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may result in PCa diagnosis during early stages of the disease.1–6 PCa 
most often affects older men; therefore, there is a greater concern in 
developed countries, where life expectancy is longer.7

Locally advanced PCa previously accounted for approximately 
40% of the newly diagnosed PCas. Today, this figure is lower, and it has 
been estimated that approximately 20% of emerging PCas are locally 
advanced.8 This is because of the widespread measurement of serum 
PSA, which is a diagnostic tool that has led to a remarkable increase 
in the detection of clinically localized cancers.9,10

Locally advanced PCa stage T3N0M0 is defined as cancer that has 
either broken the prostatic capsule or infiltrates the seminal vesicles 
without invasion of the adjacent organs and no evidence of positive 
lymph nodes or distant metastasis. Many patients presenting with these 
tumors may be suitable for definitive treatment, whereas others require 

INTRODUCTION
In Europe, prostate cancer (PCa) is the most common solid neoplasm, 
representing 22.8% of all newly diagnosed cancer cases among men.1 
However, the incidence, although not the mortality, rates vary by more 
than seven‑fold, and the highest rates are observed in Northern and 
Western European countries, whereas the lowest rates occur in Central 
and Eastern areas. In Greece, the incidence rate for PCa is one of the 
lowest, with 34 cases per 100 000. This may be attributed to a variety 
of factors, such as diet2,3 and opportunistic screening.4 PCa is currently 
the most frequent cancer and the third most common cause of cancer 
death in men in the European Union.1 In addition, since 1985, there 
has been an increase in the incidence of PCa in most countries, even 
in countries where PCa is not common.1,5 This primarily reflects the 
widespread availability of prostate specific antigen (PSA) testing, which 
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a more conservative form of treatment. Locally advanced PCa involves 
a wide range of tumor phenotypes with different prognoses, and more 
than 50% of these men are at risk for tumor recurrence after local 
treatment. The management of these patients remains controversial. 
Therefore, it is important to identify those patients who can receive 
definitive treatment and those who will not benefit from it.

Surgical treatment in clinical T3 (cT3) PCa has traditionally been 
discouraged,11 primarily because patients have an increased risk of 
positive surgical margins (+SMs) and either lymph node or distant 
metastases.12,13 Although several randomized studies comparing 
radiation alone with the combination of radiation and hormone 
therapy (androgen deprivation therapy (ADT)) show a clear advantage 
for the combination therapy, no study has demonstrated the superiority 
of combination therapy versus radical prostatectomy.14 Recently, there 
has been renewed interest in surgical treatment of locally advanced 
PCa, and several retrospective studies have been published. Although 
surgical therapy remains controversial, it is increasingly evident that 
it has a place in the treatment of locally advanced disease, particularly 
for stage cT3.15–19 Another important factor is the over‑staging of 
cT3 PCa, which is relatively common and occurs in 13%–27% of 
cases. It appears that patients with pT2 disease and patients with 
pT3 disease confined within the surgical specimen have similarly good 
biochemical progression‑free survival and progression disease‑free 
survival  (PDFS).18,19 Therefore, 56%–78% of patients who initially 
underwent surgery eventually require adjuvant or salvage therapy, that 
is, either radiation or hormone or a combination of both. Nevertheless, 
excellent 5  years, 10  years and 15  years overall survival  (OS) and 
disease‑specific survival rates have been published, and these rates are 
better than those of radiation alone and no different from radiotherapy 
combined with adjuvant hormonal therapy. Furthermore, patients with 
pT2 disease and patients with specimen‑confined pT3 disease have 
similarly good biochemical and clinical PFS.15–19

However, it remains to be determined which patients with locally 
advanced disease cT3 can undergo surgical treatment and benefit 
from the procedure. The nomograms that include the PSA level, 
stage and Gleason score can be useful in predicting the pathological 
stage of disease,20 but there is not enough information to guide the 
decision‑making regarding the treatment modality. Therefore, in 
addition to the known prognostic parameters used in nomograms, 
other prognostic parameters, such as distinct histopathological 
characteristics of the tumor, would improve the decision‑making 
regarding the treatment modality, appropriate patient selection and 
improved prediction efficacy of the existing nomograms. Useful 
histopathological parameters that may have important predictive value 
are estrogen receptor (ER) and androgen receptor (AR) expression in 
the tumor.

ARs in PCa are now a focus of research efforts for both the 
treatment and prevention of PCa. Androgens play a fundamental 
role in the growth, differentiation and maintenance of prostate tissue. 
Their effects are mediated via a specific AR that belongs to the nuclear 
receptor family. The AR molecule is a major part of the regulatory 
androgen‑AR complex and is critical in the androgen‑AR pathway 
of PCa.21,22 AR expression may represent a potential prognostic 
parameter. However, there have been variable results regarding the 
number of cells expressing ARs in cancer and the ability to predict 
clinical progression and survival.23 In addition, there is a growing body 
of evidence to suggest that estrogens and their receptors, primarily 
ER(α) in the prostatic stroma and ER(β) in the prostatic epithelium, 
play a significant role in both normal and abnormal development of 
the prostate gland.24–27 Estrogens have been shown to be an effective 

hormonal treatment for advanced PCa for over 60 years and remain 
a second line of hormonal manipulation.28–30 Surprisingly, estrogens 
may also be associated with the development and progression of 
PCa.30–32 The expression of these receptors and their correlation may 
be a prognostic factor for determining biochemical relapse and disease 
progression.

Our objective was to study the expression of the ERs (ER(α) and 
ER(β)) in relation to the expression of the AR in the prostate tissue 
of locally advanced PCa and to determine their correlation with 
biochemical disease‑free survival (BDFS), PFS and OS. We also sought 
to identify the patients with locally advanced PCa stage cT3N0M0 
who are appropriate candidates for surgical treatment  (radical 
prostatectomy).

MATERIALS AND METHODS
Inclusion criteria
Enrollment in this study occurred between January 2003 and December 
2008. After obtaining approval from the Institutional Research Ethics 
Board, we performed a prospective study of 214 consecutive patients 
with non‑metastatic locally advanced PCa, pathologically proven 
stage pT3 and treated with radical prostatectomy and bilateral pelvic 
lymph node dissection  (PLND). No patients with stage pT4 were 
included. The preoperative inclusion criteria were PSA <20 ng ml−1, 
Karnofsky status ≥80, negative lymph node status, no documented 
distant metastasis, no neoadjuvant therapy or drugs that could affect 
PSA values, such as finasteride and dutasteride, postoperatively − SMs 
and pathologically negative lymph node metastasis. From a total of 
214 patients with pT3 stage PCa (19.5% of all radical prostatectomies 
during this time), 53 patients (24.7% of the pT3 cases) were excluded 
from the study due to positive lymph node metastasis after extended 
PLND, and 39 patients (18.22% of pT3 cases) were also excluded due 
to +SMs. Another 7 patients with preoperative PSA >20 ng ml−1 and 
15 patients who did not complete the scheduled follow‑up were also 
excluded. Finally, 100 patients fulfilled the inclusion criteria.

All patients had been preoperatively staged for metastasis with 
contrast‑enhanced abdominal and pelvic computed tomography (CT), 
bone scan, and levels of serum alkaline phosphatase. Two dedicated 
genitourinary pathologists performed the biopsy and pathologic 
grading, which were assessed based on the Gleason grading system. 
Extended lymph node dissection was performed in all patients included 
in the study, following baseline oncologic parameters and the decision 
of the surgeon.

Postoperative follow‑up
The patients were postoperatively followed, and the assessment 
included a disease‑specific history, clinical examination and PSA 
levels at 3, 6, 9 and 12 months for the 1st year and every 4 months 
thereafter. Creatine, hemoglobin and liver function monitoring 
were assessed twice a year. Any single elevated serum PSA level was 
reconfirmed in a consecutive second valuation. Biochemical recurrence 
was defined as two consecutive PSA values of 0.2 ng ml−1 or greater. 
Pelvic and abdominal CT was performed at 12 and 24 months and 
on demand thereafter. Transrectal ultrasonography and biopsy were 
used to histologically confirm a diagnosis of local disease recurrence, 
and bone scintigraphy and chest X‑ray were used in patients with 
elevated PSA levels, positive digital rectal examination and symptoms 
arising from the skeleton.

Specimen‑processing
Radical prostatectomy specimens were processed using the whole‑mount 
technique. Sufficient tissue was available for immunohistochemical 
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analysis in all cases. Two observers determined the number and 
intensity of immunoreactive nuclei without any knowledge of the 
clinical data. Paraffin‑embedded formalin‑fixed (10% neutral formalin) 
prostate tissue specimens were obtained. The representative sections 
were held by the positions of the tumor in each case and the positions 
of the juxtaposed normal tissue, with a thickness of 4 mm.

To identify the human ER(α), we used the lyophilized mouse 
monoclonal antibody anti‑ERA NCL‑ER‑6F11 (Novocastra, UK). To 
identify the human ER(β), we used the lyophilized mouse monoclonal 
antibody anti‑ER(β) [14C8] ab288 (Abcam, UK). To identify the human 
AR, we used the lyophilized mouse monoclonal antibody anti‑AR 
NCL‑AR‑2F12  (Novocastra, UK). The Dako EnVision™+ system 
horseradish peroxidase  (HRP)  (diaminobenzidine  (DAB)) protocol 
was used as the immunohistochemical method. This is a heat‑induced 
epitope retrieval method. We also used an indirect method with a 
two‑step polymer dextran/HRP system for immunostaining (Table 1).

Immunostaining process

Primary stage
The sections were incubated at 56°C for 18  h in an incubator. The 
pretreatment, deparaffinization, rehydration and recovery of the 
antigenic sites  –  epitope retrieval were performed with the Dako 
PT‑Link module for tissue specimens (Dako Denmark A/S), which 
allows for the entire pretreatment process to be combined into 3‑in‑1 
step specimen preparation procedure. For the sample preparation, 
target retrieval solution pH 9, (10×), (3‑in‑1) Dako (Dako Denmark 
A/S) was diluted 1:10 with distilled water, and 1.5 l solution completely 
covered the slides. Then, the slides were preheated to 65°C, incubated 

for 15 min at 97°C and cooled in the PT‑link until the temperature 
reached 65°C. The entire procedure required 90 min. The samples were 
briefly rinsed with running water and then washed with Tris‑buffered 
saline with Tween (TBST) solution (Dakocytomation, Dako Denmark 
A/S), a Tris‑buffered NaCl solution with Tween 20, pH 7.6, twice for 
5 min (1:10 dilution in distilled water). To remove the endogenous 
peroxidase from the tissues, the sections were incubated with 0.3% 
H2O2 solution in deionized water for 20  min in a dark chamber. 
A  second wash was then performed with TBST solution twice for 
5 min. The primary antibody was diluted in Dako Real antibody diluent, 
which is a Tris‑buffer, pH 7.2, with 15 mol l−1 NaN3 and protein. The 
dilution and incubation conditions for the antibodies are those that 
combine the best signal strength with the least possible nonspecific 
staining (background). In our study, this was 1:20 for ER(β) and 1:100 
for the ER(α) and AR antibodies. The specific antibody (100 μl) was 
pipetted onto each section. The sections were mounted on plates and 
incubated at 4°C for 18 h.

Secondary stage
The sections were incubated at room temperature for 30  min and 
washed with TBST solution twice for 5 min. Next, 100 μl of polymer 
solution Dako EnVision System/HRP (DAB) was added to each section 
for 45 min at room temperature, and then the sections were washed 
again with TBST solution twice for 5 min. The slides were immersed in 
DAB solution for 5 min in a dark chamber (working solution consists 
of 18 ml Dako Real substrate buffer, pH 7.5, and 1 ml DAB × 50). The 
slides were counterstained with hematoxylin  (Vector H3404) and 
dehydrated in graded alcohol, dried and cover slipped (Figure 1a–1j).

Scoring of immunoreactivity
For the semi‑quantitative analysis of immunoreactivity of the steroid 
receptors, HSCORE was used in this study.33,34 Briefly, at least 1000 tumor 
cells were counted in each case and the HSCORE was calculated 
using the following equation: HSCORE= ∑Pi (i + 1). The intensity of 
staining (i) was evaluated subjectively on a scale of 0–3, such that 0 = No 
staining, 1 = Weak staining, 2 = Unequivocal moderate staining and 
3 = Strong staining. Pi is the percentage of stained epithelial cells for 
each intensity. In the present study, interobserver differences were <5% 
and the mean of the two values was obtained. The areas of focal staining 
with the highest percentage of nuclei positive for AR, ER(α) and ER(β) 
were used for each Gleason pattern observed in a particular tumor. If 
more areas from the same pathological category were identified within 
one prostate, the highest score was used for that category.

Statistical analysis
The quantitative variables are expressed as the mean values (standard 
deviation  (s.d.)) or median values  (interquartile range  (IQR)). 
The qualitative variables are expressed as an absolute and relative 
frequencies. ER(β) was tested for its ability to predict biochemical 
disease recurrence, progression of disease and death using receiver 
operating characteristic  (ROC) curves. The overall performance of 
the ROC analysis was quantified by computing the area under the 
curve (AUC). An area of 1 indicated perfect performance, whereas 0.5 
indicated performance that was not different than chance. ROC analysis 
was used to determine the optimal sensitivity and specificity using 
various cut‑off values for the prediction of outcomes. To test whether 
the addition of the PSA and Gleason score increases the predictive 
ability, logistic regression models were used to derive linear predictors 
and to compare the AUC. The comparison of AUC indicates which 
model is the best for the discrimination of the outcome measures. To 
compare the proportions, Fisher’s exact tests were used. To compare 

Table  1: Baseline characteristics of study cohort

Clinopathological parameters n (%)

Age (year), mean (s.d.) 64.2 (3.0)

Karnofsky performance status

80 7 (7.0)

90 19 (19.0)

100 74 (74.0)

Path tumor stage

pT3a 79 (79.0)

pT3b 21 (21.0)

Gleason score, median (IQR) 6.5 (6–7)

≤6 50 (50.0)

7 34 (34.0)

8–10 16 (16.0)

PSA, median (IQR) 7.9 (6.7–10.1)

PSA

≤10 78 (78.0)

>10 22 (22.0)

Pelvic lymph node dissection All

Therapy after surgery

None 38 (38.0)

ADT 33 (33.0)

ADT+RT 29 (29.0)

ER(α)

Negative 0 85 (85.0)

Positive>0 15 (15.0)

ER(β), mean (s.d.) 1.6 (0.7)

AR, mean (s.d.) 2.0 (0.5)

ADT: androgen deprivation therapy; RT: radiotherapy; ER: estrogen receptor; AR: androgen 
receptor; s.d.: standard deviation; IQR: interquartile range; PSA: prostate specific antigen
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the mean ER(β) between the patient groups as defined by the PSA 
and Gleason scores, Student’s t‑tests and analysis of variance were 
used, respectively. The prognostic value of ER(α), ER(β), and AR for 
biochemical disease recurrence, progression of disease and OS was 
first assessed by univariate Cox regression analysis.35 The variables 

that showed significant association with the outcomes were included 
in the multiple Cox proportional‑hazard model. The assumption 
of proportional hazards was evaluated by testing for interactions 
with continuous time variable. Kaplan–Meier survival estimates for 
biochemical disease recurrence, progression of disease and OS were 
graphed for the follow‑up period. All reported P values are two‑tailed. 
Statistical significance was set at P  <  0.05, and the analyses were 
conducted using the  SPSS statistical software (version 18.0).

RESULTS
A total of 100 patients with a mean age of 64.2 years (range: 57–74, 
s.d. = 3.0 years) participated in the study. All men were of Greek origin 
from urban areas. The basic demographics and clinical characteristics 
of the study cohort are presented in Table  1. The majority of 
participants (74%) had a Karnofsky score equal to 100, and 22% of the 
patients had PSA values higher than 10 ng ml−1. Half of the patients 
had a Gleason score greater than 6%, and 29% of the patients received 
ADT and RT treatment postsurgically. The mean follow‑up period was 
6.0 years (s.d. = 2.0), with the median equal to 5.8 years (IQR from 
4.6 to 7.5 years). During the follow‑up period, biochemical disease 
recurrence occurred in 62.0% of the patients, progression of disease 
occurred in 44% of the patients, and 25% of the patients died. The 
combined outcome of biochemical disease recurrence, progression of 
disease and death occurred in 62% of the patients and resulted in all 
patients having biochemical disease recurrence. Fifteen patients (15%) 
had elevated ER(α), whereas the mean ER(β) HSCORE was 1.6 (0.7) 
and the mean AR HSCORE was 2.0  (s.d.  =  0.5). The mean time 
interval between patient surgery and biochemical disease recurrence 
was 2.3 years (s.d. = 1.7 years), whereas the corresponding mean time 
interval for progression of the disease was 3.1 years (s.d. = 1.5 years) 
and for death, 4.2 years (s.d. = 1.9 years). Subjects with preoperative 
PSA >10 ng ml−1 had a mean value for the ER(β) HSCORE equal to 
1.2  (s.d. = 0.7), which was significantly lower  (P = 0.001) than the 
corresponding mean value of 1.7 (s.d. = 0.6) for the HSCORE of patients 
with preoperative PSA <10 ng ml−1. The ER(β) mean values were not 
different between the groups of patients with Gleason scores  <6, 7 
or 8–9 (P = 0.845). The proportion of patients with elevated ER(α) 
was not significantly different according to the preoperative PSA 
levels (P = 0.091) or the Gleason score (P = 0.804).

The ROC curve analysis (Table 2) showed that the optimal cut‑off 
point of ER(β) HSCORE for the prediction of biochemical disease 
recurrence was 1.7, with sensitivity equal to 74.2% and specificity equal 
to 86.8% (Figure 2a). Similarly, an ER(β) value of 1.5 was the optimal 
cut‑off for the prediction of progression of the disease, with a sensitivity 
of 72.7% and a specificity of 87.5% (Figure 2b). The AUC was 0.83 (95% 
confidence interval (CI): 0.75–0.91) and 0.84 (95% CI: 0.76–0.92) for 
biochemical disease recurrence and progression of disease, respectively, 
which is significantly different from 0.5 (P < 0.001). For the survival, 

Figure 2: Kaplan–Meier estimates (a) biochemical disease‑free survival according to the estrogen receptor ER(α) and ER(β) levels. (b) progression‑free survival 
according to the ER(α) and ER(β) levels. (c) overall survival according to the ER(α) and ER(β) levels.

cba

Figure 1: Immunohistochemical analysis in prostate adenocarcinoma. (a) Androgen 
receptor  (AR) expression  (diaminobenzidine  (DAB)), Gleason  (4  +  5) 
score 9, HSCORE 260, scale bar = 8 µm.  (b) Estrogen receptor  (ER(α)) 
expression  (DAB), Gleason  (4  +  5) score 9, HSCORE 0 with sparse 
positive cells in cancer, scale bar = 12.5 µm. (c) ER(β) expression (DAB), 
Gleason  (4  +  5) score 9, HSCORE 180, scale bar  =  8 µm.  (d) ER(α) 
expression  (DAB), Gleason  (3  +  4) score 7, HSCORE 25 with positive 
staining in the stromal cells, scale bar = 8 µm. (e) AR expression (DAB), 
Gleason  (3 + 3) score 6, HSCORE 270, scale bar = 12.5 µm. (f) ER(β) 
expression (DAB), Gleason (3 + 3) score 6, HSCORE 60, scale bar = 12.5 µm. 
(g) ΕR(α) expression  (DAB), Gleason  (3 + 3) score 6, HSCORE 0, scale 
bar  =  12.5  µm.  (h) AR expression  (DAB), Gleason  (3  +  4) score 7, 
HSCORE 300, scale bar = 8 µm. (i) ER(α) expression (DAB), Gleason (3 + 4) 
score 7, HSCORE 0 with single cell positivity, scale bar = 8 µm. (j) ER(β) 
expression (DAB), Gleason (3 + 4) score 7, HSCORE 0, scale bar = 8 μm.
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ROC analysis showed a cut‑off of 1.5 for ER(β), with a sensitivity of 
80.0% and a specificity of 74.7%, with an AUC equal to 0.83 (95% CI: 
0.74–0.92) (Figure 2c). The predictive ability of ER(β) for biochemical 
disease recurrence was not significantly increased by the addition of 
PSA and/or Gleason score (P > 0.05). For the progression of the disease, 
the addition of PSA significantly increased the predictive ability of 
ER(β) (P = 0.046) as indicated by an AUC equal to 0.89. Additionally, 
for survival outcome, the addition of PSA significantly increased the 
predictive ability of ER(β) (P = 0.074).

Univariate Cox regression analysis (Table 3) showed that ER(α) >0 
(positive staining) was significantly associated with a greater hazard for 
all outcomes. Increased ER(β) was significantly associated with a lower 
hazard for all outcomes in the univariate analysis. Using the cut‑off 
provided from the ROC analysis, ER(β) had a significant association 
with the three study outcomes  (P  <  0.001), and subjects with low 
ER(β) values had a greater risk. AR expression was not significantly 
associated with biochemical disease recurrence  (P  =  0.873), 
progression of disease survival (P = 0.443) or OS (P = 0.090). When 
the combined ER(α) and ER(β) HSCORES were used in the analysis, 
it was found that patients with high ER(α) or low ER(β) HSCORES 
compared to patients with both negatively stained ER(α) and >1.7 
hSCORE ER(β), had 6.03, 10.93 and 10.53 times greater hazard for 
biochemical disease recurrence, progression of disease and death, 
respectively. Similarly, the hazard ratios for patients with high ER(α) 
and low ER(β) compared to patients with both negatively stained 
ER(α) and high ER(β) HSCORE >1.7 were 24.87, 22.39 and 17.88 
for biochemical disease recurrence, progression of disease and 
death, respectively. Kaplan–Meier estimates for biochemical disease 
recurrence, progression of the disease and OS for the combination 
of ER(α) and ER(β) are presented in Figure 2a–2c. The multiple Cox 
proportional hazard analysis showed that age, preoperative PSA, 
Gleason score, ER(α) and ER(β) were independent predictors of all 
study outcomes (Table 4). Specifically, increased age was found to be 
associated with a lower risk for all outcomes. In addition, increased 

preoperative PSA and increased Gleason score were associated with 
a greater risk for all study outcomes. After adjustment for the other 
variables, patients with elevated ER(α) had a 4.04 times greater risk for 
biochemical disease recurrence, 3.56 times greater risk for progression 
of the disease and 2.71 times greater risk for death. Using the cut‑offs 
provided by the ROC analyses for ER(β), the hazard ratio equal to 
7.49 for patients with ER(β) <1.7 was determined for biochemical 
disease recurrence. In addition, patients with ER(β) <1.5 had 6.59 
and 8.07 times greater hazard compared to those with ER(β) >1.5 for 
progression of disease and OS, respectively.

DISCUSSION
We have demonstrated that the degree of expression of the ERs (ER(α) 
and ER(β)) is directly related to BDFS, PDFS and OS. The two receptor 
subtypes have distinct roles in several estrogen target cells and tissues. 
ER(α) and ER(β) have different biological functions as indicated by 
their distinct expression patterns, and the different phenotypes reported 
for the two ER isoform knockout animals. Furthermore, ER(α) and 
ER(β) have overlapping yet unique roles in estrogen signaling.36 This 
study not only reveals the important role of ERs in PCa growth and 
progression but also indicates that the role of ER(α) and ER(β) is 
different and independent of the activity of the ARs. Therefore, we 
believe that our results are highly significant.

First, the absence of ER(α) expression in locally advanced PCa is 
associated with a better prognosis of patients who underwent radical 
prostatectomy. In this regard, patients with positive expression of ER(α) 
receptors that had a worse prognosis may have started adjuvant external 
beam radiation therapy early postoperatively, or, in some select cases, 
could have completely avoided the operation. Our results are consistent 
with previous studies that showed a significant positive correlation 
between ER(α) expression and staging or malignant degree.37–41 After 
adjustment for other variables, patients with positive expression of 
ER(α) had a 4.04 times greater risk for biochemical disease recurrence, 
3.56 times greater risk for progression and 2.71 times greater risk for 
death.

Table  2: ROC analysis for the prediction of biochemical disease recurrence, progression of disease and death from ER(β)

AUC (95% CI) Cut‑off Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

Biochemical recurrence 0.83 (0.75–0.91) <1.7 74.2 (61.5–84.5) 86.8 (71.9–95.6) 90.2 (78.6–96.7) 67.4 (52.5–80.1)

Progression of disease 0.84 (0.76–0.92) <1.5 72.7 (57.2–85.0) 87.5 (75.9–94.8) 82.1 (66.5–92.5) 80.3 (68.2–89.4)

Death 0.83 (0.74–0.92) <1.5 80.0 (59.3–93.2) 74.7 (63.3–84.0) 51.3 (34.8–67.6) 91.8 (81.9–97.3)

AUC: area under curve; PPV: positive predictive value; NPV: negative predictive value; CI: confidence interval; ROC: receiver operating characteristic; ER: estrogen receptor

Table 3: Association of ER(α), ER(β), AR with biochemical disease survival, progression survival and overall survival  (univariate Cox regression models)

Biochemical disease survival P Progression survival P Overall survival P

HR (95% CI) HR (95% CI) HR (95% CI)

ER (α)

Negative 0 1.00* 1.00 1.00

Positive>0 3.79 (2.01–7.17) <0.001 4.54 (2.31–8.90) <0.001 3.34 (1.39–8.05) 0.007

ER (β) (one unit increase) 0.22 (0.14–0.33) <0.001 0.26 (0.17–0.41) <0.001 0.22 (0.11–0.41) <0.001

ER (β)
High 1.00 1.00 1.00

Low 5.92 (3.29–10.63)** <0.001 7.19 (3.65–14.14)*** <0.001 7.69 (2.88–20.53)*** <0.001

AR 1.04 (0.67–1.60) 0.873 1.24 (0.72–2.15) 0.443 2.02 (0.90–4.55) 0.090

ER (α)/ER (β)
ER(α) negative and ER (β)>1.7 1.00 1.00 1.00

ER(α) positive or ER (β)<1.7 6.03 (3.16–11.50) <0.001 10.94 (4.72–25.38) <0.001 10.53 (3.08‑36.01) <0.001

ER(α) positive and ER (β)<1.7 24.87 (9.86–62.71) <0.001 22.39 (7.77–64.52) <0.001 17.88 (4.26‑75.10) <0.001

*Indicates reference category; **<1.7; ***<1.5; AR: androgen receptor; ER: estrogen receptor; HR: hazard ratio; CI: confidence interval
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Second, ER(β) expression in locally advanced PCa, above a certain 
limit, is highly associated with a better prognosis and increased BDFS, 
PDFS and OS. These data are supported by other studies that showed 
that the loss or decrease in ER(β) expression is associated with a 
higher Gleason grade and PCa with higher metastatic potential.27,38–41 
In our study, we attempted to objectively determine a cut‑off point for 
ER(β) expression that can be used as a predictive factor for a better 
prognosis, prolonged BDFS, PDFS, and OS, and for determining the 
treatment modality in patients with locally advanced PCa  (radical 
prostatectomy or not). The ROC analysis showed that the optimal 
cut‑off point of ER(β) to predict biochemical disease recurrence was 
1.7 (HSCORE) with a sensitivity of 74.2% and a specificity of 86.8%. 
Similarly, an ER(β) value of 1.5 (HSCORE) represented the optimal 
cut‑off point for the prediction of disease progression, with a sensitivity 
of 72.7% and a specificity of 87.5%. If we combine these results with 
other previous reports that suggest that ER positivity has a prognostic 
role in PCa in terms of time to progression on hormone therapy42 and 
other reports concerning the protective effect of phytoestrogens in PCa, 
the prognostic value of these markers is enhanced.43,44

Third, the combination of low ER(β) expression and positive 
ER (a) expression rate further predicts biochemical recurrence, disease 
progression and survival  (Figure  2a and 2b). Therefore, it appears 
that patients with pT3 PCa with high ER(β) expression and no ER(α) 
expression who undergo radical prostatectomy have better outcomes 
compared to patients with low ER(β) and positive ER(α) expression. 
In our study, we used HSCORE to determine the receptor expression 
levels because it provides a continuous measure of tumor hormone 
receptor content and has been suggested for universal adoption among 
pathologists. This semi‑quantitative analysis has also been shown to 
have low intraobserver and interobserver errors.45 In addition, we 
used a sensitive immunohistochemical method and well characterized 
specific monoclonal antibody to determine the extent and intensity of 
ER expression in benign and malignant prostate tissue. We evaluated 
large tissue sections from radical prostatectomy specimens that 
contained the greatest amount of high‑grade cancer to minimize the 
heterogeneity of ER expression, which may confound biopsy studies. 
The potential to use this method for materials from prostate biopsies 
and the confirmation of cut‑off points in future studies using smaller 
samples of ER expression makes ERs a promising prognosticator 
for locally advanced PCa. This will improve image‑guided prostate 
biopsy. Finally, radical prostatectomy as a part of a multimodal 
treatment strategy for patients with cT3 disease offers cancer control, 
survival rates and complication rates approaching those achieved for 
cT2 disease. The pathological grade, ploidy, and margins status are 
significant predictors of outcome after radical prostatectomy.18 ERs 

are also significant predictors of outcome after radical prostatectomy 
for these patients. ER expression has the potential for future use as a 
prognostic factor in locally advanced PCa in conjunction with other 
known prognostic factors.

Androgen binding to the AR is not the only mechanism by which 
the AR is activated. Changes in the AR sequence, structure and 
ligand affinity occur in PCa, and alternative signaling pathways are 
also activated in hormone‑refractory disease.46 AR expression in PCa 
can be detected throughout progression in both hormone‑sensitive 
and hormone refractory cancers.47–49 Immunohistochemical studies 
have shown that AR expression is heterogeneous in PCa, and some 
studies correlate AR positivity with a greater degree of differentiation 
or lower Gleason score, but this is not a universal observation.23,48–52 
Other studies correlate a high level of AR expression with aggressive 
disease and decreased biochemical recurrence‑free survival.53 Although 
there are studies of the mechanism by which androgen‑dependent 
PCa transitions into androgen independence in advanced PCa,54 
there is little to no research regarding the expression of ARs in locally 
advanced PCa and its role as a prognostic factor in clinical outcomes 
and its correlation with BDFS, PFS and OS. These types of studies 
may demonstrate which treatment modality should be followed. In 
our analysis, AR expression was detected in the epithelial nuclei of 
both cancer tissues and benign counterpart areas with a mean AR 
HSCORE of 2.0 (s.d. = 0.5). AR expression was not correlated with 
clinicopathological parameters, such as Gleason score, TNM stage and 
pretreatment PSA. AR expression was not significantly associated with 
BDFS (P = 0.873), PFS (P = 0.443) and OS (P = 0.090); therefore, AR 
expression was not predictive of a higher probability of biochemical 
disease recurrence, disease progression and death. These results are 
consistent with Dunsmuir et al.55 who found that AR expression is of 
limited prognostic value. In our study, patients with locally advanced 
PCa treated with radical prostatectomy are ideal for identifying the 
putative role and natural course of AR in PCa because the androgen‑AR 
pathway is most likely undisturbed (no other preoperative treatment). 
We also used a sensitive immunohistochemical method and a well 
characterized specific monoclonal antibody to determine the extent 
and intensity of AR expression. Our results indicate that there may 
be either limited or no clinical use of AR expression as a prognostic 
parameter in men with locally advanced PCa.

Our study is the first to suggest a specific cut‑off HSCORE 
for ER(β)  (1.7) that is related to biochemical recurrence, disease 
progression and survival. Moreover, it is the first study that evaluates 
a certain high‑risk PCa patient group (T3N0M0), which is the most 
controversial group regarding optimal management. The objective is 
to identify the treatment option that may be more beneficial based on 

Table  4: Results from multiple Cox regression analysis for the prediction of biochemical disease survival, progression survival and overall survival

Biochemical disease survival P Progression survival P Overall survival P

HR (95% CI) HR (95% CI) HR (95% CI)

Age 0.88 (0.79–0.97) 0.010 0.84 (0.74–0.96) 0.009 0.84 (0.70–1.00) 0.046

PSA 1.17 (1.08–1.27) <0.001 1.16 (1.06–1.26) 0.002 1.17 (1.06–1.31) 0.003

Gleason score 1.49 (1.10–2.02) 0.010 1.86 (1.31–2.65) 0.001 2.15 (1.34–3.44) 0.001

ER(β)
High 1.00* 1.00* 1.00*

Low 7.49 (4.13–13.57)** <0.001 6.59 (3.19–13.63)*** <0.001 8.07 (2.75–23.65)*** <0.001

ER(α)

Negative 0 1.00 1.00 1.00

Positive>0 4.04 (2.00–8.15) <0.001 3.56 (1.71–7.43) 0.001 2.71 (1.04–7.06) 0.041

*Indicates reference category; **<1.7; ***<1.5. AR: androgen receptor; ER: estrogen receptor; HR: hazard ratio; CI: confidence interval; PSA: prostate specific antigen
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ER expression. Ideally, this information would be of utmost importance 
at the time of biopsy and diagnosis.

Our study has three limitations that should be discussed. First, this 
study was conducted with a cohort of Greek men. As discussed in the 
Introduction, the incidence of PCa in Greece is lower compared to other 
European areas and the United States. This may be attributed to either 
dietary factors2,3 (though contradictory data have also been published56) 
or sporadic screening4 that is used in most urban Greek areas. By 
contrast, a number of factors in such places, even in Greece, may 
increase the incidence of PCa.57 In brief, if PCa in Greek individuals 
has been previously related to parameters that characterize the Greek 
lifestyle, it is believed that this may play a role in carcinogenesis rather 
than the expression of special features, such as estrogen and AR 
expression at a specific pathological stage.

Second, the number of the patients evaluated was rather limited. This 
is mainly because of the strict inclusion criteria (pathologically T3 PCa, 
−SMs, negative regional lymph nodes, preoperative PSA <20 ng ml−1, 
and no previous 5AR inhibitors), which were used to avoid interference 
from any confounding factors that may affect the results.

Third, the patients who participated were all assessed independently 
of receiving any adjuvant therapy  (radiation, hormones or the 
combination). Ideally, we should have studied each arm separately. 
However, the objective was to evaluate estrogen and AR expression 
with respect to the parameters described above. In this regard, the 
expression in each cohort would have been affected in the same manner 
by the postoperative procedures.

CONCLUSIONS
Estrogen receptors are implicated in PCa progression. ER expression, 
as an immunohistochemical marker, has significant prognostic value 
in terms of biochemical recurrence, progression of disease and OS 
after radical prostatectomy. Clearly, there is a distinctly different 
role concerning the prognosis of PCa between the two ER subtypes 
α and β, confirming the suppressive role of ER(β) and oncogenic role 
of ER(α). ER expression may be used in the future as a prognostic 
factor for locally advanced PCa in conjunction with other known 
prognostic factors and may be used for novel predictive models. It 
is also possible to standardize and determine the cut‑off points in 
the immunohistochemistry (IHC) method to use ER expression as a 
prognostic factor routinely. Additional studies are warranted to validate 
and develop our method, and it should be used not only for radical 
prostatectomy specimens but also other prostate biopsy materials. By 
contrast, AR expression has a very limited or no prognostic value in 
men with locally advanced PCa.
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