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Abstract

The� role� of� androgen� deprivation� therapy� (ADT)� has� been� explored� in� combination� with� surgery,� brachytherapy,� and� external� beam
radiotherapy�with�the�goal�of�improving�local�control�and�overall�survival.�Multiple�cooperative�groups’�studies�strongly�support�the�use�of
neoadjuvant� ADT� treated� with� definitive� external� beam� radiotherapy.� Neoadjuvant� androgen� deprivation� improves� intraprostatic� local
control�with�external�beam�radiotherapy�and�reduces�the�second�wave�of�distant�metastases.�Neoadjuvant�androgen�deprivation�achieves�this
endpoint�through�“sensitization”�of�the�tumor�to�radiation�and�through�improved�oxygenation.�However,�the�use�of�neoadjuvant�ADT�before
radical� prostatectomy� and� brachytherapy� is� controversial.� There� are� ongoing� clinical� trials� that� will� hopefully� better� define� patient
populations�that�will�benefit�from�hormonal�deprivation�therapy.� Published�by�Elsevier�Inc.

Keywords:�Androgen�deprivation;�Prostate�cancer;�External�beam�radiotherapy;�Brachytherapy

Introduction

Over�the�last�20�years,�there�have�been�many�advances
in� the� management� of� patients� with� localized� prostate
cancer.�In�addition�to�technological�improvements,�there
is�a�greater�awareness�of� the�role�of�multimodality� ther-
apy� and� an� improved� understanding� of� prostate� cancer
risk�stratification�based�on�patient�outcome,�which�allow
physicians� to� tailor� treatment� appropriately� to� the� indi-
vidual� patient.� Androgen� deprivation,� as� a� therapeutic
intervention,�was�first� introduced� in�1941�after�prostatic
cells� were� noted� to� demonstrate� androgen� dependence
[1].�Since�then,�the�role�of�androgen�deprivation�therapy
(ADT)� has� been� explored� in� combination� with� surgery,
brachytherapy,� and�external�beam� radiotherapy�with� the
goal� of� improving� local� control� and� overall� survival.
Although� multiple� cooperative� groups’� studies� strongly
support� the�use�of�neoadjuvant�ADT� treated�with�defin-
itive�external�beam�radiotherapy�[2,3],�the�use�of�neoad-
juvant�ADT�before�radical�prostatectomy�and�brachyther-
apy� is� controversial.� In� conjunction� with� radical
prostatectomy,� neoadjuvant� hormonal� ablative� therapy
has�been�shown�to�decrease� the�rate�of�positive�surgical
margins� [4 –7],� however,� these� studies�have�not� demon-

strated� a� similar� benefit� with� regards� to� seminal� vesicle
invasion� [7,8]� or� lymph� node� metastases� [5,7].� In� addi-
tion,� some� studies� suggest� no� significant� difference� in
operative�time�[7],�operative�blood�loss�[4],�hospital�stay
[4,7],� or� complication� rate� [4]� in� patients� treated� with
neoadjuvant� hormonal� deprivation� compared� with� con-
trols.�Most�importantly,�these�studies�have�failed�to�dem-
onstrate�an�improvement�in�biochemical�failure-free�sur-
vival,�a�surrogate�often�used�for�clinical�progression-free
survival� in� patients� with� clinically� localized� disease
[9 –11].

In�contrast,�androgen�deprivation�in�combination�with
external� beam� radiotherapy� and� brachytherapy� has� been
postulated�to�confer�both�technical�and�biological�advan-
tages.�Androgen�deprivation,�both�in�the�neoadjuvant�and
adjuvant�setting,�has�been�evaluated�in�combination�with
external�beam�radiotherapy.�Several�randomized�prospec-
tive� studies� have� shown� improvement� in� local� tumor
control�and�disease-specific�survival,�although�the�mech-
anisms�of�interaction�likely�vary�depending�of�the�timing
of�initiation�for�androgen�deprivation�therapy�[2,3,12,13].
In the setting of brachytherapy, however, neoadjuvant
androgen suppression has not been so well studied and
remains controversial. This review will focus on the role of
androgen deprivation therapy in combination with radiation
therapy and will attempt to explain why ADT is beneficial in
combination with external beam radiotherapy, but not surgery
or brachytherapy.
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Rationale for combining androgen deprivation therapy
with radiation

There are several theoretical benefits of treating clini-
cally localized prostate cancer patients with androgen de-
privation in combination with radiation therapy. Androgen
deprivation likely confers a technical benefit by reducing
the volume of the prostate, thereby decreasing treatment
volumes and the risk of treatment related morbidity. In
addition, androgen deprivation may allow for improved
biological control of disease when used prior to and during
external beam radiotherapy by inhibiting repopulation of
cancer cells, thereby increasing the rate of intraprostatic
local control. Lastly, adjuvant androgen deprivation may
theoretically confer a biologic advantage by eradicating
distant micrometastases and, consequently, reduce the risk
of distant failure.

Technical advantage: Volume reduction

External beam

Several studies have shown that volume of normal tis-
sues exposed to high doses of irradiation is a critical factor
in determining risk of treatment-related complications
[14,15]. Smit et al. reported a direct correlation between the
incidence of radiation proctitis and the volume of rectum
receiving !75 Gy delivered via conformal radiation therapy
[14]. In addition, dose volume histogram (DVH) analyses
have been performed to evaluate the dosimetric benefits
resulting from prostate down staging induced by neoadju-
vant hormonal therapy. A study published by Zelefsky et al.
reviewed the MSKCC experience of 45 patients who were
prospectively evaluated with detailed DVH analyses to de-
termine the extent of improvement of the geometry of target
volume. A median reduction of rectal and bladder volumes
receiving 95% of the prescription dose (D95) were reported
at 18% and 46%, respectively. In addition, 91% of patients
had a reduction in small bowel volume in the range of 27%
to 100% of prehormonal values [15]. Based on these find-
ings, it has been suggested that neoadjuvant androgen de-
privation may reduce treatment-related side effects by
downsizing the prostate, and as a result, reduce the treat-
ment field size and normal tissue exposure for patients
treated with external beam radiotherapy (Fig. 1). To date,
however, there have been no published clinical studies that
have demonstrated reduced treatment-related urinary or rec-
tal morbidity after the use of neoadjuvant hormonal therapy.
Furthermore, the risk for permanent impotence is increased.

Brachytherapy

Larger prostate size has been considered a relative con-
traindication to brachytherapy for two main reasons. First, it
can be difficult to successfully implant enlarged prostates as

the anterolateral gland may be shielded by the pubic arch
and rendered inaccessible to the needles. Neoadjuvant an-
drogen deprivation has also been used in patients with large
prostates who desire brachytherapy in order to make it
technically feasible. Second, some studies suggest that
larger prostate size may correlate with acute urinary mor-
bidity [16]. Some radiation oncologists will therefore pre-
scribe neoadjuvant ADT to shrink prostates with a volume
! 50 cc prior to proceeding with brachytherapy in the hope
of reducing morbidity [17,18]. Although this is a reasonable
hypothesis, several studies suggest that neoadjuvant ADT
does not in fact reduce the risk of acute urinary retention
[19,20], and may even increase it [21–23]. Crook et al. have
reported that prostate volume and androgen deprivation
therapy were independent predictors of acute urinary mor-
bidity after brachytherapy [21,23]. Moreover, a study pub-
lished by Mount Sinai observed increased incidence of
urinary retention in selected patients treated with neoadju-
vant ADT and 103Pd seed implantation [22]. Without im-
provement of acute urinary morbidity, the use of neoadju-
vant hormonal therapy exposes patients to significant side
effects including fatigue, hot flashes, and decreased libido,
without significant gain. Therefore, although neoadjuvant
ADT may confer technical advantages to external beam
radiotherapy, it does not appear to play a significant role in
brachytherapy.

Biological advantage: Improved local control with
neoadjuvant ADT

Another theoretical benefit of combining androgen de-
privation therapy and radiation is improvement in the effec-
tiveness of radiation, thereby increasing local tumor control.
As outcome data in the PSA era has slowly matured, it has
allowed for the efficacy of external beam radiotherapy
(EBRT) for prostate cancer to be defined. Kuban et al.
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Fig. 1. Neoadjuvant ADT may reduce treatment related side effects by
downsizing the prostate and therefore reducing the treatment field size and
normal tissue exposed. The yellow figure represents the bladder, the green
represents the rectum, and the red volume represents the prostate. The
volume of bladder and rectum in the treatment volume is decreased after
NAD. (Color version of figure is available online.)
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Abstract

The� role� of� androgen� deprivation� therapy� (ADT)� has� been� explored� in� combination� with� surgery,� brachytherapy,� and� external� beam
radiotherapy�with�the�goal�of�improving�local�control�and�overall�survival.�Multiple�cooperative�groups’�studies�strongly�support�the�use�of
neoadjuvant� ADT� treated� with� definitive� external� beam� radiotherapy.� Neoadjuvant� androgen� deprivation� improves� intraprostatic� local
control�with�external�beam�radiotherapy�and�reduces�the�second�wave�of�distant�metastases.�Neoadjuvant�androgen�deprivation�achieves�this
endpoint�through�“sensitization”�of�the�tumor�to�radiation�and�through�improved�oxygenation.�However,�the�use�of�neoadjuvant�ADT�before
radical� prostatectomy� and� brachytherapy� is� controversial.� There� are� ongoing� clinical� trials� that� will� hopefully� better� define� patient
populations�that�will�benefit�from�hormonal�deprivation�therapy.� Published�by�Elsevier�Inc.
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Introduction

Over�the�last�20�years,�there�have�been�many�advances
in� the� management� of� patients� with� localized� prostate
cancer.�In�addition�to�technological�improvements,�there
is�a�greater�awareness�of� the�role�of�multimodality� ther-
apy� and� an� improved� understanding� of� prostate� cancer
risk�stratification�based�on�patient�outcome,�which�allow
physicians� to� tailor� treatment� appropriately� to� the� indi-
vidual� patient.� Androgen� deprivation,� as� a� therapeutic
intervention,�was�first� introduced� in�1941�after�prostatic
cells� were� noted� to� demonstrate� androgen� dependence
[1].�Since�then,�the�role�of�androgen�deprivation�therapy
(ADT)� has� been� explored� in� combination� with� surgery,
brachytherapy,� and�external�beam� radiotherapy�with� the
goal� of� improving� local� control� and� overall� survival.
Although� multiple� cooperative� groups’� studies� strongly
support� the�use�of�neoadjuvant�ADT� treated�with�defin-
itive�external�beam�radiotherapy�[2,3],�the�use�of�neoad-
juvant�ADT�before�radical�prostatectomy�and�brachyther-
apy� is� controversial.� In� conjunction� with� radical
prostatectomy,� neoadjuvant� hormonal� ablative� therapy
has�been�shown�to�decrease� the�rate�of�positive�surgical
margins� [4 –7],� however,� these� studies�have�not� demon-

strated� a� similar� benefit� with� regards� to� seminal� vesicle
invasion� [7,8]� or� lymph� node� metastases� [5,7].� In� addi-
tion,� some� studies� suggest� no� significant� difference� in
operative�time�[7],�operative�blood�loss�[4],�hospital�stay
[4,7],� or� complication� rate� [4]� in� patients� treated� with
neoadjuvant� hormonal� deprivation� compared� with� con-
trols.�Most�importantly,�these�studies�have�failed�to�dem-
onstrate�an�improvement�in�biochemical�failure-free�sur-
vival,�a�surrogate�often�used�for�clinical�progression-free
survival� in� patients� with� clinically� localized� disease
[9 –11].

In�contrast,�androgen�deprivation�in�combination�with
external� beam� radiotherapy� and� brachytherapy� has� been
postulated�to�confer�both�technical�and�biological�advan-
tages.�Androgen�deprivation,�both�in�the�neoadjuvant�and
adjuvant�setting,�has�been�evaluated�in�combination�with
external�beam�radiotherapy.�Several�randomized�prospec-
tive� studies� have� shown� improvement� in� local� tumor
control�and�disease-specific�survival,�although�the�mech-
anisms�of�interaction�likely�vary�depending�of�the�timing
of�initiation�for�androgen�deprivation�therapy�[2,3,12,13].
In the setting of brachytherapy, however, neoadjuvant
androgen suppression has not been so well studied and
remains controversial. This review will focus on the role of
androgen deprivation therapy in combination with radiation
therapy and will attempt to explain why ADT is beneficial in
combination with external beam radiotherapy, but not surgery
or brachytherapy.
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privation in combination with radiation therapy. Androgen
deprivation likely confers a technical benefit by reducing
the volume of the prostate, thereby decreasing treatment
volumes and the risk of treatment related morbidity. In
addition, androgen deprivation may allow for improved
biological control of disease when used prior to and during
external beam radiotherapy by inhibiting repopulation of
cancer cells, thereby increasing the rate of intraprostatic
local control. Lastly, adjuvant androgen deprivation may
theoretically confer a biologic advantage by eradicating
distant micrometastases and, consequently, reduce the risk
of distant failure.

Technical advantage: Volume reduction

External beam

Several studies have shown that volume of normal tis-
sues exposed to high doses of irradiation is a critical factor
in determining risk of treatment-related complications
[14,15]. Smit et al. reported a direct correlation between the
incidence of radiation proctitis and the volume of rectum
receiving !75 Gy delivered via conformal radiation therapy
[14]. In addition, dose volume histogram (DVH) analyses
have been performed to evaluate the dosimetric benefits
resulting from prostate down staging induced by neoadju-
vant hormonal therapy. A study published by Zelefsky et al.
reviewed the MSKCC experience of 45 patients who were
prospectively evaluated with detailed DVH analyses to de-
termine the extent of improvement of the geometry of target
volume. A median reduction of rectal and bladder volumes
receiving 95% of the prescription dose (D95) were reported
at 18% and 46%, respectively. In addition, 91% of patients
had a reduction in small bowel volume in the range of 27%
to 100% of prehormonal values [15]. Based on these find-
ings, it has been suggested that neoadjuvant androgen de-
privation may reduce treatment-related side effects by
downsizing the prostate, and as a result, reduce the treat-
ment field size and normal tissue exposure for patients
treated with external beam radiotherapy (Fig. 1). To date,
however, there have been no published clinical studies that
have demonstrated reduced treatment-related urinary or rec-
tal morbidity after the use of neoadjuvant hormonal therapy.
Furthermore, the risk for permanent impotence is increased.

Brachytherapy

Larger prostate size has been considered a relative con-
traindication to brachytherapy for two main reasons. First, it
can be difficult to successfully implant enlarged prostates as

the anterolateral gland may be shielded by the pubic arch
and rendered inaccessible to the needles. Neoadjuvant an-
drogen deprivation has also been used in patients with large
prostates who desire brachytherapy in order to make it
technically feasible. Second, some studies suggest that
larger prostate size may correlate with acute urinary mor-
bidity [16]. Some radiation oncologists will therefore pre-
scribe neoadjuvant ADT to shrink prostates with a volume
! 50 cc prior to proceeding with brachytherapy in the hope
of reducing morbidity [17,18]. Although this is a reasonable
hypothesis, several studies suggest that neoadjuvant ADT
does not in fact reduce the risk of acute urinary retention
[19,20], and may even increase it [21–23]. Crook et al. have
reported that prostate volume and androgen deprivation
therapy were independent predictors of acute urinary mor-
bidity after brachytherapy [21,23]. Moreover, a study pub-
lished by Mount Sinai observed increased incidence of
urinary retention in selected patients treated with neoadju-
vant ADT and 103Pd seed implantation [22]. Without im-
provement of acute urinary morbidity, the use of neoadju-
vant hormonal therapy exposes patients to significant side
effects including fatigue, hot flashes, and decreased libido,
without significant gain. Therefore, although neoadjuvant
ADT may confer technical advantages to external beam
radiotherapy, it does not appear to play a significant role in
brachytherapy.

Biological advantage: Improved local control with
neoadjuvant ADT

Another theoretical benefit of combining androgen de-
privation therapy and radiation is improvement in the effec-
tiveness of radiation, thereby increasing local tumor control.
As outcome data in the PSA era has slowly matured, it has
allowed for the efficacy of external beam radiotherapy
(EBRT) for prostate cancer to be defined. Kuban et al.

Before NAD After NAD

Radiation
field borders

Fig. 1. Neoadjuvant ADT may reduce treatment related side effects by
downsizing the prostate and therefore reducing the treatment field size and
normal tissue exposed. The yellow figure represents the bladder, the green
represents the rectum, and the red volume represents the prostate. The
volume of bladder and rectum in the treatment volume is decreased after
NAD. (Color version of figure is available online.)
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Biological advantages: prior ADT increase the probability of eradicating 

tumor by irradiation 
 

expect to see mitigation of hypoxia in these tumors [36]. A
recent study reported by Milosevic et al. investigated the
impact of androgen deprivation therapy on hypoxia seen in
human prostate tumors. They measured intraprostatic oxy-
gen tension in 237 prostate cancer patients and reported
significant heterogeneity in oxygenation, with a range of
median pO2 from 0 to 75 mm Hg [37]. They subsequently
evaluated 22 patients treated with bicalutamide for 3 months
prior to dose escalated RT and found a significant but
heterogeneous improvement in tumor oxygenation. This is
the first study to demonstrate clinical evidence that andro-
gen deprivation increased prostate cancer oxygen levels,
and suggests an explanation for improved outcome ob-
served in large randomized trials evaluating combination
therapy [37].

In addition, animal studies have demonstrated that neo-
adjuvant suppression may enhance the effects of radiother-
apy. Using an androgen-responsive murine adenocarcinoma
Shionogi SC-115 model, Zietman et al. constructed a dose-
response curve and demonstrated a significant increase in
tumor control when radiation was combined with orchiec-
tomy compared to radiation alone. They observed that or-
chiectomy performed 12 days prior to radiation (neoadju-
vant therapy) produced a significantly greater decline in the
total dose required for 50% tumor control (TCD50) than
orchiectomy performed at day 1 or day 12 after radiation

(adjuvant therapy). The TCD50 for tumors receiving radia-
tion alone, synchronous androgen suppression, and neo-
adjuvant androgen suppression, were 89 Gy, 60 Gy, and
42 Gy, respectively (Fig. 3) [38]. These findings were
later confirmed in a study performed by Granfors et al.,
which showed delayed tumor regrowth when androgen
ablation was combined with suboptimal radiation doses
compared to radiation alone [39]. In total, these studies
suggest that neoadjuvant androgen deprivation enhances
local tumor control by improving tumor vascularity and
oxygenation and, consequently, increasing radiation tu-
mor sensitivity.

Evidence: Clinical studies evaluating neoadjuvant
ADT and external beam radiotherapy

Patients with locally advanced prostate cancer who have
been treated with standard doses of radiation alone have
been found to achieve cure less than 50% of the time. As a
result, multi-institutional cooperative groups evaluated
combination multimodality therapy in an attempt to im-
prove these results. The first randomized controlled trial
evaluating the role of neoadjuvant ADT was established by
the Radiation Therapy Oncology Group (RTOG). From
1987 to 1991, RTOG 86-10 accrued 456 patients with bulky
T2 (25 cm2 on examination) or locally advanced T3/T4
tumors with and without pelvic lymphadenopathy and ran-
domized them to receive either NADT 2 months prior and
during radiation or radiation alone. Given the lack of routine
PSA screening at the time of this trial, patients presented
with a median PSA of 33 and 70% of patients were found
with Gleason 7 or higher on biopsy. With a median fol-
low-up of 6.7 years, Pilepich et al. reported that in the subset
of patients with Gleason 2–6, the addition of androgen

Fig. 2. Schematic of changes in tumor vasculature with anti-angiogenic
therapy [33]. (Top left) Normal vasculature, composed of mature vessels
and maintained by the perfect balance of pro- and anti-angiogenic mole-
cules, might not change during the course of anti-angiogenic therapy. (Top
right) Abnormal tumor vasculature compromises the delivery of therapeu-
tics and nutrients. (Bottom left) Judiciously applied direct or indirect
anti-angiogenic therapies might prune immature vessels, leading to more
normalized tumor vasculature. (Bottom right) Rapid pruning of tumor
vasculature might reduce vasculature to the point that it is inadequate to
support tumor growth and might lead to tumor dormancy. (Color version of
figure is available online.)

Fig. 3. Dose-response curves for 6 mm Shionogi tumors grown and irra-
diated in the hind limbs of athymic nude mice [38]. Mice were treated with
either radiation alone, orchiectomy prior to radiation (neoadjuvant), or
orchiectomy following radiation (adjuvant). The error bars represent the
95% confidence intervals around the TCD50 values (radiation dose to
control 50% of tumors).
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Why�does�androgen�deprivation�enhance�the�results�of�radiation�therapy?
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Abstract

The� role� of� androgen� deprivation� therapy� (ADT)� has� been� explored� in� combination� with� surgery,� brachytherapy,� and� external� beam
radiotherapy�with�the�goal�of�improving�local�control�and�overall�survival.�Multiple�cooperative�groups’�studies�strongly�support�the�use�of
neoadjuvant� ADT� treated� with� definitive� external� beam� radiotherapy.� Neoadjuvant� androgen� deprivation� improves� intraprostatic� local
control�with�external�beam�radiotherapy�and�reduces�the�second�wave�of�distant�metastases.�Neoadjuvant�androgen�deprivation�achieves�this
endpoint�through�“sensitization”�of�the�tumor�to�radiation�and�through�improved�oxygenation.�However,�the�use�of�neoadjuvant�ADT�before
radical� prostatectomy� and� brachytherapy� is� controversial.� There� are� ongoing� clinical� trials� that� will� hopefully� better� define� patient
populations�that�will�benefit�from�hormonal�deprivation�therapy.� Published�by�Elsevier�Inc.

Keywords:�Androgen�deprivation;�Prostate�cancer;�External�beam�radiotherapy;�Brachytherapy

Introduction

Over�the�last�20�years,�there�have�been�many�advances
in� the� management� of� patients� with� localized� prostate
cancer.�In�addition�to�technological�improvements,�there
is�a�greater�awareness�of� the�role�of�multimodality� ther-
apy� and� an� improved� understanding� of� prostate� cancer
risk�stratification�based�on�patient�outcome,�which�allow
physicians� to� tailor� treatment� appropriately� to� the� indi-
vidual� patient.� Androgen� deprivation,� as� a� therapeutic
intervention,�was�first� introduced� in�1941�after�prostatic
cells� were� noted� to� demonstrate� androgen� dependence
[1].�Since�then,�the�role�of�androgen�deprivation�therapy
(ADT)� has� been� explored� in� combination� with� surgery,
brachytherapy,� and�external�beam� radiotherapy�with� the
goal� of� improving� local� control� and� overall� survival.
Although� multiple� cooperative� groups’� studies� strongly
support� the�use�of�neoadjuvant�ADT� treated�with�defin-
itive�external�beam�radiotherapy�[2,3],�the�use�of�neoad-
juvant�ADT�before�radical�prostatectomy�and�brachyther-
apy� is� controversial.� In� conjunction� with� radical
prostatectomy,� neoadjuvant� hormonal� ablative� therapy
has�been�shown�to�decrease� the�rate�of�positive�surgical
margins� [4 –7],� however,� these� studies�have�not� demon-

strated� a� similar� benefit� with� regards� to� seminal� vesicle
invasion� [7,8]� or� lymph� node� metastases� [5,7].� In� addi-
tion,� some� studies� suggest� no� significant� difference� in
operative�time�[7],�operative�blood�loss�[4],�hospital�stay
[4,7],� or� complication� rate� [4]� in� patients� treated� with
neoadjuvant� hormonal� deprivation� compared� with� con-
trols.�Most�importantly,�these�studies�have�failed�to�dem-
onstrate�an�improvement�in�biochemical�failure-free�sur-
vival,�a�surrogate�often�used�for�clinical�progression-free
survival� in� patients� with� clinically� localized� disease
[9 –11].

In�contrast,�androgen�deprivation�in�combination�with
external� beam� radiotherapy� and� brachytherapy� has� been
postulated�to�confer�both�technical�and�biological�advan-
tages.�Androgen�deprivation,�both�in�the�neoadjuvant�and
adjuvant�setting,�has�been�evaluated�in�combination�with
external�beam�radiotherapy.�Several�randomized�prospec-
tive� studies� have� shown� improvement� in� local� tumor
control�and�disease-specific�survival,�although�the�mech-
anisms�of�interaction�likely�vary�depending�of�the�timing
of�initiation�for�androgen�deprivation�therapy�[2,3,12,13].
In the setting of brachytherapy, however, neoadjuvant
androgen suppression has not been so well studied and
remains controversial. This review will focus on the role of
androgen deprivation therapy in combination with radiation
therapy and will attempt to explain why ADT is beneficial in
combination with external beam radiotherapy, but not surgery
or brachytherapy.
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1.  INTRODUCTION
1.1 Aims and scope
The European Association of Urology (EAU) Prostate Cancer Guidelines Panel have prepared this guidelines 
document to assist medical professionals assess the evidence-based management of prostate cancer (PCa). 

1.2 Panel composition
The Prostate Cancer Guidelines Panel consists of an international multidisciplinary group of urologists, 
radiation oncologists, medical oncologists, a radiologist, a pathologist and a patient stakeholder organisation 
representative.

1.2.1 Acknowledgement
The EAU Prostate Cancer Guidelines Panel are most grateful for the support and considerable expertise 
provided by Prof.Dr. J-P. Droz, Emeritus Professor of Medical Oncology (Lyon, France) for the topic of 
‘Management of prostate cancer in senior adults’. As a leading expert in this field, and prominent member of 
the International Society of Geriatric Oncology, his contribution has been invaluable.

1.2.2 Potential conflict of interest 
All experts involved in the production of this document have submitted potential conflict of interest statements.

1.3 Available publications
A quick reference document (Pocket guidelines) is available, both in print and in a number of versions for 
mobile devices. These are abridged versions which may require consultation together with the full text version. 
Several scientific publications are available [1, 2] as are a number of translations of all versions of the Prostate 
Cancer guidelines. All documents can be viewed, free access, through the EAU website Uroweb: http://www.
uroweb.org/guidelines/online-guidelines/.

1.4 Publication history and summary of changes
1.4.1 Publication history
The first EAU Guidelines on Prostate Cancer were published in 2001. This current 2015 document presents a 
full update of the 2014 full text document. The literature for the complete document has been assessed and 
updated, whenever relevant. 

1.4.2 Summary of changes 
Key changes for this 2015 print:

Table 4.1.2:  EAU risk groups for biochemical recurrence of localised and locally advanced prostate cancer

Low-risk Intermediate-risk High-risk
Definition PSA < 10 ng / mL 

and GS < 7 
and cT1-2a

PSA 10-20 ng /mL 
or GS 7 
or cT2b

PSA > 20 ng / mL 
or GS > 7 
or cT2c

any PSA 
any GS cT3-4 
or cN+

Localised Locally advanced

Conclusions and recommendations have been rephrased and added to throughout the current document. 
Changed or new conclusions and recommendations can be found in sections:

5.2.4.3 Guidelines for imaging

LE GR
When clinical suspicion of PCa persists in spite of negative biopsies, MRI-targeted 
biopsies are recommended.
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Primary treatment of prostate cancer GR
General 
comments

Patients suitable for several treatment modalities (active surveillance, 
surgery, radiotherapy) must have these options discussed with them.

A*

In patients who are surgical candidates for radical prostatectomy, all 
approaches (i.e.  open, laparoscopic or robotic) are acceptable as no 
single approach has shown clear superiority in terms of functional or 
oncological results.

A

EBRT should be offered in all risk groups of non-metastatic PCa. A
IMRT is the recommended modality for definitive treatment of PCa by 
EBRT.

A

Treatment Comment
Low risk PCa Watchful waiting Watchful waiting may be offered to patients not 

eligible for local curative treatment and those with a 
short life expectancy.

A

During watchful waiting, the decision to start non-
curative treatment should be based on symptoms 
and disease progression.

B

Active 
surveillance

Active surveillance is an option in patients with 
the lowest risk of cancer progression: > 10 years 
life expectancy, cT1/2, PSA < 10 ng/mL, biopsy 
Gleason score < 6, < 2 positive biopsies, minimal 
biopsy core involvement (< 50% cancer per biopsy).

A

Follow-up should be based on DRE, PSA and 
repeat biopsies. The optimal follow-up interval is 
still unclear.

A

Radical 
prostatectomy

In patients with a life expectancy > 10 years, RP 
should be offered.

A

Nerve-sparing surgery may be attempted in 
pre-operatively potent patients with low risk for 
extracapsular disease (T1c, GS < 7 and PSA < 10 
ng/mL, or refer to Partin tables/nomograms).

B

LND is not indicated in low-risk PCa. A
Radiotherapy In low-risk PCa the total dose should be 74 to 78 

Gy.
A

In patients with low-risk PCa, without a previous 
TURP and with a good IPSS and a prostate volume 
< 50 mL, LDR brachytherapy is a treatment option.

A

Cryotherapy, 
HIFU

In patients who are unfit for surgery or radiotherapy, 
cryotherapy or HIFU might be an alternative 
treatment for PCa. The lack of long-term efficacy 
compared to standard modality should be 
discussed with patients.

C

Focal treatment Focal therapy of PCa is still in its infancy and 
cannot be recommended as a therapeutic 
alternative outside clinical trials.

A

Androgen 
suppression

Unsuitable. A

Intermediate risk 
PCa

Watchful waiting Watchful waiting may be offered to patients not 
eligible for local curative treatment and those with a 
short life expectancy.

A

Active 
surveillance

Not an option. A

Radical 
prostatectomy

In patients with a life expectancy > 10 years, RP 
should be offered.

A

Nerve-sparing surgery may be attempted in 
pre-operatively potent patients with low risk for 
extracapsular disease (T1c, GS < 7 and PSA < 10 
ng/mL, or refer to Partin tables/nomograms).

B
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Multiparametric MRI may help in deciding when to 
perform nerve-sparing procedures in intermediate- 
and high-risk disease.

B

eLND should be performed if the estimated risk for 
positive lymph nodes exceeds 5%.

B

Limited LND should not be performed. A
In patients with pT3,N0M0 PCa and an 
undetectable PSA following RP, adjuvant external 
beam irradiation should be discussed as an option 
because it improves at least biochemical-free 
survival.

A

Patients with pT3,N0M0 PCa and an undetectable 
PSA following RP should be informed about 
salvage irradiation as an alternative to adjuvant 
irradiation when PSA increases.

A

Adjuvant HT for pN0 is not recommended.
Radiotherapy In intermediate-risk PCa, the total dose should be 

76-78 Gy, in combination with short-term ADT (4-6 
mo). 

A

Androgen 
suppression 
monotherapy

No place in asymptomatic patients. A

High risk PCa Watchful waiting High risk localised: Watchful waiting may be 
offered to patients not eligible for local curative 
treatment and those with a short life expectancy.
High risk locally advanced: In M0 patients 
unwilling or unable to receive any form of local 
treatment, a deferred treatment policy using ADT as 
monotherapy is feasible in asymptomatic patients 
with a PSA-DT > 12 months and a PSA < 50 ng/mL 
and non-poorly differentiated tumour.

A

Active 
surveillance

Not appropriate. A

Radical 
prostatectomy

NHT before RP is not recommended. A
eLND should be performed in high-risk PCa. A
Limited LND should not be performed. A
High risk localised: In patients with high-risk 
localised PCa and a life expectancy of > 10 yr, RP 
should be offered in a multimodality setting.

B

Nerve-sparing surgery may be attempted in 
pre-operatively potent patients with low risk for 
extracapsular disease (refer to Partin tables/
nomograms).

B

Multiparametric MRI may help in deciding when to 
perform nerve-sparing procedures in intermediate- 
and high-risk disease.

B

High risk locally advanced: In highly selected 
patients with locally advanced PCa (cT3b-T4 N0 
or any T N1), RP may be offered in a multimodality 
setting.

C

In patients with pT3,N0M0 PCa and an 
undetectable PSA following RP, adjuvant external 
beam irradiation should be discussed as an option 
because it improves at least biochemical-free 
survival.

A

Patients with pT3,N0M0 PCa and an undetectable 
PSA following RP should be informed about 
salvage irradiation as an alternative to adjuvant 
irradiation when PSA increases.

A
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Multiparametric MRI may help in deciding when to 
perform nerve-sparing procedures in intermediate- 
and high-risk disease.

B

eLND should be performed if the estimated risk for 
positive lymph nodes exceeds 5%.

B

Limited LND should not be performed. A
In patients with pT3,N0M0 PCa and an 
undetectable PSA following RP, adjuvant external 
beam irradiation should be discussed as an option 
because it improves at least biochemical-free 
survival.

A

Patients with pT3,N0M0 PCa and an undetectable 
PSA following RP should be informed about 
salvage irradiation as an alternative to adjuvant 
irradiation when PSA increases.

A

Adjuvant HT for pN0 is not recommended.
Radiotherapy In intermediate-risk PCa, the total dose should be 

76-78 Gy, in combination with short-term ADT (4-6 
mo). 

A

Androgen 
suppression 
monotherapy

No place in asymptomatic patients. A

High risk PCa Watchful waiting High risk localised: Watchful waiting may be 
offered to patients not eligible for local curative 
treatment and those with a short life expectancy.
High risk locally advanced: In M0 patients 
unwilling or unable to receive any form of local 
treatment, a deferred treatment policy using ADT as 
monotherapy is feasible in asymptomatic patients 
with a PSA-DT > 12 months and a PSA < 50 ng/mL 
and non-poorly differentiated tumour.

A

Active 
surveillance

Not appropriate. A

Radical 
prostatectomy

NHT before RP is not recommended. A
eLND should be performed in high-risk PCa. A
Limited LND should not be performed. A
High risk localised: In patients with high-risk 
localised PCa and a life expectancy of > 10 yr, RP 
should be offered in a multimodality setting.

B

Nerve-sparing surgery may be attempted in 
pre-operatively potent patients with low risk for 
extracapsular disease (refer to Partin tables/
nomograms).

B

Multiparametric MRI may help in deciding when to 
perform nerve-sparing procedures in intermediate- 
and high-risk disease.

B

High risk locally advanced: In highly selected 
patients with locally advanced PCa (cT3b-T4 N0 
or any T N1), RP may be offered in a multimodality 
setting.

C

In patients with pT3,N0M0 PCa and an 
undetectable PSA following RP, adjuvant external 
beam irradiation should be discussed as an option 
because it improves at least biochemical-free 
survival.

A

Patients with pT3,N0M0 PCa and an undetectable 
PSA following RP should be informed about 
salvage irradiation as an alternative to adjuvant 
irradiation when PSA increases.

A

14 PROSTATE CANCER - UPDATE MARCH 2015

Radiotherapy In patients with high-risk localised PCa, the total 
dose is 76-78 Gy in combination with long-term 
ADT (2-3 yr is recommended).

A

In patients with locally advanced cN0 PCa, 
radiotherapy must be given in combination with 
long-term ADT (2-3 yr is recommended).

A

Androgen 
suppression 
monotherapy

Reserved for those unwilling or unable to receive 
any form of local treatment and either symptomatic 
or asymptomatic with a PSA-DT < 12 months and a 
PSA > 50 ng/mL and a poorly differentiated tumour.

A

N1 patients
cN1 In patients with cN+ PCa, pelvic external irradiation can be given in 

combination with immediate long-term ADT.
B

pN1 after eLND Adjuvant ADT is the standard of care for node-positive (pN+) patients. A
Adjuvant ADT with additional radiotherapy may have a role. B
Expectant management is optional when the patient has undergone 
eLND and < 2 nodes show microscopic involvement and a PSA < 0.1 ng/
mL and absence of extranodal extension.

B

Metastatic PCa Watchful waiting In M1 asymptomatic patients, deferred castration 
should be discussed with a well-informed patient.

B

Active 
surveillance

Unsuitable. A

Radical 
prostatectomy

Unsuitable outside clinical trial. A

Radiotherapy to 
the prostate

Unsuitable outside clinical trial. A

Androgen 
suppression

Surgical- or medical castration (LHRH agonist or 
antagonist).

A

No recommendation can be made to define the 
best population for combining castration with 
upfront Docetaxel.

A

Castration combined with local treatment / other 
new hormonal treatments (abiraterone acetate or 
Enzalutamide) should not be used outside clinical 
trials.

A

In M1 asymptomatic patients, immediate castration 
should be offered to defer progression to a 
symptomatic stage and prevent serious disease 
progression-related complications.

A

In M1 symptomatic patients, immediate castration 
should be offered to palliate symptoms and reduce 
the risk for potentially catastrophic sequelae of 
advanced disease (spinal cord compression, 
pathological fractures, ureteral obstruction, 
extraskeletal metastasis).

A

In M1 patients, short-term administration of anti-
androgens is recommended to reduce the risk 
of the ‘flare-up’ phenomenon in patients with 
advanced metastatic disease who are to receive an 
LHRH agonist.

A

In M1 patients short-term administration of anti-
androgens should be given for some weeks only 
(starting treatment on the same day as an LHRH 
analogue is started or for up to 7 days before the 
first LHRH analogue injection.

A

In M1 patients, administration of anti-androgens as 
monotherapy should not be considered.

A

In asymptomatic M1 patients, intermittent treatment 
can be offered to highly motivated men, with a 
major PSA response after the induction period. 

B
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SPCG-7 
Widmark, Lancet Oncol 2009 

NCI-MRC 
Mason, JCO 2015 

Eligibility T3 or T1b-2b/WHO G2-3; 
PSA <70; pN0 (if PSA >11) 

T3-4 or T2 with PSA >40, 
or GS 8 with PSA >20; 

cN0/Nx 
Patients N=875 

78% T3 
Median PSA 16 
19% WHO G3 

N=1205 
83% T3 

Median PSA 28 
18% GS 8-10 

Treatment 70 Gy (no pelvic RT) 65-69 Gy  
(45 Gy pelvis) 

Indefinite ADT Anti-androgen LHRH agonists 

Median Follow up 7.6 yrs 8 yrs 
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ADT ± RT 

Toxicity was measured using the NCIC Clinical Trials Group Expanded
Common Toxicity Criteria. Information on quality of life is presented by
Brundage et al.8a

RESULTS

Between 1995 and 2005, 1,205 patients were randomly assigned (Fig
1). Trial participants were well matched in terms of their baseline
characteristics (Table 1). Their median age was 70 years. Eighty-seven
percent of patients had locally advanced (T3-4) disease, 63% of pa-
tients had a PSA of more than 20 !g/L, and 18% had a Gleason score
of more than 8. The database contained data up to and including
December 31, 2010, and included 465 reported deaths. The median
follow-up time was 8 years (range, 0 to 15.2 years). Ninety-four per-
cent of patients included in the analysis had data available in the 2 years
preceding the clinical cutoff date.

Of the 603 patients randomly assigned to ADT!RT, 586 (97%)
received RT, and 13 did not receive RT; in four patients, it was un-
known whether or not RT was received. Of the 586 patients known to
have received RT, 43 received doses less than 65 Gy, and 10 received
doses greater than 69 Gy. Thus, 88% of the patients allocated to the
ADT!RT arm received doses between 65 and 69 Gy. Nine (1%) of 602
patients randomly assigned to ADT alone received RT, as defined by
irradiation to the pelvis of more than 50 Gy within 1 year of random
assignment and without evidence of disease progression. LHRH ago-
nists were used in 1,105 patients (92%), and bilateral orchiectomy was
performed in 93 patients (8%), with no evidence of differences in
proportions between the two arms.

OS
There were 260 deaths reported in patients treated with ADT

alone and 205 deaths in patients treated with ADT!RT. The addition
of RT led to a 30% reduction in the risk of death (HR, 0.70, based on
Cox model 1; 95% CI, 0.57 to 0.85; P " .001; Fig 2). The median OS
time was 9.7 years (95% CI, 8.8 to 10.5 years) for patients on the
ADT-alone arm, whereas it was 10.9 years (95% CI, 10.0 to 12.8 years)
for patients on the ADT!RT arm. The 10-year OS rate was 49% (95%

CI, 44% to 54%) for patients on the ADT arm, whereas it was 55%
(95% CI, 49% to 60%) for patients on the ADT!RT arm. A multi-
variable Cox model confirmed the effect of treatment, independent
from other variables, with a P # .0011 in favor of the ADT!RT arm.
The adjusted HR of ADT!RT versus ADT alone was 0.74 (95% CI,
0.61 to 0.87, based on Cox model 2). Both PSA level ($ 50 v " 20
!g/L) and Gleason score (8 to 10 v " 8) were significant prognostic
factors for OS.

DSS
Analysis of DSS indicated an excess of deaths caused by prostate

cancer in patients treated with ADT alone (Table 2). A competing risks
analysis indicated a significant reduction in the risk of death from
prostate cancer in patients treated with ADT!RT (HR, 0.46; 95% CI,
0.34 to 0.61; P " .001; Fig 3). There was no evidence of any differences
in deaths from other causes (P # .58; Table 2). Sensitivity analyses
were performed to test the impact of potential inaccuracy in investi-
gator assignment of cause of death. In each case, the reduction in risks
of death from prostate cancer in RT-treated patients was confirmed,
with P " .001

Nonfatal End Points
Disease progression. Using the prespecified definition of bio-

chemical progression, the 10-year disease progression–free rate was

HR, 0.70 (95% CI, 0.57 to 0.85); P < .001
10-year OS, 55% (ADT + RT) and 49% (ADT)
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Fig 2. Overall survival (OS). ADT, androgen-deprivation therapy; HR, hazard
ratio; RT, radiotherapy.

Table 2. Causes of Death

Cause of
Death

ADT
(n # 260)

ADT!RT
(n # 205)

Total
(n # 465)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Prostate cancer 134 52 65 32 199 43
Cardiac/stroke 37 14 33 16 70 15
Other cancer 31 12 44 17 75 16
Pneumonia 11 4 11 9 22 5
Other 31 12 34 21 65 14
Unknown 16 6 18 5 34 7
Alive 342 398 740

Abbreviations: ADT, androgen-deprivation therapy; RT, radiotherapy.
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Fig 3. Deaths from prostate cancer. ADT, androgen-deprivation therapy; RT,
radiotherapy.
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endocrine-alone group and 37 of the 436 (8·5%) patients 
in the endocrine plus radiotherapy group died of prostate 
cancer. Of the 116 men that were classifi ed as dead from 
prostate cancer, 28 (20 in the endocrine-alone group and 
eight in the endocrine plus radiotherapy group) were 
classifi ed as dead from other causes but with prostate 
cancer substantially involved. The number of deaths 
from causes other than prostate cancer was 52 in the 
endocrine-alone group and 56 patients in the endocrine 
plus radiotherapy group. For two patients (one in each 
group) the cause of death could not be established.

The cumulative incidence at 7 years for cancer-specifi c 
mortality was 9·9% (95% CI 7·1–12·8%) in the endocrine 
group and 6·3% (3·9–8·6%) in the endocrine plus 
radiotherapy group (diff erence 3·7%, 0·0–7·4%). At 
10 years, the cumulative incidence for cancer-specifi c 
mortality increased to 23·9% in the endocrine group and 
to 11·9% in the endocrine plus radiotherapy group with a 
signifi cant diff erence between treatment groups 
(diff erence 12·0%, 4·9–19·1%). The relative risk of 
cancer-specifi c death was 0·44 (0·30–0·66, p<0·0001) in 
favour of the endocrine plus radiotherapy treatment 
group (table 3, fi gure 2).

As for cancer-specifi c mortality, overall mortality was 
higher in the endocrine group than in the endocrine plus 
radiotherapy group. Radiotherapy treatment yielded an 
absolute improvement of 3·6% (95% CI –1·7 to 8·8%) at 
7 years and 9·8% (0·8–18·8%) at 10 years. The relative 
risk of overall death was 0·68 (0·52–0·89, p=0·004) in 
favour of the endocrine plus radiotherapy treatment 
group (table 3, fi gure 2).

PSA recurrence revealed strikingly higher rates in the 
endocrine group than in the endocrine plus radiotherapy 
group. At 7 and 10 years, the cumulative incidence of PSA 
recurrence was 71·1% (95% CI 66·3–75·9%) and 74·7% 
(69·6–79·8%) in the endocrine group, and 17·6% 
(13·6–21·5%) and 25·9% (19·3–32·6%) in the endocrine 
plus radiotherapy group. The relative risk of PSA 
recurrence was 0·16 (0·12–0·20, p<0·0001) in favour of 
the endocrine plus radiotherapy treatment group (table 3, 
fi gure 2).

No signifi cant eff ect modifi cation of the combined 
treatment according to T stage, PSA level at diagnosis, or 
age at inclusion was seen for any of the endpoints. 
Subgroup analysis stratifi ed by T stage, PSA level, and 
inclusion age uniformly revealed decreased 10-year 
cumulative incidence of prostate-cancer-specifi c mortality 
in the radiotherapy group. In particular, this decrease was 
evident in patients with T1b–T2 tumours, where the mean 
absolute risk reduction was 16·0% (95% CI 3·7–28·2; 
fi gure 3).

Table 2 presents the doctor-assessed moderate and 
severe side-eff ects at 5-year follow-up compared with 
baseline. Signifi cantly more patients in the endocrine plus 
radiotherapy group had urinary incontinence, urgency, 
urethral stricture, and erectile dysfunction. The diff erence 
i n 

intestinal symptoms was not signifi cant (p=0·075). 
18 serious adverse events were reported: diarrhoea (4), 
liver toxicity (6), photosensitivity (4), interstitial fi brosis of 
the lung (1), thrombocytopenia (1), deep venous throm-
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Figure 2: Cumulative incidence of (A) PSA recurrence, (B) death from 
prostate cancer, and (C) death from any cause 

24% 

12% 

55% 

49% 

SPCG-7 NCI MRC 

10 yrs ADT+RT ADT p 
bF 26% 75% < 0.001 
CSS 88% 76% < 0.001 
OS 70% 61% 0.004 

10 yrs ADT+RT ADT p 
TTP 63% 27% < 0.001 
CSS 68% 46% < 0.001 
OS 55% 49% 0.001 
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not include treatment with pelvic lymph node irradiation (because of
surgical staging of high-risk patients), and has not yet reported PRO
findings beyond 4 years.14

Some limitations to the interpretation of our findings are
noteworthy. First, although compliance was high, those data that
were missing were likely not missing at random (resulting in pos-
sible bias toward underestimating impact of treatment on symp-
toms). We used a generalized mixed-method analysis to account,
in part, for these missing data. Second, we elected to make no
correction for multiple statistical testing, in light of the few statis-
tically significant differences between arms. Because the significant
between-group differences were clinically expected (eg, statistically
different diarrhea scores at 6 months), we believe that the chance of
a type I statistical error is quite low. Third, we could not account for
patient adaptation (or response shift), but the statistically signifi-
cant deterioration in HRQOL scores over time indicates impact on
QOL that was not offset by men adapting to their health state.
Fourth, the demonstrated impact of ADT on men’s well-being over
time may be potentially lower with ADT administered over shorter
period (as is current common practice) than with the lifelong

duration of ADT used in both arms of this trial.15 Finally, the study
used relatively crude RT techniques and lower prescribed doses
than would be used currently. Although the HRQOL bladder and
bowel scores might be expected to be lower in a cohort treated with
highly conformal RT techniques, these scores might also be higher
with dose escalation.

We conclude that the HRQOL findings from PR3/PR07 illustrate
clear evidence of the negative impact of RT on bladder and bowel
domains, but in most men, this impact was transient (in that HRQOL
scores returned to levels seen in patients receiving only ADT). In
ADT-specific domains, HRQOL data revealed higher symptom bur-
den than did clinician-reported toxicity scoring and also revealed the
benefits of treatment with regard to urinary symptoms that were not
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Fig 2. Health-related quality-of-life (QOL) function scores over time for
physical well-being (PWB). Higher scores represent better function (higher
QOL). Scores collected with (A) Functional Assessment of Cancer Therapy–
Prostate questionnaire (FACT-P) and (B) European Organisation for Research
and Treatment of Cancer (EORTC) Core Questionnaire. FACT-P scores are
truncated after 4 years because of declined compliance thereafter. Mean
score number is simple average at each time point, with point-wise 95% CI.
ADT, androgen-deprivation therapy; RT, radiotherapy.
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Fig 3. Mean symptom scores over time by treatment arm for symptoms
typically associated with radiotherapy. Lower scores represent fewer symp-
toms. Mean score number is simple average at each time point, with
point-wise 95% CI. (A) Functional Assessment of Cancer Therapy–Prostate
questionnaire (FACT-P) urinary score; (B) European Organisation for Research
and Treatment of Cancer (EORTC) Core Questionnaire bowel and rectum
score; (C) EORTC diarrhea score; (D) FACT-P erectile dysfunction score. ADT,
androgen-deprivation therapy.
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not include treatment with pelvic lymph node irradiation (because of
surgical staging of high-risk patients), and has not yet reported PRO
findings beyond 4 years.14

Some limitations to the interpretation of our findings are
noteworthy. First, although compliance was high, those data that
were missing were likely not missing at random (resulting in pos-
sible bias toward underestimating impact of treatment on symp-
toms). We used a generalized mixed-method analysis to account,
in part, for these missing data. Second, we elected to make no
correction for multiple statistical testing, in light of the few statis-
tically significant differences between arms. Because the significant
between-group differences were clinically expected (eg, statistically
different diarrhea scores at 6 months), we believe that the chance of
a type I statistical error is quite low. Third, we could not account for
patient adaptation (or response shift), but the statistically signifi-
cant deterioration in HRQOL scores over time indicates impact on
QOL that was not offset by men adapting to their health state.
Fourth, the demonstrated impact of ADT on men’s well-being over
time may be potentially lower with ADT administered over shorter
period (as is current common practice) than with the lifelong

duration of ADT used in both arms of this trial.15 Finally, the study
used relatively crude RT techniques and lower prescribed doses
than would be used currently. Although the HRQOL bladder and
bowel scores might be expected to be lower in a cohort treated with
highly conformal RT techniques, these scores might also be higher
with dose escalation.

We conclude that the HRQOL findings from PR3/PR07 illustrate
clear evidence of the negative impact of RT on bladder and bowel
domains, but in most men, this impact was transient (in that HRQOL
scores returned to levels seen in patients receiving only ADT). In
ADT-specific domains, HRQOL data revealed higher symptom bur-
den than did clinician-reported toxicity scoring and also revealed the
benefits of treatment with regard to urinary symptoms that were not
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Fig 2. Health-related quality-of-life (QOL) function scores over time for
physical well-being (PWB). Higher scores represent better function (higher
QOL). Scores collected with (A) Functional Assessment of Cancer Therapy–
Prostate questionnaire (FACT-P) and (B) European Organisation for Research
and Treatment of Cancer (EORTC) Core Questionnaire. FACT-P scores are
truncated after 4 years because of declined compliance thereafter. Mean
score number is simple average at each time point, with point-wise 95% CI.
ADT, androgen-deprivation therapy; RT, radiotherapy.
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Fig 3. Mean symptom scores over time by treatment arm for symptoms
typically associated with radiotherapy. Lower scores represent fewer symp-
toms. Mean score number is simple average at each time point, with
point-wise 95% CI. (A) Functional Assessment of Cancer Therapy–Prostate
questionnaire (FACT-P) urinary score; (B) European Organisation for Research
and Treatment of Cancer (EORTC) Core Questionnaire bowel and rectum
score; (C) EORTC diarrhea score; (D) FACT-P erectile dysfunction score. ADT,
androgen-deprivation therapy.
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not include treatment with pelvic lymph node irradiation (because of
surgical staging of high-risk patients), and has not yet reported PRO
findings beyond 4 years.14

Some limitations to the interpretation of our findings are
noteworthy. First, although compliance was high, those data that
were missing were likely not missing at random (resulting in pos-
sible bias toward underestimating impact of treatment on symp-
toms). We used a generalized mixed-method analysis to account,
in part, for these missing data. Second, we elected to make no
correction for multiple statistical testing, in light of the few statis-
tically significant differences between arms. Because the significant
between-group differences were clinically expected (eg, statistically
different diarrhea scores at 6 months), we believe that the chance of
a type I statistical error is quite low. Third, we could not account for
patient adaptation (or response shift), but the statistically signifi-
cant deterioration in HRQOL scores over time indicates impact on
QOL that was not offset by men adapting to their health state.
Fourth, the demonstrated impact of ADT on men’s well-being over
time may be potentially lower with ADT administered over shorter
period (as is current common practice) than with the lifelong

duration of ADT used in both arms of this trial.15 Finally, the study
used relatively crude RT techniques and lower prescribed doses
than would be used currently. Although the HRQOL bladder and
bowel scores might be expected to be lower in a cohort treated with
highly conformal RT techniques, these scores might also be higher
with dose escalation.

We conclude that the HRQOL findings from PR3/PR07 illustrate
clear evidence of the negative impact of RT on bladder and bowel
domains, but in most men, this impact was transient (in that HRQOL
scores returned to levels seen in patients receiving only ADT). In
ADT-specific domains, HRQOL data revealed higher symptom bur-
den than did clinician-reported toxicity scoring and also revealed the
benefits of treatment with regard to urinary symptoms that were not
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Fig 2. Health-related quality-of-life (QOL) function scores over time for
physical well-being (PWB). Higher scores represent better function (higher
QOL). Scores collected with (A) Functional Assessment of Cancer Therapy–
Prostate questionnaire (FACT-P) and (B) European Organisation for Research
and Treatment of Cancer (EORTC) Core Questionnaire. FACT-P scores are
truncated after 4 years because of declined compliance thereafter. Mean
score number is simple average at each time point, with point-wise 95% CI.
ADT, androgen-deprivation therapy; RT, radiotherapy.
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Fig 3. Mean symptom scores over time by treatment arm for symptoms
typically associated with radiotherapy. Lower scores represent fewer symp-
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not include treatment with pelvic lymph node irradiation (because of
surgical staging of high-risk patients), and has not yet reported PRO
findings beyond 4 years.14

Some limitations to the interpretation of our findings are
noteworthy. First, although compliance was high, those data that
were missing were likely not missing at random (resulting in pos-
sible bias toward underestimating impact of treatment on symp-
toms). We used a generalized mixed-method analysis to account,
in part, for these missing data. Second, we elected to make no
correction for multiple statistical testing, in light of the few statis-
tically significant differences between arms. Because the significant
between-group differences were clinically expected (eg, statistically
different diarrhea scores at 6 months), we believe that the chance of
a type I statistical error is quite low. Third, we could not account for
patient adaptation (or response shift), but the statistically signifi-
cant deterioration in HRQOL scores over time indicates impact on
QOL that was not offset by men adapting to their health state.
Fourth, the demonstrated impact of ADT on men’s well-being over
time may be potentially lower with ADT administered over shorter
period (as is current common practice) than with the lifelong

duration of ADT used in both arms of this trial.15 Finally, the study
used relatively crude RT techniques and lower prescribed doses
than would be used currently. Although the HRQOL bladder and
bowel scores might be expected to be lower in a cohort treated with
highly conformal RT techniques, these scores might also be higher
with dose escalation.

We conclude that the HRQOL findings from PR3/PR07 illustrate
clear evidence of the negative impact of RT on bladder and bowel
domains, but in most men, this impact was transient (in that HRQOL
scores returned to levels seen in patients receiving only ADT). In
ADT-specific domains, HRQOL data revealed higher symptom bur-
den than did clinician-reported toxicity scoring and also revealed the
benefits of treatment with regard to urinary symptoms that were not
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not include treatment with pelvic lymph node irradiation (because of
surgical staging of high-risk patients), and has not yet reported PRO
findings beyond 4 years.14

Some limitations to the interpretation of our findings are
noteworthy. First, although compliance was high, those data that
were missing were likely not missing at random (resulting in pos-
sible bias toward underestimating impact of treatment on symp-
toms). We used a generalized mixed-method analysis to account,
in part, for these missing data. Second, we elected to make no
correction for multiple statistical testing, in light of the few statis-
tically significant differences between arms. Because the significant
between-group differences were clinically expected (eg, statistically
different diarrhea scores at 6 months), we believe that the chance of
a type I statistical error is quite low. Third, we could not account for
patient adaptation (or response shift), but the statistically signifi-
cant deterioration in HRQOL scores over time indicates impact on
QOL that was not offset by men adapting to their health state.
Fourth, the demonstrated impact of ADT on men’s well-being over
time may be potentially lower with ADT administered over shorter
period (as is current common practice) than with the lifelong

duration of ADT used in both arms of this trial.15 Finally, the study
used relatively crude RT techniques and lower prescribed doses
than would be used currently. Although the HRQOL bladder and
bowel scores might be expected to be lower in a cohort treated with
highly conformal RT techniques, these scores might also be higher
with dose escalation.

We conclude that the HRQOL findings from PR3/PR07 illustrate
clear evidence of the negative impact of RT on bladder and bowel
domains, but in most men, this impact was transient (in that HRQOL
scores returned to levels seen in patients receiving only ADT). In
ADT-specific domains, HRQOL data revealed higher symptom bur-
den than did clinician-reported toxicity scoring and also revealed the
benefits of treatment with regard to urinary symptoms that were not

0

P
W

B
 S

c
o

re
(m

a
x.

 s
c

o
re

 =
 2

8)

Time Since Baseline (years)

28

26

24

22

20

18

16

2

21 3 654 7 8

ADT
ADT + RT

ADT
ADT + RT

P (trend over time) < .001
P (comparison of arms) = .29

A

0

M
e

a
n

 E
O

R
T

C
 P

h
ys

ic
a

l 
S

c
o

re

Time Since Baseline (years)

100

90

70

50

30

10

80

60

40

20
P (trend over time) < .001
P (comparison of arms) = .45

B

0 210.5 1.5 3 654 7 8

Fig 2. Health-related quality-of-life (QOL) function scores over time for
physical well-being (PWB). Higher scores represent better function (higher
QOL). Scores collected with (A) Functional Assessment of Cancer Therapy–
Prostate questionnaire (FACT-P) and (B) European Organisation for Research
and Treatment of Cancer (EORTC) Core Questionnaire. FACT-P scores are
truncated after 4 years because of declined compliance thereafter. Mean
score number is simple average at each time point, with point-wise 95% CI.
ADT, androgen-deprivation therapy; RT, radiotherapy.

0

M
e

a
n

 S
ym

p
to

m
 

S
c

o
re

s
M

e
a

n
 S

ym
p

to
m

 
S

c
o

re
s

M
e

a
n

 S
ym

p
to

m
 

S
c

o
re

s
M

e
a

n
 S

ym
p

to
m

 
S

c
o

re
s

Time (months)

30
40
50

10
20

6 241812 3630 42 48

ADT + radiation
ADT only

A

B

0

Time (months)

30
40
50

10
20

6 241812 3630 42 48

C

0

Time (months)

30
40
50

10
20

6 241812 3630 42 48

D

0

Time (months)

30
40
50

10
20

80
90

100

60
70

6 241812 3630 42 48

ADT + radiation
ADT only

ADT + radiation
ADT only

ADT + radiation
ADT only

Fig 3. Mean symptom scores over time by treatment arm for symptoms
typically associated with radiotherapy. Lower scores represent fewer symp-
toms. Mean score number is simple average at each time point, with
point-wise 95% CI. (A) Functional Assessment of Cancer Therapy–Prostate
questionnaire (FACT-P) urinary score; (B) European Organisation for Research
and Treatment of Cancer (EORTC) Core Questionnaire bowel and rectum
score; (C) EORTC diarrhea score; (D) FACT-P erectile dysfunction score. ADT,
androgen-deprivation therapy.

Radiotherapy Added to ADT for Locally Advanced Prostate Cancer

www.jco.org © 2015 by American Society of Clinical Oncology 5

40.0.117.215
Information downloaded from jco.ascopubs.org and provided by at ELI LILLY & CO - FAST on June 3, 2015 from

Copyright © 2015 American Society of Clinical Oncology. All rights reserved.

captured by toxicity or clinical response data. The adverse impact of
RT overall was modest and temporary and, in our view, not of
sufficient magnitude to offset the clear disease-specific and overall
survival benefits conferred by curative RT in this setting.
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Fig 4. Stacked bars represent proportion of men improving, worsening, or
remaining stable at any time (compared with baseline) for (A) health-related
quality-of-life bowel and bladder symptom domains and (B) general symptom
domains. ADT, androgen-deprivation therapy; XRT, radiotherapy.
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Fig 5. Stacked bars represent proportions of men with nonzero toxicity grades
(1 to 4) or nonzero health-related quality-of-life (HRQOL) response categories. (A)
Toxicity categories that best correspond to items reported on (B) HRQOL
domains. ADT, androgen-deprivation therapy; XRT, radiotherapy.
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A B S T R A C T

Purpose
The NCIC CTG PR3/MRC PR07 randomized phase III trial compared androgen-deprivation therapy
(ADT) alone versus ADT with radiotherapy (RT) for patients with locally advanced prostate cancer.
This article reports the health-related quality-of-life (HRQOL) outcomes of this trial.

Patients and Methods
A total of 1,205 patients were randomly allocated to either ADT alone or ADT with RT. HRQOL was
assessed at baseline and every 6 months thereafter using the European Organisation for Research
and Treatment of Cancer Core Questionnaire and a prostate cancer–specific checklist or the
Functional Assessment of Cancer Therapy–Prostate questionnaire. Mean changes from baseline
scores for five function domains and nine symptom domains were analyzed as those most
relevant to ADT and RT. The proportions of patients with improved, stable, or worsened HRQOL
scores according to instrument-specific minimal important differences were calculated.

Results
Baseline questionnaires were completed by 1,028 patients (88%). At 6 months, RT had a
statistically significant impact on mean score for bowel symptoms (P ! .02), diarrhea (P " .001),
urinary function (P ! .003), and erectile dysfunction (P ! .008); by 3 years, however, there were
no significant between-group differences in any domain. Generalized linear mixed modeling
revealed no significant between-arm differences in any of the function scales but showed
significant deterioration in both arms over time for Functional Assessment of Cancer Therapy–
Prostate total score, treatment outcome index, and physical and functional well-being.

Conclusion
The addition of RT to ADT for patients with locally advanced prostate cancer significantly
improved overall survival and had only modest and transient negative impact on relevant
domains of HRQOL.

J Clin Oncol 33. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Prostate cancer is the most frequently diagnosed
cancer in men and a leading cause of cancer mortal-
ity in North America and the European Union.1,2

The role of radiotherapy (RT) in the setting of locally
advanced disease was addressed by the NCIC CTG
(NCIC Clinical Trials Group) PR3/MRC (Medical
Research Council) PR07 clinical trial, which sought
to determine the relative benefits and risks of adding
RT to lifelong androgen-deprivation therapy
(ADT).3 When this trial was launched in 1995, opti-

mal management in this setting was controversial, in
that many physicians treated with ADT alone, be-
lieving that the disease was incurable. RT was known
to have associated toxicities, and the incremental
benefit of adding RT to ADT was uncertain. The
PR3/PR07 trial was thus designed with a primary
end point of overall survival and secondary end
points of disease-specific survival, toxicity, and qual-
ity of life; it successfully accrued 1,205 patients. The
interim analysis, at median follow-up of 6.0 years,
showed that the addition of RT to ADT significantly
affected overall survival, reducing the risk of death
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A B S T R A C T

Purpose
The NCIC CTG PR3/MRC PR07 randomized phase III trial compared androgen-deprivation therapy
(ADT) alone versus ADT with radiotherapy (RT) for patients with locally advanced prostate cancer.
This article reports the health-related quality-of-life (HRQOL) outcomes of this trial.

Patients and Methods
A total of 1,205 patients were randomly allocated to either ADT alone or ADT with RT. HRQOL was
assessed at baseline and every 6 months thereafter using the European Organisation for Research
and Treatment of Cancer Core Questionnaire and a prostate cancer–specific checklist or the
Functional Assessment of Cancer Therapy–Prostate questionnaire. Mean changes from baseline
scores for five function domains and nine symptom domains were analyzed as those most
relevant to ADT and RT. The proportions of patients with improved, stable, or worsened HRQOL
scores according to instrument-specific minimal important differences were calculated.

Results
Baseline questionnaires were completed by 1,028 patients (88%). At 6 months, RT had a
statistically significant impact on mean score for bowel symptoms (P ! .02), diarrhea (P " .001),
urinary function (P ! .003), and erectile dysfunction (P ! .008); by 3 years, however, there were
no significant between-group differences in any domain. Generalized linear mixed modeling
revealed no significant between-arm differences in any of the function scales but showed
significant deterioration in both arms over time for Functional Assessment of Cancer Therapy–
Prostate total score, treatment outcome index, and physical and functional well-being.

Conclusion
The addition of RT to ADT for patients with locally advanced prostate cancer significantly
improved overall survival and had only modest and transient negative impact on relevant
domains of HRQOL.

J Clin Oncol 33. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Prostate cancer is the most frequently diagnosed
cancer in men and a leading cause of cancer mortal-
ity in North America and the European Union.1,2

The role of radiotherapy (RT) in the setting of locally
advanced disease was addressed by the NCIC CTG
(NCIC Clinical Trials Group) PR3/MRC (Medical
Research Council) PR07 clinical trial, which sought
to determine the relative benefits and risks of adding
RT to lifelong androgen-deprivation therapy
(ADT).3 When this trial was launched in 1995, opti-

mal management in this setting was controversial, in
that many physicians treated with ADT alone, be-
lieving that the disease was incurable. RT was known
to have associated toxicities, and the incremental
benefit of adding RT to ADT was uncertain. The
PR3/PR07 trial was thus designed with a primary
end point of overall survival and secondary end
points of disease-specific survival, toxicity, and qual-
ity of life; it successfully accrued 1,205 patients. The
interim analysis, at median follow-up of 6.0 years,
showed that the addition of RT to ADT significantly
affected overall survival, reducing the risk of death
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and mostly T3 disease were randomized to 3 months of
combined androgen blockade followed by lifelong fluta-
mide with or without 70 Gy of radiation.2 With a median
of 7.6 years of follow-up, the relative risk of cancer-specific
death was 0.44 (95% CI, 0.30-0.66; P< .001) favoring the
addition of radiation. Similar in design, the second study
randomized 1205 men with mostly T3 and T4 disease to
lifelong androgen suppression with or without 65 to 69 Gy

of radiation.3 With a median of 6 years of follow -up, the
hazard ratio was 0.54 (95% CI, 0.27-0.78) for cause-specific
survival, and the 7-year overall survival rate was 74% for the
combined arm versus 66% for the ADT alone arm.

Duration of ADT

There is continued debate regarding the optimal type, tim-
ing, and duration of ADT in combination with radiation.

TABLE 4. Randomized Trials of Androgen-Deprivation Therapy With Radiation

QUESTION STUDY DISEASE STAGE (%)
GLEASON
SCORE (%) NO.

MEDIAN
FOLLOW-UP,
y TREATMENT ARMS

OVERALL
SURVIVAL, %

PROSTATE
CANCER-SPECIFIC
MORTALITY, %

Localized disease:
RT vs RT 1 ADT

TROG 96.01119 T2b (26), T2c (34),
T3,T4 (40), N0M0

!6 (44), 7 (38),
"8 (17)

818 10.6 RT 66 Gy 10 y, 57.5 10 y, 22

RT 1 3 mo ADT 10 y, 63.3a 10 y, 18.9a

RT 1 6 mo ADT 10 y, 70.8 10 y, 11.4

DFCI 95-096115 T1b (2), T1c (46),
T2a (23), T2b (30),
N0M0

!6 (28), 7 (58),
"8 (15)

206 7.6 RT 67 Gy 8 y, 61 8 y, 12

RT 1 6 mo ADT 8 y, 74 8 y, 3

RTOG 94-08105 T1 (49), T2 (51),
N0M0

!6 (62), 7 (28),
"8 (9)

1979 9.1 RT 66.6 Gy 10 y, 57 10 y, 8

RT 1 4 mo ADT 10 y, 62 10 y, 4

Locally advanced
disease: RT vs
RT 1 ADT

RTOG 86-10120 T2 (30), T3,T4 (70),
N0 (92), N1 (8), M0

!6 (30), "7 (70) 471 12.6 RT 65-70 Gy 10 y, 34 10 y, 36

RT 1 4 mo ADT 10 y, 43a 10 y, 23

EORTC 22863121 T1 (1), T2 (10), T3 (80),
T4 (9) N0 (89), M0

!6 (62), 7 (28),
"8 (9)

415 9.1 RT 70 Gy 10 y, 39.8 10 y, 30.4

RT 1 36 mo ADT 10 y, 58.1 10 y, 10.3

Locally advanced
disease: ADT vs
RT 1 ADT

SPCG-72 T1 (2), T2 (19),
T3 (78), N0M0

NA 875 7.6 ADT 10 y, 61 10 y, 24

ADT 1 RT 70 Gy 10 y, 70 10 y, 12

PR.3/PRO73 T2 (13), T3 (83),
T4 (4), NXM0

!7 (81),
8-10 (18)

1205 6 ADT 7 y, 66 7 y, 19

ADT 1 RT 65-69 Gy 7 y, 74 7 y, 9

Duration of ADT RTOG 92-02123 T2 (45), T3 (51),
T4 (4), N0 (97), M0

!6 (38), 7 (31),
"8 (24)

1554 11.3 RT 1 4 mo ADT 10 y, 51.6 10 y, 16.1

RT 1 28 mo ADT 10 y, 53.9a 10 y, 11.3

EORTC 22961124 T2c (19), T3 (73),
T4 (4), N1 (3), M0

!6 (47), 7 (30),
"8 (18)

970 6.4 RT 1 6 mo ADT 5 y, 81 5 y, 4.7

RT 1 36 mo ADT 5 y, 85 5 y, 3.2

PCS IV125 T1c (24), T2a (20),
T2b (31), T3 (24)

NA 630 6.5 RT 1 18 mo ADT 5 y, 86 5 y, 4.7

RT 1 36 mo ADT 5 y, 91a 5 y, 3.4a

RTOG 99-10118 T1b-T4, N0M0 !7 (90) 1490 8.7 RT 70.2 Gy 1
4 mo ADT

10 y, 66 10 y, 5

RT 1 8 mo ADT 10 y, 67a 10 y, 4a

ADT indicates androgen-deprivation therapy; DFCI, Dana-Farber Cancer Institute; EORTC, European Organization for Research and Treatment of Cancer; Gy,
grays; NA, not available; PCS, Prostate Cancer Study; RT, radiation therapy; RTOG, Radiation Therapy Oncology Group; SPCG, Scandinavian Prostate Cancer
Group; TROG, Trans Tasman Radiation Oncology Group. aNot statistically significant.

Radiation for Prostate Cancer

400 CA: A Cancer Journal for Clinicians

13% OS benefit 

13.3% OS benefit 

5% OS benefit 



RT+ADT & locally advanced PCa 

XXV Congresso Nazionale AIRO 

and mostly T3 disease were randomized to 3 months of
combined androgen blockade followed by lifelong fluta-
mide with or without 70 Gy of radiation.2 With a median
of 7.6 years of follow-up, the relative risk of cancer-specific
death was 0.44 (95% CI, 0.30-0.66; P< .001) favoring the
addition of radiation. Similar in design, the second study
randomized 1205 men with mostly T3 and T4 disease to
lifelong androgen suppression with or without 65 to 69 Gy

of radiation.3 With a median of 6 years of follow -up, the
hazard ratio was 0.54 (95% CI, 0.27-0.78) for cause-specific
survival, and the 7-year overall survival rate was 74% for the
combined arm versus 66% for the ADT alone arm.

Duration of ADT

There is continued debate regarding the optimal type, tim-
ing, and duration of ADT in combination with radiation.

TABLE 4. Randomized Trials of Androgen-Deprivation Therapy With Radiation

QUESTION STUDY DISEASE STAGE (%)
GLEASON
SCORE (%) NO.

MEDIAN
FOLLOW-UP,
y TREATMENT ARMS

OVERALL
SURVIVAL, %

PROSTATE
CANCER-SPECIFIC
MORTALITY, %

Localized disease:
RT vs RT 1 ADT

TROG 96.01119 T2b (26), T2c (34),
T3,T4 (40), N0M0

!6 (44), 7 (38),
"8 (17)

818 10.6 RT 66 Gy 10 y, 57.5 10 y, 22

RT 1 3 mo ADT 10 y, 63.3a 10 y, 18.9a

RT 1 6 mo ADT 10 y, 70.8 10 y, 11.4

DFCI 95-096115 T1b (2), T1c (46),
T2a (23), T2b (30),
N0M0

!6 (28), 7 (58),
"8 (15)

206 7.6 RT 67 Gy 8 y, 61 8 y, 12

RT 1 6 mo ADT 8 y, 74 8 y, 3

RTOG 94-08105 T1 (49), T2 (51),
N0M0

!6 (62), 7 (28),
"8 (9)

1979 9.1 RT 66.6 Gy 10 y, 57 10 y, 8

RT 1 4 mo ADT 10 y, 62 10 y, 4

Locally advanced
disease: RT vs
RT 1 ADT

RTOG 86-10120 T2 (30), T3,T4 (70),
N0 (92), N1 (8), M0

!6 (30), "7 (70) 471 12.6 RT 65-70 Gy 10 y, 34 10 y, 36

RT 1 4 mo ADT 10 y, 43a 10 y, 23

EORTC 22863121 T1 (1), T2 (10), T3 (80),
T4 (9) N0 (89), M0

!6 (62), 7 (28),
"8 (9)

415 9.1 RT 70 Gy 10 y, 39.8 10 y, 30.4

RT 1 36 mo ADT 10 y, 58.1 10 y, 10.3

Locally advanced
disease: ADT vs
RT 1 ADT

SPCG-72 T1 (2), T2 (19),
T3 (78), N0M0

NA 875 7.6 ADT 10 y, 61 10 y, 24

ADT 1 RT 70 Gy 10 y, 70 10 y, 12

PR.3/PRO73 T2 (13), T3 (83),
T4 (4), NXM0

!7 (81),
8-10 (18)

1205 6 ADT 7 y, 66 7 y, 19

ADT 1 RT 65-69 Gy 7 y, 74 7 y, 9

Duration of ADT RTOG 92-02123 T2 (45), T3 (51),
T4 (4), N0 (97), M0

!6 (38), 7 (31),
"8 (24)

1554 11.3 RT 1 4 mo ADT 10 y, 51.6 10 y, 16.1

RT 1 28 mo ADT 10 y, 53.9a 10 y, 11.3

EORTC 22961124 T2c (19), T3 (73),
T4 (4), N1 (3), M0

!6 (47), 7 (30),
"8 (18)

970 6.4 RT 1 6 mo ADT 5 y, 81 5 y, 4.7

RT 1 36 mo ADT 5 y, 85 5 y, 3.2

PCS IV125 T1c (24), T2a (20),
T2b (31), T3 (24)

NA 630 6.5 RT 1 18 mo ADT 5 y, 86 5 y, 4.7

RT 1 36 mo ADT 5 y, 91a 5 y, 3.4a

RTOG 99-10118 T1b-T4, N0M0 !7 (90) 1490 8.7 RT 70.2 Gy 1
4 mo ADT

10 y, 66 10 y, 5

RT 1 8 mo ADT 10 y, 67a 10 y, 4a

ADT indicates androgen-deprivation therapy; DFCI, Dana-Farber Cancer Institute; EORTC, European Organization for Research and Treatment of Cancer; Gy,
grays; NA, not available; PCS, Prostate Cancer Study; RT, radiation therapy; RTOG, Radiation Therapy Oncology Group; SPCG, Scandinavian Prostate Cancer
Group; TROG, Trans Tasman Radiation Oncology Group. aNot statistically significant.
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and mostly T3 disease were randomized to 3 months of
combined androgen blockade followed by lifelong fluta-
mide with or without 70 Gy of radiation.2 With a median
of 7.6 years of follow-up, the relative risk of cancer-specific
death was 0.44 (95% CI, 0.30-0.66; P< .001) favoring the
addition of radiation. Similar in design, the second study
randomized 1205 men with mostly T3 and T4 disease to
lifelong androgen suppression with or without 65 to 69 Gy

of radiation.3 With a median of 6 years of follow -up, the
hazard ratio was 0.54 (95% CI, 0.27-0.78) for cause-specific
survival, and the 7-year overall survival rate was 74% for the
combined arm versus 66% for the ADT alone arm.

Duration of ADT

There is continued debate regarding the optimal type, tim-
ing, and duration of ADT in combination with radiation.

TABLE 4. Randomized Trials of Androgen-Deprivation Therapy With Radiation

QUESTION STUDY DISEASE STAGE (%)
GLEASON
SCORE (%) NO.

MEDIAN
FOLLOW-UP,
y TREATMENT ARMS

OVERALL
SURVIVAL, %

PROSTATE
CANCER-SPECIFIC
MORTALITY, %

Localized disease:
RT vs RT 1 ADT

TROG 96.01119 T2b (26), T2c (34),
T3,T4 (40), N0M0

!6 (44), 7 (38),
"8 (17)

818 10.6 RT 66 Gy 10 y, 57.5 10 y, 22

RT 1 3 mo ADT 10 y, 63.3a 10 y, 18.9a

RT 1 6 mo ADT 10 y, 70.8 10 y, 11.4

DFCI 95-096115 T1b (2), T1c (46),
T2a (23), T2b (30),
N0M0

!6 (28), 7 (58),
"8 (15)

206 7.6 RT 67 Gy 8 y, 61 8 y, 12

RT 1 6 mo ADT 8 y, 74 8 y, 3

RTOG 94-08105 T1 (49), T2 (51),
N0M0

!6 (62), 7 (28),
"8 (9)

1979 9.1 RT 66.6 Gy 10 y, 57 10 y, 8

RT 1 4 mo ADT 10 y, 62 10 y, 4

Locally advanced
disease: RT vs
RT 1 ADT

RTOG 86-10120 T2 (30), T3,T4 (70),
N0 (92), N1 (8), M0

!6 (30), "7 (70) 471 12.6 RT 65-70 Gy 10 y, 34 10 y, 36

RT 1 4 mo ADT 10 y, 43a 10 y, 23

EORTC 22863121 T1 (1), T2 (10), T3 (80),
T4 (9) N0 (89), M0

!6 (62), 7 (28),
"8 (9)

415 9.1 RT 70 Gy 10 y, 39.8 10 y, 30.4

RT 1 36 mo ADT 10 y, 58.1 10 y, 10.3

Locally advanced
disease: ADT vs
RT 1 ADT

SPCG-72 T1 (2), T2 (19),
T3 (78), N0M0

NA 875 7.6 ADT 10 y, 61 10 y, 24

ADT 1 RT 70 Gy 10 y, 70 10 y, 12

PR.3/PRO73 T2 (13), T3 (83),
T4 (4), NXM0

!7 (81),
8-10 (18)

1205 6 ADT 7 y, 66 7 y, 19

ADT 1 RT 65-69 Gy 7 y, 74 7 y, 9

Duration of ADT RTOG 92-02123 T2 (45), T3 (51),
T4 (4), N0 (97), M0

!6 (38), 7 (31),
"8 (24)

1554 11.3 RT 1 4 mo ADT 10 y, 51.6 10 y, 16.1

RT 1 28 mo ADT 10 y, 53.9a 10 y, 11.3

EORTC 22961124 T2c (19), T3 (73),
T4 (4), N1 (3), M0

!6 (47), 7 (30),
"8 (18)

970 6.4 RT 1 6 mo ADT 5 y, 81 5 y, 4.7

RT 1 36 mo ADT 5 y, 85 5 y, 3.2

PCS IV125 T1c (24), T2a (20),
T2b (31), T3 (24)

NA 630 6.5 RT 1 18 mo ADT 5 y, 86 5 y, 4.7

RT 1 36 mo ADT 5 y, 91a 5 y, 3.4a

RTOG 99-10118 T1b-T4, N0M0 !7 (90) 1490 8.7 RT 70.2 Gy 1
4 mo ADT

10 y, 66 10 y, 5

RT 1 8 mo ADT 10 y, 67a 10 y, 4a

ADT indicates androgen-deprivation therapy; DFCI, Dana-Farber Cancer Institute; EORTC, European Organization for Research and Treatment of Cancer; Gy,
grays; NA, not available; PCS, Prostate Cancer Study; RT, radiation therapy; RTOG, Radiation Therapy Oncology Group; SPCG, Scandinavian Prostate Cancer
Group; TROG, Trans Tasman Radiation Oncology Group. aNot statistically significant.
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and mostly T3 disease were randomized to 3 months of
combined androgen blockade followed by lifelong fluta-
mide with or without 70 Gy of radiation.2 With a median
of 7.6 years of follow-up, the relative risk of cancer-specific
death was 0.44 (95% CI, 0.30-0.66; P< .001) favoring the
addition of radiation. Similar in design, the second study
randomized 1205 men with mostly T3 and T4 disease to
lifelong androgen suppression with or without 65 to 69 Gy

of radiation.3 With a median of 6 years of follow -up, the
hazard ratio was 0.54 (95% CI, 0.27-0.78) for cause-specific
survival, and the 7-year overall survival rate was 74% for the
combined arm versus 66% for the ADT alone arm.

Duration of ADT

There is continued debate regarding the optimal type, tim-
ing, and duration of ADT in combination with radiation.

TABLE 4. Randomized Trials of Androgen-Deprivation Therapy With Radiation

QUESTION STUDY DISEASE STAGE (%)
GLEASON
SCORE (%) NO.

MEDIAN
FOLLOW-UP,
y TREATMENT ARMS

OVERALL
SURVIVAL, %

PROSTATE
CANCER-SPECIFIC
MORTALITY, %

Localized disease:
RT vs RT 1 ADT

TROG 96.01119 T2b (26), T2c (34),
T3,T4 (40), N0M0

!6 (44), 7 (38),
"8 (17)

818 10.6 RT 66 Gy 10 y, 57.5 10 y, 22

RT 1 3 mo ADT 10 y, 63.3a 10 y, 18.9a

RT 1 6 mo ADT 10 y, 70.8 10 y, 11.4

DFCI 95-096115 T1b (2), T1c (46),
T2a (23), T2b (30),
N0M0

!6 (28), 7 (58),
"8 (15)

206 7.6 RT 67 Gy 8 y, 61 8 y, 12

RT 1 6 mo ADT 8 y, 74 8 y, 3

RTOG 94-08105 T1 (49), T2 (51),
N0M0

!6 (62), 7 (28),
"8 (9)

1979 9.1 RT 66.6 Gy 10 y, 57 10 y, 8

RT 1 4 mo ADT 10 y, 62 10 y, 4

Locally advanced
disease: RT vs
RT 1 ADT

RTOG 86-10120 T2 (30), T3,T4 (70),
N0 (92), N1 (8), M0

!6 (30), "7 (70) 471 12.6 RT 65-70 Gy 10 y, 34 10 y, 36

RT 1 4 mo ADT 10 y, 43a 10 y, 23

EORTC 22863121 T1 (1), T2 (10), T3 (80),
T4 (9) N0 (89), M0

!6 (62), 7 (28),
"8 (9)

415 9.1 RT 70 Gy 10 y, 39.8 10 y, 30.4

RT 1 36 mo ADT 10 y, 58.1 10 y, 10.3

Locally advanced
disease: ADT vs
RT 1 ADT

SPCG-72 T1 (2), T2 (19),
T3 (78), N0M0

NA 875 7.6 ADT 10 y, 61 10 y, 24

ADT 1 RT 70 Gy 10 y, 70 10 y, 12

PR.3/PRO73 T2 (13), T3 (83),
T4 (4), NXM0

!7 (81),
8-10 (18)

1205 6 ADT 7 y, 66 7 y, 19

ADT 1 RT 65-69 Gy 7 y, 74 7 y, 9

Duration of ADT RTOG 92-02123 T2 (45), T3 (51),
T4 (4), N0 (97), M0

!6 (38), 7 (31),
"8 (24)

1554 11.3 RT 1 4 mo ADT 10 y, 51.6 10 y, 16.1

RT 1 28 mo ADT 10 y, 53.9a 10 y, 11.3

EORTC 22961124 T2c (19), T3 (73),
T4 (4), N1 (3), M0

!6 (47), 7 (30),
"8 (18)

970 6.4 RT 1 6 mo ADT 5 y, 81 5 y, 4.7

RT 1 36 mo ADT 5 y, 85 5 y, 3.2

PCS IV125 T1c (24), T2a (20),
T2b (31), T3 (24)

NA 630 6.5 RT 1 18 mo ADT 5 y, 86 5 y, 4.7

RT 1 36 mo ADT 5 y, 91a 5 y, 3.4a

RTOG 99-10118 T1b-T4, N0M0 !7 (90) 1490 8.7 RT 70.2 Gy 1
4 mo ADT

10 y, 66 10 y, 5

RT 1 8 mo ADT 10 y, 67a 10 y, 4a

ADT indicates androgen-deprivation therapy; DFCI, Dana-Farber Cancer Institute; EORTC, European Organization for Research and Treatment of Cancer; Gy,
grays; NA, not available; PCS, Prostate Cancer Study; RT, radiation therapy; RTOG, Radiation Therapy Oncology Group; SPCG, Scandinavian Prostate Cancer
Group; TROG, Trans Tasman Radiation Oncology Group. aNot statistically significant.

Radiation for Prostate Cancer

400 CA: A Cancer Journal for Clinicians

and mostly T3 disease were randomized to 3 months of
combined androgen blockade followed by lifelong fluta-
mide with or without 70 Gy of radiation.2 With a median
of 7.6 years of follow-up, the relative risk of cancer-specific
death was 0.44 (95% CI, 0.30-0.66; P< .001) favoring the
addition of radiation. Similar in design, the second study
randomized 1205 men with mostly T3 and T4 disease to
lifelong androgen suppression with or without 65 to 69 Gy

of radiation.3 With a median of 6 years of follow -up, the
hazard ratio was 0.54 (95% CI, 0.27-0.78) for cause-specific
survival, and the 7-year overall survival rate was 74% for the
combined arm versus 66% for the ADT alone arm.

Duration of ADT

There is continued debate regarding the optimal type, tim-
ing, and duration of ADT in combination with radiation.

TABLE 4. Randomized Trials of Androgen-Deprivation Therapy With Radiation

QUESTION STUDY DISEASE STAGE (%)
GLEASON
SCORE (%) NO.

MEDIAN
FOLLOW-UP,
y TREATMENT ARMS

OVERALL
SURVIVAL, %

PROSTATE
CANCER-SPECIFIC
MORTALITY, %

Localized disease:
RT vs RT 1 ADT

TROG 96.01119 T2b (26), T2c (34),
T3,T4 (40), N0M0

!6 (44), 7 (38),
"8 (17)

818 10.6 RT 66 Gy 10 y, 57.5 10 y, 22

RT 1 3 mo ADT 10 y, 63.3a 10 y, 18.9a

RT 1 6 mo ADT 10 y, 70.8 10 y, 11.4

DFCI 95-096115 T1b (2), T1c (46),
T2a (23), T2b (30),
N0M0

!6 (28), 7 (58),
"8 (15)

206 7.6 RT 67 Gy 8 y, 61 8 y, 12

RT 1 6 mo ADT 8 y, 74 8 y, 3

RTOG 94-08105 T1 (49), T2 (51),
N0M0

!6 (62), 7 (28),
"8 (9)

1979 9.1 RT 66.6 Gy 10 y, 57 10 y, 8

RT 1 4 mo ADT 10 y, 62 10 y, 4

Locally advanced
disease: RT vs
RT 1 ADT

RTOG 86-10120 T2 (30), T3,T4 (70),
N0 (92), N1 (8), M0

!6 (30), "7 (70) 471 12.6 RT 65-70 Gy 10 y, 34 10 y, 36

RT 1 4 mo ADT 10 y, 43a 10 y, 23

EORTC 22863121 T1 (1), T2 (10), T3 (80),
T4 (9) N0 (89), M0

!6 (62), 7 (28),
"8 (9)

415 9.1 RT 70 Gy 10 y, 39.8 10 y, 30.4

RT 1 36 mo ADT 10 y, 58.1 10 y, 10.3

Locally advanced
disease: ADT vs
RT 1 ADT

SPCG-72 T1 (2), T2 (19),
T3 (78), N0M0

NA 875 7.6 ADT 10 y, 61 10 y, 24

ADT 1 RT 70 Gy 10 y, 70 10 y, 12

PR.3/PRO73 T2 (13), T3 (83),
T4 (4), NXM0

!7 (81),
8-10 (18)

1205 6 ADT 7 y, 66 7 y, 19

ADT 1 RT 65-69 Gy 7 y, 74 7 y, 9

Duration of ADT RTOG 92-02123 T2 (45), T3 (51),
T4 (4), N0 (97), M0

!6 (38), 7 (31),
"8 (24)

1554 11.3 RT 1 4 mo ADT 10 y, 51.6 10 y, 16.1

RT 1 28 mo ADT 10 y, 53.9a 10 y, 11.3

EORTC 22961124 T2c (19), T3 (73),
T4 (4), N1 (3), M0

!6 (47), 7 (30),
"8 (18)

970 6.4 RT 1 6 mo ADT 5 y, 81 5 y, 4.7

RT 1 36 mo ADT 5 y, 85 5 y, 3.2

PCS IV125 T1c (24), T2a (20),
T2b (31), T3 (24)

NA 630 6.5 RT 1 18 mo ADT 5 y, 86 5 y, 4.7

RT 1 36 mo ADT 5 y, 91a 5 y, 3.4a

RTOG 99-10118 T1b-T4, N0M0 !7 (90) 1490 8.7 RT 70.2 Gy 1
4 mo ADT

10 y, 66 10 y, 5

RT 1 8 mo ADT 10 y, 67a 10 y, 4a

ADT indicates androgen-deprivation therapy; DFCI, Dana-Farber Cancer Institute; EORTC, European Organization for Research and Treatment of Cancer; Gy,
grays; NA, not available; PCS, Prostate Cancer Study; RT, radiation therapy; RTOG, Radiation Therapy Oncology Group; SPCG, Scandinavian Prostate Cancer
Group; TROG, Trans Tasman Radiation Oncology Group. aNot statistically significant.

Radiation for Prostate Cancer

400 CA: A Cancer Journal for Clinicians

13% OS benefit (in GS score 8-10) 

3.8% OS benefit 

no OS neither PSCM benefit  

no OS benefit  



Study N. pts 
Median  

f-up 
(years) 

5-year Survival (%) 

Duration of ADT 6 months 18 months 36 months 

EORTC1  970 6.4 80.6 85.3 

PCS IV2  630 6.4 86.8 92.1 

EORTC 22961 vs. PCS IV 

2 Nabid  A, et al. JCO 2013;31(S6):3 (abs) 1 Bolla M et al. N Engl J Med 2009 

XXV Congresso Nazionale AIRO 

RT & ADT duration 



Synthesis of Trials Data 

•  Overall Survival Benefit 
     - EORTC 22863 – 3 yrs vs. 0 (18.3% at 10 yrs) 

     - TROG 9601 – 6 months vs. 0 (13.3% at 3 yrs) 

     - DFCI 95096 – 6 months vs. 0 (13% at 8 yrs) 

     - RTOG 8610 – 4 months vs. 0 (8.8% at 10 yrs) 

     - RTOG 9408 – 4 months vs. 0 (5% at 10 yrs) 

     - RTOG 9910 – 9 months vs. 4 months (1% at 10 yrs) 

     - EORTC 22961 – 3 yrs vs. 6 months (3.8% at 5 yrs) 

 

XXV Congresso Nazionale AIRO 



•  Population: 

inhomogeneity of 

intermediate risk group 

Are these results transferable in daily 
clinical practice ? 

with radiation alone was compared to a similar cohort of low-risk
patients treated with radiation alone, there was only a 4% differ-
ence in FFF at 5 years (94% vs 98%, respectively; PZ.0596)
(Fig. 4).

Prognostic factors

Multivariate Cox proportional hazards analysis for all
intermediate-risk patients was performed using patient age, year
of diagnosis, pretreatment PSA concentration (<10 vs 10-20 ng/
ml), Gleason score (6 vs 3þ4 vs 4þ3), T stage (T1 vs T2a-b vs
T2c), external beam dose, radiation technique ( 3DCRT vs IMRT),
and use of ADT (no ADT vs ADT). A Gleason score of 4þ3
compared to a baseline Gleason score of 6 and a T stage of T2c
compared to a baseline T stage of T1 significantly predicted for
increased risk of failure, whereas use of ADT predicted for
decreased risk of failure (Table 3). The other factors were not
predictive. When multivariate Cox proportional hazards analysis
was performed in the favorable intermediate-risk subset using the
same variables, the only predictor of increased failure was
younger age but not the use of ADT (Table 4).

Discussion

The necessity and duration of ADT in conjunction with external
beam radiation for patients with prostate cancer has long been
a topic of interest within the radiation oncology community. Early
studies included intermediate- and high-risk patients and showed
improved outcomes with the addition of short-term and long-term
androgen deprivation compared to radiation alone (3-5). For
studies that included a large proportion of intermediate-risk
patients, a shorter course of ADT has even provided a survival
benefit (4, 5). Results of these trials led to a standard of care of 4-6
months of ADT for intermediate-risk patients treated with external
beam radiation.

As a result of continually emerging data regarding the harmful
side effects and diminished quality of life associated with ADT,
radiation oncologists have begun to more carefully weigh the risks
and benefits of ADT for each individual patient. With improved
outcomes from dose escalation, the benefit of ADT for all
intermediate-risk patients is being questioned. To date there is
only a single randomized trial, with the interim analysis presented
in abstract form, that has addressed this question. Dubray et al
(16) randomized nearly 400 intermediate-risk patients to high-
dose RT alone (80 Gy delivered to the prostate) or to the same
RT with the addition of 4 months of ADT. The trial was closed
prematurely secondary to poor accrual, but interim analysis failed
to show a statistically significant difference in 3-year biochemical
or clinical control, although there was a significant improvement
in biochemical control alone in the combined modality group (16).
Additionally, several retrospective studies have attempted to
evaluate the role of ADT in patients treated with higher doses of
radiation and have failed to show a benefit in intermediate-risk
patients (11, 17-19). Zelefsky et al (20), however, published
a retrospective study of more than 2000 patients with localized
prostate cancer and found that radiation doses "81 Gy and the use
of ADT were associated with improved outcomes in both inter-
mediate- and high-risk patients. On multivariate analysis, ADT
was an independent variable predictive of improved PSA recur-
rence free survival.

The disparity between the randomized trials supporting the use
of ADT in intermediate-risk patients and the more recent retro-
spective studies showing mixed results may, in part, be due to the
difference in radiation dose, but the heterogeneity within the

Table 2 Patient and treatment characteristics for the favorable
subset of intermediate-risk patients

Characteristic

Intermediate-risk
RT alone
(nZ188)

Intermediate-risk RT
plus ADT
(nZ75)

P
value

Age 70 70 .80
Pretreatment PSA 6.8 7.0 .95
Gleason score .02
6 62 (33%) 14 (19%)
3þ4 126 (67%) 61 (81%)

T stage .05
T1 158 (84%) 70 (93%)
T2a-b 30 (16%) 5 (7%)

Median follow-up 5.1 years 4.2 years .0006

Abbreviations: ADT Z androgen deprivation therapy; PSA Z
prostate-specific antigen; RT Z radiation therapy.

Fig. 1. RPA tree and intermediate-risk subsets with hazard
ratios of 1.0, 2.1, and 4.6 for the favorable, marginal, and unfa-
vorable subsets, respectively.

Fig. 2. FFF for each intermediate-risk subset treated with
radiation alone.

Castle et al. International Journal of Radiation Oncology # Biology # Physics696

•  Intervention: use of 

ineffective RT total dose  

•  Outcomes: improvement in OS 

and DFS likely overestimated 
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Dose Escalation RT Trials 

n Eligibility RT Dose FFBF at 5 yrs 
MDACC 
(2002,2008) 

301 T1b-T3 78 v. 70 Gy 73/50 at 10 yrs; trend in CSS 

Harvard 
(2005, 2010) 

393 T1b-2b,  
PSA <15 

79.2 vs. 70.2 Gy 83/68 at 10 yrs 

Dutch  
(2006, 2013) 

669 ≥ T1b; ≥ GS 6; 
PSA <60 

78 vs. 68 Gy* 49/43 at 10 yrs 

MRC 
(2007) 

843 T1b-T3a,  
PSA <50 

74 vs. 64 Gy* 71/60  

GETUG 
(2011) 

306 T1b-T3a,  
PSA <50 

80 vs. 70 Gy 72/61  

* ADT allowed 

Dose Escalation is supported for all risk categories  
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Abstract Background: A competing risks analysis was undertaken to identify subgroups at
greatest risk of dying from prostate cancer (PC) after definitive external beam radiation ther-
apy (RT) ± androgen deprivation therapy (ADT) in the prostate specific antigen (PSA) era.
Methods: Outcomes of 2675 men with localised PC treated with RT ± ADT from 1987–2007
were analysed. Prostate cancer-specific mortality (PCSM) and non-PCSM rates were calcu-
lated after stratifying patients according to National Comprehensive Cancer Network
(NCCN) risk-group, RT dose, use of ADT and age at treatment.
Results: Only 0.2% of low-risk men died of PC 10 years after treatment. All of these deaths
occurred in patients treated with <72 Gy, and only one patient P70 years old who received
P72 Gy died of PC at last follow-up. Likewise, none of the patients with intermediate-risk
disease treated with P72 Gy and ADT died of PC at 10 years, and the highest 10-year rate
of PCSM was seen in men P70 years old treated with <72 Gy without ADT (5.1%). Among
high-risk men <70 years old, treatment with RT dose <72 Gy without ADT yielded similar 10-
year rates of PCSM (15.2%) and non-PCSM (18.5%), whereas men treated with P72 Gy and
ADT were twice as likely to die from other causes (16.2%) than PC (9.4%). In high-risk men
P70 years old, dose-escalation with ADT reduced 10-year PCSM from 14% to 4%, and most
deaths were due to other causes.
Conclusion: Low- and intermediate-risk patients treated with definitive RT are unlikely to die
of PC. PCSM is higher in men with high-risk disease but may be reduced with dose-escalation
and ADT, although patients are still twice as likely to die of other causes.
! 2012 Elsevier Ltd. All rights reserved.
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doi:10.1016/j.ejca.2012.01.026

⇑ Corresponding author: Tel.: +1 (713) 563 6940; fax: +1 (713) 792
3642.

E-mail address: mmkim@mdanderson.org (M.M. Kim).

European Journal of Cancer (2012) 48, 1664– 1671

A v a i l a b l e a t w w w . s c i e nc e d i r e c t . c o m

journa l homepage : www.e jcon l ine . com

Prostate cancer-specific mortality after definitive radiation
therapy: Who dies of disease?

Michelle M. Kim ⇑, Karen E. Hoffman, Lawrence B. Levy, Steven J. Frank,
Thomas J. Pugh, Seungtaek Choi, Quynh N. Nguyen, Sean E. McGuire,
Andrew K. Lee, Deborah A. Kuban

Department of Radiation Oncology, The University of Texas MD Anderson Cancer Center, 1515 Holcombe Boulevard Unit 97, Houston, TX
77030-4009, USA

Available online 13 February 2012

KEYWORDS
Prostate cancer
Mortality
Radiation therapy
Disease-specific survival

Abstract Background: A competing risks analysis was undertaken to identify subgroups at
greatest risk of dying from prostate cancer (PC) after definitive external beam radiation ther-
apy (RT) ± androgen deprivation therapy (ADT) in the prostate specific antigen (PSA) era.
Methods: Outcomes of 2675 men with localised PC treated with RT ± ADT from 1987–2007
were analysed. Prostate cancer-specific mortality (PCSM) and non-PCSM rates were calcu-
lated after stratifying patients according to National Comprehensive Cancer Network
(NCCN) risk-group, RT dose, use of ADT and age at treatment.
Results: Only 0.2% of low-risk men died of PC 10 years after treatment. All of these deaths
occurred in patients treated with <72 Gy, and only one patient P70 years old who received
P72 Gy died of PC at last follow-up. Likewise, none of the patients with intermediate-risk
disease treated with P72 Gy and ADT died of PC at 10 years, and the highest 10-year rate
of PCSM was seen in men P70 years old treated with <72 Gy without ADT (5.1%). Among
high-risk men <70 years old, treatment with RT dose <72 Gy without ADT yielded similar 10-
year rates of PCSM (15.2%) and non-PCSM (18.5%), whereas men treated with P72 Gy and
ADT were twice as likely to die from other causes (16.2%) than PC (9.4%). In high-risk men
P70 years old, dose-escalation with ADT reduced 10-year PCSM from 14% to 4%, and most
deaths were due to other causes.
Conclusion: Low- and intermediate-risk patients treated with definitive RT are unlikely to die
of PC. PCSM is higher in men with high-risk disease but may be reduced with dose-escalation
and ADT, although patients are still twice as likely to die of other causes.
! 2012 Elsevier Ltd. All rights reserved.

0959-8049/$ - see front matter ! 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejca.2012.01.026

⇑ Corresponding author: Tel.: +1 (713) 563 6940; fax: +1 (713) 792
3642.

E-mail address: mmkim@mdanderson.org (M.M. Kim).

European Journal of Cancer (2012) 48, 1664– 1671

A v a i l a b l e a t w w w . s c i e nc e d i r e c t . c o m

journa l homepage : www.e jcon l ine . com

prostate cancer-specific, and all-cause mortality for each
risk group (Tables 2 and 3). Higher Gleason score
grouping (Gleason 8–10 versus 7 and 7 versus 2–6) dou-
bled the risk of prostate cancer-specific mortality in men
with intermediate- and high-risk disease (p = 0.028 and
p < 0.001, respectively). Increasing pre-treatment PSA
slightly increased the risk of PCSM in the high-risk
cohort (adjusted hazard ratio (HR) 1.02, 1.01–1.03,
p < 0.001). In contrast, for men with high-risk disease,
treatment with ADT nearly halved the risk of PCSM
(adjusted HR 0.52, 95% confidence interval (CI) 0.32–
0.84, p = 0.007), and higher RT dose also reduced
PCSM risk (adjusted HR 0.92, 95% CI 0.87–0.97,
p = 0.002). Interestingly, treatment with ADT was

associated with a reduced risk of death from causes
other than prostate cancer in higher risk patients
(adjusted HR 0.61, 0.42–0.89, p = 0.010).

4. Discussion

In this study, men with high-risk disease had the
highest risk of dying from prostate cancer following
external beam radiation therapy, but competing causes
of mortality in this older population had a significant
impact on survival, particularly in the era of dose-esca-
lation and androgen deprivation therapy. With long-
term follow-up, men of all risk groups and ages suc-
cumbed to other causes of death more frequently than

Fig. 2. Cumulative prostate cancer-specific and other cause mortality rates for patients younger than 70 years old stratified by pre-treatment risk
group, radiation therapy dose, and receipt of androgen deprivation therapy (ADT). PC = prostate cancer.
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prostate cancer, and high-risk men in the modern era
were more than three times likely to die of other causes
10 years after their treatment than to die of their cancer.

The heterogeneity of disease within the high-risk
group likely explains the mitigated impact of ADT on
reducing PCSM in the competing risk model. As this
analysis included a historical subset of patients treated
before the modern era, the high-risk group herein likely
consisted of ‘lower high-risk’ and ‘higher high-risk’
patients, whose relative risk of PCSM is more accurately
predicted in the multivariate model. Indeed, in the Cox
regression analysis, treatment with ADT nearly halved
the risk of prostate cancer-specific mortality in high-risk

patients after controlling for other disease- and treat-
ment-related variables. Increasing dose of RT also led
to a smaller but significant benefit in PCSM seen in
high-risk patients treated with modern doses compared
with their historical counterparts treated with lower
doses of RT.

As the study period spanned two decades of treat-
ment, significant advances in technology and treatment
occurred during this time. The adoption of more confor-
mal treatment techniques such as intensity-modulated
radiation therapy in the latter part of the study period
allowed the escalation of dose delivered to the prostate.
Simultaneously, androgen deprivation therapy was

Fig. 3. Cumulative prostate cancer-specific and other cause mortality rates for patients 70 years and older stratified by pre-treatment risk group,
radiation therapy dose, and receipt of androgen deprivation therapy (ADT). PC = prostate cancer.
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High dose RT reduced PCSM from 14 to 4% in high risk pts 
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CLINICAL INVESTIGATION Prostate

LACK OF BENEFIT FOR THE ADDITION OF ANDROGEN DEPRIVATION THERAPY
TO DOSE-ESCALATED RADIOTHERAPY IN THE TREATMENT OF

INTERMEDIATE- AND HIGH-RISK PROSTATE CANCER

DANIEL KRAUSS, M.D., LARRY KESTIN, M.D., HONG YE, M.S., DONALD BRABBINS, M.D.,
MICHEL GHILEZAN, M.D., GARY GUSTAFSON, M.D., FRANK VICINI, M.D.,

AND ALVARO MARTINEZ, M.D., F.A.C.R.

Department of Radiation Oncology, William Beaumont Hospital, Royal Oak, MI

Purpose: Assessment of androgen deprivation therapy (ADT) benefits for prostate cancer treated with dose-
escalated radiotherapy (RT).
Methods and Materials: From 1991 to 2004, 1,044 patients with intermediate- (n = 782) or high-risk (n = 262) pros-
tate cancer were treated with dose-escalated RT at William Beaumont Hospital. Patients received external-beam
RT (EBRT) alone, brachytherapy (high or low dose rate), or high dose rate brachytherapy plus pelvic EBRT.
Intermediate-risk patients had Gleason score 7, prostate-specific antigen (PSA) 10.0–19.9 ng/mL, or Stage T2b–
T2c. High-risk patients had Gleason score 8–10, PSA $20, or Stage T3. Patients were additionally divided specif-
ically by Gleason score, presence of palpable disease, and PSA level to further define subgroups benefitting from
ADT.
Results: Median follow-up was 5 years; 420 patients received ADT + dose-escalated RT, and 624 received dose-
escalated RT alone. For all patients, no advantages in any clinical endpoints at 8 years were associated with
ADT administration. No differences in any endpoints were associated with ADT administration based on interme-
diate- vs. high-risk group or RT modality when analyzed separately. Patients with palpable disease plus Gleason
$8 demonstrated improved clinical failure rates and a trend toward improved survival with ADT. Intermediate-
risk patients treated with brachytherapy alone had improved biochemical control when ADT was given.
Conclusion: Benefits of ADT in the setting of dose-escalated RTremain poorly defined. This question must continue
to be addressed in prospective study. ! 2011 Elsevier Inc.

Prostate cancer, Dose escalation, Androgen deprivation.

INTRODUCTION

Multiple prospective, randomized trials have demonstrated
advantages for treating patients with high-risk or locally ad-
vanced prostate cancer with androgen deprivation therapy
(ADT) in combination with radiotherapy (RT) compared
with RT alone (1–8). Benefits have been illustrated in
terms of enhanced biochemical control, local control,
distant metastases, disease-free survival, and overall survival.
The two main paradigms to emerge from these studies are (1)
that administration of ADT is superior to treatment with RT
alone and (2) that long-term (2–3 years) ADT is superior to
short-term ADT (4–6 months).

A major criticism associated with the adjuvant ADT stud-
ies is that the RT techniques employed do not reflect those
commonly implemented in contemporary radiation oncology
practice. That is, many of these studies were designed and
conducted in the 1980s and 1990s during a time when treat-

ment planning was not CT-based, no offline or online mea-
sures were taken to account for daily uncertainties in target
positioning, and precise quantification of doses to critical
structures such as bladder and rectum was impossible. The
end result was a necessity to treat large volumes of normal tis-
sues to account for the uncertainty in target definition and an
inability to treat the prostate beyond relatively modest doses
(65–70 Gy at isocenter) without causing significant risk of
major complications.

With the implementation of three-dimensional conformal
RT, and later with intensity modulation and image guidance,
the ability to limit dose to critical structures while still confi-
dently treating the prostate and seminal vesicles became pos-
sible (9–12). Several prospective trials have been conducted
comparing standard dose RT (65–70 Gy at isocenter) with
dose-escalated RT (13–16). Each of these studies has
conclusively demonstrated biochemical and clinical control
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brachytherapy as monotherapy who also received ADT (p =
0.02). No significant differences in clinical failure or distant
metastases rates were found. No significant difference was
detected with respect to OS between patients treated with
vs. without ADT (92.9% vs. 81.1%, p = 0.38).

HDR brachytherapy boost
Four hundred and twenty-five patients underwent combi-

nation pelvic EBRT with interstitial HDR brachytherapy
boost. Of these patients, 269 were classified as intermediate
risk and 156 as high risk. Eight-year estimates of BCC,

Fig. 2. Failure patterns with vs. without androgen deprivation therapy (ADT) by risk group.

1068 I. J. Radiation Oncology d Biology d Physics Volume 80, Number 4, 2011
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Dose escalated EBRT +/- ADT 

– After dose escalated RT, long term ADT is associated 
with better biochemical and distant control 
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Dose escalated EBRT +/- ADT  
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GETUG 14 – 80 Gy RT ± 4 months HT 

     - Median Follow up 3.1 yrs. Primary endpoint not reached  

     - Clinical or PSA control (86% vs. 92%; p=0.11) 

     - 377 pts with T1b-T3a 
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High-dose radiotherapy with short-term or long-term 
androgen deprivation in localised prostate cancer 
(DART01/05 GICOR): a randomised, controlled, phase 3 trial
Almudena Zapatero, Araceli Guerrero, Xavier Maldonado, Ana Alvarez, Carmen Gonzalez San Segundo, Maria Angeles Cabeza Rodríguez, 
Victor Macias, Agustí Pedro Olive, Francesc Casas, Ana Boladeras, Carmen Martín de Vidales, Maria Luisa Vazquez de la Torre, Salvador Villà, 
Aitor Perez de la Haza, Felipe A Calvo

Summary
Background The optimum duration of androgen deprivation combined with high-dose radiotherapy in prostate cancer 
remains undefi ned. We aimed to determine whether long-term androgen deprivation was superior to short-term 
androgen deprivation when combined with high-dose radiotherapy.

Methods In this open-label, multicentre, phase 3 randomised controlled trial, patients were recruited from ten 
university hospitals throughout Spain. Eligible patients had clinical stage T1c–T3b N0M0 prostate adenocarcinoma 
with intermediate-risk and high-risk factors according to 2005 National Comprehensive Cancer Network criteria. 
Patients were randomly assigned (1:1) using a computer-generated randomisation schedule to receive either 4 months 
of androgen deprivation combined with three-dimensional conformal radiotherapy at a minimum dose of 76 Gy 
(range 76–82 Gy; short-term androgen deprivation group) or the same treatment followed by 24 months of adjuvant 
androgen deprivation (long-term androgen deprivation group), stratifi ed by prostate cancer risk group (intermediate 
risk vs high risk) and participating centre. Patients assigned to the short-term androgen deprivation group received 
4 months of neoadjuvant and concomitant androgen deprivation with subcutaneous goserelin (2 months before and 
2 months combined with high-dose radiotherapy). Anti-androgen therapy (fl utamide 750 mg per day or bicalutamide 
50 mg per day) was added during the fi rst 2 months of treatment. Patients assigned to long-term suppression 
continued with the same luteinising hormone-releasing hormone analogue every 3 months for another 24 months. 
The primary endpoint was biochemical disease-free survival. Analysis was by intention to treat. This study is registered 
with ClinicalTrials.gov, number NCT02175212.

Findings Between Nov 7, 2005, and Dec 20, 2010, 178 patients were randomly assigned to receive short-term androgen 
deprivation and 177 to receive long-term androgen deprivation. After a median follow-up of 63 months (IQR 50–82), 
5-year biochemical disease-free survival was signifi cantly better among patients receiving long-term androgen 
deprivation than among those receiving short-term treatment (90% [95% CI 87–92] vs 81% [78–85]; hazard ratio [HR] 
1·88 [95% CI 1·12–3·15]; p=0·01). 5-year overall survival (95% [95% CI 93–97] vs 86% [83–89]; HR 2·48 [95% CI 
1·31–4·68]; p=0·009) and 5-year metastasis-free survival (94% [95% CI 92–96] vs 83% [80–86]; HR 2·31 [95% CI 
1·23–3·85]; p=0·01) were also signifi cantly better in the long-term androgen deprivation group than in the short-term 
androgen deprivation group. The eff ect of long-term androgen deprivation on biochemical disease-free survival,  
metastasis-free survival, and overall survival was more evident in patients with high-risk disease than in those with 
low-risk disease. Grade 3 late rectal toxicity was noted in three (2%) of 177 patients in the long-term androgen 
deprivation group and two (1%) of 178 in the short-term androgen deprivation group; grade 3–4 late urinary toxicity 
was noted in fi ve (3%) patients in each group. No deaths related to treatment were reported.

Interpretation Compared with short-term androgen deprivation, 2 years of adjuvant androgen deprivation combined 
with high-dose radiotherapy improved biochemical control and overall survival in patients with prostate cancer, 
particularly those with high-risk disease, with no increase in late radiation toxicity. Longer follow-up is needed to 
determine whether men with intermediate-risk disease benefi t from more than 4 months of androgen deprivation.
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Introduction
Several randomised trials done during the past two decades 
have shown a signifi cant improvement in biochemical 
control and overall survival with the combination of 
androgen deprivation and conventional-dose radiotherapy 
(≤70 Gy) in patients with high-risk1–7 and intermediate-risk 
prostate cancer.8,9 Similarly, advances in external beam 

radiotherapy have enabled dose escalation with substantial 
improvements in biochemical outcome.10–15 Because 
randomised trials showing a signifi cant clinical benefi t 
with androgen deprivation and radiotherapy use exclusively 
conventional dose levels of 65–70 Gy, the optimum 
duration of androgen deprivation to use in combination 
with high-dose radiotherapy remains unresolved.16 Thus, 
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Summary
Background The optimum duration of androgen deprivation combined with high-dose radiotherapy in prostate cancer 
remains undefi ned. We aimed to determine whether long-term androgen deprivation was superior to short-term 
androgen deprivation when combined with high-dose radiotherapy.

Methods In this open-label, multicentre, phase 3 randomised controlled trial, patients were recruited from ten 
university hospitals throughout Spain. Eligible patients had clinical stage T1c–T3b N0M0 prostate adenocarcinoma 
with intermediate-risk and high-risk factors according to 2005 National Comprehensive Cancer Network criteria. 
Patients were randomly assigned (1:1) using a computer-generated randomisation schedule to receive either 4 months 
of androgen deprivation combined with three-dimensional conformal radiotherapy at a minimum dose of 76 Gy 
(range 76–82 Gy; short-term androgen deprivation group) or the same treatment followed by 24 months of adjuvant 
androgen deprivation (long-term androgen deprivation group), stratifi ed by prostate cancer risk group (intermediate 
risk vs high risk) and participating centre. Patients assigned to the short-term androgen deprivation group received 
4 months of neoadjuvant and concomitant androgen deprivation with subcutaneous goserelin (2 months before and 
2 months combined with high-dose radiotherapy). Anti-androgen therapy (fl utamide 750 mg per day or bicalutamide 
50 mg per day) was added during the fi rst 2 months of treatment. Patients assigned to long-term suppression 
continued with the same luteinising hormone-releasing hormone analogue every 3 months for another 24 months. 
The primary endpoint was biochemical disease-free survival. Analysis was by intention to treat. This study is registered 
with ClinicalTrials.gov, number NCT02175212.

Findings Between Nov 7, 2005, and Dec 20, 2010, 178 patients were randomly assigned to receive short-term androgen 
deprivation and 177 to receive long-term androgen deprivation. After a median follow-up of 63 months (IQR 50–82), 
5-year biochemical disease-free survival was signifi cantly better among patients receiving long-term androgen 
deprivation than among those receiving short-term treatment (90% [95% CI 87–92] vs 81% [78–85]; hazard ratio [HR] 
1·88 [95% CI 1·12–3·15]; p=0·01). 5-year overall survival (95% [95% CI 93–97] vs 86% [83–89]; HR 2·48 [95% CI 
1·31–4·68]; p=0·009) and 5-year metastasis-free survival (94% [95% CI 92–96] vs 83% [80–86]; HR 2·31 [95% CI 
1·23–3·85]; p=0·01) were also signifi cantly better in the long-term androgen deprivation group than in the short-term 
androgen deprivation group. The eff ect of long-term androgen deprivation on biochemical disease-free survival,  
metastasis-free survival, and overall survival was more evident in patients with high-risk disease than in those with 
low-risk disease. Grade 3 late rectal toxicity was noted in three (2%) of 177 patients in the long-term androgen 
deprivation group and two (1%) of 178 in the short-term androgen deprivation group; grade 3–4 late urinary toxicity 
was noted in fi ve (3%) patients in each group. No deaths related to treatment were reported.

Interpretation Compared with short-term androgen deprivation, 2 years of adjuvant androgen deprivation combined 
with high-dose radiotherapy improved biochemical control and overall survival in patients with prostate cancer, 
particularly those with high-risk disease, with no increase in late radiation toxicity. Longer follow-up is needed to 
determine whether men with intermediate-risk disease benefi t from more than 4 months of androgen deprivation.
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control and overall survival with the combination of 
androgen deprivation and conventional-dose radiotherapy 
(≤70 Gy) in patients with high-risk1–7 and intermediate-risk 
prostate cancer.8,9 Similarly, advances in external beam 

radiotherapy have enabled dose escalation with substantial 
improvements in biochemical outcome.10–15 Because 
randomised trials showing a signifi cant clinical benefi t 
with androgen deprivation and radiotherapy use exclusively 
conventional dose levels of 65–70 Gy, the optimum 
duration of androgen deprivation to use in combination 
with high-dose radiotherapy remains unresolved.16 Thus, 
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short-term androgen deprivation group would be 60% in 
the high-risk group and 70% in the intermediate-risk 
group. The addition of 2 years of androgen deprivation 
was expected to increase this to 75% in the high-risk 
group and 85% in the intermediate-risk group. Assuming 
that the risks between the two groups were proportional 
and accepting a two-tailed α risk of 0·05 with a power 
(1–β) of 0·80, we estimated that we would need to enrol 
307 patients, roughly equally distributed between the two 
subgroups. Assuming a loss to follow-up of 15%, the 
estimated required sample size to be 350 patients. All 
analyses were done on an intention-to-treat basis, with 
patients analysed according to the treatment group. No 
formal stopping rules were specifi ed in the protocol.

The χ² test was used to evaluate diff erences in toxicities 
and the overall worst degree of toxicity. Survival analyses 
were done with Kaplan-Meier curves21 and the log-rank 
(Mantel-Cox) test was used to compare survival between 
groups.22

Univariate analysis was done to assess the relation 
between potential prognostic factors with biochemical 
progression-free survival. Variables included in the 
analysis were patient age, T stage (T3 vs T1–2), 
pretreatment PSA (>20 ng/mL vs ≤20 ng/mL), Gleason 
score (>7 vs ≤7), number of positive prostate biopsies, 
treatment group (short-term vs long-term androgen 
deprivation), radiation dose, pelvic radiotherapy (yes or 
no), and PSA nadir. Patient age, radiation dose, and PSA 
nadir were analysed as continuous variables. PSA nadir 
was treated as a time-dependent covariable. Variables with 
a statistical signifi cance less than 0·25 were taken into 
account in a multivariate Cox regression analysis.23 The 
Wald forward method was used to select variables in the 
Cox proportional hazard model. All hazard ratios (HRs) 
were calculated with Cox proportional hazard models and 
expressed relative to the control group.

We did a planned subgroup analysis of the effi  cacy 
endpoints within the prostate risk categories used in 
stratifi cation—ie, intermediate-risk and high-risk 
prostate cancer. A forest plot was generated to explore the 
treatment eff ects across risk groups.

Analyses were done with SPSS for Windows version 
19. This trial is registered with ClinicalTrials.gov, number 
NCT02175212, and the EU Clinical Trials Register, 
number 2005-000417-36.

Role of the funding source
AZ was the sponsor of the trial, because in 2004 GICOR 
still had no legal entity. Further funding was provided by 
the Spanish National Health Investigation Fund and 
AstraZeneca. Neither of these funding bodies had a role 
in trial design, data collection, statistical analysis, or 

Figure 2: Kaplan-Meier estimates of biochemical disease-free survival (A), 
overall survival (B), and metastasis-free survival (C)

STAD=short-term androgen deprivation. LTAD=long-term androgen 
deprivation.
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interpretation of the results. The drugs were not supplied 
by the manufacturer. AZ had full access to the data and 
responsibility for the decision to submit for publication.

Results
Between Nov 7, 2005, and Dec 20, 2010, 498 men were 
screened (121 refused to participate and 15 did not have 
pretreatment data), and 362 patients were registered. Of 
these, seven did not meet the inclusion criteria because of 
inadequate disease stage (three patients), histopathology 
fi ndings (one patient), synchronous malignancies (one 
patient), and patient refusal of allocated treatment (two 
patients). The fi nal trial population thus consisted of 
355 men, of whom 178 were randomly assigned to the 
short-term androgen deprivation group and 177 to the 
long-term androgen deprivation group. The treatment 
groups were well balanced in terms of demographic, 
tumour-related, and treatment characteristics (table 1). 
Adherence to the treatment protocol was confi rmed in 

170 (96%) patients in the short-term androgen deprivation 
group and in 169 (95%) in the long-term androgen 
deprivation group (fi gure 1).

Median follow-up was 63 months (IQR 50–82)—
61 months (IQR  50–81) for the short-term androgen 
deprivation group, and 64 months (IQR 49–83) for the 
long-term androgen deprivation group. 5-year 
biochemical disease-free survival was 90% (95% CI 
87–92) for patients receiving long-term androgen 
deprivation compared with 81% (78–85) for those 
receiving short-term androgen deprivation (HR 1·88, 
95% CI 1·12–3·15; p=0·01; fi gure 2A). In the subgroup 
analysis by prostate cancer risk, the benefi t in 5-year 
biochemical disease-free survival was more evident in 
the high-risk population than in the intermediate-risk 
population (fi gure 3).

5-year overall survival with long-term androgen 
deprivation was 95% (95% CI 93–97) compared with 
86% (83–89) with short-term androgen deprivation 
(HR 2·48 [95% CI 1·31–4·68]; p=0·009; fi gure 2B). In 
the subgroup analysis by prostate cancer risk, the 
benefi t in overall survival with long-term deprivation 
was more evident for patients with high-risk disease, 
but not for those with intermediate-risk disease 
(fi gure 3). 5-year metastasis-free survival was 94% 
(95% CI 92–96) in the long-term androgen deprivation 
group compared with 83% (80–86) in the short-term 
androgen deprivation group (HR 2·31 [95% CI 
1·23–3·85]; p=0·01; fi gure 2C). This benefi t in 
metastasis-free survival was greater in patients with 
high-risk disease than in those with intermediate-risk 
disease (fi gure 3).

The results of the multivariate analysis showed that the 
independent prognostic factors aff ecting biochemical 
failure were patient age, radiation dose, PSA nadir, and 
treatment group (table 2).

At the date of analysis, 38 (11%) of 355 patients had 
died; 27 in the short-term androgen deprivation group 
and 11 in the long-term androgen deprivation group. The 
cause of death was prostate cancer in only fi ve patients, 
all of whom were in the short-term androgen deprivation 
group. 17 patients died of cancer, but not of the prostate 
(14 [8%] in the short-term group vs three [2%] in the long-
term group), eight of cardiac failure (three [2%] vs fi ve 
[3%]), and eight of other causes (fi ve [3%] vs three [2%]).

61 cardiovascular events occurred: 36 (20%) in 
177 patients in the long-term androgen deprivation group 
and 25 (14%) in 178 in the short-term group, but only 
eight (2%) were fatal (fi ve [3%] in the long-term group 
and three [2%] in the short-term group). Late rectal 
toxicity of grade 2 or worse occurred in 21 (12%) of 
177 patients in the long-term androgen deprivation group 
and 15 (8%) of 178 in the short-term group; late urinary 
toxicity of grade 2 or worse occurred in 18 (10%) patients 
in the long-term group and in 17 (10%) in the short-term 
group (table 3). Three (2%) patients in the long-term 
androgen deprivation group and two (1%) patients in the 

Figure 3: Eff ects of duration of androgen deprivation stratifi ed by risk group
STAD=short-term androgen deprivation. LTAD=long-term androgen deprivation.
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Number of events

N STAD LTAD STAD LTAD

Hazard ratio 
(95% CI)

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value

Patient age 0·946 (0·907–0·988) 0·012 0·941 (0·900–0·985) 0·008

Treatment group (STAD vs 
LTAD)

1·881 (1·101–3·215) 0·021 2·171 (1·178–4·002) 0·013

Radiation dose 0·950 (0·902–1·000) 0·051 0·943 (0·899–0·988) 0·014

PSA nadir 6·211 (2·296–16·799) <0·001 5·123 (1·399–18·757) 0·014

Pelvic radiotherapy 0·734 (0·380–1·419) 0·35 0·953 (0·414–2·197) 0·91

T stage (T3 vs T1–2) 1·243 (0·681–2·270) 0·47 1·552 (0·699–3·445) 0·28

Pre-treatment PSA 
(>20 ng/mL vs ≤20 ng/mL)

1·794 (1·037–3·105) 0·037 1·841 (0·809–4·187) 0·14

Gleason score (>7 vs ≤7) 1·287 (0·731–2·267) 0·38 1·398 (0·626–3·120) 0·41

Number of positive biopsy 
samples

1·064 (0·967–1·172) 0·21 1·067 (0·966–1·179) 0·19

HR=hazard ratio. STAD=short-term androgen deprivation. LTAD=long-term androgen deprivation. PSA=prostate-
specifi c antigen.

 Table 2: Univariate and multivariate analysis of biochemical progression-free survival
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Hormonal Therapy Use for Prostate Cancer
and Mortality in Men With Coronary Artery
Disease–Induced Congestive Heart Failure
or Myocardial Infarction
Akash Nanda, MD, PhD
Ming-Hui Chen, PhD
Michelle H. Braccioforte, BS
Brian J. Moran, MD
Anthony V. D’Amico, MD, PhD

PATIENTS WITH LOCALIZED PROS-
tate cancer have many op-
tions available for curative
treatment.1 The use of brachy-

therapy both as monotherapy and in
conjunction with external beam radia-
tion therapy has been demonstrated to
exhibit both long-term efficacy and
safety.2-5 Neoadjuvant hormonal ther-
apy (HT) is used as a means for pros-
tate gland cytoreduction in order to
eliminate pubic arch interference,
thereby facilitating the ability to per-
form brachytherapy.6 Although HT has
been associated with adverse effects in-
cluding the development of insulin re-
sistance7 and unfavorable lipid pro-
files,8 a decrease in muscle mass and
bone mineral density,9 and an in-
creased risk of cardiovascular death,10-13

its combined use with external beam ra-
diation therapy has resulted in improve-
ments in both cancer-specific and over-
all survival compared with external
beam radiation therapy alone in men
with locally advanced or localized, un-
favorable-risk prostate cancer.14-18

Recently, a postrandomization hy-
pothesis-generating analysis of a trial
comparing external beam radiation
therapy alone vs external beam radia-
tion therapy plus 6 months of HT in-

volving men with localized, unfavor-
able-risk prostate cancer addressed
whether the extent of preexisting co-
morbidity could affect the overall sur-
vival benefit.19 The results suggested
that men with no or minimal comor-
bidity had a survival benefit with com-
bination treatment, whereas there was
no significant difference in survival for
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Context Hormonal therapy (HT) when added to radiation therapy (RT) for treating
unfavorable-risk prostate cancer leads to an increase in survival except possibly in men
with moderate to severe comorbidity. However, it is unknown which comorbid con-
ditions eliminate this survival benefit.

Objective To assess whether neoadjuvant HT use affects the risk of all-cause mor-
tality in men with prostate cancer and coronary artery disease (CAD)–induced con-
gestive heart failure (CHF) or myocardial infarction (MI), CAD risk factors, or no co-
morbidity.

Design, Setting, and Patients A total of 5077 men (median age, 69.5 years) with
localized or locally advanced prostate cancer were consecutively treated with or with-
out a median of 4 months of neoadjuvant HT followed by RT at a suburban cancer
center between 1997 and 2006 and were followed up until July 1, 2008. Cox regres-
sion multivariable analyses were performed assessing whether neoadjuvant HT use
affected the risk of all-cause mortality, adjusting for age, year and type of RT, treat-
ment propensity score, and known prostate cancer prognostic factors in each comor-
bidity group.

Main Outcome Measure Risk of all-cause mortality.

Results Neoadjuvant HT use was not associated with an increased risk of all-cause
mortality in men with no comorbidity (9.6% vs 6.7%, adjusted hazard ratio [HR], 0.97;
95% confidence interval [CI], 0.72-1.32; P=.86) or a single CAD risk factor (10.7%
vs 7.0%, adjusted HR, 1.04; 95% CI, 0.75-1.43; P=.82) after median follow-ups of
5.0 and 4.4 years, respectively. However, for men with CAD-induced CHF or MI, af-
ter a median follow-up of 5.1 years, neoadjuvant HT use was significantly associated
with an increased risk of all-cause mortality (26.3% vs 11.2%, adjusted HR, 1.96; 95%
CI, 1.04-3.71; P=.04).

Conclusion Neoadjuvant HT use is significantly associated with an increased risk of
all-cause mortality among men with a history of CAD-induced CHF or MI but not among
men with no comorbidity or a single CAD risk factor.
JAMA. 2009;302(8):866-873 www.jama.com
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not for diabetes mellitus, hypercholes-
terolemia, or hypertension (adjusted
HR, 1.14; 95% CI, 0.75-1.74; P=.53).

As illustrated in the FIGURE, no sig-
nificant differences existed in the age-
adjusted estimates of all-cause mortal-
ity stratified by neoadjuvant HT use in
men with no underlying comorbidity
or a single coronary artery disease risk
factor. However, for men with a his-
tory of known coronary artery disease
resulting in congestive heart failure or
myocardial infarction, treatment with
neoadjuvant HT led to higher age-
adjusted estimates of all-cause mortal-
ity than treatment without neoadju-
vant HT. The 5-year age-adjusted point
estimates for percent all-cause mortal-
ity stratified by treatment with or with-
out neoadjuvant HT were 6.5 (95% CI,
4.6-8.4) vs 7.2 (95% CI, 5.8-8.7) for
men with no comorbidity, 10.6 (95%
CI, 7.4-13.8) vs 8.6 (95% CI, 6.7-
10.5) for men with 1 coronary artery
disease risk factor, and 24.4 (95% CI,
15.5-33.3) vs 10.7 (95% CI, 3.9-17.6)
for men with known coronary artery
disease resulting in congestive heart fail-
ure or myocardial infarction.

COMMENT
Our results demonstrate that after ad-
justing for age, treatment year, supple-
mental external beam radiation therapy

use, treatment propensity score, and
known prostate cancer prognostic fac-
tors, the use of neoadjuvant HT is as-
sociated with an increased risk of all-
cause mortality in men with a history
of coronary artery disease–induced con-
gestive heart failure or myocardial in-
farction but not in those with no co-
morbidity or a single coronary artery
disease risk factor. Although the effect
of neoadjuvant HT on the risk of all-
cause mortality in men treated with
brachytherapy has been previously re-
ported,42,43 no studies to date have ac-
counted for specific cardiovascular risk
factors and conditions. Given recent
data from a postrandomization analy-
sis19 associating moderate to severe co-
morbidity with a loss in survival ben-
efit from the addition of HT to external
beam radiation therapy in men with lo-
calized, unfavorable-risk prostate can-
cer, our current findings identify spe-
cific comorbid conditions that may
directly contribute to this observed loss
in survival benefit. It is also important
to note that the population of men in
whom the use of neoadjuvant HT may
be detrimental was limited to 5% (256
of 5077) in this community-based study
cohort. This latter point may explain
why there has been a survival benefit
observed in the major randomized trials
comparing HT plus external beam ra-

diation therapy to external beam radia-
tion therapy alone.14-18

The clinical significance of this find-
ing is that for men with favorable-risk
prostate cancer and a history of con-
gestive heart failure or myocardial in-
farction who require neoadjuvant HT
solely to eliminate pubic arch interfer-
ence,6 alternative strategies such as ac-
tive surveillance or treatment with ex-
ternal beam radiation therapy or
prostatectomy should be considered.
However, for men with unfavorable-
risk prostate cancer31 who require HT
in addition to radiation therapy to take
advantage of its survival benefit,14-18 ap-
propriate medical evaluation prior to
initiation should facilitate clinicians in
balancing the relative risks against the
benefits of HT use. Moreover, these data
suggest that in the design of future clini-
cal trials for men with prostate cancer
with HT representing any component
of the treatment, prerandomization
stratification based on the presence or
absence of coronary artery disease–
induced congestive heart failure or
myocardial infarction should be con-
sidered in order to ascertain if the treat-
ment effect varies in men with and with-
out a history of known coronary artery
disease.

Several points require further con-
sideration. First, although the ad-

Figure. Risk of All-Cause Mortality in Men With Prostate Cancer Who Received Brachytherapy With or Without Neoadjuvant Hormonal
Therapy (HT)
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known coronary artery disease resulting in congestive heart failure or myocardial infarction. After applying the Bonferroni correction, P values !.017 are significant.
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PATIENTS WITH LOCALIZED PROS-
tate cancer have many op-
tions available for curative
treatment.1 The use of brachy-

therapy both as monotherapy and in
conjunction with external beam radia-
tion therapy has been demonstrated to
exhibit both long-term efficacy and
safety.2-5 Neoadjuvant hormonal ther-
apy (HT) is used as a means for pros-
tate gland cytoreduction in order to
eliminate pubic arch interference,
thereby facilitating the ability to per-
form brachytherapy.6 Although HT has
been associated with adverse effects in-
cluding the development of insulin re-
sistance7 and unfavorable lipid pro-
files,8 a decrease in muscle mass and
bone mineral density,9 and an in-
creased risk of cardiovascular death,10-13

its combined use with external beam ra-
diation therapy has resulted in improve-
ments in both cancer-specific and over-
all survival compared with external
beam radiation therapy alone in men
with locally advanced or localized, un-
favorable-risk prostate cancer.14-18

Recently, a postrandomization hy-
pothesis-generating analysis of a trial
comparing external beam radiation
therapy alone vs external beam radia-
tion therapy plus 6 months of HT in-

volving men with localized, unfavor-
able-risk prostate cancer addressed
whether the extent of preexisting co-
morbidity could affect the overall sur-
vival benefit.19 The results suggested
that men with no or minimal comor-
bidity had a survival benefit with com-
bination treatment, whereas there was
no significant difference in survival for
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Context Hormonal therapy (HT) when added to radiation therapy (RT) for treating
unfavorable-risk prostate cancer leads to an increase in survival except possibly in men
with moderate to severe comorbidity. However, it is unknown which comorbid con-
ditions eliminate this survival benefit.

Objective To assess whether neoadjuvant HT use affects the risk of all-cause mor-
tality in men with prostate cancer and coronary artery disease (CAD)–induced con-
gestive heart failure (CHF) or myocardial infarction (MI), CAD risk factors, or no co-
morbidity.

Design, Setting, and Patients A total of 5077 men (median age, 69.5 years) with
localized or locally advanced prostate cancer were consecutively treated with or with-
out a median of 4 months of neoadjuvant HT followed by RT at a suburban cancer
center between 1997 and 2006 and were followed up until July 1, 2008. Cox regres-
sion multivariable analyses were performed assessing whether neoadjuvant HT use
affected the risk of all-cause mortality, adjusting for age, year and type of RT, treat-
ment propensity score, and known prostate cancer prognostic factors in each comor-
bidity group.

Main Outcome Measure Risk of all-cause mortality.

Results Neoadjuvant HT use was not associated with an increased risk of all-cause
mortality in men with no comorbidity (9.6% vs 6.7%, adjusted hazard ratio [HR], 0.97;
95% confidence interval [CI], 0.72-1.32; P=.86) or a single CAD risk factor (10.7%
vs 7.0%, adjusted HR, 1.04; 95% CI, 0.75-1.43; P=.82) after median follow-ups of
5.0 and 4.4 years, respectively. However, for men with CAD-induced CHF or MI, af-
ter a median follow-up of 5.1 years, neoadjuvant HT use was significantly associated
with an increased risk of all-cause mortality (26.3% vs 11.2%, adjusted HR, 1.96; 95%
CI, 1.04-3.71; P=.04).

Conclusion Neoadjuvant HT use is significantly associated with an increased risk of
all-cause mortality among men with a history of CAD-induced CHF or MI but not among
men with no comorbidity or a single CAD risk factor.
JAMA. 2009;302(8):866-873 www.jama.com
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Purpose: It is unknown whether the excess risk of all-cause mortality (ACM) observed when androgen deprivation
therapy (ADT) is added to radiation for men with prostate cancer and a history of congestive heart failure (CHF)
or myocardial infarction (MI) also applies to those with high-risk disease.
Methods and Materials: Of 14,594 men with cT1c–T3aN0M0 prostate cancer treated with brachytherapy-based
radiation from 1991 through 2006, 1,378 (9.4%) with a history of CHF orMI comprised the study cohort. Of these,
22.6% received supplemental external beam radiation, and 42.9% received a median of 4 months of neoadjuvant
ADT. Median age was 71.8 years. Median follow-up was 4.3 years. Cox multivariable analysis tested for an asso-
ciation between ADT use and ACM within risk groups, after adjusting for treatment factors, prognostic factors,
and propensity score for ADT.
Results: ADT was associated with significantly increased ACM (adjusted hazard ratio [AHR] = 1.76; 95% confi-
dence interval [CI], 1.32–2.34; p = 0.0001), with 5-year estimates of 22.71% with ADT and 11.62% without ADT.
The impact of ADT on ACM by risk group was as follows: high-risk AHR = 2.57; 95% CI, 1.17–5.67; p = 0.019;
intermediate-risk AHR = 1.75; 95% CI, 1.13–2.73; p = 0.012; low-risk AHR = 1.52; 95% CI, 0.96–2.43; p = 0.075).
Conclusions: Among patients with a history of CHF or MI treated with brachytherapy-based radiation, ADTwas
associatedwith increasedall-causemortality, even forpatientswithhigh-riskdisease.AlthoughADThasbeen shown
in Phase III studies to improve overall survival in high-risk disease, the small subgroup of high-risk patients with
a history of CHF orMI, who represented about 9% of the patients, may be harmed by ADT. ! 2012 Elsevier Inc.

Androgen deprivation therapy, Prostate cancer, Cardiovascular, Mortality.

INTRODUCTION

Neoadjuvant androgen deprivation therapy (ADT) has been
shown in three randomized trials to improve overall survival
when added to radiation therapy for men with intermediate-
and high-risk prostate cancer (1–3). However, ADT has
known adverse side effects, including weight gain, loss of
muscle mass, a worsening lipid profile, an increase in the
risk of diabetes, and increased cardiac events in some, but
not all, studies (4–7). For example, one retrospective
Surveillance, Epidemiology, and End Results–Medicare

study linked ADT to an excess risk of sudden cardiac death
in men without known coronary artery disease (CAD) (7).

Also, a reanalysis of three randomized trials suggested that

in men over age 65, ADT is associated with a shorter time

to fatal myocardial infarction (MI) (8).
Of particular concern was a large retrospective study re-

cently published in which ADT use was significantly associ-

ated with an increased risk of all-cause mortality in men with

a history of MI- or CAD-induced congestive heart failure

(CHF) who were treated with radiation for prostate cancer
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analyses by 10 birth cohorts, and there were no significant
differences.

For the purpose of illustration, estimates of the incidence
of ACM are shown in figure by risk group, stratified by
whether or not patients received ADT. As seen in the figures,
the 5-year risk of ACM with ADT and without ADT in high
risk was 31.79% vs. 19.54%, intermediate risk was 19.26 %
vs. 11.37%, and in low risk was 20.95% vs. 10.64%.

DISCUSSION

In this large retrospective study, we found that for men
with prostate cancer and a prior history of MI or CAD-

induced CHF, the use of ADT plus radiation was associated
with a higher risk of all-cause mortality than radiation alone.
Of particular note was that when analyzed by risk group, this
adverse effect ofADTon all-causemortality remained signif-
icant for high-risk patients, in whomADTusewas associated
with a 2.6-fold increase in the risk of death from any cause.

This finding is particularly important because neoadju-
vant ADT is not typically used for low-risk disease except
for gland volume reduction to enable brachytherapy, but it
is widely accepted as the standard of care for high-risk
clinically localized prostate cancer managed by radiation
because it has been shown to improve overall survival for
unfavorable-risk patients in two randomized Phase III trials

Fig. All-cause mortality with and without neoadjuvant androgen deprivation therapy (ADT) for patients stratified by risk
group. (a) All patients (univariable p log-rank <0.001, multivariable pCOX = 0.001); (b) high risk (univariable p log-
rank = 0.0955, multivariable pCOX = 0.019), (c) Intermediate Risk (univariable p log-rank = 0.0142, multivariable
pCOX = 0.012); (d) low risk (univariable p log-rank = 0.0045, multivariable pCOX = 0.075).
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and cardiovascular death (7.1%; 95%
CI, 5.4%-9.2%; vs 8.2%; 95% CI, 5.9%-
11.3%; RR, 0.88; 95% CI, 0.58-1.34;
P=.55; test for heterogeneity: Q=1.53;
P=.46; I2=0%). When comparing the
RRs of cardiovascular death due to ADT
among trials with median age of
younger than 70 years vs 70 years or
older, we did not observe a statisti-
cally significant difference (P=.77).

Findings in Patients Who Received
Radiation Therapy
When analysis was limited to the 5 trials
in which definitive radiation was used
(DFCI 95-096,3 TROG 96.01,16 RTOG
85-31,8 RTOG 86-10,9 and EORTC
2286313), there was also no evidence of
excess cardiovascular death due to ADT
(10.5%; 95% CI, 8.1%-13.6%; vs 11.5%;
95% CI, 9.8%-13.3%; RR, 0.94; 95% CI,
0.76-1.17; P= .57; test for heteroge-
neity: Q=3.87; P=.42; I2=0%).

Association of ADT With PCSM
There were 443 PCSM deaths among
2527 patients in the ADT group and 552
PCSM deaths among 2278 patients in
the control group. The incidence of
PCSM among men receiving ADT vs
control was 13.5% (95% CI, 8.8%-
20.3%) vs 22.1% (95% CI, 15.1%-
31.1%). The RR was 0.69 (95% CI, 0.56-
0.84; P ! .001; heterogeneity test:
Q=24.57; P=.006; I2=59.3%), favor-
ing ADT use (FIGURE 3).

Association of ADT
With Overall Survival
There were 1140 total deaths among
2527 patients in the ADT group and
1213 total deaths among 2278 pa-
tients in the control group. The inci-
dence of all-cause mortality among men
receiving ADT vs control was 37.7%
(95% CI, 27.3%-49.4%) vs 44.4% (95%
CI, 32.5%-57.0%). The RR of death was
0.86 (95% CI, 0.80-0.93; P ! .001;
heterogeneity test: Q=16.86; P=.08;
I2=40.7%) (FIGURE 4).

COMMENT
Whether ADT causes excess cardio-
vascular mortality in men with pros-
tate cancer has been highly controver-
sial for the last 5 years and recently
led to a joint statement by the Ameri-
can Heart Association, the American
Cancer Society, the American Uro-
logical Association, and the American
Society for Radiation Oncology that
there may be a relationship between
ADT and cardiovascular events and
death, and a safety warning by the
Food and Drug Administration
requiring GnRH agonist manufactur-
ers to warn about an increased risk of
diabetes, heart attack, sudden cardiac
death, and stroke.5,6 Because most of
the data raising concern about the
effect of ADT on cardiovascular
events and cardiovascular death has
been retrospective, we performed a

meta-analysis of prospective random-
ized trials comparing immediate
GnRH-agonist–based ADT vs no ADT
or deferred ADT for men with non-
metastatic, unfavorable-risk prostate
cancer. In our study of 4141 patients
in 8 randomized trials with median
follow-up of 7.6 to 13.2 years, we
could not find any evidence that ADT
causes excess cardiovascular mortal-
ity. Our study suggests that for the
population as a whole, there is either
no adverse effect of ADT on cardio-
vascular mortality or the magnitude of
this effect is likely rather small.

In our analysis, we could not find a
subgroup in which ADT was associ-
ated with excess cardiovascular mor-
tality. Specifically, we did not see an ex-
cess risk of cardiovascular mortality due
to ADT among men receiving short-
course ADT ("6 months), men receiv-
ing long-course ADT (#3 years), men
receiving radiation, or in trials in which
the median age of enrollment was 70
years or older. As shown in some of the
individual trials, our meta-analysis
found that the use of ADT in men with
unfavorable-risk prostate cancer is as-
sociated with improved prostate can-
cer–specific survival and overall sur-
vival. Of note, these improved survival
findings only apply to men with unfa-
vorable-risk prostate cancer, because
the trials analyzed generally did not
contain men with low-risk disease, a

Figure 2. Relative Risk of Cardiovascular Deaths Associated With ADT Among Patients With Prostate Cancer

Favors ADT Favors Control

101.00.1

Relative Risk (95% CI)

No./ Total No. of Events

Source ADT Control
Relative Risk

(95% CI) P Value

D’Amico et al,3 2008 (DFCI 95-096) 13/102 13/104 1.02 (0.50-2.09) .96

Bolla et al,13 2010 (EORTC 22863) 22/207 17/208 1.30 (0.71-2.38) .39
Schröder et al,14 2009 (EORTC 30846) 10/119 10/115 0.97 (0.42-2.23) .94
Studer et al,15 2006 (EORTC 30891) 88/492 97/493 0.91 (0.70-1.18) .47

52/477 65/468Efstathiou et al,8 2009 (RTOG 85-31) 0.78 (0.56-1.10) .17
Roach et al,9 2008 (RTOG 86-10) 31/224 26/232 1.23 (0.76-2.01) .40
Denham et al,16 2011 (TROG 96.01) 36/532 23/270 0.79 (0.48-1.31) .37

Overall
Test for heterogeneity: Q = 5.12; P = .64; I2 = 0%

255/2200 252/1941 0.93 (0.79-1.10) .41

Messing et al,12 2006 (ECOG/EST 3886) 3/47 1/51 3.26 (0.35-30.2) .30

ADT indicates androgen deprivation therapy. The summary relative risk of cardiovascular deaths was calculated using a fixed-effects model. The size of the squares
indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond indicates the summary relative risk.
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The controversy about the possible role of androgen-
deprivation therapy (ADT) in cardiovascular harm was
ignited in 2006 with the publication of a large observa-
tional US Surveillance Epidemiology and End Results
(SEER)–Medicare analysis by Keating et al. suggesting that
ADT use in the form of a gonodotropin-releasing hormone
(GnRH) agonist was associated with a 44% increased risk of
diabetes, a 16% increased risk of coronary heart disease, an
11% increased risk of myocardial infarction (MI), and a 16%
increased risk of sudden cardiac death in men with prostate
cancer (PCa) [1]. It is interesting to note that apart from the
diabetes risk, this excess cardiovascular event risk was not
seen with orchiectomy, suggesting that this effect may
have been specific to GnRH agonists rather than simply a
low testosterone level. This study and others, including a
pooled reanalysis of two randomized trials that suggested
that ADT was associated with a shorter time to MI in men
>65 yr [2], led to a 2010 joint statement by US medical
societies representing cardiology, oncology, urology, and
radiation oncology asserting that ‘‘it is reasonable, on the
basis of the above data, to state that there may be a relation
between ADT and cardiovascular events and death’’ [3].
Later in 2010, the US Food and Drug Administration issued
a safety warning requiring GnRH agonist labeling to
disclose an ‘‘increased risk of diabetes and certain
cardiovascular diseases (heart attack, sudden cardiac
death, stroke) in men receiving these medications for the
treatment of prostate cancer’’ [4].

In this issue of European Urology, Jespersen and
colleagues present evidence from a large Danish observa-
tional study with results that strongly support what was
seen in the US SEER–Medicare series [5]. Specifically, among
31 571 patients with PCa, GnRH agonist use was associated

with a 31% increased risk of MI and a 16% increased risk of
stroke, but once again this effect was not seen among men
who received orchiectomy.

This is an excellent, well-designed study with large
numbers and very complete follow-up. The study raises
serious warnings about the potential for GnRH agonists to
cause adverse cardiac events and represents an important
contribution to this literature. However, as with all
observational studies, it remains impossible to know for
sure whether ADT actually caused the excess MIs and
strokes observed or whether patients selected for ADT were
simply more predisposed to developing them in the first
place. Advanced statistical techniques, including propensity
analysis and instrumental variable analysis, can be used to
try to correct for the bias inherent in the nonrandom
assignment of treatment, but ultimately no technique can
give an observational study the level of proof that is found in
randomized trials.

This is where the link between ADT and cardiovascular
death starts to become more tenuous: While the evidence
that ADT causes cardiovascular events or death comes
largely from observational studies, individual randomized
trials of ADT compared with no ADT have failed to detect
an increased risk of cardiovascular events or death from
ADT. A recent meta-analysis of 4141 patients in eight
randomized trials of ADT compared with no ADT for
unfavorable-risk nonmetastatic PCa found nearly identi-
cal rates of cardiovascular mortality with ADT (11.0%)
compared with no ADT (11.2%), with a hazard ratio of
0.93 ( p = 0.41) [6].

What can explain the discrepancy between the observa-
tional and randomized data? One possibility is simply that
the association seen in observational data is spurious.
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AN D R O G E N D E P R I V A T I O N
therapy (ADT) in the form of
a gonadotropin-releasing hor-
mone (GnRH) agonist is a

mainstay of prostate cancer treat-
ment, but several studies have sug-
gested that ADT may increase a pa-
tient’s risk of dying from cardiovascular
causes.

In 2006, Keating et al1 found that
GnRH agonist use was associated with
a 44% increased risk of incident diabe-
tes, 16% increase in coronary heart
disease, 11% increase in myocardial
infarction (MI), and 16% increase in
sudden cardiac death in the national
Surveillance, Epidemiology, and End
Results–Medicare database. In 2007,
Tsai et al2 found that ADT was associ-
ated with a 2.6-times increase in car-
diovascular death among men receiv-
ing radical prostatectomy in the
CAPSURE database. In addition,
D’Amico et al3 reanalyzed data from 2
randomized trials and found that ADT
use was associated with a shorter time to fatal MI in a subgroup of men older

than 65 years. On the basis of these
and other studies,4 the American Heart
Association, the American Cancer

Author Affiliations are listed at the end of this article.
Corresponding Author: Paul L. Nguyen, MD, Depart-
ment of Radiation Oncology, Dana-Farber Cancer In-
stitute, Brigham and Women’s Hospital, 75 Francis St,
Boston, MA 02115 (pnguyen@LROC.harvard.edu).

Context Whether androgen deprivation therapy (ADT) causes excess cardiovascu-
lar deaths in men with prostate cancer is highly controversial and was the subject of a
joint statement by multiple medical societies and a US Food and Drug Administration
safety warning.

Objective To perform a systematic review and meta-analysis of randomized trials
to determine whether ADT is associated with cardiovascular mortality, prostate cancer–
specific mortality (PCSM), and all-cause mortality in men with unfavorable-risk, non-
metastatic prostate cancer.

Data Sources A search of MEDLINE, EMBASE, and the Cochrane Central Register
of Controlled Trials databases for relevant randomized controlled trials in English be-
tween January 1, 1966, and April 11, 2011.

Study Selection Inclusion required nonmetastatic disease, intervention group with
gonadotropin-releasing hormone agonist–based ADT, control group with no imme-
diate ADT, complete information on cardiovascular deaths, and median follow-up of
more than 1 year.

Data Extraction Extraction was by 2 independent reviewers. Summary incidence, rela-
tive risk (RR), and CIs were calculated using random-effects or fixed-effects models.

Results Among 4141 patients from 8 randomized trials, cardiovascular death in pa-
tients receiving ADT vs control was not significantly different (255/2200 vs 252/
1941 events; incidence, 11.0%; 95% CI, 8.3%-14.5%; vs 11.2%; 95% CI, 8.3%-
15.0%; RR, 0.93; 95% CI, 0.79-1.10; P=.41). ADT was not associated with excess
cardiovascular death in trials of at least 3 years (long duration) of ADT (11.5%; 95%
CI, 8.1%-16.0%; vs 11.5%; 95% CI, 7.5%-17.3%; RR, 0.91; 95% CI, 0.75-1.10;
P=.34) or in trials of 6 months or less (short duration) of ADT (10.5%; 95% CI, 6.3%-
17.0%; vs 10.3%; 95% CI, 8.2%-13.0%; RR, 1.00; 95% CI, 0.73-1.37; P=.99). Among
4805 patients from 11 trials with overall death data, ADT was associated with lower
PCSM (443/2527 vs 552/2278 events; 13.5%; 95% CI, 8.8%-20.3%; vs 22.1%; 95%
CI, 15.1%-31.1%; RR, 0.69; 95% CI, 0.56-0.84; P! .001) and lower all-cause mor-
tality (1140/2527 vs 1213/2278 events; 37.7%; 95% CI, 27.3%-49.4%; vs 44.4%;
95% CI, 32.5%-57.0%; RR, 0.86; 95% CI, 0.80-0.93; P! .001).

Conclusion In a pooled analysis of randomized trials in unfavorable-risk prostate can-
cer, ADT use was not associated with an increased risk of cardiovascular death but
was associated with a lower risk of PCSM and all-cause mortality.
JAMA. 2011;306(21):2359-2366 www.jama.com
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group for whom there is no compel-
ling evidence that ADT improves sur-
vival.

Overall, the results of our study
should be generally reassuring to most
men with unfavorable-risk prostate
cancer considering ADT, because it
was associated with improved survival
without a measurable excess in cardio-
vascular mortality, but a few impor-
tant points need to be raised. First,
none of the trials were stratified by

preexisting cardiovascular comorbid-
ity; therefore, our study cannot
exclude the possibility that a small
subgroup of men with underlying car-
diac disease (even if controlled) could
experience excess cardiovascular mor-
tality due to ADT.29 For example, a
post hoc reanalysis of one of the trials
included in our meta-analysis (DFCI
95-0963) found that men with moder-
ate to severe comorbidity (mainly car-
diac) appeared to have poorer overall

survival when treated with ADT and
radiation vs radiation alone, although
this difference was not statistically
significant (P = .08).3 In addition, a
retrospective review of a large data
set of men who were treated with
brachytherapy-based radiation found
that although 95% of the men were
not harmed by ADT, the 5% of men
with a prior history of MI or conges-
tive heart failure (CHF) appeared to
have a higher incidence of all-cause

Figure 3. Relative Risk of Prostate Cancer–Specific Mortality Associated With ADT Among Patients With Prostate Cancer

Favors ADT Favors Control

101.00.1

Relative Risk (95% CI)

No./ Total No. of Events

Source ADT Control
Relative Risk

(95% CI) P Value

Aus et al,17 2002 (Aus) 3/63 3/63 1.00 (0.21-4.77) >.99
D’Amico et al,3 2008 (DFCI 95-096) 4/102 14/104 0.29 (0.10-0.86) .03

Bolla et al,13 2010 (EORTC 22863) 26/207 57/208 0.46 (0.30-0.70) <.001
Schröder et al,14 2009 (EORTC 30846) 69/119 70/115 0.95 (0.77-1.18) .65
Studer et al,15 2006 (EORTC 30891) 94/492 99/493 0.95 (0.74-1.23) .70

Yee et al,19 2010 (MSKCC) 1/72 0/64 2.67 (0.11-64.4) .37
3/192 5/210Schulman et al,18 2000 (ESGNTPC) 0.66 (0.16-2.71) .55

82/477 113/468Efstathiou et al,8 2009 (RTOG 85-31) 0.71 (0.55-0.92) .009
Roach et al,9 2008 (RTOG 86-10) 65/224 96/232 0.70 (0.54-0.91) .007
Denham et al,16 2011 (TROG 96.01) 89/532 70/270 0.65 (0.49-0.85) .002

Overall
Test for heterogeneity: Q = 24.57; P = .006; I2 = 59.3%

443/2527 552/2278 0.69 (0.56-0.84) <.001

Messing et al,12 2006 (ECOG/EST 3886) 7/47 25/51 0.30 (0.15-0.64) .002

ADT indicates androgen deprivation therapy. The summary relative risk of prostate cancer–specific mortality was calculated using a random-effects model. The size of
the squares indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond indicates the summary relative risk.

Figure 4. Relative Risk of All-Cause Mortality Associated With ADT Among Patients With Prostate Cancer

Favors ADT Favors Control

5.01.00.1

Relative Risk (95% CI)

No./ Total No. of Events

Source ADT Control
Relative Risk

(95% CI) P Value

Aus et al,17 2002 (Aus) 11/63 9/63 1.22 (0.54-2.74) .63
D’Amico et al,3 2008 (DFCI 95-096) 30/102 44/104 0.70 (0.48-1.01) .06

Bolla et al,13 2010 (EORTC 22863) 80/207 112/208 0.72 (0.58-0.89) .002
Schröder et al,14 2009 (EORTC 30846) 96/119 97/115 0.96 (0.85-1.08) .46
Studer et al,15 2006 (EORTC 30891) 257/492 284/493 0.91 (0.81-1.02) .09

Yee et al,19 2010 (MSKCC) 10/72 5/64 1.78 (0.64-4.93) .27
8/192 8/210Schulman et al,18 2000 (ESGNTPC) 1.09 (0.42-2.86) .86

269/477 306/468Efstathiou et al,8 2009 (RTOG 85-31) 0.86 (0.78-0.96) .005
Roach et al,9 2008 (RTOG 86-10) 164/224 184/232 0.92 (0.83-1.02) .13
Denham et al,16 2011 (TROG 96.01) 198/532 136/270 0.74 (0.63-0.87) <.001

Overall
Test for heterogeneity: Q = 16.86; P = .08; I2 = 40.7%

1140/2527 1213/2278 0.86 (0.80-0.93) <.001

Messing et al,12 2006 (ECOG/EST 3886) 17/47 28/51 0.66 (0.42-1.04) .07

ADT indicates androgen deprivation therapy. The summary relative risk of all-cause mortality was calculated using a random-effects model. The size of the squares
indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond indicates the summary relative risk.
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AN D R O G E N D E P R I V A T I O N
therapy (ADT) in the form of
a gonadotropin-releasing hor-
mone (GnRH) agonist is a

mainstay of prostate cancer treat-
ment, but several studies have sug-
gested that ADT may increase a pa-
tient’s risk of dying from cardiovascular
causes.

In 2006, Keating et al1 found that
GnRH agonist use was associated with
a 44% increased risk of incident diabe-
tes, 16% increase in coronary heart
disease, 11% increase in myocardial
infarction (MI), and 16% increase in
sudden cardiac death in the national
Surveillance, Epidemiology, and End
Results–Medicare database. In 2007,
Tsai et al2 found that ADT was associ-
ated with a 2.6-times increase in car-
diovascular death among men receiv-
ing radical prostatectomy in the
CAPSURE database. In addition,
D’Amico et al3 reanalyzed data from 2
randomized trials and found that ADT
use was associated with a shorter time to fatal MI in a subgroup of men older

than 65 years. On the basis of these
and other studies,4 the American Heart
Association, the American Cancer

Author Affiliations are listed at the end of this article.
Corresponding Author: Paul L. Nguyen, MD, Depart-
ment of Radiation Oncology, Dana-Farber Cancer In-
stitute, Brigham and Women’s Hospital, 75 Francis St,
Boston, MA 02115 (pnguyen@LROC.harvard.edu).

Context Whether androgen deprivation therapy (ADT) causes excess cardiovascu-
lar deaths in men with prostate cancer is highly controversial and was the subject of a
joint statement by multiple medical societies and a US Food and Drug Administration
safety warning.

Objective To perform a systematic review and meta-analysis of randomized trials
to determine whether ADT is associated with cardiovascular mortality, prostate cancer–
specific mortality (PCSM), and all-cause mortality in men with unfavorable-risk, non-
metastatic prostate cancer.

Data Sources A search of MEDLINE, EMBASE, and the Cochrane Central Register
of Controlled Trials databases for relevant randomized controlled trials in English be-
tween January 1, 1966, and April 11, 2011.

Study Selection Inclusion required nonmetastatic disease, intervention group with
gonadotropin-releasing hormone agonist–based ADT, control group with no imme-
diate ADT, complete information on cardiovascular deaths, and median follow-up of
more than 1 year.

Data Extraction Extraction was by 2 independent reviewers. Summary incidence, rela-
tive risk (RR), and CIs were calculated using random-effects or fixed-effects models.

Results Among 4141 patients from 8 randomized trials, cardiovascular death in pa-
tients receiving ADT vs control was not significantly different (255/2200 vs 252/
1941 events; incidence, 11.0%; 95% CI, 8.3%-14.5%; vs 11.2%; 95% CI, 8.3%-
15.0%; RR, 0.93; 95% CI, 0.79-1.10; P=.41). ADT was not associated with excess
cardiovascular death in trials of at least 3 years (long duration) of ADT (11.5%; 95%
CI, 8.1%-16.0%; vs 11.5%; 95% CI, 7.5%-17.3%; RR, 0.91; 95% CI, 0.75-1.10;
P=.34) or in trials of 6 months or less (short duration) of ADT (10.5%; 95% CI, 6.3%-
17.0%; vs 10.3%; 95% CI, 8.2%-13.0%; RR, 1.00; 95% CI, 0.73-1.37; P=.99). Among
4805 patients from 11 trials with overall death data, ADT was associated with lower
PCSM (443/2527 vs 552/2278 events; 13.5%; 95% CI, 8.8%-20.3%; vs 22.1%; 95%
CI, 15.1%-31.1%; RR, 0.69; 95% CI, 0.56-0.84; P! .001) and lower all-cause mor-
tality (1140/2527 vs 1213/2278 events; 37.7%; 95% CI, 27.3%-49.4%; vs 44.4%;
95% CI, 32.5%-57.0%; RR, 0.86; 95% CI, 0.80-0.93; P! .001).

Conclusion In a pooled analysis of randomized trials in unfavorable-risk prostate can-
cer, ADT use was not associated with an increased risk of cardiovascular death but
was associated with a lower risk of PCSM and all-cause mortality.
JAMA. 2011;306(21):2359-2366 www.jama.com
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group for whom there is no compel-
ling evidence that ADT improves sur-
vival.

Overall, the results of our study
should be generally reassuring to most
men with unfavorable-risk prostate
cancer considering ADT, because it
was associated with improved survival
without a measurable excess in cardio-
vascular mortality, but a few impor-
tant points need to be raised. First,
none of the trials were stratified by

preexisting cardiovascular comorbid-
ity; therefore, our study cannot
exclude the possibility that a small
subgroup of men with underlying car-
diac disease (even if controlled) could
experience excess cardiovascular mor-
tality due to ADT.29 For example, a
post hoc reanalysis of one of the trials
included in our meta-analysis (DFCI
95-0963) found that men with moder-
ate to severe comorbidity (mainly car-
diac) appeared to have poorer overall

survival when treated with ADT and
radiation vs radiation alone, although
this difference was not statistically
significant (P = .08).3 In addition, a
retrospective review of a large data
set of men who were treated with
brachytherapy-based radiation found
that although 95% of the men were
not harmed by ADT, the 5% of men
with a prior history of MI or conges-
tive heart failure (CHF) appeared to
have a higher incidence of all-cause

Figure 3. Relative Risk of Prostate Cancer–Specific Mortality Associated With ADT Among Patients With Prostate Cancer

Favors ADT Favors Control

101.00.1

Relative Risk (95% CI)

No./ Total No. of Events

Source ADT Control
Relative Risk

(95% CI) P Value

Aus et al,17 2002 (Aus) 3/63 3/63 1.00 (0.21-4.77) >.99
D’Amico et al,3 2008 (DFCI 95-096) 4/102 14/104 0.29 (0.10-0.86) .03

Bolla et al,13 2010 (EORTC 22863) 26/207 57/208 0.46 (0.30-0.70) <.001
Schröder et al,14 2009 (EORTC 30846) 69/119 70/115 0.95 (0.77-1.18) .65
Studer et al,15 2006 (EORTC 30891) 94/492 99/493 0.95 (0.74-1.23) .70

Yee et al,19 2010 (MSKCC) 1/72 0/64 2.67 (0.11-64.4) .37
3/192 5/210Schulman et al,18 2000 (ESGNTPC) 0.66 (0.16-2.71) .55

82/477 113/468Efstathiou et al,8 2009 (RTOG 85-31) 0.71 (0.55-0.92) .009
Roach et al,9 2008 (RTOG 86-10) 65/224 96/232 0.70 (0.54-0.91) .007
Denham et al,16 2011 (TROG 96.01) 89/532 70/270 0.65 (0.49-0.85) .002

Overall
Test for heterogeneity: Q = 24.57; P = .006; I2 = 59.3%

443/2527 552/2278 0.69 (0.56-0.84) <.001

Messing et al,12 2006 (ECOG/EST 3886) 7/47 25/51 0.30 (0.15-0.64) .002

ADT indicates androgen deprivation therapy. The summary relative risk of prostate cancer–specific mortality was calculated using a random-effects model. The size of
the squares indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond indicates the summary relative risk.

Figure 4. Relative Risk of All-Cause Mortality Associated With ADT Among Patients With Prostate Cancer

Favors ADT Favors Control

5.01.00.1

Relative Risk (95% CI)

No./ Total No. of Events

Source ADT Control
Relative Risk

(95% CI) P Value

Aus et al,17 2002 (Aus) 11/63 9/63 1.22 (0.54-2.74) .63
D’Amico et al,3 2008 (DFCI 95-096) 30/102 44/104 0.70 (0.48-1.01) .06

Bolla et al,13 2010 (EORTC 22863) 80/207 112/208 0.72 (0.58-0.89) .002
Schröder et al,14 2009 (EORTC 30846) 96/119 97/115 0.96 (0.85-1.08) .46
Studer et al,15 2006 (EORTC 30891) 257/492 284/493 0.91 (0.81-1.02) .09

Yee et al,19 2010 (MSKCC) 10/72 5/64 1.78 (0.64-4.93) .27
8/192 8/210Schulman et al,18 2000 (ESGNTPC) 1.09 (0.42-2.86) .86

269/477 306/468Efstathiou et al,8 2009 (RTOG 85-31) 0.86 (0.78-0.96) .005
Roach et al,9 2008 (RTOG 86-10) 164/224 184/232 0.92 (0.83-1.02) .13
Denham et al,16 2011 (TROG 96.01) 198/532 136/270 0.74 (0.63-0.87) <.001

Overall
Test for heterogeneity: Q = 16.86; P = .08; I2 = 40.7%

1140/2527 1213/2278 0.86 (0.80-0.93) <.001

Messing et al,12 2006 (ECOG/EST 3886) 17/47 28/51 0.66 (0.42-1.04) .07

ADT indicates androgen deprivation therapy. The summary relative risk of all-cause mortality was calculated using a random-effects model. The size of the squares
indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond indicates the summary relative risk.
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timing on the risk of CVD, we expanded our previous study
cohort in the Prostate Cancer Database Sweden (PCBaSe) by
extending follow-up time and adding a series of PCa-free com-
parison men and data on filled prescriptions from the National
Prescribed Drug Register.

METHODS

Study Population and Data Collection
PCBaSe Sweden 2.0 is based on the National Prostate Cancer Register

(NPCR) of Sweden, which became nationwide in 1998 and covers 98% of all
newly diagnosed, biopsy-confirmed PCas, as compared with the Swedish
Cancer Registry.25 NPCR includes information on date of diagnosis, age at
diagnosis, tumor stage and differentiation, serum levels of prostate-specific
antigen (PSA) at time of diagnosis, and primary treatment within 6 months
after date of diagnosis.25 By use of the Swedish 10-digit personal identity
number, five PCa-free men from the general population in Sweden were
randomly selected within sets of men who matched the index patient on age
(! 1 year) and county of residence from the PCBaSe cohort. Patients and the
comparison cohort in PCBaSe were subsequently linked to a series of national
health care registers and demographic databases to obtain data on discharge
diagnoses, surgical procedures, socioeconomic status, and cause of death to be
included in the PCBaSe database.25 Comorbidities were measured by the
Charlson comorbidity index (CCI), which assigns weights to a number of
medical conditions, including diabetes and hypertension, allowing for a final
comorbidity score to be calculated for each individual.26 Each condition is
assigned a score of 1, 2, 3, or 6, and the final CCI score is given as the sum of
these scores. Individuals are grouped into CCI categories for final scores of 0, 1,
2, or 3". Information on filled prescriptions of antiandrogens (AA) and
GnRH agonists, including date of initiation, duration, and daily drug dose was

obtained from the National Prescribed Drug Register.27 The Research Ethics
Board at Umeå University (Umeå, Sweden) approved this study.

Information in PCBaSe on age, serum PSA, treatment at time of diagno-
sis, tumor grade and stage, educational level, history of CVD (primary diagno-
ses), and cause and date of death was used. PCa risk category was defined
according to a modification of the National Comprehensive Cancer Network
guidelines,28 as follows: low risk: T1-2, Gleason score of 2 to 6, and PSA less
than 10 ng/mL; intermediate risk: T1-2, Gleason score of 7, and/or PSA of 10 to
20 ng/mL; high risk: T3 and/or Gleason score of 8 to 10 and/or PSA of 20 to 50
ng/mL; regionally metastatic/locally advanced: T4 and/or N1 and/or PSA of 50
to 100 ng/mL in the absence of distant metastases (M0 or MX); distant
metastases: M1 and/or PSA more than 100 ng/mL.25 For the current analysis,
we selected men with PCa who received ADT as primary treatment or because
of disease progression. Using information from the Patient Register and the
National Prescribed Drug Register, ADT was grouped into AA monotherapy;
GnRH agonist monotherapy, including men receiving short-term AA as flare
protection or long-term AA (# 6 months) for combined androgen blockade
(CAB); and surgical orchiectomy. We performed a sensitivity analysis whereby
we excluded men receiving CAB from the GnRH group and saw negligible
differences in risk of CVD; the results remained unchanged or changed in the
second decimal, and thus, those on CAB therapy were included in the GnRH
group for all analyses (Appendix Table A1, online only).

Analysis
Analysis was performed on the association between exposure to different

types of ADT and incident and fatal overall CVD (International Classification
of Diseases, Tenth Revision [ICD-10]: I00 through I99) and subtypes thereof,
including ischemic heart disease (ICD-10: I20 through I25), arrhythmia (ICD-
10: I44 through I49), heart failure (ICD-10: I50), and stroke (ICD-10: I60
through I64, G45). Because PCBaSe has detailed follow-up on five age- and
county-matched PCa-free men for every patient with PCa, we conducted a
prospective cohort study whereby men with PCa on ADT and PCa-free men
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Fig 1. Relative risks of cardiovascular
disease in men with prostate cancer on
androgen-deprivation therapy in published
randomized clinical trials (RCTs) versus
observational studies. (*) Adopted from
Nguyen et al.24 (†) Adopted from Bosco
et al (manuscript under review).
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A B S T R A C T

Purpose
Findings on the association between risk of cardiovascular disease (CVD) and the duration and
type of androgen-deprivation therapy (ADT) in men with prostate cancer (PCa) are inconsistent.

Methods
By using data on filled drug prescriptions in Swedish national health care registers, we investigated
the risk of CVD in a cohort of 41,362 men with PCa on ADT compared with an age-matched,
PCa-free comparison cohort (n ! 187,785) by use of multivariable Cox proportional hazards
regression models.

Results
From 2006 to 2012, 10,656 men were on antiandrogens (AA), 26,959 were on gonadotropin-
releasing hormone (GnRH) agonists, and 3,747 underwent surgical orchiectomy. CVD risk was
increased in men on GnRH agonists compared with the comparison cohort (hazard ratio [HR] of
incident CVD, 1.21; 95% CI, 1.18 to 1.25; and orchiectomy: HR, 1.16; 95% CI, 1.08 to 1.25). Men
with PCa on AA were at decreased risk (HR of incident CVD, 0.87; 95% CI, 0.82 to 0.91). CVD risk
was highest during the first 6 months of ADT in men who experienced two or more cardiovascular
events before therapy, with an HR of CVD during the first 6 months of GnRH agonist therapy of
1.91 (95% CI, 1.66 to 2.20), an HR of CVD with AA of 1.60 (95% CI, 1.24 to 2.06), and an HR of
CVD with orchiectomy of 1.79 (95% CI, 1.16 to 2.76) versus the comparison cohort.

Conclusion
Our results support that there should be a solid indication for ADT in men with PCa so that benefit
outweighs potential harm; this is of particular importance among men with a recent history of CVD.

J Clin Oncol 33:1243-1251. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Androgen-deprivation therapy (ADT) is the first
line of treatment for disseminated prostate cancer
(PCa) and is also used as neoadjuvant and adjuvant
therapy in conjunction with radiotherapy for locally
advanced PCa.1-3 Alongside its therapeutic bene-
fits, ADT increases the risk of various metabolic ab-
errations including decreased insulin sensitivity,
changes in lipid profiles, and an increased risk of
cardiovascular disease (CVD).4,5 The increased risk
of CVD in men with PCa on ADT has been observed
in a number of observational studies,6-17 and one
proposed explanation of this relationship is that
ADT interferes with the cardioprotective property
of testosterone, thereby increasing the risk for
adverse events.14-16,18

In a previous study, we compared 76,000 men
with PCa to the general Swedish male population

and showed an increased risk of incident and fatal
CVD among all men with PCa.16 The highest rela-
tive risk was observed for those on ADT (eg, stan-
dardized incidence ratio for ischemic heart disease,
1.32; 95% CI, 1.27 to 1.36).16 Together with six
other studies, these data were used by the US Food
and Drug Administration to require a risk label on
gonadotropin-releasing hormone (GnRH) agonists
for increased risk of diabetes and certain CVDs
(heart attack, sudden cardiac death, and stroke).19

Nonetheless, there is considerable disagree-
ment on the association between ADT and CVD in
observational studies versus randomized clinical tri-
als (Fig 1).6-17,20-24 Some of the limiting factors have
been lack of data on different types and duration of
ADT, comparison to patients with PCa not treated
with ADT rather than age-matched, PCa-free men,
and not taking into account pre-existing CVD.
Thus, to further elucidate the impact of ADT and its
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The controversy about the possible role of androgen-
deprivation therapy (ADT) in cardiovascular harm was
ignited in 2006 with the publication of a large observa-
tional US Surveillance Epidemiology and End Results
(SEER)–Medicare analysis by Keating et al. suggesting that
ADT use in the form of a gonodotropin-releasing hormone
(GnRH) agonist was associated with a 44% increased risk of
diabetes, a 16% increased risk of coronary heart disease, an
11% increased risk of myocardial infarction (MI), and a 16%
increased risk of sudden cardiac death in men with prostate
cancer (PCa) [1]. It is interesting to note that apart from the
diabetes risk, this excess cardiovascular event risk was not
seen with orchiectomy, suggesting that this effect may
have been specific to GnRH agonists rather than simply a
low testosterone level. This study and others, including a
pooled reanalysis of two randomized trials that suggested
that ADT was associated with a shorter time to MI in men
>65 yr [2], led to a 2010 joint statement by US medical
societies representing cardiology, oncology, urology, and
radiation oncology asserting that ‘‘it is reasonable, on the
basis of the above data, to state that there may be a relation
between ADT and cardiovascular events and death’’ [3].
Later in 2010, the US Food and Drug Administration issued
a safety warning requiring GnRH agonist labeling to
disclose an ‘‘increased risk of diabetes and certain
cardiovascular diseases (heart attack, sudden cardiac
death, stroke) in men receiving these medications for the
treatment of prostate cancer’’ [4].

In this issue of European Urology, Jespersen and
colleagues present evidence from a large Danish observa-
tional study with results that strongly support what was
seen in the US SEER–Medicare series [5]. Specifically, among
31 571 patients with PCa, GnRH agonist use was associated

with a 31% increased risk of MI and a 16% increased risk of
stroke, but once again this effect was not seen among men
who received orchiectomy.

This is an excellent, well-designed study with large
numbers and very complete follow-up. The study raises
serious warnings about the potential for GnRH agonists to
cause adverse cardiac events and represents an important
contribution to this literature. However, as with all
observational studies, it remains impossible to know for
sure whether ADT actually caused the excess MIs and
strokes observed or whether patients selected for ADT were
simply more predisposed to developing them in the first
place. Advanced statistical techniques, including propensity
analysis and instrumental variable analysis, can be used to
try to correct for the bias inherent in the nonrandom
assignment of treatment, but ultimately no technique can
give an observational study the level of proof that is found in
randomized trials.

This is where the link between ADT and cardiovascular
death starts to become more tenuous: While the evidence
that ADT causes cardiovascular events or death comes
largely from observational studies, individual randomized
trials of ADT compared with no ADT have failed to detect
an increased risk of cardiovascular events or death from
ADT. A recent meta-analysis of 4141 patients in eight
randomized trials of ADT compared with no ADT for
unfavorable-risk nonmetastatic PCa found nearly identi-
cal rates of cardiovascular mortality with ADT (11.0%)
compared with no ADT (11.2%), with a hazard ratio of
0.93 ( p = 0.41) [6].

What can explain the discrepancy between the observa-
tional and randomized data? One possibility is simply that
the association seen in observational data is spurious.
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Picking the optimal duration of ADT in combination with RT 

Class Risk ADT duration* Referring Trial 
IR (unfavorable) RT + 6 m. DFCI 95096 

TROG 9601 
HR (i.e: GS 8-10; 
PSA>20) 

RT + 18-28 m. 
 

RTOG 9202 
PCS IV 

Very HR (T3-4 or >2 
factors) 

RT + 36 m. EORTC 22863 
EORTC 22961 

Any T, N+ Long lasting ± 
RT 

RTOG 8531 
SPCG-7 
NCI MRC  

* If >1 cardiovascular risk factors a risk-adapted strategy should guide clinical     

  decisions 
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GETUG-AFU 16 trial  
– 742 N0 pts with PSA-relapse randomised to RT alone vs RT + short-term ADT 
• RT 66 Gy prostate bed  ± 46 Gy pelvis 
• Median follow-up 63 months  
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RT  
(N=373) 

RT + ADT 
(N=369) 

HR 95% CI P 

5-yr PFS 62% 80% 0.50 0.38-0.66 <0.0001 

5-yr OS 95% 96% 0.66 0.36-1.22 0.18 

• QoL outcomes by QLQ-C30 RT RT + ADT 
Worsened 26% 35% 
Stable 56% 48% 
Improved 19% 17% 

Carrie C. J Clin Oncol 2015 
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Salvage RT & ADT 
GETUG-AFU 16 trial  
• Toxicities 
 
 

Carrie C. J Clin Oncol 2015 

Grade ≥3  toxicity RT  
(N=373) 

RT + ADT (N=369) 

Acute genitourinary 1.1% 0.8% 

Acute gastrointestinal 0.3% 0.3% 

Late genitourinary 7.8% 7.2% 

Late gastrointestinal 1.4% 1.7% 

Late cardiac 0.3% 0.3% 

RT + short-term ADT vs RT alone as salvage tx for PSA relapse after RP 
significantly improved PFS without increasing G ≥3 toxicity 
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RTOG 9601 trial 
– 761 N0 pts with elevated postop PSA (median PSA at study entry: 0.6 ng/ml)   
   randomised to RT or RT + ADT (24 mo bicalutamide 150 mg) 
• RT 64.8 Gy to prostate bed 
• Median follow-up 12.6 yr 
 

RT  
(N = 377) 

RT + ADT  
(N = 384) 

P 

12-yr CSM 7.5% 2.3% < 0.001 
12-yr DM 23% 14% <0.001 
10-yr FFP 30% 42% <0.001 
Gynaecomastia 11% 70% 

NNT: 17 

78 82 

0 

25 

50 

75 

100 

RT   (N=377) RT + ADT   (N=384) 

O
S

 %
 o

f p
ts

 

Shipley WU. IJROBP 2015 

HR: 0.75; 95%CI: 0.58-0.98 
P=0.036 
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PFS according to Testosterone levels: 
 
•  Group 1 ! T <20 ng/dL: 106 months 
•  Group 2 ! T 20-50 ng/dL: 90 months 
•  Group 3 ! T >50 ng/dL: 72 months 



XXV Congresso Nazionale AIRO 

Guidelines on
Prostate Cancer

N. Mottet (Chair), J. Bellmunt, E. Briers (Patient 
Representative), R.C.N. van den Bergh (Guidelines Associate), 
M. Bolla, N.J. van Casteren (Guidelines Associate), P. Cornford, 

S. Culine, S. Joniau, T. Lam, M.D. Mason, V. Matveev, 
H. van der Poel, T.H. van der Kwast, O. Rouvière, T. Wiegel

© European Association of Urology 2015
 

Guidelines on
Prostate Cancer

N. Mottet (Chair), J. Bellmunt, E. Briers (Patient 
Representative), R.C.N. van den Bergh (Guidelines Associate), 
M. Bolla, N.J. van Casteren (Guidelines Associate), P. Cornford, 

S. Culine, S. Joniau, T. Lam, M.D. Mason, V. Matveev, 
H. van der Poel, T.H. van der Kwast, O. Rouvière, T. Wiegel

© European Association of Urology 2015
 

56 PROSTATE CANCER - UPDATE MARCH 2015

possible candidates for currently ongoing trials of focal treatment:

 4.  focal therapy is not without toxicity.

Early reports suggest the feasibility of MRI-guided focal salvage cryotherapy after local radiotherapy [539] and 
focal electroporation [540].

6.4.5   Conclusions and guidelines for experimental therapeutic options to treat clinically localised 
PCa

Conclusions LE
HIFU has been shown to have a therapeutic effect in low-stage PCa, but prospective randomised 
comparison studies are not available.

3

Cryotherapy for PCa compares unfavourably with external-beam radiation for the preservation of 
sexual function.

2

PSA nadir values after ablative therapies may have prognostic value. 3
Focal therapy of any sort is investigational, and the follow-up and retreatment criteria are unclear. 3
HIFU treatment for localised PCa results in mild to moderate urine incontinence in less than 20% of 
men.

Recommendations GR
In patients who are unfit for surgery or radiotherapy, CSAP can be an alternative treatment for PCa. C
If HIFU is offered, the lack of long-term comparative outcome data (> 10 y) should be discussed with 
the patient.

C

Focal therapy of PCa is still in its infancy and cannot be recommended as a therapeutic alternative 
outside clinical trials.

A

CSAP = cryosurgery; GR = grade of recommendation; HIFU = high-intensity focused ultrasound; LE = level of 
evidence; PSA = prostate specific antigen.

6.5 Treatment: Hormonal therapy - rationale and available drugs

6.5.1 Introduction
6.5.1.2 Different types of hormonal therapy
ADT can be achieved by either suppressing the secretion of testicular androgens or inhibiting the action of 
circulating androgens at the level of their receptor using competing compounds known as anti-androgens. 
In addition, these two methods can be combined to achieve what is known as complete (or maximal or total) 
androgen blockade (CAB) [541].

6.5.2 Testosterone-lowering therapy (castration)
6.5.2.1 Castration level
Surgical castration is still considered the ‘gold standard’ for ADT, against which all other treatments are rated. 
It leads to a considerable decline in testosterone levels and induces a hypogonadal status, known as the 
‘castration level’.
 The standard castrate level was < 50 ng/dL (1.7 nmol/L). It was defined more than 40 years ago, 
when testosterone level testing was limited. Current testing methods have found that the mean value of 
testosterone after surgical castration is 15 ng/dL [542]. This has led to a revisiting of the current definition of 
castration, with a more appropriate level defined as below 20 ng/dL (1 nmol/L). This new definition is important 
as better results are repeatedly observed with levels around or below 1 nmol/l compared to 1.7 nmol/L [543-
545]. However, the castrate level considered by the regulatory authorities is still 50 ng/dL (1.7 mmol/L), which is 
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•  After 1 month from starting 

T ≤ 50 ng/dL in 97% patiens 

T ≤ 20 ng/dL in 83% patients 

Median Time to T suppression: 21.3 days 

•  After 1 year from starting 

       T ≤ 50 ng/dL in 99% patients  

T ≤ 20 ng/dL in 88% patients 
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LEUPRORELINA ACETATO 

CARRIER LIQUIDO 

POLIMERO 
BIODEGRADABILE 

ATRIGEL 

 copolimero acidi DL-
lattico e glicolico) 

 N-metilpirrolidone) 

Eligard® 45 mg 
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Eligard® Pharmacokinetics 
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Eligard® 45 mg & Castration Levels 

Tombal B & Berges R. Eur Urol Suppl 2007 
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Eligard® 45 mg: Safety Profile 

Schulman et al. BJU Int. 2007 

Tombal B & Berges R. Eur Urol Suppl 2007 



XXV Congresso Nazionale AIRO 

Eligard® 45 mg & Testosterone Escapes 

&Mini&flares&in!10%!of&pa2ents&
treated&with&first&genera2on&
LHRH&agonists&
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Tombal B & Berges R. Eur Urol Suppl 2007 
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Eligard® 45 mg: Quality of Life 

 “The idea of less discomfort  and pain,  
improved quality of life, and fewer reminders  
of the disease were the main reasons given  
for the preference of fewer injections”  

  Schulman C. et al,  BJU International 2007 

68% of patients prefer the six-months ADT administration 
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Eligard® 45 mg: Quality of Life 

81% of patients < 70 yrs and 57% of patients > 70 yrs 
prefer the six-months ADT administration 

Berges R. Eur Urol 2008 
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Eligard® 45 mg: Quality of Life 

P = 0.02 

P = 0.004 

P = 0.07 

P = 0.01 

0 10 20 30 40 50 60 70 80 

Fair or poor health 

Believes self not free of PCa 

Worry about PCa 

Physical discomfort due to PCa 

% of patients 

Orchidectomy (N=132) LHRH agonist (N=299) 

Potosky AL et al., J Clin Oncol 2001 
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Eligard® 45 mg: Italian Survey among Urologists 

% 

Elevata soppressione androginica \ soppressione ormonale costante 8 

Buona tollerabilità 4 

Comodità \ maggiore comodità per il paziente 18 

Migliora la qualità di vita/ meno disagi/ meno invasivo 16 

Maggiore compliance 10 

Minor rischio di ansia da trattamento 6 

Maggiore libertà del paziente rispetto al problema della malattia \ della terapia 5 

Minor ricorso al medico per la somministrazione 10 

Decongestionamento degli ambulatori 5 

Costi minori 4 

Ottimizzazione delle risorse 3 

Nessuno in particolare 6 

Non so dare una risposta perchè non ho esperienza con questo dosaggio 11 

Ottimizzazione 
delle risorse 
22% 

Comodità 
della 
terapia 
55% 



5 Rules for using ADT in combination with RT 

1.  Make sure all patients starting ADT are ‘‘medically 

optimized” 

2.  Avoid ADT in LR patients and in favorable IR (low-volume 

GS 3 + 4 = 7 with PSA <10), particularly if they have severe 

cardiac comorbidities 

3.  Do not withhold ADT in men with high-risk and locally 

advanced disease 

4.  Check that Testosterone < 20 ng/dl 

5.  Choose ADT administration that foster patients compliance 
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Abstract

Currently, androgen deprivation therapy (ADT) has a well-defined role when administered together with radiotherapy (RT): neo-adjuvant
and concurrent combination for intermediate risk-disease and adjuvant therapy for high risk disease. Evidence of this association was generated
by randomized trials designed and led approximately 30 years ago; thus the question which arises is how relevant and portable are these data
in our current clinical practice?

In the present review, we examine the pitfalls of these published randomized controlled trials, their relevance to present daily clinics, where
high-dose external beam RT or brachytherapy is applied, as well as the adoption of ADT in patients with concomitant cardiovascular disorders.
© 2014 Elsevier Ireland Ltd. All rights reserved.
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