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Abstract

To evaluate the values of PHI and PI-RADS findings in the early detection and prediction of

prostate cancer, as well as their application in clinical trials, especially when values of PSA are in the ,, grey
zone,, with negative DRE.
The 100 patients, men aged 50 years or older with prostate-specific antigen 4 to 10 ng/ml (,,gray zone,,) and
normal digital rectal examination with suspected prostate cancer were examined, who had undergone
biopsy and were divided in two groups. A group with no evidence of PCa (non PCa) and the group with
PCa.

The performance of PHI and mpMRI PI-RADS score was compared to predict biopsy results and,
specifically, the presence of clinically significant prostate cancer (csPCa) using multiple criteria. Among
100 subjects, 21 (21.0%) were diagnosed with PC, including 13 (61.95%) with csPC (Gleason>7).

By the threshold of PHI>36, the sensitivity, specificity, PPV, and NPV to predict PCa were 100%, 68.35%,
45.65%, and 100%, respectively.

The best cut-off (PHI) was 42.8% with sensitivity 85.7% and specificity 86.1%. The area under the
receiver operator characteristic curve (AUC) of combining PHI and mpMRI was greater than that of PHI
alone (0.993 vs. 0.954, p=0.002) and mpMRI alone (0.993 vs. 0.976, p=0.025).

Comparing the performance in the identification of clinically significant prostate cancer (csPCa),
we found that PHI > 73.04 and PI-RADS score > 4 were able to identify csPCa (Gleason score > 7 (3 + 4))
both alone and added to a base model including age, PSA, fPSA-to-tPSA ratio and prostate volume.

If biopsy was restricted to patients with PI-RADS 5 as well as PI-RADS 3 or 4 and PHI>36.0, 50%
of biopsy could be avoided with one csPCa patient being missed.

The analyzed correlation between PHI and PI-RADS score was statistically significant (p<0.0001).
According to the value of Spearman’s coefficient, R=0.748, the correlation is positive, i.e. direct, and they
showed that with an increase in the value of the prostatic health index, (PHI) the PI-RADS score increases,
and vice versa.

The combination of PHI and mpMRI had higher accuracy for detection of csPC compared with
PHI or mpMRI alone.
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Introduction

Prostate cancer is the second most common cancer in men and the fifth leading cause of death
worldwide [1].

Prostate specific antigen (PSA) is widely used as a serum marker to detect and monitor the
progression of prostate cancer (PCa), and it has dramatically increased the rate of early detection and
reduced PCaspecific mortality. However, the low specificity of PSA in determining the presence of PCa
and suboptimal ability to discriminate between clinically significant and indolent cancer may lead to
unnecessary prostate biopsies and overtreatment, especially in men presenting with a total PSA level of <10
ng/ml. [2,3].

Given these limitations, there is considerable interest in new biomarkers with improved clinical
specificity for PCa detection. The use of biomarkers could aid in avoiding unnecessary biopsies without
missing aggressive cancers [4].

The evaluation of PSA isoforms, in particular, free PSA (fPSA), and [-2] proPSA (p2PSA) has been
shown to improve the specificity of PSA in the range of 4-10 pg/L.

The prostate health index (phi) combines PSA, fPSA, and p2PSA results using the equation
(p2PSA/ fPSAx\PSA) to estimate the probability of finding PCa at biopsy. The assay is intended for use
in men with non-suspicious digital rectal exam (DRE) findings and serum PSA concentration between 4-
10 pg/L [5]. Increasing phi scores are associated with an increased prevalence of PCa and higher grade
(Gleason score >7) cancers on biopsy [6].

To complement this limitation, multi parametric magnetic resonance imaging (mpMRI) has
recently been utilized before prostate biopsy to determine not only the likelihood of cancer but also its
location. [7].

mpMRI of the prostate (MRI spectroscopy) currently plays a central role in the diagnostic pathway
of suspected prostate cancer (PCa) [8] and is among the gold standards for the prediction of positive biopsy

[9].

Men who have a PI-RADS (Prostate Imaging Reporting and Data System score of 3 or higher
underwent biopsy [10]. However, PI-RADS 3 corresponds to csPCa. Clinically significant PCa should have
histopathology ISUP grade >2 and/or volume > 0.5 cc and/or have extra prostatic extension. Only in less
than 15% of patients, thus the use of mpMRI to select patients for biopsy is not ideal [11].

Therefore, the aim of the present study was to evaluate the feasibility of combining PHI and mpMRI
in the prediction of positive biopsy.

Materials and methods

Study design and population

This is a prospective observational non-randomized study from 2018 to 2019 conducted at General
City Hospital 8" of September in Skopje. The study included consecutive men above 50 y/o, with negative
DRE, undergoing trans-rectal ultrasound-guided (TRUS) prostate biopsy for suspected PCa with TPSA
level of 4-10ng/ml. Men receiving 5-a-reductase inhibitors, evidence of acute prostatitis, urinary tract
infection and those with previous history of prostatic surgery for any prostatic condition were excluded
from this study. Blood samples were drawn prior to TRUS biopsy. mpMRI (MRI spectroscopy) was done
before TRUS biopsy. Patients then underwent TRUS biopsy according to standardized protocol; with a
minimum of 12 biopsy cores taken. PCa was identified and graded according to the 2005 consensus
conference of the International Society of Urological Pathology.

The primary endpoint of this study was to evaluate PHI and mpMRI in the prediction of positive
biopsy. The number of potentially avoidable biopsies if these tests were used as a guide for prostate biopsy
decision was calculated.
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Patients were stratified into two groups: with no significant prostate cancer (non-PCa) and with
cancer (PCa).

Biochemical analysis

Serum samples for TPSA, fPSA and p2PSA were collected and centrifuged within two hours of
collection, aliquoted and stored at -70°C until analysis. Testing was performed on Access2 automated
immunoassay analyser (Beckman Coulter, CA, USA), using Hybritech calibrators, controls, and reagents..
%fPSA (fPSA/

TPSAx100), %p2PSA (p2PSA/fPSAx100) and PHI ([p2PSA/fPSA]xVTPSA) were then obtained
via calculation.

Multiparametric MRI (mpMRI) and Biopsy Protocols

mpMRI was performed using a 3-T MRI scanner Siemens MAGNETOM Vida 3 T (Siemens,
Munich, Germany) acquiring diffusion-weighted imaging (DWI), dynamic contrast enhancement imaging
(DCE), T1-weighted axial and T2-weighted tri planar imaging. The images were segmented to obtain and
record lesion locations and PI-RADS scores.

Statistical analysis

Statistical analyses were performed using SPSS v.24 software. Continuous and categorical
variables were summarized by the median and interquartile range (IQR) for skewed data and frequency
measures, respectively. Mann-Whitney U test was used for comparisons of continuous variables and Chi-
Square test was used for comparisons of categorical variables. Medcalc v.17.0.4 software was used to plot
receiver operating characteristic (ROC). Predictive accuracy was quantified as the area under the receiver
operating characteristic curve (AUC). The AUC between variables were compared using Delong’s method.
A twosided p-value <0.05 was considered statistically significant in all analyses.

Ethics
This study was approved by the research ethics committee of Medical faculty, Ss. Cyril and
Methodius University in Skopje, Republic of North Macedonia.

Results

100 patients consented to the study for undergoing prostate biopsy. 21% had pathologically verified
prostate carcinoma(only 13 had GS>7), 79% had no cancer (noPCa). The median age was 69.2 + 6.8 years.
No statistically significant difference was noted in the age between patients with or without PCa (69.8 +
7.2vs 70.8 £ 4.8 y/o, p=0.24) (Table 1).

Table 1.The age of the study population

Ag: (y/o) p value
mean = SD min- max
PCa 70.8+4.8 61— 77 t=1.18 p=0.24
non PCa 69.8 +7.2 51-85
non PCa (benign prostatic conditions) t(Student t-test)

PCa (prostate cancer)
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Table 2. The basic clinical characteristics of the study population

Descriptive Statistics
mean £ SD min- max median (IQR)

PSA 6.66 + 1.7 4.02-10

PHI 42.01+£26.1 8.8 133 34.93 (27.51 - 45.8)
fpsa 182+1.1 0.36-6.81 1.47 (1.17 — 2.36)
%fpsa 26.75+13.8 0.81-78.89 24.02 (16.34 — 34.34)
pro2psa 27.03+20.9 5.41 -156.97 22.25 (14.03 - 31.41)
%pro2psa 1.65 +0.9 0.4-5 1.4 (1.045 — 1.88)

Table 3. Correlation of PI-RADS score and PCa and non PCa patients

PI1-RADS score n PCa Non PCan p value
(MpMRI) n (%) (%)

pi-rads 1 - very low unlikely to 5 0 5(6.33)

be present ***p=0.000
pi-rads 2 - low 33 0 33 (41.77)

pi-rads 3 - intermediate 40 1(4.76) 39 (49.37)

pi-rads 4 - high is likely to be 21 19 (90.48) 2 (2.53)

present

pi-rads 5 - very high to be 1 1(4.76) 0

present

non PCa (benign prostatic conditions) Fisher's exact
;7 ***p<0.0001  csPCa

(prostate cancer)

All values given as number (percentage, %) or median (IQR), n number, csPCa clinically
significant prostate cancer, non-PCa non-clinically significant prostate, ca cancer, PSA prostate-specific
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antigen, PHI prostate health index, mpMRI multi parametric magnetic resonance imaging, mpMRI is
defined as PIRADS, p value shows the significance between csPC and non-csPC

Mean PSA was equal to 6.66 = 1.7 ng/mL (range: 2 to 10 ng/mL); Median PHI was equal to 42.01
+26.1 (range: 8.8 to 133.0) (Table 2). Patients with csPCa and patients without PCa showed statistically
more significant difference in PI-RADS score (p<0.0001). PI-RADS score was equal to or greater than 4
in 21 patients and equal to 3 in 40 patients. In the diagnostic setting, a positive biopsy was observed in 21
patients (21.0%).

19 patients were registered with PI-RADS 4 (90.48%) and only 1 patient (4.76) with PI-RADS 3
and PI-RADS 5. In the group with significant PCa dominant was PI-RADS 4 score, in the group with
nonsignificant PCa dominant was PI-RADS 3 score (Table 3). The analyzed correlation between PHI and
PIRADS score was statistically significant (p<0.0001).

According to the value of Spearman's coefficient, R=0.748, the correlation is positive, i.e. direct,
and they showed that with an increase in the value of the prostatic health index, (PHI) the PI-RADS score
increases, and vice versa.

Table 4. Correlation of PHI and MRI PI-RADS (score)
Spearman R t(N-2) p value

PHI & MRI PI-RADS (score) 0.7477 11.15 ***0.0000
***p<0.0001

Correlations Spearman R=0.7 47 p<0.0001

pirads score

PHI

AN

Figure 1. Correlation of PHI and MRI PI-RADS (score)
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Table 5. PHI values between PI-RADS score groups

PI-RADS PHI
mpMRI

mean + SD min- max median (IQR)
1 5 155+14 139-17.14 15.27 (14.5 - 16.69)
2 33 28.31+7.3 8.8 -48.6 27.93 (24.7-31.4)
3 40 37.62+9.9 20.06 —58.82 37.07 (29.87 — 43.55)
4 21 76.74 + 35.2 30.3-133.3 69.55 (43.9 - 103.1)
5 1 73.04 73.04 73.04

The groups with PI-RADS score 1 and 2, as well as the groups with score 4 and 5, were combined
for statistical analysis. PHI values were significantly different between PI-RADS ratio classes (p<0.0001).

All intergroup comparisons with post-hoc analysis presented significant differences.

Patients with PI-RADS score <2 and PI-RADS score equal to 3 presented significantly lower PIH values
than patients with PI-RADS 4 and 5 (p<0.0001 and p=0.000253, respectively).

Patients with PI-RADS score <2 had significantly lower PIH values than patients with PI-RADS
score equal to 3 (p=0.000246). Patients with PI-RADS score <2 had significantly lower PIH values than
patients with PI-RADS score equal to 3 (p=0.000246). The average PIH values were 26.62 £ 8.1, 37.62 £
9.9 and 76.57 + 34.4, respectively in the groups with PI-RADS score <2, 3 and >4; PIH had median values
of 27.11, 37.07, and 71.295, respectively, in the PI-RADS score <2, 3, and >4 groups.

Table 6. Distribution of study population with PHI and PI-RADS score

PI-RADS PHI
score n mean + SD median (IQR) p value
2 38 26.62 £8.1 27.11 (21.62 — 31.35) H=53.02 ***p=0.0000
3 40 37.62+9.9 37.07 (29.87 — 43.55) 2vs3 ***p=0.000246
4 22 | 7657+344 71.29 (43.9— 103.1) 2vsd == p=0.000000
3vsd ***p=0.000253
H (Kruskal-Wallis ANOVA), post-hoc Mann-Whiitney test ***p<0.0001
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Figure 2. Distribution of study population with PHI and PI-RADS score

As a good test for detecting patients with csPCa and nonPCa, ROC analysis presented the AUC of
PHI, mpMRI, and combination of PHI and mpMRI .AUC was 0.954 (AUC=0.954, CI 95% 0.913-0.995),
0.976 (95% CI 0.942— 1.000), and 0.993 (AUC=0.993, CI 95% 0.982-1.00), respectively .

Table 7. Basic characteristics of Area Under the ROC curve

AUC Std. Asymptotic 95% Confidence Interval
Error® Sig.” Lower Bound Upper Bound
PSA 0.656 0.063 0.029 0.532 0.780
PHI 0.954 0.021 0.000 0.913 0.995
PI-RADS 0.976 0.017 0.000 0.942 1.000
mpMRI
PHI- mpMRI 0.993 0.006 0.000 0.982 1.000
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The combination of PHI and PI-RADS score proved to be an excellent test for predicting prostate
cancer.

The area under the ROC curve AUC (Area Under the Curve) for this combined model has a value
of 0.993 (AUC=0.993, CI 95% 0.982-1.00).

ROC Curve

ROC Curve ROC Curve
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Figure 3. Basic characteristics of Area Under the ROC curve

Receiver-operating characteristic (ROC) curve analysis for PHI, mpMRI (PI-RADS score), and
combination of both to predict clinically significant prostate cancer. The area under curve (AUC) of PHI,
mpMRI (PI-RADS score), and combination of PHI and mpMRI were 0.954 (95% CI1 0.913- 0.955), 0.976
(95% CIl 0.942-1.000), and 0.993 (95% CI 0.982— 1.000). PHI, prostate health index; mpMRI,
multiparametric magnetic resonance imaging

Table 8. Univariate analysis of the parameters

Area p value given Sn Sp
cut off cut off
PSA 0.656 (0.532 —0.780) 0.029 6.54 61.9 59.5
fpsa 0.390 (0.250 — 0.529) 0.121 1.335 38.1 39.2
%fpsa 0.345 (0.197 — 0.493) 0.029 21.91 33.3 32.9
p2psa 0.753 (0.642 — 0.865) 0.000 26.05 66.7 65.8
%p2psa 0.948 (0.904 —0.992) 0.000 1.745 85.7 86.1
1.36 100 63.29
2.15 76.19 94.94
PHI 0.954 (0.913 - 0.995) 0.000 42.8 85.7 86.1
26.99 100 29.11
35.99 100 68.35
54.99 66.67 96.2
PHI and 0.993 (0.982 - 1.0) 0.000 95.2 94.9
pirads
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All PSA-derived biomarkers, as well as PI-RADS score, were significantly associated with the risk
of PCa at univariate analysis with an AUC ranging from 0.656 (95% CI: 0.532 to 0.780) for PSA to 0.954
(95% CI: 0.913 to 0.995) in case of PHI to 0.993 (95% CI: 0.982 to 1.000) (Table 8).

The optimal cut-off for PHI was 42.7% and was associated with a sensitivity 85.7% and specificity
86.1%. For the combined model of PHI and mpMRI (PI-RADS score), the largest area under the ROC curve
(AUC=0.993), the highest sensitivity and specificity (95.2% and 94.9%, respectively) was obtained. This
combination of markers was presented as the best tools for detection and prediction of prostate cancer.

Table 9. Correlation between Gleason score and PHI

Gleason p value
PHI
mean + SD min- max median (IQR)
<7 74.29 £ 36.4 41.89 - 133.3 63.61(45.89-100.1) Z=0.47
>7 81.91+325 36.8 -131.82 79.43(59.4-103.1) p=0.00638
79.01+£ 334 36.8-133.3 73.04(48.31-103.1)

Z(Mann-Whitney U Test)

Table 10. Correlation between Gleason score, PHI and mpMRI (PI-RADS score)

Gleason p value
n <7n >7n
(%) (%)

PHI (36 — 54.99) 7 4 (50) 3 (23.08) X?=p=0.
PHI >55 14 4 (50) 10 (76.92)
pi-rads 3 1 1(12.5) 0 X2= p=0.
*intermemdiate
pi-rads 4 19 6 (75) 13 (100)
*high is likely to be
present
pi-rads 5 very high to 1 1(12.5) 0
be present

X2 (Pearson Chi-square)

Among the 21 patients with positive biopsy, a mean age of 70.8 + 4.8 years (range: 61 to 77) (Table
1). A clinically significant PCa (Gleason score 7 (3 + 4) or higher) was observed in 13 patients (61.9%).
PHI and PI-RADS score preserved a significant association with the presence of csPCa , respectively.
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PHI was higher in csPCa 79.43(59.4-103.1) vs 63.61(45.89-100.1) ( p=0.00638) and most of the
patients were with PI-RADS 4 (90.4%). The optimal cut-off for the identification of csPCa was 42.7 for
PHI and PI-RADS 4 with sensitivity: 95.2 and specificity 94.9 (Table 8). If biopsy was restricted to patients
with PI-RADS>3, 33.8% of biopsy could be avoided. If biopsy was restricted to patients with PHI>42.8,
38.2% of biopsy could be avoided, but three csPC patients would have been missed.

Furthermore, if biopsy was restricted to patients with PI-RADS 5 as well as PI-RADS 3 or 4 and
PHI>42.8, up to 50% of biopsy could be avoided with only one csPC patient being missed.

Discussion

This study allows to evaluate the values of PHI and PI-RADS findings in the early detection and
prediction of prostate cancer, as well as their application in clinical trials, especially when values of PSA
are in the ,, grey zone,, with negative DRE. The correlation of the predictive capabilities of different
noninvasive procedures, including PSA, the PHI, and the mpMRI (PI-RADS score), in patients at the time
of the initial biopsy has been analyzed. As shown in the literature, only few studies have evaluated the
complementary role of PHI and mpMRI in detecting csPCa.

The recognition of PCa over-diagnosis and overtreatment has resulted in a change in cancer
diagnostic priorities. It shifts from detecting all cancers to focusing on the identification of potentially
aggressive but curable cancers and minimizing the detection and treatment of indolent disease [12].

Our study results are consistent with other studies in demonstrating a good correlation of PHI with
PI-RADS score. Also, PHI and mpMRI have been suggested as biomarkers before biopsy to identify csPC
and reduce unnecessary biopsy [13,14].

In NCCN guideline for PC, early detection, PHI>35 was suggested to estimate high-grade cancer
[15] A recent multicenter study recommended PHI>30 to predict high-grade (GS>7) cancer in Asian men,
whereas the threshold should be>40 for European men [16].

A PHI cut-off value of 42.8 has been identified as the best threshold with sensitivity 85.7% and
specificity 86.1. We found that PHI significantly outperformed mpMRI in the prediction of positive biopsy.
In addition, we compared the ability of PHI and mpMRI to predict the presence of csPCa . We found that

PHI > 74.89 and PI-RADS score > 4 were able to identify csPCa (Gleason score > 7 (3 + 4)) both
alone and added to a base model including age, PSA, fPSA-to-tPSA ratio and prostate volume. The first
evidence of the complementary role for PHI and mpMRI was proposed by Gnanapragasam et al [17].

The authors found that the combination of PHI and mpMRI improved predictive performance for
overall and clinically significant (GS>7) cancer detection compared with mpMRI alone (AUC 0.75 vs.
0.69). Furthermore, applying a PHI threshold of>35 among men with negative mpMRI had the highest NPV
of 0.97 for excluding csPCa and could spare 42% of biopsies, while only missing a single low-volume
csPC. Hsieh et al. showed an AUC of 0.87 for the PHI combined with mpMRI [18].

It is consistent with our study where AUC was 0.993 for the PHI combined with mpMRI. If biopsies
were limited to subjects with PHI values > 30 and PI-RADS score > 3, it was possible to save about 50%
of unnecessary biopsies, missing only one csPCa [11].

In a prospective study on 345 patients at Johns Hopkins University, Tosoian et al. found that PI-
RADS score < 3 and PHI levels < 27 corresponded to the absence of csPCa in 15 men on first biopsy [19].

These findings correlate with our results and support the hypothesis that PHI may be a useful tool
to recognize high-grade PCa beyond MRI outcome. Our study showed absence of csPCa in 23 men on first
biopsy. More importantly, prostate biopsy was done for all patients, regardless of mpMRI findings or PHI
level. Therefore, we can see more clearly the impact of PHI and mpMRI on cancer detection rate. Fan et al.
demonstrated that PHI, among PSA-derivative biomarkers, was the best predictor of csPCa in men with
PIRADS score 3 and 4/5. These findings suggested that in patients with PI-RADS 3 index lesions, which
is a gray zone for PI-RADS lesions, PHI may help to identify high-risk groups for csPCa and may enable
several patients to avoid unnecessary biopsy [20].

Some authors published (in study including 395 men) that adding PHI to PI-RADS significantly
increased the accuracy for the prediction of any cancer and csPCa [21].
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For PHI cutoff value of > 27 would have allowed 34% of the patients with PI-RADS 3 lesions (n =
35) to avoid a targeted biopsy, with both sensitivity and NPV of 100% [22].The proportion of men who
harbor csPCa was very different in PI-RADS 3 and in PI-RADS 4/5 [8].

American Urological Association (AUA) in consensus with Society of Abdominal Radiology
(SAR) suggested immediate biopsy and repeat biopsy for a PI-RADS 4 or 5 lesion detected on mpMRI, and
biopsy for a PI-RADS 3 lesion should not be routinely deferred [23]. PI-RADS 3 lesions corresponded to
high-grade PCa in 16-21% [24].

Hsieh and.al.in their series showed that the PPV (Positive Predictive Value) of a PI-RADS>3 lesion
for csPC was 35.8%. They performed biopsy in all patients with PI-RADS 5 and added PHI>30 as selection
criteria in patients with PI-RADS 3 or 4. And up to 50% of biopsy could be avoided with only one patient
of csPC being missed. Therefore, the combination of PHI and mpMRI may be promising for pre-biopsy
assessment to detect csPC and avoid unnecessary biopsy as much as possible [18]. A low number of csPCa
cases remained undiagnosed by negative mpMRI. PI-RADS 1-2 lesions corresponded to about 1 in 10
probability of diagnosis of csPCa [25]. The value of obtaining mpMRI before a biopsy in biopsy-naive
patients is a major topic of interest, as mpMRI is most often recommended in patients with previous
negative biopsies. [23]

Three prospective multicenter trials have evaluated pre-biopsy mpMRI in biopsy-naive patients
(PROMIS trial, PRECISION trial and MRI-FIRST trial) [20].

The PROMIS trial was designed to assess the utility of mpMRI as a triage test in biopsy-naive
patients to avoid unnecessary TRUS-biopsy [26].

The results of the PROMIS trial indicated that mpMRI missed cancers of lower grade and often
smaller disease compared to detected PCa [27].

In this study, all patients in the group with PI-RADS 1-2 had negative biopsy. Only one patient
with PIRADS 3 had a positive biopsy. That patient was subjected to RP and was diagnosed with PCa,
according to previously reported mpMRI. The other goal of this study was to assess the association between
PHI, mpMRI and Gleason score of PCa. The diagnostic accuracy of PHI for the identification of csPCa
might be increased when combined with mpMRI. Many studies have reported the association between PHI
and csPCa focusing on Gleason score. [28,29]. As the PHI increased, the ratio of high G/S also increased.
PHI was higher in csPCa with Gleason score (GS) > 7 than that in GS <7 (79.43 vs 63.61, p=0.0638). and
only 12.5% had GS < 7 with PI-RADS 3, vs 87.5 with GS > 7 and PI-RADS 4-5.

This viewpoint may keep away a lot of unnecessary biopsies and definitive medical therapy if PHI
and MRI would be included in the diagnostic algorithm for patients with suspected PCa to select patients
for biopsy [30].

Furthermore, PHI has been proposed as a tool to select and monitor patients on active surveillance
(AS), and the diagnostic validity of PHI when combined with mpMRI might be increased for the
identification of csPCa [31].

Among other biomarkers, PHI was the cheapest, easier to perform and the only one FDAapproved
and CE-marked [32]. When combined with MRI spectroscopy may produce model able to reduce biopsies
and to minimize over-diagnosis, without missing csPCa and overtreatment.

There would be several limitations to this study. The examined patients do not represent a screening
population. It is done in a single secondary referral center and patients were enrolled due to the increased
suspicion of csPCa. The number of examined patients is also limited.

This should be considered as a pilot study of combining PHI and MRI spectroscopy to detect csPC.
We used the combination of trans-rectal target biopsy and standard biopsy as the pathological reference
standard.

The diagnostic validity should be better using the trans-perineal template-guided mapping biopsy.
A major limitation of this study is that we did not evaluate the results of the follow-up of patients with high
PI-RADS score and negative biopsy because of the lack of time. This issue is clinically relevant.
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Conclusion

In conclusion, the combination of PHI and mpMRI (MRI spectroscopy) had higher validity for
detection and prediction of csPC compared with PHI or mpMRI alone. The application of PHI in addition
to mpMRI in clinical practice may ensure a personalized therapeutic approach for patients with suspected
PCa and may reduce up to 50% of prostate biopsies with PI-RADS 5 as well as PI-RADS 3 or 4 and PHI>40.
External validation studies are needed to confirm the integration of PHI and mpMRI in the detection of
csPCa.
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