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Background: Androgen receptor (AR)-gene amplification, found in 20–30% of castration-resistant prostate cancer (CRPCa) is
proposed to develop as a consequence of hormone-deprivation therapy and be a prime cause of treatment failure. Here we
investigate AR-gene amplification in cancers before hormone deprivation therapy.
Methods: A tissue microarray (TMA) series of 596 hormone-naive prostate cancers (HNPCas) was screened for chromosome X and
AR-gene locus-specific copy number alterations using four-colour fluorescence in situ hybridisation.
Results: Both high level gain in chromosome X (X4 fold; n ¼ 4, 0.7%) and locus-specific amplification of the AR-gene (n ¼ 6, 1%)
were detected at low frequencies in HNPCa TMAs. Fluorescence in situ hybridisation mapping whole sections taken from the
original HNPCa specimen blocks demonstrated that AR-gene amplifications exist in small foci of cells (p600 nm, p1% of tumour
volume). Patients with AR gene-locus-specific copy number gains had poorer prostate cancer-specific survival.
Conclusion: Small clonal foci of cancer containing high level gain of the androgen receptor (AR)-gene develop before hormone
deprivation therapy. Their small size makes detection by TMA inefficient and suggests a higher prevalence than that reported
herein. It is hypothesised that a large proportion of AR-amplified CRPCa could pre-date hormone deprivation therapy and that
these patients would potentially benefit from early total androgen ablation.

Prostate cancer (PCa) has a highly variable natural history. The
available management options for patients diagnosed with earlystage disease vary from deferred treatment (active surveillance) to
treatments with significant morbidity (radiotherapy/surgery).

Biomarkers are urgently required to risk-stratify patients so that
those with low-risk disease might avoid unnecessary treatment.
Conversely, patients initially diagnosed with high-risk disease
could be targeted for more aggressive first-line therapy. To identify
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such biomarkers, the TransAtlantic Prostate Group established a
cohort of PCa patients whose disease was conservatively managed
and where samples for biomarker analysis were taken before
hormone withdrawal therapy. In fluorescence in situ hybridisation
(FISH)-based analyses, this clinical cohort has already yielded the
discovery that two copies of a TMPRSS2/ERG translocation are
associated with extremely poor PCa-specific survival (Attard et al,
2008; Clark et al, 2008), and that PTEN gene loss in the absence of
ERG or ETV1 gene rearrangements identifies a group of poor
prognosis patients (Reid et al, 2010).
Proliferation and survival of PCa cells are critically dependent
on androgen stimulation, with treatment being primarily based on
conventional androgen deprivation (also referred to as castration).
Such treatments can often result in dramatic remission. However,
the disease invariably relapses forming castration-resistant PCa
(CRPCa), which features hypersensitivity of androgen pathway
signalling that may result from amplification or activating
mutations of the AR gene. AR-gene mutation has been reported
in around 20% (Taplin et al, 1995, 2003) and AR amplification in
20–30% of CRPCa (Koivisto et al, 1997; Linja et al, 2001; Haapala
et al, 2007), and has been suggested to develop during hormone
deprivation therapy (Visakorpi et al, 1995; Palmberg et al, 1997;
Haapala et al, 2007; Waltering et al, 2012). In contrast, AR-gene
amplification has been reported at a low frequency in primary
hormone naive cancers (1%, 3 out of 293 tumours from
five studies; Koivisto et al, 1997; Palmberg et al, 1997; Bubendorf
et al, 1999; Brown et al, 2002; Edwards et al, 2003). However, these
published studies were limited by their use of small patient
numbers, minimal sampling strategies (e.g., a single 0.6 mm core
extracted from an entire cancer (Bubendorf et al, 1999), no patient
survival data, high Gleason samples (Koivisto et al, 1997; Edwards
et al, 2003) and a basic definition of the AR-gene alteration using
single colour AR FISH probes. A recent study by Taylor et al
(2010) using gene copy number data from Agilent CGH arrays
found no AR amplification in 181 primary tumours. Knowledge of
the timing of occurrence of AR-gene amplification is critical. If
such alterations are indeed induced by androgen withdrawal, they
may have limited relevance to first-line patient therapy. However,
if they are present before therapy, they could help inform
on patient treatment.
Here we have used four-colour FISH probes to characterise the
diversity of AR-gene alterations in human prostate cancer (PCa),
and to assess their occurrence and clinical significance in a series
of 596 hormone naive cancers represented on a TMA by up to six
cores per patient and linked to 10 years follow-up survival data.
We have in addition interrogated a number of whole-block tissue
sections to investigate the prevalence of AR copy number altered
PCa within individual selected samples.

MATERIALS AND METHODS

Patients. Samples were collected by the TransAtlantic Prostate
Group as previously described (Cuzick et al, 2006), briefly, patients
were included if they were under 76 years at diagnosis and had
clinically localised PCa diagnosed by needle biopsy or transurethral
resection of the prostate. A number of exclusion criteria were used
to focus the study on patients who were likely to have truly
localised disease at presentation: patients were excluded within 6
months of diagnosis if they had been treated by radical
prostatectomy or radiation therapy or had objective or clinical
evidence of metastatic disease or a PSA measurement
4100 ng ml  l. In addition, those with objective evidence of
metastatic disease (by bone scan, X-ray, radiograph, CT scan, MRI,
bone biopsy, lymph node biopsy, pelvic lymph node dissection) or
clinical indications of metastatic disease (including pathologic
1656
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fracture, soft tissue metastases, spinal compression or bone pain)
were also excluded. Men who had had hormone therapy before
diagnostic biopsy were also excluded, as were men who died within
6 months of diagnosis or had o6 months follow-up. The Northern
Multi-Research Ethics Committee provided national approval
followed by local ethics committee approval at each of the
collaborating hospitals.
Tissue microarrays (TMAs). Tissue microarrays were constructed
as described by Attard et al (2008) with up to six cores of 600 mm
diameter taken from each tumour. Reassignment as either ‘cancer’
or ‘normal’ was by histopathological examination of H&E-stained
sections flanking the TMA slice used for FISH. Fluorescence in situ
hybridisation was scorable in 596 of 808 patient samples.
Fluorescence in situ hybridisation studies. Fluorescence in situ
hybridisation probe and TMA preparation were carried out as
previously reported (Clark et al, 2008). See Figure 1A and legend
for FISH probes at the AR-locus. The AR FISH scores were divided
into five categories (see Figure 1B for examples and a description of
the ‘GBRX’ (Green/Blue/Red/cenX) counting system). All areas
of each TMA core were scored, where multiple AR patterns of gain
and amplification were present, the highest AR copy number
visible in a minimum of 50 cells was recorded as the score in each
core or patient. The term ‘amplification’ was used to describe any
increase in AR-gene copy number.
Statistical analysis. The primary end points for this study were
time to death from PCa and time to death from any cause.
Univariate and multivariate analysis were carried out using
proportional hazard (Cox) regression analysis (Cox and Oakes,
1984). All follow-up times commenced at the point of 6 months
following diagnosis. Associations between categorical data were
examined using the w2-test, w2-test for trend and Fisher’s exact test
when expected cell counts were less than 5. Associations between
categorical and numerical variables were assessed using analysis of
variance. All P-values were two-sided. The following variables,
determined as described previously (Cuzick et al, 2006; Berney
et al, 2009), were included in the multivariate analyses: centrally
reviewed Gleason score, Ki-67, baseline PSA (last PSA value within
6 months of diagnosis) and age at diagnosis.
RESULTS

AR-gene status in hormone naive prostate cancer (HNPCa). To
assess AR-gene copy number gain and amplification, we used a
multi-colour probe system consisting of three differentially labelled
probes at the AR-locus (see Figure 1) plus an X-Centromere probe
to determine ChrX copy number. The observed AR status of each
patient was assigned to one of five categories (Cat) depending on
the ChrX copy number (categories 1–4) or the presence of AR-gene
locus-specific copy number gain (Cat5; see Figure 1).
AR FISH status was determined for a TMA series of 596 patients
that had not been treated with androgen withdrawal therapy
before sample collection (Cuzick et al, 2006) Cat1 (n ¼ 444), Cat2
(n ¼ 127), Cat3 (n ¼ 15) and Cat4 (n ¼ four). AR-locus-specific
(Cat5) amplification was observed in six patients; three of which
had gain of more than five copies of AR, one had three copies and
two exhibited duplications. Correlations with clinical variables
demonstrated an association between AR category and increased
Gleason score, increased baseline PSA and the percentage of cancer
in the original diagnostic biopsy (Po0.001 for each of these
factors), and also with more advanced clinical stage (P ¼ 0.025;
Table 1). There was no significant difference in age between the
different categories (P ¼ 0.550).
Locus-specific amplification and high copy number AR gain
correlates with poorer cancer-specific survival. Correlations with
www.bjcancer.com | DOI:10.1038/bjc.2014.13
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Figure 1. (A) Multi-coloured fluorescence in situ hybridisation (FISH) probes used for investigating androgen receptor (AR) gene locus copy
number (relative probe positions shown and actual distances indicated): (i) blue probe spanning the AR-gene (blue arrow) consisted of bacterial
artificial chromosomes (BACs) RP11-479J1, RP11-963N10, CTD-2155B10 labelled with Aqua PlatinumBright kit (Kreatech Diagnostics). (ii) Red
probe telomeric to AR, BACs RP11-466E18 and RP11-768G22 visualised with Cy3, (iii) Green probe centromeric to AR, BACs RP11-414C19 and
RP11-745E2 visualised with FITC. Chromosome X (ChrX) centromere probe (CenX) was a 500-bp PCR product as Warburton et al (1991), sonicated
and directly labelled with PlatinumBright 647 kit (far-red; Kreatech Diagnostics). (B) Examples of the five categories (Cat1–5) of AR copy number
alterations. Cat1–4 consisted of increasing numbers of ChrX: Cat5 consisted of locus-specific amplification of AR. We scored the tumours
by counting the Green, Blue, Red and CenX signals. For example, Cat1 contain a single ChrX in normal male cells seen as single overlapping Green
(G), Blue (B) and Red (R) spots, which numerically correlated with a single centromere X signal (X) (not shown). This normal male pattern
was counted as 1 : 1 : 1 : 1 for the numbers of GBRX probes counted in a cell. Gain of the ChrX was inferred when multiples of this pattern were seen
(Cat2–4). In contrast, Cat5 amplification of the AR-gene locus could be visualised as strings of coloured beads corresponding to the co-amplification
of different combinations of the Green, Blue and Red signals. Amplifications could involve all three AR locus colours or be just multiple adjacent
copies of the Green and Blue signals or Blue and Red signals (as shown here). Amplification of the Blue probe alone was not seen in these studies.

outcome were first considered for patients in categories 1 to 4.
Univariate analysis (Table 2) demonstrated consistently poorer
PCa-specific survival in patients with an increased ChrX copy
www.bjcancer.com | DOI:10.1038/bjc.2014.13

number when compared with patients with a single copy of ChrX.
However, this association was not maintained in multivariate
analyses that included Gleason score, PSA level, patient age and
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cancer Ki67 status (Table 2). General aneuploidy has been linked to
poorer PCa survival (Taylor et al, 2010), it is not known whether
the chromosome X gains were specific to X or a general genomic
gain.
Locus-specific amplification (Cat5) was significantly associated
with poorer PCa-specific survival (hazard ratio (HR) ¼ 5.08 (95%
CI ¼ 1.85–13.95)) in univariate analysis when compared with
patients with a single copy of the AR-gene (Figure 2). The
association became more marked in multivariate analyses that took
into account Gleason sum, PSA, age and Ki67 (HR ¼ 10.73 (95%
CI ¼ 3.64–31.66)). In analyses of overall mortality, Cat5 alterations
exhibited a non-significant trend towards worse outcome
(HR ¼ 1.61, 95% CI ¼ 0.60–4.32) that became significant in
multivariate analysis (HR ¼ 3.71, 95% CI ¼ 1.35–10.18). Overall,
Table 1. AR FISH categories and clinical parameters

AR FISH categories
(n ¼ 596)
Variable

1

2

3

4

5

24
228
109
47
36

5
31
46
19
26

0
1
7
1
6

0
0
0
3
1

1
1
0
1
3

Gleason score

82.97 (o0.001)

p5
6
7
8
X9
PSA

65.71 (o0.001)

p4
44–10
410–25
425–50
450–100

165
104
90
50
35

30
20
26
35
16

1
2
4
1
7

0
0
2
0
2

2
1
2
1
0

133
93
38
180

23
28
20
56

2
4
4
5

0
1
1
2

2
2
0
2

Focal origin of locus-specific AR-gene amplification. For each of
the Cat5 samples, only a single core of the 1–4 cores assessed by
FISH exhibited locus-specific AR-gene amplification (Table 3)
demonstrating heterogeneity of AR status in cancer from single
prostates. In addition, one of the cores assigned to Cat5 (Table 3;
sample 4, core 2) contained two adjacent areas of high copy
number gain: one with Cat5 (GBRX/2552) and one with Cat4
containing four to six copies of the X chromosome (Figure 3).
This indicated that distinct mechanisms of high-copy number AR
gain can occur in the same cancer.
To investigate these observations further, sections were cut from
Cat5 whole-block TURP samples where significant amounts of
tissue remained (samples 3, 4 and 5, Table 3). AR FISH maps for
samples 3 and 4 are shown in Figure 4A and B. For sample 4, we
detected small regions (foci) of cells with Cat5 and Cat4 alterations:
both of these foci had been selected in the TMA cores (Table 3).
The Cat5 alterations represented about 1% in the cancer areas in
this TURP specimen and had the same GBRX FISH pattern as
found in the TMA core. For samples 3 and 5, we failed to detect
areas of Cat5 cancer, although two small areas of Cat4 cancer were
observed in sample 3.
In the TMA analysis, we also detected three additional cases that
exhibited between one and four cells containing a locus-specific
AR-gene amplification (see example in Supplementary Figure 1).
These cases were not assigned Cat5 status because they did not
meet the scoring threshold of containing at least 50 altered cells.
100

17.59 (0.025)

T1
T2
T3
Unknown
Cancer in biopsy (%)

75
Survival

Clinical stage

p6
46–20
420–40
440–75
475–100
Unspecified

v2 (P-value)

the results demonstrated a consistent correlation between AR copy
number and poorer cancer-specific survival; however, because of
the small number of Cat5 patients in these analyses (n ¼ 6), the
results involving analyses of these particular samples were
considered to be anecdotal only.

17.83 (o0.001)
129
124
69
58
60
4

17
21
19
24
43
3

0
2
0
7
6
0

0
0
0
1
2
1

3
0
0
0
2
1

50
25
0

Abbreviations: AR ¼ androgen receptor; FISH ¼ fluorescence in situ hybridisation;
PSA ¼ prostate-specific antigen. AR FISH category and Gleason score, PSA, clinical stage
and % cancer in diagnostic biopsy.
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Figure 2. Kaplan–Meier plot of prostate cancer-specific mortality for
the five AR FISH categories (Cat1–5, see Figure 1 for AR scoring
explanation).

Table 2. AR FISH category, PCa-specific and overall mortality

Univariate PCa specific

Univariate overall

Multivariate PCa specific

Cat1

1.00

1.00

1.00

Multivariate overall
1.00

Cat2

1.84 (1.26–2.66)

1.22 (0.96–1.56)

1.14 (0.77–1.68)

0.94 (0.72–1.22)

Cat3

3.97 (2.06–7.65)

1.54 (0.86–2.75)

1.14 (0.56–2.33)

0.77 (0.42–1.42)

Cat4

7.92 (2.50–25.13)

3.57 (1.33–9.59)

1.06 (0.32–3.51)

1.11 (0.40–3.08)

Cat5

5.08 (1.85–13.95)

1.61 (0.60–4.32)

10.73 (3.64–31.66)

3.71 (1.35–10.18)

Abbreviations: AR ¼ androgen receptor; FISH ¼ fluorescence in situ hybridisation; PCa ¼ prostate cancer; PSA ¼ prostate-specific antigen. Hazard ratios (95% CI) per AR FISH category
compared with patients with a single chromosome X (Cat1): (i) univariate analysis, PCa-specific mortality. (ii) Univariate analysis of overall mortality. (iii) Multivariate analysis of PCa-specific
mortality with Gleason score, PSA, age and Ki67. (iv) Multivariate analysis of overall mortality with Gleason score, PSA, age and Ki67.
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Table 3. Category 5 AR FISH scores by TMA core

AR FISH score in TMA cores
‘Category 1 to 5—(GBRX FISH score)’

Whole-block AR FISH

Core 1

Core 2

Core 3

Core 4

TMA cores with
Cat5 cells

Gleason
score

Cat1

Cat2

Cat3

Cat4

Cat5

1-(1111)

5-(2211)

2-(2222)

—

1

9

—

—

—

—

—

2

1-(1111)

5-(1221)

—

—

1

8

—

—

—

—

—

3

5-(5522)

NR

NR

2-(2222)

1

9

4a

4-(6666)

5-(2552)

4-(6666)

4-(4444)

1

9

5

5-(5552)

—

—

—

1

6

6

5-(3331)

—

—

—

1

5

—

—

—

—

—

4-(5555)

1

9

—

—

—

—

—

—

—

—

—

—

Sample

Category 5
1

Category 4 samples
7b

—

3-(3333)

3-(3333)

8

4-(5555)

4-(5555)

2-(2222)

—

0

8

9

4-(4444)

—

—

—

0

8

10

1-(1111)

4-(5555)

3-(3333)

—

0

8

11

1-(1111)

1-(1111)

—

—

1

6

12

1-(1111)

1-(1111)

1-(1111)

—

1

9

Other

Abbreviations: AR ¼ androgen receptor; Cat ¼ category; FISH ¼ fluorescence in situ hybridisation; GBRX ¼ Green, Blue, Red and Chr X; NR ¼ not readable for FISH; TMA ¼ tissue microarray;
‘–’ indicates no TMA core or not hybridised. TMA samples with AR FISH categories in TMA cores of Cat5 (AR-locus-specific amplification – upper table), Cat4 (Chr X copy number 44 – middle
table) and ‘Other’ (lower table). AR Cat and GBRX score per TMA core, Gleason and whole-block AR FISH result. Up to four tumour cores were analysable for these samples (core 1–4).
See Figure 1 for an explanation of the AR FISH categories (Cat 1–5) and the GBRX FISH probe scoring system. ‘Other’ samples: samples that had insufficient (o5) cells with AR-locus-specific
amplification.
a

Sample 4, core 2 contained both Cat4 and 5 tumour cells on TMA analysis (see Figure 2).
Sample 7 TMA (Cat4) had a single Cat5 cell in core 4 (GBRX 10,10,10,3); sample 11 had five Cat5 cells in core 1 (GBRX 2,2,1,1); Sample 12: a single cell (GBRX 4,4,4,1). Whole TURP-block FISH
was performed on 7 samples. Blacked-out cells in whole block analysis indicate the AR Cat found therein. Greyed out cells indicate the cores with Cat4 or Cat5 cores in their respective
categories.
b

Figure 3. Multiple patterns of AR gain and amplification found in a
single TMA core. (A) Cat5 AR locus-specific amplification to the left of
the yellow dotted line; (B) Cat4 ChrX gain to the right (CenX probe not
shown; sample 4, TMA core 2 in Table 3).

For example, sample 7 in Table 3 had three to five copies of ChrX
on TMA analysis and had been scored as Cat4. However, in core
four, a single cell was observed that had a locus-specific AR-gene
amplification. The AR FISH map for this TURP specimen is shown
in Figure 4C. Over 99% of the cancer contained either two copies
www.bjcancer.com | DOI:10.1038/bjc.2014.13

or three copies of ChrX. In addition four small areas contained
higher copy number gains. One focus harboured five copies of
ChrX, whereas three other foci contained Cat5 AR-locus-specific
amplifications of 4seven-fold. None of these areas of Cat5
amplification were near the sites selected for TMA cores. Survival
time for this patient was 4.2 years. Cat5 foci were not detected in
the other two whole-block TURP sections, which were still alive at
last follow-up (12 and 14 years).
The presence of Cat4 and Cat5 alterations appear to be linked.
Only four Cat4 samples were found in TMA analyses (0.7%),
however, when combining TMA and whole TURP analysis, three
of the seven samples containing Cat5 alterations (3, 4 and 7) also
had areas of Cat4 cancer (see Table 2 and Figure 4). In two of these
samples, foci of Cat4 and Cat5 foci were in immediately adjacent
tumour areas (Figures 3 and 4C).
From these observations, we draw several conclusions. First, foci
of cells harbouring locus-specific AR-gene amplification occur in
fields of tumour containing ChrX copy number gain. Second, high
copy number gains of ChrX (Cat4) and locus-specific gains in AR
frequently occur together in separate regions of the same cancer.
Third, in the cases that we examined, foci of cells containing Cat4
and Cat5 alterations represent only a small percentage (o1%) of
the overall cancer cell population.
DISCUSSION

The genetically heterogeneous nature of cancer is well documented.
However, different models exist to explain its origin and
1659
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Cat3 (3X)

Cat4 (5X)

Cat5 (10:10:10:3)

Figure 4. AR FISH analysis of whole TURP-block sections of samples 3, 4 and 7 (see Table 3). Coloured areas indicate the FISH score in areas of
tumour identified by pathologist examination of an adjacent H&E-stained slice. Non-coloured areas are not tumour and were not scored. White
areas are Cat1 with a single ChrX. Yellow and green circles indicate positions of the 600 mm diameter cores taken from areas of tumour and normal,
respectively, for TMA construction. Blue and red arrows highlight the small foci of Cat4 and Cat5 tumour, respectively. The nuclei pictures in the
key area are from sample 7. (A) Sample 4, cores taken for TMA construction have by chance sampled both the Cat4 and Cat5 tumour areas;
(B) sample 3, this sample had a Cat5 tumour on TMA analysis, however, no Cat5 tumour was visible on whole-block analysis but foci of Cat4 tumour
were present; (C) sample 7, this sample had only a single AR-amplified cell on TMA analysis but on whole-block analysis both Cat4 and Cat5
tumour foci were found. In all cases, Cat5 tumour foci were less than 1% of the whole-block tumour area.

significance. One view is that cancer clones can be arranged in a
hierarchical structure that is maintained by rare (B1 in 106)
‘tumour-propagating cells’, also called ‘cancer stem cells’. An
alternative view is that a significant proportion (or even the
majority) of individual cells that have undergone malignant
transformation can propagate a cancer (Quintana et al, 2008;
Shackleton et al, 2009). In the latter model, even small volume
clones arising within a tumour may be significant if they possess a
growth advantage. In breast cancer, inter-tumoural heterogeneity
of HER2 amplification linked to HER2 overexpression has been
documented, and evidence supports the idea that tumour
progression may in some cases result from selection of HER2
overexpressing subclones present in the primary cancer (Cottu
et al, 2008). We now hypothesise that a similar model of
progression arises in PCa: namely that subclones of cells
harbouring AR gain/amplification and consequent overexpression
arise in primary hormone naive tumours. AR amplification could,
in principle, be due to conditions of localised androgen
insufficiency within a PCa as a result of, for example, poor tumour
vascularisation, or a general requirement for increased androgen
1660

signalling in tumour cells, which could be growth limiting to the
tumour. We propose that these clonal growths would have a
survival advantage on initiation of hormone deprivation therapy,
and could seed the formation of CRPC, with concurrent further
amplification of the AR gene by similar mechanisms (Figure 5,
route 1). This has implications for both continuous and
intermittent androgen deprivation therapy (Salonen et al, 2013).
In support of this concept, the current study has demonstrated the
occurrence of AR-gene amplification in HNPCa and revealed a
consistent association between AR copy number and poor cancerspecific survival. Previously, it has been shown that increases in
AR transcript level (a change that has been associated with
AR amplification (Koivisto et al, 1997; Linja et al, 2001;
Edwards et al, 2003)) are the only consistent alteration associated
with the development of resistance to castration, and it has
been demonstrated that increasing levels of AR can confer
resistance to castration by amplifying signal output from low
levels of residual ligand (Waltering et al, 2009). In principle, clones
of cells containing AR amplification could exhibit a growth
advantage and gradually become the predominant cancer
www.bjcancer.com | DOI:10.1038/bjc.2014.13
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1.
CRPCa

Hormone
Ablation
therapy

2.
Growth advantage due to androgen
Insufficiency within the tumour

Cancer cell

Cancer cell with AR gain

Dead cancer cell

Figure 5. Prostate cancer cells with an AR amplification could arise as small clonal growths in the tumour and be selected for by (1) androgen
deprivation therapy or (2) natural androgen insufficiency within the tumour environment.

clone, even in the absence of treatment by castration
(Figure 5, route 2).
A critical question is, what proportion of castration-resistant
patients that harbour an AR amplification could be attributable to
pre-existing tumour clones in primary untreated tumours?
Published data report that around 20% of primary tumours
including those diagnosed by TURP (Edwards et al, 2003; Reid
et al, 2010) progress to CRPCa (Byar, 1972; Taplin et al,
1995; Edwards et al, 2003; Cuzick et al, 2006), and 20–30% of
these CRPCa harbour an AR amplification (Koivisto et al, 1997;
Palmberg et al, 1997; Bubendorf et al, 1999; Brown et al, 2002;
Edwards et al, 2003). Therefore, 4–6% of primary tumours are
predicted to progress to CRPCa that contain a detectable AR
amplification. Our studies have found an AR amplification in 6 of
596 patients (1%), which is a substantially lower rate of detection.
However, this discrepancy could be explained by the small size of
the AR-amplified clonal growths, which were less than 1% of
tumour volume on whole section analysis, combined with the
limited sampling that is an inherent problem of TMAs.
When taken together with the poor survival of AR-amplified
patients, these data suggest that a significant proportion of
AR-amplified CRPCa could develop from small clonal growths of
AR-amplified cells present in pre-treatment neoplasms. Patients
harbouring such clones would be predicted to be inherently more
resistant to conventional androgen ablation therapy and would be
excellent targets for first-line therapy with drugs that cause
additional androgen ablation such as abiraterone (Visakorpi et al,
1995; Palmberg et al, 1997; Bonkhoff and Berges, 2010; De Bono
and Ashworth, 2010) and/or the high-affinity anti-androgen
enzalutamide (Bonkhoff and Berges, 2010; Scher et al, 2010).
It is unlikely that such patients would be identified at a significant
frequency using standard prostate biopsy procedures because of
the small size of the AR-amplified clonal foci. However, as (i) PCa
is identified as an incidental finding in B5% of men undergoing
TURP as a treatment for BPH (Bubendorf et al, 1999; Melchior
et al, 2009), (ii) B20% of PCa occurs in the transition zone, with a
significant number continuing to be diagnosed by TURP (Edwards
et al, 2003; Berney, 2011) and (iii) treatment decisions for TURPdiagnosed PCa remain difficult (Cuzick et al, 2006; Berney, 2011),
AR FISH mapping of such specimens could, in principle, provide a
www.bjcancer.com | DOI:10.1038/bjc.2014.13

method of identifying men who should immediately receive more
aggressive therapy.
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