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Abstract

Background/Objectives: Prostate cancer (PCa) remains a major global health issue, as-
sociated with significant mortality and morbidity. Despite advances in diagnosis and
treatment, predicting biochemical recurrence (BCR) after radical prostatectomy remains
challenging, highlighting the need for reliable biomarkers to guide prognosis and therapy.
The study aimed to evaluate the prognostic significance of the PTEN and ERG biomarkers
in predicting BCR and tumor progression in PCa patients who underwent radical prostate-
ctomy. Methods: This study consisted of a cohort of 91 patients with localized PCa who
underwent radical prostatectomy between 2016 and 2022. From this cohort, 77 patients
were selected for final analysis. Tissue microarrays (TMAs) were constructed from paraf-
fin blocks, and immunohistochemical (IHC) staining for PTEN and ERG was performed
using specific antibodies on the Ventana BenchMark ULTRA system (Roche Diagnostics,
Indianapolis, IN, USA). Stained sections were evaluated and correlated with clinical and
pathological data. Results: PTEN expression showed a significant negative correlation
with BCR (r = —0.301, p = 0.014), indicating that reduced PTEN expression is associated
with increased recurrence risk. PTEN was not significantly linked to PSA levels, tumor
stage, or lymph node involvement. ERG expression correlated positively with advanced
pathological tumor stage (r = 0.315, p = 0.005) but was not associated with BCR or other
clinical parameters. Conclusions: PTEN appears to be a valuable prognostic marker for
recurrence in PCa, while ERG may indicate tumor progression. These findings support the
potential integration of PTEN and ERG into clinical practice to enhance risk stratification
and personalized treatment, warranting further validation in larger patient cohorts.

Keywords: prostate cancer; radical prostatectomy; PTEN; ERG; immunohistochemistry;
biochemical recurrence

1. Introduction

According to the Global Cancer Observatory (GLOBOCAN) 2022 data, prostate cancer
remains the second most frequently diagnosed cancer and the fifth leading cause of cancer
death among men worldwide, accounting for over 1.41 million new cases and approxi-
mately 375,000 deaths annually [1,2]. Despite advances in diagnosis and treatment, PCa
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spans a wide clinical spectrum—from indolent to aggressive forms—and predicting bio-
chemical recurrence (BCR) after radical prostatectomy remains a key challenge. Biomarkers
are essential for risk stratification and guiding postoperative management [3,4].

PTEN is a tumor suppressor gene whose loss promotes tumor progression, metastasis,
and treatment resistance. It has been consistently linked with BCR in prostate cancer
patients undergoing radical prostatectomy. ERG, a transcription factor commonly over-
expressed due to TMPRSS2-ERG fusion, is associated with early invasion and aggressive
pathological features. While ERG’s individual prognostic role remains debated, its interplay
with PTEN status may amplify risk, particularly in ERG+/PTEN— tumors. Together, they
may serve as a complementary biomarker panel for recurrence prediction [5,6].

While several studies have explored PTEN or ERG individually as prognostic indicators [5,6],
including earlier reports highlighting their expression heterogeneity in prostate biopsies
and implications for sampling strategies [7], the novelty of this study lies in the combined
immunohistochemical analysis of both markers in a well-defined, post-radical prostate-
ctomy cohort with long-term follow-up. Unlike previous investigations, we assess the
complementary predictive utility of PTEN and ERG in recurrence risk stratification, which
may aid in postoperative decision-making. Prior studies often lacked integration of both
markers in the same statistical model or focused on diagnostic rather than prognostic
settings [5,6,8].

Prostate needle biopsy remains the gold standard for diagnosing prostate adenocarci-
noma. However, pathologists often face challenges in interpreting biopsy specimens,
especially when evaluating a small number of suspicious glands or minimal cellular
atypia [9,10].

Immunohistochemistry (IHC) with markers such as high-molecular-weight cytoker-
atins, p63, epithelial cell adhesion molecule (EPCAM), transforming growth factor (TGF)-
beta, and alpha-methylacyl-CoA racemase (AMACR) helps assess the integrity of the basal
cell layer, the myoepithelial layer, and its infiltration by the tumor. Additionally, markers
such as GalNac-T3 (N-acetylgalactosaminyltransferase 3), prostate-specific membrane anti-
gen (PSMA), hepsin, and prostate cancer antigen 3 (PCA3) assist in differentiating PCa
from benign prostatic hyperplasia. These biomarkers are crucial in diagnosing prostate
carcinoma, evaluating invasiveness, and predicting responses to androgen therapy [9-11].

Despite extensive research on PCa biomarkers [12], there is an ongoing need to dis-
cover and implement novel biomarkers for patients who have undergone radical prostatec-
tomy. These biomarkers could help differentiate aggressive forms of prostate cancer, guide
personalized follow-up, and inform adjuvant treatment strategies, ultimately improving
patient outcomes.

The biomarkers analyzed in this study are phosphatase and tensin homolog (PTEN)
and ERG (ETS-related gene), which have shown consistent prognostic significance in
localized prostate cancer [5,13-19]. PTEN is a tumor suppressor gene frequently lost in
prostate cancer, and its loss has been associated with disease progression, metastasis, and
poor prognosis. ERG, a transcription factor, is commonly overexpressed due to TMPRSS2-
ERG gene fusion and has been linked to aggressive tumor behavior. Focusing on post-
radical prostatectomy patients, this analysis seeks to refine recurrence risk stratification and
enhance the effectiveness of subsequent therapeutic interventions. While previous studies
have explored these biomarkers both individually and together, our study aims to evaluate
their combined prognostic value specifically in predicting BCR and tumor progression.
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2. Materials and Methods
2.1. The Study Population

Out of a total of 457 patients from the institute’s database who underwent surgery
for clinically localized prostate cancer at our clinic between 2016 and 2022, 91 cases were
selected based on the inclusion criteria for this study. The inclusion criteria were patients
diagnosed with localized prostate cancer and a histopathological variant of prostate ade-
nocarcinoma in the radical prostatectomy specimen, ISUP grade 1-4, negative surgical
margins, an initial PSA up to 20 ng/mL, and a mandatory two-year follow-up. Of the
selected cases, 11 prostatectomy paraffin blocks were not available, as they had been re-
quested by patients for external analysis. For financial reasons, we initially planned to
construct four microarray paraffin blocks, each containing 20 cases. However, 3 cases were
lost during the construction process, leaving 77 cases for analysis with the immunohis-
tochemical markers PTEN and ERG. BCR was defined as two consecutive postoperative
PSA values greater than 0.2 ng/mL. This subgroup of patients reflected the biochemical
recurrence (BCR) rates in the original database (31.1% vs. 27.3%).

2.2. Ethics Committee Approval and Data Collection

This study was conducted in accordance with the Declaration of Helsinki and was
approved by the Ethics Committee at the “Prof. Dr. Ion Chiricuta” Oncology Institute, Cluj
Napoca (approval number 388/4 September 2024).

2.3. Statistical Analysis

Pearson’s chi-square and Fisher’s tests were used to interpret categorical variations.
Non-normally distributed continuous variables were compared using the Mann-Whitney
test. The Kolmogorov—Smirnov and Shapiro-Wilk tests were employed to assess the
normality of data distributions. The Kaplan-Meier method was used to analyze BCR. IBM
SPSS v26 software was used to perform the statistical analysis. A p-value of less than 0.05
was established as statistically significant.

Pearson correlation analysis was employed to explore the linear association between
continuous variables, such as biomarker expression scores and clinical/pathological factors.
This allowed us to detect trends, such as decreasing PTEN expression with rising BCR risk
or tumor grade, thereby providing early statistical insights into biomarker behavior.

2.4. Tissue Microarray Construction

The tissue microarray was constructed using a specialized TMA construction kit
(Hisztopatolégia Kft., Pecs, Hungary). The kit included a two-piece matrix (a base with
20 pins and a top with an insert for a block holder cassette), two lifting screws, and a “pen”
perforation extractor. The matrix allowed for the creation of a paraffin recipient block
containing 20 holes, each 2.0 mm in diameter, arranged in a 5 x 4 layout.

The protocol used for TMA construction in our study follows standard practices in
research pathology laboratories. While core sampling techniques and matrix systems may
vary by institution, the method employed here is commonly used in biomarker validation
studies. Estimated material costs (excluding labor and equipment) for constructing each
TMA block were approximately 100-150 EUR, depending on reagent brands and core
density. These procedures are feasible in most academic pathology settings with appropriate
histopathology infrastructure.

2.5. Preparation of Recipient TMA Paraffin Block

The preparation of the paraffin block was carried out in the special matrices using the
protocol recommended by the manufacturer. The top matrix was aligned flat against the
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base using two guide pins, and a block holder cassette was placed in the matrix insert. The
mold and cassette were then filled with liquid paraffin at a temperature of 56-60 °C and left
to cool at room temperature for 20-30 min to ensure adequate hardening. The use of forced
cooling methods, such as freezers or cold plates, was avoided to prevent potential block
cracking. Once the paraffin had fully hardened, the matrix was lifted by slowly rotating
the lifting screws clockwise. The resulting paraffin recipient block contained 20 holes, each
2.0 mm in diameter, arranged in five rows and four columns.

2.6. Obtaining Tissue Cores and Constructing the TMA Block

Tumor areas of interest were identified on previously stained tissue sections and
corresponding donor blocks. To facilitate the core extraction, the donor blocks were re-
embedded, providing additional paraffin above the cores to prevent tissue loss during
sectioning. Tissue cores were extracted using the perforation extractor, which works with a
spring-loaded retraction action. The extractor was pressed perpendicularly into the selected
area of the donor block with a gentle twisting motion to a depth of approximately 4.0 mm.
The tissue core was extracted at the tip of the perforation extractor.

The extracted tissue cores were then transferred to the recipient TMA block. The tip
of the perforation extractor was aligned perpendicularly over the selected hole, and the
piston was pressed firmly to insert the core without damaging the block. Proper technique
ensured that the inserted cores were flush with the block surface. For accurate sampling, at
least two cores from each representative area were extracted, ensuring correct identification
of the tissue samples.

The filled TMA block was then placed in an oven at 56-58 °C for 10-15 min to
recast the paraffin. Four new paraffin blocks were obtained, including 77 cases. These
were subsequently sectioned into consecutive 2—4 pum sections, which were prepared for
immunohistochemical analysis.

2.7. Immunohistochemical Stainings

Immunohistochemical staining was performed using the Ventana BenchMark ULTRA
system (Roche Diagnostics, Indianapolis, IN, USA) in accordance with the manufacturer’s
protocols. The primary antibodies employed in this study included the monoclonal an-
tibody PTEN (clone 6H2.1), sourced from mice and produced by Diagnostic BioSystem,
and the monoclonal antibody ERG (clone EP111), sourced from rabbits and produced by
Dako Omnis. These antibodies are widely recognized markers in the diagnosis and study
of prostate cancer.

The sections underwent a thorough deparaffinization and rehydration process, fol-
lowed by antigen retrieval facilitated by the Ventana BenchMark ULTRA system. This
automated system ensures consistency and accuracy during the staining process. Visualiza-
tion was achieved using the DAB (3,3’-Diaminobenzidine) chromogen, with subsequent
counterstaining using hematoxylin.

To evaluate the expression of PTEN and ERG, stained sections were analyzed under
a light microscope. The assessment was based on a standardized scoring system, where
staining intensity was graded on a scale from 0 to 3, and the percentage of tumor cells
exhibiting positive staining was recorded. Cases were considered positive if they met
a predefined threshold for both intensity and percentage of positivity. The results were
systematically analyzed for correlation with clinical and pathological characteristics of
prostate cancer, employing statistical methods such as regression analysis to support
our findings.

Figures 1 and 2 illustrate sections from the TMA blocks stained for ERG and PTEN. The
images depict both positive expression (right) and negative expression (left). It is important
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to note that the staining intensity for PTEN in the “positive” cases, while demonstrating

some level of expression, may appear weak.

Figure 1. Positive (left) and negative (right) ERG protein expression in radical prostatectomy

specimens, seen under light microscope.

Figure 2. Positive (left) and negative (right) protein expression of cytoplasmically labeled PTEN in
radical prostatectomy specimens, seen under light microscope.
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The IHC antibodies (PTEN clone 6H2.1 and ERG clone EP111) used in this study are
clinically validated and widely used in diagnostic pathology settings. Despite subjective
variation, the scoring was performed independently by two experienced pathologists
blinded to clinical data, ensuring consistency.

3. Results

To facilitate meaningful statistical analysis, the cohort of 77 patients was stratified
into subgroups based on their immunohistochemical staining results for PTEN and ERG.
Each biomarker was assessed independently, and patients were categorized as either
positive or negative for expression based on the presence or absence of specific staining
patterns in tumor cells. This binary classification enabled the comparison of clinical and
pathological characteristics between expression groups, allowing evaluation of potential
correlations between biomarker status and outcomes such as biochemical recurrence and
tumor progression.

To investigate potential relationships between PTEN gene expression and various clin-
ical and pathological characteristics, we conducted a correlation analysis using Pearson’s
correlation coefficient. The variables analyzed included iPSA levels, pathological tumor
staging (pT), pathological nodal involvement (pN), ISUP grading, and BCR (Table 1).

Table 1. Univariate analysis of factors influenced by the PTEN expression.

Variables
95% C.I. for OR
p Odds Ratio Inferior Superior

iPSA 0.55 1.03 0.87 1.22
pT 0.61 1.04 0.27 3.99

pN 0.43 1.51 0.10 2.99
ISUP grade 0.053 0.63 0.32 1.24
BCR 0.01 0.28 0.07 1.10

iPSA = initial PSA, pT = tumor stage, pN = lymph nodes stage, ISUP grade = The International Society of
Urological Pathology grade, BCR = biochemical recurrence.

The analysis revealed that PTEN expression was weakly and negatively correlated
with iPSA (r = —0.074, p = 0.55) and pT staging (r = —0.063, p = 0.61). Similarly, the
correlation between PTEN expression and pN staging was weak and negative (r = —0.097,
p = 0.43), indicating no significant association with lymph node involvement in this cohort.

For ISUP grading, a weak negative correlation with PTEN expression was observed
(r = —0.239, p = 0.053). Although this result approached statistical significance, it did not
meet the conventional p < 0.05 threshold, suggesting a potential trend where lower PTEN
expression might be associated with higher ISUP grades.

Notably, a moderate negative correlation was identified between PTEN expression
and BCR (r = —0.301, p = 0.01), which was statistically significant. This finding suggests that
reduced PTEN expression is associated with a higher likelihood of biochemical recurrence,
supporting its potential role as a prognostic marker.

To further explore the relationship between PTEN expression and various clinical
and pathological variables, a logistic regression analysis was performed. PTEN expres-
sion was dichotomized based on its median value, and the model included iPSA levels,
pathological tumor staging (pT), pathological nodal staging (pN), ISUP grade, and BCR as
independent variables.



Diseases 2025, 13, 235

70f13

The results indicated a statistically significant association between PTEN expression
and risk of BCR. Specifically, the odds ratio for BCR was 0.280 (95% CI: 0.07, 1.10; p = 0.01),
suggesting that patients with biochemical recurrence were approximately 72% less likely to
exhibit high PTEN expression compared to those without recurrence.

To evaluate the ability of PTEN expression to predict BCR, we generated a Receiver
Operating Characteristic (ROC) curve (Figure 3).

1.0} e
//,,
//,
0.8} ot
//,
/”’
l/’
B\ 0.6 ,,/’
7 L
g #
v 04+ Pl
’/
//,,
//,
0.2} At
I/,
/,/,
0.0f # AUC = 0.67
0.0 0.2 0.4 0.6 0.8 1.0
Specificity

Figure 3. ROC curve for prediction of biochemical recurrence in relation to PTEN.

The area under the curve (AUC) was calculated to quantify the model’s performance.
The resulting AUC value was 0.67, indicating modest predictive accuracy. This result
suggests that negative PTEN expression may be associated with an increased risk of BCR.

A Pearson correlation analysis was performed to explore the relationship between
ERG expression and various clinical and pathological variables, including iPSA levels, pT,
pN, ISUP grade, and BCR (Table 2).

Table 2. Univariate analysis of factors influenced by the presence of ERG.

Variables
95% C.I. for OR
p Odds Ratio Inferior Superior

iPSA 0.97 0.88 0.74 1.05
pT 0.03 5.17 1.11 23.94

pN 0.33 1.27 0.09 17.13
ISUP grade 0.29 1.24 0.68 2.26
BCR 0.27 2.57 0.60 10.90

iPSA = initial PSA, pT = tumor stage, pN = lymph nodes stage, ISUP grade = The International Society of
Urological Pathology, BCR = biochemical recurrence.
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The analysis revealed a statistically significant moderate positive correlation between
ERG expression and pT stage (r = 0.315, p = 0.03), suggesting an association between
higher ERG expression and an advanced pathological T stage. This finding may indicate a
potential role for ERG in tumor progression.

No significant correlations were observed between ERG expression and the other
variables. Specifically, the correlations between ERG and iPSA (r = 0.016, p = 0.97), pN
(r=0.122, p = 0.33), ISUP grade (r = 0.157, p = 0.29), and BCR (r = 0.145, p = 0.27) were weak
and not statistically significant.

A logistic regression analysis was conducted to assess the relationship between multi-
ple predictor variables (iPSA, pT, pN, ISUP grade, BCR) and the likelihood of ERG positivity.
The model was statistically significant (p < 0.05), indicating that this group of variables can
reliably differentiate between ERG-positive and ERG-negative outcomes.

The analysis indicated that the pT variable was significantly associated with ERG
positivity. Specifically, the odds of ERG positivity increased by approximately 5.18 times for
each unit increase in pT (OR = 5.18, 95% CI [1.12, 23.94], p < 0.05). These findings suggest
that higher pT levels are strong predictors of ERG positivity.

In contrast, the other variables, including iPSA, pN, ISUP grade, and BCR, did not
show statistically significant associations with ERG positivity.

The ROC curve (Figure 4) was plotted to predict binary pT using ERG, and the area
under the curve (AUC) is approximately 0.64. This value indicates that ERG has a modest
ability to predict whether pT is above or below the median value.
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Figure 4. ROC curve for tumor stage prediction in relation to ERG.

4. Discussion

This study investigated PTEN and ERG expression in PCa and their associations with
clinical and pathological features. While these biomarkers have been extensively studied, in-
cluding prior analyses confirming their prognostic value in prostate cancer [20], our findings
reinforce their significance in a Romanian cohort undergoing radical prostatectomy—an
underrepresented population in the current literature. By focusing on biochemical recur-
rence (BCR) as a clinical endpoint, our data highlight the translational potential of PTEN
and ERG for postoperative risk stratification.

A key limitation of this study is the semi-quantitative nature of immunohistochemistry,
which—though widely used—may lack the precision of molecular assays. We addressed po-
tential interobserver variability by applying standardized cutoffs and ensuring independent
scoring by two pathologists.
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PTEN loss is a well-established event in PCa and has been associated with poor
prognosis, including higher tumor grade and increased BCR risk [6]. Our results confirmed
a significant negative association between PTEN expression and BCR (r = -0.301, p = 0.01),
consistent with previous findings in radical prostatectomy cohorts [8,18,21-28]. Although
the association with ISUP grade was only borderline significant (r = -0.239, p = 0.053), the
trend suggests a possible link with tumor aggressiveness that warrants further investigation
in larger cohorts.

We found no significant associations between PTEN expression and iPSA, tumor stage
(pT), or lymph node involvement (pN), consistent with some but not all previous stud-
ies [29]. These discrepancies may reflect differences in methodology or sample composition.

Logistic regression confirmed a significant association between reduced PTEN expres-
sion and BCR risk (OR = 0.280, p = 0.01). ROC analysis showed modest discriminative
ability (AUC = 0.67), reinforcing PTEN’s potential as a prognostic marker, though its
standalone predictive value remains limited. The observed pattern aligns with previous
findings, suggesting a potential role for PTEN in recurrence prediction [6,27,28,30].

Due to the limited number of events, we did not perform multivariate modeling
to avoid overfitting. Future larger-scale studies should incorporate multivariate anal-
ysis to adjust for confounders such as ISUP grade, surgical margin status, and lymph
node involvement.

ERG rearrangements and overexpression have been frequently reported in PCa,
with some studies linking ERG positivity to more aggressive disease and poorer
outcomes [3,8,19,24,29]. In our cohort, ERG expression showed a significant association
with advanced pathological stage (r = 0.315, p = 0.03), consistent with its role in tumor
progression [5,26].

Our findings are broadly consistent with previous studies highlighting the prognostic
relevance of PTEN and ERG, though variations in study cohorts and methodologies may
account for differences in observed associations. For example, Schaefer et al. reported
distinct ERG rearrangement patterns, with higher prevalence in younger patients and
those with lower PSA levels, suggesting heterogeneity in ERG-related tumor biology [31].
Similarly, Alshalalfa et al. emphasized the genomic complexity of metastatic PCa, including
alterations in ERG and PTEN pathways, which may influence recurrence risk differently in
localized versus advanced settings [32]. Shore et al. also underlined the role of biomarker-
based risk stratification in tailoring post-treatment monitoring and adjuvant therapy [33].
These findings underscore the need to interpret PTEN and ERG prognostic roles in the
context of disease stage and clinical variables.

In our cohort, ERG expression was not significantly associated with biochemical recur-
rence but correlated with advanced pathological stage. This partially diverges from some
previous observations, possibly due to differences in population, sample size, or scoring
thresholds [34,35]. Future biomarker panels may benefit from integrating ERG/PTEN with
additional molecular features such as chromogranin levels or DNA repair gene alterations.

In contrast to some earlier studies, we did not observe significant associations be-
tween ERG expression and iPSA, pN, ISUP grade, or BCR. This inconsistency likely reflects
methodological and population differences across studies [5,22,25,30,36]. Our findings sug-
gest that ERG may be more closely associated with tumor stage than with recurrence risk.

Logistic regression further supported the association between ERG positivity and
advanced tumor stage (OR =5.18, p < 0.05). ROC analysis yielded an AUC of 0.64, indicating
modest predictive performance. These modest AUC values for both PTEN (0.67) and ERG
(0.64) highlight the limited clinical utility of these biomarkers when used in isolation.

Taken together, our findings suggest that while ERG expression reflects tumor advance-
ment, its utility for predicting BCR is limited. Notably, we did not assess the prognostic
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value of combined PTEN/ERG alteration status (e.g., PTEN—/ERG+), which has been
proposed to exert a synergistic effect on recurrence risk [6,8]. Future studies should explore
this interaction more deeply to clarify the potential of integrated biomarker panels.

A final limitation of our study is the relatively small sample size (n = 77), which may
have limited the power to detect subtle associations, especially for ERG expression. Larger
multicenter cohorts are needed to validate these results and explore subgroup interactions
more robustly.

Although our data support the clinical relevance of PTEN and ERG, more compre-
hensive molecular characterization is necessary. Incorporating transcriptomic or pro-
teomic analyses—particularly those targeting downstream effectors such as the PI3K/AKT
pathway—could provide deeper insights into the biological mechanisms driving recurrence.
These approaches may ultimately refine biomarker-guided patient stratification and enable
more personalized therapeutic strategies.

5. Conclusions

Our findings indicate that PTEN and ERG biomarkers may have potential utility in
assessing risk and guiding personalized treatment strategies in prostate cancer patients
following radical prostatectomy. Specifically, reduced PTEN expression was associated
with an increased risk of BCR, supporting its role as a potential prognostic marker. ERG
expression, on the other hand, was correlated with higher pathological tumor stage, sug-
gesting its relevance in evaluating tumor progression. Despite promising results, these
conclusions must be interpreted with caution due to the study’s limitations.

To support the clinical implementation of these biomarkers, future studies should
focus on large-scale, multi-institutional cohorts to validate these associations across di-
verse populations. Additionally, systematic reviews and meta-analyses are essential to
synthesize existing data and determine the strength and consistency of these biomarkers’
predictive value.

The path to clinical translation will also require standardized evaluation protocols and
integration into multi-parametric risk models. This approach could improve their clinical
utility by combining molecular, pathological, and clinical data for a more comprehensive
assessment of patient risk.

Ultimately, while our study contributes to the growing body of evidence on the prog-
nostic relevance of PTEN and ERG, further high-quality research is necessary before these
biomarkers can be included in clinical guidelines or used in routine clinical decision-making.
Continued investigation is needed to ensure that their application contributes meaningfully
to improved outcomes and more personalized care for patients with prostate cancer.
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Abbreviations
The following abbreviations are used in this manuscript:

AMACR alpha-methylacyl-CoA racemase

AUC Area Under the Curve

BCR Biochemical Recurrence

CI Confidence Interval

DAB 3,3/-Diaminobenzidine

EPCAM Epithelial Cell Adhesion Molecule

ERG ETS-related gene

GalNac-T3  N-acetylgalactosaminyltransferase 3
IHC Immunohistochemistry

ISUP grade International Society of Urological Pathology grade
iPSA Initial Prostate-Specific Antigen

OR Odds Ratio

PCa Prostate Cancer

PCA3 Prostate Cancer Antigen 3

PSMA Prostate-Specific Membrane Antigen
PTEN Phosphatase and Tensin Homolog

ROC Receiver Operating Characteristic

SPSS Statistical Package for the Social Sciences
TGF-beta Transforming Growth Factor-beta

TMA Tissue Microarray

References

1.  Leslie, S.W.; Soon-Sutton, T.L.; RI, A.; Sajjad, H.; Skelton, W.P. Prostate Cancer; StatPearls: Treasure Island, FL, USA, 2024.

2. Bray, F.; Laversanne, M.; Sung, H.; Ferlay, ].; Siegel, R.L.; Soerjomataram, I.; Jemal, A. Global Cancer Statistics 2022: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2024, 74, 229-263. [CrossRef]
[PubMed]

3. Adamo, P; Ladomery, M.R. The Oncogene ERG: A Key Factor in Prostate Cancer. Oncogene 2016, 35, 403—414. [CrossRef]
[PubMed]

4. Porzycki, P; Ciszkowicz, E. Modern Biomarkers in Prostate Cancer Diagnosis. Cent. European J. Urol. 2020, 73, 300-306. [CrossRef]
[PubMed]

5. Brady, L.; Carlsson, J.; Baird, A.M.; Casey, O.; Vlajnic, T.; Murchan, P.; Cormican, D.; Costigan, D.; Gray, S.; Sheils, O.; et al.
Correlation of Integrated ERG/PTEN Assessment with Biochemical Recurrence in Prostate Cancer. Cancer Treat. Res. Commun.
2021, 29, 100451. [CrossRef] [PubMed]

6. Mehra, R; Salami, S.S.; Lonigro, R.; Bhalla, R.; Siddiqui, J.; Cao, X.; Spratt, D.E.; Palapattu, G.S.; Palanisamy, N.; Wei, ].T.; et al.
Association of ERG/PTEN Status with Biochemical Recurrence after Radical Prostatectomy for Clinically Localized Prostate
Cancer. Med. Oncol. 2018, 35, 152. [CrossRef] [PubMed]

7. Shah, R.B.; Bentley, |.; Jeffery, Z.; DeMarzo, A.M. Heterogeneity of PTEN and ERG Expression in Prostate Cancer on Core Needle
Biopsies: Implications for Cancer Risk Stratification and Biomarker Sampling. Hum. Pathol. 2015, 46, 698-706. [CrossRef]
[PubMed]

8. Bismar, T.A.; Hegazy, S.; Feng, Z.; Yu, D.; Donnelly, B.; Palanisamy, N.; Trock, B.J. Clinical Utility of Assessing PTEN and ERG
Protein Expression in Prostate Cancer Patients: A Proposed Method for Risk Stratification. J. Cancer Res. Clin. Oncol. 2018,
144,2117-2125. [CrossRef] [PubMed]

9.  Magi-Galluzzi, C. Prostate Cancer: Diagnostic Criteria and Role of Immunohistochemistry. Mod. Pathol. 2018, 31, 12-21.
[CrossRef] [PubMed]

10. Mandel, P.; Wenzel, M.; Hoeh, B.; Welte, M.N.; Preisser, F.; Inam, T.; Wittler, C.; Humke, C.; Kollermann, J.; Wild, P,; et al.
Immunohistochemistry for Prostate Biopsy—Impact on Histological Prostate Cancer Diagnoses and Clinical Decision Making.
Curr. Oncol. 2021, 28, 2123-2133. [CrossRef] [PubMed]

11. Segalés, L.; Juanpere, N.; Gallarin, N.; Lorenzo, M.; Lépez, D.; Perera-Bel, J.; Rodriguez-Vida, A.; Fumadé, L.; Cecchini, L.;
Bellmunt, J.; et al. Immunohistochemical Markers as Predictors of Prognosis in Multifocal Prostate Cancer. Virchows Archiv. 2023,
485, 281-290. [CrossRef] [PubMed]

12.  Pentyala, S.; Whyard, T.; Pentyala, S.; Muller, ].; Pfail, J.; Parmar, S.; Helguero, C.G.; Khan, S. Prostate Cancer Markers: An Update.

Biomed. Rep. 2016, 4, 263-268. [CrossRef] [PubMed]


https://doi.org/10.3322/caac.21834
https://www.ncbi.nlm.nih.gov/pubmed/38572751
https://doi.org/10.1038/onc.2015.109
https://www.ncbi.nlm.nih.gov/pubmed/25915839
https://doi.org/10.5173/ceju.2020.0067R
https://www.ncbi.nlm.nih.gov/pubmed/33133657
https://doi.org/10.1016/j.ctarc.2021.100451
https://www.ncbi.nlm.nih.gov/pubmed/34507017
https://doi.org/10.1007/s12032-018-1212-6
https://www.ncbi.nlm.nih.gov/pubmed/30291535
https://doi.org/10.1016/j.humpath.2015.01.008
https://www.ncbi.nlm.nih.gov/pubmed/25724568
https://doi.org/10.1007/s00432-018-2730-5
https://www.ncbi.nlm.nih.gov/pubmed/30101374
https://doi.org/10.1038/modpathol.2017.139
https://www.ncbi.nlm.nih.gov/pubmed/29297490
https://doi.org/10.3390/curroncol28030197
https://www.ncbi.nlm.nih.gov/pubmed/34207594
https://doi.org/10.1007/s00428-023-03699-z
https://www.ncbi.nlm.nih.gov/pubmed/38017230
https://doi.org/10.3892/br.2016.586
https://www.ncbi.nlm.nih.gov/pubmed/26998261

Diseases 2025, 13, 235 12 of 13

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Bogaard, M.; Skotheim, R.I.; Maltau, A.V.; Kidd, S.G.; Lothe, R.A.; Axcrona, K.; Axcrona, U. ‘High Proliferative Cribriform
Prostate Cancer’ Defines a Patient Subgroup with an Inferior Prognosis. Histopathology 2023, 83, 853-869. [CrossRef] [PubMed]
Carneiro, A.; Barbosa, A.R.G.; Takemura, L.S.; Kayano, PP; Moran, N.K.S.; Chen, C.K.; Wroclawski, M.L.; Lemos, G.C.;
da Cunha, LW.; Obara, M.T.; et al. The Role of Immunohistochemical Analysis as a Tool for the Diagnosis, Prognostic Evaluation
and Treatment of Prostate Cancer: A Systematic Review of the Literature. Front. Oncol. 2018, 8, 377. [CrossRef] [PubMed]
O’Malley, D.E.; Raspin, K.; Melton, P.E.; Burdon, K.P,; Dickinson, J.L.; FitzGerald, L.M. Acquired Copy Number Variation in
Prostate Tumours: A Review of Common Somatic Copy Number Alterations, How They Are Formed and Their Clinical Utility.
Br. J. Cancer 2024, 130, 347-357. [CrossRef] [PubMed]

Sato, S.; Kimura, T.; Onuma, H.; Egawa, S.; Takahashi, H. Transition Zone Prostate Cancer Is Associated with Better Clinical
Outcomes than Peripheral Zone Cancer. BJUI Compass 2021, 2, 169-177. [CrossRef] [PubMed]

Lin, B.-B.; Lei, H.-Q.; Xiong, H.-Y.; Fu, X,; Shi, F;; Yang, X.-W.; Yang, Y.-F,; Liao, G.-L.; Feng, Y.-P; Jiang, D.-G.; et al. MicroRNA-
Regulated Transcriptome Analysis Identifies Four Major Subtypes with Prognostic and Therapeutic Implications in Prostate
Cancer. Comput. Struct. Biotechnol. ]. 2021, 19, 4941-4953. [CrossRef] [PubMed]

Kang, M; Lee, H.; Byeon, S.J.; Kwon, G.Y.; Jeon, S.S. Genomic Features and Clinical Implications of Intraductal Carcinoma of the
Prostate. Int. J. Mol. Sci. 2021, 22, 13125. [CrossRef] [PubMed]

Abdelsalam, R.A.; Khalifeh, I.; Box, A.; Kalantarian, M.; Ghosh, S.; Abou-Ouf, H.; Lotfi, T.; Shahait, M.; Palanisamy, N.;
Bismar, T.A. Molecular Characterization of Prostate Cancer in Middle Eastern Population Highlights Differences with Western
Populations with Prognostic Implication. J. Cancer Res. Clin. Oncol. 2020, 146, 1701-1709. [CrossRef] [PubMed]

Morais, C.E.; Gurgel, D.C.; Teixeira, A.C.; Mattos, T.V.A ; da Silva, A.V.A.; Tavora, F. Prevalence of ERG Expression and PTEN
Loss in a Brazilian Prostate Cancer Cohort. Braz. J. Med. Biol. Res. 2019, 52, €8483. [CrossRef] [PubMed]

Salles, D.C.; Mendes, A.A.; Han, M,; Partin, A.W.; Trock, B.J.; Jing, Y.; Lotan, T.L. ERG Status at the Margin Is Associated With
Biochemical Recurrence After Radical Prostatectomy With Positive Surgical Margins. Mod. Pathol. 2023, 36, 100147. [CrossRef]
[PubMed]

Fragkoulis, C.; Glykas, I.; Tzelves, L.; Stamatakos, P.V.; Papadopoulos, G.; Stathouros, G.; Dellis, A.; Ntoumas, K.; Kostopoulou, A;
Deliveliotis, C.; et al. Clinical Impact of ERG and PTEN Status in Prostate Cancer Patients Underwent Radical Prostatectomy.
Arch. Ital. Urol. Androl. 2022, 94, 390-395. [CrossRef] [PubMed]

Voulgari, O.; Goutas, D.; Pergaris, A.; Belogiannis, K.; Thymara, E.; Kavantzas, N.; Lazaris, A.C. Correlations of PTEN and ERG
Immunoexpression in Prostate Carcinoma and Lesions Related to Its Natural History: Clinical Perspectives. Curr. Issues Mol. Biol.
2023, 45, 2767-2780. [CrossRef] [PubMed]

Tolkach, Y.; Zarbl, R.; Bauer, S.; Ritter, M.; Ellinger, ].; Hauser, S.; Hiiser, L.; Klauck, S.M.; Altevogt, P; Stiltmann, H.; et al. DNA
Promoter Methylation and ERG Regulate the Expression of CD24 in Prostate Cancer. Am. J. Pathol. 2021, 191, 618-630. [CrossRef]
[PubMed]

Liu, R;; Zhou, ].; Xia, S.; Li, T. The Impact of PTEN Deletion and ERG Rearrangement on Recurrence after Treatment for Prostate
Cancer: A Systematic Review and Meta-Analysis. Clin. Transl. Oncol. 2020, 22, 694-702. [CrossRef] [PubMed]

Eineluoto, J.T.; Sandeman, K.; Pohjonen, J.; Sopyllo, K.; Nordling, S.; Stiirenberg, C.; Malén, A.; Kilpeldinen, T.P.; Santti, H.;
Petas, A.; et al. Associations of PTEN and ERG with Magnetic Resonance Imaging Visibility and Assessment of Non-Organ-
Confined Pathology and Biochemical Recurrence After Radical Prostatectomy. Eur. Urol. Focus. 2021, 7, 1316-1323. [CrossRef]
[PubMed]

Hernandez-Llodra, S.; Segalés, L.; Juanpere, N.; Marta Lorenzo, T.; Salido, M.; Nonell, L.; David Lépez, T.; Rodriguez-Vida, A;
Bellmunt, J.; Fumadé, L.; et al. SPOP and CHD1 Alterations in Prostate Cancer: Relationship with PTEN Loss, Tumor Grade,
Perineural Infiltration, and PSA Recurrence. Prostate 2021, 81, 1267-1277. [CrossRef] [PubMed]

Biischeck, F; Sulimankhil, M.; Melling, N.; Hoflmayer, D.; Hube-Magg, C.; Simon, R.; Gobel, C.; Hinsch, A.; Weidemann, S.;
Izbicki, J.R.; et al. Loss of Cytoplasmic Survivin Expression Is an Independent Predictor of Poor Prognosis in Radically Operated
Prostate Cancer Patients. Cancer Med. 2020, 9, 1409-1418. [CrossRef] [PubMed]

Leinonen, K.A.; Saraméki, O.R.; Furusato, B.; Kimura, T.; Takahashi, H.; Egawa, S.; Suzuki, H.; Keiger, K.; Ho Hahm, S.; Isaacs,
W.B.; et al. Loss of PTEN Is Associated with Aggressive Behavior in ERG-Positive Prostate Cancer. Cancer Epidemiol. Biomark.
Prev. 2013, 22, 2333-2344. [CrossRef] [PubMed]

Spethmann, T.; Bockelmann, L.C.; Labitzky, V.; Ahlers, A.K.; Schroder-Schwarz, J.; Bonk, S.; Simon, R.; Sauter, G.; Huland, H.;
Kypta, R.; et al. Opposing Prognostic Relevance of Junction Plakoglobin in Distinct Prostate Cancer Patient Subsets. Mol. Oncol.
2021, 15, 1956-1969. [CrossRef] [PubMed]

Schaefer, G.; Mosquera, J.-M.; Ramoner, R.; Park, K.; Romanel, A ; Steiner, E.; Horninger, W.; Bektic, J.; Ladurner-Rennau, M.;
Rubin, M.A; et al. Distinct ERG Rearrangement Prevalence in Prostate Cancer: Higher Frequency in Young Age and in Low PSA
Prostate Cancer. Prostate Cancer Prostatic Dis. 2013, 16, 132-138. [CrossRef] [PubMed]


https://doi.org/10.1111/his.15012
https://www.ncbi.nlm.nih.gov/pubmed/37501635
https://doi.org/10.3389/fonc.2018.00377
https://www.ncbi.nlm.nih.gov/pubmed/30280090
https://doi.org/10.1038/s41416-023-02485-7
https://www.ncbi.nlm.nih.gov/pubmed/37945750
https://doi.org/10.1002/bco2.47
https://www.ncbi.nlm.nih.gov/pubmed/35475132
https://doi.org/10.1016/j.csbj.2021.08.046
https://www.ncbi.nlm.nih.gov/pubmed/34527198
https://doi.org/10.3390/ijms222313125
https://www.ncbi.nlm.nih.gov/pubmed/34884926
https://doi.org/10.1007/s00432-020-03221-x
https://www.ncbi.nlm.nih.gov/pubmed/32350606
https://doi.org/10.1590/1414-431x20198483
https://www.ncbi.nlm.nih.gov/pubmed/31826177
https://doi.org/10.1016/j.modpat.2023.100147
https://www.ncbi.nlm.nih.gov/pubmed/36828362
https://doi.org/10.4081/aiua.2022.4.390
https://www.ncbi.nlm.nih.gov/pubmed/36576468
https://doi.org/10.3390/cimb45040181
https://www.ncbi.nlm.nih.gov/pubmed/37185705
https://doi.org/10.1016/j.ajpath.2020.12.014
https://www.ncbi.nlm.nih.gov/pubmed/33485866
https://doi.org/10.1007/s12094-019-02170-3
https://www.ncbi.nlm.nih.gov/pubmed/31359337
https://doi.org/10.1016/j.euf.2020.06.016
https://www.ncbi.nlm.nih.gov/pubmed/32620540
https://doi.org/10.1002/pros.24218
https://www.ncbi.nlm.nih.gov/pubmed/34533858
https://doi.org/10.1002/cam4.2773
https://www.ncbi.nlm.nih.gov/pubmed/31893572
https://doi.org/10.1158/1055-9965.EPI-13-0333-T
https://www.ncbi.nlm.nih.gov/pubmed/24083995
https://doi.org/10.1002/1878-0261.12922
https://www.ncbi.nlm.nih.gov/pubmed/33533127
https://doi.org/10.1038/pcan.2013.4
https://www.ncbi.nlm.nih.gov/pubmed/23381693

Diseases 2025, 13, 235 13 of 13

32.

33.

34.

35.

36.

Alshalalfa, M.; Seldon, C.; Franco, I; Vince, R.; Carmona, R.; Punnen, S.; Kaochar, S.; Dess, R.; Kishan, A.; Spratt, D.E.; et al.
Clinicogenomic Characterization of Prostate Cancer Liver Metastases. Prostate Cancer Prostatic Dis. 2022, 25, 366-369. [CrossRef]
[PubMed]

Shore, N.D.; Moul, J.W,; Pienta, K.J.; Czernin, J.; King, M.T.; Freedland, S.J. Biochemical Recurrence in Patients with Prostate
Cancer after Primary Definitive Therapy: Treatment Based on Risk Stratification. Prostate Cancer Prostatic Dis. 2024, 27, 192-201.
[CrossRef] [PubMed]

Lombardo, R.; Rovesti, L.; Cicione, A.; Gravina, C.; Franco, A.; Stira, ].; Simone, G.; D’Annunzio, S.; Nacchia, A.; Papalia, R.; et al.
Serum Levels of Chromogranin Are Not Predictive of Poorly Differentiated Prostate Cancer: Results from a Multicenter Radical
Prostatectomy Cohort. Prostate 2022, 82, 1400-1405. [CrossRef] [PubMed]

Armstrong, A.J.; Taylor, A.; Haffner, M.C.; Abida, W.; Bryce, A.H.; Karsh, L.I.; Tagawa, S5.T.; Twardowski, P; Serritella, A.V,;
Lang, ].M. Germline and Somatic Testing for Homologous Repair Deficiency in Patients with Prostate Cancer (Part 1 of 2). Prostate
Cancer Prostatic Dis. 2024. [CrossRef] [PubMed]

McKay, R.R; Xie, W.; Ye, H.; Fennessy, EM.; Zhang, Z; Lis, R.; Calagua, C.; Rathkopf, D.; Laudone, V.P; Bubley, G.J.; et al. Results
of a Randomized Phase II Trial of Intense Androgen Deprivation Therapy Prior to Radical Prostatectomy in Men with High-Risk
Localized Prostate Cancer. J. Urol. 2021, 206, 80-87. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41391-021-00486-2
https://www.ncbi.nlm.nih.gov/pubmed/35022600
https://doi.org/10.1038/s41391-023-00712-z
https://www.ncbi.nlm.nih.gov/pubmed/37679602
https://doi.org/10.1002/pros.24412
https://www.ncbi.nlm.nih.gov/pubmed/35923120
https://doi.org/10.1038/s41391-024-00901-4
https://www.ncbi.nlm.nih.gov/pubmed/39354185
https://doi.org/10.1097/JU.0000000000001702
https://www.ncbi.nlm.nih.gov/pubmed/33683939

	Introduction 
	Materials and Methods 
	The Study Population 
	Ethics Committee Approval and Data Collection 
	Statistical Analysis 
	Tissue Microarray Construction 
	Preparation of Recipient TMA Paraffin Block 
	Obtaining Tissue Cores and Constructing the TMA Block 
	Immunohistochemical Stainings 

	Results 
	Discussion 
	Conclusions 
	References

