INTERNATIONAL JOURNAL OF

L0 {0 ] K@ L N —

International Journal of Urology (2025) 32, 39-44

doi: 10.1111/iju.15592

Original Article
Clinical Investigation

Loss of phosphatase and tensin homolog expression castration-
sensitive prostate cancer predicts outcomes in men after

prostatectomy

Yoshinori Yanai,' Shuji Mikami,” Yota Yasumizu,' Toshikazu Takeda,! Kazuhiro Matsumoto,
Shigehisa Kitano,”> Mototsugu Oya' and Takeo Kosaka'

"Department of Urology, Keio University School of Medicine, Tokyo, Japan, *Department of Diagnostic Pathology, Keio University
School of Medicine, Tokyo, Japan, and *Department of Advanced Medical Development, Division of Clinical Chemotherapy,

The Cancer Institute Hospital of Japanese Foundation for Cancer Research, The Cancer Chemotherapy Center of Japanese
Foundation for Cancer Research, Tokyo, Japan

Abbreviations & Acronyms
AUC = area under the curve
BCR = biochemical
recurrence

CSPC = castration-sensitive
prostate cancer

PCa = prostate cancer
PTEN = phosphatase and
tensin homolog

ROC = receiver operating
characteristic curve

TSGs = tumor suppressor
genes

Correspondence

Takeo Kosaka M.D., Ph.D.,
Department of Urology, Keio
University School of Medicine,
35 Shinanomachi, Shinjuku-ku,
Tokyo 160-8582, Japan.
Email: takemduro@gmail.com

This is an open access article
under the terms of the Creative
Commons Attribution License,
which permits use, distribution
and reproduction in any
medium, provided the original
work is properly cited.

Received 6 July 2024; accepted
18 September 2024.

Online publication 1 October
2024

Objectives: This study aimed to investigate the potential for using the phosphatase
and tensin homolog (PTEN) gene as a prognostic marker in post-prostatectomy patients
with castration-sensitive prostate cancer (PCa).

Methods: A total of 180 patients with castration-sensitive PCa who underwent radical
prostatectomy at our institution were included in this study. PTEN expression was
evaluated using immunohistochemistry, and patients were classified into two groups
based on the staining intensity: PTEN-Normal and PTEN-Loss. The association between
PTEN expression and biochemical recurrence was analyzed using the Cox proportional
hazards model.

Results: Patients in the PTEN-Loss group had a higher risk of biochemical recurrence
(hazard ratio, 4.642; 95% confidence interval, 2.137-10.083; p < 0.001) and a lower
recurrence-free rate compared to the PTEN-Normal group (35% vs. 75%). In addition to
clinicopathological factors, such as the serum prostate-specific antigen level, Gleason
score, and T stage, evaluation of PTEN expression improved the prediction of
biochemical recurrence after prostatectomy (area under the curve, 0.577 vs. 0.688).
Conclusions: Low PTEN expression is a significant predictor of biochemical recurrence
in patients with castration-sensitive PCa who have already undergone prostatectomy.

Key words: biochemical recurrence, phosphatase and tensin homolog, prostate
cancer, prostatectomy, tumor suppressor genes.

INTRODUCTION

Increasing evidence suggests that prostate cancer (PCa) is a highly heterogeneous disease,'
leading to a wide range of prognoses. Understanding and overcoming intratumor heterogene-
ity in locally invasive PCa, however, is an unmet medical need in research surrounding PCa.
It is difficult to clarify the diversity among prognoses using the existing clinical parameters,
which include prostate-specific antigen (PSA) levels, the Gleason score, and the clinical
T stage. Even after prostatectomy, some cases of PCa can be aggressive, lethal, and resistant
to androgen deprivation therapy. We previously reported that the addition of tumor immune
cell analysis to clinical and pathological parameters is useful in predicting the prognosis of
PCa with seminal vesicle invasion after prostatectomy.” In this study, we explored another
alternative strategy to clarify the heterogeneity of PCa by adding existing clinical and patho-
logical parameters and evaluated its efficacy in improving prognostic accuracy. In men with
metastatic castration-resistant PCa who showed disease progression while receiving enzaluta-
mide, abiraterone, apalutamide, docetaxel, or olaparib, comprehensive genome profiling was
considered to decide the subsequent treatment.® Since the advent of genomic profiling, many
studies have demonstrated the effects of tumor suppressor genes (TSGs) in patients with
advanced metastatic PCa.*”’ However, comprehensive genome profiling is not usually
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performed in patients with castration-sensitive prostate cancer
(CSPC). This study aimed to highlight the significance of
TSG immunohistochemistry in patients with CSPC.

Phosphatase and tensin homolog (PTEN) is one of the rep-
resentative TSGs and plays an important role in regulating cell
growth and division. The PTEN gene encodes a tumor sup-
pressor protein that is widely expressed and has both lipid
phosphatase and protein phosphatase activities. Its most
well-known catalytic function is to remove the 3’-phosphate
from phosphoinositide-binding protein 3, converting it to
phosphatidylinositol diphosphate. This action counteracts the
phosphatidylinositol-3 kinase signaling pathway. This leads to
the inhibition of downstream targets like Akt, the mammalian
target of rapamycin, and S6 kinase, which play roles in pre-
venting apoptosis and promoting cell proliferation and migra-
tion.® 1° The loss of function or deletion of PTEN is relatively
frequent, as observed in approximately 40% of Caucasian men
with PCa.'"'? The incidence of PTEN loss in Asian men with
PCa is lower (14%) compared to that in Caucasian men.'*'*
However, there are no reports on the stratification of CSPC
according to PTEN expression at the protein level after prosta-
tectomy in Japan. This study, therefore, aimed to clarify the
potential use of PTEN immunohistochemistry as a prognostic
marker in post-prostatectomy patients with CSPC.

METHODS
Patients

We retrospectively searched the medical records of patients
who underwent radical prostatectomy between January 2010
and December 2018 at our institution and monitored
post-prostatectomy serum PSA levels in each patient. Bio-
chemical recurrence (BCR) was diagnosed by detecting an
increase in two successive post-prostatectomy PSA levels
(>0.2 ng/mL) without clinical or radiographic evidence of
disease.’® We excluded patients with missing data, those who
received adjuvant therapy, and those without a nadir
post-prostatectomy PSA level <0.2 ng/mL. After applying the
exclusion criteria, a total of 180 patients were enrolled in this
study. The protocol for this study was approved by the Insti-
tutional Review Board of Keio University Hospital
(#20160084), and written informed consent was obtained
from all study participants. The study was performed in
accordance with the Declaration of Helsinki.

Immunohistochemistry

The pathological diagnoses were obtained from the patient’s
medical records, specifically the pathology report of the spec-
imen obtained during prostatectomy. All prostate specimens
were formalin-fixed and paraffin-embedded after excision.
Immunohistochemistry was performed using an anti-PTEN
antibody (#9559, 1:150 dilution; Cell Signaling, Danvers,
MA, USA).

Evaluation of immunostaining

All sections were scanned using a NanoZoomer-XR
high-resolution digital slide scanner (C12000; Hamamatsu

Photonics, Hamamatsu, Shizuoka, Japan). Three authors
(YY, TK, and MS), blinded to the patients’ clinical data,
independently evaluated immunoreactivity by counting the
stained nuclei and cytoplasm. The average number of cells
counted by each three investigators was used for analysis.
Counts with <20% PTEN cells were categorized as PTEN-
Loss, while all other counts were categorized as PTEN-
Normal.

Statistical analysis

Differences in continuous variables between the two groups
were evaluated using the Mann—Whitney U test, while the
chi-squared test was used to analyze differences in the num-
ber of patients between the two groups. Univariate and multi-
variate analyses were performed to identify predictive factors
for BCR using the Cox proportional hazards model with step-
wise forward selection. Kaplan—Meier curves were con-
structed to evaluate postoperative BCR-free survival. PTEN
expression and clinicopathological factors were used to pre-
dict BCR using receiver operating characteristic (ROC)
curves and the area under the ROC curve (AUC). Data were
reported as medians (interquartile range; IQR). All reported
p-values were two-sided, and statistical significance was set
at p < 0.05. Statistical analyses were performed using SPSS
statistical software (version 27.0; https://www.ibm.com/
analytics/spss-statistics-software).

RESULTS
Patient characteristics

The clinical characteristics of the patients are summarized in
Table 1. The median follow-up period was 5.8 (IQR 4.8-8.7)
years. Among the 180 patients, the median age at the time of
surgery was 66 (IQR 61-70) years, the median PSA value at
the time of diagnosis was 8.6 (5.9-13.1) ng/mL, and the
median prostate volume upon excision was 29.0 (20.9-39.0)
mL. A total of 156 patients were categorized as having
PTEN-Normal expression, compared to 24 with PTEN-Loss.
There were no significant differences in the follow-up period,
age, prostate volume, clinical T stage, pathological T stage,
pathological N stage, Gleason score, or surgical margin status
based on PTEN expression (p = 0.850, 0.801, 0.571, 0.766,
0.110, 0.732, 0.224 or 0.204, respectively). In contrast, serum
PSA level was significantly higher and BCR was significantly
more common in the PTEN-Loss group (p = 0.003 and
<0.001, respectively).

Distribution and prognostic impact of PTEN
expression

Representative immunohistochemical images are shown in
Figure 1, showing that PTEN expression was observed in
the cytoplasm. Table 2 shows the results of the univariate
and multivariate analyses of the association between PTEN
expression and BCR, which showed a statistically significant
difference between the PTEN-Normal and PTEN-Loss
groups (p < 0.001). Loss of PTEN expression was associ-
ated with BCR, with an estimated hazard ratio for a 20%
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TABLE 1 Patients clinical characteristics according to PTEN expression.

Total PTEN-Normal PTEN-Loss p-Value
Patients (n) 180 156 24
Median follow-up, year (IQR) 5.8 (4.8-7.7) 5.8 (4.8-7.5) 5.7 (4.2-9.0) 0.850
Median age at diagnosis, year (IQR) 66 (61-70) 66 (61-70) 67 (61-71) 0.801
Median PSA at diagnosis, ng/mL (IQR) 8.6 (5.9-13.1) 8.1 (5.7-11.4) 11.9 (9.4-19.8) 0.003
Median prostate volume, mL (IQR) 29.0 (20.9-39.0) 28.7 (20.8-38.5) 30.0 (21.0-45.2) 0.571
Clinical T stage 0.766
T1 22 3
T2 11 17
T3-4 23 4
Pathological T stage 0.110
T2 110 13
13-4 46 11
Pathological N stage 0.732
Negative 155 24
Positive 1 0
Gleason grade group 0.224
12,3 112 20
4,5 44 4
Surgical margin status 0.204
Negative 93 11
Positive 63 13
Biochemical recurrence <0.001
No 117 8
Yes 39 16
Abbreviations: IQR, interquartile range; PSA, prostate-specific antigen; PTEN, phosphatase and tensin homolog.
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cutoff value for PTEN of 4.642 (95% confidence interval, DISCUSSION

2.137-10.083; p < 0.001) in the multiple logistic regression
analysis. The BCR-free rates of the PTEN-Normal and
PTEN-Loss groups were 75% and 35%, respectively
(p <0.001; Figure 2). The AUC for predicting
post-prostatectomy BCR based on clinicopathological factors
such as serum PSA level, Gleason score, and clinical T
stage was 0.577; however, when PTEN expression was
added to these factors, the AUC was elevated to 0.688 (Fig-
ure 3). As seen in Table S1, we determined the cutoff value
based on the proportion of PTEN observed through immu-
nohistochemistry. The most significant results were observed
at 15% and 20%, with a hazard ratio of 6.435; therefore,
for this study, we set the cut-off value at 20%.

The results of this study suggested that lower PTEN expres-
sion, as detected by immunohistochemistry, plays a signifi-
cant role in predicting BCR outcomes in post-prostatectomy
patients with PCa. Copy number loss in the PTEN gene is
sometimes observed in PCa, resulting in the loss of PTEN
protein expression and activation of protein kinase B signal-
ing pathways. Activation of the PI3K/Akt pathway by PTEN
loss enhances androgen receptor signaling and facilitates the
survival of androgen-independent PCa cells.'®'® Hence, the
loss of PTEN expression has been linked to the progression
and metastasis of PCa, as well as drug resistance to androgen
receptor signal inhibitors, taxanes, and radiation therapy.'®>2
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TABLE 2 Univariable and multivariable analysis of the association of
PTEN expression with biochemical recurrence.

Multivariate

Parameters Univariate  HR (95% Cl) p-Value
Age (years) 0.348
PSA at diagnosis (ng/mL) 0.063
Prostate volume (mL) 0.225
Clinical T stage

T1-2 versus 13-4 0.187
Pathological T stage

T2 versus 13-4 0.003

Pathological N stage

Negative versus positive 0.514
Gleason grade group

1,2,3 versus 4,5 0.022
Surgical margin status

Negative versus positive 0.001
PTEN expression

Normal versus loss <0.001

4.026 (1.810-8.954) <0.001

4.642 (2.137-10.083)  <0.001

Cl, confidence interval; HR, hazard ratio; PSA, prostate-specific antigen;
PTEN, phosphatase and tensin homolog.
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FIGURE 3 Receiver operating characteristics curves for prediction of bio-
chemical recurrence using clinicopathological factors or phosphatase and
tensin homolog (PTEN) expression. AUC, area under the curve; PSA,
prostate-specific antigen.

Furthermore, the loss of PTEN expression in patients with
PCa has been associated with an increased risk of cancer
recurrence.>>?* Therefore, we expect that using PTEN loss as

a biomarker for prognosis prediction will enable personalized
treatment and optimization targeting PTEN loss.

Previous studies have demonstrated that patients with
CSPC with low PTEN expression have lower response rates
to androgen deprivation therapy, whereas the loss of RBI
gene expression is associated with an increased risk of devel-
oping castration-resistant PCa along with worse overall sur-
vival.** %> Comprehensive genome profiling, however, is not
usually performed in patients with CSPC. In this study, we
used immunohistochemistry, a technique to detect and visual-
ize protein in tissue samples, to assess PTEN expression in
post-prostatectomy patients with CSPC. In Western PCa
patients, the frequency of PTEN loss is high (approximately
40%) and is particularly prominent in advanced cancers and
high-risk groups. In contrast, the frequency of PTEN loss in
Japanese patients is reported to be low (approximately
14%)."""'* This may be related to differences in the disease
patterns associated with PTEN loss by race and ethnicity.
The fact that PTEN deficiency occurs in more Western
patients may be related to the fact that other genetic abnor-
malities that contribute to PCa progression (e.g., 7P53 and
RBI mutations) are found at higher rates in Western patients.
In contrast, in Japanese patients, genetic abnormalities other
than PTEN may act as the primary progression factor. Differ-
ences in diet and obesity rates may also influence gene muta-
tion patterns in PCa. High-fat diets and obesity in Western
countries may influence tumor progression associated with
PTEN deficiency. On the other hand, low-fat diets are more
popular in Japan, which may influence the lower frequency
of PTEN deficiency and the rate of PCa progression. That is
why it is highly significant to examine the feasibility of using
PTEN immunohistochemistry in a Japanese cohort as in this
study.

We determined the cutoff value as 20% based on the pro-
portion of PTEN observed through immunohistochemistry
(Table S1). Some previous reports have used a cutoff value
of 50% for the proportion of stained cells in PTEN
immunostaining,®*” while others have used 0% to evaluate
the complete loss of PTEN expression.?®?° Therefore, we cal-
culated sequentially with varying values and set the cutoff at
20% in this study. Notably, this value might change with an
increase in the number of study cases, which is one of the
limitations of this study. Contrarily, most previous studies
have focused on Caucasians.*® Since PCa progression and
characteristics can differ by race and ethnicity, establishing a
cutoff value in this study with Japanese patients is particu-
larly valuable.

In this study, we used Cell Signaling’s PTEN antibody
because it has been used in other studies at our institution.
However, the specificity and sensitivity of different antibodies
are different, and it is another limitation of this study to
examine whether other antibodies will show the same results
as this study.

This study has other limitations as well, including the
small number of cases and difficulty performing genetic test-
ing in patients after radical prostatectomy. There may also be
differences in the frequency and combination of genetic
mutations other than PTEN between Japanese and Western
countries, and further investigations are needed on other
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TSGs, including RBI and 7P53, which are our future
research topics. The authors emphasize, however, that PTEN
immunohistochemistry can be a valuable prognostic marker
in early-stage PCa, particularly in cases with limited compre-
hensive genomic profiling.
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Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Table S1.

Editorial Comment to Loss of phosphatase and tensin homolog expression in
castration-sensitive prostate cancer predicts outcomes in men after prostatectomy

It is well known that phosphatase and tensin homolog
(PTEN) loss is robustly associated with aggressive cancer
phenotypes and adverse oncological outcomes in various
cancers.! In several large studies from Western countries,
PTEN loss is clearly associated with an increased risk of bio-
chemical recurrence (BCR) after radical prostatectomy (RP).
Furthermore, PTEN loss was a predictor of prostate cancer-
specific death in surgically treated patients.> Consistently with
these evidence, in this issue, Yanai et al.> have shown that
PTEN loss was related with BCR after RP in 180 Japanese
patients. This study added to the evidence supporting previ-
ous studies and demonstrated that the prognostic significance
of PTEN loss was applicable to the Asian population.

In addition, a meta-analysis of seven studies confirmed a
strong correlation of PTEN genomic deletion with increased
Gleason score and increased likelihood of extra-prostatic
extension in patients with localized prostate cancer treated
surgically.* In the study by Yanai et al.,’ the diagnostic sig-
nificance of adding PTEN status for BCR was indicated by a
preoperative model using PSA, Gleason score, and clinical T
stage. However, the material used to assess Gleason score
was not clear, and multivariate analysis did not include Glea-
son score and pathological T stage as parameters. These
points require careful interpretation by the readers.

Several therapeutic agents targeting phosphatidylinositol 3-
kinase/AKT/mammalian target of rapamycin signaling, which
is activated by PTEN loss, are currently under investigation,
primarily for metastatic castration-sensitive, and castration-
resistant prostate cancer.’ If these novel agents are shown
to be effective for metastatic disease, existing evidence
including this study in the RP cohort suggest the potential of

44

therapeutics targeting phosphatidylinositol 3-kinase/AKT/
mammalian rapamycin-targeted signaling against high-risk
prostate cancer with PTEN loss in the perioperative setting.
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