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Traditionally, patients with high-risk localized prostate cancer have been an extremely challenging group to manage due to a
significant likelihood of treatment failure and prostate cancer-specific mortality (PCSM). The results of multiple large, prospective,
randomized trials have demonstrated that men with high-risk features who are treated in a multimodal fashion at the time of initial
diagnosis have improved overall survival. Advances in local treatments such as dose-escalated radiotherapy in conjunction with
androgen suppression and postprostatectomy adjuvant radiotherapy have also demonstrated benefits to this subset of patients.
However, therapeutic enhancement with the addition of chemotherapy to the primary treatment regimen may help achieve
optimal disease control.

1. Introduction

Prostate cancer is the most common noncutaneous malig-
nancy and is the second leading cause of cancer-related
mortality among men in the USA [1]. In 2010, it is estimated
that 217,730 men were newly diagnosed and 32,050 men died
of prostate cancer [2]. Simply stated, roughly 1 in 6 American
men will be confronted with a diagnosis of prostate cancer
during their lifetime. Prostate cancer exhibits a broad spec-
trum of clinical behaviors, ranging from microscopic, well-
differentiated indolent tumors to aggressive malignancies
with significant potential for recurrence and metastasis. Most
prostate cancers are localized at the time of diagnosis which
is likely to continue with increasing emphasis on screening
and improving technology for early detection.

Historically, patients with localized prostate cancer were
categorized primarily based on clinical staging and whether
or not they were considered surgical candidates. Thus,
the term “localized” generally referred to stage T1-T2
disease which was managed with local therapy (surgery,
radiotherapy) or active surveillance. “Locally advanced”
disease referred to stage T3-T4 disease which was considered
inoperable. However, a better understanding of the natural
history of prostate cancer and advances in both the quality
and quantity of available treatment options have allowed

clinicians to develop more sophisticated risk stratification
systems (Table 1).

Current risk stratification of prostate cancer patients is
based upon the likelihood of recurrence after locoregional
treatment (Table 2). Various pretreatment parameters have
been studied as potential prognostic factors to help identify
subsets of patients, specifically, among high-risk patients
in whom treatment failure is more likely. Prostate-specific
antigen (PSA) has been one of the most extensively studied
parameters (PSA velocity, PSA doubling time) but remains
a source of controversy, particularly with regards to its
utility in screening at-risk patients. While PSA can provide
general information about the aggressiveness of the tumor
or treatment response of a patient’s disease, its predictive
value alone remains relatively low. The incorporation of pre-
treatment PSA and the Gleason score in combination with
clinical staging has served to better prognosticate patient
outcomes. In a multi-institutional study of 4133 prostate
cancer patients, combining preoperative serum PSA levels
with the Gleason score and clinical stage was able to more
accurately predict capsular penetration, involvement of sem-
inal vesicles and pelvic lymph nodes [3]. Several prior studies
have confirmed that PSA > 10 ng/mL and/or Gleason scores
> 7 result in a 5-year recurrence risk of approximately 70%.
Furthermore, men with high-risk features at presentation
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Table 1: Anatomic stage/prognostic groups, high-risk localized prostate cancer.

Group T N M PSA Gleason

I T1a–c N0 M0 PSA < 10 Gleason ≤ 6

T2a N0 M0 PSA < 10 Gleason ≤ 6

T1-2a N0 M0 PSA X Gleason X

IIA T1a–c N0 M0 PSA < 20 Gleason 7

T1a–c N0 M0 10 ≤ PSA < 20 Gleason ≤ 6

T2a N0 M0 10 ≤ PSA < 20 Gleason ≤ 6

T2a N0 M0 PSA < 20 Gleason 7

T2b N0 M0 PSA < 20 Gleason ≤ 7

T2b N0 M0 PSA X Gleason X

IIB T2c N0 M0 Any PSA Any Gleason

T1-2 N0 M0 PSA ≥ 20 Any Gleason

T1-2 N0 M0 Any PSA Gleason > 8

III T3a-b N0 M0 Any PSA Any Gleason

IV T4 N0 M0 Any PSA Any Gleason

Any T N1 M0 Any PSA Any Gleason

Any T Any N M1 Any PSA Any Gleason

Adapted from American Joint Committee on Cancer (AJCC Cancer Staging Manual, Seventh Edition, 2010).

Table 2: Prognostic factors for recurrence risk in localized prostate cancer.

Very low Low Intermediate High Very high (locally advanced)

T1c T1-T2a T2b-T2c T3a T3b-T4

Gleason < 6 Gleason 2–6 Gleason = 7 Gleason 8–10

PSA < 10 PSA < 10 PSA 10–20 PSA > 20

<3 (+) biopsy cores w/ ≤ 50% cancer per core

PSA density < 0.15 ng/mL/g

Adapted from NCCN Clincal Practice Guidelines in Oncology Prostate Cancer V.1.2011 c© 2011 National Comprehensive Cancer Network, Inc.

have a significantly higher risk of recurrence, metastatic
disease and prostate-cancer-related mortality [4–10].

A recent European multi-institutional study by Spahn
et al. highlighted the need to further define the high-risk
population in order to deliver the most appropriate therapy
to each patient. In this study, 712 high-risk patients with
PSA > 20 ng/mL underwent radical prostatectomy with
bilateral pelvic lymph node dissection between 1987 and
2005. Patients were stratified into four subgroups based on
the number of additional risk factors present (none, biopsy
Gleason score ≥ 8, clinical stage 3-4, or both) to assess which
risk factors improved prediction of treatment failure and
PCSM. The biopsy Gleason score was the strongest predictor
of progression and mortality. Among high-risk patients with
PSA > 20 ng/mL, those with Gleason scores < 8 had a 10-
year PCSM of 5%, while those with Gleason scores ≥ 8 had a
PCSM of 35%. Importantly, this study reports that men with
PSA > 20 ng/mL and a Gleason score < 8 are at minimal risk
for PCSM and may represent a specific subgroup of high-risk
patients that should be considered for surgery [11].

Similarly, a retrospective study by Walz et al. reported
that the number of risk factors (T3 disease, Gleason ≥
8, D’Amico high-risk group, PSA ≥ 20 ng/mL) present
influences the 5-year biochemical recurrence risk in the

postradical prostatectomy setting. The rate of favorable
pathology and recurrence after surgical intervention is
dependent upon the criteria used to define high-risk disease
as well as the conglomeration of risk factors present in each
patient [12]. Taken altogether, this suggests that there is
still much to learn about high-risk disease and that further
characterization of this risk group is necessary in order to
optimize treatment.

The most current guidelines define high-risk localized
prostate cancer as patients with clinical stage T3 disease, a
Gleason score of 8–10 or a PSA level > 20 ng/mL (Table 3).
Additionally, the National Comprehensive Cancer Network
(NCCN) has defined very high-risk (locally advanced)
patients as those with clinical stage T3b and T4 disease
without evidence of nodal or metastatic involvement [13–
17]. For the purposes of this paper and the discussion of
therapeutic management, both high-risk and very high-risk
subgroups will be considered together. While no consensus
exists with regards to optimal treatment for this subset of
patients, it is clear that a multidisciplinary and multimodal
therapeutic approach is crucial for proper management of
high-risk localized prostate cancer. This paper will focus
upon current treatment modalities as well as therapeutic
options on the horizon for high-risk patients.
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Table 3: Risk stratification for high-risk prostate cancer.

Source High-risk definition

D’Amico et al. [13] Stage T2c or PSA > 20 ng/mL or Gleason > 8

RTOG 9902, 0521 [14, 15] Any T stage, PSA 20–100 ng/mL, Gleason > 7 or stage ≥ T2, PSA < 100 ng/mL,
Gleason 8–10

NCCN (v1.2011) [16] Stage ≥ T3 and/or PSA > 20 ng/mL and/or Gleason 8–10∗

Adapted from Nat Rev Urol 2010 Nature Publishing Group [17]. ∗Combines high-risk and very high risk (locally advanced) groups.

2. Rationale for a Multimodal Approach for the
Treatment of High-Risk Prostate Cancer

Traditionally, single modality regimens for treating high-
risk patients have resulted in poor treatment responses and
high failure rates [18]. These poor clinical outcomes are
observed irrespective of the primary treatment type, either
a surgical approach with radical prostatectomy (RP) or
radiotherapy with external-beam radiation therapy (EBRT)
or brachytherapy. A study by Pisansky et al., assessed disease
relapse in 500 patients with clinically localized prostate
cancer treated solely with radiotherapy. The total RT dose
administered was dependent on tumor stage: T1 received
a median dose of 64 Gy (range 60–70.7 Gy); T2 64.8 Gy
(range, 50–70.2 Gy); T3-4, 66.3 Gy (range, 55.8–70.4 Gy).
Amongst high-risk patients, a 24% relapse-free probability
at 5 years as well as a much higher incidence of clinical and
biochemical relapse was reported when compared to their
low and intermediate risk counterparts [19]. Furthermore,
a 2005 multi-institutional review by Soloway and Roach
further delineated the need to improve existing therapeutic
interventions. High-risk patients undergoing monotherapy
with curative intent with RP, EBRT, or brachytherapy had
high rates of both clinical and biochemical progressions
(>50% at 5 years). Importantly, this paper also alluded to the
increasing importance of adjuvant therapy and multimodal
approaches in order to improve control of high-risk localized
disease [20].

3. Current Recommendations for Management
of High-Risk Prostate Cancer

3.1. Radiotherapy as a Treatment Option in High-Risk Pros-
tate Cancer. Technological advances in existing treatment
modalities and the combination of local and hormonal
therapies have led to considerable progress in disease control
and survival outcomes. Radiotherapy has been and will
continue to be a key component in the treatment of prostate
cancer and much effort has been dedicated to increasing its
therapeutic efficacy with new techniques to deliver radiation.
The advent of three-dimensional conformal radiation ther-
apy (3D-CRT) and intensity-modulated radiation therapy
(IMRT) have allowed radiation oncologists to achieve safe
dose escalation while limiting local tissue toxicities classically
associated with EBRT, such as genitourinary and bowel
complications. Several independent studies have confirmed
that dose escalation is associated with improved biochemical
outcomes in addition to a lower risk of radiation-associated
late side effects [21–25]. A pivotal randomized control trial

by Kuban et al. at M.D. Anderson Cancer Center served
to validate doses as high as 75–80 Gy as a permissible dose
escalation for the high-risk cohort. Among the 301 patients
enrolled in this long-term study, the subset of patients with
adverse prognostic features (PSA > 10 ng/mL at diagnosis)
derived the greatest benefit at a dose of 78 Gy compared
to 70 Gy, in terms of biochemical and clinical failure [26].
Furthermore, with increasing doses, accurate and precise
delivery of radiation using technology such as image-guided
radiation therapy (IGRT) becomes even more important
to avoid normal tissue toxicities. IGRT should also be
considered in order to compensate for changes in target
volume as the tumor shrinks.

Recently, both volumetric-modulated arc therapy
(VMAT) and helical tomotherapy techniques have been
evaluated as novel ways to deliver radiotherapy. Several
preliminary studies have evaluated the dosimetric feasibility
of treating a broad spectrum of prostate cancer with VMAT,
including localized, locally advanced and postoperative
disease [27, 28]. A retrospective review of 292 patients
treated with a VMAT method to a dose of 77.4 Gy was
compared to a fixed-angle, 7-field IMRT technique using the
same planning datasets and contours. It was reported that
VMAT therapy resulted in a lower dose of delivery to critical
structures such as the penile bulb, bladder, and femoral
heads, particularly in high-dose regions with comparable
dose delivery to target volumes when compared to IMRT.
These results suggest further evaluation of VMAT in order
to reduce radiotherapy-related acute and chronic toxicities
[29]. Similar dosimetric studies evaluating the ability of
helical tomotherapy to improve dose conformity and normal
tissue sparing in comparison to IMRT have demonstrated
overall improvement in critical organ sparing as well as
achieving better homogeneity of dose delivery [30]. Of note,
the improving precision and dose escalation in the admin-
istration of radiotherapy to target volumes has lead to the
development of simultaneous integrated boost radiotherapy,
which delivers different doses per fraction to different target
regions of interest. Consequently, whole pelvis radiation
therapy, which has traditionally been a controversial issue,
is now a valid therapeutic consideration for node-positive or
high-risk patients because high doses can be delivered to a
focal target volume while also administering a lower dose of
RT to the rest of the pelvis which may promote locoregional
control and address micrometastatic disease [31].

3.2. Androgen Deprivation Therapy (ADT) in Combination
with Radiotherapy. Arguably, combination therapy with
radiation and long-term androgen deprivation therapy
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(ADT) has been one of the most important modifications
to modern clinical practice for prostate cancer. The rationale
of the combined approach is that the addition of ADT is
believed to slow progression of the tumor by eliminating
the hormonal stimulus that drives cancer cell proliferation
[32]. Furthermore, in vivo animal models have shown that
the combined effect of ADT and radiotherapy increases
overall cell kill and diminishes growth velocity of the
surviving cancer cells [33, 34]. Several agents, such as
luteinizing hormone-releasing hormone (LHRH) analogs
and nonsteroidal antiandrogens have been used to exploit
the sensitivity of prostate cancer to hormonal suppression.
Of note, surgical (bilateral orchiectomy) and medical cas-
tration are of equal efficacy and using multiple methods of
androgen blockade does not confer an additive benefit for
nonmetastatic patients [35].

Several prospective studies have demonstrated that the
combination of radiotherapy and long-term androgen sup-
pression improves disease control and survival, compared
with either treatment alone for men with adverse risk factors.
A prospective phase III trial, EORTC 22863, enrolled 415
men randomized to either radiotherapy alone or radio-
therapy plus three years of LHRH analog (goserelin) to
assess the additive effect long-term ADT in locally advanced
patients. The study reported an increase in both disease-
free and overall survival in the combination therapy group.
Furthermore, the 10-year results of this study found no
increase in cardiovascular toxicity in addition to the survival
benefit [36–38]. In 2009, a prospective randomized study by
Widmark et al. involving 875 high-risk patients (stage T3,
PSA < 70 ng/mL) receiving ADT monotherapy (total andro-
gen blockade for 3 months followed by continuous flutamide
250 mg) or ADT with radiotherapy also demonstrated a
survival benefit with a minimal yet acceptable increase in
side effects in the combination therapy cohort [39]. Similar
findings were reported by D’Amico et al. in 2008, who
reported an overall survival benefit in high-risk patients
receiving combination therapy, despite a shorter course of
ADT treatment than the aforementioned studies [40].

The optimal duration of ADT has been a controversial
topic, and several studies have examined whether or not
the long-term side effects of ADT outweigh the clinical
benefits. It is understood that the incidence of side effects
correlates with the duration of ADT treatment. Long-term
complications associated with ADT are both real and severe,
ranging from osteoporosis with risk of pathologic fracture,
metabolic dysfunction including development of diabetes as
well as cardiovascular disease with potential for fatal myocar-
dial infarction [41, 42]. In 2009, Bolla et al. reported the
results of the prospective EORTC 22961 trial randomizing
885 men with T2c-T4, N0 disease, in order to assess whether
short-term ADT (6 months) was able to achieve the same
survival benefits that had previously been reported with
long-term ADT (≥2 years) while simultaneously reducing
exposure to hormonal therapy. The 5-year overall mortality
rate was 19.0% and 15.2% for short-term and long-term
ADT, respectively; demonstrating that short-term ADT in
conjunction with radiotherapy is inferior with regards to
overall survival [43]. Furthermore, RTOG 9202, a large phase

III trial of 1554 patients with T2c-T4 non-metastatic high-
risk disease, reported that long-term ADT with radiotherapy
is superior to short-term ADT with regards to disease-
free survival, risk of distant metastasis, local progression
and incidence of biochemical failure; however, no difference
in overall survival was observed. A criticism of this study
by Horwitz and colleagues is that it was not sufficiently
powered to assess for overall survival. Upon subset analysis
of 337 patients with a Gleason score 8–10 a benefit in
overall survival was seen in the long-term ADT cohort
[44]. A Canadian multicenter phase III trial examining
short-versus long-term neoadjuvant ADT in combination
with radiotherapy found that increasing the duration of
neoadjuvant ADT from 3 to 8 months conferred a significant
disease-free survival benefit among high-risk patients (42%
versus 71% 5-year disease-free survival rate) [45]. While
the duration of ADT has definitively demonstrated an effect
on patient survival, the sequencing (adjuvant, concurrent,
neoadjuvant) of when ADT is administered in relation to
radiotherapy does not appear to affect outcomes in men with
high-risk prostate cancer [46–48].

In summary, the current standard of care for high-risk
and locally advanced disease is EBRT in conjunction with
long-term ADT; specifically, a 3D-CRT or IMRT radiation
therapy technique to a dose of 75–80 Gy in conjunction
with long-term ADT in a neoadjuvant, concurrent, or
adjuvant setting for approximately 2-3 years. Generally,
high-risk patients are usually not considered for treatment
with brachytherapy; however, certain clinical scenarios may
warrant the use of brachytherapy boost in combination
with EBRT, with consideration of short-term ADT [49].
Additionally, a surgical approach may be considered for
selected high-risk-patients, although, it is a seemingly less
popular approach due to the invasive nature in comparison
to EBRT as well as the distinct set of complications which
surgery poses; including perioperative mortality, long-term
sexual dysfunction, and urinary incontinence. Additionally,
the high likelihood that postoperative radiotherapy will be
required potentially exposes patients to toxicities of both
surgery and radiotherapy.

3.3. Surgery as a Treatment Option for High-Risk Prostate
Cancer. Like radiotherapy, as technology (i.e., laparoscopic,
robotic) continues to improve, some of the issues with
surgical management for high-risk patients are no longer
valid. For example, with the advent of robotic surgery
some experienced urologists now consider stage T3a prostate
cancer as an operable disease. Men with clinically localized
tumors without fixation that can be completely excised
may be candidates for radical prostatectomy (RP) with
pelvic lymph node dissection if they have a reasonable
life expectancy. Lau et al., reported a post-RP overall
survival of 67% at 10 years among patients with adverse
prognostic features (Gleason score ≥ 8), suggesting that
radical prostatectomy may be a viable alternative for patients
who are not candidates for radiotherapy or whom prefer
surgery [50].

Additionally, two recent studies have shown that surgical
intervention in the high-risk cohort may result in superior
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clinical and survival outcomes. A 2010 retrospective study by
Zelefsky et al., reported that high-risk patients undergoing
RP had a lower risk of metastatic progression and PCSM
compared to patients receiving IMRT (≥81 Gy) [51]. High-
risk disease was defined as clinical stage T3, Gleason score 8–
10, or PSA > 20 ng/mL; within this subgroup those patients
treated with RP with bilateral lymphadenectomy had a 7.8%
decrease in 8-year metastatic progression compared to those
treated with RT (hazard ratio, 0.35). Furthermore, a 2010
retrospective analysis by Abdollah et al. examined survival
outcomes patients treated with RP, RT, or observation
between 1988 and 2006 and noted favorable survival rates
in most patients undergoing RP [52]. Amongst high-risk
patients (T2c and/or Gleason score 8–10), patients ≤ 69
years of age treated with RP derived the greatest survival
benefit (PCSM 5.8–7.2%) in comparison to those treated
with RT or observed (PCSM 9.9–11.3% and 21.5–21.9%,
resp.). However, among patients older than 70 years of
age, treatment with RT was associated with a lower PCSM
(12.2–21.1%) when compared to those treated with RP or
observation (PCSM = 12.2–21.1%, 18.5–19.8%, resp.).

A significant number of patients will still require post-
operative radiotherapy following radical prostatectomy for
certain pathologic high-risk features. Recently, three sepa-
rate studies have demonstrated that adjuvant radiotherapy
following radical prostatectomy improves disease control
(biochemical progression-free survival), and Thompson et
al. reported a marked overall survival benefit for high-risk
patients following radical prostatectomy [53–56]. Further-
more, aforementioned studies by Spahn et al. and Walz et
al. have documented that men with high-risk disease do
not have uniformly poor outcomes after undergoing radical
prostatectomy. Indeed, there is a subset of patients within this
risk group that derive a comparative benefit from surgery,
and thus RP should remain a genuine consideration for
therapeutic intervention [11, 12, 57].

4. Chemotherapy and Prostate Cancer

4.1. The Use of Chemotherapy in Castration-Refractory
Prostate Cancer. Although long-term ADT plus radiotherapy
is currently the standard care for high-risk patients, many
high-risk prostate malignancies still recur. Importantly, a
proportion of these high-risk prostate tumors will become
refractory to hormonal therapies which place the patient
at risk of developing recurrent or metastatic disease [36,
58, 59]. Strategies to enhance the therapeutic benefits of
treatment and improve survival outcomes have been studied,
with a particular emphasis on systemic treatment such
as chemotherapy. Castration-refractory metastatic prostate
cancer patients were the first group of patients in which
the efficacy of chemotherapy was assessed. The CALBG
9182 study examined a combination of mitoxantrone and
hydrocortisone versus hydrocortisone alone. While there
was no survival benefit reported among the 242 men with
castration-refractory disease, a delay in disease progression
and time to treatment failure was observed. Additionally, this
study also confirmed the palliative benefits of this regimen
previously reported in a small randomized trial in Canada

[60, 61]. The CALBG 9182 study generated interest in
exploring other chemotherapeutic agents in this population.

Two prospective phase III trials for men with metastatic
castration-refractory prostate cancer helped to establish
docetaxel and prednisone as the preferred chemotherapy
regimen. SWOG 9916, a prospective trial randomizing 674
men with castration-refractory disease, compared survival
outcomes and toxicity profiles in a head-to-head comparison
of a docetaxel plus estramustine versus mitoxantrone. The
docetaxel-containing regimen demonstrated a significant
increase in overall survival of nearly two months; however,
there was also an increase in side effects, including neu-
tropenic fever and cardiovascular events [62]. Subsequently,
it has been reported that the addition of estramustine to
docetaxel has been shown to increase side effects without
enhancing efficiency [63]. The second pivotal study was the
TAX 327 trial which compared docetaxel and mitoxantrone;
prednisone was also administered in both regimens. Impor-
tantly, estramustine was not a component of the docetaxel-
containing regimens and docetaxel was given in a weekly or
in an every three-week schedule. Patients in the docetaxel
every three-week arm demonstrated an improved median
survival of 2.5 months with a 24% reduction in risk of death
[64]. The 10-year update of this study reported continued
survival benefit in the docetaxel every three-week arm [65].

4.2. The Role for Chemotherapy in the Management of
High-Risk Localized Disease. These studies in metastatic
castration-refractory patients helped lay the groundwork for
early use of docetaxel and other agents as part of the pri-
mary treatment for high-risk and locally advanced prostate
cancer patients (Table 4). The rationale of using chemother-
apy and other systemic agents in the adjuvant setting is
that micrometastatic disease as well as androgen-resistant
clones will encounter cytotoxic treatment earlier [17]. As
radiotherapy techniques permit increasing dose escalation,
chemotherapy can play a more important synergistic role by
radiosensitizing tumor cells at the primary site while also
addressing micrometastatic disease. Specifically, docetaxel,
a radiosensitizing cytotoxic antimicrotubule agent has been
used extensively in the treatment of breast, ovarian, and
nonsmall-cell lung cancer [66–68]. It exerts a direct cytotoxic
effect by arresting cells in M phase, thereby preventing cell
division. Furthermore, by stabilizing the cells in M phase,
a radiosensitive phase of the cell cycle, docetaxel is able to
synergize the effect of radiation [69–71].

A critical phase III multicenter study by Rosenthal et
al. highlighted the severe toxicities that may occur with
multichemotherapy multimodal regimens. A total of 397
high-risk non-metastatic patients (PSA 20–100 ng/mL and
Gleason score ≥ 7 or stage > T2, Gleason score 8 and PSA <
100 ng/mL) enrolled in RTOG 99-02 and were randomized
to an ADT plus radiotherapy with four cycles of adjuvant
paclitaxel, estramustine and oral etoposide (TEE) group,
or an ADT plus radiotherapy alone group. After opening
in 2000, the trial was closed after 4 years due to excess
thromboembolic events and severe toxicities, particularly in
the adjuvant chemotherapy arm. With regards to short-term
toxicities, 71% (136/192) of patients in the adjuvant TEE plus
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Table 4: Summary of randomized control trials involving chemotherapy for high-risk localized prostate cancer.

Study (reference)
Chemo
sequencing

Chemo regimen Study arms
Number of
patients

High-risk criteria

Stage Gleason PSA

RTOG 9902 [14] Adjuvant
paclitaxel estramustinee
toposide (TEE)

ADT + RT versus ADT
+ RT + TEE

397
any T ≥7 20–100

≥ T2 8–10 <100

RTOG 0521 [15] Adjuvant Docetaxel
ADT + RT versus ADT
+ RT + docetaxel

612
any T ≥9 ≤150

≥ T2 8 <20

any T 7-8 ≥20–150

Kumar et al. [72] Concurrent Docetaxel RT + docetaxel 22
T3-T4

T1b-T2 ≥8

T1c-T2 5–7 ≥10

AGUSG 03-10 [73]
Concurrent Docetaxel

RT + docetaxel +/−
ADT

20 ≥T3
8–10

7 >10

Sanfilippo et al. [74] Concurrent Paclitaxel
ADT + RT versus ADT
+ RT + paclitaxel

22 TxN1 >7 >10

Hussain et al. [75] Neoadjuvant Docetaxel estramustine
docetaxel, EMP +/−
RP, RT

21 ≥T2b 8–10 ≥15

Hirano et al. [76]
Neoadjuvant/
concurrent

Estramustine
ADT + RT versus ADT
+ RT + EMP

39 ≥T3 8–10 >20

SWOG S9921 [77, 78] Neoadjuvant Mitoxantrone
RP + ADT versus RP +
ADT + MTX

983
pT3b-T4 ≥8

7 >15

CALGB 90203 [79] Neoadjuvant Estramustine docetaxel
RP versus EMP and
docetaxel + RP

recruiting
T1-T3a,
NX, M0

ADT: androgen deprivation therapy; RT: radiotherapy; TEE: paclitaxel, estramustine, etoposide; EMP: estramustine phosphate; RP: radical prostatectomy;
MTX: mitoxantrone.

ADT and radiotherapy cohort reported grade 3 or greater
toxicities compared with only 37% in the radiotherapy and
ADT cohort. There was a significant increase in hematologic
and gastrointestinal toxicity but not genitourinary toxicity.
Furthermore, in terms of long-term complications, three
cases of myelodysplasia/acute myelogenous leukemia were
noted [14]. A follow-up prospective phase III trial, RTOG
05-21, was designed to assess the efficacy of a less toxic
adjuvant chemotherapy regimen when combined with ADT
and radiotherapy. This ongoing study compares high-risk
patients receiving ADT (LHRH agonist and oral antiandro-
gen) and radiation (3D-CRT or IMRT) with or without adju-
vant docetaxel chemotherapy. Enrollment criteria consists of:
(1) Gleason score ≥ 9, PSA ≤ 150 ng/mL and any T stage
disease (2) Gleason score 8, PSA < 20 ng/mL, stage T2 disease
or higher (3) Gleason score 7-8, PSA 20–150 ng/mL, any
T stage [15]. The results of this trial will certainly help to
elucidate the role of chemotherapy in the adjuvant setting for
high-risk patients.

Kumar et al. conducted a phase I trial of concurrent
weekly docetaxel with 3D-CRT in order to discern to
maximal tolerated dose (MTD) of weekly docetaxel for
patients with unfavorable localized prostate cancer. The 22
patients who were enrolled in the concurrent docetaxel and
3D-CRT regimen met inclusion criteria of: (1) T3-T4 disease
(2) T1b-T2 disease and Gleason score ≥ 8 or (3) T1c-
T2 disease with Gleason score 5–7 and PSA ≥ 10. The
MTD of weekly docetaxel was determined to be 20 mg/m2

in conjunction with 3D-CRT, in general, this regimen was

considered to be well tolerated without any excessive or
objectionable toxicity. Other relevant findings from the
study include the side effect of grade 3 diarrhea which was
the dose-limiting toxicity; however, no hematologic adverse
side effects were noted [72]. Another small phase I study
involving concurrent docetaxel and radiotherapy supported
Kumar’s findings of permissible toxicity with radiosensitizing
regimens. The AGUSG 03-10 phase I/II prospective trial
was a continuation upon Kumar et al.’s earlier work with
docetaxel and 3D-CRT. In this study, concurrent IMRT
was given with the previously determined MTD of weekly
docetaxel at 20 mg/m2. Twenty high-risk patients with at
least stage T3 disease, a Gleason score of 8–10 and PSA >
10 ng/mL were enrolled on this concurrent chemoradiation
protocol. In general, the concurrent IMRT with weekly
docetaxel regimen was well tolerated with acceptable toxicity.
Furthermore, 85% of the patients were free of biochemical
disease recurrence at a mean followup of 11.7 months. Of
note, there were no grade 3 or 4 toxicities reported and the
most common toxicities were grade 2 fatigue (40%), grade 2
diarrhea (40%), and grade 2 urinary frequency (35%) [73].
The two aforementioned studies highlighted the emerging
role that concurrent taxane-based chemotherapy may play in
the management of high-risk prostate cancer.

Sanfilippo et al. conducted a prospective phase I/II study
of biweekly paclitaxel and concurrent radiotherapy in order
to determine the maximum tolerated dose of paclitaxel in
androgen-ablated locally advanced prostate cancer. Pacli-
taxel, a taxane molecule, has a similar mechanism of action
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to docetaxel which leads to the accumulation of cells in
G2/M phase having both cytotoxic as well as radiosensitizing
effects [80, 81]. This study involved 22 patients who had
T2–T4 tumors with Gleason scores > 7 and/or PSA levels
> 10 ng/mL and/or pathologic staging of TxN1. Patients
underwent 3D-CRT with doses ranging from 63–73.8 Gy.
It was concluded that concurrent biweekly paclitaxel with
3D-CRT is feasible with an MTD for combined paclitaxel
and 3D-CRT of 73.8 Gy. Four patients developed grade 3
diarrhea, three at a dose of 66.6 Gy and one at the MTD of
73.8 Gy. With regards to patient outcomes, 21 of 22 patients
(95%) were still alive and 6 of 22 (27%) patients experienced
biochemically recurrent disease at a median followup of
28 months [74]. Importantly, in comparison to the afore-
mentioned studies involving concurrent radiotherapy with
paclitaxel, patients in this trial also received ADT in addition
to concurrent chemoradiotherapy and the toxicities were not
prohibitive.

Examining the efficacy of chemotherapy in the neoad-
juvant setting in combination with ADT and radiotherapy
is becoming an area of increasing interest. Hussain et al.
evaluated the safety of neoadjuvant docetaxel and estramus-
tine chemotherapy alone in 21 patients with high-risk cancer
defined as clinical stage T2b or greater, PSA > 15 ng/mL
and/or a Gleason score of 8–10. Induction chemotherapy
with docetaxel and estramustine was reported to be a well-
tolerated and a feasible regimen for the high-risk cohort.
Patients did experience grade 3 and 4 toxicities in the form
of neutropenia in nine patients and deep vein thrombosis
in two patients. Furthermore, the efficacy of this regimen
in comparison to ADT remains unclear and its use in
conjunction with other modalities was not evaluated [75].
However, a prospective randomized study in Japan assessed
the safety and efficacy of neoadjuvant ADT plus estramustine
phosphate (EMP) combined with 3D-CRT for patients
with both intermediate and high-risk prostate cancer. A
total of 39 patients were randomized into a neoadjuvant
ADT alone group or neoadjuvant ADT with EMP group,
both groups received 3D-CRT to a total dose of 70 Gy.
The 4-year biochemical relapse-free survival was 61% in
the group receiving combined chemotherapy and androgen
ablation compared to the 49% in the group receiving
only neoadjuvant ADT. Additionally, there were no severe
toxicities reported leading the authors to conclude that the
combination of ADT with EMP in the neoadjuvant setting
appears to be better than neoadjuvant ADT alone. However,
both regimens were unable to prevent biochemical failure
and thus suggested additional adjuvant therapy, particularly,
in the high-risk cohort with pretreatment PSA > 20 ng/mL
[76].

Recently, the role of chemotherapy in conjunction with
radical prostatectomy has also been examined. Similarly to
RTOG 99-02, which has halted due to prohibitive toxicities,
SWOG 9921, a randomized phase III trial, prematurely
closed the chemotherapy plus ADT arm due to the devel-
opment of acute myelogenous leukemias. In this study,
983 patients with high-risk features were randomized to
receive adjuvant ADT with or without mitoxantrone in
the postradical prostatectomy setting. This study underlined

the importance of prospective trials to assess potential
safety issues for patients. In this particular case, the risk
of secondary malignancies associated with a mitoxantrone-
containing adjuvant chemotherapy regimen was an unex-
pected problem [77]. Importantly, in 2011 Dorff et al.
reported preliminary data from the SWOG S9921 study
because of the potential implications for future prospective
trial design. Among the 481 high-risk patients (Gleason ≥
8, preoperative PSA > 15 ng/mL or both) receiving ADT-
alone after RP, the estimated 5-year biochemical failure-free
survival is 92.5% and the 5-year overall survival is 95.9%. In
light of the favorable outcomes achieved with adjuvant ADT
post-RP, this study highlights the difficulty in demonstrating
that the addition of chemotherapy can improve upon
currently available therapies given the extremely low rate
of disease recurrence and PCSM [78]. Of note, the cancer
and leukemia group B has initiated an ongoing phase III
trial (CALGB 90203) in high-risk patients randomizing them
to be treated with neoadjuvant estramustine and docetaxel
followed by surgery or surgery alone [79].

5. New Approaches on the Horizon

The need to improve high-risk disease management has
prompted the development of novel agents, several of which
may be genuine contenders to impact disease outcomes in
the future. Initial studies in castration-refractory disease have
been useful in order to characterize the efficacy and safety of
these potential therapeutic agents.

Sipuleucel-T (APC8015), a cancer vaccine, is an active
cellular immunotherapy that stimulates a prostate cancer-
specific T-cell immune response against prostatic acid phos-
phatase (PAP), an antigen expressed by approximately 95%
of prostate cancer cells [82–84]. Specifically, autologous
antigen-presenting cells (APCs) collected via leukapheresis
undergo ex vivo stimulation with PA2024 (recombinant
fusion protein of PAP and GM-CSF) and are subsequently
infused into the patient to exert an immunogenic effect.
Presumably, the interaction of T cells with the PA2024-
activated APCs primes the T cells for their highly specific
tumoricidal activity [85, 86]. A 2010 multicenter double-
blind, placebo-controlled study by Kantoff et al. evaluated
a total of 512 patients with metastatic castration resistant
disease in order to compare the efficacy of sipuleucel-T to
placebo. Sipuleucel-T was shown to prolong overall survival
with a 22% relative reduction in risk of death (hazard
ratio, 0.78) which prolonged median survival by 4.1 months,
however, no change in the time to disease progression was
noted. There were no excessive toxicities observed, however,
an increase in chills, fever, and headache was associated with
infusion of sipuleucel-T [87]. Sipuleucel-T was approved
by the FDA in April 2010 for the treatment of asymp-
tomatic or minimally symptomatic metastatic castration-
refractory prostate cancer. The early findings with sipuleucel-
T appear to be promising but its efficacy in conjunction with
chemotherapy and potential use in earlier settings such as
high-risk prostate cancer is yet to be determined.

While prostate cancer patients often initially derive
benefit from ADT, a proportion of these patients will
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develop castration-refractory prostate cancer characterized
by progression of disease despite castrate levels of circulating
testosterone. The persistence of ligand-mediated androgen
receptor signaling implicates extragonadal (prostate, adrenal,
intratumoral) androgen production as a potential mech-
anism of resistance to ADT rather than an androgen-
independent mechanism. Abiraterone acetate suppresses
extragonadal androgen biosynthesis via inhibition of CYP17
(cytochrome P-450c17), an enzyme that has been shown to
be over expressed in castration-refractory disease. In a recent
2011 phase III multicenter trial, de Bono and colleagues
evaluated the efficacy of abiraterone in castration-refractory
patients with progression after docetaxel treatment. Patients
were randomized to receive prednisone with either abi-
raterone or placebo and there was a median follow-up time
of 12.8 months among the 1195 enrolled patients. A clear
survival benefit was reported in the abiraterone-prednisone
group, with a 35.4% reduction in the risk of death compared
to the placebo cohort (hazard ratio, 0.65) which translated
into an increase in overall survival of 3.9 months (14.8
versus 13.9 months). Secondary end points including PSA
progression, progression-free survival and PSA response rate
also favored the patients whom received abiraterone. Of
note, while both treatment cohorts received prednisone as
part of the treatment regimen, steroid-related toxicities and
side effects were more frequent among patients receiving
the androgen biosynthesis inhibitor. However, the general
consensus regarding this study is that abiraterone acetate
plus prednisone is effective in prolonging overall survival
with minimal increase in additional toxicities for patients
with metastatic castration-refractory prostate cancer with
progression after chemotherapy [88, 89].

A new therapy, MDV3100, targets androgen receptor-
mediated treatment resistance with a distinct mechanism of
action to that of abiraterone. While the concept of androgen-
receptor antagonism is not a novel concept, MDV3100
is notable for its extremely high receptor-binding affinity,
ability to induce tumor cell apoptosis and pure androgen
receptor antagonism [90]. These characteristics ensure more
effective androgen signaling blockade in comparison to other
agents such as bicalutamide that have a relatively lower
receptor binding affinity and may exhibit partial agonism
at the androgen receptor; a potential cause of refractory
disease. Although, this agent is not as far along as sipuleucel-
T and abiraterone in terms of clinical testing, a phase 1-
2 study by Scher et al. has generated cautious optimism
regarding MDV3100. This multicenter dose-escalation trial
enrolled 140 patients with progression metastatic castration-
refractory disease in order to assess the safety and toler-
ability of MDV3100 as well as to establish the maximum
tolerated dose. The maximum tolerated dose was determined
to be 240 mg/day and the most predominant grade 3-4
treatment-related toxicity was dose-dependent fatigue. Of
note, antitumor effects were appreciated at all doses. This
study has helped to corroborate that persistent androgen-
receptor signaling is veritable target for castration-refractory
disease and further preclinical and clinical studies are need
to decided whether MDV3100 can truly impact outcomes
among prostate cancer patients [91].

6. Conclusion

While considerable progress has been made in the treatment
of high-risk prostate cancer, there is a clear need to continue
prospective randomized clinical trials in order to optimize
treatments. Combination therapies involving radiotherapy,
androgen deprivation therapy, surgery and chemotherapy
have yielded varied success. Importantly, the combination of
long-term ADT and radiotherapy and has been particularly
successful and chemotherapy may have the potential further
improve outcomes. As we continue to appreciate the additive
and synergistic effects of multimodality therapy, we must also
acknowledge the potential for additive toxicities.

References

[1] D. F. Penson and J. M. Chan, “Prostate cancer,” Journal of
Urology, vol. 177, no. 6, pp. 2020–2029, 2007.

[2] A. Jemal, R. Siegel, J. Xu, and E. Ward, “Cancer statistics,
2010,” CA Cancer Journal for Clinicians, vol. 60, no. 5, pp. 277–
300, 2010.

[3] A. W. Partin, M. W. Kattan, E. N. Subong et al., “Combination
of prostate-specific antigen, clinical stage, and Gleason score
to predict pathological stage of localized prostate cancer. A
multi-institutional update,” Journal of the American Medical
Association, vol. 277, no. 18, pp. 1445–1451, 1997.

[4] A. V. D’Amico, R. Whittington, S. B. Malkowicz et al.,
“A multivariate analysis of clinical and pathological factors
that predict for prostate specific antigen failure after radical
prostatectomy for prostate cancer,” Journal of Urology, vol. 154,
no. 1, pp. 131–138, 1995.

[5] P. Kupelian, J. Katcher, H. Levin, C. Zippe, and E. Klein,
“Correlation of clinical and pathologic factors with rising
prostate-specific antigen profiles after radical prostatectomy
alone for clinically localized prostate cancer,” Urology, vol. 48,
no. 2, pp. 249–260, 1996.

[6] B. A. Lowe and S. F. Lieberman, “Disease recurrence and
progression in untreated pathologic stage T3 prostate cancer:
selecting the patient for adjuvant therapy,” Journal of Urology,
vol. 158, no. 4, pp. 1452–1456, 1997.

[7] G. A. Green, A. L. Hanlon, T. Al-Saleem, and G. E. Hanks,
“A Gleason score of 7 predicts a worse outcome for prostate
carcinoma patients treated with radiotherapy,” Cancer, vol. 83,
no. 5, pp. 971–976, 1998.

[8] J. I. Epstein, C. R. Pound, A. W. Partin, and P. C. Walsh,
“Disease progression following radical prostatectomy in men
with Gleason score 7 tumor,” Journal of Urology, vol. 160, no.
1, pp. 97–101, 1998.

[9] P. C. Albertsen, D. G. Fryback, B. E. Storer, T. F. Kolon, and
J. Fine, “Long-term survival among men with conservatively
treated localized prostate cancer,” Journal of the American
Medical Association, vol. 274, no. 8, pp. 626–631, 1995.

[10] P. C. Albertsen, “A challenge to contemporary management of
prostate cancer,” Nature Clinical Practice Urology, vol. 6, no. 1,
pp. 12–13, 2009.

[11] M. Spahn, S. Joniau, P. Gontero et al., “Outcome predictors
of radical prostatectomy in patients with prostate-specific
antigen greater than 20 ng/ml: a European multi-institutional
study of 712 patients,” European Urology, vol. 58, no. 1, pp. 1–
7, 2010.

[12] J. Walz, S. Joniau, F. K. Chun et al., “Pathological results and
rates of treatment failure in high-risk prostate cancer patients



Advances in Urology 9

after radical prostatectomy,” The British Journal of Urology
International, vol. 107, no. 5, pp. 765–770, 2011.

[13] A. V. D’Amico, R. Whittington, S. B. Malkowicz et al.,
“Biochemical outcome after radical prostatectomy, external
beam radiation therapy, or interstitial radiation therapy for
clinically localized prostate cancer,” Journal of the American
Medical Association, vol. 280, no. 11, pp. 969–974, 1998.

[14] S. A. Rosenthal, K. Bae, K. J. Pienta et al., “Phase III multi-
institutional trial of adjuvant chemotherapy with paclitaxel,
estramustine, and oral etoposide combined with long-term
androgen suppression therapy and radiotherapy versus long-
term androgen suppression plus radiotherapy alone for high-
risk prostate cancer: preliminary toxicity analysis of RTOG
99–02,” International Journal of Radiation Oncology Biology
Physics, vol. 73, no. 3, pp. 672–678, 2009.

[15] A. R. Patel, H. M. Sandler, and K. J. Pienta, “Radiation
Therapy Oncology Group 0521: a phase III randomized trial of
androgen suppression and radiation therapy versus androgen
suppression and radiation therapy followed by chemotherapy
with docetaxel/prednisone for localized, high-risk prostate
cancer,” Clinical Genitourinary Cancer, vol. 4, no. 3, pp. 212–
214, 2005.

[16] The NCCN Clinical Practice Guidelines in OncologyTM

Prostate Cancer V.1.2011 c© 2011 National Comprehensive
Cancer Network, Inc.

[17] S. A. Rosenthal and H. M. Sandler, “Treatment strategies for
high-risk locally advanced prostate cancer,” Nature Reviews
Urology, vol. 7, no. 1, pp. 31–38, 2010.

[18] W. K. Oh and P. W. Kantoff, “Treatment of locally advanced
prostate cancer: is chemotherapy the next step?” Journal of
Clinical Oncology, vol. 17, no. 11, pp. 3664–3675, 1999.

[19] T. M. Pisansky, M. J. Kahn, and D. G. Bostwick, “An enhanced
prognostic system for clinically localized carcinoma of the
prostate,” Cancer, vol. 79, no. 11, pp. 2154–2161, 1997.

[20] M. Soloway and M. Roach III, “Prostate cancer progression
after therapy of primary curative intent: a review of data from
the prostate-specific antigen era,” Cancer, vol. 104, no. 11, pp.
2310–2322, 2005.

[21] M. J. Zelefsky, E. J. Levin, M. Hunt et al., “Incidence of late
rectal and urinary toxicities after three-dimensional confor-
mal radiotherapy and intensity-modulated radiotherapy for
localized prostate cancer,” International Journal of Radiation
Oncology Biology Physics, vol. 70, no. 4, pp. 1124–1129, 2008.

[22] A. Pollack, G. K. Zagars, G. Starkschall et al., “Prostate cancer
radiation dose response: results of the M. D. Anderson phase
III randomized trial,” International Journal of Radiation
Oncology Biology Physics, vol. 53, no. 5, pp. 1097–1105, 2002.

[23] A. L. Zietman, M. L. DeSilvio, J. D. Slater et al., “Comparison
of conventional-dose vs high-dose conformal radiation ther-
apy in clinically localized adenocarcinoma of the prostate: a
randomized controlled trial,” Journal of the American Medical
Association, vol. 294, no. 10, pp. 1233–1239, 2005.

[24] S. T. Peeters, W. D. Heemsbergen, P. C. Koper et al., “Dose-
response in radiotherapy for localized prostate cancer:
results of the Dutch multicenter randomized phase III trial
comparing 68 Gy of radiotherapy with 78 Gy,” Journal of
Clinical Oncology, vol. 24, no. 13, pp. 1990–1996, 2006.

[25] Z. A. Alicikus, Y. Yamada, Z. Zhang et al., “Ten-year outcomes
of high-dose, intensity-modulated radiotherapy for localized
prostate cancer,” Cancer, vol. 117, no. 7, pp. 1429–1437, 2011.

[26] D. A. Kuban, S. L. Tucker, L. Dong et al., “Long-term results of
M.D. Anderson randomized dose-escalation trial for prostate

cancer,” International Journal of Radiation Oncology Biology
Physics, vol. 70, no. 1, pp. 67–74, 2008.

[27] G. A. Pesce, A. Clivio, A. Cozzi et al., “Early clinical experience
of radiotherapy of prostate cancer with volumetric modulated
arc therapy,” Radiation Oncology, vol. 5, no. 1, article 54, 2010.

[28] M. T. Davidson, S. J. Blake, D. L. Batchelar, P. Cheung, and
K. Mah, “Assessing the role of volumetric modulated arc
therapy (VMAT) relative to IMRT and helical tomotherapy
in the management of localized, locally advanced, and post-
operative prostate cancer,” International Journal of Radiation
Oncology Biology Physics, vol. 80, no. 5, pp. 1550–1558, 2011.

[29] R. W. Kopp, M. Duff, F. Catalfamo, D. Shah, M. Rajecki, and
K. Ahmad, “VMAT vs. 7-field-IMRT: assessing the dosimetric
parameter of prostate cancer treatment with a 292-patient
sample,” Medical Dosimetry. In press.

[30] V. Murthy, S. Malik, Z. Master, P. K. Sharma, U. Mahantshetty,
and S. K. Shrivastava, “Does helical tomotherapy improve
dose conformity and normal tissue sparing compared to
conventional IMRT? A dosimetric comparison in high risk
prostate cancer,” Technology in Cancer Research and Treatment,
vol. 10, no. 2, pp. 179–185, 2011.

[31] X. A. Li, J. Z. Wang, P. A. Jursinic, C. A. Lawton, and D. Wang,
“Dosimetric advantages of IMRT simultaneous integrated
boost for high-risk prostate cancer,” International Journal
of Radiation Oncology Biology Physics, vol. 61, no. 4, pp.
1251–1257, 2005.

[32] A. V. D’Amico, J. Manola, M. Loffredo, A. A. Renshaw,
A. DellaCroce, and P. W. Kantoff, “6-Month androgen
suppression plus radiation therapy vs radiation therapy
alone for patients with clinically localized prostate cancer: a
randomized controlled trial,” Journal of the American Medical
Association, vol. 292, no. 7, pp. 821–827, 2004.

[33] A. L. Zietman, E. A. Prince, B. M. Nakfoor, and J. J. Park,
“Androgen deprivation and radiation therapy: sequencing
studies using the Shionogi in vivo tumor system,” International
Journal of Radiation Oncology Biology Physics, vol. 38, no. 5,
pp. 1067–1070, 1997.

[34] J. M. Kaminski, A. L. Hanlon, D. L. Joon, M. Meistrich, P.
Hachem, and A. Pollack, “Effect of sequencing of androgen
deprivation and radiotherapy on prostate cancer growth,”
International Journal of Radiation Oncology Biology Physics,
vol. 57, no. 1, pp. 24–28, 2003.

[35] L. G. Gomella, J. Singh, C. Lallas, and E. J. Trabulsi, “Hormone
therapy in the management of prostate cancer: evidence-based
approaches,” Therapeutic Advances in Urology, vol. 2, no. 4,
pp. 171–181, 2010.

[36] M. Bolla, D. Gonzalez, P. Warde et al., “Improved survival in
patients with locally advanced prostate cancer treated with
radiotherapy and goserelin,” The New England Journal of
Medicine, vol. 337, no. 5, pp. 295–300, 1997.

[37] M. Bolla, L. Collette, L. Blank et al., “Long-term results with
immediate androgen suppression and external irradiation in
patients with locally advanced prostate cancer (an EORTC
study): a phase III randomised trial,” The Lancet, vol. 360, no.
9327, pp. 103–106, 2002.

[38] M. Bolla, G. Van Tienhoven, P. Warde et al., “External
irradiation with or without long-term androgen suppression
for prostate cancer with high metastatic risk: 10-year results
of an EORTC randomised study,” The Lancet Oncology, vol.
11, no. 11, pp. 1066–1073, 2010.

[39] A. Widmark, O. Klepp, A. Solberg et al., “Endocrine treatment,
with or without radiotherapy, in locally advanced prostate



10 Advances in Urology

cancer (SPCG-7/SFUO-3): an open randomised phase III
trial,” The Lancet, vol. 373, no. 9660, pp. 301–308, 2009.

[40] A. V. D’Amico, M. H. Chen, A. A. Renshaw, M. Loffredo,
and P. W. Kantoff, “Androgen suppression and radiation
vs radiation alone for prostate cancer: a randomized trial,”
Journal of the American Medical Association, vol. 299, no. 3,
pp. 289–295, 2008.

[41] N. L. Keating, A. J. O’Malley, S. J. Freedland, and M. R.
Smith, “Diabetes and cardiovascular disease during androgen
deprivation therapy: observational study of veterans with
prostate cancer,” Journal of the National Cancer Institute, vol.
102, no. 1, pp. 39–46, 2010.

[42] A. V. D’Amico, J. W. Denham, J. Crook et al., “Influence
of androgen suppression therapy for prostate cancer on the
frequency and timing of fatal myocardial infarctions,” Journal
of Clinical Oncology, vol. 25, no. 17, pp. 2420–2425, 2007.

[43] M. Bolla, T. M. de Reijke, G. Van Tienhoven et al., “Duration
of androgen suppression in the treatment of prostate cancer,”
The New England Journal of Medicine, vol. 360, no. 24, pp.
2516–2527, 2009.

[44] E. M. Horwitz, K. Bae, G. E. Hanks et al., “Ten-year follow-up
of radiation therapy oncology group protocol 92-02: a phase
III trial of the duration of elective androgen deprivation in
locally advanced prostate cancer,” Journal of Clinical Oncology,
vol. 26, no. 15, pp. 2498–2504, 2008.

[45] J. Crook, C. Ludgate, S. Malone et al., “Final report of
multicenter Canadian Phase III randomized trial of 3 versus
8 months of neoadjuvant androgen deprivation therapy
before conventional-dose radiotherapy for clinically localized
prostate cancer,” International Journal of Radiation Oncology
Biology Physics, vol. 73, no. 2, pp. 327–333, 2009.

[46] M. V. Pilepich, K. Winter, M. J. John et al., “Phase III radiation
therapy oncology group (RTOG) trial 86-10 of androgen
deprivation adjuvant to definitive radiotherapy in locally
advanced carcinoma of the prostate,” International Journal
of Radiation Oncology Biology Physics, vol. 50, no. 5, pp.
1243–1252, 2001.

[47] S. Kumar, M. D. Shelley, C. Harrison, B. Coles, T. J. Wilt, and
M. D. Mason, “Neo-adjuvant and adjuvant hormone therapy
for localised and locally advanced prostate cancer,” Cochrane
Database of Systematic Reviews, no. 4, article CD006019, 2006.

[48] M. D. Shelley, S. Kumar, T. Wilt, J. Staffurth, B. Coles, and
M. D. Mason, “A systematic review and meta-analysis of
randomised trials of neo-adjuvant hormone therapy for
localised and locally advanced prostate carcinoma,” Cancer
Treatment Reviews, vol. 35, no. 1, pp. 9–17, 2009.

[49] A. V. D’Amico, B. J. Moran, M. H. Braccioforte et al., “Risk of
death from prostate cancer after brachytherapy alone or with
radiation, androgen suppression therapy, or both in men with
high-risk disease,” Journal of Clinical Oncology, vol. 27, no. 24,
pp. 3923–3938, 2009.

[50] W. K. Lau, E. J. Bergstralh, M. L. Blute, J. M. Slezak, and H.
Zincke, “Radical prostatectomy for pathological gleason 8 or
greater prostate cancer: influence of concomitant pathological
variables,” Journal of Urology, vol. 167, no. 1, pp. 117–122,
2002.

[51] M. J. Zelefsky, J. A. Eastham, A. M. Cronin et al., “Metastasis
after radical prostatectomy or external beam radiotherapy for
patients with clinically localized prostate cancer: a comparison
of clinical cohorts adjusted for case mix,” Journal of Clinical
Oncology, vol. 28, no. 9, pp. 1508–1513, 2010.

[52] F. Abdollah, M. Sun, R. Thuret et al., “A competing-risks
analysis of survival after alternative treatment modalities for

prostate cancer patients: 1988–2006,” European Urology, vol.
59, no. 1, pp. 88–95, 2011.

[53] M. Bolla, H. van Poppel, L. Collette et al., “Postoperative
radiotherapy after radical prostatectomy: a randomised
controlled trial (EORTC trial 22911),” The Lancet, vol. 366,
no. 9485, pp. 572–576, 2005.

[54] I. M. Thompson, C. M. Tangen, J. Paradelo et al., “Adjuvant
radiotherapy for pathologically advanced prostate cancer: a
randomized clinical trial,” Journal of the American Medical
Association, vol. 296, no. 19, pp. 2329–2335, 2006.

[55] T. Wiegel, D. Bottke, U. Steiner et al., “Phase III postoperative
adjuvant radiotherapy after radical prostatectomy compared
with radical prostatectomy alone in pT3 prostate cancer with
postoperative undetectable prostate-specific antigen: ARO
96-02/AUO AP 09/95,” Journal of Clinical Oncology, vol. 27,
no. 18, pp. 2924–2930, 2009.

[56] I. M. Thompson, C. M. Tangen, J. Paradelo et al., “Adjuvant
radiotherapy for pathological T3N0M0 prostate cancer
significantly reduces risk of metastases and improves survival:
long-term follow up of a randomized clinical trial,” Journal of
Urology, vol. 181, no. 3, pp. 956–962, 2009.

[57] M. Spahn, C. Weiss, P. Bader et al., “Long-term outcome
of patients with high-risk prostate cancer following radical
prostatectomy and stage-dependent adjuvant androgen
deprivation,” Urologia Internationalis, vol. 84, no. 2, pp.
164–173, 2010.

[58] M. V. Pilepich, J. M. Krall, M. Al-Sarraf et al., “Androgen
deprivation with radiation therapy compared with radiation
therapy alone for locally advanced prostatic carcinoma: a
randomized comparative trial of the Radiation Therapy
Oncology Group,” Urology, vol. 45, no. 4, pp. 616–623, 1995.

[59] C. J. Tyrrell, “Controversies in the management of advanced
prostate cancer,” The British Journal of Cancer, vol. 79, no. 1,
pp. 146–155, 1999.

[60] I. F. Tannock, D. Osoba, M. R. Stockler et al., “Chemotherapy
with mitoxantrone plus prednisone or prednisone alone for
symptomatic hormone-resistant prostate cancer: a Canadian
randomized trial with palliative end points,” Journal of Clinical
Oncology, vol. 14, no. 6, pp. 1756–1764, 1996.

[61] P. W. Kantoff, S. Halabi, M. Conaway et al., “Hydrocortisone
with or without mitoxantrone in men with hormone-
refractory prostate cancer: results of the cancer and leukemia
group B 9182 study,” Journal of Clinical Oncology, vol. 17, no.
8, pp. 2506–2513, 1999.

[62] D. P. Petrylak, C. M. Tangen, M. H. Hussain et al., “Docetaxel
and estramustine compared with mitoxantrone and pred-
nisone for advanced refractory prostate cancer,” The New Eng-
land Journal of Medicine, vol. 351, no. 15, pp. 1513–1520, 2004.

[63] J. P. Machiels, F. Mazzeo, M. Clausse et al., “Prospective
randomized study comparing docetaxel, estramustine, and
prednisone with docetaxel and prednisone in metastatic
hormone-refractory prostate cancer,” Journal of Clinical
Oncology, vol. 26, no. 32, pp. 5261–5268, 2008.

[64] I. F. Tannock, R. de Wit, W. R. Berry et al., “Docetaxel plus
prednisone or mitoxantrone plus prednisone for advanced
prostate cancer,” The New England Journal of Medicine, vol.
351, no. 15, pp. 1502–1512, 2004.

[65] D. R. Berthold, G. R. Pond, F. Soban, R. de Wit, M.
Eisenberger, and I. F. Tannock, “Docetaxel plus prednisone or
mitoxantrone plus prednisone for advanced prostate cancer:
updated survival in the TAX 327 study,” Journal of Clinical
Oncology, vol. 26, no. 2, pp. 242–245, 2008.



Advances in Urology 11

[66] J. D. Hainsworth, H. A. Burris III, D. A. Yardley et al., “Weekly
docetaxel in the treatment of elderly patients with advanced
breast cancer: a Minnie Pearl Cancer Research Network phase
II trial,” Journal of Clinical Oncology, vol. 19, no. 15, pp.
3500–3505, 2001.

[67] P. G. Rose, J. A. Blessing, H. G. Ball et al., “A phase
II study of docetaxel in paclitaxel-resistant ovarian and
peritoneal carcinoma: a Gynecologic Oncology Group study,”
Gynecologic Oncology, vol. 88, no. 2, pp. 130–135, 2003.

[68] S. Kudoh, K. Takeda, K. Nakagawa et al., “Phase III study of
docetaxel compared with vinorelbine in elderly patients with
advanced non-small-cell lung cancer: results of the West Japan
Thoracic Oncology Group trial (WJTOG 9904),” Journal of
Clinical Oncology, vol. 24, no. 22, pp. 3657–3663, 2006.

[69] C. Hennequin, N. Giocanti, and V. Favaudon, “Interaction
of ionizing radiation with paclitaxel (Taxol) and docetaxel
(Taxotere) in HeLa and SQ20B cells,” Cancer Research, vol. 56,
no. 8, pp. 1842–1850, 1996.

[70] L. Milas, M. M. Milas, and K. A. Mason, “Combination of tax-
anes with radiation: preclinical studies,” Seminars in Radiation
Oncology, vol. 9, no. 2, supplement 1, pp. 12–26, 1999.

[71] K. A. Mason, N. R. Hunter, M. Milas, J. L. Abbruzzese, and
L. Milas, “Docetaxel enhances tumor radioresponse in vivo,”
Clinical Cancer Research, vol. 3, no. 12, part 1, pp. 2431–2438,
1997.

[72] P. Kumar, M. Perrotti, R. Weiss et al., “Phase I trial of weekly
docetaxel with concurrent three-dimensional conformal
radiation therapy in the treatment of unfavorable localized
adenocarcinoma of the prostate,” Journal of Clinical Oncology,
vol. 22, no. 10, pp. 1909–1915, 2004.

[73] M. Perrotti, T. Doyle, P. Kumar et al., “Phase I/II trial of
docetaxel and concurrent radiation therapy in localized
high-risk prostate cancer (AGUSG 03-10),” Urologic Oncology,
vol. 26, no. 3, pp. 276–280, 2008.

[74] N. J. Sanfilippo, S. S. Taneja, A. Chachoua, H. Lepor, and
S. C. Formenti, “Phase I/II study of biweekly paclitaxel and
radiation in androgen-ablated locally advanced prostate
cancer,” Journal of Clinical Oncology, vol. 26, no. 18, pp.
2973–2978, 2008.

[75] M. Hussain, D. C. Smith, B. F. El-Rayes et al., “Neoadjuvant
docetaxel and estramustine chemotherapy in high-risk/locally
advanced prostate cancer,” Urology, vol. 61, no. 4, pp. 774–780,
2003.

[76] D. Hirano, Y. Nagane, K. Satoh et al., “Neoadjuvant LHRH
analog plus estramustine phosphate combined with three-
dimensional conformal radiotherapy for intermediate- to
high-risk prostate cancer: a randomized study,” International
Urology and Nephrology, vol. 42, no. 1, pp. 81–88, 2010.

[77] T. W. Flaig, C. M. Tangen, M. H. A. Hussain et al., “Randomi-
zation reveals unexpected acute leukemias in Southwest
Oncology Group prostate cancer trial,” Journal of Clinical
Oncology, vol. 26, no. 9, pp. 1532–1536, 2008.

[78] T. B. Dorff, T. W. Flaig, C. M. Tangen et al., “Adjuvant
androgen deprivation for high-risk prostate cancer after
radical prostatectomy: SWOG S9921 study,” Journal of Clinical
Oncology, vol. 29, no. 15, pp. 2040–2045, 2011.

[79] J. A. Eastham, W. K. Kelly, G. D. Grossfeld, and E. J.
Small, “Cancer and Leukemia Group B (CALGB) 90203: a
randomized phase 3 study of radical prostatectomy alone
versus estramustine and docetaxel before radical prostatecto-
my for patients with high-risk localized disease,” Urology, vol.
62, no. 1, pp. 55–62, 2003.

[80] C. H. Shu, W. K. Yang, Y. L. Shih, M. L. Kuo, and T. S. Huang,
“Cell cycle G2/M arrest and activation of cyclin-dependent
kinases associated with low-dose paclitaxel-induced sub-G1
apoptosis,” Apoptosis, vol. 2, no. 5, pp. 463–470, 1997.

[81] S. C. Formenti, W. F. Symmans, M. Volm et al., “Concurrent
paclitaxel and radiation therapy for breast cancer,” Seminars
in Radiation Oncology, vol. 9, no. 2, pp. 34–42, 1999.

[82] E. J. Small, P. Fratesi, D. M. Reese et al., “Immunotherapy
of hormone refractory prostate cancer with antigen-loaded
dendritic cells,” Journal of Clinical Oncology, vol. 18, no. 23,
pp. 3894–3903, 2000.

[83] P. A. Burch, J. K. Breen, J. C. Buckner et al., “Priming tissue-
specific cellular immunity in a phase I trial of autologous
dendritic cells for prostate cancer,” Clinical Cancer Research,
vol. 6, no. 6, pp. 2175–2182, 2000.

[84] P. A. Burch, G. A. Croghan, D. A. Gastineau et al., “Im-
munotherapy (APC8015, Provenge) targeting prostatic acid
phosphatase can induce durable remission of metastatic
androgen-independent prostate cancer: a phase 2 trial,”
Prostate, vol. 60, no. 3, pp. 197–204, 2004.

[85] E. J. Small, P. F. Schellhammer, C. S. Higano et al., “Placebo-
controlled phase III trial of immunologic therapy with
Sipuleucel-T (APC8015) in patients with metastatic, asymp-
tomatic hormone refractory prostate cancer,” Journal of
Clinical Oncology, vol. 24, no. 19, pp. 3089–3094, 2006.

[86] C. S. Higano, P. F. Schellhammer, E. J. Small et al., “Integrated
data from 2 randomized, double-blind, placebo-controlled,
phase 3 trials of active cellular immunotherapy with sipuleu-
cel-T in advanced prostate cancer,” Cancer, vol. 115, no. 16,
pp. 3670–3679, 2009.

[87] P. W. Kantoff, C. S. Higano, N. D. Shore et al., “Sipuleucel-T
immunotherapy for castration-resistant prostate cancer,” The
New England Journal of Medicine, vol. 363, no. 5, pp. 411–422,
2010.

[88] D. C. Danila, M. J. Morris, J. S. de Bono et al., “Phase II
multicenter study of abiraterone acetate plus prednisone
therapy in patients with docetaxel-treated castration-resistant
prostate cancer,” Journal of Clinical Oncology, vol. 28, no. 9,
pp. 1496–1501, 2010.

[89] J. S. de Bono, C. J. Logothetis, A. Molina et al., “Abiraterone
and increased survival in metastatic prostate cancer,” The New
England Journal of Medicine, vol. 364, no. 21, pp. 1995–2005,
2011.

[90] C. Tran, S. Ouk, N. J. Clegg et al., “Development of a second-
generation antiandrogen for treatment of advanced prostate
cancer,” Science, vol. 324, no. 5928, pp. 787–790, 2009.

[91] H. I. Scher, T. M. Beer, C. S. Higano et al., “Antitumour activity
of MDV3100 in castration-resistant prostate cancer: a phase 1-
2 study,” The Lancet, vol. 375, no. 9724, pp. 1437–1446, 2010.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


