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A B S T R A C T

Purpose
Clinicians are increasingly willing to treat prostate cancer within the primary site in the presence
of regional lymph node or even limited distant metastases. However, no formal study on the
merits of this approach has been reported. We used a preoperative clinical discovery platform to
prioritize pathways for assessment as therapeutic targets and to test the hypothesis that the
primary site harbors potentially lethal tumors after aggressive treatment.

Patients and Methods
Patients with locally advanced or lymph node–metastatic prostate cancer underwent 1 year of
androgen ablation and three cycles of docetaxel therapy, followed by prostatectomy. All specimens
were characterized for stage by accepted criteria. Expression of select molecular markers implicated
in disease progression and therapy resistance was determined immunohistochemically and compared
with that in 30 archived specimens from untreated patients with high-grade prostate cancer. Marker
expression was divided into three groups: intracellular signaling pathways, stromal-epithelial interaction
pathways, and angiogenesis.

Results
Forty patients were enrolled, 30 (75%) of whom underwent prostatectomy and two (5%) who
underwent cystoprostatectomy. Twenty-nine specimens contained sufficient residual tumor for
inclusion in a tissue microarray. Immunohistochemical analysis showed increased epithelial and
stromal expression of CYP17, SRD5A1, and Hedgehog pathway components, and modulations of the
insulin-like growth factor I pathway.

Conclusion
A network of molecular pathways reportedly linked to prostate cancer progression is activated
after 1 year of therapy; biomarker expression suggests that potentially lethal cancers persist in the
primary tumor and may contribute to progression.

J Clin Oncol 29:2574-2581. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Androgen deprivation is the mainstay of therapy for
patients with metastatic and high-risk localized
prostate cancer.1 However, despite any initial re-
sponse, castration resistance eventually develops.2

Various therapeutic modalities have been used
to manage castration-resistant prostate cancer
(CRPC). Among them, docetaxel has shown antitu-
mor activity in metastatic CRPC3,4; its preoperative
administration has yielded decreases of more than
50% in prostate-specific antigen (PSA) concentra-
tion and modestly decreased tumor volume.5 As a
result, docetaxel has also been explored for use in
multimodality approaches for the treatment of
high-risk localized prostate cancer.6,7

Unlike the approaches commonly taken to
treat other solid tumors, the primary site is usually

ignored in metastatic prostate cancer. This derives
from the commonly held view that efforts to control
the primary site will be futile or unnecessary in pa-
tients with established metastases because the major
risk to the length and quality of survival is attributed
to the pre-existing metastases. However, increasing
evidence suggests that there is a survival benefit
when local treatment is added to systemic therapy.8,9

The investigational strategy of using preopera-
tive therapy followed by prostatectomy allows as-
sessment of the effects of candidate therapies on the
primary tumor.10,11 We designed such a preopera-
tive clinical-discovery platform to identify pathways
activated under the selective pressure of therapy
(and thus implicated in castration resistance), to
prioritize them for further study, and to determine
whether the primary site harbors potentially lethal
tumors despite aggressive systemic treatment.
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In this study of 1 year of preoperative androgen ablation (AA)
and docetaxel treatment, followed by prostatectomy, we analyzed the
pathologic and molecular features of the residual tumor in the pros-
tatectomy specimens from the enrolled patients for the expression of
pathways that may lead to lethal progression of the cancer. Similar
approaches have been used for studying patients treated for shorter
durations, ranging from 3 to 9 months.12-14 We speculated, however,
that longer preoperative treatment in patients with unresectable
or metastatic prostate cancer would better reflect truly therapy-
resistant cancer.

We and others have hypothesized that pathways linked to pros-
tate carcinogenesis are also implicated in the development of resis-
tance to AA.15 Thus, we explored the expression of molecular
markers involved in intracellular signaling (ie, ki67, bcl2, p53,
chromogranin, synaptophysin, insulin-like growth factor [IGF]
pathway components, including IGF-I and IGF-I receptor B [IGF-
IRB]); stromal-epithelial interaction, including androgen receptor
(AR), phosphorylated AR, the steroid-synthetic enzymes CYP17 and
5-�-steroid 4-dehydrogenase 1 (SRD5A1), and Hh pathway compo-
nents (Sonic Hh [Shh], Patched [Ptch], Smoothened, Gli1, Gli2); and
angiogenesis (ie, vascular endothelial growth factor [VEGF], CD31) in
the patients’ prostatectomy specimens and compared their expression
with that in archived tissues with high-grade prostate cancer from
untreated control subjects.

Our results add to the evidence that cancers with complex active
biologic networks persist within the primary site after 1 year of com-
bined AA treatment and chemotherapy. Previous studies showed that
the presence and extent of residual tumor in prostate biopsy speci-
mens after radiotherapy are the most important prognostic factors of
disease-free survival in patients with intermediate- and high-risk pros-
tate cancer.16,17 These data provide the rationale for developing an
integrated treatment strategy for patients with prostate cancer and
justify a re-examination of the roles of surgery and radiation in pa-
tients with lymph node involvement, which may be extended to select
patients with other sites of metastasis.

PATIENTS AND METHODS

Patients

Patients were enrolled prospectively in this phase II study; eligibility
criteria were the presence of histologically confirmed prostate cancer, presence
or high probability of lymph node metastasis, and no evidence of bone or
visceral metastasis. Patients were required to have one or more of the follow-
ing: biopsy-proven lymph node metastasis; pelvic or retroperitoneal lymph-
adenopathy � 2.0 cm visualized on computed tomography scanning; primary
tumor Gleason score � 8 and serum PSA concentration � 25 ng/mL; primary
tumor clinical stage T3 and Gleason score � 7; and primary tumor clinical
stage T4 that is potentially resectable after neoadjuvant treatment.

Exclusion criteria were small-cell or sarcomatoid histologic features,
prior chemotherapy, severe comorbidities, or inability to give written in-
formed consent.

All enrolled patients provided written informed consent to participate in
the study, the protocol for which was approved by the institutional review
board of The University of Texas MD Anderson Cancer Center.

Treatment Regimen

Patients received three cycles of intravenous docetaxel (35 mg/m2 ad-
ministered on days 1, 8, 15, and 22 every 6 weeks), plus AA therapy with
intramuscular leuprolide for 1 year, followed by prostatectomy. Docetaxel was
given at the beginning of the 1-year preoperative period.

Tissue Specimens

The entire radical prostatectomy specimens were submitted for histo-
logic evaluation using a standard method.18 Additional details are provided in
the Appendix (online only). The number of tumor foci per case was recorded,
and the volume of each focus was determined as previously described.19 No
Gleason score was assigned to the specimens in the treated group, although the
proposed classification for treated tumors20 was used to record the histologic
patterns present.

In addition, archived radical prostatectomy specimens with high-grade
prostate cancer from 30 previously untreated patients who had undergone
surgery from 1998 through 2007 were retrieved from the files of the tissue
bank of the Department of Pathology, MD Anderson, and included in the
study. Because needle biopsies have inherent sampling bias, the control
specimens were selected on the basis of the Gleason score of the prostatec-
tomy specimen.

Tissue Microarrays and Immunohistochemical Analysis

Hematoxylin and eosin–stained slides from available specimen blocks
were reviewed, and areas representative of the different histologic patterns20 in
each case were selected for inclusion in the tissue microarrays (TMAs). Two
TMAs, one for the specimens from the treated patients and one for the
archived control specimens, containing 0.6 mm–diameter cores were made.
Serial 4-�m sections from both TMAs were cut and subjected to immunohis-
tochemical analysis using an autostainer (Dako North America Inc,
Carpinteria, CA), as previously described,11 with antibodies against various
intracellular signaling, stromal-epithelial interaction, and angiogenesis-related
markers (Table 1). Additional details are provided in the Appendix (on-
line only).

Table 1. Antibodies Used Against Markers of Epithelial Function,
Stromal-Epithelial Interaction, and Angiogenesis

Type of Marker Dilution Supplier

Intracellular signaling
pathways

ki67 1:50 Dako North America, Carpinteria,
CA

bcl2 1:200 Dako North America
p53 1:1000 Dako North America
Chromogranin 1:200 Dako North America
Synaptophysin 1:25 Dako North America
IGF-I 1:200 Abcam, Cambridge, MA
IGF-IRB 1:50 Cell Signaling Technology, Danvers,

MA
Stromal-epithelial

interaction
pathways

AR 1:50 Dako North America
pAR 1:20 Imgenex Corp, San Diego, CA
CYP17 1:100 Novus Biologicals, Littleton, CO
SRD5A1 1:400 Novus Biologicals
Sonic hedgehog 1:100 Santa Cruz Biotechnology, Santa

Cruz, CA
Ptch (patched) 1:350 Strategic Diagnostics, Newark, DE
Smo (smoothened) 1:80 Abcam
Gli1 1:300 Novus
Gli2 1:600 Abcam

Angiogenesis
VEGF prediluted Abcam
CD31 1:30 Dako North America

Abbreviations: IGF-I, insulin-like growth factor I; IGF-IRB, IGF-I receptor B;
AR, androgen receptor; pAR, phosphorylated androgen receptor; VEGF,
vascular endothelial growth factor.
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Statistical Analyses

The patients’ characteristics and biomarker data were summarized using
descriptive statistics and exploratory data analysis. Continuously scaled mea-
sures were summarized with descriptive statistical measures (ie, mean with
standard deviation [SD]), and categorical data were described with the use of
contingency tables. Fisher’s exact test was used to assess the association be-
tween categorical variables, and a two-sample t test was used to assess the mean
between-group differences in continuous variables, including biomarker ex-
pression. Spearman’s correlation coefficient testing was used to assess correla-
tion in expression between biomarkers. Mixed-effects models were fitted to
incorporate multiple observations (ie, from multiple tissue cores from an
individual patient), allowing us to estimate variability both between patients
and within individual patients.

All P value determinations were two sided, at a significance level of .05. A
Bonferroni correction was applied to adjust for multiple comparisons. Analy-
ses were performed with the use of SAS for Windows (1999-2000; version 8.1;
SAS Institute Inc, Cary, NC) and S-PLUS 2000 (Insightful Corporation, Seat-
tle, WA) software.

RESULTS

Patients and Specimens

In total, 40 patients were enrolled in the study from April 21,
2005, through April 1, 2008. Their ages ranged from 38 to 75 years
(mean, 60; SD, 7), and their mean � SD PSA level at the time of
enrollment was 11 � 18 ng/mL. According to the results of prostate
biopsies performed before treatment began, three patients had a Glea-
son score of 7 (4 � 3), six had a Gleason score of 8 (4 � 4), 25 had a
Gleason score of 9 (4 � 5), four had a Gleason score of 9 (5 � 4), and
two had a Gleason score of 10 (5 � 5).

At the end of the treatment period, 32 patients underwent sur-
gery: 30 underwent radical prostatectomy, and two underwent cysto-
prostatectomy because of gross bladder infiltration by the tumor. The
remaining eight patients did not undergo prostatectomy for the fol-
lowing reasons: patient’s decision (four patients), disease progression
during the preoperative period (two patients), and inability to com-
plete the surgery because of dense pelvic adhesions or intraoperative
hypoxemia (one patient each). The primary clinical end point of the
trial was the postoperative 1-year survival rate without biochemical
progression; the full results of the trial will be reported in a sepa-
rate publication.

The pathologic characteristics of the pretreatment biopsies and
surgical specimens from the treated and control patients are summa-
rized in Table 2. Further details are given in the Appendix (on-
line only).

Twenty-nine of 32 specimens from the treated patients were
included in the TMA analysis. Tissues from three patients were not
included because of lack of available blocks, poor block quality, and
loss of cohesion between the cores and the TMA block (one case each).
In total, 762 cores and 169 blocks were included in the TMAs. The
TMA from the treated specimens consisted of 492 cores and that from
the controls, 270 cores. Each patient’s case was represented by a me-
dian of nine cores (mean, 13; SD, 4; range, 6 to 18 cores).

Biomarker Expression

The expression levels of the biomarkers are presented in Table 3.
No correlation was noted between the expression of the biomarkers
and the pathologic pT and pN stages or the tumor volume.

Markers of Intracellular Signaling

No significant differences in the expression of markers related
to proliferation (ie, ki67), apoptosis (ie, bcl2, p53), or neuroendo-
crine differentiation (ie, chromogranin, synaptophysin) were noted
between treated and untreated specimens. As expected, chromo-
granin expression correlated with that of synaptophysin (P � .001;
r � 0.617).

IGF-I was expressed almost exclusively in the epithelial cells, and
its expression increased after treatment (P � .0004). IGF-IRB was also
expressed primarily in the epithelial cells, but its expression decreased
after treatment (P � .001).

Markers of Stromal-Epithelial Interaction

Nuclear expression of the AR was high in epithelial cells of both
treated and untreated patients. Its stromal expression increased after
treatment (P � .0009). Phosphorylated AR was expressed primarily
in the nuclei of the epithelial cells, with low expression levels in the
stroma; its expression in the epithelial cells correlated with AR and
ki67 expression (P � .001; r � 0.715, and P � .039; r � 0.4,
respectively). No difference in phosphorylated AR expression was
noted between treated and control specimens.

Expression of the steroid-synthetic enzymes CYP17 and SRD5A1
was enhanced in both epithelial and stromal cells of the treated speci-
mens relative to that in the untreated ones (Fig 1; P � .001). SRD5A1
was expressed primarily in the nuclei, and its expression in epithelial
cells correlated with the epithelial expression of CYP17 (P � .01;
r � 0.482).

Epithelial Hh signaling was coordinately upregulated in epithelial
cells of treated specimens, as shown by enhanced expression of nuclear
Gli1 (P � .0006) and cytoplasmic Ptch (P � .001; Fig 1) and by the

Table 2. Pathologic Characteristics of the Specimens From Treated
Patients (n � 32) and the Archived Specimens From Untreated Control

Patients (n � 30)

Characteristic

Treated Control

No. % No. %

Biopsy Gleason score
7 (4 � 3, 3 � 4) 3 9 19 63
8 (4 � 4) 5 16 6 20
9 (4 � 5) 19 59 4 13
9 (5 � 4) 4 13 0 0
10 (5 � 5) 1 3 1 4

Prostatectomy
Gleason score

7 (4 � 3) NA 10 33
8 (4 � 4, 3 � 5) 2 7
9 (4 � 5) 17 57
9 (5 � 4) 1 3

pT stage
T0� 2 6 0 0
T2 4 13 3 10
T3a 2 6 7 23
T3b 21 66 20 67
T4 3 9 0 0

pN stage
N0 11 34 17 57
N1 21 66 13 43

�One specimen with a cluster of tumor cells within a vascular space.
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correlation between Shh and Ptch (P � .001; r � 0.697), Gli1
(P � .049; r � 0.368), and Gli2 (P � .025; r � 0.430) expression.
Stromal Hh signaling also showed evidence of enhancement after
treatment: both Gli1 and Gli2 expression in stromal cells was higher in
treated than in untreated specimens (P � .001).

Markers of Angiogenesis

Epithelial expression of VEGF was downregulated in treated tu-
mors relative to that in untreated ones (P� .001). Microvessel density,
as determined by measuring CD31 expression, was similar in tumors
from treated and untreated patients.

Synchronous Activation of Multiple Pathways After

Treatment With AA and Docetaxel

Our results revealed that three major pathways were upregu-
lated after treatment: intratumoral CYP17 and SRD5A1 expres-
sion (ie, intratumoral steroidogenesis), Hh signaling, and IGF-I
expression. Considering the respective median value of the un-
treated tumors as a cutoff value (Table 3), we found that 20 of 29
treated tumors upregulated all three pathways, eight upregu-
lated two of the three pathways, and only one upregulated one
of the three pathways (Table 4). These findings indicate that
more than one pathway is activated simultaneously in the

Table 3. Expression Levels (and SD) of Biomarkers in Treated and Untreated Tumors

Pathway and Localization Marker Untreated Treated
SD Between

Patients
SD Within
Patients P

Proliferation
Epithelial cells ki67 0.1229 0.3753 0.4017 0.4059 .0322

Apoptosis
Epithelial cells bcl2 0.3713 1.1905 1.6116 1.387 .076

P53 0.2569 0.2968 0.6964 0.4009 .8345
Neuroendocrine differentiation

Epithelial cells Chromogranin 0.2153 0.878 1.5373 0.9122 .1205
Synaptophysin 0.2115 0.2632 0.7101 0.6398 .7988

IGF pathway
Epithelial cells IGF-I 5.886 8.0576 2.0296 1.9409 .0004

IGF-IRB 7.0423 3.7132 2.2382 2.0792 < .001

Stromal cells IGF-I 0.0716 0.1302 0.1 0.3471 .1985
IGF-IRB 1.098 0.8596 0.5097 0.7283 .1323

AR signaling
Epithelial cells Nuclear AR 8.0269 7.6484 1.6355 2.0728 .4529

Nuclear pAR 4.951 5.4951 3.0589 2.0803 .5227
Stromal cells AR 1.2174 2.4065 1.0148 1.7593 .0009

pAR 0.5688 0.224 0.4844 0.6169 .0199
Androgen synthesis

Epithelial cells CYP17 6.1911 9.5164 2.2763 1.3346 < .001

Nuclear SRD5A1 2.0913 9.7256 1.1971 0.811 < .001

Cytoplasmic SRD5A1 4.6126 3.6022 2.6371 2.1421 .1749
Stromal cells CYP17 1.9681 5.8481 1.8947 1.6957 < .001

Nuclear SRD5A1 1.4343 7.579 0.6886 1.4322 < .001

Cytoplasmic SRD5A1 2.1902 1.4882 0.8689 1.0357 .0072
Hedgehog pathway

Epithelial cells Sonic hedgehog 7.2084 8.1113 2.1773 1.7655 .145
Patched 3.2668 6.4566 2.4571 1.8316 < .001

Smoothened 9.0207 6.3242 1.5433 1.8994 .02
Nuclear Gli1 6.0929 8.7449 2.6566 1.5882 .0006

Nuclear Gli2 8.5177 9.9294 1.8614 0.5667 .0064
Stromal cells Sonic hedgehog 1.0862 1.0277 0.5131 0.7557 .7112

Patched 7.9661 7.3036 1.011 1.5056 .0357
Smoothened 4.5403 3.5715 1.8185 1.8724 .0688
Gli1 2.6042 4.8577 1.6994 1.7779 < .001

Gli2 4.5415 7.9119 1.4999 1.5875 < .001

Angiogenesis
Epithelial cells VEGF 8.2946 5.3617 1.9072 2.0047 < .001

Stromal cells VEGF 2.6674 2.8619 1.1734 1.6383 .5841
Stroma CD31 2.3786 2.6459 0.9542 0.8633 .3274

NOTE. The percentage of positively stained cells was recorded on a scale from 0 (lowest) to 10 (highest); details are given in the Appendix (online only). Bold type
indicates statistically significant P values after Bonferroni correction.

Abbreviations: SD, standard deviation; IGF, insulin-like growth factor; IGF-I, insulin-like growth factor I; IGF-IRB, IGF-I receptor B; AR, androgen receptor; pAR,
phosphorylated androgen receptor; VEGF, vascular endothelial growth factor.
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microenvironment of prostate cancer in the context of treat-
ment with AA and docetaxel.

DISCUSSION

Previous investigators have reported the molecular effects of up to
9 months of AA treatment in patients with localized prostate
cancer,12-14 whereas others have analyzed the molecular profile of
heavily treated CRPC.21-23 However, the study we report here is the
first to our knowledge to have evaluated the molecular alterations
noted in the primary tumor site after 1 year of AA and docetaxel
therapy in patients with clinically detected lymph node–metastatic

cancer. We selectively examined the modulation of pathways that
are implicated in the pathogenesis and progression of prostate
carcinoma since those have also been associated with the develop-
ment of therapy resistance.15

Modulated proliferation and apoptosis and increased expres-
sion of markers of neuroendocrine differentiation have been asso-
ciated with AA therapy, with varying results depending on the
duration and type of therapy.21-26 Our results revealed for the first
time, to our knowledge, that proliferation and apoptosis markers
are not statistically significantly different between untreated con-
trols and patients uniformly treated with AA and docetaxel for 1 year.
Similarly, no difference in the expression of the neuroendocrine

BA

DC

FE

HG

Fig 1. Representative images of expres-
sion of (A,B) CYP17, (C,D) SRD5A1, (E,F)
Gli1, and (G,H) Ptch. Expression is greater
in the (A,C,E,G) treated tumors than in the
(B,D,F,H) untreated tumors. Original mag-
nification, �200.
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markers chromogranin and synaptophysin was noted. These
findings imply that proliferation, apoptosis, and neuroendocrine
differentiation–associated pathways are not significantly altered
after 1 year of treatment.

IGF-I interacts with androgen signaling and is implicated in
castrate-resistant progression mediated by interaction with androgens
and the AR.27,28 We found that IGF-I and its receptor, IGF-IRB, were
expressed almost exclusively in epithelial cells and that IGF-I expres-
sion increased, whereas IGF-IRB expression decreased in the treated
tumors. These findings agree with those reported previously,29,30 sup-
porting a role of the IGF pathway in the development of CRPC.

We next focused on stromal–epithelial interaction pathways
with well-defined roles in prostate cancer pathogenesis and progres-
sion. Among them, androgen signaling is central in CRPC progres-
sion.31,32 We did not observe increased nuclear AR expression, as has
been reported in later stages of prostate cancer progression.33 If our
findings are confirmed, they strongly suggest that persistent androgen
signaling as an adaptive response to castration is a delayed phenome-
non. Further studies are needed to uncover the temporal heterogene-
ity of androgen signaling in castration resistance. Understanding this
will guide selection of the duration of treatment needed for targeting
persistent androgen signaling.

In contrast to that in epithelial cells, AR expression in stromal
cells was enhanced in treated tumors. Androgen signaling in stromal

cells has been shown to exhibit tumor-promoting effects in a paracrine
manner34-37 and to enhance the aggressiveness of prostate cancer.38

These findings, together with our findings of increased stromal ex-
pression of AR after therapy, imply that AR signaling plays an impor-
tant role in stromal cells that warrants further investigation.

Despite castrate levels of circulating androgens during AA, local
androgen production in the prostate cancer microenvironment main-
tains AR transcriptional activity.39,40 Expression of CYP17, the rate-
limiting enzyme in androgen synthesis,41 and of SRD5A1, the
predominant SRD5A isoform in recurrent prostate cancer, is in-
creased in castrate-resistant metastases.39,40 In line with this, we
observed increased epithelial and stromal CYP17 and SRD5A1
expression in treated primary tumors relative to that in untreated
ones. These findings implicate activation of the local steroid-synthetic
machinery in the primary site as an adaptive response to therapy.

Complex adult solid tumors, such as prostate cancer, are likely
driven by multiple pathways, thus subverting efforts to effectively
control tumor progression by blocking a single pathway.42 We prior-
itized the Hh signaling pathway for further study because it is central
to prostate and bone development, has been implicated in prostate
carcinogenesis, and can be targeted with selective inhibitors.43-45 Of
particular interest is the evidence linking AR and Hh signaling to
prostate development.46 This reported linkage provides the rationale
for studying the response of Hh signaling in prostate cancer progres-
sion after AA therapy. In this study, we observed increased epithelial
Gli1 and Ptch expression and upregulated stromal Gli1 and Gli2
expression in the treated tumors relative to their expression in un-
treated controls. These findings complement our previous findings of
Hh activation after 4 months of AA and chemotherapy47 and of Hh
target gene amplification after castration in a murine model of pros-
tate cancer (unpublished observations).

Interplay between androgen signaling and angiogenesis has been
suggested because of evidence that AA reduces VEGF levels in cancer
cell lines,48 preclinical models,48,49 and human specimens of prostate
cancer,49 and enhances normalization of tumor vasculature.49,50 Sim-
ilarly, docetaxel treatment has been associated with antiangiogenic
effects in vivo and in vitro and with downregulated VEGF levels in
vitro.51 Our results demonstrated that 1 year of AA and docetaxel
resulted in significantly lower levels of epithelial VEGF expression in
human specimens of prostate cancer. No correlation with CD31 ex-
pression was noted, probably because of the complexity of angiogen-
esis regulation in the tumor microenvironment.

Overall, we showed that the enzymes associated with intracrine
androgen synthesis, CYP17 and SRD5A1, the Hh pathway, and the
IGF-I pathway were upregulated in the microenvironment of prostate
cancer treated with AA and docetaxel for 1 year. Whether similar
pathways are also activated at the metastatic site, so that therapeutic
targeting will be beneficial in patients who develop resistance to ther-
apy, requires further investigation. However, our results provide
evidence that these pathways (ie, local steroid-synthetic enzyme
production, Hh pathway activation, and growth factor signaling) are
relevant in the primary site and suggest a strategy for multitargeted
therapy centered on the tumor microenvironment. On the basis of the
results of our own studies47 and our unpublished observations, a
phase I/II clinical trial of combined Hh signaling inhibition and AA in
select patients with prostate cancer has been initiated.

In conclusion, we showed that molecular features associated with
potentially lethal prostate cancer remain in tumor cells within the

Table 4. Modulation of Stromal-Epithelial Interacting Pathways in Patients
With Regionally Metastatic Prostate Cancer after Androgen Ablation and

Docetaxel Treatment

Patient
No.

Intratumoral
Steroidogenesis

Hedgehog
Signaling

IGF-I
Expression

1 U U U
2 U U U
3 U U U
4 U U U
5 U U U
6 U U U
7 U U Low expression
8 U U U
9 U Low expression Low expression

10 U U U
11 U U U
12 U U U
13 U U Low expression
14 U U U
15 U Low expression U
16 U U U
17 U Low expression U
18 U U U
19 U U U
20 U U U
21 U U U
22 U Low expression U
23 U Low expression U
24 U U U
25 U U U
26 U Low expression U
27 U U U
28 U U U
29 U Low expression U

Abbreviations: IGF-I, insulin-like growth factor I; U, upregulation.
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primary site after aggressive treatment, despite a favorable therapeutic
response according to traditional criteria (eg, serum PSA concentra-
tion). Even though the signaling pathways are present in the primary
tumor after 1 year of therapy, we cannot determine with precision the
degree of change in this study. In addition, due to the limited
follow-up period, we could not correlate the pathways activated with
patients’ prognosis. Further studies on the role of controlling the
primary site in patients with lymph node–metastatic disease treated
systemically are warranted.
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