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The prognostic significance of loss of the androgen receptor and
neuroendocrine differentiation in prostate biopsy specimens
among castration-resistant prostate cancer patients
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Abstract. Prostate cancer (PCa) is a leading cause of mortality,
and despite good response to androgen ablation this response
is eventually lost. In the present study, androgen receptor (AR)
expression and neuroendocrine differentiation (NED) were
evaluated in hormone-sensitive (HSPC) and castration-resis-
tant prostate cancers (CRPC). Prostate tissues were obtained
from 20 HSPC patients at diagnosis and 28 CRPC patients at
castration-resistant progression. AR, chromogranin A (CGA)
and neuron-specific enolase (NSE) were evaluated by immu-
nohistochemical staining (IHS) in representative positive cores
for PCa. THS intensity was graded as negative, 0; positive, 1+
and strongly positive, 2+. The proportion of the 1+ and 2+ areas
in PCa cells was determined. PCa was considered to be in NED
if 250% of the tumor cells were 1+ or 2+ for CGA or NSE. The
observed IHS intensity (0/1+/2+) for AR, CGA and NSE was
0/4/16, 5/11/4 and 11/4/5 in HSPC patients and 9/3/16, 5/8/15
and 8/4/16 in CRPC patients, respectively. AR expression was
positive in all the HSPC and 19/28 CRPC patients (P=0.0049).
NED was observed in 9/20 HSPC and 20/28 CRPC patients
(P=0.0649). NED was significantly associated with a negative
AR expression in CRPC patients (P=0.0292). Multivariate
analysis revealed that age, AR expression and strong NED were
independent parameters for prognosis following castration-
resistant progression. In conclusion, prostate biopsy following
castration-resistant progression was necessary. AR was lost
in a subset of CRPC. NED was observed more frequently in
CRPC vs. HSPC and was associated with a worse prognosis.
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Introduction

Prostate cancer (PCa) is a leading cause of mortality in Western
countries. In Japan, PCa incidence and mortality rates are on
the increase, despite efforts to screen and diagnose patients
early and despite extensive efforts to treat this disease (1,2).
There are a number of modalities for localized PCa. However,
androgen deprivation therapy remains the standard method
used to treat patients with advanced PCa. During hormone
therapy, PCa responds well to androgen ablation initially.
However, this response is gradually lost and the disease
becomes castration-resistant prostate cancer (CRPC), defined
as disease progression, even in the presence of castration
levels of circulating androgens (3.4). The androgen receptor
(AR) remains functional and is important in the mechanisms
of CRPC (5), even at this stage.

Evidence for persistent hormone dependence in CRPC
facilitated the development of novel anti-androgens capable of
blocking testosterone synthesis by the testes as well as adrenal
glands and prostate tumor tissue. Abiraterone acetate is an
oral, selective and irreversible inhibitor of CYP17, a critical
enzyme in androgen biosynthesis, which blocks non-gonadal
androgen production. Abiraterone at a dose of 1000 mg/
day in combination with prednisone at a dose of 10 mg/day
was approved by the Food and Drug Administration (FDA)
in April, 2011, and by the European Medicines Agency
(EMA) in July, 2011 for the treatment of metastatic CRPC.
The approvals were based on the results of the COU-AA-301
trial conducted in patients who received previous docetaxel
chemotherapy, which demonstrated a survival benefit for the
experimental arm versus the placebo (6). New anti-androgens
with improved binding properties have also been developed.
One of these agents is enzalutamide, an oral AR antagonist
small molecule that binds to ARs with a higher affinity
compared to bicalutamide and blocks AR nuclear translo-
cation, co-activator recruitment and DNA binding without
agonist activity when AR is overexpressed (7). Results of
the AFFIRM trial showed that enzalutamide was approved
by the FDA in August, 2012 (8). These novel compounds
were reported to have survival benefits. However, the CRPC
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is likely to eventually progress to a phase of disease that is
resistant to these types of therapy.

One of the mechanisms of androgen-independent (AI)
progression of PCa is neuroendocrine differentiation (NED).
Neuroendocrine (NE) cells originally exist in the normal
prostate acini and duct and they regulate prostatic growth,
differentiation and secretion. The lack of AR expression is
indicative of the Al activity of NE cells. Clusters of malignant
NE cells are found among adenocarcinoma cells in most PC,
sharing a common clonal origin. The prostate NE cells affect
the target cells in an Al manner. Therefore, the NE pathway is
thought to be one of the most significant mechanisms for AIPC
or CRPC (9). NE cells are detected by immunohistochemical
staining (IHS) using antibodies against neuropeptides, of
which CGA and NSE are the most thoroughly investigated
and are believed to be the best markers for prostatic NED (9).
Using CGA and NSE as NE markers, Tanaka ef al (10) reported
that lesions predominantly composed of a neuroendocrine cell
tumor were found in 4 of 20 autopsy cases (Japanese patients
with PCa). However, AR is expressed in almost all types of
cancer of the prostate, before and after androgen ablation
therapy (11). Specific downregulation of the AR with anti-AR
antibodies or siRNAs results in Al prostate cancer (or CRPC),
cell growth inhibition and a reduction in PSA expression
(12,13). In addition, recent clinical data, such as abiraterone
acetate and enzalutamide, support the AR function in CRPC.

The aims of this study were to compare the AR expres-
sion and NED between hormone-sensitive PCa (HSPC) and
CRPC patients using IHS and to analyze the diagnostic and
prognostic significance of this expression in CRPC.

Materials and methods

Patients and PCa tissues. PCa tissues were retrospectively
obtained using prostate needle biopsies from 20 HSPC patients
atinitial diagnosis. Consecutive CRPC specimens were obtained
using prostate needle biopsies in 24 patients and transurethral
resections (TUR) in 4 patients (CRPC biopsy). Cores (=10) were
obtained using Transrectal Ultrasound-Guided Prostate (TRUS)
biopsies. CRPC was defined as three increases in the PSA level
at least 1 month apart, or evidence of a new clinical disease
while the patient was receiving androgen deprivation therapy
and the testosterone levels were at castrate levels (14). Patient
characteristics are shown in Table I. The median follow-up
following CRPC biopsies was 15.6 months (range, 1-57). From
the formalin-fixed paraffin-embedded tissue samples, multiple
4-pum sections were prepared using a microtome and transferred
to glass slides (Fisherbrand Superfrost Plus; Fisher Scientific,
Pittsburg, PA, USA). Chromogranin A (CGA), neuron-specific
enolase (NSE) and AR were immunohistochemically stained
in the representative positive cores or TUR specimens for PCa.

Antibodies. Antibodies for the IHS were: Anti-CGA, a rabbit
polyclonal antibody (A0430; dilution, 1:800) (Dako, Carpinteria,
CA, USA); anti-NSE antibody, a mouse monoclonal antibody
(MO0873; dilution, 1:200) (Dako) and anti-AR antibody, a mouse
monoclonal antibody (BSB6076; dilution, 1:50) (BioSB).

IHS. The glass slides were incubated with the primary antibodies
at an optimized titer and were diluted using Universal Blocking
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Table I. Patient characteristics.

HSPC CRPC

Variables Mean SD Mean SD
Age (years) 74.1 6.2 73.3 7.1
iPSA (ng/ml) 1110 21413 4124 750.3
rPSA (ng/ml) 77.3 175.0
Gleason score 79 1.5
Time to CRPC n.a. 335 51
(months)
No.

M+ 10 25

M- 10 3

HSPC, hormone-sensitive prostate cancer; CRPC, castration-resistant
prostate cancer; SD, standard deviation; iPSA, initial prostate-specific
antigen; IPSA, PSA at castration-resistant progression; M, metastasis;
n.a., not available.

Reagent (BioGenex, Fremont, CA, USA) for 30 min, then washed
three times with KN buffer (KN-09001; Pathology Institute,
Toyama, Japan). The sections were then incubated with a horse-
radish peroxidase dextran polymer-labeled goat anti-mouse
antibody or goat anti-rabbit antibody (ChemMate EnVision kit;
dilution 1:100) (Dako) for 30 min at room temperature (RT).
The sections were then washed three times in KN buffer and
incubated at RT with 3,3'-diaminobenzidine (DAB; Dako) for 10
min. The sections were rinsed several times with distilled water
and were counterstained with Mayer's hematoxylin, dehydrated,
cleared and mounted with resinous mounting medium (15).

The staining intensity was graded as negative, 0; positive,
1+ and strongly positive, 2+ (Fig. 1). The proportion of 1+ and
2+ areas in the PCa cells was determined. These analyses
were carried out by an experienced pathologist (T.T.). PCa was
regarded as NED if =50% of the tumor cells were positive for
CGA and/or NSE. In addition, PCa was regarded as strong
NED if =50% of the tumor cells were 2+ for CGA and/or NSE.

Statistical analysis. Statistical analysis was performed
using the Chi-square test to compare the two groups. The
cause-specific survival was estimated for each study group
using the Kaplan-Meier method and the differences were
assessed using the Wilcoxon test. For the multivariate analysis,
the Cox proportional hazard model was used to identify inde-
pendent variables to predict cause-specific survival following
CRPC biopsy. P<0.05 was considered to indicate a statistically
significanct difference. We used the JMP software version
8.0.1 (SAS Institute, Tokyo, Japan) for the statistical analyses.
The study was approved by the institutional review board of
the University of Toyama.

Results

Immunohistological staining intensity. Distribution of the
staining intensity is shown in Table II. CRPC exhibited more
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Table II. Distribution of IHS intensity.
HSPC CRPC
IHS intensity CGA (No.) NSE (No.) AR (No.) CGA (No.) NSE (No.) AR (No.)
0 5 11 0 5 8 9
1+ 11 4 4 8 4 3
2+ 4 5 16 15 16 16

[HS, immunohistochemical staining; O, negative; 14, positive; 2+, strongly positive; HSPC, hormone-sensitive prostate cancer; CRPC,
castration-resistant prostate cancer; CGA, chromogranin A; NSE, neuron-specific enolase; AR, androgen receptor.

Intensity

0

1+

Androgen receptor ChromogranmA Neuron specmc enolase

Figure 1. Immunohistochemical staining intensity: 0, negative; 1+, positive and 2+, strongly positive.

cases with strong NE intensity. The AR expression was posi-
tive in all the HSPC. However, 9/28 (32.1%) CRPC patients
were negative for AR, which was more frequent compared
to HSPC patients (P=0.0049, Table III). NED was positive
in 9/20 HSPC (45.0%) and in 20/28 CRPC (71.4%). CRPC
showed a tendency to have more NED compared to HSPC
(P=0.0649; Table III).

In CRPC, 11/19 patients (57.9%) were NED-positive when
the AR was positive. However, NED was positive in the CRPC
with a negative AR expression (n=9). Therefore, NED was
significantly associated with a negative AR expression in
CRPC (P=0.0292, Table IV).

Survival after CRPC biopsy. Table V shows the treatment
modalities in CRPC patients before and after CRPC biopsy.
Prior to CRPC biopsy, the main treatments were hormonal
manipulations, whereas cytotoxic agents were mainly used
following CRPC biopsy (Table V).

The cause-specific survival was available in 27 patients
with CRPC. Fig. 2 shows survival curves based on the AR
expression in CRPC. Nine CRPC patients were negative for the
AR at CRPC biopsy. AR expression was not associated with
prostate cancer-specific survival in this univariate analysis. By
contrast, strong NED was associated with a poorer prognosis
following CRPC biopsy (P=0.0117; Fig. 3). A multivariate
analysis demonstrated that age, AR expression and a strong
NED were independent characteristics for prognosis following
CRPC biopsy (Table VI).

Discussion

In the present study, the AR was positive for the HSPC.
However, 9/28 patients (32.1%) with CRPC were negative
for the AR. Therefore, a significant number of CRPC cases
did not have the AR in the primary prostate. The informa-
tion for AR expression in CRPC is limited. Generally, it has
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Table III. AR expression and NED in HSPC and CRPC.
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Table V. Treatments before and after CRPC biopsy.

HSPC CRPC P-value Before CRPC biopsy After CRPC biopsy
(No.) (No.)  (Chi-square test)  Treatments (No. of patients) (No. of patients)
AR expression Radiation 3 7
Negative 0 9 0.0049 Radical 2 0
Positive 20 19 prostatectomy
NED AlttF:rnagive 13 6
Negative 11 8 0.0649 anti-androgen
- Estramustine 5 20
Positive 9 20
monophosphate
AR, androgen receptor; NED, neuroendocrine differentiation; HSPC, Cisplatin 0 2
hormone-sensitive prostate cancer; CRPC, castration-resistant pros- Low—c}ose 1 2
tate cancer. prednisone
Low-dose 2 5
dexamethasone
Ethinylestradiol 2 0
Table IY. Association between NED and androgen receptor  pyclitaxel 0 11
expression in CRPC. Docetaxel 0 16
NED Et0p'051de . 1 2
Angiotensin II 0 2
Negative Positive P-value receptor blockers
AR expression (No.) (No.)  (Chi-square test) . .
CRPC, castration-resistant prostate cancer.
Negative 0 9 0.0292
Positive 8 11
AR, androgen receptor; NED, neuroendocrine differentiation. ;g :
s . : n=18 NE2+ <50%
S 081 um
5 0.74
2 0.6- :
b A 4
1.0 o 0.5-
- =] o :
5 09 S 04 N
g e V--‘; Androgen receptor + (n=18) 8, L=l
i i = o i .
B v g 02 =8 NE2+ 250% 4
« 0.64 : 0.1-
5 H
e 054 ¥ 0.0 —m—— "
S 0.4- S L 2. T, 0 10 20 30 40 50 60
§ gg— Androgen receptor - n=g Months after CRPC-Bx
£ 0.2
0.1+ ) Chi-square Pvalue (Prob>Chisq)
0.0+———m——r——+— 11— Wikaxon 6.3504 0.01173548

Months after CRPC-Bx

Chi-square
2.24427481

P-value (Prob>ChiSqg)

Wilcoxon 0.13410977

Figure 2. Cause-specific survival after castration-resistant prostate cancer
(CRPC) biopsy, based on androgen receptor expression.

been reported that the AR is expressed in nearly all types of
cancers of the prostate, before and after androgen ablation
therapy (11). The high levels of AR expression and the devel-
opment of hypersensitive receptors have been recognized as
a feature associated with the development of CRPC (13,16).
Hobisch et al (17) showed that metastases from PCa expressed
the AR following endocrine therapy. From a Rapid Autopsy
Program, Shah et al (18) indicated that the majority of patients

Figure 3. Cause-specific survival after castration-resistant prostate cancer
(CRPC) biopsy according to neuroendocrine differentiation.

continued to express substantial quantities of AR despite
having undergone a long-term androgen ablation. The patients
demonstrated marked differences in AR expression between
different tissue sites (2- to 50-fold) and several patients
demonstrated a high amount of AR staining, although they
were no longer responding to androgen-deprivation therapy.
In the Japanese studies, Takeda er al (19) demonstrated that
patients with metastatic PCa with =48% AR-positive cells had
a significantly better outcome, in terms of progression-free
and cause-specific survival compared to patients with <48%
AR content. Masai et al (20) have shown that 33% of cancer
cells were positive for the AR in regrowing prostates from
8 relapsed cancers after endocrine therapy. The AR-positive
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Table VI. A multivariate analysis of the prognostic features after CRPC biopsy.

CI
Characteristics Lower to upper limits Chi-square P-value (Prob > ChiSq) Hazard ratio
Age at CRPC biopsy® (years)  0.00233 to 0.25589 399141 0.04573° 1.13021
iPSA* (ng/ml) -0.00051 to 0.00010 1.02092 0.31230 0.99987
rPSA®* (ng/ml) -0.02385 to 0.01026 0.36536 0.54554 0.99509
M at CRPC biopsy +/- -2.67880 to 0.06644 3.35616 0.06695 8.30273
AR +/- -2.68520 to -0.09616 4.59882 0.03199° 12.21495
Strong NED +/- 0.42617 to 3.21225 7.58827 0.00587° 26.75226

*Continuous; statistically significant.CRPC, castration-resistant prostate cancer; PSA, prostate-specific antigen; iPSA, initial PSA; rPSA, PSA
at castration-resistant progression; M, metastasis; AR, androgen receptor; NED, neuroendocrine differentiation; CI, confidence interval.

cells were more frequently found in untreated PCa. However,
the frequency of AR loss was not shown in the Japanese
series. Matei et al (21) previously reported that the AR was
positive in neoplastic cells in 20/47 patients (53%) with CRPC.
Therefore, 47% of CRPC cases lost AR expression, which
is higher compared to our series. These results indicate that
loss of the AR may be identified in a subset of CRPC and
should alert physicians to the use of androgen- or AR-targeted
therapies without conducting an evaluation of AR expression.
It is important to analyze expression profiles prior to targeted
therapies. For example, the expression of the estrogen and
progesterone receptors and HER2 are frequently evaluated
in breast cancer tissues to estimate the response to treatment.
Trastuzumab is used for HER2+ breast cancer therapy (15).
NED was found in 9/20 HSPC (45%) and 20/28 CRPC
cases (71%) in the present study. Its frequency was slightly
higher in CRPC. Strong NED was found in 9/28 CRPC
(32.1%). NED was determined using IHS or serum NE
marker concentrations (9). Using IHS, the NE cells were
identified in ~10-100% of the untreated PCa tissues. This large
discrepancy in prevalence between studies is explained in
part by the lack of quantitative and consistent tissue-imaging
techniques. McWilliam et al (22) found NED in 52% of PCa
tissues using THS for CGA and NSE. They also demonstrated
a significant correlation between NED and worsening tumor
differentiation, the presence of bone metastasis and poor
patient survival. Kokubo et al (23) showed that 22% of stage
D2 PCa overexpressed CGA by IHS and that CGA positivity
was correlated with a shorter time to recurrence after hormone
therapy. Kamiya et al (24) demonstrated that the cause-specific
survival was significantly poorer after hormone therapy in
stage D2 PCa with strongly positive staining for independent
CGA and combined CGA with NSE. In the setting of CRPC,
Mucci et al (25) reported that NE expression was heteroge-
neous and observed in 4/12 autopsy cases (33%) when the
tumor sites per case were considered among rapid autopsies
from men with hormone refractory PCa. Tanaka er al (10)
reported that lesions predominantly composed of a neuroen-
docrine cell tumor were found in 4/20 autopsy cases (20%)
of Japanese PCa patients. Therefore, our finding is consistent
with findings of previous studies. However, information is
limited in terms of the survival significance of NED in CRPC.
Tanaka et al (10) also demonstrated that the survival was brief

after relapse, although the duration of control by employing
endocrine therapy varied in the neuroendocrine cell tumors
found at autopsy. An evaluation of NED was performed only
within the primary prostate in this study. The state of NED in
metastases was unknown unlike the autopsy series. However,
NED at CRPC biopsy was a strong and independent prog-
nostic factor in the Cox proportional hazard model. NED was
associated with a negative AR expression in this study, which
is consistent with previous findings (9) and the significance of
NED in the mechanisms of CRPC was confirmed. In addition,
these results support the importance of performing a CRPC
biopsy. In the present study, we found two neuroendocrine
cancers by CRPC biopsy and patients underwent etoposide
and cisplatin (EP) therapy (26,27) instead of taxane-based
chemotherapy.

There are, however, limitations to this study. The study
design was retrospective. The results may be different if
performed in a prospective manner. The study sample size was
small; however, this number of CRPC specimens is believed
to be the best in Japan. The results may have been different
if the study was conducted on a larger and different popula-
tion. Quantification of the staining intensity was visually
performed, which is a traditional method for IHS. This may be
better analyzed by multiple pathologists or by using computer-
aided methods to avoid inter-observer or inter-institutional
variations (28). If NED was otherwise determined, the results
could also have been affected. The CRPC biopsy findings
were obtained only from the prostate. Therefore, the expres-
sion profiles in metastatic cites were not evaluated, unlike the
autopsy series.

In conclusion, the AR was lost in a subset of CRPC, in
which AR-targeted therapy might not be effective. NED was
observed more frequently in CRPC vs. HSPC. NED was asso-
ciated with a loss of the AR and worse prognosis in CRPC.
Thus, CRPC biopsy may be useful to better characterize
the diseases.
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