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Abstract
BACKGROUND—ETS-related gene (ERG) protein is present in 40–70% of prostate cancer and
is correlated with TMPRSS2-ERG gene rearrangements. This study evaluated ERG expression at
radical prostatectomy to determine whether it was predictive of earlier relapse or prostate cancer-
specific mortality (PCSM).

METHODS—One hundred patients who underwent radical prostatectomy at Virginia Mason in
Seattle between 1991 and 1997 were identified. Recurrence was confirmed by tissue diagnosis or
radiographic signs. PCSM was confirmed by death certificates. Thirty-three patients with
metastases or PCSM were matched to patients without recurrence at a 1:2 ratio. Paraffin
embedded tissue was stained with two anti-ERG monoclonal antibodies, EPR3864 and 9FY.
Nuclear expression intensity was evaluated as present/absent, on a 4-point relative intensity scale,
and as a composite score (0–300).

RESULTS—Mean follow-up was 10.26 years. The two antibodies were highly correlated (P <
0.0001). Patients with higher ERG expression intensity and composite scores were significantly
more likely to develop biochemical relapse, metastases, and PCSM. Kaplan–Meier survival curve
analysis for the composite score of ERG expression revealed a significant association between
higher ERG expression (EPR3864) and shorter PCa-specific survival (P = 0.047).

CONCLUSIONS—While the presence of ERG expression at the time of surgery was not
predictive of earlier relapse or PCSM, the relative intensity and composite score for ERG
expression was prognostic for the development of biochemical relapse, metastases, and PCSM.
Quantitative ERG scoring may be useful to identify patients who would benefit from adjuvant
treatment or closer follow-up, allowing more accurate individual patient treatment plans.
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INTRODUCTION
Carcinoma of the prostate is an extraordinarily common neoplasm, with a prevalence
estimated to exceed two million men in the United States [1]. While the absolute mortality
attributable to prostate cancer is high compared to most other malignancies, the majority of
prostate cancers exhibit an indolent course [2]. To stratify patients into risk groups for
treatment, clinicians currently rely on a combination of age, prostate-specific antigen (PSA)
levels, digital rectal examination (DRE) findings, and biopsy-derived tumor volume and
histological grade assessments. However, individual parameters and composite nomograms
lack precision, and better prognostic indicators are needed to more accurately determine risk
for tumor invasion and metastasis. To address this deficiency, extensive research efforts
have been directed toward identifying tumor biomarkers that associate with indolent or
adverse tumor phenotypes.

One of the most extensively studied markers in prostate cancer is the fusion of the androgen-
regulated gene transmembrane protease, serine 2 (TMPRSS), with ETS transcription factor
family member v-ets erythroblastosis virus E26 oncogene homolog (ERG). The TMPRSS2-
ERG fusion is present in approximately 40–70% of PCa, as detected by fluorescence in situ
hybridization (FISH) [3]. The majority of ERG rearrangements result in the elevated
expression of a truncated and oncogenic ERG protein that can be used as an accurate
surrogate marker for fusion status [4,5]. Specifically, results from immunohistochemistry
(IHC) with monoclonal anti-ERG antibodies, either 9FY, which targets an N-terminal
epitope, or EPR3864, which targets a C-terminal epitope, are approximately 98%
concordant with FISH results for ERG rearrangements in PCa [5]. Since IHC is performed
more routinely by pathology labs than FISH, it may more clinically relevant to elucidate the
prognostic value of ERG expression than ERG rearrangements.

The use of ERG gene rearrangements as a prognostic indicator remains controversial.
Several studies have revealed an association between either ERG gene rearrangements or
ERG expression and poor overall survival [6–8] while other groups have reported no
association with clinical outcome [9–11]. Still other studies have found longer progression-
free survival and a prognostic advantage with the presence of a TMPRSS2-ERG fusion [8],
12,13]. Since the reading and interpretation of IHC results is more subjective than for FISH,
the lack of a standardized definition of ERG expression might result in inconsistent findings.
Expression by IHC can be recorded as binary (present/absent), as relative intensity (typically
on a 3- or 4-point scale), or as a composite score (0–300) based on the proportion of positive
cells and intensity of staining. Here, we sought to determine whether a prognostic
association exists between ERG protein expression (binary, relative intensity, and composite
score using two different antibodies) at the time of radical prostatectomy (RP) surgery and
subsequent biochemical relapse, metastatic recurrence, or prostate cancer-specific mortality
(PCSM). To the best of our knowledge, this is the first study to compare different methods
for examining the prognostic value of ERG expression in PCa. We found that the presence
of ERG expression at the time of surgery was not prognostic while the relative intensity and
composite score were prognostic for biochemical recurrence, metastatic recurrence, and
prostate-cancer specific mortality.

MATERIALS AND METHODS
Patient Population

One hundred patients were identified from a cohort of men who underwent RP at Virginia
Mason Medical Center in Seattle, WA, between 1991 and 1997. The primary intention in all
RP cases was curative extirpative surgery. No patient received any neoadjuvant therapy. All
patients had their pathology reviewed and regarded using current (2011) consensus
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guidelines so that Gleason scores, extracapsular extension and surgical margin status were
consistent throughout the cohort. Biochemical recurrence was defined as a single PSA level
of ≥0.2 ng/ml following RP. The presence of disease recurrence was defined as local pelvic
disease, disease consistent with regional lymph node or distant metastases, and PCSM.
Tissue diagnosis or overt radiographic signs confirmed the presence of disease recurrence.
Death certificates were obtained and the patient was classified as developing PCSM if PCa
was listed first as the cause of death. All tissue specimens were formalin-fixed and
embedded in paraffin immediately following RP. Thirty-three patients were identified with
known adverse outcomes of either distant metastasis or PCSM. These patients were matched
by age, PSA, and time since surgery at a 1:2 ratio with 67 patients who had undergone RP
and had no evidence of recurrence. Fred Hutchinson Cancer Research Center's Internal
Review Office granted approval for the use of patient tissue samples and de-identified
clinical data for research purposes according to the requirements of the Human Subjects
Institutional Review Board guidelines (IRB #7624, approval dates: 11/18/11-11/16/12).

Tissue Microarray Construction
Representative formalin-fixed, paraffin-embedded blocks of RP specimens were selected. A
genitourinary pathologist reviewed hematoxylin and eosin (H&E)-stained sections from
each patient, confirmed the presence of PCa glands, and assigned a Gleason score. The
H&E-stained sections were marked to identify the regions of PCa and benign glandular
epithelium. Three tissue microarrays (TMA) were constructed with 38 × 25 × 12 mm3

paraffin recipient blocks utilizing a manual tissue arrayer (Beecher Instrument, Silver
Spring, MD). The majority of patients were represented in the TMAs by four 0.6 mm
diameter cores of tissue, one benign and three malignant, for a total of 400 biopsy cores.

ERG Immunohistochemistry (IHC)
A commercially available C-terminal epitope-targeted (ERG exons 8–11) rabbit monoclonal
antibody to ERG was purchased from Epitomics (ERG, clone EPR3864–Epitomics,
Burlingame, CA). A second previously validated and highly specific N-terminal epitope-
targeted (ERG exon 4) mouse monoclonal anti-ERG antibody was obtained from the Center
for Prostate Disease Research (ERG, clone 9FY, Rocheville, MD) [5]. IHC and histology
work was performed by the Fred Hutchinson Cancer Research Center (FHCRC)
Experimental Histopathology Shared Resource. Four-micron sections were cut, incubated at
60.0°C for 20 min, deparaffinized with xylene, and rehydrated in TBS–Tween (TBST, 50
mM Tris pH 7.6, 15 mM NaCl, 0.05% Tween-20) wash buffer. Antigen retrieval was
performed in preheated Trilogy buffer (Cell Marque, Hot Springs, AZ) for 20 min using a
Black and Decker steamer. The slides were cooled for 20 min and rinsed three times in
TBST. All subsequent staining steps were performed at room temperature using the Dako
Autostainer (Dako, Carpinteria, CA). Endogenous peroxide activity was blocked using 3%
H2O2 for 8 min followed by protein blocking with TBST plus 0.25% cassien. The slides
were incubated with EPR3864 at 1:100 (7.19 μg/ml) or 9FY at 1:100 (0.074 μg/ml) for 30
min and then washed with wash buffer. ERG was detected using anti-rabbit Mach 2 Polymer
or anti-mouse Mach 2 Polymer (Biocare Medical, Walnut Creek, CA), respectively. Staining
was visualized with 3,3′-diaminobenzidine (Dab+, Dako K3467, Carpinteria, CA) for 8 min,
and the sections were counter-stained with Mayer's hematoxylin (Dako AR106, Carpinteria,
CA) for 2 min. The sections were dehydrated, fixed with xylene-based mounting media, and
coverslipped. Concentration-matched isotype control slides were run for each tissue sample
(Jackson ImmunoResearch Laboratories, West Grove, PA).

Pathological Analysis
Each core biopsy in the TMA was evaluated separately by a genitourinary pathologist
(CHU) for ERG expression with each of the anti-ERG antibodies. The TMAs were
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evaluated for the percentage of nuclei stained and expression intensity using a 4-point scale
(0–3) for both tumor and benign epithelial glands (Fig. 1). The highest intensity score
present for an individual core was recorded as the final intensity score and the percentage of
the cancer nuclei with that expression intensity was also noted. The composite score was
calculated by multiplying the percentage of cells stained (0–100%) by the intensity level and
then adding together the values for each expression intensity (0–3). This created a composite
score (0–300), which was recorded for each core. Strong endothelial staining was present in
nearly every core, which served as a positive control and reference for strong ERG
expression.

Statistical Analysis
Concordance of ERG staining between the EPR3864 and 9FY antibodies was assessed using
both the Student's t-test and the Proc-Corr procedure in SAS (SAS Institute, Cary, NC).
Multivariate analysis evaluating the relationship between ERG expression intensity and
clinical phenotypes was performed using the Proc-Mixed procedure in SAS adjusting for the
effects of age, pre-operative PSA, and tumor stage. Kaplan–Meier survival estimates were
generated with the Proc-Lifetest procedure in SAS utilizing a log-rank significance threshold
of P < 0.05. For survival estimates, patients were subdivided into two categories according
to ERG expression detected in primary tumors, either high (median nuclear staining
intensity of >2) or low (median nuclear staining intensity between 0 and 2). For survival
analysis using composite scoring a score of 150 was used as a cut point between high score
and low score. The value of 150 was chosen as it was the approximate median score.

RESULTS
Patient Population

Clinico-pathological and follow-up information for the study population is presented in
Table I. Briefly, the mean patients’ age was 65.0 (range 44.0–76.8) and the average follow-
up time was 10.26 years (range 1.74–19.68). Twenty-eight percent of patients underwent
subsequent treatment, including chemotherapy, radiation, and hormone therapy. Following
immunohistochemical staining, samples from 77 and 72 patients were available for
expression level analysis for the EPR3864 and 9FY antibodies, respectively.

Presence of ERG Expression Is Not Associated With Clinical Outcomes After Radical
Prostatectomy

When ERG expression was assessed as being either present or absent using the EPR3864
and 9FY antibodies, 41/77 (53%) and 39/72 (54%) of patients had tumors that expressed
ERG, respectively. ERG expression was present in 11/17 (65%) cases of PCSM and 25/48
(52%) cases with no recurrence as determined using the EPR3864 antibody. Antibody 9FY
yielded similar results, with ERG expression present in 10/16 (63%) cases of PCSM and
24/44 (55%) cases with no recurrence (Table II). However, the classification of presence
versus absence of ERG expression was not significantly associated with any clinical
outcome.

The Intensity of ERG Expression Is Associated With Clinical Outcomein Prostate Cancer
Patients

The intensity of ERG expression was significantly associated with Gleason grade (P = 0.010
and 0.032), pathological stage (P = 0.0017 and 0.011), and pre-operative PSA (P = 0.0099
and 0.041) for both EPR3864 and 9FY antibodies, respectively. Using a 4-point scale for
expression intensity, higher nuclear ERG staining with the EPR3864 and 9FY antibodies
was significantly associated with biochemical relapse (P = 0.0002 and 0.0040, respectively),
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local recurrence (P = 0.0026 and 0.0070, respectively), and the development of distant
metastases (P = 0.011 and 0.027, respectively; Table III). Patients with higher ERG nuclear
staining were more likely to die from prostate cancer (PCSM) than patients with lower
levels of nuclear ERG expression (P < 0.0001 and P = 0.0002, respectively; Table III).
Comparing high (2 or 3+) with low (0 or 1+) ERG nuclear intensity against the risk of
developing metastatic disease revealed an odds ratio of 1.93 for EPR3864 (P = 0.0459) and
an insignificant odds ratio of 3.54 for 9FY (P = 0.0634). The results from the two anti-ERG
antibodies with respect to the intensity staining were highly concordant, with an r2 value of
0.901 (P < 0.0001).

A Composite Score of ERG Expression Is Associated With Survival in Prostate Cancer
Patients

To account for both the intensity of ERG expression and the distribution of ERG expression
across individual cancer cells comprising each tumor focus, we calculated a composite score
determined by multiplying the percentage of cells stained by the expression intensity,
producing a range of values between 0 and 300. The composite score of ERG expression
was significantly associated with Gleason grade (P = 0.010 and 0.032), pathological stage (P
= 0.0017 and 0.011), and pre-operative PSA (P = 0.0099 and 0.041) for both EPR3864 and
9FY antibodies, respectively. More prevalent and intense nuclear ERG staining with the
EPR3864 and 9FY antibodies was significantly associated with biochemical relapse (P =
0.016 and 0.0093, respectively; Table IV). Patients with higher ERG composite scores were
more likely to die from prostate cancer (PCSM) than patients with lower composite scores
of ERG expression (P < 0.0015 and P = 0.0002, respectively; Table IV). Kaplan–Meier
survival curve analysis for the composite score of ERG expression revealed a significant
association between higher ERG expression and shorter PCa-specific survival for EPR3864
(P = 0.047) and a trend towards significance for 9FY (P = 0.054; Fig. 2). The odds ratio
comparing the effect of high versus low ERG expression on the development of PCSM was
OR 2.68 (1.09–6.38, P = 0.039) for the EPR3864 and OR 1.77 (0.99–3.35, P = 0.054) for the
9FY antibody. The results from the two anti-ERG antibodies with respect to the composite
score were highly concordant, with an r2 value of 0.936 (P < 0.0001).

DISCUSSION
We detected ERG oncoprotein expression in 53% and 54% of the patients in our cohort
using the EPR3864 and 9FY antibodies, respectively. Our results fall within the previously
reported range of ERG rearrangements in 40–70% of surgically treated cases of prostate
cancer [14,15]. We detected ERG expression in 64.7% and 62.5% of men who developed
PCSM within our cohort, supporting the hypothesis that the ERG oncoprotein is associated
with more aggressive PCa. A recent study found ERG protein expression to be nearly 200%
more frequent in patients with castration-resistant prostate cancer than in with patients with
clinically insignificant disease [8]. The differences in ERG incidence observed here suggest
that ERG may play a functional and prognostic role in the development and progression of
aggressive disease. In addition, a previous study found an increased lifetime risk of PCSM
with the presence of a TMPRSS2-ERG fusion in a watchful waiting cohort [6]. Other groups
have reported an association between PCSM and with the presence of multiple copies of a
TMPRSS2-ERG gene fusion and a variant T allele of the TMPRSS2 SNP, rs12329760 [16].
Our finding that increased ERG intensity is associated with poor clinical outcome, as
assessed by two distinct antibodies, is also supported by previous reports that increased ERG
copy number is associated with worse prognosis [3].

Counter to our findings and several other accounts that implicate ERG as a marker of poor
prognosis [6,7,16], there are some reports that associate ERG expression with favorable
outcomes [8,12,13] and yet others that found no association with clinical outcome [9,10,11].
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In contrast, ERG fusion along with the deletion and duplication of the 5′ end (Edel and 2 +
Edel) has been shown to be associated with particularly lethal disease [7,17]. These
conflicting results may be due to differences in the cohorts, various methods of TMPRSS2-
ERG detection including Q-PCR, microarray, FISH and IHC, different methods of scoring
ERG expression, and clinical follow-up times.

Previous studies have established that genomic ERG gene rearrangements as detected by
FISH are highly correlated with immunohistochemical ERG protein expression [4,5,18,19].
Our study further confirms the reliability of immunohistochemical detection of TMPRSS2-
ERG rearrangements as the two unique anti-ERG antibodies utilized in our study were
highly correlated with one another and associated with the same clinical outcomes. In
addition, we performed FISH on this cohort of samples to confirm that the samples with low
intensity ERG staining were not misclassified (data not shown). While FISH may provide a
more precise detection method for determining the TMRPSS2-ERG gene rearrangement
status, ERG IHC appears to be an acceptable proxy. Furthermore, given the specialized,
subjective, and time-consuming nature of FISH, IHC is likely to be a more clinically
applicable diagnostic test. Overall, immunohistochemical detection of ERG rearrangements
is an effective and convenient method for determining fusion status.

While our data suggests that ERG is a prognostic marker, currently its application for
widespread use is not as clear. We demonstrated that the presence of ERG expression was
not significantly associated with clinical outcome but rather a higher intensity of ERG
expression is associated with aggressive disease and adverse clinical outcomes. However,
the effect size of high ERG expression may be so small that it is of minimal clinical utility
when compared to clinical stage, Gleason grade, and PSA level. A significant challenge to
the extensive adoption of ERG expression for determining prognosis is the necessity for
prostate tissue scoring by a pathologist. Currently, there are significant variations in the
methods utilized for the identification of ERG rearrangements and in the recording and
scoring of expression levels. A consensus must be made with regards to the clinical utility of
ERG prior to its widespread adoption into clinical practice.

CONCLUSIONS
We have demonstrated a statistically significant association of ERG protein expression
intensity with poor prostate cancer-specific survival in a cohort of men treated with RP. The
intensity of ERG oncoprotein expression at the time of surgery was prognostic for
biochemical recurrence, metastatic recurrence, and prostate-cancer specific mortality, as
assessed by two different monoclonal anti-ERG antibodies. This is the first report of
stronger immunohistochemical ERG expression intensity correlating with increased risk of
adverse clinical outcomes, including PCSM. ERG scoring may be a useful metric to identify
patients who would benefit from adjuvant treatment or closer follow-up, allowing more
accurate individual patient treatment plans. The large number of conflicting results within
the ERG literature necessitates further exploration into the clinical utility of ERG as a
predictive and prognostic marker and the scoring method used to assess ERG expression
must be standardized.
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Fig. 1.
Representative images of ERG immmunohistochemistry of prostate tumors. ERG negative
(0+) expression as assessed by (A) EPR3864 and (B) 9FY anti-ERG antibodies with positive
endothelial cells asinternal controls. ERG high nuclear expression (3+) as assessedby
(C)EPR3864 and (D) 9FY anti-ERG antibodieswith cytoplasmic staining.
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Fig. 2.
Kaplan–Meier survival curve analysis for the composite score of ERG expression revealed a
significant association between higher ERG expression (composite score ≥150) and shorter
PCa-specific survival for (A) EPR3864 anti-ERG (P = 0.047) and a trend towards
significance for (B) 9FY anti-ERG (P = 0.054) antibodies when compared to patients with
low or no ERG expression (composite score<150).[Color figure can be seen in the online
version of this article, available at http://wileyonlinelibrary.com/journal/pros]
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TABLE I

Clinico-Pathological Parameters

Patient characteristics Mean n (% or media; range)

Age at surgery (years) 65.0 (65.5, 44.0–76.8)

Pre-operative PSA (n = 70)

    Total PSA value (ng/ml) 13 (8, 1–90)

    PSA ≤ 10 ng/ml 43 (61.4)

    PSA > 10 ng/ml 27 (38.6)

Follow-up (years) 10.26 (1.74–19.68)

Gleason sum (n = 99)
7 (7, 4–10)

a

    GS ≤ 6 36 (36.4)

    GS = 7 37 (37.4)

    GS = 3 + 4 31 (31.3)

    GS = 4 + 3 6 (6.1)

    GS ≥ 8 26 (26.3)

Pathologic stage (n = 100)

    pT2 34 (34.0)

    pT3a 51 (51.0)

    pT3b 5 (5.0)

    pT3c 6 (6.0)

    pT4 4 (4.0)

Tumor volume, ml3 (n = 85) 7 (5, 0–35)
a

Lymph node involvement (n = 95)

    Yes
4 (4.2)

a

    No
91 (95.8)

a

Extracapsular extension (n = 100)

    Yes 66 (66.0)

    No 44 (44.0)

Surgical margin involvement (n = 100)

    Yes 52 (52.0)

    No 48 (48.0)

Adjuvant treatment post-RP (n = 28)

    Endocrine therapy 23 (23.0)

    Radiotherapy alone 2 (2.0)

    Radiotherapy + endocrine 3 (3.0)

Biochemical recurrence (n = 93)

    Yes
33 (35.5)

a

    No
60 (64.5)

a

Local recurrence (n = 100)

    Yes 4 (4.0)
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Patient characteristics Mean n (% or media; range)

    No 96 (96.0)

Distant metastases (n = 100)

    Yes 33 (33.0)

    No 67 (67.0)

Overall death (n = 100)

    Yes 28 (28.0)

    No 72 (72.0)

Prostate cancer specific mortality (n = 100)

    Yes 21 (21.0)

    No 79 (79.0)

PSA, prostate specific antigen.

a
Not all cases have available information.

Prostate. Author manuscript; available in PMC 2014 June 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Spencer et al. Page 13

TABLE II

Association of the Presence or Absence of ERG Expression With Clinical Outcome as Assessed by Both Anti-
ERG Antibodies

EPR3864 ERG 9FY ERG

Clinical outcome Positive, n (%) Negative, n (%) Positive, n (%) Negative, n (%)

Biochemical relapse 16 (55) 13 (45) 15 (54) 13 (47)

Local recurrence 3 (100) 0 (0) 3 (100) 0 (0)

Distant metastases 16 (55) 13 (45) 15 (54) 13 (46)

PCSM 11 (65) 6 (35) 10 (63) 6 (38)

No recurrence 25 (54) 23 (48) 24 (55) 20 (45)

ERG, ETS-related gene; PCSM, prostate cancer-specific mortality.
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TABLE III

Multivariate Analysis of the Association of ERG Protein Expression Intensity With Clinical Outcomes as
Assessed by Both Anti-ERG Antibodies

Clinical outcome EPR3864 ERG nuclear intensity (n) P-value 9FY ERG nuclear intensity (n) P-value

Biochemical relapse

    No 1.03 (48) 0.0002 1.01 (44) 0.0040

    Yes 2.00 (29) 1.83 (28)

Local recurrence

    No 1.17 (74) 0.0026 1.18 (69) 0.0070

    Yes 2.84 (3) 2.77 (3)

Distant metastases

    No 0.97 (48) 0.011 0.99 (44) 0.027

    Yes 1.64 (29) 1.59 (28)

PCSM

    No 1.01 (50) <0.0001 0.97 (56) 0.0002

    Yes 2.30 (17) 2.09 (16)

Prostate. Author manuscript; available in PMC 2014 June 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Spencer et al. Page 15

TABLE IV

Multivariate Analysis of the Association of ERG Protein Composition Score With Clinical Outcomes as
Assessed by Both Anti-ERG Antibodies

Clinical outcome EPR3864 ERG composite score (n) P-value 9FY ERG composite score (n) P-value

Biochemical relapse

    No 106 (48) 0.016 106 (44) 0.0093

    Yes 131 (29) 139 (28)

Local recurrence

    No 114 (74) 0.037 110 (69) 0.0046

    Yes 165 (3) 197 (3)

Distant metastases

    No 101 (48) 0.049 107 (44) 0.057

    Yes 124 (29) 119 (28)

PCSM

    No 108 (50) 0.0015 105 (56) 0.0002

    Yes 139 (17) 150 (16)

ERG, ETS-related gene; PCSM, prostate cancer-specific mortality.
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