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Abstract

Measurement of serum prostate-specific antigen (PSA) for the detection of prostate cancer has poor
specificity in men with PSA levels between 4 and 10 ng/ml. It has been suggested that measurement of the
pro2PSA, %pro2PSA and PHI might offer an improvement. We performed a systematic review and meta-
analysis to evaluate the diagnostic presentation of these tests among men with PSA levels between 4 and
10 ng/ml in the ,,gray zone“.

Materials and methods: We examined 100 men age 50 years or older with prostate specific antigen
4t0 10 ng/ml inthe,gray zone* and normal digital rectal examination with suspected prostate cancer who
had undergone biopsies and were divided into a benign and malignant group. In this population we
compared the performance of prostate specific antigen (PSA), %p2PSA and PHI to predict prostate cancer
and specifically, the presence of clinically significant prostate cancer (csPCa) using multiple criteria.

Results: We found statistically significantly increased levels of %pro2PSA, and PHI compared to
PSA in patients diagnosed with prostate cancer by prostate biopsy vs. patients with benign prostatic
conditions (median values: %pro2PSA: 2.59 vs. 1.23, PHI: 73.04 vs. 30.5, total PSA: 7.3 vs. 6.48 ng/ml).
Both PHI and %p2PSA were significantly higher in csPCa and overall PCa (P < .00001) vs PSA as a
marker, and PHI was a better predictor for PCa in comparison with%p2PSA. On receiver operating
characteristic analysis PHI had the highest AUC for overall prostate cancer (AUCs PHI 0.954, %p2PSA
0.948 and prostate specific antigen 0.656). The optimal cutoff for PHI in the study population was 42.8
with sensitivity of 85.7% (95% CI: 54.8-90.6) and specificity of 86.1% (CI 95%, 0.913-0.995) and for
%p2PSA optimal cutoff is 1,745%. Whereas in the tPSA for cut-off 6.54 sensitivity is 61.9 and specificity
59.5, respectively. The Prostate Health Index was significantly higher in men with Gleason 7 or greater. In
our study for the PHI levels (36-54.99) only 23.08% of patients had Gleason score > 7.In patients with PHI
levels >55, 76.92% of patients had Gleason score > 7. In patients with %pro2PSA=1.36, noPCa patients
were registered. For %pro2PSA=2.15, only 5 patients were with PCa, with GS<7, and 16 patients with PCa
with GS > 7.

Conclusions: Both PHI and %p2PSA significantly increased the diagnostic accuracy than PSA as
a biomarker. But, PHI is a slightly better predictor in comparison to %p2PSA for the identification of
clinically significant prostate cancer and may help to reduce unnecessary prostate biopsies.
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INTRODUCTION

Prostate cancer (PCa), the second most frequently diagnosed cancer accounting for more than 1.4
million new cases in 2020, and the fifth leading cause of mortality worldwide, poses major challenges in
prevention and management.[1]

Prostate-specific antigen (PSA) is the most widely-known prostate specific biomarker. As the
incidence of prostate cancer (PCa) has increased, PCa screening based on prostate-specific antigen has
become controversial [2].

Prostate-specific antigen (PSA) has a limited specificity and sensitivity in determining the presence
of prostate cancer (PCa), especially in the total PSA range between 4 and 10 ng/ml. [3]

However, PSA is not a cancer-specific marker and can be elevated in non-malignant prostatic
conditionssuch as benign prostate hypertrophy and prostatitis or other factors that also affect tPSA levels
include biological variation, urinary tract infection, prostatic manipulation or ejaculation. [4]

Other limitations of the PSA test are related with its diagnostic cutoff points. The number of false-
positive or false-negative results could increase unnecessary biopsies. Considerable efforts have been made
to find new markers to accurately detect but also discriminate between clinically significant and
insignificant PCa. To improve the efficacy of assessing PSA in predicting PCa risk, previous studies have
proposed risk assessment tools based on additional measurable factors such as proPSA (precursor of PSA),
and the prostate health index [5].

In particular, the (-2) form of proPSA (‘p2PSA’) and %p2PSA have become commercially
available, with improved performance over either total or free PSA for prostate cancer detection on biopsy.

[6]

The Prostate Health Index (PHI) combines all three forms (total PSA, free PSA and p2PSA) intoa
single score that can be used to aid in clinical decision-making.(7)

PHI is calculated using the following formula: ([-2]proPSA/free PSA) x VPSA.

Prostate biopsy is still the gold standard for confirmation of PCa. In most studies, the diagnostic
presentation of %pro2PSA and PHI were evaluated at limited tPSA range of 4-10ng/ml (gray zone). A non-
negligible proportion of patients with tPSA beyond this range may not have PCa. In view of this, our study
aimed to further evaluate the diagnostic performance of %pro2PSA and PHI in Macedonian men with a
wider concentration range of tPSA levels.

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 th September in Skopje, R. of North Macedonia. 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. 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 directly compare the diagnostic accuracy of %p2PSA
and PHI (index tests) in the detection of prostate cancer in comparison to the tPSA (standard test).

The number of potentially avoidable biopsies if these tests were used as a guide for prostate biopsy
decision was calculated. Patients were stratified into two groups: with prostate cancer (PCa) and no cancer
group (noPCa).
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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/fPSAJxVtPSA) were then
obtained via calculation.

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 two-sided p-value <0.05 was considered statistically significant in all analyses.

Ethics

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

RESULTS

100 patients consented to the study. 21% had prostate cancer, 79% are without cancer. The median
age was 69.2 * 6.8 years. No statistically significant difference was noted in the age between patients with
orno PCa (69.8 + 7.2 vs 70.8 + 4.8 y/o, p=0.24). (Table 1).

Table 1. Correlation between age and PSA

Age (y/o) p value
mean = SD min- max
PCa 70.8+4.8 6177 t=1.18
no PCa 69.8+7.2 51 -85 p=0.24

no PCa (benign prostatic conditions)
PCa (prostate cancer)

t(Student t-test)

Table 2. 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 1.82+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 04-5 1.4 (1.045 — 1.88)

In the basic clinical characteristics (table 2) of the study population the level of the PSA in both
groups was 6.66 + 1.7. PHI was 42.01 £ 26.1, pro2PSA was 27.03 + 20.9 and %pro2PSA was 1.65 £ 0.9
respectively. We analyzed all those isoforms of PSA and made a comparison between two groups of patients
with PCa and noPCa .
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In comparison of PSA, fPSA, %fPSA, %p2PSA, p2PSA and PHI between the two groups of
patientsshown in table 3, the PSA in both groups was 6.66 = 1.7. PSA was 7.33 = 1.6ng/ml in the group
with PCa, and 6.48 + 1.6ng/ml in the group with no PCa. The difference between them was 0.85ng/mland
it is slightly statistically significant, p=0.039. Pro2PSA was 44.95 + 34.8 in the group of patients with PCa
vs 22.27 £ 11.5 in the group of no PCa patients. %pro2PSA was 2.95 £ 1.1 in the group of patients with
PCa which is significantly higher (p<0,00001) then 1.30 = 0.4 in the group of no PCa patients.

Pro2PSA, %p2PSA and PHI values were significantly higher in patients with PCa. Conversely, no
statistically significant difference was noted in %fPSA and fPSA values between patients with and without
PCa.

PHI levels in patients with PCa and patients without PCa are statistically more significant then
tPSA (p<0.0001). PHI was significantly higher in patients with PCa. PHI had mean values 79.01 + 33.4
and 32.18 £ 10.4, for the groups with PCa and without PCa respectively, and median values of 73.04 and
30.5 respectivly.

Table 3. Comparison of PSA, fPSA, %fPSA, %p2PSA, p2PSA and PHI between the two groups of
patients

mean = SD min- max median (IQR) p value
PSA PCa 7.33x1.6 471 -9.97 6.97 (5.03- 8.49) t=2.1
*p=0.039
no PCa 6.48 + 1.6 4.02 — 10 6.2 (4.81-9.82)
fPSA PCa 1.56+£0.9 0.54-3.5 1.24 (0.95-1.7) Z=1.5
p=0.12
no PCa 1.89+£1.13 0.36 — 6.81 1.56 (1.2 — 2.37)
%fSA PCa 21.92+125 7.8 —44.85 17.06 (12.93 - Z=2.17
28.7) *p=0.03
no PCa 28.04 +13.9 0.81-78.89 25.62 (18.4 —
34.39)
%pro2PSA | PCa 29511 15-5 2.59 (2.21-3.9) Z=6.3
***p=0.00000
no PCa 1.30+£0.4 0.4-257 1.23 (0.95 - 1.6)
pro2PSA PCa 44,95 + 34.8 13.04 — 156.97 28.3 (25.72 - Z=3.55
60.7) ***p=0.000385
no PCa 2227 £11.5 5.41 - 52.21 20.11 (13.47 -
28.49)
PHI PCa 79.01 + 33.4 36.8 - 133.3 73.04 (48.31 - Z=6.4
103.1) ***p=0.00000
no PCa 32.18 +10.4 8.8 —58.82 30.5 (25.4 —
38.71)
noPCa (no prostatae cancer) Z(Mann-Whitney U Test); ***p<0.0001

PCa (prostate cancer)
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Graph 1. Whisker plots of PSA, p2PSA, %p2PSA and PHI in the two groups
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The values of %pro2PSA have been analyzed in 3 groups: the values less than 1.36%, 1.36-2.15%,
and values more than 2.15%. The values less than 1.36% were registered in 49(62.03%) patients, all with
noPCa. In the group from 1.36-2.15% only 5 (23.81%) patients were registered with PCa, and 26 (32.91%)
with noPCa. In the 3th group more than 2.15%, 16 (76.19%) were registered with PCa and only 4 (5.06%)
with noPCa.

The distribution of the values of %pro2PSA among the groups with PCa and noPCa was statistically
significant (p<0.0001). The comparison between two groups in correlation with single group of %pro2PSA,
was statistically significant (p<0.0001) for the values <1.36% and >2.15%.
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Table 4. The median values of %p2PSA in patients with PCa and noPCa

%pro2PSA p value difference

Groups n PCa noPCa between two
n (%) n (%) proportions

<1.36 49 0 49 (62.03) X2=55.4 ***p=0.0000

1.36 — 2.15 31 5 (23.81) 26 (32.91) ***p=0.000000 | p=0.42

>2.15 20 16 (76.19) 4 (5.06) ***p=0.0000

X2 (Pearson Chi-square); ***p<0.0001

We also analyzed the values of PHI levels divided in 4 groups.

Table 5. Different levels of PHI divided in 4 groups: 0-26.99, 27-35.99, 36-54.99 and 55+ were
analyzed in the patients with and without PCa

PHI p value difference

n PCa noPCa between two

n (%) n (%) proportions
0-—26.99 23 0 (0.00) 23 (29.11) X?2=52.8 **p=0.0048
27 — 35.99 30 0 (0.00) 30 (37.97) ***p=0.000 | ***p=0.0007
36 —54.99 30 7 (33.33) 23 (29.11) p=0.7
55> 17 14 (66.67) 3(3.8) ***p=0.0000
noPCa (no prostatae cancer) X2 (Pearson Chi-square);**p<0.01,***p<0.0001

PCa (prostatae cancer)

In the group with very low risk 0-26.99 only 23 patients (29.11%) were with no evidence of PCa.
And 30 patients (37.97%) without PCa were in the group with low risk. In the group with moderate level
of PHI values 36-54.99 only 7 (33.33%) were with PCa and 23 (29.11%) noPCa. Finally, in the PHI group
with the highest level (55+), 14 (66.67) patients were with PCa compared to only 3 (3.8%) with no evidence
of PCa. There was a statistically significant difference between two groups with and without PCa, p<0.0001.

Univariate and multivariate logistic regression analysis (table 6) were used to accurate the
predictive value of PSA and its various parameters. Univariate analysis of the various parameters (PSA,
PHI, p2PSA, %p2PSA) showed that PHI and % p2PSA were the most accurate predictors of PCa in the
study population. (p=0.043, p<0.0001, p=0.001 and p<0.0001, respectively).

Table 6. Univariate and multivariate logistic regression analysis including all the prostate markers
and age

Controls vs Prostate cancer
Univariate Multivariate

p value OR (95% IP) p value OR (95% IP)
age 0.239 1.046(0.971-1.126)
PSA *0.043 1.344(1.0099-1.791)
PHI ***(,000 1.164(1.082-1.253) ***(,000 1.162(1.079-1.232)
fpsa 0.235 0.723(0.424-1.235)
%fpsa 0.074 0.961(0.92-1.004)
p2psa **0.001 1.027(1.027-1.102)
%p2psa ***(),000 2.25(1.79-8.81) **%(),000 2.13(1.56-7.60)
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*p<0.05, ***p<0.0001

In our study, we used Area Under Curve (AUC) analysis to distinguish a discrimination ability of
PSA as atumor marker and PSA isofroms, and their combination included in PHI as a markers to predict a
PCa.

Table 7. AUC including all the prostate markers (PSA, fPSA, %fPSA, p2PSA, %p2PSA and PHI)

AUC Std. Asymptotic 95% Confidence Interval
Error2 Sig.p Lower Bound Upper Bound

PSA 0.656 0.063 0.029 0.532 0.780
fpsa 0.390 0.071 0.121 0.250 0.529
%fpsa 0.345 0.075 0.029 0.197 0.493
p2psa 0.753 0.057 0.000 0.642 0.865
%op2psa 0.948 0.023 0.000 0.904 0.992
PHI 0.954 0.021 0.000 0.913 0.995

In the accuracy analysis, the AUCs of tPSA and its various parameters %fPSA, p2PSA,%p2PSA
and PHI were 0.656, 0.345,0.753, 0.948 and 0.954, respectively. PHI was the most accurate predictor of
PCa in the study population compare with pro2PSA and %pro2PSA.. There was a significant difference
between the AUCs of PHI and tPSA. AUC (Area Under the Curve) for tPSA - 0.656 (AUC=0.656, CI
95% 0.532-0.780), compared to AUC (Area Under the Curve) for PHI - 0.954 (AUC=0.954, CI 95%
0.913-0.995).The PHI was a slightly better predictor than p2PSA and %p2PSA.(AUC=0.753, Cl 95%
0.642-0.865 vs 0.948, Cl 95% 0.904-0.992).

Table 8. Cutoff values, sensitivity and specificity including all the prostate markers (PSA,
fPSA,%fPSA, p2PSA, %p2PSA and PHI)

variable Area p value | received | chosen Sn Sp
95% CI cut off cut off
values values
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

The optimal cutoff for PHI in this study population was 42.8 with sensitivity of 85.7% (95% ClI:
54.8-90.6) and specificity of 86.1% (CI 95%, 0.913-0.995). For same sensitivity and specificity for
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%p2PSA the optimal cutoff was 1.745 (95% CI: 0.904-0.992). Whereas, the tPSA for cutoff 6.54 sensitivity

is 61.9 and specificity 59.5, respectively.

We also tested the manufacturer’s recommended PHI range (taken from the manufacturer’s
package insert) into our study population. For PHI value below 26.99, chances for prostate biopsy will be
negative im more than 90% as stated in the manufacturer insert. Our study findings were in agreement with
the manufacturer for PHI below 26.99. As the PHI values increased, the percentage of PCa and GS >7 cases
detected correspondingly increased. In the high-risk group (PHI >35.99), 50% of cases that underwent

prostate biopsy were positive.
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36 — 54.99 7 4 (50) 3 (23.08) Xe=
>55 14 4 (50) 10 (76.92) p=0.
total 21 8 13
X2 (Pearson Chi-square)
Table 10. Correlation between GS 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 + 32.5 36.8 — 131.82 79.43(59.4-103.1) p=0.00638
79.01 £ 33.4 36.8 — 133.3 73.04(48.31-103.1)
Z(Mann-Whitney U Test)
Table 11. Correlation between GS and %p2PSA
Gleason score p value
GS %p2psa
mean + SD min- max median (IQR)
<7 273+1.2 1.59-5 2.33(1.95-3.32) Z=0.72
>7 3.09 £ 0.99 1.5-4.49 3.36(2.3-3.9) p=0.469
295+1.1 1.5-5 2.59(2.21-3.9)

Z(Mann-Whitney U Test)

Amongthe 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 preserved a significant association with the presence of csPCa, respectively. PHI was higherin csPCa
79.43(59.4-103.1) vs 63.61(45.89-100.1) (p=0.00638). The optimal cut-off for the identification of
csPCa was 42.7 with sensitivity: 85.7% and specificity 86.1%.If biopsy was restricted to patients with
PHI>42.7, 33.3% of biopsy could be avoided, but three csPC patients were missed.

Furthermore, if biopsy was restricted to patients with PHI>42.8, up to 50% of biopsy could be
avoided with only one csPC patient being missed. Also, %p2PSA preserved significant association with the
presence of csPCa. Median value of %p2PSA was 3.36 vs 2.33 in patients with csPCavsno PCa, 16 patients
with csPCa had a %p2PSA greater than 2.15.

DISCUSSION

We analyzed the relations between PCa and the level of the PSA, and PSA isoforms, especially
%p2PSA and PHI as a combining formula of PSA isoforms. The aggressiveness of PCa was analyzed
according to the value of Gleason score.

According to results of this study, %pro2PSA and PHI could distinguish benign from malign
process in prostate gland and between csPCa and low-risk PCa. The results shown, that %pro2PSA and
PHI were better predictors of csPCa than PSA, as a tumor biomarker. Both %pro2PSA and PHI had
significantly higher levels in patients with csPCa (P < 0.001) vs in patients with benign conditions. The
ROC curve analysis, as well as the logistic regression analysis, also revealed a better diagnostic accuracy
for these newer tests, considering the detection of overall PCa.

64



Krstev et al.; Comparasion of % pro2 PSA and prostate health index...

The mean level of %pro2PSA was 2.95 + 1.1 in the group of patients with PCa which is
significantly higher (p<0,0001) then 1.30 + 0.4 in the group of noPCa patients, the median was 2.59% vs
1.23%. The higher values of %pro2PSA were according in the study of Lazzeri et al. (analyzed 646 patients,
264 were with PCa) and median of %pro2PSA were 2.1 vs 1.6; (p<0.0001).(8) The median level of PHI
was 73,04 (48,31-103,1) in the group of patients with PCa which is significantly higher (p<0,0001) then
30,50 (25,4-38,71) in the group of noPCa patients. The higher values of PHI were according in the study
of Fuchsova et al. (analyzed 263 patients) and median of PHI were 62 vs 35( p<0.0001).[9]

In addition, De Lucacetal, reported significantly lower medians PHI in men with a negative
biopsy compared with those with a positive biopsy (34.9 vs. 48.1; p < 0.001) in their 252 patients series
of whom 43 (17.1%) had prostate cancer.[10] Le et al. were the first to evaluate the predictive ability
of %p2PSA and PHI for prostate cancer detection. ROC analysis showed that PHI had the highest predictive
ability (AUC, 0.77), followed by %p2PSA (AUC, 0.76) and tPSA alone (AUC, 0.50). At a sensitivity of
88.5%, PHI and %p2PSA outperformed of tPSA (specificity: 64.9% and 48.6% vs. 24.3%, respectively).
[11] In our study, ROC analysis also showed that PHI had the highest predictive ability 0,954, followed by
%p2PSA 0.948 and tPSA 0,656. PHI showed the highest sensitivity of 85.7% (compared with tPSA 61.9%
and p2PSA 66.7%), and highest NPV of 91.57% (compared with %p2PSA 80.0% and tPSA, 72.8%).

According of the ERSPC study, PHI had significantly higher PCa predictive value and specificity
than %p2PSA and tPSA. (12) The highest specificity was observed for PHI - 96.20% followed by %p2PSA
- 94.94% and a lower specificity was noted for tPSA 59.5% in our study. Boegemann et al, in their
multicenter study, showed that in comparison with tPSA ,%pro2PSA, and PHI, PHI had a superior
diagnostic performance for detecting prostate cancer in men with tPSA in the range 1.6-8.0 ng/mL [13]

Our results showed that %p2PSA and PHI test have potential to complement PSA screening dueto
their high specificity. We also observed that %p2PSA and PHI have nearly the same effect in diagnosing
PCa. Up to date, there is actually no consensus regarding the most appropriate cutoff in part, due to
differences in study design and methodology. The cutoff points were only reported in 7 and 9 studies for
%p2PSA and PHI. [14]

Modifications to the optimal cutoffs for the different markers, as reflected by the ROC curve,
showed optimum markers cutoffs for sensitivity 85.7% the best cut off for %p2PSA is 1,745%, and for
PHI is 42,8 (compared with 1.66%. and 40 as described in the literature). Increased PHI values were
associated with increasing PCa detection rate, when the PHI values were <25, 25-34.9, 35-54.9 and >55,
PCa detection rates were 11%,18.1%, 32.7% and 52.1% respectively (14). In the literature, PHI and
%p2PSA are recommended to be good prostate cancer prediction tools for men aged < 65 years and to
be equally superior for counseling patients before biopsy.[15]

Also, we analyzed a correlation between PHI and %pro2PSA values with the aggressiveness of
prostate cancer. As the PHI increased, the ratio of high GS also increased. GS >7 began to appear in groups
with PHI >36.0, particularly for GS 8 and 9 patients, who were distributed only in the groups with PHI >55.
In, our study for the PHI levels (36-54.99) only 23.08 of patients had Gleason score > 7.In patients with
PHI levels >55, 76.92% of patients had Gleason score > 7.

Median PHI for patients with Gleason score>7 in our study was 79.43(59.4-103.1) vs 63.61(45.89-
100.1) for group with GS<7. This clinically important finding was also confirmed by Abrate et al.(16) who
reported significantly higher PHI (median: 69.75 vs. 48.04) values in patients with prostate cancer, (p <
0.001) confirmed with a prostate biopsy with GS> 7. Also, was analyzed %p2PSA. For cutoff=1.36 ng/ml,
there were noPCa patients. For cutoff=2.15 ng/ml, only 5 patients were with PCa with low risk, and 16
patients with PCa with GS > 7. The median of %2PSA was 2.59 vs 1.23 in the group with PCa vs noPCa,
according to the study of Filella et al, whoreported median values %pro2PSA: 2.60 vs. 1.98, which is clinically
significant.(p<0,0001) [17]

The findings from this study, reported clinically significance of PHI and %pro2PSA as a biomarkers,
and their ability to predict prostate cancer aggressiveness and to reduce a number of unnecessary
biopsies.In spite of that, all studies agreed that PHI was more superior then current standard biomarkers
and may potentially reduce unnecessary prostate biopsies and biopsy-related morbidities.[18- 21]
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The main limitation of this study was the relatively small sample size. 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. To
conclusively prove that PHI and %p2PSA are a superior marker, larger prospective studiesare needed. This
issue is clinically relevant.

Conclusions

At theend, PHI as a biomarker included PSA isoforms in one formulais a slightly better predictor
than %pro2PSA for detection a prostate cancer and may reduce unnecessary prostate biopsies.
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