Aux membres de mon jury,

Monsieur le Professeur Patrice Taourel, vous nous faites l'honneur de présider ce jury de thèse.

Merci de m'avoir accueilli dans votre service et d'avoir accepté de juger ce travail. Veuillez recevoir l'expression de mon plus grand respect.

Madame le Professeur Ingrid Millet, merci de m'avoir confié ce travail il y a maintenant un an.

Merci pour ta disponibilité, ta patience et ton savoir qui m'ont beaucoup aidé tout au long de ce projet. J'admire ton investissement dans le service et je suis ravi d'en faire partie prochainement.

Monsieur le Professeur Rodolphe Thuret, vous nous faire l'honneur de juger ce travail, et de nous faire bénéficier de votre grande expertise en urologie. Veuillez accepter mes sincères remerciements pour votre présence dans ce jury, et trouver ici l'expression de ma profonde gratitude.

Madame le Docteur Isabelle Serre, vous avez accepté de faire partie de ce jury, et ainsi de nous faire bénéficier de votre grande

A ma famille,

A mes parents, Catherine et Olivier, chez qui je n'ai manqué de rien et surtout pas d'amour. Vous m'inspirez quotidiennement, Maman par ta folie et ta joie de vivre, Papa par ton calme et ta sagesse. C'est surtout grâce à vous que j'ai pu en arriver là, merci pour le cadre de vie et de travail idéal auquel j'ai eu le droit.

A mon frère, Corentin, le sang de la veine le seul et l'unique, merci pour tous ces souvenirs d'enfance et pour cette sensation de connaitre l'autre aussi bien que soi-même qui reste intacte à chaque fois qu'on se retrouve.

A ma grande famille, à tous ceux qui m'ont vu grandir, tous ceux qui sont là ou qui ne sont plus là, à mes grands-parents, oncles, tantes, cousins et cousines.

A ma belle-famille, Thierry, Sandrine et Laurent, Anna, Vahé, qui m'ont accueilli comme l'un des leurs, je serai toujours reconnaissant de votre famille dans laquelle le sourire est contagieux et où il fait bon vivre.

A mes amis,

A tous ceux de Lyon Sud qui m'ont accompagné pendant ces 6 années de fac. A Ugo, mon compagnon de route et de rires depuis la 1 ère S2, que de chemin parcouru entre Aragon et notre futur poste à Lap. C'est une chance formidable d'avoir pu te compter à mes côtés pendant toutes ces années de dur labeur. Eeee. A la bande de gars rencontrés dans une caisse au WES P2, passés des soirées Ameuso aux journées à la salle. Merci à Jon, à Lucas, à Sof, à Nico et à Aurel pour notre amitié (de bientôt 10 ans) qui s'étend du Sénégal à la Bolivie en passant par les Canaries. A la bande de meufs découvertes à même le goudron grec, merci à Cécile, à Lucie, à Nelly, à Amandine, et à Chloé pour votre folie et pour notre amitié qui sont restées intactes après toutes ces années. 

A tous ceux de

Discussion

Conclusion

Bibliography

Abstract

Objective: To assess the predictive factors (clinical, biological and MRI data) that enable identifying men in which a sole targeted biopsy detects the maximal prostate cancer risk group.

We hypothesized that randomized biopsies have little therapeutic impact when they have a lower ISUP than targeted ones. target and on the off-target area). Two groups of patients were defined based on ISUP scores obtained on targeted and randomized biopsies, and on the length of positive biopsy coverage in case of equal ISUP. We performed univariate and bivariate analysis of all the studied variables to predict in which situation randomized biopsies had an ISUP lower than targeted biopsies.

Material and method:

Interobserver agreement analyses were performed on each variable.

Results:

The mean age of our cohort was 67 years (IQR: 61-72) and the mean PSA level was 9.7 ng/mL (IQR: 5.5 -11). A total of 30 patients (20.8%) were cancer free. Among the 114 patients with cancer, 85 (74.6%) had a higher ISUP score on targeted biopsies than on randomized ones, while the remaining 29 patients (25.6%) were in the opposite case (ISUP score RB > TB). Of all variables studied, none showed a significant difference between the two groups.

Conclusion:

We were not able to show any predictive factors to select patients for whom randomized biopsies could be dropped when there was a target on prostate MRI. The combination of targeted biopsies and randomized biopsies should still be required. overtreatment. They are also associated with longer procedures, increasing patient discomfort as described in the Egbers et al study [START_REF] Egbers | MRI-guided core needle biopsy of the prostate: acceptance and side effects[END_REF] in which targeted biopsies were preferred by 65 % of the patients, with significantly less pain. They would increase theoretically the risk of infection with less sepsis reported in the same study [START_REF] Egbers | MRI-guided core needle biopsy of the prostate: acceptance and side effects[END_REF] when only targeted biopsies are done, but without statistical difference. Moreover, randomized biopsies increase costs because of the extra time needed for pathologists to analyse these multiples cores [START_REF] Fandella | Analysis of costs of transrectal prostate biopsy[END_REF].

Yet, the detection of prostate cancer should be as minimally invasive as possible by reducing side effects, to identify a high proportion of men who would benefit from treatment, and to minimize the identification of men with clinically insignificant cancer in order to prevent overtreatment. The benefit/risk balance of performing randomized biopsies should then be a matter of shared decision-making: could there be some situations in which we could drop them when targeted biopsy is done at the same time?

To our knowledge, only a few studies have attempted to answer this question [START_REF] Sathianathen | A clinical prediction tool to determine the need for concurrent systematic sampling at the time of magnetic resonance imaging-guided biopsy[END_REF][START_REF] Dell'oglio | There Is No Way to Avoid Systematic Prostate Biopsies in Addition to Multiparametric Magnetic Resonance Imaging Targeted Biopsies[END_REF][START_REF] Günzel | Predictive Parameters Identifying Men Eligible for a Sole MRI/Ultrasound Fusion-Guided Targeted Biopsy without an Additional Systematic Biopsy[END_REF][START_REF] Nakanishi | Who Can Avoid Systematic Biopsy Without Missing Clinically Significant Prostate Cancer in Men Who Undergo Magnetic Resonance Imaging-Targeted Biopsy?[END_REF][START_REF] Coker | Targets missed: predictors of MRI-targeted biopsy failing to accurately localize prostate cancer found on systematic biopsy[END_REF].

Several predictive criteria have been described when the uselessness of RB was defined as detection of ISUP < 2 (10,13) like a PIRADS 5 target and a previous negative biopsy, or when the uselessness of the RB was defined as RB < TB [START_REF] Günzel | Predictive Parameters Identifying Men Eligible for a Sole MRI/Ultrasound Fusion-Guided Targeted Biopsy without an Additional Systematic Biopsy[END_REF], like PSA density ≤ 0.15.

However, no study has looked at MRI analysis of the off-target prostate and the perfusion parameters. We can suggest that other criteria may be predictive of the usefulness of randomized biopsies, and in particular the analysis of the peripheral off-target zone on MRI. For example, in the event of a very suspicious target (PIRADS 5) and a homogeneous off-target peripheral zone with high ADC values, randomized biopsies are unlikely to be helpful. Conversely, in the case of a PIRADS 3 target, and a heterogeneous off-target peripheral zone with intermediate ADC values, randomized biopsies will probably be more contributory as significant cancer could be hidden by chronic inflammatory findings.

The purpose of the present study is then to identify predictive parameters (clinical, biological and radiological) allowing to select the patients who would benefit from a single targeted biopsy by dropping the randomized ones. We assume that a randomized biopsy with an ISUP score lower than the targeted one or when equal ISUP score, if the length of biopsy involvement is lower, is useless for management decision.

Materials and methods

Patients:

This retrospective study was approved by our institutional review board (N°202000698) and written informed consents were waived by this IRB.

We reviewed all consecutive patients who had prostate MRI followed by targeted biopsies Both readers assessed for each target : a/ the measure of the target on T2, diffusion and perfusion sequences with the largest transversal size on each sequence reported in mm; b/ the localization of the target in a transversal plane: transitional / peripheral zone, anterior / posterior (the posterior part was located behind the line located at 22 mm and parallel to the tangent of the posterior edge of the prostate, the anterior part was on the anterior side of the line -figure 3); and in a coronal plane: apex / middle zone / base; c/ the measure of the ADC of the lesion in mm2/sec using a ROI (region of interest) drawn on more than 80% of the target; d/ the ratio between the contrast enhancement of the lesion relative to the adjacent transitional zone (this measurement was made on the 1 st sequence where the target appeared enhanced and both measures were done at the same time -figure 4). If the target was not enhanced, no measure was done.

and
Then, the off-target peripheral zone was analysed: the readers measured a/ the minimum ADC value on the side of the lesion and on the contralateral side (ROI of 10 mm3), and b/ classified the ipsilateral and contralateral zone as homogeneous / moderately heterogeneous / very heterogeneous on T2 sequence (figure 5).

Finally, prostate volume was calculated according to the PIRADS-V2 method by multiplying the 3 largest prostate diameters by 0.52 (figure 6). 

Gold Standard

Randomized biopsies were considered useless if their ISUP score was lower than the targeted one, and when equal ISUP, if the maximum length of tumoral tissue in all the randomized cores were lower than the targeted ones.

We defined then two patient groups according to the biopsies results:

-Group targeted = ISUP TB > RB, or ISUP TB = RB but positive TB length was superior, or negative results for both TB and RB;

-Group randomized = ISUP RB > TB or ISUP RB = TB but RB length was superior.

Biopsies were carried out by 3 radiologists (IM, CV and CF) with the same experience using an Aplio i800 platform (Canon Medical System, Tokyo, Japan) with an endocavity endfire probe (3-11 MHz, Canon Medical Systems, Tokyo, Japan). Isotropic high resolution T2-weighted sequences in axial orientation were imported to the US platform. The intervention was performed with the patient in lateral decubitus position. For all biopsies, a 18G, 30 cm biopsy needle (Achieve, Merit Medical System, USA) was used. The sensor-based, real-time fusion was achieved by the tracking of the US probe in a magnetic field generated by a mini-BIRD receiver.

The sensor that was applied to the probe led to a real-time fusion of the TRUS-and MRI-planes.

Thanks to this fusion of MRI -ultrasound images (figure 7), a median of 3 targeted biopsies (IQR:

3.00; 4.00) was performed per target. Twelve randomized biopsies were also performed: for each lobe, samples were taken at the mediolobar and lateral level, at the base, in the middle and at the apex (16).

All tissue samples were evaluated by experienced uropathologists. A significant cancer was defined by an ISUP score  2.

Statistics

Consensual data and average of the measurements for quantitative data were used for final statistics.

Categorical data were presented in terms of absolute and relative frequencies. Continuous variables were presented by means and SD when normal distributed or by medians and quartiles.

We performed the chi-square test, Fisher test, Student's t test and Wilcoxon Mann-Whitney test to calculate differences between the "targeted" and "randomized" groups for numerical and categorical variables. Univariate and multivariate logistic regression analysis were used to evaluate predictors for detection of the patients that would benefit from TB alone.

Interobserver agreement for each CT finding was assessed by computing the kappa coefficient for binary variables and the weighted kappa coefficient for multi-class variables. Results were interpreted as follows: κ=0-0. 

Results

Population

A total of 144 targeted and randomized biopsies were included. Table 1 summarises the descriptive characteristics of our cohort. Altogether, the men in the study were on average 67 years old (median: 68.00; Q25-Q75: 61.50-72.00). Among them, 34 (23.6%) had an abnormal DRE.

Ten (6.9 %) patients had a first-degree family history. The median PSA level was 7.75 ng/mL (Q25-Q75: 5.47-11.00) and the median PSA density was 0. In 45.1 % of cases (n=65), targeted and randomized biopsies were positive, whereas only targeted biopsies were positive in 27.1 % of cases (n=39) and only randomized biopsies were positive in 6.9 % of cases (n=10).

When targeted and randomized biopsies (n=65) were positive, the median length of positivity was 7 mm (Q25-Q75: 4.00-9.00) for targeted one versus 3 mm (Q25-Q75: 2.00-6.50) for randomized one.

Thirty-one (41.4%) randomized biopsies were positive only on the same side as the target, 16 (21.3%) only on the other side, and 28 (37.3%) on both sides.

B/ Specific results

Of the 144 patients included in the study, 20 (13.9 %) had an ISUP score on randomized biopsies higher than the ISUP on targeted biopsies, and 9 (6.25 %) had the same ISUP on targeted and randomized biopsies but a greater maximum positivity length on randomized biopsies. ISUP distribution was reported in figure . 1.

Among the 20 patients for whom ISUP RB > ISUP TB, 10 (50 %) had also positive targeted biopsies. In these 10 patients, the median length of positivity of targeted biopsies was 8.50 mm (7.00-11.00) vs 5.00 mm (2.50-6.50) on randomized biopsies. In 75 % of cases (n=15), the ISUP of randomized biopsies contralateral to the biopsied target was lower than the ISUP of randomized ipsilateral biopsies.

In the 10 patients with negative targeted biopsies, randomized biopsies found ISUP 1 in 90 % of cases and ISUP 2 in 10 % of cases.

Among the 9 patients for whom RB > TB with equal ISUP, mainly ISUP 1 was found (n=7, 78%), whereas ISUP 2 (n=1, 11%) and ISUP 4 (n=1, 11%) were less frequent.

Follow-up

Among the 114 patients who had positive biopsies, 32 (28.1 %) were operated. Among them, final histological results mainly found ISUP 2 (n=21, 65.6 %). ISUP 1 (n=3, 9.4 %) and ISUP 3 (n=8, 25 %) were less represented, and no ISUP 4 or 5 was found. The concordance data between the prostatectomy ISUP score and the biopsies one is summarized in Table 2.

Among the 20 patients for whom RB > TB, 5 were operated: 4 with concordant ISUP score between biopsies and final pathology (3 ISUP 2 and 1 ISUP 1), and 1 upgrade to ISUP 2 while the randomized biopsies had only found ISUP 1.

The other patients were treated with radiotherapy-hormonotherapy (n=39, 34.2 %), active surveillance (n=30, 26.3%) or with other treatment (brachytherapy, stereotaxic radiotherapy, abstention, etc. n=10, 8.8%). Three patients (2.6 %) where either lost to follow-up or awaiting a therapeutic decision at the time of writing.

RB is greater than 5 mm on a core. Even if this strategy looks relevant at first sight, it is not really relevant from a clinical point of view. Indeed, management strategy is mainly based on the higher grade detected by biopsies that determine the prostate cancer risk group according to D'Amico.

Then, does the therapeutic strategy will change if RB find ISUP 2 but targeted ones find ISUP 3?

The care decision will probably be based on the ISUP 3 grade and the detection of grade 2 in the RB would not change anything as prostate treatment remains to date a global one on the whole prostate. On the other hand, is it totally useless to detect ISUP 1 in RB if the number of positive core exceed half of the biopsies and if the target biopsy is negative? This situation represented 16/144 patients in our cohort (11%), that will indicate at least active surveillance. Does this situation belong to an overtreatment situation? We think that our definition of the usefulness of the RB enables to better integrate the therapeutic impact of biopsies but it explains the discrepancies between our results and the literature. Only Günzel et al. [START_REF] Günzel | Predictive Parameters Identifying Men Eligible for a Sole MRI/Ultrasound Fusion-Guided Targeted Biopsy without an Additional Systematic Biopsy[END_REF] to our knowledge designed their study as ours by assessing the predictors for equal/superior detection of the PCa risk group by TB compared to RB. They found a single predictive factor (free/total PSA ratio  0.15) on multivariate regression analysis of their 251 consecutive patients to select men eligible for a sole MRI/US fusion-guided targeted prostate biopsy.

Anyhow, our population was comparable to those of the main studies conducted on the subject [START_REF] Sathianathen | A clinical prediction tool to determine the need for concurrent systematic sampling at the time of magnetic resonance imaging-guided biopsy[END_REF][START_REF] Dell'oglio | There Is No Way to Avoid Systematic Prostate Biopsies in Addition to Multiparametric Magnetic Resonance Imaging Targeted Biopsies[END_REF][START_REF] Günzel | Predictive Parameters Identifying Men Eligible for a Sole MRI/Ultrasound Fusion-Guided Targeted Biopsy without an Additional Systematic Biopsy[END_REF][START_REF] Nakanishi | Who Can Avoid Systematic Biopsy Without Missing Clinically Significant Prostate Cancer in Men Who Undergo Magnetic Resonance Imaging-Targeted Biopsy?[END_REF][START_REF] Coker | Targets missed: predictors of MRI-targeted biopsy failing to accurately localize prostate cancer found on systematic biopsy[END_REF]. In particular, we observed that randomized biopsies found more non-significant cancer than targeted biopsies (62.7 % of positive biopsies for RB vs 40.4 % for TB) which is consistent with the MRI-first cohort (5) and the Ahdoot et al. one [START_REF] Ahdoot | MRI-Targeted, Systematic, and Combined Biopsy for Prostate Cancer Diagnosis[END_REF] that found, respectively, a significant higher rate of non-clinically significant prostate cancer for randomized biopsies (19.5 and 21.6%) than for targeted biopsies (5.6 and 13.7%). Moreover, 29 patients (20.1 %) had theoretical usefulness for the randomized biopsies in our study similar to the 19 % published in Günzel's one, including 13 patients (9 %) showing a significant cancer that is comparable to the published missed significant cancer by TB ranging from 5.2 to 16% [START_REF] Rouvière | Use of prostate systematic and targeted biopsy on the basis of multiparametric MRI in biopsy-naive patients (MRI-FIRST): a prospective, multicentre, paired diagnostic study[END_REF][START_REF] Dell'oglio | There Is No Way to Avoid Systematic Prostate Biopsies in Addition to Multiparametric Magnetic Resonance Imaging Targeted Biopsies[END_REF][START_REF] Nakanishi | Who Can Avoid Systematic Biopsy Without Missing Clinically Significant Prostate Cancer in Men Who Undergo Magnetic Resonance Imaging-Targeted Biopsy?[END_REF]. We also corroborated the Ahdoot et al [START_REF] Ahdoot | MRI-Targeted, Systematic, and Combined Biopsy for Prostate Cancer Diagnosis[END_REF] findings by showing that combined biopsy improves the likelihood that the biopsy findings are predictive of the true pathologic nature of the patient's disease on prostatectomy specimens. Indeed, we showed that 50% of the combined biopsies were concordant with final histopathology, that is close to the 64% reported by Ahdoot et al in their study including 404 patients with prostatectomies.

One could criticise our selection criteria. Indeed, we included some patients with a PIRADS 2 target, and others with a history of biopsy, positive or not, thus including a substantial number of patients on active surveillance (n = 44, 30.56 %). The presence of patients on active surveillance probably explains the fact that there is a non-significant association (p=0.07) between the usefulness of randomized biopsies and a personal history of prostate biopsies. Indeed, in our study, randomized biopsies seemed to be more useful for patients with a previous biopsy history than for naïve ones. This result is surprising especially in comparison with Sathianathen's study [START_REF] Sathianathen | A clinical prediction tool to determine the need for concurrent systematic sampling at the time of magnetic resonance imaging-guided biopsy[END_REF] which found that patients with a previous negative biopsy being less likely to have clinically significant cancer missed on targeted cores compared to patients undergoing primary biopsy (OR 0.19, 95% IC 0.05-0.52). However, patients on active surveillance had previous positive biopsies, most often including ISUP 1 score, which is usually found incidentally on randomized biopsies when the targeted biopsies are negative. These patients are then more likely to have useful randomized biopsies when biopsies sets are repeated.

Our population was investigated with a rigorous methodology including a same standardised MRI protocol on a single MRI tool, and a standardised prostate biopsies protocol using an elastic MRI-US fusion method. To our knowledge, we are the first to study specifically MRI parameters and in particular the peripheral off-target area, as well as the ERSPC score as predictors for the usefulness of RB. Our study emphasises the complexity of the peripheral offtarget area in prostate imaging, which is often the site of chronic inflammatory findings. Although our readers are trained in prostate imaging, inter-observer agreement is fair to good for ADC measurements (0.58 and 0.68) and for T2 signal analysis (0.49 and 0.54) of the peripheral offtarget area. This could be explained by the difference in experience between the two readers, and also by the fact that those findings are quite subjective and are not used in daily practice.

We believe that more advanced techniques especially artificial intelligence with deeplearning should be investigated in the analysis of the off-target peripheral zone in order to find predictive radiomics allowing to better identify areas of aggressive cancer to avoid randomised biopsies. As these techniques are of very recent experimentation, the majority of studies looking for prostate imaging biomarkers has focused on tumor detection. Only few studies have investigated radiomics to predict prostate cancer aggressiveness [START_REF] Liu | Prediction of prostate cancer aggressiveness with a combination of radiomics and machine learning-based analysis of dynamic contrast-enhanced MRI[END_REF][START_REF] Hectors | Radiomics Features Measured with Multiparametric Magnetic Resonance Imaging Predict Prostate Cancer Aggressiveness[END_REF] showing promising but still weak results. These new biomarkers should be the aim of further studies by defining the usefulness of the RB from a clinical point of view.

Conclusion

We were not able to show any predictive factors to select patients for whom randomized biopsies could be dropped when there was a target on prostate MRI. The combination of targeted biopsies and randomized biopsies should still be required. 
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 2 Figure 2 -Example of ERSPC 6 score calculation[START_REF]The Prostate Cancer Risk Calculators -including the 'future risk' calculator -SWOP -The Prostate Cancer Research Foundation[END_REF] 
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 3 Figure 3 -Axial T2 image.The posterior part of the prostate is between the two yellow horizontal lines, the anterior part (in red) is in front of the most anterior horizontal line.

Objectif:

  Évaluer dans quelle(s) situation(s) (clinique, biologique et IRM), les biopsies ciblées permettraient à elles seules de sélectionner le plus haut groupe à risque du cancer de la prostate pour un patient donné. Nous estimons que les biopsies randomisées ont peu d'impact thérapeutique lorsqu'elles ont un ISUP plus faible que les biopsies ciblées.Matériel et méthode: Dans une cohorte de 144 patients consécutifs ayant eu la combinaison de biopsies ciblées (technique de fusion d'images IRM/échographie) et 12 biopsies randomisées entre juin 2017 et mars 2020, nous avons recueilli rétrospectivement les paramètres cliniques (âge, toucher rectal, antécédents personnels de biopsie de la prostate, antécédents familiaux de cancer de la prostate, score ERSPC 3-4 et 6), biologiques (PSA et densité de PSA) et IRM (données quantitatives et qualitatives sur la cible principale et la zone périphérique hors cible). Deux groupes de patients ont été définis en fonction des scores ISUP obtenus sur les biopsies ciblées et randomisées, et de la longueur maximale de positivité des biopsies en cas d'ISUP égal. Nous avons effectué une analyse univariée et bivariée des variables identifiées pour prédire dans quelle situation les biopsies randomisées avaient un score ISUP inférieur aux biopsies ciblées. Des analyses de concordance inter-observateur ont été réalisées pour chaque variable. Résultats : L'âge moyen de notre cohorte était de 67 ans (IQR : 61-72) et le taux moyen de PSA était de 9,7 ng/mL (IQR : 5,5 -11). Au total, 30 patients (20.8%) n'avaient pas de cancer. Parmi les 114 patients ayant eu un cancer, 85 (74,6%) avaient un score ISUP plus élevé sur les biopsies ciblées que sur les biopsies randomisées, contre 29 patients (25.6%) dans le cas inverse. De toutes les variables étudiées, aucune n'a montré une différence significative entre les deux groupes. Conclusion : Notre cohorte ne nous a pas permis de trouver des facteurs prédictifs qui permettrait de sélectionner les patients pour lesquels les biopsies randomisées pourraient être délaissées parmi ceux ayant une cible à l'IRM prostatique. La réalisation d'une combinaison de biopsies ciblées et de biopsies randomisées devrait encore être recommandée. Mots clés : Cancer de la prostate, IRM multiparamétrique, fusion IRM-échographie, biopsies ciblées, biopsies randomisées, ISUP score.

  In a cohort of 144 consecutive patients who underwent a combination of targeted biopsies (by MRI/ultrasound fusion technique) and 12 randomized biopsies between June 2017 and March 2020, we retrospectively recorded clinical (age, digital rectal exam,

	personal history of prostate biopsy, family history of prostate cancer, ERSPC score 3-4 and 6),
	biological (PSA and PSA density), and MRI parameters (quantitative and qualitative data on the

  [START_REF] Günzel | Predictive Parameters Identifying Men Eligible for a Sole MRI/Ultrasound Fusion-Guided Targeted Biopsy without an Additional Systematic Biopsy[END_REF] randomized biopsies, between June 2017 and March 2020 at CHU Lapeyronie in Montpellier. The indication for pre-biopsy prostate MRI was: a/ before a second set of biopsies For each patient, one author (BN) looked for a family history (first degree) of prostate cancer, a personal history of prostate biopsies (positive or not), digital rectal examinations abnormalities and the PSA value. Thus, we were able to calculate the PSA density (with the prostate volume measured on MRI), and the ERSPC scores 3 and 4[START_REF]The Prostate Cancer Risk Calculators -including the 'future risk' calculator -SWOP -The Prostate Cancer Research Foundation[END_REF], which estimates the risk of having a biopsy detectable (potentially aggressive) prostate cancer according to age, PSA, prostatic volume, digital rectal examination, history of biopsies and the highest PIRADS score, and the ERSPC score 6 (figure2), which calculates a man's future risk over the next four years,

when PSA increased with a negative first biopsy; b/ during active surveillance; c/ before any first set of biopsies since 2018.

Patients were included in the study if: a/ they had at least a bi-parametric MRI including T2 and diffusion-weighted images performed in our center; b/with a  PIRADS 3 target or a PIRADS 2 target in the case of active surveillance or clinical abnormalities on the digital rectal examination; c/ and a complete biopsy procedure with targeted and 12 randomized ones.

Patients were not included in the study if: a/ the MRI had not been performed in our center, because quantitative parameters (ADC and perfusion) could not be assessed given the different MRI protocols; b/ MRI didn't include diffusion-weighted images or had significant artefacts preventing the visibility of the prostate; c/ they had not had the 12 randomized biopsies. according to age, PSA, prostatic volume, digital rectal examination, history of biopsies and family history. Finally, we collected the treatment for each patient.
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