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Added value of prostate systematic and targeted bpsy based on
multiparametric MRI in biopsy-naive patients (MRI-F IRST): a prospective

multicentre paired diagnostic study

Summary

Background

Whether multiparametric magnetic resonance ima@mgMVRI) improves the detection of clinically-
significant prostate cancer and avoids systematjasly (SBx) in biopsy-naive patients remains
controversial.

Methods

In this prospective multicentre paired diagnosticlg, we compared clinically-significant prostate
cancer detection rates obtained by SBx and tardeopsy (TBx) in the same biopsy-naive patients.
We included 275 patients{5 years, PSA20 ng/ml, stageT2c) in 16 centres. An operator blinded
to mpMRI results performed SBx by obtaining 12 egsdtic cores and up to two cores targeting
hypoechoic lesions. Another operator performed Bxargeting up to two Liker3 lesions (3
cores/lesion). The primary outcome was the pergenté patients with International Society of
Urological Pathology (ISUP) grade gromp cancer. The primary analysis was performed on the
overall population (all patients with SBx and TBesults, including patients with protocol deviatipns
The study (ClinicalTrials.gov NCT02485379) is cldde new participants.

Findings

Twenty-four patients were excluded. Fifty-three- (%) of 251 analysed patients had negative (Likert
<2) mpMRI. ISUP grade groug? cancer was detected in 94 (37-5%) of the 25&misti Thirteen
(13-8%) of these 94 patients were diagnosed bydBx 19 (20-2%) by TBx only, and 62 (66%) by
both techniques. Detection rates obtained by SBx9%, 95% confidence interval [95CI]: 24-3-36-0)
and TBx (32-3%, 95CI: 26-5-38-4) were not signifitadifferent (P=0-38). ISUP grade group

cancer would have been missed in 5-2% (95CI: Z7Bed-patients had SBx not been performed, and



in 7-6% (95CI: 4-6-11-6) of patients had TBx narbperformed. Four grade-3 post-biopsy adverse
events were reported (prostatitis, n=3; urinargmgon with haematuria, n=1).

Interpretation

SBx and TBx both showed substantial added valwttlzendetection of ISUP grade groxd cancer
was improved by combining these techniques.

Funding

French National Cancer Institute



Introduction

Multiparametric magnetic resonance imaging (mpMii3 excellent sensitivity for detecting
prostate cancer (PCa) classified as grade gr@uaccording to the International Society of Urotadi
Pathology (ISUPJ;? and is increasingly used to localise suspicios®ies before biopsyMost
current guidelines recommend pre-biopsy mpMRI itigpés with history of negative biopsy and
persistent suspicion of PGaHowever, it remains unclear whether pre-biopsy Rpshould be
performed in biopsy-naive patierits’

Two aspects should be considered when evaluategpth of mpMRI in biopsy-naive
patients. The first is the improvement in the diecof clinically-significant prostate cancer (€8,
i.e. the added value of biopsies targeting magmesionance (MR) lesions (TBx) compared to the
classical diagnostic pathway using systematic lyigB8x). The second is the added value of SBx in
prostate areas that appear normal on mpMRI.

Two prospective multicentre studies recently slgiut on these matters. In the PRECISION
study, 500 biopsy-naive patients were randomizegither SBx without mpMRI or to mpMRI with
TBx only in case of positive mpMRI and no biopsycase of negative mpMRI. The detection rate of
ISUP grade group2 cancers was significantly higher in men assignedpMRI and TBx (38%) than
in those assigned to SBx (26%; P=0.005). Howewés study did not evaluate whether combining
SBx and TBx could provide higher csPCa detectit@std The PROMIS study evaluated mpMRI and
SBx against template prostate mapping (TPM) biop$76 biopsy-naive men. The negative
predictive value of mpMRI was 89% (95% confidenaeival [95CI]: 83-94) for csPCa defined as
ISUP grade group3 or maximum cancer core length (MCCt§ mm. However, it was only 76%
(95CI: 69-82) for ISUP grade grog cancers® This suggests that TBx alone might not provide
optimal detection of ISUP grade groep cancers and that SBx might still detect some esiiSsed
by TBx.

We present herein the results of the MRI-FIRST, tagrospective multicentre study in
biopsy-naive patients that compared in the saniematthe detection rates of ISUP grade gre2ip

cancers obtained by 12-14 core SBx and 3-6 core TBx



Material and Methods

Study design and participants

The MRI-FIRST protocol was approved by an Ethicen@uttee (Comité de Protection des
Personnes Sud-Est IV, decision A-15-170) and aluioted patients provided written informed
consent. The full protocol of this trial is includl the appendix (pp 16-99).

The study was conducted in 16 centres in FrancenfiMersity hospitals, two cancer centres,
and three private hospitals) experienced in prestggiMRI and biopsy (appendix p 3). Participants
were recruited in outpatient clinics by local ugikis among patients referred for suspicion of PCa
based on elevated prostate specific antigen (P&8prmal digital rectal examination, and/or family
history of prostate cancer. Eligible men had naolnjsof prostate biopsy, were between 18 and 75
years of age, had a PSA level of 20 ng/mL or lead,a digital rectal examination that did not ssgge
extracapsular (T3) disease, were suitable candidatédiopsy of the prostate and for mpMRI, and had
no history of hip prosthesis, pelvic radiation @&Pdiagnosed on transurethral resection of the

prostate.

Procedures

All patients first underwent prostate mpMRI. Cestopuld use their routine imaging protocol
provided it was compliant with international guidels’> mpMRI was performed at 1.5T or 3T, with
an external coil, with or without an endorectal.cbhe imaging protocol included T2-weighted
imaging obtained in at least two orthogonal plajoes8sD T2-weighted imaging), axial diffusion-
weighted imaging obtained with multiple b-valuesd axial contrast-enhanced dynamic imaging
obtained after intravenous injection of a bolugadolinium chelates at a dose of 0.1 mmol/kg of
body weight (appendix pp4-5).

mpMRI interpretation was performed at the locad by a single radiologist who had access to
clinical details. There was no centralised readiefpre biopsy and local radiologists did not underg

centralised training. However, the quality of mpM&ds checked at the start of the study. The



likelihood of csPCa was assessed using 5-levelrtdaring (1: highly unlikely; 2: unlikely; 3:
equivocal; 4: likely; 5: highly likely). Becausesaore of 1 corresponded to normal prostate areas,
focal lesions received a scor2.

Transrectal ultrasound-guided (TRUS) prostate hiopss performed within three months of
mpMRI, by two independent senior operators (uratsgor radiologists) with experience in prostate
biopsy (appendix p 3), under local anaesthesidarsfdperator, blinded to mpMRI findings,
performed SBx. Two cores (one medial, one latavalk first obtained in each prostate sextant using
visual guidance. Up to two additional cores targget hypoechoic lesion could also be obtained if
needed. Then, another operator with knowledge dfiRigfindings performed TBx by targeting up to
two Likert>3 lesions, with three cores taken from each ledfahere were more than two Liker8
lesions, the two lesions with the highest Likexrss (or the largest ones if the scores were equal)
were targeted. Patients with negative mpMRI (Lik&) underwent SBx only.

Radiologists also provided the Prostate ImagingpdRing and Data System version 2 (PI-
RADSVZ)12 score of each lesion, in addition to the Likedrsc However, in case of discordance, the
Likert score was used for biopsy decision.

For TBx, centres used the guiding method correspgrd the standard of care at their
institution. Five centres used cognitive guidaridecentres used magnetic resonance/ultrasound
(MR/US) fusion (Urostation, Koelis, La Tronche, kea, n=7; Smart Fusion, Applio 500, Toshiba,
Tochigi, Japan, n=2; Percunav, Epiq, Philips, BElsg Netherlands, nzﬁ.One centre used cognitive
guidance with help of contrast-enhanced ultrasd@i€lJS) after intravenous injection of ultrasound
contrast medium (Sonovue, Bracco, Milan, ltaly) wineeded?

Adverse events occurring between patient incluaimh until one week after prostate biopsy
were reported by local investigators and gradedraatg to the National Cancer Institute Common
Terminology Criteria for Adverse Events, versio8.4.

All biopsies underwent centralised review by anpathologist (FML) with 12 years of
experience; SBx and TBx were reviewed separatalyimmrandom order. In each case, the MCCL and
highest ISUP grade group were assessé¢hen the grade group was different from that regzbby
the local pathologist, biopsy findings were revievioy a third uro-pathologist (MDP) who had 13
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years of experience. The final grade group was tleeided by consensus. The results of centralised
reading were used in the rest of the study. Patihb withdrew their consent were excluded from the
analysis, as were those for whom centralised reditidings for SBx and TBx were not available (i.e.
patients who did not undergo mpMRI or prostate §yopatients for whom biopsy slides were not
received for centralised reading, or patients foom systematic and targeted cores were not clearly

labelled for central reading).

Outcomes

Three csPCa definitions based on the 2014 ISURifitztion' were used: grade groa
tumours (csPCa-A), grade group 1 tumours with MGGLmm or grade group2 tumours (csPCa-B),
and grade group3 tumours (csPCa-C). The primary outcome critewas the detection of csPCa-A.
The secondary outcome criteria were the detecti@s®Ca-B and of csPCa-C, and the detection of

non-significant PCa (ISUP grade group 1 cancers Mi€CCL <6 mm).

Statistical analysis

The total prevalence of csPCa-A detected by at s of the two biopsy strategies was
assumed to be 25% We also assumed that 30% of csPCa-A would be t@etdy TBx only, and 6%
by SBx only*’ Thus, expected probabilities to detect csPCa-ABy only and SBx only were 7-5%
and 1-5% respectively (9% of discordant pairs).olding to these parameters, the sample size
needed to conclude to a significant difference \aithilateral alpha risk of 5%, power of 90%, and
using a McNemar test for paired data, was 225 pigtid o account for protocol deviations, we
anticipated the inclusion of 275 patierthe sample size was computed using nQuery software,
version 5.0.

The primary analysis was performed on the oveguypation (i.e. all patients for whom the
results of SBx and TBx were available for centeading, including patients with protocol
deviations); analysis of the per-protocol populafjoe. after exclusion of protocol deviations) was
also performed. Outcomes were presented accorditigetStandards of reporting for TBx studies

(START) guidelines® Characteristics were described using medians datduartile ranges for



guantitative characteristics, and absolute andivelfrequencies for qualitative characteristics.
Percentages of patients with csPCa-A detected byaf8 SBx were estimated with their 95CI
obtained using the Clopper-Pearson exact method@ngared using the McNemar test with
continuity correction. The added value of TBx afgkS.e. the proportion of patients with csPCa-A
respectively detected by TBx only and by SBx onlgre presented with their 95CI. Similar analyses
were performed for secondary outcomes.

Percentages of patients with csPCa-A were also amedpgn subgroups stratified according to
clinical stage, PSA level, prostate volume, and fBidance. For these subgroup comparisons, the
exact McNemar test was used when the expected muwhdescordant pairs was too small. All
analyses were performed using R software versi®2 8R Foundation for Statistical Computing,
Vienna, Austria). Statistical significance was defi by P<0.05. The study is registered on

ClinicalTrials.gov, identifier NCT02485379.

Role of the funding source
The funder had no role in study design, data ctie@and analysis, or writing of this paper.
The corresponding author had full access to altiita and the final responsibility to submit for

publication.

Results

Patient characteristics

From 15 July 2015 to 11 August 2016, 275 men watkided. Central reading results of SBx
and TBx were available for 251 patients (overafpuydation; Table 1) including 27 patients with
protocol deviations (Figure 1).

Thirty-six patients had no lesion on mpMRI (Tab)elth the others, 321 lesions were
described; the Likert and PI-RADSv2 scores wouldehgelded a concordant biopsy decision in 293

(91-3%) lesions (appendix p 6).



In 41 patients, one (n=20) or two (n=21) additior@les were obtained in hypoechoic lesions.
The total number of SBx cores was 3070 (mean: &¢@r&s per patient).

Eight patients with a Likert score of 2 underweBXT Thus, only 45 patients with negative
(Likert <2) mpMRI underwent SBx without TBx. In the othe286 lesions were targeted. The total
number of TBx cores was 810 (mean: 3-2 cores fi@mnpa

There was discordance between local and centrdlisgdy reading for the presence of

csPCa-A in 15 (6%) of the 251 patients for SBx &r{d8-9%) of the 206 patients for TBx (appendix

pp 7-8).

Primary outcome

csPCa-A was detected in 94 (37-5%) of the 251 mati©f these, 13 (13-8%) were detected
by SBx only, 19 (20-2%) by TBx only, and 62 (66%)dwth techniques (Table 2). csPCa-A detection
rates obtained by SBx and TBx were not signifigadifferent (P=0-38). csPCa-A would have been
missed in 5-2% (95CI, 2-8-8-7) of patients had &&»een performed, and in 7-6% (95ClI, 4-6-11-6)

of patients had TBx not been performed (Table 3).

Secondary outcomes

csPCa-B was detected in 105 (41-8%) and csPCa&& (B1- 1%) of the 251 patients. csPCa-
B detection rates obtained by SBx and TBx weresigstificantly different (P=0-26); csPCa-C
detection rates obtained by SBx were significalutlyer than those obtained by TBx (P=0-0095;
Table 3). Non-significant PCa was detected in 3&pts (22-3%); its detection rate was significantl

higher for SBx (19-5%, 95CI: 14-8-25-0) than foixTB- 6%, 95CI: 3-1-9-2; P<0-0001).

Additional findings

SBx detected csPCa-A in 5 (11-1%) of the 45 pttieith negative mpMRI who did not have
TBx. SBx also detected csPCa-A missed by TBx i8-8%) of the 206 patients undergoing TBx
(Table 2). Of those 8 patients, 5 had a Lik&esion in the sextant that showed the most piyera
findings at SBXx, 2 in an adjacent ipsilateral setand 1 in a non-adjacent ipsilateral sextants TB
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guidance method was cognitive guidance in 4 patjdiR/US fusion in 3 patients and CEUS
guidance in 1 patient.

The csPCa-A detection rates obtained by TBx and&&he not significantly different in any
of the analysed sub-groups (Table 4). Additionapbies targeting hypoechoic lesions detected
csPCa-A missed by systematic cores in only onemiafappendix p 9).

Results of targeted and systematic biopsy accotditige patients’ Likert score are presented
in Table 5. TBx found csPCa-A in 12 (12%) of thel@8ons with a Likert score of 3, in 30 (29%) of
the 103 lesions with a Likert score of 4, and in(B4%) of the 73 lesions with a Likert score of 5
(appendix p 10). TBx also found csPCa-A in 53 (2t¥#dhe 194 lesions 15 mm and in 44 (48%) of
the 92 lesion >15 mm (appendix p 11). Biopsy resuiittained in each centre are detailed in the
appendix (p 12-13). Four grade-3 adverse eventsrat within the week following prostate biopsy

(prostatitis, n=3; urinary retention with haemadyin=1).

Per-protocol analysis

Analysis in the per-protocol population yieldedults similar to those found in the overall
population (appendix pp 14-15). Detection ratesioled by SBx and TBx were not significantly
different, either for csPCa-A (31- 7%, 95CI: 25- 7A8/ersus 34-4%, 95CI: 28-2-41-0; P=0-38) or for
csPCa-B (34-8%, 95CI: 28-6-41-5, versus 37-5%,: 28C1-44-2; P=0-40). SBx detected csPCa-C in
significantly fewer patients (15-2%, 95CI: 10- 7@than TBx (21%, 95CI: 15-8-26-9; P=0-0036)
and non-significant PCa in significantly more pat#&(20%, 95CI: 15-26) than TBx (5- 8%, 95CI: 3-1-

9-7; P<0.0001).

Discussion

In the present study, TBx did not significantlyperform SBx for detection of ISUP grade
group>2 tumours (defined herein as csPCa-A; primary diyecnor grade group 1 tumours with
MCCL >6 mm or grade group2 tumours (csPCa-B; secondary objective), but th lbases detection

rates were improved when SBx and TBx were combil8a, however, detected significantly more
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grade group3 tumours (csPCa-C secondary objective) and sagmifly fewer grade group 1 tumours
with MCCL <6 mm (non-significant PCa, secondaryeative).

Several important methodological choices were niadiee design of the present study. SBx
and TBx were assessed in the same patients, whatagtees the comparability of groups and allows
to separately evaluate the added value of TBx &)y analysing discordant pairs. Furthermore,
each centre was free to use its routine mpMRI adtfprovided it was compliant with international
guidelinesy and targeting method. This induced heterogeneitiié data but better reflects routine
practice. However, there was a centralised reviepathological slides to reduce as much as possible
the interobserver variability of the reference.t¥ge did not use the PI-RADSV2 to trigger TBx
because this score was launched at the beginnia@l&f and was not fully evaluated at the starhef t
present study; we therefore preferred to use tkertscore that, despite being subjective, is gison
predictive of biopsy findings-*®**The two scores showed highly concordant findiags] using the
PI-RADSvV2 score would have had little impact onplsipdecision. It remains unclear whether a
positivity cut-off score of 3 or 4 should be usedrigger TBx*° we chose a cut-off of 3 rather than 4
to improve the sensitivity of TBx and assess thenesof lesions with a Likert score of 3.

Because there is no consensus on the nfaftane used three definitions for csPCa. This
allows evaluation of the added value of SBx and &Bposs a panel of tumour aggressiveness, which
was based mainly on ISUP grade groups. The usea€£IMin csPCa definitions is debatable since a
given MCCL derived from SBx cores corresponds, wrage, to a larger tumour volume than that
derived from TBx cores. This was therefore useg éml secondary objectives, with the view to
separate large and small low-grade tumours.

The finding that TBx did not diagnose ISUP gradeugr>2 tumours (csPCa-A herein) in a
significantly greater proportion of patients thaBxSdoes not mean that pre-biopsy mpMRI is not
useful to improve grade grogj2 tumour detection. Indeed, a third of these weteated by only one
biopsy technique; it would have been missed in 706%e patients had TBx not been performed, and
in 5-2% had SBx not been performed. This suggkatgietection of such tumours is improved when
SBx and TBx are combined. A similar situation wasrfd for the wider definition of csPCa that also

included ISUP grade group 1 with MCG6 mm (csPCa-B herein), but for the most aggredsivas
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(ISUP grade group3, csPCa-C herein) the added value of SBx was matgihus, using mpMRI as
a triage test (no biopsy when mpMRI is negativex ®Bly when mpMRI is positive) may be a valid
approach, but only for diagnosing highly aggressiveours. Per-protocol analysis, performed after
exclusion of patients with protocol deviations, wkd similar results.

Subgroup analysis did not identify any factor watBubstantial impact on the difference in
detection rates between TBx and SBx. In partictifeate was no clear difference between the results
of centres using cognitive guidance and those UdIRYJS fusion guidance. A recent meta-analysis
also failed to find significant difference betwemgnitive guidance and MR/US fusion guidafte.
Interestingly, among the eight patients with pesitnpMRI in whom SBx detected ISUP grade group
>2 tumours missed by TBXx, five had a suspicious E&tn in the sextant in which SBx found grade
group>2 tumour. This suggests that, at least for thesedatients, TBx may have missed (or
undersampled) the target. The precision of guidieghods under routine conditions of use has been
seldom evaluatédiand is probably still suboptimal considering tiee ©f targeted lesions. Herein,
only three targeted cores per lesion were obtaimedzasing the number of cores taken per targgt ma
have partially compensated the guiding imprecisiod improved TBx resulfs.The proportion of
csPCa-A detected by TBx was substantially greatérsions >15 mm (48%) than in lesiorb mm
(27%). This difference could be due to high-gragecers being larger than benign lesions or low-
grade cancers, as suggested by recent comparisthngrastatectomy specimefisit could also be
partly explained by small high-grade cancers beioge likely to be missed by TBx.

One centre used CEUS for TBx guidance. Althougmpsing results with this method have
been found; it is still investigational and may be difficuti teproduce. The decision to allow this
guidance method in the protocol was part of ougmatic approach that aimed to evaluate routine
practice thus avoiding selection bias by letting ¢kntres use the targeting technique they werk use
to. If the protocol had forbidden CEUS guidance, ¢bntre using this method in routine practice
might have been inclined to include only patient®wvere likely to have large lesions (e.g. patients
with positive digital rectal examination), whiledq@ng the others outside the protocol to be fraesto

CEUS. We believe such selection bias, which igaliff to detect, can cause large discrepancies
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between results obtained in trials and in real-lfewever, only eight patients had CEUS guidance
and this is very unlikely to have changed the teguiesented herein.

In the present study we observed a difference 4fp2rcentage points between the ISUP grade
group>2 tumour detection rates obtained by SBx and TBx¢kvis markedly inferior to that reported
in the PRECISION stud}f. Both trials included experienced academic andamademic centres and
used a pragmatic approach by allowing centresedhesir routine mpMRI protocols and targeting
methods. Furthermore, in both trials, the numbegyadifents was calculated to achieve a statistical
power of 90%. The populations included were algtlar in terms of age (median: 64 versus 64-4-
64-5 years), PSA level (6-5 versus 6-5-6-75 ng/amg,prostate volume (50 versus 43-7-46 cc).
However, the proportion of patients with abnormigitdl rectal examination was higher in the
population of the present study (30- 7% versus B4)1%hich may explain the lower proportion of
patients with negative mpMRI (21- 1% versus 28- 3l the higher proportion of patients with
highly suspicious lesions (Likert/PI-RADSV2 scofebp26- 2% versus 21-4%). Herein, the mean
number of cores taken per patient was greaterBar($2- 2 versus 11-2) and lower for TBx (32
versus 3-8). It is unlikely that the greater numifesystematic cores per patient explains the highe
detection rate obtained by SBx herein, since aalthlisamples obtained in hypoechoic lesions
detected additional ISUP grade gratihtumour in only one patient. However, the lowember of
targeted cores per patient could explain the faattthe detection rate obtained by TBx was lower in
the present study. Indeed, the biopsy of a maxirobitwo suspicious lesions per patient with a
maximum of three targeted cores per lesion wasvallian the present study, compared to a maximum
of three suspicious lesions with up to four tardeteres per lesion in PRECISION. Given the
imprecision of targeting methods discussed abdwe nay have been of importance. Further studies
are necessary to assess the optimal number ofdédrgeres as a function of the lesion size and
prostate volume.

Although adding SBx to TBx improved the detectidrtsPCa in the present study, it also
significantly increased the detection of patienithww-volume and low-grade tumours, which may

induce over-treatment. This is in accordance withresults of PRECISION.
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Taken together, the results presented hereintense tof the PRECISION trial strongly
suggest that TBx have added value in biopsy-natemts and improve csPCa detection. However,
the results of the present study do nuance thdtsasfithe PRECISION trial. First, the added vahfie
TBx seems dependent on the definition of csPCarnihadls to be standardized. Second, the added
value of SBx may still be substantial in patientslergoing TBX, at least for the diagnosis of ISUP
group grade2 cancers, and therefore the conditions under wliek could be safely avoided in
patients who underwent pre-biopsy mpMRI remaindaléfined. Third, the minimal number of
targeted cores ensuring accuracy for TBx needs tefined. It also should be noted that, for tmeeh
definitions of csPCa used, the added values of (8B%6-0%) and TBx (6-0-9-2%) were moderate as
compared to prevalences (21-1-41-8%) and thatrthadt on patient survival of improved csPCa
detection is yet to be evaluated.

The present study does have limitations. FirstCesiay have been missed by both TBx and
SBx in some patients. We did not use TPM biopsyetesence standard because it needs
spinal/general anaesthesia, which may have disgedrsome patients and induced a selection bias.
Furthermore, we were interested in assessing whpthebiopsy mpMRI could improve csPCa
detection as compared to the current standardreftbat is transrectal ultrasound-guided SBx artd no
TPM biopsy. Second, the performance of TBx mightehaeen reduced by SBx-induced bleeding
artefacts and gland swelling. However, these artefare usually mild. Third, all the study centnes
experience in prostate mpMRI and biopsy, and twires included over a third of the overall
population, which limits the generalisability okthesults. Assessing the inter-observer agreement i
mpMRI interpretation was beyond the scope of thug\s Nonetheless, an ancillary study evaluating
the cross-reading of the mpMRI of 100 study pasidmyt radiologists of varying experience is planned
for the future. Fourth, we have no follow-up daiapatients. Fifth, risk-calculators, that may help
select patients for biopsywere not used and their impact on the resultsatammassessed. Similarly,
whether clinical parameters and/or biomarkers (icRSA density) can predict the patients who may
benefit from TBx (or SBXJ*’ remains outside the scope of this study but aestifijpr future research.
Sixth, cost-effectiveness and feasibility of obtagnpre-biopsy mpMRI in all patients referred for

biopsy were beyond the scope of this study.
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In conclusion, there was no significant differebeéween the detection rate of ISUP grade
group>2 tumours obtained by SBx and TBx, but analysidiéordant pairs suggests that tumour
detection was improved when SBx and TBx were cogethiand thus that the addition of mpMRI
information does improve csPCa detection. Analggsecondary outcome data suggests that SBx

could be omitted only for the detection of ISUPdgaroup>3 tumours.
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Tables

Table 1: Patient characteristics (overall populatio)

N=251

Median age (interquartile range)

64 years (59-68)

Median prostate-specific antigen
(interquartile range)

6-5 ng/mL (5-6-9-6)

Median prostate volume
(interquartile range)

50 cc (38-63)

Tic 172 (68-5%)
T2a 54 (21-5%)

Digital rectal examination T2b 17 (6-8%)
T2c 6 (2-4%)
Missing data 2 (0-8%)
1 (no lesion) 36 (14-3%)
2 17 (6-8%)

Likert score 3 60 (23-9%)
4 72 (28-7%)
5 66 (26- 2%)

20



|%4

"SUOIS3| Z FRYUO pey 8 ‘Xgl uamiapun oym syuaned Buowy (2)

'xgs Ajuo Juamiapun (gEx11) 14Ndw aanebau yum sjuaned (1)

TG¢

[elol

| X4

<99
dnsil

6¢

€909
dnsil

T€

¢99
dnsili

4" [40)» 174 [exlol

7O dNSl

€99 dNsl

¢99 dNsl

ww 9<1O0N
‘TO9 dNSl

Xds
Jww

g:ww €] 3 100N
‘T99 dNSI

ww €>T00IN
‘TO9 dNSl

0

1% 9/ (A anssn ubluag

wul

9<T102IN
‘T99 dNSlI

Jww 9w
€l 2100
‘TO9 dNSI

wwl
9NSSI
£> 100N pron  ollndw
199dnsl anrebau)

@XdL

Xd1 ON

(uoneindod |jesandsdoiq parabiel pue 211eWIISAS JO S)NSaY 2 d|qel



44

‘dnoib apelb £fippd [e2160]j0iN Jo A18190S [eUONRUIBIU| (99 dRgiew! aouruoSal Jnaubew oawelednnw e usas

uoisa| e Bunabie) saisdolq :xg] ‘uoiss| sloyapeddunabie) saisdoig pue saisdolq anewslsAs X@gbew aouruosal anaubew daweredninw jgndw
's|199 pal fayekind “Yuid Ag pareaipul are (g-eDds9) sinown gihoub apelb 4dNS| yum 1o ww

67O DIN) Yi1bua| 2109 J9oued wnwixewngunowny T dnoib apeib 4NS| yum suaned ‘pgapue ajdind Ag paredipul are (Y-eDds92) sinown) g<dnoub

apelb dNS| Yyummdas| 2o pal Agq paredlpul are (D-eDds2) sinown) gihoub apeib (dNS|) Abojaygieoi6ojoin Jo A18190S [euoneUISIU| YIM Slualed



e

‘BuiBbewr aoueuosal Jnaubew JaedyINW 1B usas uoisa| e Bunabire) saisdoiq :KMgipd| dlo0ydsaodAy e Bunabirel saisdoiq pue saisdoiq

2eWBISAS :Xgs ‘Yy1bua| 2109 Jaoued [ewixew ) ‘ABojoyred eaibojoin Jo A18100S [euoneulagms| 1aoued arelsold jueayiubis Ajediund :eDdso

auole xgs Ag pue xg] + XgS paulquiopaigeiqo a1el uonosiap ayl usamiaqg asualayiq ()

auofe xg1 Aq pue xg] + XgsS paulquiopsigelqo ares uonodalesp ay) usamiag asualayiq (2)

'Xgl pue xggatoelqo sajel uondalap ayl Burredwod anjen-d (1)

(L'6¥°€) 09 (7-€1-6'G) 2'6 (9-T1-9'%) 9°2 &4 Jo anfeA pappy
(G-ez0eT (L-67°€) 09 (L-8-82) ¢S XdS JO anfeA pappy
(L-92-219T% (z-8%-1-G€) 8-T¥ (8-¥-v-T€) G-L€ Xgdl + Xgs
G&E-ST) 66T (T-2¥-6-62) 6-G€ (r-8e-G-92) £-2¢€ Xd.l
G600-0 9Z-0 8¢-0
(2-02-6-0T) T-GT (6-8€-6-92) L-2€ (0-9g-£-¥2) 6-62 xgs
(rens@1ul @2UBPLUOID 94HG6) (rens@1ul @2UBPLUOD 94G6) (rens@1ul @2UBPLUOD 94G6)

abejusdlad abejusdlad abejuadlad

( v (9-e0dsd) ww ( v

J-B8DdS? 7 im T dnoub apelb 10 V-80dSsd

ad ednoib apeib 4NS| (ad FROON M T Peib dnsi ad z@nouib apeib dNS|

zdnoub apeib 4dNs|

(uonendod |resa) ABarens Asdoiq ay) 01 Buipiodde Jasued arelsoidiuesiiubis-Ajealuld Jo salel uonoalaq € a|qel



Table 4: Detection rates of csPCa-A according toioical stage, PSA level, prostate volume, and

guidance method used for targeted biopsy (overallgpulation)

SBx TBx g
Percentage Percentage
Nb Pts” _ g_ , g,
(95% confidence interval) (95% confidence interval)
Tic stage 172 22-7% (16-6-29-7) 25-6% (19-2-32-8) -40 0
T2a-c stage 77 46-8% (35-5-58-5) 48-1% (36:5-59-7) 1
PSA <10 ng/mL 195 26-2% (20-1-32-9) 28-7% (22-6)35- 0-42
PSA>10 ng/mL 56 42-9% (29-7-56-8) 44-6% (31-3-58-5) 1
Prostate volume&50 mL 121 40-5% (31-7-49-8) 42-1% (33-2-51-5) 0-82
Prostate volume >50 mL 114 16-7% (10-3-24-8) 21(184R29-7) 0-18
Centres using cognitive ;59 32.1% (23-5-41-7) 33-9% (25-1-43-6) 0-79
guidance
Centres using MR/US 134 27-6% (20-2-36-0) 30-6% (22.9-39-1)  0.45

fusion guidance

(1) missing data in 2 patients for clinical stagd @& 16 patients for prostate volume; 8 patients i
whom targeted biopsies were performed under cdrgrdsanced ultrasound guidance were excluded
from the cognitive guidance versus MR/US fusiordguice subgroup analysis.

(2) P value comparing the detection rate obtaine8&x and TBx in each subgroup

Nb Pts: Number of patients; SBx: systematic bigpaied biopsies targeting a hypoechoic lesion;
TBx: biopsies targeting a lesion seen at multip&taicmagnetic resonance imaging; PSA: prostate
specific antigen; csPCa-A: clinically significarbptate cancer defined as tumours with an

International Society of Urological Pathology grapeup>2.
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Captions for figures

Figure 1: STARD flow diagram
mpMRI: multiparametric magnetic resonance imagBigx: systematic biopsies and biopsies
targeting a hypoechoic lesion; TBx: biopsies tangea lesion seen at multiparametric
magnetic resonance imaging; csPCa: clinically-$iggmt prostate cancer; MCCL: maximum
cancer core length; ISUP: International Societyaflogical Pathology.
(1) Some patients had more than one major deviétidal number of 33 major deviations in

27 patients)

Research in Context

Evidence before this study

We searched PubMed for publications in EnglishrenEh using the search terms “prostate cancer”,
“MRI", “prostate biopsy”, “systematic biopsy”, arfthrgeted biopsy”. When the present study was
designed (2013), there was no prospective randahtiizd comparing systematic and targeted biopsy
in biopsy-naive patients. At least three systematicews published in 2014 and 2015 suggested that
targeted biopsy detected more clinically-significarostate cancer (csPCa) than systematic biopsy.
However, one of these reviews showed that the ivgonent in csPCa detection due to targeted
biopsy was substantial in patients with historypebr negative biopsy but was only marginal in
biopsy-naive men. At least five prospective sirggaire randomized trials published between 2015
and 2017 gave contradictory results as to whethaobtargeted biopsy could improve csPCa
detection in biopsy-naive patients. The prospectiuéticentre PROMIS study, published in 2017,
evaluated multiparametric MRI (mpMRI) and systemmaibpsy against template prostate mapping
biopsy in biopsy-naive men and showed that mpMHR significantly more sensitive than systematic
biopsy in detecting csPCa defined as InternatiSoaiety of Uropathology (ISUP) grade groe®
tumours or tumours with maximum cancer core leagtinm. The prospective multicentre
PRECISION study, published in 2018, randomized $yapaive men to either systematic biopsy
without mpMRI or to pre-biopsy mpMRI with no biop#gythe mpMRI was negative and only targeted
biopsy if the mpMRI was positive. The detectioreraf ISUP grade groug2 tumours was

significantly higher in men assigned to mpMRI aadyeted biopsy than in those assigned to
systematic biopsy. In contrast, the detection o&tdinically insignificant tumours (ISUP grade gim

1 tumours) was significantly higher in patientsigised to systematic biopsy.
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Added Value of this study

Rather than randomizing patients to either systensatargeted biopsy, we chose to perform both
biopsy techniques in the same biopsy-naive mers dilowed to separately evaluate the added value
of systematic and targeted biopsy by analysingoddant pairs. The results of the present study
nuance the results of the PRECISION trial. Indeezlfound that both systematic and targeted biopsy
had substantial added value in detecting ISUP ggaolgp>2 tumours since a third of these were
detected by only one biopsy technique. The addkeb\af systematic biopsy was marginal only for
the detection of ISUP grade groap tumours. As in the PRECISION trial, targeted Biypgetected in
the present study significantly fewer low-volumevigrade tumours than systematic biopsy.
Implication of all the available evidence

Both MRI-FIRST and PRECISION trials suggest thati® could be safely used as a triage test for
the detection of ISUP grade gro®p cancers, and that targeted biopsy has added iveibe

detection of ISUP grade grom2 cancers. The use of targeted biopsy alone cadcbdse the
detection of non-significant prostate cancer, hatadded value of systematic biopsy may still be
substantial for the detection of ISUP grade greRancers that may be optimised when both
approaches are combined. Further research is néeéedluate the influence on targeted biopsy
accuracy of the number of targeted cores that axasrl on average in the present study than in the
PRECISION trial.
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Will individual participant data be available (including data dictionaries)?Yes

What data in particular will be shared?
Individual participant data that underlie the résuéported in this article, after deidentificatioext,
tables, figures, and appendices).

What other documents will be available?
Study Protocol, Statistical Analysis Plan, Analy@iode

When will data be available (start and end dates)?
Beginning 9 months and ending 36 months followirtgcle publication.

With whom?
Investigators whose proposed use of the data lesdggproved by an independent review committee
(“learned intermediary”) identified for this purpas

For what types of analyses?
To achieve aims in the approved proposal.

By what mechanism will data be made available?

Proposals should be directed to olivier.rouvieret@mgrier.com. To gain access, data requestors will
need to sign a data access agreement.
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Included patients

n=275
Excluded (n=9)
- Withdrawal of consent (n=3)
- Lost to follow-up (n=1)
| - History of prior negative biopsy (n=2)
- Age >75 years (n=1)
v - Contraindication to mpMRI (n=2)
mpMRI
n=266
Excluded (n=14)
- Withdrawal of consent (n=7)
- Lost to follow-up (n=2)
ol - Diagnosis of colorectal cancer (n=1)
- PSA level > 20ng/mL (n=1)
- SBx not performed (n=2)
v - TBx performed after 3 months following mpMRI
(n=1)
SBx and TBx biopsy
n=252

Excluded (n=1)

VL - Pathological slides lost (n=1)

Pathological central review
n=251

OVERALL POPULATION
n=251

94 patients with csPCa-A (ISUP grade group 22)

(13 diagnosed by SBx only, 19 by TBx only and 62 by both)

105 patients with csPCa-B (ISUP grade group 22 or ISUP grade group 1 with MCCL 26 mm)
(15 diagnosed by SBx only, 23 by TBx only and 67 by both)

53 patients with csPCa-C (ISUP grade group 23)

(3 diagnosed by SBx only, 15 by TBx only and 35 by both)

56 patients with non-significant Pca (ISUP grade group 1 with MCCL <6 mm)

(42 diagnosed by SBx only, 7 by TBx only and 7 by both)

Major protocol deviations (n=27)

- Incorrect date on consent form (n=1)

- History of prior negative biopsy (n=2)

- mpMRI and SBx performed by the same operator (n=13)
- SBx and TBx performed by the same operator (n=3)

v - Likert 2 lesion targeted at TBx (n=10)

\ 4

- Two lesions Likert 23 but only one targeted at TBx (n=4)

PER-PROTOCOL POPULATION
n=224

90 patients with csPCa-A (ISUP grade group 22)
(13 diagnosed by SBx only, 19 by TBx only and 58 by both)

99 patients with csPCa-B (ISUP grade group 22 or ISUP grade group 1 with MCCL 26 mm)
(15 diagnosed by SBx only, 21 by TBx only and 63 by both)

49 patients with csPCa-C (ISUP grade group 23)
(2 diagnosed by SBx only, 15 by TBx only and 32 by both)

51 patients with non-significant Pca (ISUP grade group 1 with MCCL <6 mm)

(38 diagnosed by SBx only, 6 by TBx only and 7 by both)






