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I- Résumé 

Introduction : L’amélioration des connaissances en génétique moléculaire a permis de 

révéler une fréquence élevée des mutations des gènes impliqués dans la réparation de l’ADN 

par recombinaison homologue (gènes HRR) dans les cancers de prostate métastatiques 

résistants à la castration (CPRCm). Récemment, l’étude PROfound a montré l’efficacité de 

l’olaparib dans l’amélioration de la survie sans progression radiologique et la survie globale 

chez des patients ayant des altérations des gènes BRCA1, BRCA2 et ATM. Le taux d’échec de 

l’analyse des ADN issus de tissu fixé en formol et inclus en paraffine (FFPE) est cependant de 

30 %, motivant la recherche de matrices alternatives. L’objectif de cette étude est de 

déterminer la faisabilité technique de rechercher les altérations des gènes HRR sur ADN 

circulant plasmatique et urinaire dans cette indication. 

Méthodes : 30 patients ont été inclus, permettant l’analyse de 30 échantillons FFPE, 31 

échantillons plasmatiques et 24 échantillons urinaires. Tous les échantillons ont été 

séquencés. Les variants « pathogènes » (C5) et « probablement pathogènes » (C4) détectés sur 

le tissu FFPE ont été comparés à ceux identifiés dans le plasma et l’urine correspondants. 

Résultats : 96,6% des échantillons FFPE ont généré des résultats de séquençage 

interprétables et nous ont permis d’identifier 11 variants C4-C5 chez 7 patients. Ces variants 

ont été retrouvés sur l’ADN circulant plasmatique chez 5 patients, conduisant à une sensibilité 

de 71 % et à une spécificité de 100 %.  Cette étude montre une bonne concordance entre 

l’analyse sur tissu FFPE et sur l’ADN circulant plasmatique. En revanche, aucun des variant 

attendus n’a été retrouvé à partir de l’ADN circulant urinaire. 

Discussion : Ces résultats confirment que l’analyse de l’ADN circulant plasmatique constitue 

une alternative intéressante à celle du tissu. Ils suggèrent que le testing de l’ADN circulant 

plasmatique est plus fiable chez les patients dont l’évolution de la maladie est péjorative. 

L’analyse de l’ADN circulant urinaire doit faire l’objet d’explorations plus approfondies. 

 

 

Mots clés : prostate, cancer, inhibiteurs de PARP, BRCA, biologie moléculaire, NGS. 
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II- Abstract 

Introduction. Metastatic castration resistant prostate cancer (mCRPC) has a poor prognosis. A better 

understanding of the molecular genetics of these tumors has revealed a high frequency of alterations in 

genes involved in DNA repair (estimated at 25% at the metastatic stage). Recently, the PROfound 

study highlighted the benefit of olaparib in radiographic progression-free survival and overall survival 

in patients with metastatic prostate harboring BRCA1, BRCA2 or ATM gene alteration. Olaparib is 

approved in France for the treatment of metastatic prostate cancer with a BRCA1 or BRCA2 mutation, 

whose disease has progressed despite the introduction of new hormonal agent. Tissue analysis is 

currently the gold standard for the detection of these alterations, and may be followed by constitutional 

testing. The failure rate of DNA analysis on FFPE tissue is however around 30 %, motivating the 

search for other alternatives such as liquid biopsies testing. In this context, the aim of the study is to 

determine the technical feasibility of circulating plasma and urine DNA analysis in this indication as 

an alternative to FFPE tissue analysis. 

Methods. 30 patients were included between August 2022 and June 2023, enabling the collection and 

analysis of 30 FFPE, 31 plasma and 24 urine samples. After DNA extraction and libraries preparation, 

samples were sequenced by NGS using a commercial panel designed for analysis on circulating DNA, 

targeting 15 genes involved in DNA repair, including BRCA1 and BRCA2. « Pathogenic » and « likely 

pathogenic » variants detected in FFPE tissue were compared with those identified in plasma and 

urine. 

Results. Of the 30 FFPE samples analyzed, 29 (96.6%) generated interpretable sequencing results. It 

was also the case for all of the plasma samples (31/31, 100%), but only for 11 urine samples (11/24, 

45.8%). A total of 11 « pathogenic » or « likely pathogenic » variants were identified in 7 patients 

from FFPE tissue. Of these 11 variants, 7 were found in matched plasma circulating cell-free DNA 

(ccfDNA) in 5 patients, leading to a positive percentage agreement of 71 % and a negative percentage 

agreement of 100 %. This study highlighted a good concordance in variant detection between FFPE 

and plasma ccfDNA. In contrast, none of the expected pathogenic variants were found in urine 

ccfDNA. 

Discussion. Our results showed that analysis of plasma ccfDNA could be an interesting routine 

alternative when tissue analysis has failed. As the concordance of detection was 100% in patients with 

a pejorative disease course, we can assume that this type of analysis is better suited to this patient 

population, possibly due to a higher circulating tumour DNA (ctDNA) fraction. Further investigations 

are needed to compare the analysis of urine circulating DNA and tissue tumor DNA. 

 

Key words: prostate, cancer, PARP inhibitors, BRCA, NGS, molecular genetics 
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III- INTRODUCTION 

A- Le cancer de la prostate : généralités 

Le cancer de la prostate est le second cancer solide le plus fréquent chez les hommes dans le 

monde et le cancer le plus fréquent en France, tous sexes confondus (1), (2). En France, la 

majorité des cancers de la prostate est détectée au stade localisé, grâce à la mise en place 

d’une détection précoce. Cette dernière repose sur le dosage du PSA (prostate-specific-

antigene) total sérique et du toucher rectal, et débute à partir de 50 ans chez les hommes sans 

facteur de risque identifié, dont la probabilité de survie prolongée est d’au moins 10 ans (2). 

Malgré la mise en place de cette mesure, 20 % des cancers de la prostate sont diagnostiqués 

au stade métastatique, dont le pronostic est défavorable, avec un taux de survie à 5 ans estimé 

à 30% (3), (4). A ce stade, le traitement requiert une suppression androgénique ainsi que la 

mise en place d’une hormonothérapie de nouvelle génération, parfois en association avec de 

la chimiothérapie (2).  

Cependant, une résistance à l’hormonothérapie survient inéluctablement, et apparaît dans la 

majorité des cas au bout de quelques années après la mise en place du traitement (médiane de 

1 à 2 ans), avec différents mécanismes de résistance identifiés (amplification du gène AR, 

mutations à gains de fonction entraînant une activation constitutionnelle du récepteur aux 

androgènes, mutations réduisant la spécificité du récepteur et engendrant une activation par 

d’autres agonistes, mutations rendant le récepteur sensible à l’activation, même aux faibles 

doses d’androgènes) (3),(5). Cette impasse rend fondamentale la nécessité de trouver de 

nouveaux outils thérapeutiques. A ce titre, la meilleure compréhension des mécanismes 

oncogénétiques dans les cancers a permis le développement de thérapies innovantes, plus 

ciblées. Ces dernières apportent des gains significatifs en termes de survie et/ou de qualité de 

vie pour les malades. Une partie de ces thérapies est fondée sur la découverte des mécanismes 

de prédisposition à certains cancers dans la population. 

 

B- Altération des gènes de réparation de l’ADN par Recombinaison Homologue 

et gènes BRCA 

Outre l’âge élevé, l’hérédité représente un des facteurs de risque les plus importants de 

développer un cancer de la prostate, supposant ainsi le rôle essentiel des altérations génétiques 

dans la survenue de ce type de tumeur (6). La démocratisation du séquençage à haut débit 

(NGS) a permis de mieux les caractériser. Les altérations impliquant les gènes de réparation 
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de l’ADN sont observées dans environ 25 % des cas, et peuvent être de nature somatique ou 

constitutionnelle (7).  

Ainsi, dans une étude incluant 451 patients, Abida et ses collaborateurs ont identifié une 

altération somatique impliquant un gène de réparation de l’ADN par Recombinaison 

Homologue (RH) chez 22 % des patients. Environ la moitié d’entre eux étaient également 

porteurs d’une altération d’origine constitutionnelle (8). Les gènes de réparation de l’ADN 

par RH les plus souvent altérés étaient BRCA2 (6,1%), ATM (3,7%), CDK12 (2,8%), CHEK2 

(1,7%) et BRCA1 (1%) dans l’étude menée par Dawson et ses collaborateurs, dans laquelle le 

tissu tumoral de 1027 patients avec un cancer de la prostate a été séquencé (9). Ce type 

d’altérations survient dès le stade localisé, la prévalence de ces altérations étant similaire entre 

la tumeur primitive et le tissu métastatique. A l’inverse, certaines altérations surviennent à un 

stade plus tardif, comme par exemple celles impliquant les gènes AR ou TP53 (10). Parmi les 

3607 patients avec un cancer de prostate testés dans l’étude de Nicolosi et ses collaborateurs, 

17,2 % d’entre eux étaient porteurs d’une altération constitutionnelle d’un gène de la voie RH. 

Environ 30% de ces altérations impliquaient les gènes BRCA (11). D’autres auteurs, comme 

Pritchard et ses collaborateurs, ont montré que ces altérations constitutionnelles étaient plus 

fréquemment observées au stade métastatique (11,8%) qu’au stade localisé (4,6%) (12).    

Les gènes de réparation de l’ADN par RH les plus connus sont BRCA1 et BRCA2, des gènes 

suppresseurs de tumeurs respectivement situés sur les chromosomes 17 et 13 (13), (14). Ce 

système de réparation est fidèle, puisqu’il utilise la séquence homologue intacte pour réparer 

les cassures double brin. Au contraire, le système de réparation par jonction des extrémités 

non homologues (JENH), n’utilise pas la chromatide sœur comme modèle et ne restaure pas 

systématiquement la séquence initiale d’ADN. Ce système JENH est donc susceptible 

d’engendrer des erreurs de réparation et de conduire à une instabilité génomique (7), (14).  

Le système de réparation par recombinaison homologue (RRH) comporte de nombreux 

acteurs, dont les protéines BRCA1 et BRCA2 sont des éléments clés (7). On estime que 0,2 % 

de la population est porteuse d’une anomalie constitutionnelle de BRCA1 ou de BRCA2. Cette 

proportion est dix fois plus élevée chez les patients atteints d’un cancer du sein (2-3 %). 

Ainsi, une femme porteuse d’une mutation germinale de BRCA1 ou de BRCA2 présenterait un 

risque respectivement de 85 % et de 40 à 45% de développer un cancer du sein, au cours de sa 

vie (15). Les altérations des gènes BRCA favorisent également le développement de 

carcinomes ovariens. Une femme atteinte d’une mutation de BRCA1 ou de BRCA2 a 

respectivement un risque de 40 à 50% et de 15 à 30% de développer un cancer de l’ovaire 

séreux de haut grade (13).  De plus, les anomalies constitutionnelles des gènes BRCA 
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favorisent la survenue d’autres cancers, notamment du pancréas (BRCA2), du côlon (BRCA1) 

et de la prostate (BRCA2) (13). Les altérations constitutionnelles des gènes BRCA 

entraînent la carcinogénèse selon l’hypothèse du « double hit », le premier « hit » étant 

constitutionnel (héréditaire ou survenant de novo au cours de l’embryogénèse) et le second 

« hit » survenant de façon somatique (dans une cellule après l’embryogénèse) (16). 

 

C- Inhibiteurs de PARP  

Les protéines PARP (Poly-ADP-Ribose-Polymerase), dont la mieux caractérisée est la 

protéine PARP1, possèdent un rôle majeur dans la réparation des cassures simple brin de 

l’ADN. Ces cassures sont détectées par la protéine PARP1, qui se fixe alors sur le site 

endommagé et catalyse une réaction de polymérysation des unités d’ADP-ribose à partir de 

molécules de nicotinamide adenine dinucléotide (NAD+). Cette réaction, la « PARylation », 

entraîne le recrutement d’autres protéines impliquées dans ce système de réparation (17)). Les 

inhibiteurs de PARP se fixent sur le site actif de la protéine PARP1 en compétition avec le 

NAD+ et empêchent la PARylation (17), (18). Les protéines PARP sont ainsi inhibées et les 

cassures simple-brin ne peuvent plus être réparées, ce qui entraîne des cassures double-brins 

de l’ADN. Celles-ci sont habituellement réparées par le système de recombinaison homologue 

(RH) ou de jonction des extrémités non homologues (JENH) (19). En cas de déficience du 

système RRH, la réparation des cassures double-brin est déviée vers la voie de réparation 

JENH. Cette dernière, peu fiable, génère des erreurs de réparation qui augmentent 

potentiellement l’instabilité génomique et favorisent la mort de la cellule (17). Ce mécanisme 

a été théorisé sous le concept de létalité synthétique, dans lequel les cellules tumorales dont le 

système RRH est déficient sont sensibles aux inhibiteurs de PARP. En effet, c’est 

l’inactivation concomitante de deux voies de réparation de l’ADN qui entraîne la mort 

cellulaire (figure 1). En revanche, les cellules non tumorales dont le système RRH n’est pas 

déficient (absence d’altération ou anomalie hétérozygote) ne sont pas sensibles aux 

inhibiteurs de PARP. De ce fait, une nouvelle classe de thérapies ciblées révolutionnaire est 

née.  

En 2014, l’utilisation d’un premier inhibiteur de PARP, l’olaparib, a été approuvé par 

l’Agence Européenne des Médicaments (EMA) chez les patientes atteintes d’un cancer de 

l’ovaire séreux de haut grade récidivant et présentant une mutation des gènes BRCA1 ou 

BRCA2 (germinale ou somatique) (20).  
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Les indications des inhibiteurs de PARP se sont progressivement étendues aux cancers du 

sein (carcinomes mammaires localement avancés ou métastatiques, HER2 négatif, avec 

mutation germinale des gènes BRCA1 ou BRCA2) ainsi qu’au cancer du pancréas 

(adénocarcinomes pancréatiques métastatiques avec mutation germinale des gènes BRCA1 ou 

BRCA2) (21). 

Chez les hommes, les altérations constitutionnelles des gènes BRCA augmentent le risque de 

développer un cancer de la prostate, sont associées à des formes plus agressives et sont plus 

fréquemment identifiées dans les formes métastatiques (12), (15), (22).  

En se fondant sur les résultats très encourageants des inhibiteurs de PARP dans les cancers de 

l’ovaire et du sein chez les patientes avec des altérations des gènes BRCA et en tenant compte 

de la fréquence des anomalies du système RRH dans les cancers de la prostate, plusieurs 

études se sont intéressées à l’efficacité des inhibiteurs de PARP dans ces cancers (20).  

PROfound est une étude randomisée de phase III multicentrique, visant à comparer 

l’efficacité et la sécurité de l’olaparib à l’enzalutamide (inhibiteur des récepteurs aux 

androgènes) et à l’acétate d’abiratérone (inhibiteur sélectif de la biosynthèse des androgènes) 

chez les hommes ayant un cancer de prostate métastatique résistant à la castration. Ces 

patients avaient au moins un variant identifié sur un panel de 15 gènes impliqués de façon 

directe ou indirecte dans la réparation de l’ADN par RH (BRCA1, BRCA2, ATM, BRIP1, 

BARD1, CDK12, CHEK1, CHEK2, FANCL, PALB2, PPP2R2A, RAD51B, RAD51C, 

RAD51D et RAD54L). Les analyses moléculaires ont été réalisées à partir de tissus fixés en 

formol et inclus en paraffine (FFPE), provenant de la tumeur primitive ou d’un site 

métastatique. En fonction du gène altéré, les patients ont été répartis dans la cohorte A 

(BRCA1, BRCA2, ATM) ou dans la cohorte B (autres gènes). Ils ont ensuite reçu de manière 

aléatoire l’olaparib (ratio 2 :1) ou une hormonothérapie de nouvelle génération (groupe 

contrôle). Les résultats ont montré le bénéfice de l’olaparib, par rapport au groupe contrôle, 

sur la survie sans progression radiologique dans les deux cohortes (avec un bénéfice plus 

important dans la cohorte A, critère de jugement principal) et un bénéfice sur la survie globale 

dans la cohorte A (23), (24).  

Suite à cet essai, la Food and Drug Administration (FDA) a approuvé en Mai 2020 

l’utilisation de l’olaparib dans le traitement des patients ayant un cancer de la prostate 

métastatique résistant à la castration porteurs d’une altération somatique ou germinale d’un 

gène de la réparation par RH et dont la maladie a progressé malgré la mise en place d’un 

traitement par abiraterone ou enzalutamide (20), (25).    
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En Novembre 2020, l’utilisation de l’olaparib a été approuvée par l’Agence européenne des 

médicaments (EMA) pour les patients ayant un cancer de prostate résistant à la castration, 

ayant progressé après un traitement antérieur incluant une hormonothérapie de nouvelle 

génération et chez qui une altération somatique ou germinale de BRCA1 ou BRCA2 a été 

identifiée  (21). 

La détection d’une mutation d’un gène RRH, plus particulièrement BRCA1 et BRCA2, permet 

donc au patient atteint d’un cancer de la prostate métastatique et résistant à la castration de 

bénéficier d’un traitement par inhibiteur de PARP.  

L’analyse du tissu tumoral permet de détecter les mutations somatiques et constitutionnelles 

mais ne permet en revanche pas de les distinguer. A l’inverse, l’analyse de l’ADN 

leucocytaire permet seulement de détecter les mutations constitutionnelles (26).  

Ainsi, la recherche d’une mutation se fait initialement par analyse du tissu tumoral. En cas de 

détection d’un variant pathogène ou probablement pathogène, une consultation 

d’oncogénétique est par la suite proposée au patient afin d’en déterminer la nature somatique 

ou constitutionnelle. Le rationnel du testing est détaillé en figure 2.  

 

D- Limites de l’analyse tissulaire et biopsies liquides   

Les analyses de génétique permettant de rechercher une anomalie somatique d’un des gènes 

de la RRH dans la tumeur se font quasi-exclusivement à partir de tissus FFPE. Le tissu fixé 

représente en effet le gold standard des prélèvements à partir desquels est réalisée la majorité 

des analyses génétiques sur des tumeurs solides (26).  

L’étude PROfound a cependant montré un taux d’échec élevé de cette analyse (31%) sur tissu 

FFPE, questionnant sur l’opportunité de tester d’autres supports d’extraction de l’ADN 

tumoral (27). Le taux d’échec prospectif de cette analyse sur tissu FFPE sur la plateforme de 

génétique moléculaire des cancers (PGMC) du CHU de Tours est similaire, de l’ordre de 30 

%. 

Ces échecs d’analyses moléculaires peuvent s’expliquer par une mauvaise qualité et/ou par 

une quantité insuffisante d’ADN extrait à partir des prélèvements tissulaires. Ainsi, une 

maîtrise de la phase pré-analytique nécessite entre autres la sélection d’un bloc FFPE 

renfermant une quantité et un pourcentage suffisant en cellules tumorales. De plus, le temps 

de fixation doit être adapté au prélèvement, en utilisant du formol neutre tamponné à 10% 

(28).   
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L’os constitue le site métastatique principal des cancers de la prostate (29). Or, les 

décalcifiants utilisés dans la prise en charge des prélèvements osseux sont responsables d’une 

dégradation de l’ADN (26). De plus, cette topographie est parfois difficilement accessible à la 

biopsie. De ce fait, l’analyse génétique moléculaire est souvent réalisée à partir du 

prélèvement initial, parfois ancien, alors que les acides nucléiques se dégradent au cours du 

stockage (26).  

Pour pallier ces échecs de l’analyse tissulaire, des études se sont intéressées à l’analyse de 

l’ADN circulant provenant de biopsies liquides. Celles-ci présentent l’avantage d’être une 

procédure non invasive, pouvant être répétée plusieurs fois, susceptible de mettre en évidence 

des clones émergents, comme des mutations de résistance, et de refléter davantage 

l’hétérogénéité tumorale que les prélèvements tissulaires (30). Ainsi, la recherche de variants 

dans les cancers du poumon sur ADN circulant est déjà validée et utilisée en routine 

diagnostique sur la Plateforme de Génétique Moléculaire des Cancers (PGMC) du CHU de 

Tours, à partir de liquide pleural ou de plasma.   

Pendant le recrutement de l’étude PROfound, des échantillons de plasma ont été collectés 

pour une analyse génétique sur l’ADN circulant plasmatique, en parallèle du tissu FFPE, afin 

de déterminer le taux de réussite de l’analyse génétique à partir de cette matrice, ainsi que la 

concordance des résultats obtenus sur tissu FFPE et sur ADN circulant. Le taux de succès de 

l’analyse génétique sur ADN circulant (test FoundationOne Liquid CDx) dans cette étude 

était de 81%, avec une bonne concordance entre les mutations détectées sur tissu et sur 

plasma (31). Plus récemment, l’étude PROpel, qui a montré un bénéfice sur la survie sans 

progression radiologique chez les patients traités par la prise combinée d’olaparib et d’acétate 

d’abiraterone, a rapporté une concordance de détection de 80 % entre les résultats obtenus à 

partir d’ADN tissulaire et circulant plasmatique (32), (33).  

Compte tenu des résultats encourageants de l’étude PROfound concernant la concordance des 

résultats FFPE/plasma, nous avons souhaité évaluer la faisabilité technique de cette analyse 

sur plasma avec la technique de NGS mise en place sur la PGMC du CHU de Tours. Un 

second objectif original de cette étude était d’évaluer la faisabilité technique sur une autre 

matrice totalement non invasive, l’urine. En effet, du fait de son contact direct avec l’urètre 

prostatique, la recherche d’altérations génétiques à partir de l’urine pourrait constituer une 

alternative intéressante. De plus, une concordance satisfaisante dans la détection de mutations 

à partir du tissu tumoral et de l’urine a été démontrée pour d’autres organes que la prostate, 

notamment le poumon (34).  
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Figure 1. Létalité synthétique  

 

Pour entraîner la mort de la cellule, l’altération concomitante de deux gènes est nécessaire. En effet, l’altération 

d’un unique gène ne suffit pas à provoquer la mort de la cellule.  

 

Boussios, S. et al. BRCA Mutations in Ovarian and Prostate Cancer: Bench to Bedside. 

Cancers 14, 3888 (2022). 
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Figure 2. Rationnel du testing  

 

Exemple de 100 patients avec un cancer de la prostate métastatique, chez qui on effectue une recherche de 

variants, dont 5 patients présentent une mutation constitutionnelle et 5 patients présentent une mutation 

somatique. 

Si on effectue un test constitutionnel d’emblée, 100 consultations d’oncogénétique seront nécessaires avant la 

réalisation des 100 tests constitutionnels. Seuls les 5 variants constitutionnels seront identifiés et 95 tests 

somatiques seront effectués pour permettre d’identifier les 5 variants somatiques.   

Si à l’inverse on débute par le test somatique, les 10 variants (somatiques et constitutionnels) seront détectés, 

aboutissant seulement à la réalisation de 10 consultations d’oncogénétique pour la recherche d’un éventuel 

variant constitutionnel (qui sera potentiellement présent dans 5 cas).  
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Abstract 

Introduction. Metastatic castration resistant prostate cancer (mCRPC) has a poor prognosis. A 

better understanding of the molecular genetics of these tumors has revealed a high frequency of 

alterations in genes involved in DNA repair (estimated at 25% at the metastatic stage). Recently, 

the PROfound study highlighted the benefit of a PARP inhibitor, olaparib, in radiographic 

progression-free survival and overall survival in patients with metastatic prostate harboring 

BRCA1, BRCA2 or ATM genes alterations. Olaparib is approved in France for the treatment of 

metastatic prostate cancer with a BRCA1 or BRCA2 mutation, whose disease has progressed 

despite the introduction of new hormonal agent. Tissue analysis is currently the gold standard for 

the detection of these alterations, and may be followed by constitutional testing. The failure rate 

of DNA analysis on FFPE tissue is however around 30 %, motivating the search for other 

alternatives such as liquid biopsies testing. In this context, the aim of the study is to determine the 

technical feasibility of plasma and urine circulating cell-free DNA (ccfDNA) analysis in this 

indication as an alternative to FFPE tissue analysis. 

Methods. 30 patients were included between August 2022 and June 2023, enabling the collection 

and analysis of 30 FFPE, 31 plasma and 24 urine samples. After DNA extraction and libraries 

preparation, samples were sequenced by NGS using a commercial panel designed for analysis on 

ccfDNA, targeting 15 genes involved in DNA repair, including BRCA1 and BRCA2. 

« Pathogenic » and « likely pathogenic » variants detected in FFPE tissue were compared with 

those identified in plasma and urine. 

Results. Of the 30 FFPE samples analyzed, 29 (96.6%) generated interpretable sequencing 

results. It was also the case for all of the plasma samples (31/31, 100%), but only for 11 urine 

samples (11/24, 45.8%). A total of 11 « pathogenic » or « likely pathogenic » variants were 

identified in 7 patients from FFPE tissue. Of these 11 variants, 7 were found in matched plasma 

ccfDNA in 5 patients, leading to a positive percentage agreement of 71 %, and a negative 

percentage agreement of 100 %. This study highlighted a good concordance in variant detection 

between FFPE and plasma ccfDNA. In contrast, none of the expected pathogenic variants were 

found in urine ccfDNA. 

Discussion. Our results showed that analysis of plasma ccfDNA could be an interesting routine 

alternative when tissue analysis has failed. As the concordance of detection was 100% in patients 

with a pejorative disease course, we can assume that this type of analysis is better suited to this 

patient population. The higher sensitivity of the test in this population is likely related to a higher 

fraction of circulating tumor DNA (ctDNA) in these patients. Further investigations would be 

desirable to compare the analysis of urinary circulating DNA and tissue tumor DNA. 



 28 

Introduction 

Prostate cancer is the second most common solid tumor in men in the world (1). It is 

estimated to be the leading cancer in terms of incidence in France in 2023(2).  

Prognosis is variable, depending of disease stage, with good outcomes for most of localized 

cancers. Conversely, metastatic prostate cancer leads to poor prognosis and usually requires 

androgen deprivation therapy combined with either chemotherapy or new hormonal agent (3). 

Inevitably, resistance to castration appears, leading to a median survival of less than two years 

(4).  

It was therefore essential to find new therapies to improve outcome of metastatic prostate 

cancer. 

The development of next generation sequencing (NGS) has led to a better understanding of 

genetic alterations in prostate cancer. Alterations involving DNA damage repair genes are 

observed in approximatively 20% of cases and can be somatic events or germline 

abnormalities (in equal proportion).  

Indeed, in a previous study enrolling 451 patients, Abida et al. reported somatic alterations in 

DNA repair genes by Homologous Recombination (HR) for 22 % of patients. This study 

suggests that half of patients with metastatic castration resistant prostate cancer (mCRPC) 

harboring a somatic alteration also have a germline aberration (5). 

According to Dawson et al., out of 1027 patients with a prostate cancer tissue sample 

sequenced, the most common Homologous Recombination Repair (HRR) genes alterations 

(somatic or germline) involved BRCA2 (6.1 %), ATM (3.7 %), CDK12 (2.8 %), CHEK2 

(1.7%) and BRCA1 (1%).  Finally, a total of 17.3% of patients harbored DNA repair damage 

in this cohort (6). These alterations were shown to occur in the early stage of the disease with 

a prevalence similar between matched primary and metastatic tissues (7). 

Among 3607 patients with prostate cancer included in Nicolosi et al. study, 17.2 % had 

germline HRR  genes deleterious variants, including 30.7% variants in BRCA2 or BRCA1 (8). 

Pritchard et al. identified germline DNA-repair mutations in 11.8% of the 692 recruited 

patients with metastatic prostate cancer. This frequency was significantly higher among men 

with metastatic than those with localized prostate cancer and in histological high-grade 

tumors (ISUP 4 and 5) (9)(10). Moreover, germline BRCA alterations carriers had more 

aggressive disease with poorer prognosis (11). 
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Following the encouraging results of PARP inhibitors in patients with BRCA deficient 

ovarian carcinoma, several studies have investigated their use in prostate cancer, such as 

TOPARP-A trial. In this study, patients with mCRPC) receiving olaparib had a higher 

response rate if they had an alteration in DNA-repair genes (12). 

PROfound was an open-label phase 3 trial evaluating the PARP inhibitor olaparib in two 

cohorts of men with mCRPC with at least one alteration in HRR genes (BRCA1/BRCA2/ATM 

in cohort A, other genes in cohort B). Patients were randomly assigned to receive olaparib in a 

2:1 ratio or new hormonal agent (enzalutamide or abiraterone). Results suggested the benefit 

of olaparib on imaging-based progression-free survival (PFS) in both cohorts with a higher 

impact in cohort A (first primary endpoint), and a benefit on overall survival (OS) in cohort A 

(13)(14). 

Following these promising outcomes, olaparib use was approved in patients with mCRPC 

with HRR genes alterations that has progressed on enzalutamide or abiraterone by the Food 

and Drug Administration (FDA) in May 2020, and then approved by the European Medicines 

Agency (EMA) for mCRPC with BRCA1 or BRCA2 genes alterations (germline or somatic) in 

November 2020 (15). 

It was therefore necessary to identify patients who could benefit from this new treatment. 

Tissue test can detect both somatic and constitutional mutations, with no distinction between 

the two, whereas nearly 50 % of patients eligible for PARP inhibitors would be missed if a 

germline testing is performed alone. Thus, a germline testing may be proposed afterwards to 

patients with a positive tissue detection, to specify if the mutation is somatic or germline (16)  

(17) (18). 

Currently, formalin-fixed paraffin-embedded (FFPE) tumor tissue testing represent the gold 

standard (19). However, data from literature suggest that tissue testing fails for approximately 

20-30% of cases (4). These failure rates are similar to those observed in PROfound study 

which was 31% (13)(20). 

A more recent trial, PROpel, assessing the benefit of olaparib in combination with 

Abiraterone and in which 782 patients were analyzed, recorded a failure of tissue testing for 

32% of samples (21).  

Tumor testing failure can be due to a number of factors such as aged tissue sample, poor 

fixation, low cellularity and tumor volume or poor storage conditions (18). Moreover, 
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metastatic biopsies testing may be challenging, as bone is the most common metastatic 

location of prostate cancer and decalcification leads to DNA degradation (18). 

Faced with this problem, several studies have sought to assess the concordance of variants 

identified from tumor tissue and circulating cell-free DNA (ccfDNA) and suggested very 

encouraging outcomes, as reported in Armstrong et al. (PROpel), Chi et al., Tukachinsky et 

al. or Schweizer et al. (21)(22)(23)(24). 

Moreover, liquid biopsy offers some advantages compared with tissue testing, as this is a 

minimally invasive sample, which can be repeated over time and may also better reflect tumor 

heterogeneity (17). Thus, the plasma ccfDNA assay can detect the emergence of new acquired 

alterations (25). It is important to note that, as for tumor tissue analysis, both somatic and 

germline mutations are detected though ccfDNA assay (19). 

In this context, and based on literature data, we hypothesized that genetic alterations detected 

in tumor tissue could also be detected from plasma ccfDNA. We also aimed ccfDNA derived-

urine, because of the limited data available.  
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Methods 

PROstate MEtastatique CIrculant (PROMECI) is a monocenter observational prospective 

study leaded according with the principles of the Declaration of Helsinki and Good Clinical 

Practice guidelines (CPP n°4098) and was conducted in University Hospital of Tours. All 

participants provided written consent. 

Thirty patients with a metastatic prostate cancer and an archived FFPE tissue sample analyzed 

at the pathology department of the university hospital of Tours were prospectively enrolled 

between August 2022 and May 2023. Patients were excluded in case of refusal of blood and 

urine collection, cognitive disability, guardianship or curatorship. All patients included were 

cared at the university hospital of Tours, an expert clinical center in prostate cancer. One 

patient was included twice (PROM10, included in February 2023 and PROM27, included in 

May 2023). 

The 30 FFPE samples included in the study were collected between 2003 and 2023, including 

26 primary tumors (9 surgical specimens, 14 core-needle biopsies, 2 trans-urethral resection 

of prostate (TURP), 1 trans-urethral resection of bladder (TURB)) and 4 metastases (3 

surgical specimens and 1 core-needle biopsy), including 1 bone metastasis and 3 lymph node 

metastases. 

After destorage of FFPE tissue, a selection of the best suitable sample was performed by an 

experienced (CR) or an expert uropathologist (GF), taking into account the size and tumor 

cellularity of the sample. Macrodissection was sometimes performed in order to increase 

tumor cellularity. Tumor cellularity was assessed in accordance with the Association 

Française d'Assurance Qualité en Anatomie et Cytologie Pathologiques (AFAQAP) 

recommendations. DNA was extracted from unstained blades (n = 29) and thick cutting edges 

(n = 1). The tumor cellularity on selected samples was most often between 30 and 50 % (n = 

18 ; 58 %).  Median area collected after macrodissection from unstained blades was 10 mm² 

(min = 3 ; max = 50). All samples were sent to the cancer molecular genetics platform 

(CMGP) of Tours for analysis. DNA was extracted using Maxwell 16 FFPE Plus LEV DNA 

purification kit on a Maxwell 16 device (Promega, Madison, USA). DNA was then quantified 

by fluorometry with a dsDNA High Sensitivity Assay kit on a Qubit 4 Fluorimeter 

(InVitrogen, Oregon, USA). 

Two Cell-Free DNA blood tubes (Roche Diagnostics, Indianapolis, USA) and at least 8 ml of 

urine were collected during the medical consultation (urology or oncology).  
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Urine and blood samples were then sent to the CMGP at room temperature. After a 

centrifugation step, 4 ml of plasma and 4 then 8 ml of urine were collected (4 ml from 

PROM01 to PROM23, 8 ml from PROM24 to PROM31).  ccfDNA of urine and plasma 

samples was extracted using the Maxwell RSC ccfDNA Plasma Kit (Promega, Madison, 

USA) and quantified by fluorometry like the FFPE samples. The minimum DNA 

concentration required to allow a good sequencing process was 0.5 ng/µl (10 ng of DNA) 

according to the routine laboratory process. Even though DNA concentration was < 0.5 ng/µl 

it was still analyzed for the study. 

Urine couldn’t be collected or in insufficient quantity (< 8 ml) for 7 patients, resulting in 

exclusion of the sample. Finally, 31 plasma samples and 24 urine samples were analyzed.  

Libraries were prepared using the QIAseq Targeted DNA Panel kit (Qiagen, Hilden, 

Germany). The HRR panel used includes 15 genes (BRCA1/BRCA2, ATM, BARD1, BRIP1, 

CDK12, CHEK1, CHEK2, FANCL, PALB2, PPP2R2A, RAD51B, RAD51C, RAD51D and 

RAD54L) involved in HRR, covering 56.5K base pairs (bp) and using 2300 primers. Briefly, 

this amplicon technology consisted in fragmentation and A tailing of DNA, indexing of 

samples (used for identification), addition of Unique Molecular Index (UMI) and target 

enrichment by single primer extension with gene specific primers. Read-UMI are equivalent 

to read sequences but from the same initial DNA molecule. In this panel, each exon of each 

gene was covered with several primers (average of 8.4 primers by exon). Then DNA was 

amplified by PCR. The last step was normalization by dilution leading to a final concentration 

of 4 nmol/µl for each library. Then, all libraries were pooled and diluted at 1.5 pmol/l.  

Sequencing was performed on a NextSeq 550 (Illumina, San Diego, USA). 1300 µl of 

denatured libraries pool were loaded in a NextSeq Mid Output V2.5, 300 cycles reagent 

cartridge. The run was programmed for paired-end of 2 x 151 bp sequencing. 

Once sequencing was completed, quality parameters were checked using Sequencing 

Analysis Viewer Software (Illumina, San Diego, USA). Sequencing performance criteria, 

according to the manufacturer recommendations, were a Q30 ≥ 75 %, a cluster density 

between 170 and 300 K/mm² and a proportion of clusters passing filters ≥ 70 %. 

The bioinformatics analysis was carried-out with the in-house pipeline used routinely, using 

the CLC Genomics workbench software (Qiagen, Hilden, Germany). Briefly, sequenced reads 

were aligned on Human reference Genome GRCh37/hg19. Several filters were applied to 

clean reads and eliminate artefactual variants. 
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At the end of this workflow, data for each patient are available in an excel table, with a line 

for each variant and other parameters including variant allele frequency, mean coverage, 

nucleotidic and aminoacid variation (c. and p.). The different stages of the analysis are 

summarized in figure 1.  

The pathogenicity of the variants (table 1) was determined by the CMGP molecular genetic 

referents using the classification of the American College of Medical Genetics (ACMG) and 

taking into account the recommendations published by the expert societies for the 

classification of somatic variants and specific recommendations available for a few genes 

(BRCA1, BRCA2, ATM, CHEK2) at the time of the analysis. Databases and aggregators such 

as BRCAexchange, MobiDetails, Varsome and cBioportal were used 

(26)(27)(28)(29)(30)(31)(32)(33)(34). 

Detected variants from tissue DNA were considered if allelic frequency was > 5%, and 

regardless of allelic frequency from plasma or urine ccfDNA. 

 

 

Statistical Analysis 

All statistical analysis and graphical representation of the data was performed using Prism 10 

software (GraphPad Software, Boston, MA). All quantitative variables were considered to 

have a non-normal distribution after distribution test (Shapiro-Wilk and Kolmogorov-

Smirnov). Mann-Whitney test was used to compare quantitative variables, chi-square test and 

Fischer's exact test for contingency analysis and Spearman's test for correlation analysis. All 

values of p < 0.05 were considered significant. 
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Results 

Cohort characteristics are summarized in table 2.  

Study population median age was 64 years old (min 46; max 83). The median time between 

diagnosis and inclusion was 78 months (min = 0 ; max = 332). Most of patients had metastasis 

at initial diagnosis (n = 16 ; 53%), with a mean period between histological diagnosis and the 

metastatic stage of 28 months (min = 0 ; max = 297, median = 0). Median period between 

metastatic stage and patient’s inclusion in the study was 47 months (min = 0 ; max = 221).  

Eighteen patients (60%) were resistant to castration at the inclusion in the study. Median time 

between the first line of hormonotherapy and the hormonal castration resistance was 23 

months (min = 5 months ; max = 139 months). Among these patients, none had received any 

PARP inhibitors treatment before inclusion. Median time between metastasis diagnosis and 

castration resistant status was 64 months (min = 2 months ; max = 139 months). 

Metastases were mostly observed in lymph nodes (25/30, 83.3%) and bones (24/30, 80%), 

with 22 patients (73.3%) having both. 6 patients (20%) had visceral metastases. Ductal or 

intraductal contingent was present for 6 patients (20 %). ISUP grade is summarized in figure 

2 and varied from 2 to 5 with ISUP 5 being the most frequent (n = 11, 36%).  

Median time between paraffin embedding and DNA extraction was 54 months (min = 0 ; max 

= 240). 

Extraction data are summarized in figure 3A. DNA concentration was significantly higher 

from FFPE than from plasma and urine samples (p < 0.0001). DNA concentration from 

plasma samples was significantly higher than from urine samples (p < 0.0001).  

All of the FFPE samples (30/30, 100 %) passed DNA extraction step, whereas 10/31 plasma 

samples (32.2 %) and 3/24 (12.5%) urine samples had a DNA concentration > 0.5 ng/µl. 

Among the 21 urine samples with DNA concentration < 0.5 ng/µl, 7 had no DNA 

concentration quantifiable by fluorometry (concentration <0.1 ng/µl).  

Median DNA concentration assessed by fluorometry was 11 ng/µl for FFPE samples (min = 

0.5 ; max = 193), 0.4 ng/µl for plasma samples (min = 0.149 ; max = 3.21) and 0.2 ng/µl for 

urine samples (min = 0 ; max = 1.86). As the quantity of extracted ccfDNA from the first 

analyzed urine samples was insufficient, the volume of collected urine has been increased 

during inclusion (8ml instead of 4 ml). There was no significant difference in the 

concentration of ccfDNA extracted from 4 or 8 ml of urine (p = 0.2460). Median DNA 

concentration for core-needle biopsies, surgical specimens and TURP were 6 ng/µl (min = 0.5 
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; max = 107), 12 ng/µl (min = 1.19 ; max = 193) and 36 ng/µl (11 and 61.5 ng/µl), 

respectively.  

As explained previously in Materiel and Methods sections, all samples, regardless of DNA 

concentration after extraction, were prepared and sequenced.  

DNA extraction was followed by the libraries generation, whose results are summarized in 

figure 3B. Libraries could be produced for all samples. Median libraries concentration was 

11.4 ng/µl (min = 0.259 ; max = 21.9), 14.7 ng/µl (min = 4.91 ; max = 21.2) and 14.2 (min = 

0.05 ; max = 21.6) ng/µl respectively for FFPE, plasma and urine samples. Libraries 

concentration was significantly higher in plasma than in FFPE samples (p < 0.0005), whereas 

there was no significant difference with urine samples (p = 0.1180), and no difference 

between plasma and urine samples (p = 0.3010). Again, no difference in libraries 

concentration could be observed when ccfDNA was extracted from 4 or 8 ml of urine (p = 

0.7489). 

After the libraries generation, all samples were sequenced with the NextSeq 550. Performance 

criteria were validated in all runs. Q30, cluster density and passing filters cluster means were 

respectively 79 %, 269 K/mm² and 84%. Coverage data are summarized in figures 3C and 

3D. Median read coverage for all target regions sequenced were 10765 (min = 96 ; max  = 

31665), 10957 (min = 3561 ; max = 30724)  and 5795 (min = 2 ; max = 12990) respectively 

for FFPE, plasma and urine samples. Read coverage was similar for FFPE and 

plasma samples (p = 0.8749), whereas it was higher in FFPE samples than in urine samples (p 

< 0.0006), and higher in plasma than in urine samples (p < 0.0001). Again, no difference in 

read coverage could be observed when ccfDNA was extracted from 4 or 8 ml of urine (p = 

0.4715). 

Median UMI-Read coverage for all target regions sequenced were 1201 (min = 2.5 ; max = 

4063), 506 (min = 128 ; max = 3099) and 60 (min = 1.08 ; max = 1144) respectively for 

FFPE, plasma and urine samples. FFPE UMI-Read coverage was higher in FFPE than in 

plasma (p = 0.0187) or urine samples (p < 0.0001). Finally, UMI-Read coverage was higher 

in plasma than in urine samples (p < 0.0001), with again no difference in UMI-Read coverage 

when ccDNA was extracted from 4 or 8 ml of urine (p = 0.2983).  

Only one FFPE sample, none of plasma and 13 urine samples did not meet quality control 

criteria due to low sequencing coverage and were considered uninterpretable, leading to an 

analytic failure rate of 3.3 %, 0 % and 54 % respectively. 
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DNA concentration was significantly higher when extracted from surgical specimens than 

from biopsies (p = 0.0453), without significant difference for libraries concentration (p = 

0.7477), read coverage (p = 0.3378) and UMI-read coverage (p = 0.6260). 

A larger tumor macrodissection area was significantly correlated with an increasing DNA 

concentration (p < 0.0001), but there was no correlation with libraries concentration (p = 

0.4872), read coverage (p = 0.8718) and UMI-read coverage (p = 0.3319). 

An increasing delay between paraffin embedding and DNA extraction was correlated with a 

lower read coverage (p = 0.0242) and UMI-read coverage (p = 0.0350), but no difference was 

observed with DNA concentration (p = 0.6943). 

A total of 11 pathogenic (C5) or likely pathogenic (C4) variants in HRR genes were identified 

among 7/30 (23.3%) FFPE samples (PROM02, PROM06, PROM10, PROM12, PROM15, 

PROM24, PROM28) including 6 primary tumors and 1 lymph node metastasis, with 2 distinct 

variants identified from 2 patients (PROM06 and PROM10) and 3 variants for 1 patient 

(PROM02). ISUP score was 5 for 4 patients ; score 4 for 1 patient ; score 3 for 1 patient and 

score 2 for 1 patient. Clinical and histological characteristics are summarized in table 3. C4 or 

C5 variants identified involved ATM (n=2, 18 %), BRCA2 (n=4, 36 %) CDK12 (n=4, 36 %), 

CHEK2 (n=1, 9 %) genes and are reported in the table 4, with related allelic frequencies and 

coverage data. Patients with identified C4 or C5 variant were younger than in the non-mutated 

population (p = 0.0493), with a median age of 60 in the mutated population and 66 years in 

the non-mutated population (figure 4). Even if ISUP score of 5 was observed in almost 60 % 

of patient with a C4 or C5, ISUP score was not correlated with a positive variant detection (p 

= 0.4620). Histological images with different ISUP scores of 2 patients (PROM10 and 

PROM28) are shown in figure 5.  

C4 or C5 variants were detected in 5/31 plasma samples (16.1 %), all also detected in 

corresponding tissue samples (PROMT06, PROMT10, PROMT12, PROMT15, PROMT24). 

In total, 7 of the 11 (63.6%) pathogenic or likely pathogenic variants identified in FFPE 

samples were also detected in paired-ccfDNA. Results were discordant for 2 patients 

(PROM02 and PROM28), with no genetic alteration identified in plasma-derived ccfDNA 

while variants were detected in the matched tissue samples. As previoulsy quoted, plasma and 

urine samples of PROM10 (included in February 2023) and PROM27 (included in May 2023) 

came from the same patient. However, both BRCA2 pathogenic variants identified in the 

FFPE sample were successefully detected on PROMP10 plasma but not on PROMP27’s. 
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None of urine samples allowed C4 or C5 variant detection (0/11). Because of the lack of 

variant detection in urine samples, statistical analysis was only performed to compare variant 

detection in FFPE and plasma samples. 

Using the tumor tissue as gold standard compared to plasma ccfDNA testing, positive 

percentage agreement (PPA) was 71 % and negative percentage agreement (NPA) was 100 % 

with a positive predictive value (PPV) of 100 % and a negative predictive value (NPV) of 

92% (table 5).  
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Discussion 

This monocenter observational prospective study aimed to assess the feasability of HRR 

variant detection in ccfDNA from plasma and urine samples, in patients with metastatic 

prostate cancer.  

Patient’s ages were similar to those analyzed in the real-life conditions, in comparaison with 

patients routinely analyzed on the CMGP in 2021-2022 (median age of 71 years, data not 

shown).  

Collected FFPE tissue included as many biopsies as surgical samples (TURP and TURB 

considered as surgical specimens), whereas in prior studies analyzed tissues were mostly 

core-needle biopsies, such as in PROfound (14). This predominance of biopsy samples is also 

observed retrospectively for samples analyzed routinely on the CMGP : in 2021-2022, 60% of 

core biopsies and 32% of surgical samples were analyzed.  

Bone is the main metastasis localization in prostate cancer (35). However, in this study, more 

lymph node samples (75% of metastatic tissues) were analyzed. Otherwise, in this study, the 

FFPE DNA extraction failure rate was lower (0%) than in previous studies (22.7 % in 

PROfound). Indeed, in this study all patients where cared in an expert clinical center whith an 

increased surgical specimen collection, and the selection of the material was performed by an 

uropathologist expert, excluding when possible bone samples and favoring surgical specimen, 

with a macrodissection step to increase tumor content and cellularity if necessary. (18).  

Conversly, these pre-analytic steps are no systematically performed for external cases 

analyzed routinely on the CMGP, as in PROfound (multicenter international study). Indeed, 

insufficient DNA concentration is the main cause of analysis failure on the CMGP as in 

PROfound (21.9 % of samples in 2021-2022), even if libraries preparation required only 10 

ng versus 50 ng in PROfound (FoundationOne CDx test). 

In PROfound study, higher median and mean DNA concentration were obtained with recent 

and metastatic samples (20). However, the low number of metastatic tissues in PROMECI did 

not allow to perform any statistical analysis to confirm theses results. Moreover, no difference 

was observed between sample age and extracted DNA quantity.  

 

DNA concentration was significativelly lower when extracted from plasma than from FFPE 

samples. As for tissues, some pre-analytical factors may interfer with ccfDNA extraction 

yield, such as type of collection tubes and time between collection and centrifugation. The 
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optimum delay is less than 4 hours for EDTA tubes (19). Nevertheless, in this study, specific 

cell-free DNA collection tubes were used to avoid any delay problem. Interestingly, in 

PROfound study, higher success rate in analysis was observed with increased plasma volume 

(22). This could not be confirmed in this study as the required plasma volume (4 ml) was 

obtained for all samples. 

DNA concentration from urine samples was very low, with often no quantifiable DNA, and 

was not improved by increasing the volume of urine used for DNA extraction. Urine samples 

were collected at any time of the day (during a medical consultation), whereas a collection on 

waking might have been desirable to increase ccfDNA concentration (36). In other studies on 

urine ccfDNA, urine samples were collected following prostate massage, which has not been 

achieved in this study (37)(38).  

Libraries could be generated for plasma and urine samples despite a low DNA input 

concentration. Thus, it appears that a low DNA concentration is not correlated with the succes 

of libraries generation, and does not reflect DNA quality.  

Interestingly, libraries concentration was higher in plasma than in FFPE samples and could be 

explained by a better DNA quality, but not for urine samples. Thus, further investigations are 

necessary to understand the nature of this product in urine libraries (primers amplification ?).  

Sequencing generated similar read coverage for FFPE and plasma samples, despite a lower 

initial DNA concentration for plasma. Again, this may suggest the best ccfDNA quality from 

plasma samples. In opposition, most of urine samples did not meet sequencing quality 

requirements, leading to read elimination by bioinformatical pipeline phase, suggesting urine 

ccfDNA bad quality. Moreover, higher UMI-Read coverage in FFPE samples reflect a higher 

initial DNA diversity, which can not be obtained in plasma due to low ccfDNA quantity.  

In this study, the sequencing failure rate was 3.3 % for FFPE samples (1/30), which is lower 

than in real life. Indeed, sequencing failed for 6.5 % of samples in CMGP in 2021-2022 and 

for 11.7 % of tissue samples in PROfound study (20).  

Here, better sequencing results for FFPE samples may be explained by two features : 

- First, the panel used, implemented routinely since January 2023, requires lower quantity of 

DNA and analyzes a limited number of genes. However, this panel can not detect large 

rearrangements or large deletions due to the amplicon technology used. 

- Secondly, as mentionned previously, an adapted and standardized pre-analytical 

management was performed in PROMECI.  
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All of the 31 plasma samples yielded interpretable sequencing data (100 %). This result is 

equivalent to the PROfound study, in which 90 % of ccfDNA plasma yielded results (22).  

Some studies had demonstrated the clinical utility of urine testing in other cancers, such as 

EGFR variant detection for advanced non-small cell lung cancer (39). A prior study suggested 

the possibility to detect tumor-associated DNA copy number variations in urine from patients 

with advanced-prostate cancer, with a low failure rate (40). However, here, urine analysis 

leaded to a valid sequencing for only 46 % of samples, probably owing to the low initial 

ccfDNA quantity and the highly-fragmented nature of urine ccfDNA. Indeed, urine ccfDNA 

is not protected from degradation and undergo fragmentation by urine nucleases, unlike 

plasma ccfDNA (39). To limit this process and improve urinary DNA quality, some 

preservatives can be used, but this was not the case in PROMECI(36).  

 

At least one pathogenic or likely pathogenic variant was detected, among tissue or plasma 

samples, in a total of 7/30 patients (23,3 %). This frequency of detection cannot be compared 

with findings in literature, due to an inclusion bias in this study. Indeed, for some patients, 

tissue analysis had already been performed before inclusion and had detected a C4 or C5 

variant. Hence, clinicians could refer these patients and facilitate their inclusion in 

PROMECI.  

 

Concordance between FFPE and matched plama samples was demonstrated for 5 patients, 

leading to a 71,4 % PPA and 100 % NPA using tissue as gold standard. PPA is slightly lower, 

but similar with those reported by Armstrong et al. (80 %), Chi et al. (81 %), Tukachinsky et 

al. (93 %), and Schweizer et al. (84 %) (21)(22)(23)(24).  

Concordance of identified mutations was not significantly different when comparing ccfDNA 

to primary or metastatic tumor tissues in Schweizer et al. study (24). 

In this study, it was not possible to confirm these results owing to the small size of the cohort, 

in which only 4 metastases were analyzed.   

 

Variant allelic frequencies were lower from plasma than from FFPE samples, probably 

reflecting a small circulating tumor DNA (ctDNA) fraction. No threshold recommandation, 

emerging from scientific genetic societies was established for somatic variant detection in 

ccfDNA. In Wyatt et al. study, genetic alterations detected in tumor tissue, which were not 

initially identified in the corresponding plasma, were actually present in ccfDNA with low 

allelic frequencies (between 0.5 and 1.3%), below the study’s detection threshold (41). In 
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PROMECI, all variants, regardless of allelic frequency, were considered, limiting the risk of 

false negative. 

As previously explained, germline and somatic HRR genes alterations are found in 

approximatively equal proportion in prostate cancer and both ccfDNA or tumor tissue 

analysis can not predict the constitutional or somatic origin without germline testing. 

As expected, a prior study demonstrated a perfect concordance (100 %) for variant detection 

from FFPE tissue and matched plasma samples in patients with presumed germline variant 

(23). In PROMECI, variant allelic frequencies were over 50 % for 3 of the 5 patients for 

whom variants have been identified in plasma ccfDNA and matched FFPE tissue samples. 

These high variant allelic frequencies may suggest germline variants. However, it was not 

possible to discriminate the constitutional or somatic nature of these alterations and for this 

reason all patients with a C4 or C5 variant of BRCA2 identified on FFPE tissue were proposed 

for an oncogenetic consultation. 

Sequencing analysis highlighted two discordant cases (28%). Indeed, PROM02 and PROM28 

had C4 or C5 variants detected on FPPE tissue analysis but not in the matched plasma.  

Both of these patients currently responded succesfully to treatment, with a biological and 

radiological response. We can hypothetize that treatment leaded to a reduced tumor shedding 

resulting in a low ctDNA fraction. 

Previous studies showed that higher is the fraction of ctDNA, lower is the probability of 

getting a false negative on plasma
 
(41)(22)(25). As expected, patients with a stable or 

progressive disease were those for which the highest concordance of FFPE tissue and 

ccfDNA analysis was observed (concordance of 100 %).  

Thus, the absence of variant detection despite a positive identification in tissue could be 

mostly explained by a low ctDNA fraction, possibly insufficient to allow a variant detection. 

The fluctuating nature of ctDNA concentration is a known phenomenon, depending on tumor 

ctDNA shedding. Parameters such as disease stage and agressiveness, tumor size and 

response to therapy impact the quantity of ctDNA (17)(42)(19)(23). However, in this study, 

ctDNA fraction was not quantifiable, which did not allow to ensure the absence of somatic 

variant in the tumor.  

 

Interestingly, a double-inclusion allowed the prospective analysis of 2 plasmas from the same 

patient (figure 6). This patient was included for the first time shortly after diagnosis. 

Treatment had not yet begun, and total PSA was 200 ng/ml. Analysis of ccfDNA from this 

first plasma (PROMP10) revealed two pathogenic alterations involving the BRCA2 gene, also 

found in FFPE tissue sample.  
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Treatment with GnRH analogue combined with new hormonal therapy was then initiated, 

along with taxotere chemotherapy. Three months after the start of treatment (third cycle of 

chemotherapy), a second plasma sample was collected (PROMP27). At this time, the patient 

showed a clear biological response, as the PSA was only 0.59 ng/ml, and a partial radiological 

response (figure 7). Analysis of this second sample did not reveal any C4 or C5 variant, 

suggesting a plasma ctDNA drop under treatment and a somatic origin of the variants 

identified on the FFPE tissue and the first plasma sample.    

 

To conclude, even if DNA tissue assay currently remains the gold standard for somatic 

testing, this study suggests that plasma ccfDNA assay may support FFPE tissue testing for 

HRR genes alterations in prostate cancer, especially when tissue analysis fails, which occurs 

for 30 % of tissue samples in real life. Plasma testing is less invasive, allows sucessive 

collections and is more representative of tumor heterogeneity. The main limitation of ccfDNA 

testing is the risk of false-negative result, which increases with a low ctDNA fraction. Our 

results suggest that patients who would benefit most from plasma analysis are those with 

progressive disease. For these patients, ccfDNA testing could be a suitable surrogate if tissue 

analysis fails.  

Considering the results of the double inclusion in this study, it would be interesting to monitor 

the variant detection on plasma from patients with a somatic variant identified on FFPE tissue 

sample to study the ability to predict the disease relapse before the radiological progression. 

An original purpose of this study was to evaluate the technical ability to detect variants in 

urine sample, which have the advantage of being the least invasive test. Unfortunately, our 

results showed a high failure rate in analysis, probably due to the study design (notably the 

conditions of urine collection). Additional investigations focused on urine analysis are needed 

to explore its interest in this indication.   
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Figures and tables 

 

Figure 1. The different stages of the analysis.  

Figure 2. ISUP grade repartition in the cohort.  

Figure 3. Characteristics of samples during analysis steps.  

Figure 4. Mutational status and age.  

Figure 5. Histological features of PROM10 and PROM28 prostate cancer. 

Figure 6. Double inclusion allowing a longitudinal analysis of the plasma of the same patient 

(PROMP10 and PROMP27).  

Figure 7. Radiological exams showing a partial regression in PROM10 (PROM27).  

 

 

 

 

Table 1. Pathogenicity of the variants according to the American College of Medical Genetics 

(ACMG).   

Table 2. Cohort characteristics.  

Table 3. Mutated patients characteristics.  

Table 4. Pathogenic or likely pathogenic variants, with related allelic frequencies and read 

coverage data. 

Table 5. Concordance between FFPE and plasma ccfDNA.  
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Figure 1: The different stages of the analysis 

 

After tissue collection, DNA is extracted, then amplified and enriched with primers and UMIs, during 

the libraries generation step. Libraries are then purified and sequenced with a NextSeq 550. 

Sequencing generates reads, which correspond to the sequence of a DNA fragment. Analysis pipeline 

allows variants identification and provides sequence coverage data. If sequencing is interpretable, the 

pathogenicity of the variants is determined according to the ACMG classification and reports are 

generated. 
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Figure 2 : ISUP grade repartition in the cohort 

 

ISUP grade of primary tumor was assessed for 29 of the 30 patients (NA for PROM11). 3 patients had 

ISUP 2; 6 patients had ISUP 3 ; 9 patients had ISUP 4 for; 11 patients had ISUP 5.  
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Figure 3 : Characteristics of samples during analysis steps  

 

A : Post-extraction DNA concentration (ng/µl) for FFPE, plasma and urine 

DNA concentration assessed by fluorometry was significantly higher for FFPE than for plasma and 

urine samples (p < 0.0001). DNA concentration from plasma samples was significantly higher than 

urine samples (p < 0.0001).  

B : Libraries concentration (ng/µl) for FFPE, plasma and urine  

Libraries concentration was significantly higher in plasma than in FFPE samples (p < 0.0005), 

whereas there was no relevant significance difference with urine samples (p = 0.1180) and between 

plasma and urine samples (p = 0.3010).  

C : READ coverage for FFPE, plasma and urine 

Read coverage was similar for FFPE and plasma samples (p = 0.8749), whereas it was higher in FFPE 

samples than in urine samples (p < 0.0006), and higher in plasma than in urine samples (p < 0.0001).  

D : UMI-Read coverage for FFPE, plasma and urine 

UMI-Read coverage was higher in FFPE than plasma (p = 0.0187) and urine samples (p < 0.0001). 

UMI-Read coverage was higher in plasma than urine samples (p < 0.0001).  
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Figure 4: Mutational status and age 

 

Patients with identified pathogenic or likely pathogenic variant were younger than in the non-mutated 

population (p = 0.0493).  
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Figure 5 : Histological features of PROM10 and PROM28 prostate cancer. 

 

A and B : PROM10 FFPE sample, invasive prostate adenocarcinoma, ISUP 5, core-needle biopsy, 

Haematoxylin, eosin and saffron (HES) stain, x50 and x200 magnification showing a poorly-

differentiated tumor with a massive architecture, without glandular formation. 

C and D : PROM28 FFPE sample, invasive prostate adenocarcinoma, ISUP 2, core-needle biopsy, 

Haematoxylin, eosin and saffron (HES) stain, x50 and x200 magnification showing a well-

differentiated tumor formed of irregular eosinophilic glands with focal perineural invasion (arrow). 
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Figure 6 : Double inclusion allowing a longitudinal analysis of the plasma of the same patient 

(PROMP10 and PROMP27).  

 

PROMP10 plasma was collected shortly after diagnosis, before any treatment initiation. PSA level 

was 200 ng/ml. Analysis of plasma ccfDNA highlighted 2 pathogenic variants, which were also 

identified from tissue DNA. Afterwards, GnRH analog combined to new hormonal therapy and 

chemotheray was instaured. Three months after treatment beginning, a new plasma sample was 

collected (PROMP27). PSA level was only 0.59 ng/ml. None of the alterations identified on FFPE 

tissue sample could be detected anymore.  
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Figure 7 : Radiological exams showing a partial regression in PROM10 (PROM27) 

 

A: Uninjected computed tomography (CT) performed at the time of histological diagnosis hilighted a 

left external iliac adenopathy (left arrow). B: Uninjected CT performed at time of second inclusion 

showed a partial regression with a decrease of 50% of the left external iliac adenopathy (right arrow). 

C and D : Bone scintigraphies before (C) and 5 months after treatment beginning (D), showing a 

reduced fixation of the secondary bone lesions of pelvis, axial and appendicular skeleton (L : left, R : 

right).  
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Table 1 : Pathogenicity of the variants according to the American College of Medical 

Genetics (ACMG).   

C1 Benign 

C2 Likely benign  

C3 Uncertain significance 

C4 Likely pathogenic 

C5 Pathogenic  

 

 

Table 2 : Cohort characteristics 

 

(1) : cellularity evaluation according to AFAQAP recommendations. 
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Table 3 : Mutated patients characteristics 

Patient 
Age 

(years) 

Diagnosis-

inclusion delay 

(months) 

Diagnosis-

metastasis delay 

(months) 

Castration resistant 

status at inclusion 
ISUP Ductal contingent 

FFPE sample 

analyzed 
Plasma detection 

PROM02 59 2 0 No 5 Yes Biopsy Negative 

PROM06 60 70 26 Yes 5 No Surgical specimen Positive 

PROM10 

PROM27 

61 

- 

0 

- 

0 

- 

No 

- 

5 

- 

No 

- 

Biopsy 

- 

Positive 

Negative 

PROM12 64 4 0 Yes 5 No TURB Positive 

PROM15 55 90 41 Yes 3 No Surgical specimen Positive 

PROM24 56 185 70 Yes 4 No Surgical specimen Positive 

PROM28 64 57 0 Yes 2 No Biopsy Negative 
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Table 4 : Pathogenic (C5) or likely pathogenic (C4) variants, with related allelic frequencies and read coverage data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NM_ : international genomic reference sequence based on protein coding RNA 

NP_ : international genomic reference sequence based on protein 

VAF : variant allele frequency 

Samples annotation : PROMT02 : FFPE sample of patient PROM02 ; PROMP02 : Plasma sample of patient PROM02 

Patient C4-C5 Read 

coverage 

VAF (%) Genes Coding region change Amino acid change 

PROMT02 C4 4144 15.2 CDK12 NM_016507.3:c.1767_1770delCTCA NP_057591.2:p.(His589fs) 

PROMT02 C4 4889 59.9 CDK12 NM_016507.3:c.2020G>T NP_057591.2:p.(Glu674*) 

PROMT02 C4 4163 34.9 CHEK2 NM_007194.3:c.433C>T NP_009125.1:p.(Arg145Trp) 

PROMT06 
C4 

2076 47 
CDK12 NM_016507.3:c.630C>G NP_057591.2:p.(Tyr210*) 

PROMP06 909 2.5 

PROMT06 
C4 

2165 41.7 
CDK12 NM_016507.3:c.1280dupT NP_057591.2:p.(Leu427fs) 

PROMP06 735 2.6 

PROMP10 
C5 

1055 39.8 
BRCA2 NM_000059.3:c.1594_1595delGA NP_000050.2:p.(Glu532fs) 

PROMT10 803 21 

PROMP10 
C5 

915 13.3 
BRCA2 NM_000059.3:c.7060C>T NP_000050.2:p.(Gln2354*) 

PROMT10 564 15.4 

PROMT12 
C5 

2312 93.6 
BRCA2 NM_000059.3:c.6352_6353delGT NP_000050.2:p.(Val2118fs) 

PROMP12 346 52.9 

PROMT15 
C5 

308 75 
BRCA2 NM_000059.3:c.6405_6409delCTTAA NP_000050.2:p.(Asn2135fs) 

PROMP15 26 69.2 

PROMT24 
C5 

2343 48.4 
ATM NM_000051.3:c.5712dupA NP_000042.3:p.(Ser1905fs) 

PROMP24 205 51.2 

PROMT28 C5 1012 25.5 ATM NM_000051.3:c.8432dupA NP_000042.3:p.(Ser2812fs) 
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Table 5 : Concordance between FFPE and plasma ccfDNA 

 Plasma testing + Plasma testing - Total 

FFPE testing + 5 2 7 

FFPE testing - 0 23 23 

Total 5 25 30 

 

+ : C4 or C5 variant detection 

- : no detection of C4 or C5 variant 
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V- Discussion 

Bien que l’inclusion ne soit pas achevée, cette étude confirme certaines données de la 

littérature, comme une quantité d’ADN extraite plus élevée à partir des prélèvements 

tissulaires FFPE issus de pièces opératoires et un lien entre l’âge des échantillons FFPE et la 

qualité de l’ADN analysé.  

Les résultats de cette étude révèlent un taux d’échec très faible de l’analyse moléculaire des 

gènes HRR à partir d’ADN circulant plasmatique et une concordance de détection élevée des 

variants pathogènes/probablement pathogènes entre l’analyse de l’ADN tissulaire et 

plasmatique. Le fait que cette concordance soit maximale chez les patients dont la maladie 

progresse suggère que l’analyse plasmatique est plus adaptée à cette population de patients, 

possiblement en lien avec une quantité d’ADN tumoral circulant plus élevée. Il sera 

intéressant de vérifier cette hypothèse à la fin du recrutement de tous les patients. En effet, la 

cohorte, actuellement constituée de 30 patients, doit atteindre l’inclusion de 50 sujets.  

L’analyse de l’ADN circulant urinaire montre en revanche un taux d’échec élevé de l’analyse 

(46%) et une mauvaise concordance avec l’analyse tissulaire, aucun variant d’intérêt n’ayant 

été mis en évidence. Le recueil et la gestion des échantillons urinaires peuvent potentiellement 

expliquer ces résultats et constituent une des limites de notre étude. Une modification du 

protocole de recueil (urines de première miction ou après massage prostatique) et de gestion 

des prélèvements (utilisation d’un inhibiteur de nucléases) serait susceptible d’améliorer la 

quantité et/ou la qualité de l’ADN libre circulant urinaire extrait et de diminuer ce taux 

d’échec incompatible avec une utilisation en routine diagnostique. 

L’impossibilité de quantifier la fraction d’ADN tumoral circulant sur la PGMC constitue une 

autre limite de cette étude, bien qu’il n’existe pas à l’heure actuelle à notre connaissance de 

technique de référence permettant d’évaluer ce paramètre.  

En conclusion, nos résultats, bien que préliminaires et limités par le faible effectif de la 

cohorte, confirment la faisabilité technique de rechercher des altérations des gènes HRR sur 

ADN tumoral circulant plasmatique dans le cancer de la prostate sur la PGMC du CHU de 

Tours et suggèrent que l’analyse à partir de l’ADN circulant plasmatique constitue une 

alternative fiable chez les patients dont la maladie progresse et pour qui l’analyse tissulaire a 

échoué. A l’inverse, chez les patients dont la réponse biologique et radiologique est complète 

ou partielle, l’analyse plasmatique semble moins sensible. Ces résultats font envisager la mise 

en place de cette technique en routine diagnostique à moyen terme sur la PGMC.  
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De plus, l’analyse prospective du plasma chez un même patient, dont l’évolution de la 

maladie est favorable, suggère un effondrement de l’ADN tumoral circulant après la mise en 

place du traitement. Aussi, chez les patients pour lesquels un variant somatique a été mis en 

évidence, sans détection dans l’ADN circulant, il pourrait être intéressant d’effectuer 

régulièrement des prélèvements sanguins afin d’analyser de manière prospective et indirecte 

la fraction d’ADN circulant plasmatique au cours de l’évolution de la maladie. En effet, la 

nouvelle détection du variant dans le plasma suggèrerait une ré-ascension de la fraction 

d’ADN tumoral circulant et semblerait prédire une rechute de la maladie.  

L’analyse urinaire, dont l’avantage est d’être moins invasive que l’analyse plasmatique, doit 

faire l’objet d’une étude plus approfondie, avec une autre gestion de la phase pré-analytique 

pour évaluer son intérêt.  

Cette étude qui, à terme, incluera 50 patients, sera soumise pour publication à une revue 

scientifique.  
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Résumé :  
 
Introduction : L’amélioration des connaissances en génétique moléculaire révèle une fréquence 

élevée des mutations des gènes impliqués dans la réparation de l’ADN dans les cancers de prostate 

métastatiques résistants à la castration (CPRCm). Récemment, l’étude PROfound a montré l’efficacité 

de l’Olaparib dans l’amélioration de la survie sans progression radiologique et la survie globale chez 

des patients ayant des altérations des gènes BRCA1, BRCA2 et ATM. Le taux d’échec de l’analyse de 

l’ADN sur tissu fixé en formol et inclus en paraffine (FFPE) est cependant de 30 %, motivant la 

recherche de matrices alternatives. L’objectif de cette étude est de déterminer la faisabilité technique 

de l’analyse de l’ADN circulant plasmatique et urinaire dans cette indication. 

 

Méthodes : 30 patients ont été inclus, permettant l’analyse de 30 échantillons FFPE, 31 échantillons 

plasmatiques et 24 échantillons urinaires. Ces échantillons ont été séquencés par NGS à l’aide d’un 

panel ciblant 15 gènes impliqués dans la réparation de l’ADN, dont BRCA1 et BRCA2.  Les variants 

« pathogènes » (C5) et « probablement pathogènes » (C4) détectés sur le tissu FFPE ont été comparés 

à ceux identifiés dans le plasma et l’urine correspondants. 

 

Résultats : 96,6% des échantillons FFPE ont généré des résultats de séquençage interprétables et nous 

ont permis d’identifier 11 variants C4-C5 chez 7 patients. Ces variants ont été retrouvés sur l’ADN 

circulant plasmatique chez 5 patients, conduisant à une sensibilité de 71 % et à une spécificité de 

100%.  Cette étude montre une bonne concordance entre l’analyse sur tissu FFPE et sur l’ADN 

circulant plasmatique. Aucun des variant attendus n’a été retrouvé à partir de l’ADN circulant urinaire. 

 

Discussion : Nos résultats confirment que l’analyse de l’ADN circulant plasmatique constitue une 

alternative intéressante à celle du tissu. Ils suggèrent que le testing de l’ADN circulant plasmatique est 

plus fiable chez les patients dont l’évolution de la maladie est péjorative. L’analyse de l’ADN 

circulant urinaire doit faire l’objet d’explorations plus approfondies. 

Mots clés : prostate, cancer, inhibiteurs de PARP, BRCA, biologie moléculaire, NGS. 
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