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ABSTRACT

The combined use of radiation therapy (RT) and androgen deprivation for patients with localized high-risk prostate cancer 
is commonly accepted as the standard treatment among uro-oncologists. Preclinical studies have provided rationale for 
the use of this combination. Additionally, results of phase 3 studies using conventional doses of RT have supported the 
combined approach. Other phase 3 studies have also shown a benefit for using higher doses of RT; however, the role of 
androgen deprivation in this context is not clear. The optimal duration of the androgen deprivation, in both the neoadjuvant 
and adjuvant setting, is still under investigation. This article critically reviews the data on the use of RT combined with 
androgen deprivation for the treatment of high-risk prostate cancer with emphasis on the results of phase 3 trials.
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INTRODUCTION

	 Despite worldwide variability in incidence 
rates, prostate cancer (PC) remains one of the most 
frequent cancers and stands among leading causes of 
cancer deaths (1). Although high tumor control and 
survival rates are observed in patients with favor-
able prognostic factors, 15 to 20% of tumors present 
unfavorable features at diagnosis responsible for the 
most important burden of the disease (2).
	 The definition of high risk prostate cancer 
differs according to different risk classifications, 
but most commonly involves PSA level above 20 
ng/mL, T3-T4 disease or Gleason score (GS) higher 
than 7. Main treatment options for this group of pa-
tients include radiation therapy (RT) plus androgen 
deprivation therapy (ADT) or radical prostatectomy, 
in selected cases.

 Review Article
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	 RT has been used for decades in the treatment 
of PC; however, it is known that approximately one 
third of all patients with clinically localized disease 
treated with RT alone will present tumor recurrence 
within 5 years post-treatment (3). If we analyze 
high-risk disease only, these numbers are even more 
significant. Therefore, attempts to improve treat-
ment results are essential for this group of patients. 
Possible alternatives to improve RT results include, 
among others, the use of higher doses of irradiation, 
and the use of agents, which optimize the radiation 
effect.
	 Since the publication of a Canadian-born 
physician, Dr. Charles B. Huggins, showing that 
prostate cells depend on androgen stimulation for 
their growth (4), the use of androgen blockade has 
been widely explored in the management of PC. 
The pharmacological androgen ablation has some 
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advantages over the orchiectomy including the pos-
sibility of testosterone recovery after the medication 
is discontinued as well as the absence of possible 
psychological effects related to testicles removal. 
Currently, different classes of drugs are used to 
decrease the androgen levels including luteinizing 
hormone-releasing hormone (LHRH) agonists, which 
are the most commonly used, LHRH antagonists and 
anti-androgens. The use of estrogens in the form of 
diethylstilbestrol (DES) was associated to an in-
creased risk of thromboembolic and cardiovascular 
events, therefore was practically abandoned as a 
means of androgen suppression (5,6).
	 Several phase 3 studies have proved the ben-
efit of ADT for metastatic patients (7,8). In an attempt 
to improve results for non-metastatic disease, the use 
of ADT associated with RT has also been studied for 
several decades (9). The purpose of this article is to 
critically review main randomized trials on external 
beam RT combined with ADT for the treatment of 
high risk PC.

MATERIAL AND METHODS

	 Data for the present review were identified by 
a structured MEDLINE search up to May 31, 2010. 
The search was carried out by combining the terms 
‘‘prostate cancer’’, “high risk”, “radiotherapy”, ‘‘hor-
mones’’, ‘‘androgen deprivation’’, “dose-escalation”, 
“randomized trial” and “phase 3”. Only publications 
in English were considered. All randomized trials 
addressing the use of a LHRH agonist with external 
beam RT for non-metastatic, high risk localized PC 
(experimental arm) in comparison to RT alone (stan-
dard arm) were included and reviewed. A search for 
studies including external beam radiation therapy 
plus hormonal therapy versus hormonal therapy 
alone was also performed. Relevant abstracts from 
meetings were also considered for the analysis. Other 
options of hormonal suppression such as surgical 
castration (10) and oral estrogen therapy (9) were 
not included in this review because of their irrevers-
ible castration pattern and known toxicity profile, 
respectively. The single study using bicalutamide as 
the ADT method was also excluded from this analysis 
given that it was not a trial exclusively designed to 

compare RT versus RT and ADT but rather a study 
comparing bicalutamide alone versus the same plus 
a curative treatment (11,12). In order to assess data 
to support the use of ADT with higher doses of RT, 
randomized trials on dose-escalation were also re-
viewed (13-17).
	 For the purpose of this review  we adopted 
the Genito Urinary Radiation Oncologists of Canada 
definition of risk stratification (18), as follows: low 
risk (≤ T2a, PSA ≤ 10 ng/mL and GS < 7), intermedi-
ate risk (T2b-T2c, or PSA 10-20 ng/dL or GS 7) and 
high risk (≥ T3a, PSA > 20 ng/mL or GS > 7).

BIOLOGICAL BASIS FOR THE COMBINED 
TREATMENT

	 Several experimental studies have outlined 
the potential benefits from the combination of ADT 
with RT. A dose-response study by Zietman et al. 
(19,20) demonstrated that androgen deprivation in the 
form of orchiectomy reduces the dose of RT necessary 
to control 50% of the tumor (TCD50). In that study, 
nude mice bearing Shionogi adenocarcinoma allograft 
were treated with RT with or without orchiectomy at 
different time sequences. They reported that the com-
bination of RT and ADT led to a better tumor control, 
and that timing of ADT plays an important role on the 
effectiveness of this combined therapy. Orchiectomy 
12 days prior to RT (neoadjuvant) produced a signifi-
cantly greater decline in the TCD50 than if performed 
during or after RT.
	 In another study, Kaminski et al. (21) also re-
ported as well an increased overall tumor-cell killing 
in animal models and, in addition, a longer doubling 
time in the surviving PC cells after the neoadjuvant 
treatment. In their experiment, rats bearing Dunning 
rat PC cell lines were treated with RT and tempo-
rary ADT (orchiectomy followed by testosterone 
replacement) at different time sequences. Temporary 
ADT for 14 days before RT resulted in a statistically 
significant lengthening of tumor growth compared 
with RT given during the 14 days of ADT or when 
RT was given before the 14 days of ADT. This study 
hypothesizes a protracted effect on tumor growth 
after neoadjuvant ADT even after the androgen level 
is restored.
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	 The effect of hypoxia on PC has been exten-
sively studied in the recent years. It is known that 
PC low oxygen levels are associated with treatment 
failures and poor prognosis (22). Prostate tumors 
often have an erratic and inefficient pattern of vas-
cularization, which leads to intermittent or chronic 
hypoxia (23). An inadequate tissue oxygenation 
is the prime trigger of angiogenesis by increasing 
several angiogenic factors including Vascular Endo-
thelial Growth Factor (VEGF) and its receptors (24). 
Androgen deprivation has shown to down regulate 
VEGF expression causing apoptosis of endothelial 
cells and consequently decreased vascularization. 
Thus, ADT may play a role in an at least transient 
“normalization” of the tumor vascularization not 
only by reducing immature, leaky tumor vessels 
but also by the death of peri-vascular cells causing 
decreased interstitial pressure (25-27). In this area, 
measurements of vascular efficacy like microvas-
cular density (28,29) and vascular morphology 
(30) have been shown to be promising predictors 
of clinical outcome. As result of ADT, decreased 
vascular resistance has been demonstrated using 
Doppler ultrasound (31,32). Milosevic et al. (33) 
studying 237 PC patients reported significant het-
erogeneity in prostate oxygenation, with a range of 
median pO2 from 0 to 75 mm Hg. In addition, they 
were the first authors to clinically prove that ADT 
increased PC oxygenation. Thus, despite being far 
from a complete understanding, effects on tissue 
vascularization and hypoxia seem to contribute 
importantly for the additive effect seen with the 
combined treatment.
	 The combination of ADT plus RT leads to 
an increased apoptotic cell-killing and improves both 
tumor vasculature and tissue oxygenation and this 
potential synergistic effect may explain the difference 
in outcomes from the surgical series.
	 Systemically, ADT may prevent the dis-
semination of micro-metastasis due to inhibition of 
DNA synthesis and cell proliferation as well as the 
increased apoptotic ratio (34). There is also some 
evidence of tumoricidal immune system response 
triggered by androgen suppression (35). Despite 
many preclinical trials providing theoretical basis for 
the ADT prescription, several mechanisms still lack 
further elucidation.

PHASE 3 TRIALS OF RADIATION 
THERAPY WITH OR WITHOUT 
ANDROGEN DEPRIVATION THERAPY

	 Most studies did not define treatment op-
tions according to risk categories, clustering patients 
together. In these situations, we calculated, whenever 
possible, the proportion of high risk group disease 
based on patient’s characteristics information (clinical 
stage, PSA level and Gleason score) contained within 
the text of the article. For the purpose of this review, 
we have divided the trials into two groups: those 
starting hormonal treatment (HT) before RT (neoad-
juvant trials) and trials testing the use of HT after RT 
(adjuvant trials). From these studies, emphasis will 
be given towards the group of patients with high risk 
features for treatment failure.

Neoadjuvant Trials

	 Five randomized trials directly compared the 
use of ADT before and during RT to RT alone (Table-
1). Apart from being conducted in different eras, 
these trials differed in several other aspects including 
patient selection, HT scheduling and duration, RT 
delivery, and definition of end-points. These issues 
are discussed in detail below.

RTOG 8610

	 This study (36,37) was the first trial testing 
the hypothesis that short-term neoadjuvant ADT 
combined with RT could improve treatment out-
comes in patients with locally advanced disease. 
From 1987 to 1991, 456 patients with bulky T2-T4 
disease (≥ 5 x 5 cm of palpable tumor) were random-
ized to receive ADT with goserelin and flutamide 
for 2 months before and 2 months concomitantly 
with RT or to receive RT alone. The majority of pa-
tients included had high risk disease. Despite being 
conducted before the PSA era, for those 29% of the 
patients who had PSA measurement available, the 
median level pre-treatment was 26.3 ng/mL. After 
central pathological review, 66% of the patients were 
considered to have a Gleason score ≥ 7. The 10-year 
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overall survival (OS) was not statistically different 
between the combined treatment and the control 
group (42.6% vs. 33.8%, respectively, p = 0.12) 
(37). However, deaths resulting from PC at 8 and 
10 years were significantly decreased with the short 
course of HT, 23% vs. 33% (p = 0.05) and 23% vs. 
36% (p = 0.01), respectively. Of note, this positive 
outcome was based on a centrally histopathological 
review and not on the original institutional GS on 
which the randomization was based.

QUEBEC L-101

	 The Quebec L-101 study (38) randomly al-
located 161 patients with clinical stage T2-T3 to RT 
alone, or to 3 months of neoadjuvant treatment prior 
to RT, or to ADT 3 months before, 2 months during, 
and 5 months after RT. Thirty percent of the patients 
had T3 tumors, 25% GS 7 or more, and median PSA 
values ranged from 9 to 12 ng/mL, thus the high risk 
population was only a minor part of this study. At 

Table 1 – Completed phase III trials of neoadjuvant androgen deprivation therapy.

Trial N 
Approx. 

% of High 
Risk 

RT 
(Gy)

Median
Follow-

up
(yrs)

Scheme Local
Failure bNED Overall

Survival

RTOG 
8610 
(37)

456 70 65-
70

13.2
11.9

RT alone
RT + 4mos HT

10yrs 10yrs 10yrs
p=.18‡ 20 p=.0001 34 p=.12

35 42

Quebec
L-101 
(38)

161 30 64 5 RT alone
RT + 3mos HT
RT + 10mos HT

7yrs
NR 42 p<.05† NR

66
69

D’Amico 
(40)  206 20 70 7.6 RT alone

RT + 6mos HT

5yrs 8yrs

NR 55 p<.05 61 p=.01
79 74

TROG
96-01 
(42) 

802 84 66 5.9 RT alone
RT + 3mos HT
RT + 6mos HT

5yrs 5yrs
28 p<.05† 38 p<.05† NR
17 52
12 56

RTOG
9408 
(43)

1979 11 66 9.2
9.1

RT alone

RT + 4mos HT

2yrsϒ 10yrs 10yrs
39

21

p=.001 59

74

p=.01 57

62

p=.03

RT = radiation therapy; yrs = years; Bned = biochemical no evidence of disease; mos = months; HT = hormone therapy; NR- not 
reported. ‡ = no failure rates given; † = no statistically significant difference between arms using hormonal therapy; ϒ = positive re-
biopsies at 2 years.
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a median follow-up of 5 years, the actuarial 7 year 
biochemical control was statistically better for both 
groups receiving ADT when compared to RT alone. 
However, there was no significant difference between 
both arms receiving ADT (p = 0.6).

D’Amico Study

	 D’Amico et al. (39,40) compared 6 months of 
total ADT (2 months before, during and after RT) to 
RT alone. Two hundred and six patients with clinical 
stage T1b-2bN0M0 and at least 1 unfavorable prog-
nostic factor were enrolled to the study. Unfavorable 
prognostic factors were a PSA >10 ng/mL (maximum, 
40 ng/mL), GS 7-10, evidence of extracapsular ex-
tension, or seminal vesicle invasion by endorectal 
magnetic resonance imaging. The majority of patients 
(79%) were classified as intermediate risk and the 
remaining as high risk PC. Those receiving RT with 
ADT had a statistically significant improved 8-year 
OS (74% vs. 61% %, p = 0.01). In a post randomiza-
tion analysis of the study, the authors evaluated the 
benefit of ADT by risk group (41). Both patients in 
the intermediate and high risk groups had an im-
provement in overall survival, although for the latter 
group the difference was only marginally significant 
(p = 0.06). This result might be related to the small 
number of high risk patients, around 44, included in 
this trial.

TROG 9601

	 The Trans-Tasman Radiation Oncology 
Group (TROG) 9601 study (42) included about 83% 
of high risk patients. From 818 patients included, 38% 
had PSA ≥ 20 ng/mL, 40% had T3-4 disease and 17% 
had GS ≥ 8. Patients were randomized to RT alone, 3 
months of total ADT and RT with neoadjuvant ADT 
starting 2 months before RT or 6 months of total ADT 
with neoadjuvant ADT starting 5 months before RT. 
In both arms using ADT, there were improvements 
in biochemical and local control. No statistically 
significant improvement in overall survival between 
treatment arms was shown; however, a trend of in-
creasing benefit with increasing GS and PSA levels 

was observed. Six months of ADT significantly re-
duced the probability of cancer related deaths (HR = 
0.56, 95% CI, 0.32 to 0.98, p = 0.04).

RTOG 9408

	 RTOG 9408 (43) has focused on whether a 
short course of ADT (same schema used in the RTOG 
8610) improves OS in localized PC (T1b-T2b, PSA ≤ 
20 ng/mL and no involved nodes). Intermediate risk 
patients represented the majority of patients accrued 
(54%) followed by low risk (35%) and a minority of 
high risk patients (11%).
	 The addition of hormonal treatment to RT 
improved the 10 year overall survival from 57% to 
62% (p = 0.03). However, on a hypothesis-generat-
ing subset analysis by risk category, no statistically 
significant improvement in OS or disease specific 
survival was found with the addition of 4 months of 
HT for the high risk patients. The small number of 
high risk patients included in this study and the short 
duration of the HT may explain the lack of benefit for 
these patients.
	 In these previous trials, some differences in 
the RT scheme are important to highlight. They dif-
fered significantly in terms of clinical target volume 
(CTV). In RTOG studies 8610 and 9408 (37,43), RT 
was typically delivered electively to the whole pelvis 
to a dose of 44-46 Gy with the prostatic target volume 
boosted to a total dose of 65 to 70 Gy. In the TROG 
9601 (42) and D’Amico et al. studies (40), pelvic 
lymph nodes were clearly not included in the CTV. 
In the TROG 9601 study, RT was delivered to the 
prostate and seminal vesicles to a total dose of 66 Gy, 
while in the D’Amico et al. trial, 45 Gy was given to 
the prostate and seminal vesicles followed by 22 Gy 
to the prostate volume alone.
	 Also, different criteria for biochemical failure 
post-RT have been used, making direct comparison 
between series very difficult, if not inappropriate. The 
only trials using the recently adopted “PSA nadir + 2 
ng/mL” Phoenix criteria (44) were the TROG 9601 
and RTOG 9408.
	 In summary, the use of neoadjuvant HT in 
combination with RT has consistently shown improve-
ments in different clinical outcomes. Two randomized 
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trials have unequivocally shown overall survival 
benefit for the neoadjuvant treatment; however, they 
only included a minor portion of high risk patients, 
different end-points were used and treatments varied 
significantly among studies making an objective 
interpretation of the results rather difficult. From the 
available data, it appears that short-term hormonal 
therapy, when combining with RT, is inadequate 
therapy for high risk PC patients.

Adjuvant Trials

	 Four randomized trials compared adjuvant 
HT post-RT to no further treatment (38,45-50). 
Table-2 depicts in detail these studies. One trial using 
bicalutamide as the HT means (11) was not included 
in this analysis. Similarly to the previously described 
studies in the neoadjuvant setting, trials with adjuvant 
HT also differ in several aspects.

EORTC 22863

	 In the European Organization for Research 
and Treatment of Cancer (EORTC) 22863 study, 415 
patients with T1-2 World Health Organization (WHO) 
histopathological grade 3 (9%) or T3-4 any histo-
pathological grade, N0-1 (91%) were randomized 
to RT alone versus RT plus concurrent and adjuvant 
ADT. Patients received HT on the first day of RT, for 
36 months. Ciproterone, an antiandrogen agent, was 
given for one month prior to ADT. Given the eligibil-
ity criteria, it is fair to assume that most patients were 
in the high risk category. This was the first study to 
show a survival benefit with the combined treatment 
for locally advanced PC. At a median follow-up of 
66 months, in patients receiving ADT for 36 months 
the 5-year survival rate was 78% compared to 62% in 
the RT group (p = 0.0002) [hazard ratio of 0.51 (95% 
CI 0.36-0.73)].

RTOG 9202

	 RTOG 9202 randomized 1554 patients to 
receive 24 months of ADT or no further treatment 

after 2 months of neoadjuvant HT and 2 months of HT 
given concomitantly with RT. Patients with T2c-T4 
disease, N0-NX, and PSA < 150 ng/mL were included. 
Although the use of 24 month HT after neoadjuvant 
and concurrent HT showed significant improvement in 
biochemical control, disease-specific and disease-free 
survival rates, there was no significantly improved 
10-year OS compared to neoadjuvant and concurrent 
HT for the whole group.
	 An unmistakable analysis of results based 
on risk categories is obviously not possible to be 
performed given the lack of risk stratification in the 
study. However, we estimated that, at least, 55% of 
the patients had high risk disease considering that 
55% had T3-T4 disease and 33% had PSA levels 
higher than 30 ng/mL at presentation. In a subgroup 
analysis, patients with a GS ≥ 8 (30%) had a sig-
nificant improvement in OS at 10 years (31% vs. 
45%, p = 0.0061). Nevertheless, it is important to 
keep in mind the potential limitations of a subgroup 
analysis.
	 The lack of survival benefit for all patients 
included in the RTOG 9202 study may be due to the 
large number of patients with GS ≤ 7 (70%) and/or 
the shorter duration of HT compared to the EORTC 
22863 trial.

RTOG 8531

	 RTOG 8531 randomized 945 patients with 
clinical stage T3 (57%), extracapsular or seminal 
vesicle involvement post-operatively (15%) or pa-
tients with nodal disease (28%) to RT alone versus 
RT and adjuvant ADT, starting in the last week of RT, 
and given indefinitely or until evidence of disease 
progression. Although the exact percentage of high 
risk patients cannot be determined, the vast majority 
of the patients had high risk features (they had to have 
T3 disease or T1-T2 with nodal metastasis). The long-
term results of the RTOG 8531 study (46) confirmed 
the significant improvement in disease-specific sur-
vival and overall survival for patients receiving the 
combined treatment. Additionally, subgroup analysis 
of node-positive patients (n = 173) has shown statisti-
cally significant improvement in 5-year overall survival 
and cause specific survival to be replaced by estimated 
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progression-free survival (51). Of note, although ADT 
was supposed to be taken for life, its median duration 
was only 2.2 years (52).

QUEBEC L-200

	 Quebec- L200 study (38) compared neo-
adjuvant and concomitant ADT (total of 5 months) 
to neoadjuvant, concomitant and a short course of 
adjuvant ADT (total of 10 months). Two hundred 
ninety six patients with T2-T3 disease were eligible. 
Fifteen percent were T3, 30% had GS ≥ 7 and 24% 
had PSA level higher than 20 ng/mL. Thus, at least 
one third of these patients are likely to be in the high 
risk category. At a median follow-up of 3.7 year, 

the 4 year biochemical control was 70% and there 
was no statistical difference between the 2 groups 
(p = 0.54). Overall survival data was not presented. 
Unfortunately an analysis based on risk stratification 
was not carried out by the authors.
	 All these adjuvant trials were not importantly 
different in terms of RT dose prescription. In the 
RTOG 8531, RTOG 9202, and EORTC 22863 all 
patients were planned to receive pelvic irradiation to 
a total dose of 44 to 46 Gy followed by a boost of 20 
to 25 Gy to the prostate, thus achieving a total dose 
of 70 Gy. A lower total dose of 64 Gy was delivered 
in the Quebec-L200 study using field sizes of 8 x 8 
cm to 10 x 10 cm.
	 The mortality for all causes was significantly 
reduced in two trials, EORTC 22863 and RTOG 8531 

Table 2 – Completed phase III trials of adjuvant androgen deprivation therapy.

Trial N

Approx. 
% of 
High 
Risk 

RT 
(Gy)

Median
 Follow 

up
 (yrs)

Scheme Local
Failure bNED Distant 

Metastasis
Overall 
Survival

RTOG 
85-31
 (46)

945 100 65-
70 7.6

RT alone

10yrs 10yrs 10yrs 10yrs

38 p<.05 9 p=.0001 39 p=.0001 39 p=.002
RT+ HT 
for life

23 31 24 49

EORTC
22863 
(48) 415 100 70 5.5

RT 
alone

5yrs 5yrs 5yrs 5yrs

7 p<.05 45 p<.05 29 p<.05 62 p=.00002

RT + 36mos 
HT

1 76 10 78

RTOG 
92-02
(50) 1554 >55 70 5.8

RT + 4mos 
HT

10yrs 10yrs 10yrs 10yrs

22 p<.05 32 p<.05 23 p<.05 51 p=.36

RT + 24mos 
HT

12 48 15 54

Quebec
L-200
(38)

296 33 66 3.7

RT + 5mos 
HT

4yrs

NR 70 p=.55 NR NR

RT + 10mos 
HT

70

RT = radiation therapy; yrs = years; Bned = biochemical no evidence of disease; HT = hormone therapy; NR = not reported.
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(Table-2). RTOG 8531, EORTC 22863 and RTOG 
9202 have shown significant reduction in biochemi-
cal, local and distant failure rates with the use of HT 
and RT. These trials were not specifically designed for 
the high risk population; however subgroup analysis 
in some of these studies showed that the adjuvant 
benefit was evident for these patients.
	 All studies taken together, overall survival 
rates from neoadjuvant and adjuvant trials reflect an 
important heterogeneity in terms of patients’ selec-
tion, timing and duration of HT (Figure-1).

Optimal Duration of Hormonal Therapy

	 With regards to the neoadjuvant treatment, the 
optimal duration of the HT and the timing of RT are 
uncertain. In most studies, RT begins 2 to 3 months 
after institution of ADT. In a multicenter Canadian 
trial (53,54), 378 men with low-risk (n = 98), inter-
mediate-risk (n = 163), or high-risk (n = 117) local-
ized disease were randomized to conventional dose 

RT (66 Gy) with either 3 or 8 months of neoadjuvant 
ADT. At a median follow-up of 6.6 years, disease-free 
survival, OS, and patterns of failure were similar in 
both groups. However, 8 months of neoadjuvant ADT 
was associated with a significant prolongation of 7-
year disease-free survival rate for men with high-risk 
disease (59% versus 33%; p = 0.01). An update of 
the Canadian study (55) shows that the biochemical 
response to neoadjuvant ADT before RT, and not dura-
tion of HT, appears to be the most critical determinant 
of benefit in the setting of the combined therapy. Men 
achieving a PSA ≤ 0.1 ng/mL before RT seem to have 
a significantly higher biochemical control compared 
to those whose PSA pre-RT is > 0.1 ng/mL (55.3% 
vs. 49.4%, p = 0.014).
	 A recent secondary analysis of the RTOG 
9413 study (56), which randomized patients to short 
course neoadjuvant and concomitant HT plus RT 
versus short course adjuvant HT shows that those 
who reached a PSA level < 0.3 ng/mL at completion 
of HT had an improved cancer-specific survival when 
compared to patients with a PSA ≥ 0.3 ng/mL, regard-

Figure 1 – Overall survival curves of the combined treatment arms (radiation therapy plus androgen deprivation therapy), not strati-
fied for risk groups, from the EORTC 22863 (48), RTOG 9408 (43), D’Amico et al. (40), RTOG 9202 (50), RTOG 8531 (46) and RTOG 
8610 (37) studies.
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less of the sequencing of the HT (F. Cury, personal 
communication, April, 2010). This study included 
more than 70% of patients with high risk features. 
De Crevoisier et al. (2) also reported similar findings 
to the predictive value of the PSA decline prior to 
RT. For high risk patients, a PSA < 0.2 ng/mL after 
3 months of neoadjuvant ADT predicted higher rates 
of biochemical and clinical control. These findings 
are in agreement with the Canadian trial and if this 
provocative finding proves to be real, the HT dura-
tion may be individually tailored to the PSA nadir, 
avoiding unnecessary hormone-related toxicities and 
costs.
	 The optimal duration of adjuvant HT after 
RT is also under investigation. A recent study by the 
EORTC (57) compared, on a non-inferiority design, 
RT plus 36 months of ADT versus the same RT 
plus 6 months of ADT for high risk patients. Good 
performance patients (970 evaluable) with T1c-T2b 
stage, pathological nodal stage N1-N2, and no clinical 
evidence of metastatic spread (M0) or with clinical 
tumor stages T2c-T4, clinical nodal stages N0-N2, 
and no clinical evidence of metastatic spread were 
enrolled. After a median follow-up of 6.4 years, the 5-
year overall mortality and prostate-specific mortality 
for short-term vs. long-term suppression was 19.0% 
vs. 15.2% and 4.7% vs. 3.2%, respectively. Despite 
the relatively short follow-up period, these results 
are important and appear to confirm the importance 
of long-term HT for high risk patients.
	 A challenging, hypothesis-generating second-
ary analysis of the RTOG 8531 study (52) reported 
that prolonged HT with LHRH agonist for more than 5 
years might be associated with improved outcomes in 
patients with locally advanced localized PC, as com-
pared to a shorter duration. D’Amico et al. (58), in a 
non-randomized fashion, compared short versus long-
term HT from a pooled analysis of patients enrolled 
in three prospective randomized trials and treated 
either with 36 or 6 months of androgen suppression 
and pelvic RT. They concluded that the longer use of 
hormonal therapy was not associated with increased 
survival.
	 Quebec PCS IV (Principal investigator: Dr. 
A. Nabid) is a recently completed study that random-
ized over 600 patients with high risk disease to 18 
versus 36 months of HT, both arms receiving RT. 

The forthcoming results of the Quebec trial together 
with those of the ongoing RADAR study (59) that 
compares 6 to 18 months of HT with will hopefully 
shed further light on this intriguing and important 
scheduling question.

HORMONAL THERAPY ALONE FOR 
HIGH RISK DISEASE

	 After the positive results from EORTC 22836 
with the use of long-term adjuvant HT in combination 
with RT, some investigators questioned the real value 
of RT in these patients and hypothesized that perhaps 
the major benefits achieved was in fact related to the 
use of HT alone. To determine whether long-term HT 
alone would be as effective as the combination of HT 
and RT, 3 randomized trials addressing this issue have 
been completed and are described below.
	 In 1996, the Scandinavian Prostate Cancer 
Group and the Swedish Association for Urological 
Oncology started a phase III trial exploring the role of 
local RT in addition to HT in patients with high-risk 
disease (60). They randomized patients to ADT alone 
or RT plus ADT. The HT consisted of 3 months of 
total androgen blockade followed by flutamide until 
progression or death. After a median follow-up time 
of 7.6 years, prostate specific mortality at 10 years, the 
primary endpoint of the study, was 24% in the ADT 
alone group versus 12% in the combined treatment 
group (95% CI 4.9-19.1%, p < 0.0001). The overall 
mortality at 10 years was 39.4% in the ADT alone 
group and 30% in the combined treatment group 
(0.8-18.8%, p = 0.004). The biochemical control at 
10 year was also significantly higher in the combined 
group (74.7% vs. 25.9%, p < 0.0001).
	 Two other studies recently reported in abstract 
form have as well tested the impact of ADT alone 
in the treatment of high risk disease (61,62). In the 
Canadian PR.3 trial (61), the primary endpoint was 
OS. High risk patients were randomized to lifelong 
ADT (bilateral orchiectomy or LHRH agonist) with 
or without RT. After a median follow-up of 6 years, 
the risk of death was significantly reduced in the com-
bined treatment group (hazard ratio [HR] 0.77, 95% 
CI 0.61-0.98, p = 0.033). The prostate cancer specific 
mortality at 10 years was 15% with the combined 
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treatment and 23% with ADT alone (p < 0.05). In a 
French study (62), instead of lifelong ADT, 3 years 
was used in both groups (plus or minus RT). With a 
median follow-up of 5.6 years, the 5-year progres-
sion-free survival (biochemical or clinical progres-
sion) was 61% for the combined treatment group vs. 
8.5% for ADT alone (p < 0.001). Clinical progression, 
including loco-regional and systemic disease, was 
significantly reduced when RT was added to hormonal 
deprivation. The effect in overall survival was not 
reported likely due to the short follow-up.
	 In summary, the current body of evidence 
from 3 randomized trials clearly demonstrated the 
significant benefits of RT when combined with HT 
in the treatment of high risk patients. The use of ADT 
alone, regardless of treatment duration or method, has 
been shown to confer inferior OS, biochemical control 
and clinical progression free survival when compared 
to the combination and should not be recommended as 
a primary therapy for patients with high risk disease. 
Considering that the RT doses used in these studies 
were lower than current standards, it is even possible 
that a greater benefit in disease control may be seen 
when modern RT is delivered to such patients.

ANDROGEN DEPRIVATION THERAPY 
FOR HIGH RISK PROSTATE CANCER 
IN THE DOSE ESCALATION CONTEXT

	 Trials previously described, comparing RT to 
RT plus ADT, used RT doses which are now consid-
ered suboptimal local therapy, particularly in terms 
of PSA control. Several randomized trials (13-17,63) 
indicate that RT dose-escalation provides better bio-
chemical control rates than conventional RT doses 
(< 74 Gy). However, the role of hormonal treatment 
in this context is poorly explored. The only trials in 
which ADT was allowed were the Medical Research 
Council (MRC) (16) and a Dutch trial (14).
	 The MRC study (16) randomized 843 patients 
to receive a standard dose (64 Gy) or escalated-dose 
RT (74 Gy) and included neoadjuvant and con-
comitant ADT for 3 to 6 months to all patients. The 
5-year biochemical control for the entire cohort was 
significantly improved in the high-dose arm (71% 
vs. 60%, p = 0.0007). Of the whole group, 362 pa-

tients (43%) were in the high-risk group. The 5-year 
biochemical control for high-risk PC treated with 
high-dose versus low-dose were 57% versus 43%, 
respectively (HR = 0.6, 95% CI = 0.44-0.81).
	 The Dutch trial (14) randomized 664 patients 
with localized PC to receive either 68 Gy or 78 Gy. 
Of those, 362 patients (55%) were high risk. Of these, 
125 patients (34%) received 6 or 36 months of HT. Of 
the whole group, the 6-year biochemical failure rate 
was improved from 51% in the low-dose arm to 63% 
in high-dose arm (p = 0.04). In the subgroup analysis, 
the difference between both arms was not statistically 
significant in the high-risk group (49% vs. 40%, p = 
0.15). Considering that in the high-dose arm 11% re-
ceived a dose lower than the protocol dose of 78 Gy, 
the authors divided patients in two non-overlapping 
dose-groups: patients who received < 73 Gy and those 
who received > 73 Gy (64). Of the high-risk group, 
125 patients (35%) received HT. The 6-year actuarial 
failure rate in high-risk patients who received HT and 
escalated-dose RT (> 73 Gy) was lower than in patients 
who were treated with HT and conventional-dose RT 
(< 73 Gy), although not statistically significant (66% 
vs. 50%, respectively, p = 0.07).
	 Whether dose-escalation would increase 
even further the magnitude of the HT benefit or, on 
the other hand, obviate the need of ADT remains an 
unanswered question. Results of randomized trials on 
the real benefit of HT in combination with high dose 
RT will be forthcoming from the on-going studies.

TOXICITY

	 Androgen deprivation has been associated 
with numerous side-effects including sexual dys-
function, gynecomastia, bone mineral loss, anemia, 
fatigue, muscular pain, hot-flashes, metabolic com-
plications and potentially increased cardiovascular 
events (65-68). The latter is a controversial issue 
receiving increasing attention in the decision-making 
process.
	 Some retrospective studies with large cohorts 
have reported increased risks of both cardiovascular 
events and incident diabetes with the use of ADT 
(69,70). Tsai et al. (71) using CaPSURE database 
demonstrated increased risk of cardiovascular events 
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for patients receiving ADT in the prostatectomy con-
text, but interestingly not for patients who underwent 
RT. A recent study from Ontario with more than 
19,000 users of ADT found an increased risk of dia-
betes but not an excess risk of myocardial infarction 
or sudden cardiac death (72). A combined analysis 
of 3 randomized trials published by D’Amico et al. 
(73) showed that in men over 65 years the use of short 
term ADT had not changed the overall rate of cardiac 
events; however the time to develop fatal myocardial 
infarction was decreased. This study is limited by the 
small number of events, 51 myocardial infarctions. 
Another single institution study has recently presented 
data on increased all-cause mortality for patients re-
ceiving neoadjuvant ADT and who had pre-existing 
heart failure or a history of myocardial infarction (74). 
This is likely the subgroup of patients that requires 
specific counseling when ADT is being considered.
	 Reanalyzes of the RTOG randomized trials 
9202 (75), 8610 (37), 8531 (75) and 9408 (35) as 
well as the EORTC 22961 (59) have not shown any 
significant difference in cardiovascular mortality be-
tween experimental and control arms. However, these 
studies might be underpowered to detect difference for 
this end-point, contributing for the current uncertainty 
on the issue.
	 Undoubtedly, there is a need to clarify wheth-
er a direct causal relationship between ADT and car-
diovascular disease exists, what are the mechanisms 
involved and whether the risk is maintained after ces-
sation of the ADT. Despite all conflicting data, patients 
should be advised for early screening and detection 
of insulin resistance, diabetes, hyperlipidemia and 
hypertension and oriented towards maintenance of a 
healthy diet and regular physical activity.

CONCLUSION

	 For patients with high risk disease, there 
is level 1 evidence supporting the combination of 
RT and long-term HT. Results of randomized trials 
suggest that the addition of ADT improves major 
outcomes including overall survival; therefore, for 
those high risk patients who are candidates to RT, 
the combined approach is currently considered the 
standard of care. The optimal duration of the HT in 

this population is yet to be determined. Taking all 
results together, it is justifiable to use HT for at least 
24 months, starting 2-3 months before RT. The dif-
ferences in survival favoring the combined approach 
range from 5 to 16%. Even though statistically sig-
nificant, these differences are modest and one has to 
consider the impact the combined therapy may have 
on quality of life and the costs to the patient and to 
the health system. One way to measure the magnitude 
of the benefit is by calculating the number of patients 
needed to treat (NNT) in order to benefit one single 
patient. Considering overall survival as the endpoint, 
NNTs calculated from the studies included in this 
analysis ranged from 8 to 20. In the context of on-
cology in general, these numbers can be considered 
adequate and are indeed superior to many already 
accepted standard cancer treatments.
	 Notably, randomized trials included patients 
with diverse risk groups treated with older RT mo-
dalities, a variety of HT scheduling and duration and, 
importantly, suboptimal RT doses. The use of HT with 
higher doses of RT has to be properly assessed.
	 In conclusion, all these issues, including 
increasing evidence of cardiovascular toxicity re-
lated to the long-term ADT, have to be prospectively 
evaluated. The results of ongoing randomized trials 
addressing these topics will hopefully clarify most of 
these uncertainties.
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EDITORIAL COMMENT

	 This is a comprehensive review of a clini-
cally important controversy about high risk prostate 
cancer where, to rephrase the question asked by Wil-
let F Whitmore, cure is certainly necessary, but may 
not be possible. The review is well written and gen-
erally well balanced, and the authors should be con-
gratulated on critically exploring the controversies 
about combination treatment for high risk prostate 
cancer.
	 The authors discuss the possible biological 
basis for the use of combined radiotherapy (RT) and 
androgen deprivation therapy (ADT). However, this 
discussion is incomplete without reference to the 
enigmatic phenomenon that neoadjuvant ADT prior 
to radical prostatectomy (RP) is not more effective 
than RP alone. Several studies have shown that neo-
adjuvant ADT prior to RP reduces the rate of positive 
surgical margins, but does not lead to greater long-
term disease-free or overall survival after RP.
	 Possible explanations are that RP is equally 
effective in eradicating cancer in the prostate, wheth-
er neoadjuvant ADT has been given or not, whereas 
ADT is not effective in eradicating microscopic sys-
temic disease present at surgery, so that eventual dis-
ease progression occurs regardless of whether neo-
adjuvant ADT was given before RP or not.
	 Since the effect of neoadjuvant ADT on sys-
temic disease present at the time of treatment must 
be the same for RP and RT, this must mean that RT is 
not as effective as RP in eradicating cancer from the 
prostate, but that the effect of RT on cancer cells in 
the prostate and pelvis is enhanced by ADT, which is 
responsible for the improved long-term outcome. It 
remains an intriguing enigma why neoadjuvant ADT 
should prove beneficial when followed by RT, but 
not RP.
	 Although survival rates without evidence of 
biochemical, local or metastatic recurrence are im-
portant for the purpose of evaluating treatment ef-
ficacy, from the individual patient’s point of view, it 
is only overall survival that is important. In prostate 
cancer, because of its generally indolent nature, this 
means evaluating 10-15-years overall survival.
	 Especially in view of the long-term adverse 
effects of ADT and its possible contribution to non-

cancer causes of mortality, it is important to critically 
evaluate the effect of ADT on overall survival. The 
importance of “significant” p-values is highly over-
rated, because statistical significance is often deter-
mined more by the size of the study population than 
by the real size of the difference between treatment 
effects. It is equally (or perhaps more) important to 
consider the clinical significance of outcome differ-
ences.
	 Looking at the 5 randomized trials of RT 
without or with neoadjuvant ADT (Table-1 in the 
paper), two trials did not report on overall survival. 
The 10-year overall survival was 34% vs. 42% in 
RTOG86-10, and 57% vs. 62% in RTOG9408, with 
high-risk cancer being present in 70% and 84% of 
study patients, respectively. The 8-year overall sur-
vival was 61% vs. 74% in the D’Amico et al. study, 
in which 20% of patients had high risk cancer. This 
shows that treatment differences were, at best, rather 
modest. In the two studies with predominantly high 
risk cancer, the real difference between treatment 
arms was 8 and 5 percentage points, respectively, and 
in the study with predominantly intermediate risk 
cancer, the difference was 13 percentage points.
	 Looking at the 4 randomized trials of RT 
alone compared with adjuvant ADT and RT (Table-
2), one study did not report overall survival, and in 
one the 10-year overall survival was 51% vs. 54% 
(not statistically significant). The 10-year overall 
survival was 39% vs. 49% in study RTOG85-31, and 
the 5-year overall survival was 62% vs. 78% in study 
EORTC 22863 (both had 100% of patients with high 
risk cancer). Once again, the treatment differences 
are rather modest, especially when the financial costs 
and quality-of-life (QoL) consequences of long-term 
ADT are considered. This raises some doubt as to 
the real magnitude of the clinical benefit of ADT 
combined with RT, and whether the cost-benefit ra-
tio justifies routine recommendation of combined 
treatment.
	 Alexander et al. (1) showed that the bio-
chemical response to neoadjuvant ADT before 
RT, and not the duration of ADT, appears to be 
the most critical determinant of benefit in the set-
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ting of combined therapy. De Crevoisier et al. pre-
sented similar findings (2). In their study, in patients 
who received ADT plus RT, the median PSA prior 
to ADT was 18.2 ng/mL, and after 3 months of ADT 
it was 1.3 ng/mL. This shows a quite rapid and dra-
matic overall PSA response after just 3 months of 
ADT, before the initiation of RT. The authors found 
an “undetectable” PSA (≤ 0.2 ng/mL) in 12% of pa-
tients, and in this group the 10-year prostate cancer 
specific survival rate was 100%.
	 It is generally accepted that an undetectable 
PSA (< 0.1 ng/mL) 3 months after RP indicates that 
all cancer cells have been eradicated. The findings 
in the paper by De Crevoisier et al. suggest that in 
some patients 3 months of ADT may be “as effec-
tive” as RP in eradicating prostate cancer. This rais-
es the question whether RT is necessary in patients 
with PSA ≤ 0.2 ng/mL after 3 months of ADT.
	 The important message of this review should 
be that RT alone is not sufficient as intended curative 
therapy for high risk prostate cancer, therefore neo-
adjuvant and/or adjuvant ADT (probably long-term 
or lifelong) is required to improve the results. An 
important, unanswered question concerns the role of 
RP for high risk cancer, combined with adjuvant RT 
and/or ADT for disease recurrence after surgery, and 
the cost-benefit ratio and QoL outcomes of RP com-
pared with RT. There is a deplorable lack of pro-
spective, randomized studies comparing RP vs. RT 
in the management of localized or high-risk pros-
tate cancer. Until such studies have been completed 
with adequate follow-up, the controversy about the 
optimal treatment of high risk prostate cancer will 
continue.

	 In the Abstract the authors state that the com-
bined use of RT and ADT for patients with localized 
high risk prostate cancer is commonly accepted as 
the standard treatment among uro-oncologists. They 
moderate this statement by pointing out that there 
are negative and inconclusive studies with regard to 
overall survival, and that the financial and QoL is-
sues have not been adequately evaluated. Moreover, 
the role of RP rather than RT as primary treatment 
modality for high risk cancer, combined with ADT 
prior to or after disease recurrence, remains unde-
fined, and prospective, randomized studies are ur-
gently needed to address this issue.
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EDITORIAL COMMENT

	 This well organized review article revealed 
that there are evidences that the combination of ra-
diation treatment (RT) and hormone treatment (HT) 
results in increased biochemical disease-free sur-
vival, increased local control, reduced incidence of 
distant metastases, and reduced cause-specific mor-

tality in patients with high risk disease. A lot of ran-
domized controlled trials reported the benefit of add-
ing HT to RT.  Interestingly, the effect of hypoxia on 
RT has been studied by many researchers, and it is 
important point in multimodal treatment of prostate 
cancer.



178

Combined Treatment for High Risk Prostate Cancer

	 There are several limitations of the present 
studies, most of the studies are retrospective, and 
have relatively short follow-up. Also, although most 
patients were treated uniformly, there was some 
variation in terms of definition of high risk disease 
and duration of HT used. As the authors mentioned 
in the manuscript, we need to study about optimal 
HT schedule and duration prospectively.
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REPLY BY THE AUTHORS

We appreciate and thank Drs. Heyns and 
Kang for their thoughtful comments on our article (1) 
aimed at studying high-risk prostate cancer outcomes 
following radiation therapy (RT) and androgen depri-
vation therapy (ADT). 

We fully agree with Dr. Heyns that the lack of 
long-term benefit on the use of neo-adjuvant hormonal 
therapy prior to radical prostatectomy (RP) remains an 
intriguing phenomenon. However, one has to keep in 
mind that some of the randomized surgical trials were 
underpowered and involved a broad range of patients, 
including men with low- and intermediate-risk pros-
tate cancer. Moreover, neoadjuvant hormonal therapy 
has been shown to lead to morphological pathological 
changes that may result in underdetection of posi-
tive margins and capsular involvement by prostatic 
adenocarcinoma. Bazinet and colleagues (2) found 
more extensive intracapsular, capsular and extracap-
sular tumor involvement and higher rate of positive 
margins when cytokeratin immunohistochemistry 
was used as compared to hematoxylin-eosin staining. 
Thus, the improved pathological effect observed in the 
neoadjuvant surgical trials may be an artifact due to an 
underestimation of residual tumor and underreporting 
of positive margins. Finally, direct comparisons of 
neoadjuvant ADT in surgical and RT series is rather 
difficult, if not inappropriate, considering important 
differences in patient selection. 

Individualized treatments for high-risk 
disease with possible omission of RT according to 
biochemical response to ADT would certainly be an 
interesting approach if we had no convincing level 
1 evidence from three randomized trials addressing 
hormonal therapy (HT) alone versus HT plus RT (3-
5). Regardless of HT duration or method, HT alone 
confers significant lower rates of biochemical control, 
overall survival and clinical progression-free survival 
when compared to the combined treatment. Solberg et 
al. (6), from the Scandinavian Prostate Cancer Group, 
has recently shown improved local control through 
prostate gland biopsies in the combined treatment 
(78% vs. 34%, p < 0.0001). In addition, the delivery 
of higher RT doses using modern RT techniques might 
even potentiate further these outcomes.
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