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Introduction Prostate cancer is the second most common cancer and a major significant health problem 
amongst men in the world. Radical prostatectomy with open, laparoscopic and robotic techniques is the 
gold standard treatment for localized and local advanced disease. There are some risk factors including 
gleason score, T stage and prostate-specific antigen (PSA) level to predict the biochemical recurrence. 
We investigated the association with biochemical recurrence and TMPRSS2:ERG fusion in patients who 
were treated with open radical prostatectomy.
Material and methods The expression of TMPRSS2:ERG was defined as positive (Group 1) and negative 
(Group 2). The positive staining of the patients is classified into three groups; weak positive, moderate 
positive and strong positive. In the statistical analyses; chi squared test and Mann Whitney U were used 
and p <0.05 was defined as statistical significance.
Results The present study includes 87 patients, 32 and 55 patients were in group 1 and 2 respectively. 
The mean age of the patients was 62.81 +5.55 and 64.45 +5.18 in the groups without significant differ-
ence. Extraprostatic extension was reported in 27 patients; 11 of these patients were in group 1 and 
16 patients were in group 2 (p = 0.60). Biochemical recurrence was detected in 15 patients. Of these 
patients, 5 were in group 1 and 10 were in group 2 (p = 0.76).
Conclusions The current study found no association between TMPRSS2:ERG fusion and biochemical 
recurrence and unfavourable pathological results in Turkish patients. Further research including a large 
number of patients from different regions of Turkey is needed to investigate the ERG status and bio-
chemical recurrence for patients.
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INTRODUCTION

Prostate cancer (PCa) is one of the most common 
cancers and one of the leading causes of death 
amongst men in developed countries [1]. Digital rec-
tal examination and prostate-specific antigen (PSA) 
testing are the screening methods that lead to pros-
tate biopsy for the diagnosis of prostate cancer [2]. 
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UROLOGICAL ONCOLOGY

Transrectal ultrasound guided prostate biopsy is the 
gold standard method for histopathological diagno-
sis. Radical prostatectomy (RP) is a curative treat-
ment for patients with localized PCa [1]. The Glea-
son score (GS), pathological T staging and serum 
PSA levels are well established prognostic factors for 
the prognosis of PCa [3]. However, these parameters 
do not always predict the clinical outcome of the  
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patients and biochemical recurrence occurs in some 
patients postoperatively.
The androgen-regulated transmembrane protease 
serine 2 (TMPRSS2) gene codes for serine prote-
ase and is expressed in both normal and malignant 
prostate tissue [4]. The erythroblastosis virus E26 
oncogene homolog (ERG) is a member of the eryth-
roblast transformation specific (ETS) family of on-
cogenes, that acts as a transcriptional activator 
and inhibitor, usually controlled by phosphoryla-
tion. The TMPRSS2 gene is most commonly fused 
to ERG (TMPRSS2:ERG) [5]. The TMPRSS2:ERG 
gene fusion was first described in 2005 by Tomlins  
et al., as a PCa specific biomarker [6]. The prevalence  
of TMPRSS2:ERG fusion in prostate cancer is de-
pendent on genetic and ethnic differences [3]. The 
prevalence is between 50–70% in the United States 
and Europe and 15.9–29.7% in Asian countries [7].
The aim of the present study is to investigate the 
relationship between biochemical recurrence, patho-
logical results and TMPRSS2:ERG fusion in Turkish 
patients who underwent open radical prostatectomy.
 
MATERIAL AND METHODS

Ninety-four patients who underwent open radical 
prostatectomy between January 2012 and August 
2014 were reviewed retrospectively. The PSA level 
at diagnosis, age, prostate volume and radical pros-
tatectomy specimen examination including T stage, 
Gleason score, surgical margin as positive or nega-
tive and tumor volume were noted. Patients who had 
missing data, were older than 75 years old, or had 
previous radiotheraphy and neoadjuvant androgen 
deprivation therapy were excluded from the study. 
The Gleason scoring system and TNM classifica-
tion were used to grade and stage. High grade pros-
tate cancer (HGPCa) was defined as Gleason score  
higher than 6.
The paraffin embedded, formalin fixed radical 
prostatectomy specimens were reviewed by expe-
rienced genitourinary pathologists (GG). The best 
area for Gleason scoring was selected and deparaf-
finized with xylene for 2 minutes then dehydrated 
in alcohol with each 99%, 85%, 70% concentra-
tions for 5 minutes and incubated with hydrogen 
peroxide. Antigen retrieval method was performed 
in preheated Trilogy buffer for 45 minutes. Then 
the slides were incubated in the pre-antibody solu-
tions for 10 minutes and incubated with anti-ERG 
primary antibody antibody (Biocare Medical, LLC, 
USA) at room temperature for 60 minutes. The 
DAB detection kit was used for secondary antibod-
ies and the slides were counter-stained with Mayer's  
hematoxylin.

Group 1 Group 2 p value

Number of patients (n, %) 32 (36.78) 55 (63.21)

Age (years) 64 65 0.16

BMI (kg/m2) 27 28 0.83

PSA (ng/ml) 7 7 0.55

Diabetes Mellitus (n, %) 8 (25) 16 (29) 0.68

Hypertension (n, %) 7 (21.87) 11 (20) 0.83

Gleason score 7 7 0.29

Tumor volume (cc) 2 2.2 0.73

Follow-up (months) 36 48 <0.05*

Local advanced disease (T3-4) 
(n, % for group) 11 (34.75) 16 (29.09) 0.60

Positive surgical margin (n, %) 12 (37.50) 16 (29.09) 0.42

HGPCa (n, %) 21 (65.62) 28 (50.90) 0.18

BCR (n, %) 5 (15.62) 10 (18.18) 0.76

HGPCa – high grade prostate cancer; BCR – biochemical recurrence; BMI – body 
mass index
Mann Whitney U test for median values and chi-squared test for percentage were 
performed 
*statistically significant

The expression of TMPRSS2:ERG was defined as pos-
itive or negative, and positive staining was classified 
as focal or diffuse. Positive staining of ERG expression 
was classified based on three grading systems: weak 
positive, moderate positive and strong positive. The 
patients were divided into two groups according to the 
staining of the monoclonal anti-ERG antibody as posi-
tive (Group 1) and negative (Group 2). Biochemical 
recurrence (BCR) was defined as PSA level of ≥0.2 ng/ml 
after surgery with secondary confirmation.
The data was expressed as mean+standard definition, 
median value and statistical analyses were performed 
by MedCalc Statistical Software demo version 17.6 
(MedCalc Software bvba, Ostend, Belgium; http://www.
medcalc.org; 2017). The comparison of the groups was 
performed using the kolmogorov smirnov test. In the 
comparison of the groups, chi squared test and Mann 
Whitney U were used for statistical difference and  
p <0.05 was defined as statistical significance.

RESULTS

There were 87 patients with a mean follow-up 44.03 
+9.44 months in the study; 32 and 55 patients in 
Group 1 and 2 respectively. Patients' characteristics 
are shown in Table 1. The patients' were aged be-
tween 50 and 73 years and there was no significant 
difference between groups. Local advanced disease 
was reported in 27 patients (31.03%). The propor-
tion of advanced disease was 34.37% (n = 11) and 

Table 1. The clinical characteristics of the patients
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of TMPRSS2:ERG fusion as 47% and the highest 
prevalence was in Europe (54%), followed by North 
America (48%) and Asia (23%) in a meta-analysis 
[12]. Hogland et al. [13] reported the prevalence  
of positive staining of ERG by immunohistochem-
istry as 65% in patients from the Netherlands. 
Authors from the USA found the prevalence  
to be 33% [9]. The authors demonstrated that  
ERG fusions were more common in young than  
in elderly patients with prostate cancer [14]. Yılmaz 
et al. [7] reported the prevalence of TMPRSS2:ERG 
fusion as 46.5% in Turkish patients. We found  
the prevalence of ERG expression to be 36.78%.  
The small number of patients may be the reason  
for the low prevalence.
The relationship between TMPRSS2:ERG fusion and 
clinical outcome is not clear in the literature [13]. 
The authors investigated the ERG fusion using the 
FISH method and reported that there was no associa-
tion between ERG fusion and biochemical recurrence, 
metastasis and overall survival after radical prosta-
tectomy [15]. Additionally, the investigators reported 
that there was no relation between ERG positivity 
and age, Gleason score, stage and positive surgical 
margin [13]. The authors found that ERG expression 
had no prognostic value about recurrence and there 
was no association for ERG expression with any of the 
clinicopathological variables including Gleason score 
and pT stage [16]. Pettersson et al. [12] found that 
the ERG fusion is associated with stage but not with 
biochemical recurrence or lethal disease. Using the 
FISH method, the authors reported that ERG status 
is unrelated to PSA relapse but associated with tumor 
stage and Gleason score in their study [17].
On the contrary, the authors demonstrated that 
TMPRSS2:ERG fusion is associated with a high 

Weak Moderate Strong p value

Number of patients (n) 3 15 14

Local advanced disease 
(n, % for group) 1 (33.3) 6 (40) 4 (28.57) 0.81

Positive surgical margin 
(n, %) 1 (33.3) 7 (46.6) 4 (28.57) 0.59

HGPCa (n, %) 1 (33.3) 11 (73.3) 9 (64.2) 0.40

BCR (n, %) 1 (33.3) 4 (26.6) 0 0.09

The chi-squared test was performed

29.09% (n = 16) in groups 1 and 2 respectively  
(p = 0.60). Gleason scores of 6, 7 and 8 were reported 
in in 11, 17 and 4 patients respectively in group 1. 
High grade prostate cancer was reported in 50.90% 
of the patients in group 2, which is less than group 1  
(65.25%) without significant difference (p = 0.18).
Biochemical recurrence occurred in 15 patients. 
Of these patients, 5 were in group 1 and 10 were 
in group 2 (p = 0.76). Of the patients who had bio-
chemical recurrence in group 1, 1 was weak posi-
tive, and 4 had moderate positive staining (p:0.09).  
Table 2 shows the clinical and pathological reports 
of the patients who had positive staining of ERG  
according to the grading system. Figure 1 shows  
the positive staining of ERG.

DISCUSSION

The TMPRSS2:ERG fusion is the most common ge-
netic alteration in prostate cancer and is detected 
in approximately 50% of patients with PCa [8]. The 
other TMPRSS2 fusions with the ETS family of tran-
scription factors are ETV1, ETV4, ETV5 and ELK4; 
but these are observed in only 5–10% of cases. High 
sensitivity and specificity techniques including poly-
merase chain reaction (PCR) and fluorescence in situ 
hybridization (FISH) have been used for detection  
of genetic alterations [9]. The disadvantages of these 
methods are high costs and the need of qualified per-
sonnel, therefore they cannot be easily used in clini-
cal practice. Immunohistochemistry is an alternative 
method and offers the advantages of low cost, and 
being efficient and simple when comparing the other 
molecular techniques [10]. The authors reported IHC 
staining of ERG with a high specificity of 85% and 
sensitivity of 100% comparing with quantitative PCR 
in PC specimens obtained from radical prostatectomy 
[11]. Falzarona et al demonstrated that sensitivity 
and specificity of ERG protein expression was 96% 
and 99% according to FISH positive cases [9].
The prevalence of gene fusion is different  
in studies. The authors reported the prevalence 

Figure 1. Positive nuclear staining of ERG (x400).

Table 2. The pathological results according to the staining
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Gleason score, distant metastases and death [18].  
In another study from Spain showed an associa-
tion between ERG immunostaining and high stage, 
young age and disease progression [19]. In the pres-
ent study, we found no significant difference between 
groups for stage, Gleason score, positive surgical 
margin, HGPCa, PSA level and age. However, the 
percentage of local advanced disease, HGPCa, and 
positive surgical margins were detected more often 
in patients with positive immunostaining of ERG; 
the biochemical recurrence rate was more common 
in patients without ERG staining than the others 
(18.18% and 15.62%) without significant difference.
The limitation of this study was the small number 
of patients from a single center data pool. Thus,  
the results may not be representative of overall 
Turkish patients. The other limitation is a lack of 
preoperative rectal examination findings of the pa-

tients. To best of our knowledge, this is the first 
study investigating the relationship between ERG 
immunostaining and pathological outcome and bio-
chemical recurrence for Turkish patients.

CONCLUSIONS

In conclusion, ERG immunostaining has not pre-
dicted the unfavourable outcome of radical pros-
tatectomy specimens and biochemical recurrence 
during the follow-up period in the current study.  
We need further research including a larger number 
of patients from different regions of Turkey with mul-
ticenter data to investigate the clinical importance  
of ERG for Turkish patients with prostate cancer.
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