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Reduction in expression of the benign AR transcriptome is a
hallmark of localised prostate cancer progression
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ABSTRACT

Background: Despite the importance of androgen receptor (AR) signalling to
prostate cancer development, little is known about how this signalling pathway
changes with increasing grade and stage of the disease.

Objective: To explore changes in the normal AR transcriptome in localised prostate
cancer, and its relation to adverse pathological features and disease recurrence.

Design: Publically accessible human prostate cancer expression arrays as well
as RNA sequencing data from the prostate TCGA. Tumour associated PSA and PSAD
were calculated for a large cohort of men (n=1108) undergoing prostatectomy.

Outcome Measurements and Statistical Analysis: We performed a meta-analysis
of the expression of an androgen-regulated gene set across datasets using Oncomine.
Differential expression of selected genes in the prostate TCGA database was probed
using the edgeR Bioconductor package. Changes in tumour PSA density with stage
and grade were assessed by Student’s t-test, and its association with biochemical
recurrence explored by Kaplan-Meier curves and Cox regression.

Results: Meta-analysis revealed a systematic decline in the expression of a
previously identified benign prostate androgen-regulated gene set with increasing
tumour grade, reaching significance in nine of 25 genes tested despite increasing
AR expression. These results were confirmed in a large independent dataset from
the TCGA. At the protein level, when serum PSA was corrected for tumour volume,
significantly lower levels were observed with increasing tumour grade and stage, and
predicted disease recurrence.

Conclusions: Lower PSA secretion-per-tumour-volume is associated with
increasing grade and stage of prostate cancer, has prognostic relevance, and reflects
a systematic perturbation of androgen signalling.

INTRODUCTION

The androgen receptor (AR) is a ligand-activated
transcription factor that is central to the initiation and
progression of prostate cancer. The importance of
AR signalling is underscored by the clinical utility of
castration in producing symptomatic relief and objective
responses in men with advanced prostate cancer. During
prostate development, AR activation is known to increase
the expression of growth factors, transcription factors and

signalling peptides that are involved in cell proliferation,
resistance to apoptosis, invasion and migration, processes
which are necessary for successful organogenesis and are
subsequently exploited by cancer [1]. The expression of
AR has been demonstrated to increase with increasing
tumour grade and stage, as does the serum levels of
prostate specific antigen (PSA), the product of the proto-
typical androgen responsive gene KLK3 [2, 3]. In fact the
positive relationship between increasing serum PSA and
increasing tumour stage and grade informs all aspects of
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its usage in the clinical management of prostate cancer
patients [4]. However, it has been recognised for some time
that there exists a small cohort of patients with primary
prostate cancer that remains localised to the prostate, in
whom serum PSA does not accurately reflect the extent of
their disease burden [5-8]. These ‘low-secreting’ tumours
are reported to have a worse prognosis compared to grade
and stage matched controls. This is supported by a number
of studies indicating that the incidence of prostate cancer,
including high-grade tumours, is significant in patients
with serum PSA levels within the quoted normal range
[9, 10].

Tomlins et. al. have previously reported that a
cassette of genes normally up-regulated by AR signalling
is in fact down-regulated during the progression from low-
grade to high-grade disease [11]. However the cohort size
was small (n=30), and the gene set used in the analysis
was generated from the LNCaP cell line (derived from
a treatment-refractory metastasis) stimulated with the
synthetic androgen R1881, so the relevance to clinically
localised prostate cancer under physiological conditions
is unclear [11]. This univariable analysis was useful for
generating the hypothesis that AR signalling decreases
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with increasing cancer grade but is not definitive. In
a previous study we have observed that a decrease in
PSA levels is correlated with increasing grade [12]. We
were therefore interested in extending these findings to
examine the expression of a patient-derived, normal AR
transcriptome in different disease grades and stages and to
examine what effect, if any, alterations in gene expression
would have on protein expression of PSA and how this
may affect clinical practice.

RESULTS

To explore whether the expression of the androgen
regulated transcriptome changes with increasing tumour
grade, we performed a meta-analysis of the expression
of the top 25 ranking androgen stimulated transcripts
previously identified in benign human prostate tissue across
12 publicly accessible prostate cancer databases stratified
by tumour grade (Figure 1). The listed genes encode for
proteins with diverse biological functions, and includes
KLK3/PSA which is a commonly used serum tumour
marker which is clinically used for prostate cancer diagnosis
and staging. Interestingly we observed a systematic down-
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1. Prostate Adenocarcinoma - High Grade (7 vs. 3)

Bittner Prostate, Not Published, 2005

2. Prostate Carcinoma - Advanced Gleason Score (8 vs. 71)
Glinsky Prostate, J Clin Invest, 2004

3. Prostate Carcinoma - Advanced Gleason Score (5 vs. 54)
Lapointe Prostate, Proc Natl Acad Sci USA, 2004

4. Prostate Carcinoma - Advanced Gleason Score (10 vs. 29)

Liu Prostate, Cancer Res, 2006

5. Prostate Carcinoma - Advanced Gleason Score (9 vs. 587)
Nakagawa Prostate 2, PLoS ONE, 2008

6. Prostate Carcinoma - Advanced Gleason Score (5 vs. 358)
Setlur Prostate, J Nat/ Cancer Inst, 2008

7. Prostate Carcinoma - Advanced Gleason Score (2 vs. 50)

Singh Prostate, Cancer Cell, 2002

8. Prostate Carcinoma - Advanced Gleason Score (7 vs. 123)
Taylor Prostate 3, Cancer Cell, 2010

9. Prostate Carcinoma Epithelia - Advanced Gleason Score (7 vs. 23)
Tomlins Prostate, Nat Genet, 2007

10. Prostate Adenocarcinoma - Advanced Gleason Score (15 vs. 12)
Vanaja Prostate, Cancer Res, 2003

11. Prostate Adenocarcinoma - Advanced Gleason Score (2 vs. 67)
Wallace Prostate, Cancer Res, 2008

12. Prostate Carcinoma - Advanced Gleason Score (12 vs. 52)

Yu Prostate, J Clin Oncol, 2004

Figure 1: Heatmap and meta-analysis of relative androgen-regulated gene expression in high vs. low-grade prostate
tumours derived from the 12 publicly accessible databases listed. The number of cases in each cohort is included in parentheses
(n high-grade vs. n control). Despite increased expression of AR, expression of commonly AR-regulated transcripts is decreased in high-

grade disease.
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regulation of normal androgen stimulated transcripts with
increasing tumour grade, with nine of the 25 genes reaching
the threshold for significance, despite a significant up-
regulation of the androgen receptor in the same samples.

To further validate these findings, the relative
expression of the same transcripts was examined in the
TCGA prostate cancer expression dataset (Figure 2). When
gene expression in high grade cancers was compared to
that of low grade tumours, the expression of 20 of 25 genes
tested were lower in higher grade tumours, and reached
statistical significance for twelve, including KLK3 and
MYBPCI. To determine if this decrease in the ‘normal’
AR transcriptome is associated with a concurrent change
in the expression of genes specifically regulated by AR
in states of altered promoter site binding, we performed
a similar analyses using the AR-driven ‘M-phase cell
cycle’ signature identified by Wang and colleagues as a
defining feature of the transcriptome switch in androgen-
independent prostate cancer [18]. Consistent with a
proposed switch in the AR driven transcriptional program
with local tumour progression, we observed a consistent
increase in the expression of a number of these genes
in higher-grade tumours, particularly CDK1, UBE2C,
CDC20 and CCNA2 (Supplementary Figure S1).

KLK3 encodes the prostate specific antigen, a
serum based tumour marker that this widely used in the
diagnosis and risk stratification of prostate cancer, as well
as monitoring response to treatment, where higher serum
levels of PSA are commonly associated with aggressive
disease and poorer outcome. To determine if the observed
changes in the androgen-regulated transcriptome were
mirrored at the protein level, we measured serum PSA
as a function of tumour volume in a large cohort of men
with clinically localised prostate cancer who underwent
prostatectomy (Table 1), and correlated levels with both
pathological variables and clinical outcome. Consistent
with gene expression, we identified a systematic decrease
in serum PSA per tumour volume with increasing grade
(Figure 3a) and stage (Figure 3b), with the largest
incremental decreases observed at the transition points of
greatest clinical interest (low grade versus intermediate
grade, and organ confined versus non-organ confined).
Interestingly, on univariable analysis, serum PSA per
tumour volume has prognostic implications, with lower
levels associated with a significantly increased risk of
disease recurrence post prostatectomy (Figures 3¢ &
3d). However in multivariable Cox regression models
including well-established clinical and pathological
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Figure 2: Waterfall plot depicting the relative expression of indicated transcripts in the TCGA prostate cancer dataset
in high-grade (Gleason sum > 8; n = 79) compared to low-grade (Gleason sum < 6; n = 55) tumours. Expression of seven
genes including KLK3 was seen to be significantly down-regulated in high-grade disease. LFC = Log fold change. * False discovery rate

<0.1.
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Table 1: Clinical and pathological characteristics of the study cohort

n 1108
Age (yrs) Median 61.5
Range 40.2-79
PSA (ng/ml) Median 6.99
Range 0.3-20
Pathological Stage pT2 770 (69.6%)
pT3 335 (30.4%)
Tumour Grade Low (GS 6) 153 (13.8%)
Intermediate (GS 7) 848 (76.5%)
GS 3+4 583 (68.8%)
GS 4+3 265 (31.3%)
High (GS 8-10) 107 (9.7%)
Extraprostatic Extension Absent 782 (70.6%)
Present 326 (29.4%)
Seminal Vesicle Invasion Absent 1042 (94.1%)
Present 66 (6%)
Recurrence No 812 (76.8%)
(n=1057) Yes 245 (23.2%)
Total Tumour Volume (cc) Median 2.6
IQR 1.3-4.8
Prostate Volume (cc) Median 322
IQR 24.2-43.5

predictors, PSA per tumour volume was not an
independent predictor, suggesting co-linearity with
stage and grade (Table 2). To determine if exclusion
of patients with a PSA > 20 ng/dl significantly skewed
these observations, the analysis was repeated in patients
irrespective of PSA with essentially identical results.
In addition, similar results were obtained when index
tumour volume rather than total tumour volume was used
in the analysis (Supplementary Figure S2).

To verify that reduced levels of KLK3 transcript
are associated with a decrease in PSA production in
more poorly differentiated tumours, we measured
PSA expression directly in tumour sections by semi-
quantitative immunohistochemistry and confirmed that
expression is significantly lower in higher-grade tumours
(Figure 4). There was no significant difference in AR
protein expression in the same cohort.

DISCUSSION

We have observed across multiple datasets that
in comparison to low-grade disease, in high-grade
disease the physiologically benign AR ‘transcriptome’

is systematically suppressed and at least for the most
highly expressed AR-regulated gene, the clinically
utilised tumour marker KLK3/PSA, this effect is
also observed at the protein level and has prognostic
relevance. As discussed above, KLK3 expression is
primarily regulated by the androgen receptor, and it
is a commonly used readout of the level of receptor
activation both clinically and experimentally, and the
most facile explanation is therefore that androgen
receptor signalling is downregulated in more aggressive
tumours. Receptor activation is dependent upon receptor
and ligand availability, and although we do not observe
a significant decrease in androgen receptor levels in the
same tumour specimens, an increasing number of reports
link low levels of circulating androgens to aggressive
pathological features and worse outcome, although the
findings are not universal [19]. However the absolute
change in androgen levels are low, and certainly well
above that required for full AR activation in experimental
systems [20]. In addition, at least in castration-resistant
cancers, tumour levels of androgen are often maintained
close to normal even in the presence of castrate serum
levels [21]. Another possibility is that instead of being
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downregulated, AR signalling is instead shifted from
one transcriptional program to another. Certainly
during prostate organogenesis androgens initially
stimulate a program of cell proliferation, survival and
mesenchymal invasion, and then switch late in the
second trimester to promote epithelial cell terminal
differentiation and a secretory phenotype [22]. As many
of the biological programs of embryogenesis resemble
those of carcinogenesis, it is possible that the observed
decrease in KLK3 expression represents a transition to a
more ‘developmental’ type AR transcriptional program,
perhaps due changes in promoter methylation status
within specific gene cassettes or the loss or gain of a
critical pioneering co-transcription factor [18].

These results however do provide some insights
into the clinical use of PSA as a tumour marker. PSA,
being produced in significant amounts only by prostate
epithelial cells, was shown in the seminal study that
prompted its FDA approval to be present at higher
levels in men with prostate cancer compared to ‘normal’
controls, with serum levels correlating with disease
stage [23]. With the recognition that an elevated PSA
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was more indicative of the presence of prostate cancer
than either digital rectal exam or transrectal ultrasound,
its use as a community-based screening test has become
entrenched. However, PSA screening has remained
controversial ever since its inclusion in clinical practice
and in 2012 the U.S. Preventive Services Task Force
gave its final recommendation against PSA screening
for men, citing “overdiagnosis” as causing more harm
than the clinical benefits provided [24]. As we have
demonstrated, PSA is a continuum of risk and obtaining
a reading in the ‘normal’ range does not preclude the
presence of a high-grade tumour due to lower PSA
secretion per unit tumour volume. For instance, a lcc
organ-confined low grade tumour would increase serum
PSA by a mean of 4.01 ng/ml and lead to a biopsy,
whereas by comparison, a similarly sized invasive
high grade tumour leads to a mean increase of only
1.71 ng/ml, which may not meet a pre-specified biopsy
threshold. At the current time, tumour volume can only
be accurately determined once the prostate gland has
been removed. While Magnetic Resonance Imaging
(MRI), the most commonly used imaging modality for
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Figure 3: Changes in log transformed PSA per unit total tumour volume (tPSAD) with increasing a. tumour grade, b. pathological stage
and c. the development of biochemical recurrence, stratified by tumour grade. d. Kaplan-Meier curve of biochemical recurrence (BCR) free
survival stratified by PSA per unit tumour volume (log transformed) quintiles. Data is presented as means + SEM.
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Table 2: Multivariable, Cox regression analysis of predictors of biochemical recurrence post prostatectomy

HR 95% Cls p
Extraprostatic extension 1.68 1.25-2.26 0.001
Seminal vesicle invasion 1.90 1.30-2.78 0.001
Positive margins 2.12 1.60-2.79 <0.001
Tumour Grade 0
Low (GS 6) 1 (Ref)
Intermediate (GS 7) 1.97 1.06-3.67 0.032
High (GS 8-10) 5.28 2.70-10.33 <0.001
Ln(tPSAD) 1.08 0.98-1.19 0.13
(a)
Low Grade High Grade
PSA
AR
(b)
— AR PSA
£ 0.081 T 0104
5 § ’ **p=0.0015
E 0.06- = E 0.08 p
3 ooad B " £ 006 :
> 004 EEER s -
g _Q_ 'g 0.044 : !
o o002 pE a
5 s 5 002k
S oo L B £
& o.00 § o.00 \
3\ N QN S
& & A4
\«°$ &\\0 ¥ s
Q‘\\% Q;\Q

Figure 4: a. Representative images (40x) of PSA and AR expression by immunohistochemical staining in low and grade tumours. b. Mean
+ SEM expression of AR and PSA in a sample of low grade (Gleason 6, n=32) and high grade (Gleason 8-10, n=34) tumours from our
clinical cohort as determined by optical densiometry of immunohistochemically stained slides. Expression between groups was compared
using a 2-sided Student’s t-test, with significance assumed at p<0.05.
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local staging is reported to have high sensitivity for
index tumour detection, particularly in higher-grade
tumours, it routinely underestimates pathologically
defined tumour volume [25-27]. However, the
development of improved formulas that greatly increase
the accuracy of MRI volume estimates as well as the
potential of dual modality imaging with PSMA-PET
raises the possibility that accurate pre-operative tumour
volume estimates may be available to clinicians in the
near future [19, 28]. With this in mind we suggest
that there is the potential to, in the future, add tumour
volume to the current repertoire of diagnostic tests
alongside PSA screening and DREs to increase the
reliability of the former. Our data suggest that it may
even be possible to determine a threshold of tPSAD
which when combined with existing prognostics, such
as Gleason sum and pathological staging, will more
accurately predict biochemical recurrence and allow
increased care in monitoring affected patients.

In conclusion we have determined using a
clinically relevant gene set that aggressive tumours have
a deregulated AR transcriptome including expression of
PSA and therefore aggressive, low-volume tumours may
currently be overlooked by PSA screening.

MATERIALS AND METHODS

Meta-analysis of androgen regulated gene
expression in high versus low grade
prostate cancer

Genes up-regulated in benign human prostatic
tissue in response to androgen stimulation were
identified from a previously published study [13].
Given the low dynamic range of expression and lack
of statistical significance for many of the changes
identified, genes were ranked by logfold change and
the top 25 genes chosen arbitrarily for analysis. A
meta-analysis of individual genes across publicly
accessible prostate cancer expression databases
was performed using the meta-analysis tool within
Oncomine (https://www.oncomine.com), the steps of
which have been previously described in detail [14].
Briefly, microarray data from individual studies are
normalised, and differential expression between pre-
specified classes is determined by Students t-test.
Genes are ranked within each dataset by the p-value,
and enrichment (positive or negative) across studies
determined by comparing observed rankings against
a random distribution. Studies selected had a patient
cohort >40 and allowed differential expression analysis
by tumour grading within Oncomine. For the purposes
of this analysis, high-grade tumour was classified as
the group with the highest Gleason score within each
individual study, with all remaining tumours acting as
the comparator.

Analysis of TCGA expression data

RNA-Seq data was obtained from TCGA and
raw gene-level counts were used for the analysis.
Samples were again categorised into two categories by
the patient’s tumour grade based upon the centralised
pathology review: (i) low grade (Gleason sum < 6, n=55);
and (ii) high grade (Gleason sum > 8, n=79). To minimise
spurious statistical tests involving low expression counts,
genes containing counts-per-million values (CPM)
<1 for more than a third of samples were filtered out.
Differential expression analysis was conducted using
the edgeR Bioconductor package. Normalisation factors
were calculated using Trimmed Mean of M-values
(TMM) normalisation to account for differences in
library size. To normalise gene-level variance, the
biological coefficient of variation (BCV) was calculated
using Cox-Reid dispersion for negative binomial general
linear models. Samples were fitted to a negative-binomial
log-linear model and tested for differential expression
using a likelihood-ratio test. The p-values of differential
expression tests were corrected for multiple-hypothesis
testing using Benjamini-Hochberg false discovery rate
(FDR) correction. The threshold for significance was set
to FDR<O0.1.

PSA patient cohort selection

Consecutive patients with a diagnosis of primary
prostate cancer, localised to the prostate, who underwent
surgical removal of their prostates at the Epworth
Hospitals in Melbourne from 2003 to December 2011
and had detailed PSA follow-up were identified from a
prospectively recorded and maintained dedicated prostate
cancer database (n=1228). Nine patients with missing
pre-operative serum PSA values were excluded from
the cohort. To minimise the impact of occult metastatic
disease and large prostate gland volume on the analysis,
patients with a pre-operative PSA > 20 ng/ml (n=55)
or with a gland weight above the 95th percentile (84 g,
n=56), were excluded from the analysis. Samples were
divided into three groups by Gleason sum to include low
grade (GS < 6), intermediate grade (GS = 7), and high
grade (GS > 8). Collection and use of tissue and data had
individual patient consent and institutional review board
approval.

Calculation of tumour volume

As part of routine pathological assessment, tumour
volume was calculated in all patients as previously
described [15]. Briefly, transverse whole-mount sections
of formalin fixed and paraffin-embedded surgical
specimens were taken at 3.5 mm intervals perpendicular to
the urethra from prostate base to apex, and slides stained
with haematoxylin and eosin. After tumour borders were
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outlined manually with a pen, slides were digitalised and
tumour volumes calculated using image analysis software.
To account for formalin induced shrinkage a correction
factor of 1.25 was applied. Prostate dimensions were
measured and gland volume calculated using the ellipsoid
formula.

Calculation of tumour attributable serum PSA
and PSA per unit tumour volume

The volume of the prostate gland occupied by
benign tissue was calculated by subtracting total tumour
volume from total prostate volume measured after the
prostate had been surgically removed. In seven cases
where the tumour comprised the whole of the prostate, the
benign volume was set to zero. The contribution of benign
prostate tissue to serum PSA was determined by the
following calculation: PSA from benign tissue = (epithelial
fraction) x (PSA/cm? epithelial tissue) x (volume of benign
prostate tissue). The epithelial fraction was set at 0.1 and
the PSA production of benign epithelial tissue set at 0.30
ng/cc [16, 17]. The amount of serum PSA contributed by
cancer was determined by subtracting ‘benign PSA’ from
the total serum PSA. The amount of PSA produced per
cc of tumour (tumour PSA density, tPSAD) was derived
by dividing ‘cancer PSA’ by total tumour volume. To
meet normality assumptions, PSA per tumour volume
measurements were log transformed prior to analysis. Data
are presented as medians and ranges or means + SEM as
appropriate, and differences between groups analysed by
t-test or ANOVA as indicated. All statistical analyses were
performed using Graphpad Prism V5.

Immunohistochemistry

Immunohistochemistry (IHC) was performed using
an automated immunostainer (Ventana Medical Systems,
Tucson, Arizona). For full-length androgen receptor staining,
5 micron FFPE sections were treated with pre-diluted CC1
antigen retrieval buffer for 64 minutes and incubated with
anti-AR antibody (Cell Marque SP107 clone, Ventana) at a
dilution of 1:20 for 60 mins at 40°C. For PSA staining, antigen
retrieval was in the same buffer but for 36 minutes, followed
by incubation with anti-PSA antibody (NCL-PSA-431,
Leica) at 1:200 dilution for 8 mins at 36°C. Antibody binding
was detected with the ultraView Universal DAB Detection
Kit (Ventana) followed by manual counterstaining with
haematoxylin. For digital image analysis, images of stained
slides were taken at 20x magnification, and uploaded onto
the Fiji version of ImagelJ. Images were converted into an
8-bit format, and colour deconvoluted with H-DAB as the
stain. Regions of the image of equal size were selected at
random in triplicate, and the mean intensity was measured.
The optical density (OD) was calculated using the following
formula: OD= LOG (max intensity/mean intensity), where
the max intensity for an 8-bit image is 255.

ACKNOWLEDGMENTS

This work is supported by a project grant from
the NHMRC, ID: 1024081. The Australian Prostate
Cancer Centre Epworth is supported by the Australian
Government as represented by the Department of Health
and Ageing. N.M.C. is supported by a David Bickart
Clinician Research Fellowship from the Faculty of
Medicine, Dentistry and Health Sciences at the University
of Melbourne.

CONFLICTS OF INTEREST

The authors declare no competing interests.

REFERENCES

1. Schaeffer EM, Marchionni L, Huang Z, Simons B,
Blackman A, Yu W, Parmigiani G and Berman DM.
Androgen-induced programs for prostate epithelial growth
and invasion arise in embryogenesis and are reactivated in
cancer. Oncogene. 2008; 27:7180-7191.

2. Li R, Wheeler T, Dai H, Frolov A, Thompson T and
Ayala G. High level of androgen receptor is associated
with aggressive clinicopathologic features and decreased
biochemical recurrence-free survival in prostate: cancer
patients treated with radical prostatectomy. Am J Surg
Pathol. 2004; 28:928-934.

3. D’Amico AV, Whittington R, Malkowicz SB, Schultz D,
Blank K, Broderick GA, Tomaszewski JE, Renshaw AA,
Kaplan I, Beard CJ and Wein A. Biochemical outcome after
radical prostatectomy, external beam radiation therapy, or
interstitial radiation therapy for clinically localized prostate
cancer. JAMA. 1998; 280:969-974.

4. Ulmert D, O’Brien MF, Bjartell AS and Lilja H. Prostate
kallikrein markers in diagnosis, risk stratification and
prognosis. Nat Rev Urol. 2009; 6:384-391.

5. McGuire BB, Helfand BT, Loeb S, Hu Q, O’Brien D,
Cooper P, Yang X and Catalona WJ. Outcomes in patients
with Gleason score 8-10 prostate cancer: relation to
preoperative PSA level. BJU Int. 2012; 109:1764-1769.

6. Berglund RK, Stephenson AJ, Cronin AM, Vickers AJ,
Eastham JA, Klein EA and Guillonneau BD. Comparison
of observed biochemical recurrence-free survival in patients
with low PSA values undergoing radical prostatectomy and
predictions of preoperative nomogram. Urology. 2009;
73:1098-1103.

7. D’Amico AV, Chen MH, Malkowicz SB, Whittington R,
Renshaw AA, Tomaszewski JE, Samofalov Y, Wein A and
Richie JP. Lower prostate specific antigen outcome than
expected following radical prostatectomy in patients with
high grade prostate and a prostatic specific antigen level of
4 ng/ml. Or less. J Urol. 2002; 167:2025-2030; discussion
2030-2021.

www.impactjournals.com/oncotarget

31391

Oncotarget



10.

12.

13.

15.

16.

18.

Sandblom G, Ladjevardi S, Garmo H and Varenhorst E. The
impact of prostate-specific antigen level at diagnosis on the
relative survival of 28,531 men with localized carcinoma of
the prostate. Cancer. 2008; 112:813-819.

Pepe P, Panella P, Savoca F, Cacciola A, D’Arrigo L,
Dibenedetto G, Pennisi M and Aragona F. Prevalence and
clinical significance of prostate cancer among 12,682 men
with normal digital rectal examination, low PSA levels (<
or =4 ng/ml) and percent free PSA cutoff values of 15 and
20%. Urol Int. 2007; 78:308-312.

Schroder FH, van der Cruijsen-Koeter I, de Koning HJ,
Vis AN, Hoedemaeker RF and Kranse R. Prostate cancer
detection at low prostate specific antigen. J Urol. 2000;
163:806-812.

. Tomlins SA, Mehra R, Rhodes DR, Cao X, Wang L,

Dhanasekaran SM, Kalyana-Sundaram S, Wei JT, Rubin
MA, Pienta KJ, Shah RB and Chinnaiyan AM. Integrative
molecular concept modeling of prostate cancer progression.
Nature genetics. 2007; 39:41-51.

Corcoran NM, Casey RG, Hong MK, Pedersen J, Connolly
S, Peters J, Harewood L, Gleave ME, Costello AJ, Hovens
CM and Goldenberg SL. The ability of prostate-specific
antigen (PSA) density to predict an upgrade in Gleason score
between initial prostate biopsy and prostatectomy diminishes
with increasing tumour grade due to reduced PSA secretion
per unit tumour volume. BJU Int. 2012; 110:36-42.

Love HD, Booton SE, Boone BE, Breyer JP, Koyama T,
Revelo MP, Shappell SB, Smith JR and Hayward SW.
Androgen regulated genes in human prostate xenografts in
mice: relation to BPH and prostate cancer. PLoS One. 2009;
4:¢8384.

Rhodes DR, Yu J, Shanker K, Deshpande N, Varambally
R, Ghosh D, Barrette T, Pandey A and Chinnaiyan AM.
Large-scale meta-analysis of cancer microarray data
identifies common transcriptional profiles of neoplastic
transformation and progression. Proc Natl Acad Sci U S A.
2004; 101:9309-9314.

Hong M, Namdarian B, Corcoran NM, Pedersen J, Murphy
DG, Peters JS, Harewood L, Sapre N, Rzetelski-West K,
Costello AJ and Hovens CM. Prostate tumour volume is an
independent predictor of early biochemical recurrence in a
high risk radical prostatectomy subgroup. Pathology. 2011;
43:138-142.

Magheli A, Hinz S, Hege C, Stephan C, Jung K, Miller
K and Lein M. Prostate specific antigen density to predict
prostate cancer upgrading in a contemporary radical
prostatectomy series: a single center experience. J Urol.
2010; 183:126-131.

Lepor H, Wang B and Shapiro E. Relationship between
prostatic epithelial volume and serum prostate-specific
antigen levels. Urology. 1994; 44:199-205.

Wang Q, Li W, Zhang Y, Yuan X, Xu K, Yu J, Chen Z,
Beroukhim R, Wang H, Lupien M, Wu T, Regan MM,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Meyer CA, Carroll JS, Manrai AK, Janne OA, et al.
Androgen receptor regulates a distinct transcription
program in androgen-independent prostate cancer. Cell.
2009; 138:245-256.

Matsugasumi T, Baco E, Palmer S, Aron M, Sato Y,
Fukuda N, Suer E, Bernhard JC, Nakagawa H, Azhar RA,
Gill IS and Ukimura O. Prostate Cancer Volume Estimation
by Combining Magnetic Resonance Imaging and Targeted
Biopsy Proven Cancer Core Length: Correlation with
Cancer Volume. J Urol. 2015; 194:957-65. doi: 10.1016/j.
juro.2015.04.075.

Schuurmans AL, Bolt J, Voorhorst MM, Blankenstein RA
and Mulder E. Regulation of growth and epidermal growth
factor receptor levels of LNCaP prostate tumor cells by
different steroids. Int J Cancer. 1988; 42:917-922.
Montgomery RB, Mostaghel EA, Vessella R, Hess
DL, Kalhorn TF, Higano CS, True LD and Nelson PS.
Maintenance of intratumoral androgens in metastatic
prostate cancer: a mechanism for castration-resistant tumor
growth. Cancer Res. 2008; 68:4447-4454.

Cunha GR, Ricke W, Thomson A, Marker PC, Risbridger
G, Hayward SW, Wang YZ, Donjacour AA and Kurita T.
Hormonal, cellular, and molecular regulation of normal and
neoplastic prostatic development. J Steroid Biochem Mol
Biol. 2004; 92:221-236.

Stamey TA, Yang N, Hay AR, McNeal JE, Freiha FS and
Redwine E. Prostate-specific antigen as a serum marker
for adenocarcinoma of the prostate. N Engl J Med. 1987;
317:909-916.

Moyer VA and Force USPST. Screening for prostate cancer:
U.S. Preventive Services Task Force recommendation
statement. Annals of internal medicine. 2012; 157:120-134.

Rud E, Klotz D, Rennesund K, Baco E, Berge V, Lien D,
Svindland A, Lundeby E, Berg RE, Eri LM and Eggesbo
HB. Detection of the index tumour and tumour volume in
prostate cancer using T2-weighted and diffusion-weighted
magnetic resonance imaging (MRI) alone. BJU Int. 2014;
114:E32-42.

Cornud F, Khoury G, Bouazza N, Beuvon F, Peyromaure
M, Flam T, Zerbib M, Legmann P and Delongchamps NB.
Tumor target volume for focal therapy of prostate cancer-
does multiparametric magnetic resonance imaging allow for
a reliable estimation? J Urol. 2014; 191:1272-1279.

Villers A, Puech P, Mouton D, Leroy X, Ballereau C and
Lemaitre L. Dynamic contrast enhanced, pelvic phased
array magnetic resonance imaging of localized prostate
cancer for predicting tumor volume: correlation with radical
prostatectomy findings. J Urol. 2006; 176:2432-2437.
Eiber M, Weirich G, Holzapfel K, Souvatzoglou M, Haller
B, Rauscher I, Beer AJ, Wester HJ, Gschwend J, Schwaiger
M and Maurer T. Simultaneous Ga-PSMA HBED-CC PET/
MRI Improves the Localization of Primary Prostate Cancer.
Eur Urol. 2016; doi: 10.1016/j.eururo.2015.12.053.

WWWwW

.impactjournals.com/oncotarget

31392

Oncotarget



