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Abstract

Objective: To assess the current ability of atypical small acinar proliferation (ASAP), multifocal high-grade prostatic intraepithelial neo-

plasia (mHGPIN), HGPIN with atypia (PINATYP) and other non-malignant lesions to predict clinically significant prostate cancer (csPCa)

in repeat prostate biopsies.

Methods: This retrospective study analyzed 377 repeat prostate biopsies, carried out between 2.014 and 2.017, and excluding those with

previous PCa or 5-alpha reductase inhibitors treatment. ASAP, mHGPIN, PINATYP, prostatic atrophy, prostatic hyperplastic atrophy, pro-

liferative inflammatory atrophy (PIA), chronic prostatitis, acute prostatitis, or granulomatous prostatitis, were prospectively reported after

12-core transrectal ultrasound (TRUS) systematic negative previous biopsies. 3T-multiparametric magnetic resonance imaging (mpMRI)

was performed previous repeat biopsies. At least 2-core TRUS targeted biopsies of Prostate Imaging-Reporting and Data Systemv2 lesions

≥3, and/or 12-core TRUS systematic biopsy were performed in repeat prostate biopsies. The main outcome measurements were csPCa

detection, which was defined when the International Society of Uro-Pathology group grade >1 and avoided biopsies. After logistic regres-

sion analysis the most efficient model was selected, nomogram was designed with internal validation, and clinical utility was analyzed.

Results: Normal benign tissue alone was present in less than 2% of previous negative biopsies. mHGPIN (39.7%), ASAP (4.3%) and PINA-

TYP (3.7%) failed to predict csPCa risk in repeat biopsies. The finding of PIA (38.2%) associated with a decreased the risk of csPCa with an Odd

ratio of 0.54 (95% confidence interval: 0.31−0.95), P= 0.031. The area under the curve, to predict csPCa, of mpMRI was 0.736, increasing up to

0.860 (95% confidence internal:0.82−0.90) when PSA density, age, digital rectal examination, and differential PSA between biopsies and PIA

finding were integrated in a predictive model. At 6% threshold, more than 20% of repeat prostate biopsies were saved without missing csPCa.

Conclusion: Currently, mHGPIN in negative prostate biopsy seems not able to predict the risk of future csPCa. The low incidence of

ASAP and PINATYP, in our series, did not allow us to draw conclusions. PIA finding associated with a reduced risk of csPCa, and it could

be integrated in a useful based-mpMRI predictive nomogram. � 2020 Elsevier Inc. All rights reserved.
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1. Introduction

Prostate cancer (PCa) suspicion continues to be based

on serum prostatic specific antigen (PSA) measurement

and digital rectal examination (DRE). However, diagnos-

tic confirmation is carried out on prostate biopsy. This

strategy entails a high rate of unnecessary prostate biop-

sies, and it results in overdetection of insignificant PCa [1].

Mitigation of these inconveniences has been attempted

through the use of complementary tools, especially new

markers, but the challenge to increase the specificity of PSA

and its sensitivity for clinically significant PCa (csPCa) still

exists [2]. Multiparametric magnetic resonance imaging

(mpMRI) has recently proven to be useful for csPCa early

detection, by reducing unnecessary biopsies and overdetec-

tion of insignificant PCa [1]. This contribution is due to its

high negative predictive value and its ability to enable targeted

biopsies of suspicious lesions [3]. Nevertheless, the efficacy of

mpMRI can still improve by using predictive nomograms

integrating additional independent predictors [4,5]

Men suspicious of having PCa due to a previous finding

of atypical small acinar proliferation (ASAP), multifocal

high-grade prostatic intraepithelial neoplasia (mHGPIN) or

HGPIN with atypia (PINATYP), are candidates to repeat

prostate biopsy [1]. The ability of these non-malignant

lesions (NMLs) to predict the risk of csPCa detection have

been little analysed in the current era, in which mpMRI and

targeted biopsies are recommended [6]. Even more, some

evidence suggests other NMLs may be associated with the

risk of future csPCa. Specifically, proliferative inflamma-

tory atrophy (PIA), an atrophy with proliferating basal cells

in the setting of chronic inflammation, which was initially

described as a preneoplastic lesion where a methylation of

GSTP-1 would lead to its transformation in HGPIN [7].

Jointly with chronic inflammation and atrophy, PIA seems

to be associated to a decreased risk of future csPCa [7,8].

The main objective of this study was to analyse the cur-

rent ability of the most common NMLs, found in previous

negative prostate biopsies, to predict the risk of csPCa

detection in repeat prostate biopsies. Secondarily, if any

NML would be found to be independent predictor of csPCa

detection, it will be integrated in a mpMRI-based predictive

nomogram, sharing also other independent and no cost

added predictors.
2. Material and methods

2.1. Study design, setting, and participants

Retrospective analysis of 377 repeat prostate biopsies,

performed between January 1, 2014 and December 31, 2017

in the PCa early diagnosis program of an academic institu-

tion. Men undergoing 5-alfa-reductase inhibitors treatment

were previously excluded as well as those with previous

PCa. All previous negative biopsies were carried out with

a 12-core transrectal ultrasound (TRUS) systematic biopsy
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scheme. This review was approved by our local ethical

comity (PRAG-317/2017).
2.2. Intervention

The finding of ASAP, mHGPIN, PINATYP, prostatic

atrophy, prostatic hyperplastic atrophy, PIA, chronic prostati-

tis, acute prostatitis, and granulomatous prostatitis, were per-

protocol prospectively reported in previous negative prostate

biopsies. Prerepeat biopsy 3T-mpMRI was always performed

in our institution, and additionally to systematic biopsy,

targeted prostate biopsies were obtained when PIRADS

≥3 lesions were identified.
2.3. mpMRI protocol

MR scans were acquired on a 3-T scanner (Magneton

Trio, Siemens Medical Solutions, Erlangen, Germany)

using a standard surface phased-array coil. The acquisition

protocol included T2-weighted imaging, diffusion-weighted

imaging, and dynamic contrast enhanced imaging, accord-

ing to the European Society of Urogenital Radiology

guidelines [9]. Two radiologists, with more than 300 pros-

tate mpMRI previous experience (S.R. and R.M.), reported

according to the Prostate Imaging-Reporting and Data

System v2 (PI-RADSv2) classification prospectively since

November 2015, and retrospectively before this date

by reclassifying mpMRI findings from PI-RADSv1 into

PI-RADSv2 [10].
2.3. Criteria for repeat prostate biopsies

European Association of Urology PCa guidelines recom-

mendations were followed [1]. However, individualized

decisions were taken between men and their physicians.

Persistence of PCa suspicion was defined as increased or

persistently high serum PSA and/or persistent or newly

found abnormal DRE. In men with previous isolated ASAP

or PINATYP, repeat prostate biopsy was scheduled 6 months

later than the negative biopsy. When mHGPIN was the only

suspicion of PCa, repeat biopsy was scheduled between

1 and 3 years later [1].
2.4. Repeat prostate biopsy protocol

Repeat prostate biopsies were performed by an expert urol-

ogist (A.C.) with at least 2-core TRUS-MRI cognitive-fusion

targeted biopsies of each PI-RADSv2 ≥3 lesion, until a maxi-

mum of 3 lesions, and/or 12-core TRUS systematic biopsy,

both through transrectal approach [11]. A BK Focus 400 ultra-

sound scanner with a triplane endorectal probe 8881 (BK

Medical company Inc, Herlev, Denmark), and 18-Gauge,

25 cm, automated biopsy needle Bard Monopty (Bard Medical

Inc, Covington, GA) were used.
Foundation from ClinicalKey.com by Elsevier on January 20, 2021.
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2.5. Pathologic analysis of prostate biopsies

Two expert pathologists (I. dT. and ME. S.) analysed the

biopsy material and reported the presence of NML previously

described, per-protocol, since January 2009. When PCa was

detected in a repeat prostate biopsy, the pathologist reported

according to the International Society of Uro-Pathology group

grade since January 1 of 2015, and retrospectively before this

date, and the tumour length in any affected cores [12]. We

defined csPCa when International Society of Uro-Pathology

group grade >1 [13].
2.6. Variables in the study

Finding of previously described NMLs, age, serum PSA,

DRE, PI-RADSv2 score, MRI-based prostate volume, num-

ber of previous negative prostate biopsies, time elapsed

since the last negative prostate biopsy, differential of serum

PSA between biopsies and PSA doubling time between

were analysed.
2.7. Outcome variables

The main outcome variables were csPCa and avoided

biopsies.
Table 1

Characteristics of the population study cohort.

Characteristic Measurement

Number of men 377

Median age, years (IQR) 68 (62−73)
Median PSA, ng/ml (IQR) 8.1 (5.7−13.1)
Median PSA density, ng/ml/ml (IQR) 0.13 (0.09−0.23)
Positive digital rectal examination, n (%) 107 (28.4)

Median time between biopsies, months (IQR) 23.4 (13.5−37.4)
Median PSA doubling time, months (IQR) 33 (40−82)
Median previous negative biopsies, n (IQR) 1 (1−2)
PI-RADS, n (%)

1 55 (14.6)

2 59 (15.6)

3 144 (38.2)

4 99 (26.3)

5 20 (5.3)

PCa detection, n (%) 153 (40.6)

csPCa detection, n (%) 127 (33.7)

csPCa = clinically significant PCa; IQR = interquartile range; n = number;

PCa = prostate cancer; PI-RADS = Prostate Imaging-Reporting and Data

System; PSA = prostatic specific antigen.
2.8. Statistical analysis

Descriptive statistics of the total cohort were provided

and stratified by pathological findings: PCa versus non

PCa, and csPCa versus insignificant PCa. Chi-squared

test, t test ,and Mann-Whitney test were used when appro-

priate to establish statistically significant differences

between the groups. Logistic regression model combined

the candidate variables to predict csPCa. Continuous vari-

ables were modeled as linear or nonlinear predictors using

restricted cubic splines. Predictive models were assessed

by calibration, discrimination, and clinical utility analysis

for future implementation in actual clinical practice. Odds

ratios (OR) and 95% confidence intervals (95% CI) were

defined. The calibration curve, Receiver Operating Char-

acteristic curve, and area under the curve (AUC) were

performed ‘for this purpose. In addition, our internal

validation was subjected to a bias-correction AUC using

1,000 bootstrap samples. Decision curve analysis were

constructed to assess net benefit of the models. For clinical

use, we investigated the best threshold probability for each

model. We considered the delayed diagnosis and prostate

biopsies saved through clinical utility curve. Statistical

analyses were computed using R programming language

v.3.6.1 (R-statistical foundation, Vienna, Austria) and

SPSS v.20 (IBM, Statistical package for social sciences,

San Francisco, U.S.). Tests were 2-sided and Pvalues

<0.05 were considered as statistically significant.
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3. Results

3.1. Cohort study characteristics

The characteristics of the study cohort are summarised in

Table 1. The median age was 68 years, the median PSA

8.1 ng/ml, the rate of abnormal DRE 28.4%, and the median

time between biopsies 23.4 months. The rate of PCa and

csPCa detection were respectively 40.6% and 33.7%.

NMLs were found in 371 of 377 previous negative prostatic

biopsies (98.4%). The rate of previous ASAP was 4.2%,

PINATYP 3.7%, and mHGPIN 39.7%, Table 2. The indica-

tion of repeat prostate biopsy was based on a persistently

elevated serum PSA in 369 men (97.9%).
3.2. Associations between the NMLs and PCa/csPCa

detection in repeat biopsies

Only the finding of PIA, which was present in 39.7% of

previous negative biopsies, was significantly associated

with decreased rate of PCa in univariate analysis, P<0.001,
and csPCa, P =0.003. Acute prostatitis was significantly

associated to lower rate of PCa, P =0.020, Table 2.
3.3. Predictive value of NMLs for PCa/csPCa detection

risk in repeat biopsies

A binary logistic regression analysis, including all the

analysed NMLs, shown that PIA was the only NML which

was an independent predictor of PCa and csPCa. The risks

of both PCa and csPCa decreased when PIA was reported

in a previous negative prostate biopsy, Table 3. The OR for

detecting PCa was 0.514 (95% CI: 0.306−0.866),
Foundation from ClinicalKey.com by Elsevier on January 20, 2021.
opyright ©2021. Elsevier Inc. All rights reserved.



Table 2

Associations between NML detected in previous negative prostate biopsy and PCa or csPCa detection in repeat biopsies.

NML n (%) PCa csPCa

NML present, n (%) NML absent, n (%) P valuea NML present, n (%) NML absent, n (%) P valuea

ASAP 16 (4.2) 8 (50) 144 (39.9) =0.289 4 (25) 112 (31) =0.420

mHGPIN 150 (39.7) 66 (44.0) 86 (37.9) =0.141 45 (30.0) 71 (31.3) =0.442

PINATYP 14 (3.7) 5 (35.7) 147 (40.5) =0.475 20 (23.3) 96 (33.0) =0.142

PA 358 (95.0) 142 (39.7) 10 (52.6) =0.188 107 (29.9) 9 (47.4) =0.091

PHA 61 (16.2) 22 (36.1) 130 (42.1) =0.277 15 (24.6) 101 (32.0) =0.161

PIA 144 (38.2) 42 (29.2) 110 (47.2) <0.001 32 (22.2) 84 (36.1) =0.003

CP 330 (87.5) 131 (39.7) 21 (44.7) =0.309 100 (30.3) 16 (34.0) =0.358

GP 9 (2.4) 4 (44.4) 148 (40.2) =0.526 4 (44.4) 112 (30.4) =0.286

AP 86 (22.8) 26 (30.2) 126 (43.3) =0.020 20 (23.3) 96 (33.0) =0.055

AP = acute prostatitis; ASAP = atypical small acinar proliferation; CP = chronic prostatitis; csPCa = significant PCa; GP = granulomatous prostatitis;

HGPIN = high grade prostatic intraepithelial neoplasia; mHGPIN =multifocal HGPIN; NML = non-malignant lesion; PA = prostatic atrophy; PCa = prostate

cancer; PHA = prostatic hyperplasic atrophy; PIA = proliferative inflammatory atrophy; PIN-ATYP = HGPIN with adjacent atypia.
aP values obtained with Chi-square test and Fisher test if necessary.
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P = 0.025, and for csPCa the OR was 0.540 and (95% CI:

0.308−0.945), P = 0.031.
3.4. Predictive value of PIA finding and other predictors

for csPCa detection in repeat biopsies

Previous PIA finding, age, DRE, PSA density, PI-

RADSv2 score, and differential PSA between biopsies

were found significant and independent predictors of csPCa

in a logistic regression analysis which is presented in

Table 4.
3.5. Efficacy of predictors for csPCa detection risk in

repeat prostate biopsies

The most efficient predictor of csPCa was mpMRI with

an AUC of 0.736. This AUC increased up to 0.811when

PSA density was included in the model, up to 0.826 when
Table 3

Multivariate analysis of NML to predict the risk of PCa and csPCa detection in rep

NML PCa

Odds ratio (95% CI) P valu

ASAP 2.426 (0.413−14.253) =0.32

mHGPIN 0.940 (0.552−1.599) =0.81

PINATYP 0.376 (0.054−2.628) =0.32

PA 0.876 (0.330−2.322) =0.79

PHA 0.996 (0.545−1.820) =0.99

PIA 0.537 (0.312−0.926) =0.02

CP 0.710 (0.423−1.192) =0.19

GP 1.553 (0.384−6.274) =0.53

AP 0.980 (0.143−1.873) =0.95

AP = acute prostatitis; ASAP = atypical small acinar proliferation; CI = confiden

HGPIN = high grade prostatic intraepithelial neoplasia; mHGPIN =multifocal HG

cancer; PHA = prostatic hyperplasic atrophy; PIA = proliferative inflammatory atr
aP values obtained with binary logistic regression analysis.
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DRE was added, up to 0.832 when age was added, up to

0.851 when differential PSA was added, and finally when

PIA finding was included in the model the AUC increased

up to 0.860 (95% CI: 0.822−0.903), Fig. 1. The DCA show-

ing the net benefit of the entire model evolution, based ini-

tially in the mpMRI alone (model 1); mpMRI and PSA

density (model 2); mpMRI, PSA density and PIA finding

(model 3); mpMRI, PSA density, PIA finding, DRE, age,

and differential PSA (model 4) is presented in Fig. 2.
3.6. Nomogram to predict csPCa detection risk in repeat

prostate biopsies

The constructed nomogram is presented in Fig. 3, and it

was based on the model which included age expressed in

years, DRE as normal versus abnormal, PSA density as a

non-lineal continuous measurement, PIRADSv2 score as 1−2,
3, 4−5, PIA finding as yes or no, and differential PSA serum
eat biopsies.

csPCa

ea Odds ratio (95% CI) P valuea

7 1.079 (0.189−6.145) =0.932

9 0.787 (0.453−1.368) =0.395

4 0.508 (0.068−3.717) =0.505

0 0.734 (0.275−1.961) =0.968

0 0.970 (0.510−2.017) =0.924

5 0.516 (0.290−0.921) =0.031

5 0.630 (0.367−1.080) =0.093

7 2.151 (0.521−8.866) =0.290

2 1.014 (0.510−2.017) =0.968

ce interval; CP = chronic prostatitis; GP = granulomatous prostatitis;

PIN; NML = non-neoplastic lesion; PA = prostatic atrophy; PCa = prostate

ophy; PIN-ATYP = HGPIN with adjacent atypia; sPCa = significant PCa.

Foundation from ClinicalKey.com by Elsevier on January 20, 2021.
opyright ©2021. Elsevier Inc. All rights reserved.



Table 4

Multivariate analysis of candidates to predict csPCa in repeat biopsies.

Predictor Odds ratio (95% CI) P valuea

mpMRI, Ref. PI-RADSv2 1-2:

- PI-RADSv2 3 3.314 (1.559−7.043) =0.002

- PI-RADSv2 4-5 7.587 (3.386−17.003) <0.001
PSA density, Ref. ≤0.10 4.287 (2.359−7.792) <0.001
DRE, Ref. negative 3.718 (1.919−7.201) <0.001
Previous PIA, Ref. presence 0.534 (0.301−0.949) =0.032

Age, Ref. previous year 1.058 (1.018−1.100) =0.004

Differential PSA, Ref.

decrease or equal

2.007 (1.047−3.848) =0.036

DRE = digital rectal examination; PBs = prostate biopsies;

PIA = proliferative inflammatory atrophy; PI-RADS = Prostate Imaging-

Reporting�ıand Data System; PSA = prostatic specific antigen.
aP values obtained with binary logistic regression analysis.
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concentration from the previous biopsy, expressed as decrease

or equal as reference versus increase. The calibration of this

predictive model, based on the correlation between predicted

probabilities and incidence of the event, is presented in Fig. 4.

The internal validation of the nomogram performed using

1,000 bootstrap samples have an AUC of 0.840.

The clinical utility curve of the predictive model show-

ing the percentage of avoided prostate biopsies and the

probability of csPCa misdiagnosis according to different

thresholds, is presented in Fig. 5. We highlight that the net

benefit of this nomogram is observed since a cut-off value

of 6% in which the misdiagnosis of csPCa was 0% and

the rate of avoided PBx was 20.2%. With 10% cut-off, these
Fig. 1. Efficacy to detect csPCa of the model based on mpMRI; mpMRI and PSA

DRE and age; mpMRI and PSA density and DRE and age and differential PSA;

PIA.

Downloaded for Ivan Schwartzmann (ivan_sch@hotmail.com) at Puigvert 
For personal use only. No other uses without permission. C
probabilities were 4% and 29.2% respectively, with 15%

cut-off, 6.3% and 37.9% respectively, and with 20% cut-

off, 10.2% and 45.4% respectively.

4. Discussion

The recommendation of reporting certain NMLs in neg-

ative prostate biopsies has changed over time. Currently,

many clinical guidelines recommend reporting ASAP,

mHGPIN and PINATYP, due to the increased risk of

future PCa [1]. However, since the recommendation of

mpMRI previous to repeat prostate biopsy and the applica-

tion of targeted biopsies have become widespread, little

evidence exists regarding the predictive value of these

NMLs [6]. Nowadays, the challenge of the PCa early

detection is to detect the maximal number csPCa while

reducing to the minimum the rate of unnecessary prostate

biopsies and overdetection of insignificant tumours [1−5].

The incidence of some NMLs has also changed over the

time, possibly due to changes in the biopsy schemes, the

complementary pathologic diagnostic tools, mainly immu-

nohistochemical expression of certain proteins, and inter-

observer variability [14]. In our series, the incidence of

these NMLs only reflects their finding in a previous nega-

tive biopsy in men subjected to repeat biopsies. In the spe-

cific case of mHGPIN, a decrease of the risk of future

csPCa detection has been observed through the last years

[15]. In a recent update, Tosoian et al. [16] state the major-

ity of cancers detected following a diagnosis of mHGPIN

are group grade 1. On the other hand, other NMLs such as
density; mpMRI and PSA density and DRE; mpMRI and PSA density and

and mpMRI and PSA density and DRE and age and differential PSA and

Foundation from ClinicalKey.com by Elsevier on January 20, 2021.
opyright ©2021. Elsevier Inc. All rights reserved.



Fig. 2. Decision curve analysis showing the net benefit of the models based on mpMRI alone (model 1); mpMRI and PSA density (model 2); mpMRI, PSA

density and PIA (model 3); mpMRI, PSA density, PIA, DRE, age and differential PSA (model 4).
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prostatic atrophy, chronic inflammation, and prostatic inflam-

matory atrophy and PIA have shifted from being considered

precursors of prostatic diseases and PCa [17−19] to being

associated with lower risk of PCa detection [7,20−24] and
specifically csPCa [7,25].

The present study failed to show an increased risk of

csPCa in men with previous mHGPIN, ASAP and PINA-

TYP. This finding seems to be in concordance with the

most recent evidence which suggest that these lesions only

increase the risk of insignificant tumours [26,27]. In these

studies, similar rates of csPCa were detected in repeat
Fig. 3. Nomogram for csPCa prediction in repeated biopsies.

Downloaded for Ivan Schwartzmann (ivan_sch@hotmail.com) at Puigvert Foundation from ClinicalKey.com by Elsevier on January 20, 2021.
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prostate biopsies after the finding of ASAP, HGPIN, PINA-

TYP, and benign tissue on previous biopsy. However, in

any of these studies, prerepeat biopsy mpMRI and targeted

biopsies were carried out. The low incidence of ASAP and

PINATYP, observed in our study, does not allow us to

draw conclusions about these 2 lesions.

A not surprising result for us was that PIA finding in pre-

vious negative prostate biopsy was an independent predictor

of csPCa in repeat biopsies, been associated with a decreased

detection risk of csPCa. PIA, a lesion described by de Marzo

et al. [28] was involved in PCa carcinogenesis, preceding the



Fig. 4. Calibration curve of the predictive model sharing mpMRI, PSA density, PIA, DRE, age, and differential PSA.
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development HGPIN. However, some studies have associ-

ated it finding to a decreased risk of PCa and specially csPCa

(7, 8).

The integration of PIA finding in negative prostate

biopsy and other, no additional cost, predictors in a

mpMRI-based model increased its AUC from 0.736 to

0.860 (95% CI: 0.822−0.903). The MRI-based PSA density

is a weighty predictor of csPCa that almost all mpMRI-

based nomograms have incorporated [4,5,29]. The integra-

tion of other minor but independent predictors increased the

net benefit of the entire model [30]. The predictive nomo-

gram reduced in more than 20% the number of repeat
Fig. 5. Clinical utility curve of the predictive nomogram. The graphic shows how

percentage of biopsies (red line) can be avoid and the corresponding risk of misdia

Downloaded for Ivan Schwartzmann (ivan_sch@hotmail.com) at Puigvert 
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biopsies without misdiagnoses of csPCa at 6% probability

threshold. At 10% threshold, the rate of avoided biopsies

was greater than 29% but misdiagnosing 4.7% of csPCa.

Finally, at 15% threshold the rate of avoidable biopsies was

38% but misdiagnosing 6.3% of csPCa. Therefore, the deci-

sion for repeat prostate biopsy could be personalised

according to the host characteristics.

To our knowledge, this is the first mpMRI-based nomo-

gram integrating an histological predictor from the previous

negative prostate biopsy. Although comparations between

nomograms are difficult, except when external validations

are simultaneously made, the efficiency of this new one
depending on the threshold of probability for decision-making, we can a

gnose csPCas.

Foundation from ClinicalKey.com by Elsevier on January 20, 2021.
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seems high. In our opinion, it is especially relevant the

absence of csPCa misdiagnosis with 6% threshold in which

more than 20% of repeat biopsies was saved. This clinical

utility has not been observed with any other mpMRI-based

nomogram [29].

The main limitation of our predictive model is the lack of

external validation. As in almost all series, the criteria and

especially the moment when repeat prostate biopsy is sched-

uled was not uniform, although clinical guidelines were

strictly followed. We used the most frequent definition of

csPCa, however other definitions may slightly change the

results. The finding of PIA is not usually reported, therefore

external validation seems difficult. To carry out targeted biop-

sies with TRUS-MRI cognitive fusion technique may be

another limitation, although no evidence exist respect to fusion

techniques using software. Finally, the diagnosis of csPCa in

biopsy specimens may not reflects the true pathology, which

is observed in radical prostatectomy specimen. Standardized

work up in biopsy specimens is difficult and impaired tissue

or available tissue are limitations to do a correct diagnosis

sometimes. Further studies with a bigger sample set and corre-

lation to definite pathology are needed due to the issue of

interobserver variability and sampling error.
5. Conclusion

Currently, the finding of mHGPIN in negative prostate

biopsies seems not predict the risk of csPCa in repeat biop-

sies. The low incidence of ASAP and PINATYP, in our

series, does not allow us to draw conclusions about its pre-

dictive value of csPCa. However, the finding of PIA in neg-

ative biopsies was associated with a lower risk of csPCa in

repeat biopsies. The independent predictive ability of PIA

finding allowed its integration in a predictive mpMRI-based

model sharing also PSA density, age, DRE, and differential

PSA between biopsies. The entire model increased the

AUC from 0.736 to 0.860. Especially remarkable was the

absence csPCa misdiagnosis at 6% threshold when more

than 20% of repeat biopsies were saved.
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