1.198 0.737 to 1.946 0.4668
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Fig. 2 Risk of death according to lymphopenia in NSCLC stages. Restricted cubic splines modeling of hazard ratio (HR) for Overall Survival 
according to CD4 TL count (A to C) or CD8 TL count (D to F). The purple area around the blue line represents the 95% conÞdence interval
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tumor-speciÞc CD4 Th1 was associated with better prog-
nosis in lung cancer patients, notably in patients with 
localized disease [19]. Unlike peripheral CD4 TL, periph-
eral CD8 T lymphopenia did not appear to be related 
to patientsÕ survival. One possible explanation may be 
the fact that CD8 T cells predominantly act as effectors 
in the tumor microenvironment. Accordingly, evidence 
supports the prognostic value of CD8+ TILs reported in 
many cancers, including lung cancer [7, 14].

Although we found a statistical association with mean-
ingful clinical implications for patient care, the low number 
of patients included in our study reduces the robustness of 
these results. Another limit of this study is the absence of 
information on treatments received by patients so that their 
link between CD4+ T lymphopenia could not be addressed. 
Thus, the use of CD4 lymphopenia in NSCLC as predictive 
biomarker deserves future conÞrmation even more during 
immunotherapy. Indeed, a large multicenter prospective 
immune monitoring study in NSCLC called TELOCAP2 
(NCT NCT02846103) is under way, and will make it possi-
ble to address these limitations. These data also support the 
value of peripheral blood immune monitoring in NSCLC. 
Liquid biopsy (ctDNA), neutrophil to lymphocyte ratio 
(NLR), LDH, absolute lymphocyte count, MDSC, represent 
interesting potential blood biomarkers in lung cancer [31]. 
The poor prognosis associated with CD4 lymphopenia is 
widely documented in many cancers. Like other circulat-
ing biomarkers, such as the NLR, the assay is routinely done 
everywhere, with results being available quickly with stand-
ardized thresholds worldwide. For example, CD4 count is a 
good indicator of immune status, and is routinely used for 
the management of patients with HIV infection and other 
immunodeÞciency disorders [32]. The deleterious effect of 
CD4 lymphopenia observed in patients with localized dis-
ease suggests an important role of these cells in cancer pro-
gression, as recently described in the study by Mascaux et al. 
[8]. In this regard, the role of peripheral CD4 TL has gained 
considerable interest for cancer immunotherapy in the last 
few years [33Ð36]. Hence, the critical role of peripheral CD4 
T-cell populations but not CD8 TL for Òreal-timeÓ blood-
based monitoring has recently been highlighted in NSCLC 
patients treated with immune checkpoint inhibitors [37]. 
Finally, this study may suggest that CD4 TL count can guide 
the use of possible adjuvant therapy, according to the per-
sonalized risk for each patient.

Conclusion
In the present study, we showed that CD4 TL count in 
the peripheral blood represents a promising prognostic 
factor for early stages of NSCLC. This is the Þrst pro-
spective study to address the prognostic value of CD4+ 
T lymphopenia in NSCLC with long-term follow-up of 
over 10 years.
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