
Original Article

Expression and Prognostic Role of Erythroblast
Transformation Specific-related Gene (ERG) Oncoprotein in
Prostatic Cancer
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Objective: To determine the prevalence and prognostic value of ERG in prostatic cancer. The association of ERG status and other
clinic-pathologic features were also studied.

Materials and Methods: Tissue paraffin blocks of patients who had diagnosis of prostatic acinar adenocarcinoma during 2006 to
2013 at Faculty of Medicine Vajira Hospital were identified. The original H&E stained slides were reviewed to select 2 areas with the
most prominent Gleason pattern for tissue sampling. The selected tissue samples were embedded in tissue microarray (TMA)
blocks and processed for ERG staining. Intensity and area of positive ERG stain were evaluated independently by two pathologists.
Clinico-pathological data collected were age, pre-operative prostate-specific antigen (PSA), tumor stage, PSA biochemical-relapse,
and pathological information of peri-neural or lymphovascular invasion, surgical margin, the International Society of Urological
Pathology (ISUP) grade group, and Gleason score were collected and analyzed.

Results: Among 107 samples, positive ERG staining was found in 31.8% (34 cases). Features which were significantly associated
with ERG positive comparing to those in ERG negative were: younger age, 67.7+8.5 years vs. 72.6+8.6 years (p = 0.008); lower
Gleason score (6 and 7), 79.4% (27 cases) vs. 20.6% (7 cases) (p = 0.010) and lower ISUP grade group (group 1, 2 and 3), 82.4% (28
cases) vs. 17.6% (6 cases) (p = 0.004), respectively. No significant different association between ERG status and other clinic-pathologic
features including survivals. The 5-year overall survival and 5-year disease-free survival (95% confidence intervals) of the patients
with ERG positive and negative were: 84.4% (70.1 to 98.7%) vs. 77.1% (66.1 to 88.1%) (p = 0.399) and 77.4% (60.9 to 93.9%) vs.
78.2% (67.6 to 88.8%) (p = 0.571), respectively.

Conclusion: The prevalence of ERG-positive in prostate cancer patients was 31.8%. The patients with ERG positive were younger,
more of low Gleason score and low ISUP grade group. No significant association between ERG status and other clinic-pathologic
parameters as well as survivals were found.
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Prostate cancer is the second most common cancer
in men after lung cancer. The global incidence in 2012 reported
1,112,000 new cases of cancer with 307,000 deaths(1).
Prostate cancer was more commonly found in developed
than in developing countries(1). In Asia, 122,000 new cases
(10 patients per 100,000 population) of prostate cancer were
reported; this accounted for 14% of the global incidence. The
combined number of deaths were highest in Japan (32%)
followed by China (28%) and Australia (15%)(2). In addition,
the incidence of prostate cancer in Asian countries was found
to be on the rise(2-8). In Thailand, there were 2,134 new cases

reported in 2008 an increase on average of 3% per year
between 1983 to 2009, with a 17% increase rates of death
per year between 1994 to 2006(2).

Prostate cancer usually originates at peripheral zone
of the prostate, and rarely that it would advance into the
transitional zone. Thus, signs and symptoms of urinary tract
obstruction are generally not observed. Digital rectal
examination, serum prostate-specific antigen (PSA), and
biopsy are the main diagnostic methods. Radiological
examination is generally performed to assess the extent of
disease prior to treatments. Prostate cancer is characterized
by its histopathological origins as glandular neoplasms or
tumors of other urinary tract epithelium e.g. urothelial,
squamous, and basal cell. The most commonly
histopathology of prostate cancer found in more than 90% is
acinar type adenocarcinoma(9).

At present, there are many available treatments
for prostate cancer including active surveillance, radical
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prostatectomy, irradiation, androgen deprivation therapy,
chemotherapy and targeted therapy. Treatment plans in each
patient usually depend upon pre-operative PSA levels,
histologic grade (Gleason score) and TNM stage of tumor(9,10).

 In general, the patients with prostate cancer are
divided into 3 major groups. The first group are patients
with clinical localized disease, whereby carcinoma cells are
not detected in other organs. In this group, patients are divided
into 4 subgroups, depending on the risk of recurrence and
survival. These risk levels are: very low-, low-, intermediate-
and high-risk. The second group is locally advanced disease
group or those with cancer spreading to nearby organs
whereas the third group, disseminated disease, has cancer
spread to other organs(9,10).

Prognosis of patients with prostate cancer is
determined according to various factors described by the
World Health Organization (2016)(11). These factors include
pre-operative PSA, histologic grade (Gleason score), and
TNM stage which indicate the extent of lesions. These factors
are usually assessed for treatment planning. However, the
treatment outcomes in each individual patient of the same
risk group may vary. Recurrence rates may range from 20%
to 60% in intermediate- and high-risk groups after surgery or
radiation(12,13).

Another important prognostic indicator is genetic
factor. Various forms of gene mutations in prostate cancer
have been identified. The most common genetic aberration
found is transmembrane protease, serine 2-erythroblast
specific transformation (ETS) and related gene fusion
(TMPRSS2-ERG fusion). TMPRSS2 is a gene at the chromo-
somal position of 21q22.3 which encodes transmembrane
protease serine 2 enzyme. Cells that express such genes
respond well to androgen hormone. ERG is a gene at the
chromosomal position of 21q22.2 which acts as oncogene
that produces ERG oncoprotein. The significant roles of this
gene are; controlling cell proliferation, differentiation,
apoptosis and angiogenesis(14,15). TMPRSS2-ERG fusion
genes complex results in androgen hormonal response and
unregulated cell fission(16-20).

The prevalence of such gene among populations
vary depending on their geographic or ethnic origins. According
to studies in Western countries, TMPRSS2-ERG fusion was
found in 50 to 70% of prostate cancer patients(21,22). On the
other hand, it was found in only 39% in Malaysia, 23% in
the Philippines, and 16% in Japan(23-25).

ERG oncoprotein can be detected by immunohisto-
chemistry (IHC) which has higher sensitivity (96 to 100%)
and specificity (85 to 99%) comparing to other standard
methods of fluorescent in situ hybridization (FISH) or reverse
transcription polymerase chain reaction (RT-PCR)(26-31).

Although the prognostic role of TMPRSS2-ERG
fusion complex has been studied, the results were
inconsistent. In most studies, TMPRSS2-ERG fusion was
found to be a poor prognostic determinant, associated with
advanced stage cancer, high Gleason score, connective tissue
changes indicating aggressiveness of the disease, higher
recurrence rates, short duration of PSA progression-free, and

survival(23,32-34). However, other studies found that that
TMPRSS2-ERG fusion was unrelated to Gleason score,
pathological stage, or survival(35,36).

Due to the discrepancies in rates of TMPRSS2-
ERG fusion in different countries, data from each country is
important. This research aimed to investigate TMPRSS2-
ERG fusion complex in prostate cancer patients in Thailand.
Furthermore, with the inconsistent findings of its prognostic
role from previous studies, the present study also evaluated
the relationship between the expression of ERG oncoprotein
and other clinic-pathologic prognosis factors and survivals.
This information would serve as database for future
applications of targeted therapy especially for Thai patients
with prostate cancer.

Materials and Methods
Study population

The patients who were diagnosed as prostatic
cancer by core needle biopsy (CNB) or transurethral resection
of the prostate (TURP) during January 2006 to December
2013 at Faculty of Medicine Vajira Hospital were identified.
Inclusion criteria were prostatic cancer of acinar
adenocarcinoma. Other subtypes of prostatic cancer,
metastatic cancer from other site, absence of paraffin block
and absence of pre-operative PSA were excluded from the
study.

Pathological analysis
The original H&E stained slides of the patients

were reviewed to select 2 areas with the most prominent
Gleason pattern for tissue sampling. The selected tissue
samples were retrieved from the paraffin blocks by manual
technique and embedded in tissue microarray (TMA) blocks.
The slides of 4 μm sectioning were immunohistochemical
stained for ERG staining by Leica Bond-maX autostainer
(Leica Microsystems, Bannockburn, IL).

In brief, the slides were incubated for 60 minutes
at 60°C and treated with Bond Dewax Solution (Leica
Microsystems). Epitope retrieval was performed by
incubating the slides in Bond Epitope Retrieval Solution 2
(Leica Microsystems) for 20 minutes at 100°C. Immuno-
histochemical analysis was performed using the Bond
Polymer Refine Detection Kit (Leica Microsystems), a 3-
step indirect immunoperoxidase technique. Primary antibody
(ERG mouse monoclonal antibody, Biocare Medical, clone
9FY at 1: 75 dilution) was applied for 45 minutes at room
temperature followed by 3 consecutive rinses with Bond
Wash Solution (Leica Microsystems). Peroxidase block (3%
hydrogen peroxide) was then applied for 5 minutes and rinsed
3 times with Bond Wash Solution. Post primary polymer
(Leica Microsystems) was applied for 15 minutes before
rinsing 3 times with Bond Wash Solution. Polymer Poly-
HRP IgG (Leica Microsystems) was applied for 8 minutes
and rinsed 3 times with Bond Wash Solution and one with
Deionized water before the diaminobenzidine chromogen was
applied for 4 minutes followed by 3 deionized water rinses.
Slides were counterstained with hematoxylin for 5 minutes.

J Med Assoc Thai|Vol.102|Suppl.8|September 2019                                                                                               119



120                                                                                               J Med Assoc Thai|Vol.102|Suppl.8|September 2019

All original H&E stained slides were reviewed
independently by two pathologists (CC, NP) to confirm a
diagnosis of prostatic acinar adenocarcinoma, Gleason score,
ISUP grade group, tumor volume, neural invasion,
lymphovascular invasion, and surgical margin status of radical
prostatectomy specimen. ERG stain was evaluated as positive
or negative result. In positive case, intensity of the ERG
stain was assessed as 1+, 2+ and 3+ as mild, moderate and
marked intensity. Volume of positive area was also assessed.
The clinical and pathological information were blinded in all
processes.

Data collection
Clinical data of age, pre-operative PSA, tumor

stage, mean tumor area assessed from original H&E stained
slides, PSA biochemical relapse, and pathological information
of peri-neural invasion, lymphovascular invasion, surgical
margin in case of radical prostatectomy, the International
Society of Urological Pathology (ISUP) grade group, and
Gleason score were collected. The clinical and pathological
information were blinded in all processes.

Gleason scoring system and ISUP grade grouping
were re-evaluated according to 2016 World Health
Organization. Gleason score was categorized as low when
the scores were 6 or 7 and high if the scores were 8, 9 or 10.
Whereas the ISUP grade was defined as low ISUP grade
group including group 1, 2 and 3 or high ISUP grade including
group 4 and 5. Overall survival (OS) was obtained from
the date of diagnosis to the date of death or to the end of
the study whereas progression-free survival (PFS) was
obtained from the date of diagnosis to the date of progression
or recurrence including PSA biochemical relapse, or date of
death.

Statistical analysis
Patient characteristics were presented as

percentage, mean + standard deviation (SD) and median
with interquartile range. Chi-square test, Fisher’s exact test,
or Mann-whitney U test was used to test the association
between ERG status and other clinic-pathologic features as
appropriate. Kaplan-Meier along with the log-rank tests were
used to test the association between ERG status and 5-year
PFS and 5-year OS. The p-value <0.05 was considered as
statistical significant.

Results
A total of 107 samples were available and included

for analysis. The mean age of the patient was 71.1+8.8 years.
Thirty-three patients had undergone radical prostatectomy;
11 of their specimens had positive surgical margin.

The median pre-operative PSA was 16.8 ng/mL
(IQR, 8.2 to 75.7 ng/mL). Majority of the tumors (66 cases
or 61.7%) had Gleason score 6 to 7, and was defined as
ISUP Grade group 1 to 3. The mean tumor volume was
33% (IQR, 20 to 66.5%). Slightly more than half had early
stage 1 to 2 (55 cases or 51.4%). Neural invasion was
identified in approximately 1/3 (36 cases or 33.6%)

whereas lymphovascular invasion was rarely found (6 cases
or 5.6%).

Information of PSA biochemical relapse was
available for 102 patients. ERG status revealed positive
results for 31.8% (34 cases) (Figure 1). Most cases were
scored as mild (score as 1+, Figure 1B) and moderate (score
as 2+, Figure 1C) intensity (17/34 and 16/34 cases
respectively). Only one sample was scored as strong intensity
(score as 3+, Figure 1D). Characteristic features of the study
population were shown in Table 1.

The association of ERG status and several
parameters were investigated. ERG positive group was
associated with younger patient. Mean patient age was lower
in ERG positive group (67.7+8.5) when compared to ERG
negative group (72.6+8.6) (p = 0.008). The authors found
that ERG positive group was correlated with low Gleason
score 79.4% (27 cases) vs. 20.6% (7 cases) (p = 0.01) and
low ISUP grade group 82.4% (28 cases) vs. 17.6% (6 cases)
(p = 0.004). Other parameters displayed no significant
difference between ERG positive and negative groups. Details
are shown in Table 2.

Five patients were lost to follow-up after a
diagnosis. After a median follow-up of 59.1 months (3 to 129
months) among other 102 patients, 6 had disease progression
and 18 patients had recurrence. Overall, 18 patients were
dead. The 5-year PFS and 5-year OS were 78.0% (95%
confidence interval [CI], 69.2 to 86.8%) and 79.3% (95% CI,
70.5 to 88.1%).

The authors investigated ERG status in relation to
5-year PFS and 5-year OS. The 5-year PFS and 5-year OS of
the patients with ERG positive expression were not
significantly different from those with ERG negative
expression: 77.4% (95% CI, 60.9 to 93.9%) vs. 78.2% (95%
CI, 67.6 to 88.8%) (p = 0.571) and 84.4% (95% CI, 70.1 to
98.7%) vs. 77.1% (95% CI, 66.1 to 88.1%) (p = 0.399)
respectively (Table 3) (Figure 2).

Discussion
Since the discovery of TMPRSS2-ERG fusion,

several studies were conducted to examine its prevalence and
prognostic value in patients with prostatic adenocarcinoma.
Previous studies among Western patients revealed high
incidence of up to 50 to 70% of TMPRSS2-ERG fusion in
prostatic adenocarcinoma(21,22). The incidence was much lower
in studies among Asian patients: 39% in Malaysia, 23% in
the Philippines and 16% in Japan(23-25). The present study
shows 31.8% of ERG positive rate which was much lower
than those from the Western countries but was in the range as
demonstrated from studies in Asia. This parity may be the
results from different genetic background of the patients in
each study. This ethnic influence was also observed in the
different incidence of prostate cancer. Few studies reported
lower genetic risk of prostate cancer in Asian compared to
Western men(37,38). The incidence was 37.2 prostate cancer
per 100,000 populations in Asian American and 69.0 cases
per 100,000 populations in White American(37,38).

Aside from the ethnic background, another possible
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Conclusion
The immunohistochemical study showed 31.8%

of prostatic acinar adenocarcinoma had ERG positive. This
ERG positive rate was relatively lower than those observed
in studies from Western population but comparable to studies
from Asia. The ERG positive rate was significantly higher in
younger patients, tumors with a low Gleason score and
low ISUP grade group. The present study could not
demonstrate any survival differences between the prostatic
cancer patients with positive or negative ERG status.
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Parameters

Age (years)    71.10+8.83
Preoperative PSA (ng/mL)    16.86 (8.22 to 75.74)
Gleason score

6    19 (17.8%)
7    47 (43.9%)
8    11 (10.3%)
9    28 (26.2%)
10       2 (1.8%)

ISUP grade group
1    19 (17.8%)
2    43 (40.2%)
3       4 (3.7%)
4    11 (10.3%)
5    30 (28.0%)

Tumor area (%)    33.0 (20.0 to 66.5)
Stage

1    20 (18.7%)
2    35 (32.7%)
3    24 (22.4%)
4    28 (26.2%)

Surgical margin
Negative    22 (20.6%)
Positive    11 (10.3%)
Non prostatectomy samples    74 (69.2%)

Peri-neural invasion
Negative    71 (66.4%)
Positive    36 (33.6%)

Lymphovascular invasion
Negative 101 (94.4%)
Positive       6 (5.6%)

PSA biochemical relapse
Negative    88 (82.2%)
Positive    14 (13.1%)
Loss to follow-up       5 (4.7%)

ERG
Negative    73 (68.2%)
Positive    34 (31.8%)

Intensity 1+    17 (50.0%)
Intensity 2+    16 (47.1%)
Intensity 3+       1 (2.9%)

Data presented as n (%), mean + SD, or median (interquartile
range)

Table 1. Demographics of the study population inves-
tigated for ERG expression (n = 107)

influencing factor on the prevalence of TMPRSS2-ERG
fusion is androgenic activity. High testosterone concentration
facilitates TMPRSS2-ERG fusion in vitro by induce
proximity of 2 genomic loci(39,40). High ERG expression in
African-American men may be explained by high free
circulating testosterone with higher expression of androgen
receptor in their prostatic tissue of either benign and
malignant(25,41). Nevertheless, the white Caucasian with lower
androgen activity than African American were also found to
have higher ERG expression(37,38) indicating multifactorial
including other unknown factors which may influence the
ERG expression.

The prognostic value of the TMPRSS2-ERG
fusion in prostatic adenocarcinoma was inconsistent in several
studies. Some showed significant association between
TMPRSS2-ERG fusion and worse prognostic parameters,
such as high Gleason score, high recurrent rate, advance tumor
stage and low PSA progression-free survival(23,32-34). However,
other studies did not find such association(35,36). The present
study found significant association of ERG positive status
with younger patient (p = 0.008), low Gleason score (p =
0.01) and low ISUP grade group (p = 0.004). This was in
contrast with previous studies which reported association of
ERG positive status with high Gleason score(23,34).

Possible reason for inconsistent findings of ERG
prognostic value in several studies could be different methods
used in detecting ERG rearrangement (immunohistochemistry
versus FISH). In addition, the definition criteria of ERG
positive status by either immunohistochemical technique or
FISH were also different in each report(23-25). Another reason
could be different study population. The older study
population is usually patient with advance disease. This
study reveals significant association of ERG expression to
worse prognostic parameter. The population of other recent
study is patient from PSA screening program which usually
be localized disease. This group shows no association with
prognostic parameters(16,21).

Figure 1. ERG stain assessment: Negative (A), Mild
intensity (B), Moderate intensity (C), Marked
intensity (D).
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Medicine Vajira Hospital research fund.

What is already known on this topic?
TMPRSS2-ERG fusion is the most common genetic

aberration of prostatic cancer. The prevalence reported in
previous studies depending partly on the ethnicity: higher in
Western compared to Asian countries. Many studies revealed
inconsistent result of the prognostic value of ERG status.
Some displayed its association with worse prognostic
parameters and survivals but the others did not show the

Variables                                                    ERG p-value*

Negative (n = 73) Positive (n = 34)

Age (years) 72.6+8.60 67.8+8.52 0.008
Preoperative PSA (ng/mL) 20.6 (9.9 to 95.9) 11.4 (7.6 to 40.1) 0.143
Gleason score

<8 39 (53.4%) 27 (79.4%) 0.010
>8 34 (46.6%)    7 (20.6%)

ISUP Grade group
<4 39 (53.4%) 28 (82.4%) 0.004
>4 34 (46.6%)    6 (17.6%)

Tumor area (%) 25.0 (20.0 to 68.8) 36.5 (20.0 to 60.0) 0.229
Stage

<3 35 (47.9%) 20 (58.8%) 0.259
>3 38 (52.1%) 14 (41.2%)

Surgical margin
Negative 13 (17.8%)    9 (26.5%) 0.277
Positive    6 (8.2%)    5 (14.7%)
Non prostatectomy samples 54 (74.0%) 20 (58.8%)

Peri-neural invasion
Negative 51 (69.9%) 20 (58.8%) 0.260
Positive 22 (30.1%) 14 (41.2%)

Lymphovascular invasion
Negative 69 (94.5%) 32 (94.1%) 1.000
Positive    4 (5.5%)    2 (5.9%)

PSA biochemical relapse
Negative 57 (78.1%) 31 (91.2%) 0.180
Positive 11 (15.1%)    3 (8.8%)
Loss to follow-up    5 (6.8%)    0 (0.0%)

Table 2. Distribution of ERG negative and positive according to clinical-pathological features (n=107)

Data are presented as n (%), mean+SD, or median (interquartile range)
*: comparison between ERG negative and positive group; t-test for age, Mann-Whitney U test for preoperative PSA and tumor area,
Chi-square test for Gleason score, ISUP grade group, stage, surgical margin and peri-neural invasion, and Fisher’s exact test for
lymphovascular invasion and PSA biochemical relapse

Survival (%) All patients                                    ERG p-value*

Negative Positive

5 years Disease-free survival rate 78.0% 78.2% 77.4% 0.571
(95% confidence interval) (69.2 to 86.8%) (67.6 to 88.8%) (60.9 to 93.9%)
5 years Overall survival rate 79.3% 77.1% 84.4% 0.399
(95% confidence interval) (70.5 to 88.1%) (66.1 to 88.1%) (70.1 to 98.7%)

Table 3. Association between ERG status and Clinical outcome

association. No information of the prevalence and prognostic
value of ERG expression in Thai population had been
reported.

What this study adds?
              The prevalence of ERG expression in Thai prostatic
cancer patients was approximately 32%. The ERG positive
expression was associated with younger age with better
prognostic features of low Gleason score and low ISUP grade
group. However, there was no association of ERG expression
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Figure 2. Overall survival (A) and progression-free
survival (B) of the patients according to the
ERG status.

and survival.

Potential conflicts of interests
The authors declare no conflict of interest.

References
1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers

C, Rebelo M, et al. Cancer incidence and mortality
worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 2015;136:E359-86.

2. Baade PD, Youlden DR, Cramb SM, Dunn J, Gardiner
RA. Epidemiology of prostate cancer in the Asia-Pacific
region. Prostate Int 2013;1:47-58.

3. Lim GH, Chow KY, Lee HP. Singapore cancer trends in
the last decade. Singapore Med J 2012;53:3-9.

4. Center MM, Jemal A, Lortet-Tieulent J, Ward E, Ferlay
J, Brawley O, et al. International variation in prostate
cancer incidence and mortality rates. Eur Urol
2012;61:1079-92.

5. Hsing AW, Tsao L, Devesa SS. International trends and
patterns of prostate cancer incidence and mortality. Int
J Cancer 2000;85:60-7.

6. Ito K. Prostate cancer in Asian men. Nat Rev Urol
2014;11:197-212.

7. Nomura AM, Kolonel LN. Prostate cancer: a current
perspective. Epidemiol Rev 1991;13:200-27.

8. Williams S, Chiong E, Lojanapiwat B, Umbas R, Akaza
H. Management of prostate cancer in Asia: resource-
stratified guidelines from the Asian Oncology Summit
2013. Lancet Oncol 2013;14:e524-34.

9. Epstein JI, Algaba F, Alsbrook WC Jr, Bastacky S,
Boccon-Gibod L, De Marzo AM, et al. Tumor of the
prostate, acinar adenocarcinoma. In: Eble JN, Sauter G,
Epstein JI, Sesterhenn IA, editors. World Health
Organization Classification of Tumors. Pathology and
genetics of tumors of the urinary system and male genital
organs. Lyon: IARC Press; 2004. p. 162-92.

10. Mohler JL, Kantoff PW, Armstrong AJ, Bahnson RR,
Cohen M, D’Amico AV, et al. Prostate cancer, version
2.2014. J Natl Compr Canc Netw 2014;12:686-718.

11. Moch H, Humphrey PA, Ulbright TM, Reuter VE.
WHO Classification of tumours of the urinary system
and male genital organs. 4th ed. Lyon: International
Agency for Research on Cancer (IARC); 2016.

12. Grimm P, Billiet I, Bostwick D, Dicker AP, Frank S,
Immerzeel J, et al. Comparative analysis of prostate-
specific antigen free survival outcomes for patients with
low, intermediate and high risk prostate cancer treatment
by radical therapy. Results from the Prostate Cancer
Results Study Group. BJU Int 2012;109 Suppl 1:22-9.

13. Kollmeier MA, Zelefsky MJ. How to select the optimal
therapy for early-stage prostate cancer. Crit Rev Oncol
Hematol 2012;83:225-34.

14. Clark J, Merson S, Jhavar S, Flohr P, Edwards S, Foster
CS, et al. Diversity of TMPRSS2-ERG fusion
transcripts in the human prostate. Oncogene
2007;26:2667-73.

15. Clark JP, Cooper CS. ETS gene fusions in prostate
cancer. Nat Rev Urol 2009;6:429-39.

16. Tomlins SA, Bjartell A, Chinnaiyan AM, Jenster G,
Nam RK, Rubin MA, et al. ETS gene fusions in prostate
cancer: from discovery to daily clinical practice. Eur
Urol 2009;56:275-86.

17. Petrovics G, Liu A, Shaheduzzaman S, Furusato B, Sun
C, Chen Y, et al. Frequent overexpression of ETS-related
gene-1 (ERG1) in prostate cancer transcriptome.
Oncogene 2005;24:3847-52.

18. Rostad K, Mannelqvist M, Halvorsen OJ, Oyan AM,
Bo TH, Stordrange L, et al. ERG upregulation and related
ETS transcription factors in prostate cancer. Int J Oncol
2007;30:19-32.

19. Cerveira N, Ribeiro FR, Peixoto A, Costa V, Henrique
R, Jeronimo C, et al. TMPRSS2-ERG gene fusion causing
ERG overexpression precedes chromosome copy
number changes in prostate carcinomas and paired
HGPIN lesions. Neoplasia 2006;8:826-32.

20. Tomlins SA, Laxman B, Varambally S, Cao X, Yu J,
Helgeson BE, et al. Role of the TMPRSS2-ERG gene
fusion in prostate cancer. Neoplasia 2008;10:177-88.



21. Rubin MA, Maher CA, Chinnaiyan AM. Common gene
rearrangements in prostate cancer. J Clin Oncol
2011;29:3659-68.

22. Rosen P, Sesterhenn IA, Brassell SA, McLeod DG,
Srivastava S, Dobi A. Clinical potential of the ERG
oncoprotein in prostate cancer. Nat Rev Urol
2012;9:131-7.

23. Raymundo EM, Diwa MH, Lapitan MC, Plaza AB,
Sevilleja JE, Srivastava S, et al. Increased association of
the ERG oncoprotein expression in advanced stages of
prostate cancer in Filipinos. Prostate 2014;74:1079-85.

24. Kelly GM, Kong YH, Dobi A, Srivastava S, Sesterhenn
IA, Pathmanathan R, et al. ERG oncoprotein expression
in prostate carcinoma patients of different ethnicities.
Mol Clin Oncol 2015;3:23-30.

25. Magi-Galluzzi C, Tsusuki T, Elson P, Simmerman K,
LaFargue C, Esgueva R, et al. TMPRSS2-ERG gene
fusion prevalence and class are significantly different in
prostate cancer of Caucasian, African-American and
Japanese patients. Prostate 2011;71:489-97.

26. van Leenders GJ, Boormans JL, Vissers CJ, Hoogland
AM, Bressers AA, Furusato B, et al. Antibody EPR3864
is specific for ERG genomic fusions in prostate cancer:
implications for pathological practice. Mod Pathol
2011;24:1128-38.

27. Park K, Tomlins SA, Mudaliar KM, Chiu YL, Esgueva
R, Mehra R, et al. Antibody-based detection of ERG
rearrangement-positive prostate cancer. Neoplasia
2010;12:590-8.

28. Falzarano SM, Zhou M, Carver P, Tsuzuki T,
Simmerman K, He H, et al. ERG gene rearrangement
status in prostate cancer detected by
immunohistochemistry. Virchows Arch 2011;459:441-
7.

29. Braun M, Goltz D, Shaikhibrahim Z, Vogel W, Bohm D,
Scheble V, et al. ERG protein expression and genomic
rearrangement status in primary and metastatic prostate
cancer—a comparative study of two monoclonal
antibodies. Prostate Cancer Prostatic Dis 2012;15:165-
9.

30. Chaux A, Albadine R, Toubaji A, Hicks J, Meeker A,
Platz EA, et al. Immunohistochemistry for ERG
expression as a surrogate for TMPRSS2-ERG fusion
detection in prostatic adenocarcinomas. Am J Surg
Pathol 2011;35:1014-20.

31. Gopalan A, Leversha MA, Dudas ME, Maschino AC,
Chang J, Al Ahmadie HA, et al. TMPRSS2-ERG
rearrangement in dominant anterior prostatic tumours:

incidence and correlation with ERG immuno-
histochemistry. Histopathology 2013;63:279-86.

32. Huang KC, Dolph M, Donnelly B, Bismar TA. ERG
expression is associated with increased risk of
biochemical relapse following radical prostatectomy in
early onset prostate cancer. Clin Transl Oncol
2014;16:973-9.

33. Hagglof C, Hammarsten P, Stromvall K, Egevad L,
Josefsson A, Stattin P, et al. TMPRSS2-ERG expression
predicts prostate cancer survival and associates with
stromal biomarkers. PLoS One 2014;9:e86824.

34. Font-Tello A, Juanpere N, de Muga S, Lorenzo M,
Lorente JA, Fumado L, et al. Association of ERG and
TMPRSS2-ERG with grade, stage, and prognosis of
prostate cancer is dependent on their expression levels.
Prostate 2015;75:1216-26.

35. Xu B, Chevarie-Davis M, Chevalier S, Scarlata E,
Zeizafoun N, Dragomir A, et al. The prognostic role of
ERG immunopositivity in prostatic acinar adeno-
carcinoma: a study including 454 cases and review of
the literature. Hum Pathol 2014;45:488-97.

36. Hoogland AM, Jenster G, van Weerden WM, Trapman
J, van der KT, Roobol MJ, et al. ERG immunohisto-
chemistry is not predictive for PSA recurrence, local
recurrence or overall survival after radical prostatectomy
for prostate cancer. Mod Pathol 2012;25:471-9.

37. National Cancer Institute. SEER 18 Regs research
data + Hurricane Katrina impacted Louisiana cases, Nov
2015 Sub (2000-2013). Surveillance, Epidemiology, and
End Results Program SEER*Stat Database [Internet].
2016 [cited 2019 May 28]. Available from: https://
seer.cancer.gov/.

38. Gasi TD, Boormans J, Hermans K, Trapman J. ETS
fusion genes in prostate cancer. Endocr Relat Cancer
2014;21:R143-52.

39. Mani RS, Tomlins SA, Callahan K, Ghosh A, Nyati
MK, Varambally S, et al. Induced chromosomal
proximity and gene fusions in prostate cancer. Science
2009;326:1230.

40. Bastus NC, Boyd LK, Mao X, Stankiewicz E, Kudahetti
SC, Oliver RT, et al. Androgen-induced TMPRSS2:ERG
fusion in nonmalignant prostate epithelial cells. Cancer
Res 2010;70:9544-8.

41. Gaston KE, Kim D, Singh S, Ford OH 3rd, Mohler JL.
Racial differences in androgen receptor protein
expression in men with clinically localized prostate
cancer. J Urol 2003;170:990-3.

124                                                                                               J Med Assoc Thai|Vol.102|Suppl.8|September 2019


