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INTRODUCTION. Prostate cancer is the second leading cause of cancer-related death among
men in North America. While a majority of prostate cancer cases remain indolent, subsets of
patients develop aggressive cancers, which may lead to death. The current methods of
detection include digital rectal examination and the serum PSA test. However, due to lack
of specificity, neither of these approaches is able to accurately discriminate between indolent
and aggressive cancer, which is why there is a need for additional prognostic factors.
Previously, we identified enzymes of the ketogenic pathway, particularly ACAT1, to be
elevated in aggressive prostate cancer.

METHODS. In the current study, we assessed the diagnostic and prognostic potential of
ACAT1 by analyzing its expression using immunohistochemistry on a tissue microarray
consisting of 251 clinically localized prostate cancer patients who have undergone radical
prostatectomy.

RESULTS. Using quantitative digital imaging software, we found that ACAT1 expression
was significantly greater in cancerous cores compared to adjacent benign cores (P < 0.0001), in
Gleason score (GS) >8 cancers versus GS<6 cancers (P < 0.0001), GS>8 cancers versus GS7
cancers (P=0.001), as well as pT3/pT4 versus pT2 cancers (P =0.001). In addition, ACAT1
predicted biochemical recurrence in univariate (HR, 1.81, CI=1.13-2.9, P=0.0128), and
multivariate models (HR, 1.69, CI=1.01-2.81, P=0.0431) including pre-operative PSA level,
Gleason score and pathological stage. In univariate time-to-recurrence analysis, ACAT1
expression predicted recurrence in ERG negative cases (P =0.0025), whereas ERG positive
cases did not display any differences.

DISCUSSION. Taken together, these findings indicate that ACAT1 expression could serve as
a potential prognostic marker in prostate cancer, specifically in differentiating indolent and
aggressive forms of cancer. Prostate 74:372-380, 2014.  © 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Prostate cancer is the most common solid organ
tumor and the second leading cause of death due to
cancer among men in North America [1]. Prostate-
specific antigen (PSA) is a protein predominantly
secreted by prostatic epithelial cells and is one of the
best serum cancer biomarkers available [2,3]. Since
the introduction of the PSA test in the late 1980’s,
prostate cancer diagnosis increased substantially, how-
ever, the reduction in mortality is not matched by the
improved diagnosis. A major issue with PSA is its lack
of specificity, as other non-malignant diseases of the
prostate also display elevated serum PSA levels,
including benign prostate hyperplasia (BPH) and
prostatitis, which can lead to over-diagnosis [2]. In
addition, PSA levels are a poor indicator of aggres-
siveness, leading to potential over-treatment of many
patients.

It is well-established that the majority of prostate
cancer cases are slow growing and often indolent;
however, a subset of patients develop more aggressive
cancers which are usually fatal [4,5]. Therefore,
markers that are able to discriminate between the
various forms of the disease are of utmost importance.
One of the best prognostic indicators for prostate
cancer is Gleason score (GS), which characterizes the
glandular architecture of the prostate based on a score
that represents the level of cancer “de-differentia-
tion” [6,7]. The Gleason score is comprised of two
numbers, each representing the most common Gleason
patterns ranging from 1 to 5, where 1 represents a
highly differentiated carcinoma and 5 represents an
aggressive de-differentiated one. It is now accepted
that the transition from pattern 3 to pattern 4 repre-
sents disease progression from low-grade to high-
grade [8]. Gleason 7 cancers, which are comprised of
pattern 3 and pattern 4, are considered an intermediate
state, requiring definitive treatment such as prostatec-
tomy or radiotherapy. In addition, a proportion of
patients with Gleason score 6 prostate cancers are
eligible for active surveillance instead of immediate
curative therapy.

Many studies focusing on genomics, epigenomics,
and proteomics have been conducted to identify
biomarkers that complement PSA or correlate with
disease aggressiveness [9-13]. However, these studies
have come-up short on yielding useful biomarkers for
diagnosis or prognosis. For example, recent interest on
gene fusions, specifically the TMPRSS2-ERG fusion,
which has been found in approximately 50% of
prostate cancer cases, has been evaluated for its
prognostic potential [14,15]. There have been many
conflicting reports of TMPRSS2-ERG as a prognostic
marker, as some studies correlated it with several

clinicopathological characteristics such as disease stage
and biochemical recurrence, whereas others found no
association [16-18]. Since TMPRSS2-ERG fusion is a
very early event in prostate carcinogenesis, ERG
positive and negative prostate cancers may represent
two disparate lineages of prostate cancer with their
own biomarker repertoire.

Recently, using an in-vitro quantitative proteomics
approach, we identified enzymes of the ketogenic
pathway to be elevated during prostate cancer pro-
gression [19]. After validation on a small clinical
cohort, we found that ACAT1 in particular, a key
enzyme within this pathway, was strongly associated
with high-grade (G5>8) and castration-resistant meta-
static prostate cancer. In this study, we assessed the
diagnostic/prognostic potential of ACAT1 expression
in relationship with ERG expression status using
immunohistochemistry on a large cohort of prostate
cancer patients, and analyzed the relationship between
ACAT1 expression and clinicopathological features of
prostate cancer.

MATERIALS AND METHODS
Patient Cohort and Pathology

A total of 251 patients who were diagnosed with
localized prostate cancer and underwent radical pros-
tatectomy between 1998 and 2001 at the University
Health Network (UHN) in Toronto were included in
this study. All samples along with their clinical and
pathological follow-up data were obtained according
to protocols approved by the Research Ethics Board at
Mount Sinai Hospital, Toronto and UHN, Toronto.

The complete set of hematoxylin and eosin (H&E)-
stained slides were reviewed by an expert pathologist
(T. van der Kwast) and were assigned a Gleason score
(WHO/ISUP 2005 criteria) [20], pathological stage
(TNM), and surgical margin status.

Tissue Microarray Construction

Between 3 and 13 cores were taken from each of
the 251 cases, to have representation of each primary,
secondary, and occasionally, tertiary Gleason pattern
present within the case. Matched benign tissue adja-
cent to the tumor was also taken from every patient.
This resulted in a total of 1,438 cores within 7 tissue
microarray (TMA) blocks. For each TMA, 5-pm serial
sections were used for H&E staining, to verify the
presence of tumor versus normal.

Immunohistochemical Staining

TMA 4 pm-slides were deparaffinized in xylene,
dehydrated and blocked in hydrogen peroxide in
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methanol for 10min. Antigen retrieval was then
performed using citrate buffer 10mM, pH 6.0, in a
microwave for 10min. Slides were then blocked for
5min in casein and incubated overnight with an
ACAT1 polyclonal antibody (1:500 in PBS) (Sigma).
Following 10min of phosphate buffer saline (PBS)
washing, slides were placed in secondary antibody for
30 min using the Polymer-HRP Immunohistochemistry
kit (Biogenex, Fremont, CA) according to the manufac-
turer’s instructions. After a 10 min wash in PBS, slides
were developed with the addition of 3,3-diaminoben-
zidine (DAB) for 5 min. Slides were then counterstain-
ed with hematoxylin, dehydrated, and coverslipped.

Evaluation of Immunohistochemistry Staining

Immunostained slides were scanned and analyzed
with the Aperio system at objective x20. An in-house
positive pixel count algorithm was developed to
measure ACAT1 expression applied to individual
cores using the TMA lab application. The positive
pixel count algorithm provided information on intensi-
ty and percentage of positive pixels, which was used
to calculate the H-score [21] using the following
formula:

100

Statistical analysis

Analysis of the relation between ACAT1 expression
and Gleason score and pathological stage was done
using two-tailed t-tests. Pearson correlation analysis
was performed comparing ACAT1 expression, age,
and preoperative PSA. Cox proportional hazards
regression model was used to evaluate whether
Gleason score, stage, ACAT1 staining, ERG staining,
age, preoperative PSA or margin status had a relation-
ship with biochemical recurrence. Each factor was
coded as a binary variable, with the exception of
Gleason score, which was categorized into the three
groups: GS<6, GS7, and GS5>8. Univariate disease-free
survival was assessed using the Kaplan—-Meier curve
and log-rank tests. All tests were conducted with SPSS
software.

RESULTS

Associations Between ACATI Expression and
Clinicopathological Variables

We assessed ACAT1 expression based on H-score
intensity, in 251 prostate cancer specimens along with
their adjacent benign matched tissues. In total, there

o % of pixels with weak intensity x 1+ % of pixels with moderate intensity x 2 + % of pixels with high intensity x 3

Total number of pixels

When assessing ACAT1 expression for each case
(251 cases in total), the H-scores of all cancerous cores
were averaged to determine an overall H-score for
each case. In addition, each of the cores was indepen-
dently reviewed by a pathologist to verify the positive
pixel count results. When needed, cases were manual-
ly annotated to remove portions of the cores that had a
different positivity level than the tissue of interest.
Cores that presented with less than 15% total mea-
sured areas were excluded from analysis. Also, to
ensure accuracy, 10% of all cores were individually
assessed by a pathologist, strictly analysing the tissue
of interest on each core.

Biochemical recurrence

Biochemical recurrence was defined as either if
(a) two or more consecutive increases in serum PSA
resulting in at least doubling of initial PSA, or (b)
any increase in PSA resulting in values exceeding
0.2ng/ml, or (c) there was at least a 10-fold increase in
serum PSA between two consecutive samples. Patients
not meeting any of these criteria were categorized as
exhibiting “stable disease” [22].
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were 1,541 cores, however, after excluding cores based
on total area and improper tissue type, a total of 1,438
cores were used for the analysis (103 cores were
excluded). Table I shows the clinicopathological char-
acteristics of the patient cohort analyzed. Also, to
ensure accuracy, 10% of all cores were individually
assessed by a pathologist, strictly analysing the tissue
of interest on each core. The correlation coefficient
after independent assessment was 0.89, indicating
strong positive correlation of the two independent
analyses. Representative cores displaying ACAT1 ex-
pression are shown Figure 1A. Using an in-house
quantitative algorithm, we assessed ACAT1 expres-
sion between benign and cancer cores. We observed
significantly elevated ACAT1 expression in cancer
cores (mean H-score =40.3, SD=27.3, n=1174) com-
pared to adjacent benign cores (mean H-score=16.9,
SD =10.5, n=264; P < 0.0001; Figure 1B).

Next, we assessed ACAT1 expression and its associ-
ation with Gleason score (GS). After analysis, ACAT1
expression was observed to be higher in cases of high-
grade (GS5>8) prostate cancer (Fig. 1C). The distribu-
tion of ACAT1 expression according to GS was
significantly different between GS<6 (mean H-score
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TABLE|I. Cohort Clinicopathological Characteristics

Clicinopathogical characteristics

Number of patients 251
Gleason score

4 5

5 36

6 87

7 103

8 13

9 5

10 2
Pathological stage

pT2 163

pT3 83

pT4 5
Surgical margin status

Positive 58

Negative 193
Average preoperative PSA (range) 8.6 (0.1-55.4)
Average follow-up time (range), y 4.43 (0.17-9.48)
Number of biochemical recurrences (%) 83 (33.7)
Median age (range), y 62 (32-75)
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Fig. 1. ACATI staining versus clinicopathological parameters of
prostate cancer. A: Representative prostate samples stained for
ACATI expression at various Gleason patterns. B: Average H-score
between normal and cancerous tissues. C: ACATI staining versus
Gleason sore. D: ACATI staining versus pathological stage. Immu-
nohistochemical staining was quantified using Aperio imaging Soft-
ware. Error bars represent the standard deviation. For more
details see text. Statistical comparisons between groups are shown
inTable .

=379, SD=18.3, n=128), GS7 (mean H-score =40.2,
SD=19.3, n=103), and GS5>8 (mean H-score =59.4,
SD=382, n=20) compared to benign tissues
(P <0.0001; Table II). In addition, there was a signifi-
cant difference between GS<6 and GS>8 cases
(P <0.0001), as well as between GS7 and GS>8 cases
(P =0.001; Table III). However, there was no difference
of ACAT1 expression between GS<6 and GS7 cases
(P=0.372). When we assessed GS7 (3+4) and GS7
(4+3) cases, we again, did not find a significant
difference of ACAT1 expression.

We also assessed the relationship between ACAT1
expression and pathological stage (Figure 1D). Due to
the small number of patients with pT4 stage tumors,
we decided to combine pT3 and pT4 patterns to
represent locally aggressive tumors. In organ confined
pT2 tumors, ACAT1 displayed moderate expression
patterns (mean H-score=373, SD=19, n=163),
whereas pT3/4 tumors displayed higher expression
(mean H-score=46.6, SD=24.7, n=2_88; Table II).
There was a significant difference between pT2
and pT3/pT4 cases compared to benign controls
(P <0.0001; Table III). In addition, there was also a
significant difference between organ confined pT2
tumors and the advanced pT3/pT4 tumors (P =0.001).

Next, we tested the association between ACAT1
expression and other variables including age, preoper-
ative PSA, and surgical margin status. However, we
did not find a significant correlation between ACAT1
expression and any of these variables (Table III).

Using previous ERG protein expression data con-
ducted on the study cohort [23], we next assessed
whether there was an association between ACAT1 and
ERG staining. We did not find a statistically significant
association, however, there was a trend for elevated
ACAT1 expression in ERG positive cases (P =0.133).

ACATI Expression and Biochemical
Recurrence-Free Survival

We next evaluated whether there was a relationship
between ACAT1 staining and other clinicopathological
variables with biochemical recurrence. Before perform-
ing the analysis, we categorized all cases as either
having low or high ACAT1 expression based on the
median H-score of all cases. Any case below the
median was considered low for ACAT1 expression,
and any case higher than median H-score was consid-
ered high. Univariate Cox regression analysis showed
that high ACAT1 expression (HR, 1.81, CI=1.13-2.9,
P=0.0128), GS7 (HR, 1.97, CI=1.17-3.31, P=0.0103),
GS>8 (HR, 3.99, CI=1.93-8.28, P=0.0002), pathologi-
cal stage (pT3/4 tumors) (HR, 3.02, CI=1.91-4.8]1,
P <0.0001), preoperative PSA (HR, 1.03, CI=1.01-
1.05, P=0.0061) and positive surgical margin status
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TABLEIl. ACATI Expression Stratified by Clinical
Characteristics”

Mean ACAT1 Standard

Variable Total H-score deviation
Benign cores 264 16.9 10.5
Cancerous cores 1,174 40.3 27.3
Stage

pT2 163 37.3 19

pT3/pT4 88 46.6 247
Gleason score

<6 128 37.9 18.3

7 103 40.2 19.3

>8 20 59.4 38.2
Surgical margin status

Positive 58 39.9 22.4

Negative 193 427 18.8
ERG expression

Positive 109 38.3 24

Negative 102 42.7 19

“For statistical comparisons see Table III.

(HR, 2.20, CI=1.37-3.54, P =0.0011), were all associat-
ed with shorter disease-free survival (Table IV). Uni-
variate Kaplan—Meier/log-rank analysis revealed that
high ACAT1 staining was associated with a significant
decrease in biochemical recurrence-free survival (log
rank P =0.0014; Fig. 2A).

We also conducted multivariate Cox regression
analysis, which revealed that ACAT1 expression (HR,
1.69, CI=1.01-2.81, P=0.0431), GS>8 (HR, 2.69, CI
=1.2-6.04, P=0.017), pathological stage (pT3/4

TABLE lIl. P-values for ACATI Expression by Clinical
Characteristics

Variable P-value
Normal vs. cancer <0.0001
Normal vs. pT2 <0.0001
Normal vs. pT3/pT4 <0.0001
pT2 vs. pT3/pT4 0.001
pT3a vs. pT3b 0.707
Normal vs. < 6 <0.0001
Normal vs. 7 <0.0001
Normal vs. > 8 <0.0001
<6 vs.7 0.372
<6 vs. >8 <0.0001
7 vs. >8 0.001
GS7 (3+4) vs. GS7 (4+3) 0.783
Age 0.43
Preoperative PSA 0.763
ERG postive cases 0.133
Surgical margin status 0.396
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tumors) (HR, 3.42, CI =2.02-5.78, P < 0.0001), preoper-
ative PSA (HR, 1.02, CI=1.0-1.06, P=0.0461) and
positive surgical margin status (HR, 2.31, CI=1.37-
3.88, P=0.0015), were significant predictors of bio-
chemical recurrence (Table IV). In addition, when
combining ACAT1 expression and pathological stage,
both these variables were able to further stratify the
likelihood of biochemical recurrence. Among the
subset of more advanced pT3/pT4 tumors, those with
a high ACAT staining had a significantly increased
likelihood of biochemical recurrence (log rank
P <0.0001; Fig. 2B). Furthermore, after performing a
similar analysis with the GS<6 group, any case that
also displayed high ACAT1 expression had increased
likelihood of biochemical recurrence compared to
GS<6 and low ACAT1 expression (log rank P =0.023;
Fig. 2C).

We next looked at whether biochemical recurrence
could be further stratified based on ERG and ACAT1
expression. We observed that cases that were negative
for ERG but displayed high ACAT1 expression, had a
significantly increased likelihood of biochemical recur-
rence compared to ERG negative and low ACAT1
expression cases (log rank P=0.0025; Fig. 2D). In
contrast, ACAT1 lost its prognostic impact in the
subset of ERG positive cases (Fig. 2D).

TABLE V. Associations Between ACATI Expression and
Biochemical Recurrence

Hazard 95%

Variable ratio CI P-value

Univariate analysis
High ACAT1 1.81 1.13-2.9 0.0128
Gleason grade 7 1.97 1.17-3.31 0.0103
Gleason grade > 8 3.99 1.93-8.28 0.0002
Tumor stage (pT3/4) 3.02 1.914.81 <0.0001
ERG positivity 0.87 0.56-1.38 0.5714
Positive surgical margin 2.20 1.37-3.54 0.0011
Age 1.02 0.99-1.06 0.1604
Preoperative PSA 1.03 1.01-1.05 0.0061

Multivariate analysis

High ACAT1 1.69 1.01-2.81 0.0431
Gleason grade 7 1.17 0.67-2.05 0.5643
Gleason grade > 8 2.6 1.2-6.04 0.0167
Tumor stage (pT3/4) 3.42 2.02-5.78 <.0001
ERG positivity 0.65 0.38-1.11 0.114

Positive surgical margin 2.31 1.37-3.88 0.0015
Age 1.00 0.96-1.04 0.9327
Preoperative PSA 1.02 1.0-1.06 0.0461

CI, confidence interval.
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Prognostic potential of ACATI staining as a marker of biochemical recurrence. A: Biochemical recurrence-free survival versus

high ACATI and low ACATI cases. B: Univariate Kaplan—Meier/log-rank analysis of biochemical recurrence-free survival versus ACATI stain-
ing and pathological stage. C: Univariate Kaplan—Meier/log-rank analysis of biochemical recurrence-free survival vs. ACATI staining and GS
< 6 cases. D: Univariate Kaplan—Meier/log rank analysis of biochemical recurrence-free survival versus ACATI staining and ERG expression.

For statistical comparisons seeTable V.

DISCUSSION

Previously, we identified enzymes of the ketogenic
pathway to be associated with prostate cancer progres-
sion. Of these enzymes, ACAT1 displayed the most
interesting expression patterns, as it was found to be
highly elevated in primary high grade and in castra-
tion-resistant metastatic prostate cancer specimens [19].
. In the current study, we validated the expression of
ACAT1 by immunohistochemistry on a separate co-
hort of hormone-naive prostate cancers and correlated
the ACAT1 findings with various clinicopathological
parameters and clinical outcomes, to evaluate its
potential as a prognostic biomarker.

Our results show that ACAT1 expression is elevated
in high grade (GS>8) prostate cancers compared with
low and intermediate grade GS<7 tumors. We also
observed elevated ACAT1 expression in more ad-
vanced pT3/pT4 tumors compared to organ confined
pT2 tumors. These results are of importance, as
patients who present with GS>8, harbour tumors
displaying properties that are usually associated with
poor prognosis [23].

After performing Kaplan-Meier survival analysis,
ACAT1 expression was an independent prognostic
marker for biochemical recurrence. When we per-
formed survival analysis looking at both ACAT1
staining and tumor stage, it was observed that patients
who displayed high ACAT1 expression along with
having a tumor stage of pT3/pT4, had significantly
worse prognosis (increased likelihood of biochemical
recurrence) than other groups. In addition, ACAT1
was also able to discriminate between pT2 tumors, as
pT2 cases that displayed high ACAT1 expression had
worse prognosis than pT2 cases with low ACATI1
staining. After performing a similar analysis with
Gleason score, we found that in cases of low-grade
cancer (GS<6), patients that also displayed high
ACAT1 expression had a significantly higher risk of
biochemical recurrence than those with low ACAT1
expression. These results suggest that ACAT1 staining
could be of clinical value as a prognostic marker at the
time of biopsy diagnosis, if these findings could be
confirmed in prostate biopsies.

After performing similar Kaplan-Meier survival
analysis comparing ERG and ACAT1 expression, we
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found that in ERG negative cases, patients that had
high ACAT1 expression had an increased likelihood of
biochemical recurrence. Such a trend was not observed
when we performed the analysis on ERG positive
cases, indicating that ERG expression might distin-
guish two distinct subsets of prostate cancers with
their own biomarker profile. Recent studies have
demonstrated such an effect, as different biomarkers
displayed differential expression profiles in ERG nega-
tive and positive cases [24,25].

One of the major caveats of immunohistochemistry
analysis is the reproducibility due to variability and
the semi-quantitative nature of the approach. To
address these, we decided to use a software that
detects positive ACAT1 staining using an in-house
generated algorithm for positive pixel count. Such an
automated approach reduces variability of the scoring
system, as the algorithm will always detect the same
amount of ACAT1 positivity after each run. In addi-
tion, each of the cores was independently reviewed by
a pathologist to verify the positive pixel count results
detected by the software, to ensure the analysis was as
accurate as possible.

The role of ACAT1 with respect to prostate cancer
pathophysiology has yet to be elucidated. A recent
study showed that ACAT1 was involved in androgen-
mediated cholesterol metabolism in prostate cancer
cell lines [26]. In another study, ACAT1 was found to
be elevated in androgen-independent xenografts, fur-
ther demonstrating its importance during prostate
cancer progression [27]. Both these studies considered
ACAT1 and its role with respect to cholesterol biogen-
esis. Interestingly, an alternative hypothesis as to why
prostate cancer cells may over-express ACAT1 is to
accelerate biosynthesis of cholesterol precursor mole-
cules, as cholesterol has been shown to be involved
in intratumoral de novo androgen biosynthesis [28].
Essentially, prostate cancer cells may be utilizing an
alternate pathway to produce endogenous androgens
to activate the AR signalling cascade, during times of
androgen deprivation.

The ketogenic pathway is an alternate energy
producing pathway that results in the formation of
high energy ketone bodies such as beta-hydroxybuty-
rate [29]. Two recent studies looked at the importance
of the ketogenic pathway with respect to tumor
growth and progression in a human breast cancer cell
line model [30,31]. In these studies, it was found that
ACAT1, along with other ketogenic pathway enzymes,
behaved functionally as a metabolic oncogene, as
breast cancer cells over-expressing these enzymes
had increased tumor growth and metastatic poten-
tial [30,31]. Interestingly, in these studies, it was
observed that both BDH1 and HMGCS1/2 were rate-
limiting with respect to ketone body formation, where-
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as ACAT1, HMGCS1/2 and OXCT1 were integral for
ketone body re-utilization [30,31]. In order to better
understand the mechanism of action of ACAT1 in
prostate cancer progression, further studies, using
RNA interference technology in prostate cancer cell
lines and animal models, need to be conducted. Such
functional studies can provide insight into whether
ACAT1 has a direct mechanistic role on prostate cancer
progression, which in turn can be utilized as a
potential area of therapeutic intervention. ACAT1
inhibitors have been previously investigated for vari-
ous other diseases including atherosclerosis [32,33],
and may present and interesting avenue of therapeutic
intervention for aggressive prostate cancers if this
protein is indeed is implicated in prostate cancer
pathobiology. In addition, assessing the expression of
ACAT1 on other diverse clinical samples, such as
hormone-naive and hormone-refractory specimens,
will provide better overall interpretation of the impor-
tance of this protein with respect to the development
and progression of aggressive prostate cancer.

In conclusion, we assessed ACAT1 expression,
using an automated scoring system, in a large series of
prostate cancer cases and analyzed its relationship
with the most relevant clinicopathological parameters.
Overall, we have shown that ACAT1 expression is
significantly elevated in (1) prostate cancer versus
benign prostatic glandular tissue, (2) high-grade
versus low/intermediate grade prostate cancer, and
(3) advanced pT3/pT4 versus organ-confined pT2
tumors. In addition, ACAT1 expression is also an
independent indicator of reduced biochemical recur-
rence-free survival. Going forward, further studies
need to be conducted to assess the clinical utility of
ACAT1 and its functional role during prostate cancer
progression.
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