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Abstract

Background and purpose: The ongoing Early Prostate Cancer (EPC) programme is assessing bicalutamide (‘Casodex’)
150 mg, either alone or as adjuvant to treatment of curative intent, in patients with localised or locally advanced prostate
cancer (nZ8113). This paper presents an exploratory analysis of the subgroup of the EPC programme who received
radiotherapy with curative intent (nZ1370) in order to determine the efficacy (in terms of progression-free survival
[PFS]) and tolerability of bicalutamide 150 mg in this setting.

Patients and methods: 1370 patients with T1-4, M0, any N prostate cancer received bicalutamide 150 mg or placebo
adjuvant to radiotherapy of curative intent. This analysis was undertaken at median 5.3 years’ follow-up.

Results: In patients with locally advanced disease (nZ305), bicalutamide adjuvant to radiotherapy significantly
increased PFS by 53% (event-time ratio 1.53; 95% confidence intervals [CI] 1.16, 2.02) compared with placebo and
reduced the risk of disease progression by 42% (hazard ratio [HR] 0.58; 95% CI 0.41, 0.84; PZ0.00348). In these patients,
objective progression was experienced by 33.5% of those randomised to bicalutamide versus 48.6% for those randomised
to placebo. The between-group difference in patients with localised disease (nZ1065) failed to reach statistical
significance (HR 0.80; 95% CI 0.62, 1.03; PZ0.088). The most common adverse events were breast pain (74.8%) and
gynaecomastia (66.6%), which were mild to moderate in O90% of cases.

Conclusions: Bicalutamide 150 mg/day given as adjuvant to radiotherapy significantly improved PFS in patients with
locally advanced prostate cancer. For patients with localised disease, the results at this stage from the radiotherapy
subgroup and the overall EPC programme suggest that adjuvant hormonal therapy is currently not appropriate.
There were no unexpected tolerability findings.
q 2005 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 76 (2005) 4–10.
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Conventional external-beam radiotherapy alone has
limited curative potential in patients with locally advanced
prostate cancer [14,15]. Many patients with clinically
localised disease also remain at risk of disease progression
after conventional radiotherapy [4,14,15]. Recent develop-
ments such as conformal radiotherapy enable higher
irradiation doses to be used, with reduced damage to
healthy tissues. However, few long-term data on the
outcomes and morbidity associated with these techniques
are available. Furthermore, treatment failure after local
radiotherapy may be due to the presence of distant
0167-8140/$ - see front matter q 2005 Elsevier Ireland Ltd. All rights rese0167-8140/$ - see front matter q 2005 Elsevier Ireland Ltd. All rights rese
micrometastases that were undetectable at diagnosis and,
irrespective of the improvement in local disease control,
radiotherapy to the prostatic area cannot eradicate distant
disease.

Several studies with immediate adjuvant luteinising
hormone-releasing hormone [LHRH] agonist therapy or
surgical castration by bilateral orchiectomy have demon-
strated improvements in progression-free and overall
survival for patients treated by conventional radiotherapy
[2,7,11]. Castration does, however, have quality-of-life
implications such as sexual dysfunction and increased
rved. doi:10.1016/j.radonc.2005.06.005rved. doi:10.1016/j.radonc.2005.06.005
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long-term risk of osteoporotic fractures, which could be
important to many men [6,9,10].

The potential role of non-steroidal antiandrogens as an
alternative to castration (medical or surgical) in the
treatment of early prostate cancer has received much
interest in recent years, as these agents offer potential
quality-of-life benefits over castration in terms of sexual
interest, physical capacity and maintenance of bone mineral
density [10,18,19]. The Early Prostate Cancer (EPC) pro-
gramme is designed to evaluate the role of immediate
hormonal treatment with the non-steroidal antiandrogen
bicalutamide (‘Casodex’) 150 mg in addition to standard
care (radical prostatectomy, radiotherapy or watchful
waiting) in patients with localised or locally advanced
prostate cancer. The EPC programme comprises three
randomised, double-blind, placebo-controlled trials that
were prospectively designed for combined analysis. Overall
combined results from the second data analysis plan-
specified analysis (median follow-up 5.4 years) have been
published previously [22].

Here we present an analysis from the second analysis of
the EPC programme for the subgroup of patients who
received radiotherapy as initial treatment and then under-
went hormonal therapy in an adjuvant setting. Data
presented include the data analysis plan-specified primary
endpoint of progression-free survival (PFS), as well as safety
and tolerability.
Materials and methods
Trial design

The EPC programme consists of three ongoing, prospec-
tive, randomised, double-blind, placebo-controlled trials
that are being conducted in: North America (Trial 23;
nZ3292 from 96 centres); Europe, South Africa, Israel,
Australia and Mexico (Trial 24; nZ3603 from 191 centres);
and Scandinavia (Trial 25; nZ1218 from 62 centres). The
trials were designed to support a combined analysis. Eligible
patients were randomised in a 1:1 ratio to receive
bicalutamide 150 mg/day orally or matching placebo in
addition to standard care (radical prostatectomy, radio-
therapy or watchful waiting). As the aim of the study was to
reflect current standard care in the 349 trial centres
involved, surgical procedures, radiotherapy techniques and
dose fractionation schedules, as well as type and duration of
neoadjuvant hormonal therapy, were not specified in the
data analysis plan.

The data analysis plan-specified duration of randomised
therapy was 2 years in Trial 23 and until disease progression
in Trials 24 and 25 (although a maximum of 5 years was
recommended for patients who received adjuvant therapy in
Trial 24). Patients were followed in each trial until
objective disease progression or death, with second-therapy
treatment on progression initiated at the investigators’
discretion.

All trials were conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice guide-
lines. The Ethics Committee or Institutional Review Board at
each contributing centre approved the study protocols. An
independent Data and Safety Monitoring Committee (DSMC)
reviewed the blinded safety and efficacy data on an ongoing
basis during follow-up. Although the study blind was broken
at the database level at the time of the first analysis [17],
patients still continue to be followed for progression and
survival. Patients could have their individual blinding broken
at this time on request, and in these circumstances they
subsequently had to discontinue their randomised
medication.

Patients
Men with clinically or pathologically confirmed stage

T1b-T4 prostate cancer (TNM staging) and no distant
metastases on bone scan were eligible. The upper age limit
in Trial 25 was 75 years; there was no maximum age limit in
the other two trials. Trial 23 differed from Trials 24 and 25 in
that patients with lymph node involvement and candidates
for watchful waiting were excluded. Only those patients who
received radiotherapy in any of these trials (nZ1370) are
considered in this paper.

Patients were excluded from the EPC trials if they had
received prior systemic therapy for prostate cancer,
although neoadjuvant therapy (of the investigator’s choice)
was allowed in Trials 23 and 24 (not Trial 25). Disease stage
was classified as localised disease (disease confined within
the capsule; T1-2, N0 or Nx, M0) or locally advanced disease
(disease not confined to the capsule; T3-4, any N, M0 or any
T, NC, M0).

Assessment and endpoints
The following investigations were performed before

study entry: medical history, physical examination, tumour
staging, bone scan/skeletal X-ray, prostate-specific antigen
(PSA) level and liver function tests. Local and regional
disease and clinical symptoms were assessed at all
subsequent 12-week visits until progression. Bone scans
were scheduled every 96 weeks. Other imaging techniques
(e.g. magnetic resonance imaging [MRI], ultrasound) were
used when clinically indicated. After treatment with-
drawal, patients were followed every 24 weeks until
death.

Primary endpoints in the EPC programme were time to
objective progression (progression-free survival, PFS) and
survival. Time to objective progression was defined as the
number of days between the date of randomisation and the
earliest of objective progression (confirmed by bone, MRI,
ultrasound or computed tomography scan, or histological
evidence of distant metastases) or death without pro-
gression. A rising PSA level was not considered evidence of
objective progression, irrespective of whether second-line
therapy was initiated.

Adverse events occurring during randomised therapy and
up to 28 days after treatment withdrawal were classified
using Coding Symbols for Thesaurus of Adverse Reaction
Terms (COSTART). All adverse events were reported
spontaneously and were given an intensity rating of mild,
moderate or severe.

Statistical analysis
Statistical analyses of PFS in this radiotherapy subgroup

were undertaken in the same way as for the combined
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analysis of the entire EPC programme [17]. Since there was a
highly significant treatment effect in favour of bicalutamide
for PFS in the combined analysis, it is appropriate (as the risk
of a false positive finding is low) to examine the progression
data in this important subgroup in order to identify those
patients in whom the treatment effect is clearly established.
However, in terms of overall survival, although there are
statistical findings with regard to survival in the watchful
waiting subgroup of the EPC programme, there are no
statistic differences in survival within the adjuvant popu-
lation [22]. Therefore, a post-hoc analysis of survival in the
radiotherapy group would not be statistically meaningful.
Consequently, overall survival data are presented for the
data analysis plan-specified adjuvant subgroup, which
includes patients who underwent either radiotherapy or
radical prostatectomy (nZ4454) as standard care.

Time-to-event data were analysed on an intent-to-treat
basis using a Cox proportional hazards regression model with
covariates for trial, randomised treatment, initial PSA level,
tumour grade and stage. This analysis estimates the hazard
ratio (HR), i.e. the reduction in the risk of an event
(with bicalutamide 150 mg relative to placebo). Within the
radiotherapy group, additional analyses for PFS were
performed by disease stage, i.e. localised or locally
advanced. In addition, the treatment benefit in terms of
the relative increase in the time to an event (the event-time
ratio [ETR]) conferred by the corresponding HR was
estimated [3]. This statistical analysis can provide a
measure of the improvement in the time to an event before
the median time has been reached and, therefore, is
particularly valuable for studies such as adjuvant trials,
Fig. 1. Flow diagram o
where it takes a long time to reach the median. The adverse-
event data are descriptive only.
Results
Patients

Of the 1370 patients enrolled in the EPC programme who
had received radiotherapy of curative intent, 699 were
randomised to bicalutamide 150 mg and 671 were
randomised to radiotherapy alone (Fig. 1). The treatment
groups were well balanced with respect to patient demo-
graphics and baseline disease characteristics (Table 1). Of
these patients, 1065 (77.7%) had localised disease (538
randomised to bicalutamide 150 mg, 527 randomised to
radiotherapy alone), comprising of 632 from Trial 23, 411
from Trial 24 and 22 from Trial 25. The remaining 305 (22.3%)
had locally advanced disease (161 randomised to bicaluta-
mide 150 mg, 144 randomised to radiotherapy alone),
comprising of 13 from Trial 23, 249 from Trial 24 and 43
from Trial 25.

Treatment duration
The median follow-up at this analysis in the radiotherapy

subgroup was 5.3 years (minimum 4.5 years). Median
duration of treatment for those patients who received
randomised treatment (694 randomised to bicalutamide
150 mg and 664 randomised to radiotherapy alone) was 1.8
years for both treatment groups (range: 1 day-7.1 years in
the bicalutamide group and 3 days-6.9 years in the radio-
therapy alone group). At the time of the analysis, the data
analysis plan-specified dosing period (i.e. 2 years in Trial 23;
f study patients.



Table 1
Patient demographics and baseline disease characteristics

Bicalutamide 150 mg plus
radiotherapy (nZ699)

Placebo plus radiotherapy (nZ671)

Mean age (range), years 69.6 (48–85) 69.3 (47–82)

Race, %
Caucasian 87.0 88.8
Black 6.3 5.7
Other 6.7 5.5

Stage of disease, %
T1/T2 77.5 79.1
T3 21.7 20.1
T4 0.7 0.8

Nodal status, %
N0 30.8 33.1
Nx 68.2 65.9
NC 1.0 1.0

Tumour grade (Gleason score)*, %
Well differentiated (2–4)
Moderately differentiated (5–6)

23.8
49.6

22.1
52.2

Poorly differentiated (7–10) 23.7 25.6
Not known 1.4 0.1

Median PSA level, ng/mL (range)
Prior to radiotherapy 11.3 (0.3–681.0) 11.2 (0.4–204.0)
At randomisation 3.4 (NQ-119.3) 3.5 (NQ-147.2)

Localised disease 3.3 (NQ-69.0) 3.4 (NQ-101.3)
Locally advanced disease 3.8 (NQ-119.3) 4.0 (NQ-147.2)

Use of neoadjuvant therapy, % 30.0 32.5

Trial, %
23 46.5 47.7
24 47.9 48.4
25 5.6 3.9

* In some cases, Gleason score was derived by conversion of World Health Organization grades. PSA, prostate-specific antigen. NQ, non-
quantifiable (0.2 ng/mL in Trial 23, 1.0 ng/mL in Trials 24 and 25).
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5 years in Trial 24; until disease progression in Trial 25) had
been completed by 205 (29.5%) patients randomised to
bicalutamide 150 mg and 249 (37.5%) for those randomised
to radiotherapy alone (Fig. 1). At the time of this analysis,
119 (17.1%) patients randomised to bicalutamide 150 mg and
85 (12.8%) for those patients randomised to radiotherapy
alone remained on randomised treatment (Fig. 1). As a result
of disease progression, second-line systemic therapy has
been initiated in 109 (15.6%) patients in the bicalutamide
group (LHRH agonist 53; antiandrogen 24; orchiectomy 8;
maximum androgen blockade 21, other 3) and in 193 (28.8%)
patients in the radiotherapy alone group (LHRH agonist 59;
antiandrogen 73 [open-label bicalutamide 17]; orchiectomy
14; maximum androgen blockade 40, other 7).
Efficacy
Fig. 2. Kaplan–Meier plot of overall objective progression-free
survival in the radiotherapy population at a median follow-up of
5.3 years (nZ1370). HR, hazard ratio; CI, confidence interval; ETR,
event-time ratio.
Objective PFS
In the radiotherapy subgroup, the criteria for objective

disease progression were met by 168 out of 699 (24.0%)
patients randomised to bicalutamide 150 mg (48 confirmed
by bone scan, 28 confirmed by other objective measures, 92
deaths in the absence of progression) compared with 198 out
of 671 (29.5%) for those patients randomised to radiotherapy
alone (70 confirmed by bone scan, 38 confirmed by other
objective measures, 90 deaths in the absence of
progression). In the overall radiotherapy population,
bicalutamide 150 mg significantly reduced the risk of



Table 2
Analysis of objective progression-free survival in the radiotherapy subgroup by disease stage

Population No. patients No. events (%) HR (95% CI) P-value

Bicalutamide
150 mg (nZ699)

Placebo (nZ671)

Overall radiotherapy 1370 168 (24.0) 198 (29.5) 0.72 (0.59, 0.89) 0.002
Localised 1065 114 (21.2) 128 (24.3) 0.80 (0.62, 1.03) 0.088
Locally Advanced 305 54 (33.5) 70 (48.6) 0.58 (0.41, 0.84) 0.003

HR, hazard ratio; CI, confidence intervals.
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objective disease progression by 28% compared with radio-
therapy alone (HR 0.72; 95% confidence interval [CI] 0.59,
0.89; PZ0.002) (Fig. 2, Table 2).

In patients with localised disease (nZ1065), there was no
statistically significant increase in PFS, although a trend was
observed (HR 0.80; 95% CI 0.62, 1.03; PZ0.088) (Fig. 3;
Table 2).

In patients with locally advanced disease (nZ305),
bicalutamide 150 mg significantly reduced the risk of disease
progression by 42% (HR 0.58; 95% CI 0.41, 0.84; PZ0.003)
(Fig. 4); the criteria for objective disease progression were
met by 33.5% of patients randomised to bicalutamide 150 mg
and 48.6% for those randomised to radiotherapy alone
(Table 2). The event-time ratio (ETR) shows that PFS interval
was increased by 53% compared with radiotherapy alone
(ETR 1.53; 95% CI 1.16, 2.02). The estimated time taken for
the first 30% of patients with locally advanced disease to
experience objective progression was 4.9 years with
bicalutamide 150 mg and 3.2 years with radiotherapy alone.

Overall survival
In the adjuvant subgroup of the EPC programme, there

was no difference in overall survival between adjuvant
bicalutamide 150 mg and standard care alone (HR 1.01; 95%
CI 0.87, 1.19; PZ0.86); 10.8% of patients randomised to
adjuvant bicalutamide 150 mg and 10.4% of those random-
ised to standard care alone have died.
Fig. 3. Kaplan–Meier plot of objective progression-free survival in
the radiotherapy population with localised disease at a median
follow-up of 5.3 years (nZ1065). HR, hazard ratio; CI, confidence
interval; ETR, event-time ratio.
Safety and tolerability
Adverse events
The most commonly reported adverse events in patients

in the radiotherapy subgroup randomised to bicalutamide
150 mg were breast pain and gynaecomastia, which were of
mild to moderate intensity in O90% of cases (Table 3). The
incidence of hot flushes was low (9.8% with bicalutamide
150 mg versus 5.4% with radiotherapy alone). Low incidences
of impotence (12.7 versus 9.9%) and loss of libido (4.0 versus
1.4%) were reported by patients randomised to bicalutamide
150 mg and randomised to radiotherapy alone, respectively.
Due to the reluctance of many elderly men to discuss sexual
problems, there is likely to have been some under-reporting
of these events. Other adverse events occurred at a similar
frequency between the two treatment groups. Abnormal
liver function tests were reported as adverse events in 2.2
and 1.8% of patients randomised to bicalutamide 150 mg and
radiotherapy alone, respectively.

The incidences of withdrawal due to adverse events in
patients randomised to bicalutamide 150 mg and radio-
therapy alone were 31.4 and 10.7%, respectively, with 16.4
and 1.1% of patients, respectively, withdrawing due to
breast pain and/or gynaecomastia. However, the overall
Fig. 4. Kaplan–Meier plot of objective progression-free survival in
the radiotherapy population with locally advanced disease at a
median follow-up of 5.3 years (nZ305). The reason for the placebo
curve falling to zero at 7 years is due to the latest time in this group
being a progression event. HR, hazard ratio; CI, confidence interval;
ETR, event-time ratio.



Table 3
Adverse events occurring in R10% of patients in either treatment
group

No. patients (%)

Bicalutamide 150 mg plus
radiotherapy (nZ694)

Placebo plus
radiotherapy
(nZ664)

Breast pain 74.8 9.5
Gynaecomastia 66.6 10.8
Diarrhoea 15.4 13.7
Asthenia 13.4 9.8
Impotence 12.7 9.9
Back pain 11.7 13.6
Pharyngitis 11.4 11.1
Rectal
haemorrhage

11.2 11.3

Rash 11.0 8.9
Constipation 10.8 9.0
Haematuria 9.4 12.7
Arthralgia 8.6 11.0
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incidences of withdrawal in the two groups were similar
(53.3% with bicalutamide versus 49.7% with placebo).
Deaths
At this stage of the study, similar proportions of patients

had died of prostate cancer in those randomised to adjuvant
bicalutamide 150 mg (76 [2.6%]) and in those randomised to
standard care (radiotherapy plus radical prostatectomy)
alone (70 [2.4%]). Non-prostate-cancer-related deaths
occurred in 242 (8.2%) patients randomised to adjuvant
bicalutamide 150 mg and 231 (8.0%) patients randomised to
standard care alone.
Discussion
The EPC programme is the first study to assess non-

steroidal antiandrogen therapy alone adjuvant to radio-
therapy. The exploratory subgroup analysis presented here
shows that at a median 5.3 years’ follow-up, bicalutamide
150 mg as adjuvant to radiotherapy confers significant
benefit in terms of PFS in patients with locally advanced
prostate cancer reducing the risk of objective progression by
42% compared with radiotherapy alone. There is likely to
have been some variation between EPC trial centres in the
radiotherapy techniques employed, as well as in the use of
neoadjuvant hormonal therapy, however, this should apply
equally to both treatment groups and will not have
influenced the overall PFS benefit achieved.

Although the analysis presented here showed a significant
PFS benefit with adjuvant bicalutamide for patients with
locally advanced disease, at this length of follow-up no
statistically significant PFS benefit was apparent in those
patients with localised disease. These findings from the
radiotherapy subgroup, coupled with those from the overall
study population [22], therefore suggest that, at present,
adjuvant hormonal therapy may not be appropriate for
patients with localised prostate cancer.
While bicalutamide adjuvant to radiotherapy was associ-
ated with a significant PFS benefit in patients with locally
advanced prostate cancer, at the current analysis, there is
no difference in overall survival between bicalutamide
150 mg and standard care (radiotherapy or radical prosta-
tectomy) alone in the data analysis plan-specified adjuvant
population of the EPC programme. This programme is
ongoing and follow-up for progression and survival
continues.

Previous studies of hormonal therapy adjuvant to radio-
therapy have evaluated castration-based therapy [2,5,7,8,
11,13], with the majority demonstrating overall survival
benefits at long-term follow-up, particularly in patients with
locally advanced disease. The European Organisation for
Research and Treatment of Cancer (EORTC) 22863 study
reported improvements in 5-year estimates of both PFS
(74 versus 40%) and overall survival (78 versus 62%) with
adjuvant goserelin at a median follow-up of 5.5 years [2].
Likewise, with 7.6 years’ median follow-up, the Radiation
Therapy Oncology Group (RTOG) 85-31 study reported
improvements in estimated 10-year overall survival (47
versus 38%) as well as local and distant PFS [11]. In RTOG
trial 92-02, in which patients with cT2c-4 disease received
neoadjuvant hormonal therapy prior to randomisation,
adjuvant goserelin showed a significant overall survival
advantage (PZ0.044) in patients with a Gleason score 8–10
at current follow-up (median 5.8 years) [8]. D’Amico and
colleagues [5] recently reported that combination hormonal
therapy (2 months each of neoadjuvant, concurrent and
adjuvant LHRH agonist plus flutamide) added to radio-
therapy significantly improved overall survival (HR 2.1;
PZ0.04) at 4.5 years’ median follow-up compared with
radiotherapy alone in patients with high-risk clinically
localised disease (cT1b-2b disease, PSA level R10 ng/mL,
Gleason score R7 or radiographic evidence of extraprostatic
disease). Finally, the RTOG 94-13 trial is assessing neoadju-
vant versus adjuvant combination hormonal therapy (with an
LHRH agonist and flutamide), but is not sufficiently mature
to assess survival outcome [13].

However, while castration as adjuvant to radiotherapy
has proven survival benefits, some men, particularly men
who are physically active, may find castration unattractive
and seek alternative therapies. In patients with locally
advanced disease requiring immediate hormonal therapy,
survival with bicalutamide 150 mg monotherapy has been
shown to be similar to that with castration, as well as
conferring quality-of-life gains in the domains of physical
capacity and sexual interest [10]. The potential quality-of-
life benefits of bicalutamide 150 mg over castration must be
balanced against the lack of proven survival benefit in the
adjuvant setting.

In general, the incidence of adverse events in the current
subgroup analysis is consistent with that in the overall EPC
population [22]. A higher incidence of diarrhoea and
haematuria was apparent in both arms of the radiotherapy
subgroup compared with the EPC programme population as a
whole, which is likely caused by the well-documented
effects of radiotherapy on the bladder and gastrointestinal
tract [12]. The tolerability profile of bicalutamide 150 mg
has been previously reported and reflects its pharmacology
[22]. With the exception of gynaecomastia and breast pain,
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the incidence of adverse events is comparable with
radiotherapy alone. Management options for bicalutamide-
induced gynaecomastia and breast pain, including both
prophylactic and therapeutic tamoxifen and local
radiotherapy, are being evaluated with encouraging results
[1,16,20,21].

In conclusion, the results from the radiotherapy subgroup
of the EPC programme (nZ1370), at a median follow-up of
5.3 years, demonstrate that bicalutamide 150 mg, when
given as immediate adjuvant treatment to radiotherapy in
men with locally advanced prostate cancer, has significant
benefits in terms of PFS compared with radiotherapy alone.
In contrast, for patients with localised disease, the results at
this stage from this subgroup, as well as the overall EPC
programme, suggest that adjuvant hormonal therapy may
not be appropriate. Patients with locally advanced prostate
cancer, for whom radiotherapy is preferred, have a choice of
adjuvant therapy options. Patients should receive full
information on the benefits and risks of these choices, and
therapy be tailored to their individual needs and
preferences.

‘Casodex’ and ‘Zoladex’ are trademarks of the AstraZe-
neca group of companies
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