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Previous attempts to link prostate 
cancer progression to genetic altera-

tions have been unsuccessful, and conse-
quently, there is still no reliable predictor 
of prognosis for men with this disease. A 
recent study by Taylor et al. published in 
Cancer Cell, assesses copy number altera-
tions, mutations and transcriptomes in 
218 tumors and 12 prostate cancer cell 
lines and xenografts. Their analysis iden-
tifies frequencies of ERG alterations, 8p 
loss and 8q gain similar to previous find-
ings. It also reveals novel genetic factors 
in prostate cancer progression, includ-
ing the androgen receptor coactivator, 
NCOA2, which serves as an oncogene in 
about 11% of tumors, and a deletion at 
chromosome 3p14, which was associated 
with TMPRSS-ERG fusion. The copy 
number alteration data demonstrates 
six distinct subgroups of prostate can-
cer with considerable variation in time 
to biochemical relapse. Classification 
of prostate cancer into these genetic 
subgroups may help clinicians predict 
the likelihood of disease progression in 
newly diagnosed men, ultimately guid-
ing treatment decisions and therapy 
development.

The aggressiveness of prostate cancer is 
highly heterogeneous; some tumors are 
indolent and never progress while oth-
ers rapidly metastasize and are ultimately 
lethal. Unfortunately, clinicians are cur-
rently unable to accurately predict prog-
nosis in newly diagnosed men. Specific 
genomic signatures with prognostic value 
have been identified in other types of can-
cers, such as the 21 gene score assay for 
breast cancer,1,2 but efforts to find a com-
parable assay for prostate cancer have so 
far been unsuccessful.3,4
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Previous reports implicated the 
TMPRSS2-ERG fusion,5 and 8p loss and 
8q gain6,7 as factors in the progression of 
prostate cancer. In addition, MYC and 
PTEN are both commonly altered in 
men with prostate cancer.6,7 However, 
the impact of these studies is limited by 
the relatively low association between 
genomic variation and clinical outcome, 
as well as small samples sizes or use of low 
resolution platforms.

In a study recently published in Cancer 
Cell, Taylor et al.8 assess genomic variation 
and clinical outcome in prostate cancer. 
They examine copy number alterations 
(CNAs), mutations and transcriptomes 
in 218 prostate tumors (181 primaries and 
37 metastases) and 12 prostate cancer cell 
lines and xenografts. The CNA and tran-
scriptome analysis reveals several common 
alterations in prostate cancer. The ERG 
alteration frequency and rates of chromo-
some 8p loss and 8q gain are consistent 
with previous reports.5-7 Additional altera-
tions include PTEN on 10q23.31, RB1 on 
13q14.2, TP53 on 17p31.1, and an inter-
stitial deletion, 21q.22.2-3, which spans 
ETV6, DUSP16 and CDKN1B. According 
to their findings, the most commonly 
amplified loci are MYC on 8q24.21 and 
NCOA2 on 8q13.3.

Several patterns of alterations offer the 
potential to differentiate between primary 
and metastatic tumors based on genomic 
differences. The authors report that meta-
static tumors generally exhibit greater lev-
els of alteration compared with primary 
tumors, though a wide range of alteration 
levels is detected in both tumor types. 
In addition, their data indicate that only 
patients with metastatic prostate cancer 
demonstrate mutation, gene amplification 
or overexpression of the AR gene.
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Gleason scores cannot fully explain the 
association between CNA and biochemi-
cal relapse, which further supports the use 
of CNA assessment to guide prostate can-
cer therapy.

Confirmational studies are necessary 
before utilizing these criteria in a clinical 
setting, but the work of Taylor et al. pro-
vides considerable insight into the genomic 
contributions to prostate cancer progres-
sion. Their findings may be used to help 
clinicians determine appropriate therapy 
for individual patients as well guide the 
development of new therapeutics.
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the tumor suppressor genes, PTEN and 
TP53, and the third region spans an eight-
gene region at 3p14, a previously uniden-
tified region. Additional assessment of 
3p14 implicates the involvement of the 
genes FOXP1, RYBP and SHQ1. This is 
the first evidence that alterations in other 
genes operate in a cooperative manner 
with TMPRSS-ERG lesions to produce an 
oncogenic effect.

Finally, the authors examine whether 
or not the genomic profile of prostate can-
cer is correlated with clinical outcome. 
Their mRNA and microRNA data fails 
to identify specific subgroups of prostate 
cancer. However, the CNA data provide 
evidence for six distinct prostate cancer 
subgroups based on time to biochemi-
cal relapse. First, they divide the pros-
tate cancer cases into two major groups, 
those with minimal CNA (clusters 1–4) 
and those with substantial CNA (clusters 
5–6). Cluster 1–4 tumors are associated 
with a positive prognosis in most cases, 
particularly cluster 2 tumors, which gen-
erally have an unaltered genome. Cluster 
1 shows a pattern of deletions, particu-
larly on chromosome 6q. Cluster 3 is 
characterized by deletions mostly lim-
ited to 13q, and cluster 4 tends to have 
deletions primarily on chromosome 8p. 
Most cases of metastatic prostate cancer 
are in cluster 5 or cluster 6. Cluster 5 is 
characterized by genome wide CNAs, 
whereas the genomic alterations in cluster 
6 tumors are generally limited to 8q or 
chromosome 7 gains.

To demonstrate the prognostic value 
of these prostate cancer clusters, Taylor et 
al. provide evidence that the prognostic 
power of the categories is due to specific 
genomic alterations, not simply genomic 
instability. For example, even though 
more alterations are associated with cluster 
6 and cluster 4, cluster 4 tumors are associ-
ated with a higher probability of biochem-
ical recurrence. Additionally, the genome 
appears to be altered systematically, not 
randomly. They also demonstrate that 

Alterations of specific genes contribute 
to the understanding of prostate cancer, 
but researchers are beginning to look to 
gene pathways for a more comprehensive 
explanation of the genetic components of 
the disease. Taylor et al. conduct a path-
way analysis of several genes that have 
been implicated in prostate cancer or other 
types of cancers. They find that PI3K, 
RAS/RAF and RB, all common cancer 
pathways, are often altered in prostate 
cancer tumors. Of particular interest, their 
results show alteration of the PI3K path-
way in 50% of primary tumors and 100% 
of metastatic tumors. In addition, 56% 
of primary tumors display an alteration 
in the AR pathway (including AR coacti-
vators and repressors), whereas 100% of 
metastatic tumors are altered. More spe-
cifically, the authors find overexpression 
or mutation of 8q13.3 in 8% of primary 
tumors versus 37% of metastatic tumors. 
8q13.3 spans NCOA2, an AR coactivator 
gene. An in vitro study demonstrates that 
NCOA2 is capable of priming the AR to 
respond to lower concentrations of andro-
gens as well as enhance AR transcriptional 
output. Based on these findings, they sug-
gest that NCOA2 serves as an oncogene by 
increasing AR signaling. AR amplification, 
which appears to be limited to metastatic 
tumors, may be a mechanism of drug 
resistance. These findings demonstrate 
the involvement of entire gene pathways 
in prostate cancer and open the door for 
predicting prognosis and individualizing 
therapy.

Similar to pathway analysis, Taylor et 
al. examine how the interaction of mul-
tiple genes may explain why the TMPRSS-
ERG fusion is the most common lesion in 
prostate cancer despite failure to implicate 
it as an oncogene in functional studies.5 
They predict that the involvement of other 
genes may be necessary for TMPRSS-ERG 
fusion to produce an oncogenic effect. 
Their analysis reveals three regions of 
copy-number loss associated with the 
TMPRSS-ERG fusion. Two regions span 


