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Aims and background: To present survival and toxicity outcomes in patients with clinically

localized, non-metastatic prostate cancer (PCa) treated with external beam radiotherapy

(EBRT) combined with androgen deprivation therapy (ADT).

Materials and methods: Retrospective study of 849 PCa patients (pts) treated from 1996 to

2005. Until August 2000, all patients (281) were treated with conventional dose EBRT (<76 Gy);

subsequent pts received ≥76 Gy (565 pts). Median age was 70 years (range, 39–82). Most pts

were  intermediate (353; 42.8%) or high-risk (344; 41.7%). Mean PSA was 10.1 ng/ml. Median

dose  to the prostate was 75 Gy. Complete ADT was administered to 525 pts (61.8%).

Results: Median follow-up was 109.6 months (range, 68.3–193.4). Overall survival (OS) was

92.5% and 81.1% at 5 and 10 years; by risk group (low, intermediate, high), 5- and 10-year

OS  rates were 94.3% and 85.9%, 92.3% and 79.2%, and 91.9% and 80.2% (p = 0.728). Five- and

10-year BRFS was 94.1% and 80.6% (low risk), 86.4% and 70.9% (intermediate), and 85.2%

and  71.4% (high) (p = 0.0666). Toxicity included rectitis: grade 1 (G1) (277 pts; 32.6%), G2 (108;

12.7%), and G3 (20; 2.6%) and urethritis: G1 (294; 34.6%); G2 (223; 26.2%), and G3 (11; 1.3%). By

dose  rate (<76 Gy vs. ≥76 Gy), 5 and 10-year BRFS rates were 83.1% and 68.3% vs. 88.4% and

74.8% (p = 0.038).
Conclusions: Our results are comparable to other published series in terms of disease con-

trol and toxicity. These findings confirm the need for dose escalation to achieve better

biochemical control and the benefits of ADT in high-risk PCa patients.
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Table 1 – Patient characteristics.

Characteristic* Value

Patients 849 (100%)
Age (years)

Median 70
Range 39–82

Follow-up (months)
Median 109.6
Range 68.3–193.4

Gleason score
≤6 389 (45.8%)
=7 365 (43.0%)
>7 95 (11.2%)

Pretreatment PSA (ng/mL)
Median 10.1
Range 1.2–300.8

T stage (DRE) (n = 819)
T1 379 (46.3%)
T2 279 (34.1%)
T3 156 (19.0%)
T4 5 (0.6%)

T stage (MRI)) (n = 124)
T1 14 (11.3)
T2 57 (46%)
T3 53 (42.7%)

T stage (US) (n = 477)
T1 206 (43.2%)
T2 246 (51.6%)
T3 25 (5.2%)

Risk group (n = 824)
Low 127 (15.4%)
Intermediate 353 (42.8%)
High 344 (41.7%)

∗
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1.  Background

External beam radiation therapy (EBRT) has long been used to
treat localized prostate cancer (PCa). In the past, the prescribed
radiation dose ranged from 64 to 70 Gy delivered in fractions
of 1.8–2 Gy, although data from clinical trials1,2 showed that
such doses were insufficient to achieve better disease control.
However, it was not possible to increase the maximum doses
with conventional EBRT due to toxicity risk (primarily to the
bladder and rectum). The advent of three-dimensional confor-
mal  radiotherapy (3D-CRT) in the 1990s increased the accuracy
of dose delivery to the target, thus enabling the use of higher,
more  effective doses while keeping toxicity within acceptable
levels. As a result, long-term outcomes have been improved
and toxicity decreased.3

Dose escalation can be achieved with precise radiotherapy
techniques such as 3D-CRT or intensity-modulated radiothe-
rapy (IMRT), or by adding a boost delivered with high-dose
rate brachytherapy (HDRB) or IMRT.4–7 Overall survival in high
risk patients can be further improved by combining EBRT with
androgen deprivation therapy (ADT).8,9

2.  Aim

In the present retrospective study, we  report long-term out-
comes in a large patient cohort (849 patients) treated from 1996
to 2005 during a time period in which our treatment approach
transitioned from conventional dose EBRT to high-dose 3D-
CRT.

3.  Materials  and  methods

3.1.  Patient  cohort

From 1996 to 2005, 849 patients (pts) underwent EBRT for clin-
ically localized, non-metastatic PCa at our institution (Catalan
Institute of Oncology; Barcelona, Spain). The median age was
70 years (range 39–82), with a median follow-up of 109.6
months (range, 68.3–193.4). Patient characteristics are shown
in Table 1.

Up to August 2000, all patients received conventional dose
EBRT, at which time 3D-CRT was implemented. Thus, 281 of
the 849 pts (33.1%) were treated with EBRT at doses <76 Gy. In
the year 2000, our institution switched to high-dose radiothe-
rapy based on findings from multiple studies10–15 and updated
international guidelines.16 Thus, all patients treated from
August of that year (565 pts) were prescribed ≥76 Gy. Dose
prescription data is not available for 3 cases.

The TNM-staging system of the American Joint Committee
on Cancer17 was used to classify patients. The Table shows the
patient characteristics at baseline. Staging and pre-treatment
work-up for all patients consisted of a complete physical
examination including digital rectal examination, complete
blood count with PSA determination, chest X-ray, and tran-

srectal ultrasound. CT scan, bone scintigraphy, and pelvic MRI
were performed when needed.

The risk group classification system developed by D’Amico
and colleagues,18 which includes blood PSA levels, Gleason
MRI indicates magnetic resonance imaging; US, ultrasound; DRE,
digital rectal examination.

score (GS) and tumour (T) stage, was used to assign patients
to one of three risk groups: low, intermediate or high risk. Of
the 849 pts in the study, data on risk group classification was
available for 824 pts, as follows: 127 (15.4%) were considered
low risk, 353 (42.8%) intermediate risk, and 344 (41.2%) high
risk (Table 2). Mean pre-treatment prostate-specific antigen
PSA was 10.1 ng/ml and Gleason score (GS) was ≤6, 7 and >7 in
389 pts (45.8%), 365 pts (43.0%), and 95 pts (11.2%), respectively.
Perineural invasion was positive in 156 pts (18.4%).

In all cases, EBRT was performed with the patient in a
supine position with legs and feet immobilized. Data from a
CT scan performed with the patient in the treatment position
were entered into the 3D treatment planning system to out-
line the prostate, vesicles, bladder and rectum. Regional lymph
nodes were also contoured if the risk of the involvement was
≥15% (Partin tables).19 Patients with confirmed pelvic node
involvement were excluded from the study.

The EBRT treatment was delivered in daily fractions of
2 Gy, 5 days per week. All patients received EBRT alone with-
out boost. The median dose to the prostate was 75 Gy (range,

73.9–76). Most patients (565; 66.8%) were prescribed 76 Gy with
the remaining (281; 33.2%) receiving <76 Gy. Data from 3 pts are
missing.

dx.doi.org/10.1016/j.rpor.2015.12.002
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Table 2 – Patient characteristics by risk group.

Characteristic Value

Low Intermediate High

Patients 127 (15.4%) 353 (42.8%) 344 (41.7%)
Age (y) n = 124 n = 353 n = 340

Median 71 71 69
Range 39–78 50–80 41–82

Gleason score n = 127 n = 353 n = 344
≤6 127 (100%) 121 (34.3%) 123 (35.8%)
7 – 232 (65.7%) 129 (37.5%)
>7 – – 92 (26.7%)

Pretreatment PSA
(ng/mL)

n  = 127 n = 353 n = 344

Median 6.9 9.3 20.9
Range 1.2–9.9 3.2–20 2.3–261

ADT n = 127 n = 353 n = 344
Yes* 31 (24.4%) 164 (46.5%) 310 (90.1%)

∗ ADT indicates androgen deprivation therapy (ADT).
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contrast, significant differences were seen between high-risk
patients who received ADT and those who did not: 5 and 10
year DFS rates without ADT were, respectively, 66% and 56.5%
Regional lymph nodes were treated with a conventional
our-field box. The median dose in the pelvis was 50 Gy (42–50)
n 138 pts. For treatment of the prostate and seminal vesicles,

 six-field technique with opposed lateral and four oblique
onformal field boost was implemented. The median dose in
he prostate was 75 Gy (range, 60–78) and the median dose to
he seminal vesicles was 70 Gy (46–76) in 760 patients. In the
emaining pts, the seminal vesicles were not irradiated.

Applied margins (5 mm in the posterior direction and
0 mm in all other directions) were used to obtain the
TV, which included prostate, vesicles and margins. Cus-
om blocking with multileaf collimators was designed using

 beam’s eye view and additional margins were adjusted
o provide a minimum dose of 95% to the prostate PTV.
isk organ constraints included femoral heads (mean dose
45 Gy, V50 < 50%) and bladder/rectum (V75 < 15%, V70 prefer-
bly <25%, V60 preferably <40% maximum 60%, V40 < 60%
aximum 80%).20

Complete ADT was administered to 525 pts (61.8%) for a
ean of 21 months in accordance with clinical guidelines.9

able 2 shows the number and percentage of patients who
nderwent ADT by risk category. As noted previously, data on
isk group classification were not available for 25 patients (20
f whom received ADT), and these patients are, therefore, not
hown in Table 2, which shows only the 505 patients for whom
isk group data was available. All patients received bicalu-
amide 50 mg/d two weeks before and after administration of
he first luteinizing hormone-releasing hormone (LHRH) ana-
ogues (Leuprorelin, Triptorelin, or Goserelin). The duration of
DT administration ranged from 6 months to 3 years depend-

ng on the risk group (intermediate vs. high risk, respectively).
Acute and late radiation toxicity data were obtained from

ollow-up notes in patient records and scored according to the
adiation Therapy Oncology Group (RTOG) morbidity scoring
riteria. Biochemical failure was based on 3 rises in PSA per
he American Society for Therapeutic Radiology and Oncology

onsensus guidelines.21
therapy 2 1 ( 2 0 1 6 ) 181–187 183

4.  Statistical  analysis

Time to events was measured from the start of treatment to
failure, death, or to the most recent follow-up visit. Treatment
outcomes were measured in terms of overall survival (OS),
cause-specific survival (CSS), disease-free survival (DFS), and
biochemical-free relapse (BRFS). These estimated rates were
calculated using actuarial and Kaplan–Meier methods. Differ-
ences between groups were assessed using the log-rank test.
Multivariate Cox analysis was performed to calculate hazard
rate ratios (HRR) with 95% confidence intervals, and analyze
hormonal therapy exposure as a time dependent covariate.

5.  Results

5.1.  Biochemical  control  and  overall  survival

Overall survival rates for the entire cohort at 5 and 10 years
were, respectively, 92.5% and 81.1% (Fig. 1). By risk group (low,
intermediate, and high), OS at 5 and 10 years was, respec-
tively, 94.3% and 85.9%, 92.3% and 79.2%, and 91.9% and 80.2%
(p = 0.728). BRFS by risk group (low, intermediate, and high) at
5 and 10 years were, respectively, 94.1% and 80.6%, 86.4% and
70.9%, and 85.2% and 71.4% (p = 0.0666) (Fig. 2). DFS  at 5 and 10
years was 86.1% and 70.8%, respectively. By risk group, (low,
intermediate, and high), 5 and 10 year DFS rates were, respec-
tively, 94.1% and 80.6%, 86.4% and 70.2%, and 84.1% and 69%
(p = 0.00468).

5.2.  BRFS  by  dose  <76  Gy  vs.  ≥76  Gy

BRFS at 5 and 10 years was 83.1% and 68.3% when the dose
was <76 Gy vs. 88.4% and 74.8% when the dose was ≥76 Gy, a
significant between-group difference (p = 0.038) (Fig. 3). Based
on the HRR analysis, dose >76 Gy is a protective factor for BRFS:
HRR = 0.65 (0.4–0.9).

5.3.  Comparative  results  by  risk  group  with  and
without  ADT

Fig. 4 shows biochemical control rates by group (ADT vs. no
ADT). A total of 525 pts (61.8%) received ADT for a mean of
21 months. BRFS in intermediate risk pts at 5 and 10 years
was, respectively, 82.9% and 65.8% in patients without ADT
(183 pts) vs. 89.9% and 74.5% in pts who received ADT (163
pts) (p = 0.0937). In low risk pts, 5 and 10 year BRFS rates were,
respectively, 94.4% and 85.8% without ADT (95 pts) vs 93.4%
and 68.5% in pts with ADT (31 pts) (p = 0.0691). Finally, in high
risk pts, the corresponding BRFS at 5 and 10 years, respectively
was 68.6% and 58.8% without ADT (33 pts) vs. 86.9% and 72.7%
with ADT (303 pts) (p = 0.0319).

Administration of ADT did not result in any significant
differences in DFS in low and intermediate risk patients. By
vs. 85.9% and 70.3% with ADT (p = 0.0232).

dx.doi.org/10.1016/j.rpor.2015.12.002
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Fig. 1 – Overall survival at 5 and 10 years by risk group.

Fig. 2 – Biochemical control at 5 and 10 years by risk group.
5.4.  Survival  according  to  the  use  of  whole  pelvic
radiotherapy  (WPRT)

A total of 195 pts underwent WPRT,  with a median dose
of 48.4 Gy (range, 48.1–48.6). No significant differences were
observed in OS at 5 and 10 years, respectively: 92.1% and 81.2%
without WPRT  vs. 94.6% and 80.4% with WPRT  (p = 0.606). In
contrast, significant differences were observed in BRFS and

DFS: at 5 and 10 years, BRFS was 88.2% and 73.9% without
WPRT vs. 78.6 and 64.6% with WPRT  (p = 0.00443). Similarly,
5 and 10 year DFS without WPRT  was 87.6% and 72.7% vs. 78.1%
and 62% with WPRT  (p = 0.00194).
5.5.  Toxicity

Most pts experienced some type of toxicity, including rectitis
and urethritis. In most cases, rectitis was grade 1 (G1) (277 pts;
32.6%) or G2 (108 pts; 12.7%). Only 20 pts (2.6%) presented late
G3 rectitis. Urethritis was as follows: G1 (294 pts; 34.6%); G2
(223; 26.2%), and G3 (11; 1.3%).
5.6.  Multivariate  analysis

A Cox proportional hazard model was performed to identify
the factors associated with OS and biochemical failure. On the

dx.doi.org/10.1016/j.rpor.2015.12.002
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Fig. 3 – Biochemical control at 5 years and 10 years by dose <76 Gy vs. ≥76 Gy.
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Fig. 4 – Biochemical control at 5 years and 10 ye

nivariate analysis, the variables most closely associated with
S were PSA, pelvic irradiation, and intermediate and high risk
lassification (D’Amico). On the multivariate analysis, the only
ariable identified was patient age. The best model includes
he following variables: Gleason, age, and radiation dose to
rostate dose ≥76 Gy, with R2 = 0.016.

On the univariate analysis to determine significant predic-
ors of biochemical failure, patient age was the only significant
ariable. In contrast, the multivariate analysis identified the

ollowing predictors: PSA, intermediate and high risk disease,
nd dose ≥76 Gy (dose <76 Gy increases risk of biochemical
ailure).
ith and without androgen deprivation therapy.

6.  Discussion

This study presents results from a very large cohort of PCa
patients treated with exclusive EBRT during the time in which
our centre switched from conventional dose EBRT to high-
dose 3D-CRT. As might be expected, our data confirm that
higher doses of radiotherapy (≥76 Gy) had a significant positive
impact on BRFS. Overall survival rates for the entire cohort at

5 and 10 years were, respectively, 92.5% and 81.1%, and are
similar to other published studies that administered simi-
lar doses with long follow up.2,3 ADT conferred a survival

dx.doi.org/10.1016/j.rpor.2015.12.002
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benefit only in high-risk patients but not in intermediate-risk
patients. The long-follow up and excellent outcomes in our
study confirm the effectiveness of EBRT, and further support
the use of high-dose techniques.

In the present study, we  present data from patients treated
from 1996 to 2005. This time period covers a transitional period
during which multiple publications reported the benefits of
dose escalation in prostate cancer, thus leading to a shift in
treatment approach. As a result, the patient cohort described
here was a mixed group, with one-third of patients receiv-
ing conventional dose radiotherapy and the other two-thirds
receiving high-dose radiotherapy. Since that time, multiple
randomized-controlled trials (RCTs)1,2 have been carried out,
confirming the benefits of increased doses. In 2010, Zietman
et al.3 reported long-term results of a RCT which demonstrated
superior long-term cancer control for high-dose radiation
without any increase in G3 or higher late urinary or rectal
toxicity.

6.1.  Survival

Survival rates in our study are very similar to other pub-
lished studies for clinically localized PCa. Dearnaley et al.2

reported a 5-year progression-free survival rate of 90% in
patients who received dose escalations, which is similar to
our results in intermediate risk patients. At 10 years, Zietman
et al.3 reported a DFS of 68% in the intermediate risk group vs.
70% in our study.

6.2.  Use  of  androgen  deprivation  therapy

A large percentage (61.8%) of our patients received ADT, a
fact that may partially explain the good results in our series.
Confirming what other studies have shown, we found that
ADT was most effective in high risk patients. We  found that
the use of ADT significantly improved BRFS and DFS in high-
risk patients but not in intermediate-risk patients, a finding
that confirms previously published reports about the bene-
fits of ADT after EBRT in patients at a high risk of developing
metastasis.9 Zapatero et al. recently reported that 2 years
of ADT combined with high-dose radiotherapy improves bio-
chemical control and overall survival with no increase in late
radiation toxicity.22 Notably, those authors confirmed that
long-term ADT was particularly beneficial for high-risk dis-
ease. The influence of ADT in intermediate-risk patients is
still not clear, particularly when dose-escalated radiotherapy
is administered8 and ADT has not been shown to provide any
benefits in low-risk disease.

6.2.1.  Whole  pelvic  radiotherapy
Although it might, at first, seem counterintuitive that patients
in our series who  underwent whole pelvic radiotherapy actu-
ally had worse outcomes (BRFS and DFS, but not OS) versus
patients who did not undergo pelvic RT, this difference can
be explained by the fact that patients prescribed WPRT  had a
worse initial prognosis. Nevertheless, it should be noted that

the use of WPRT  did not affect overall survival.

The use of WPRT  is a hotly debated topic, but some studies
have reported improved outcomes. Mantini et al.23 reported
a significant improvement in BRFS for the patients who had
iotherapy 2 1 ( 2 0 1 6 ) 181–187

WPRT  and, more  importantly, WPRT  did not significantly
increase rates of acute and late toxicity. In the RTOG 9413
trial, Roach et al.24 demonstrated better progression-free sur-
vival with WPRT  versus prostate-only radiotherapy in patients
whose risk of nodal involvement was >15%. In our series, we
included regional lymph nodes if the risk of the involvement
was ≥15%.

6.2.2.  Benefits  of  dose  escalation
We found significant differences in BRFS between patients
who received <76 Gy vs. those who received ≥76 Gy EBRT.
As we  showed in this study, based on the HRR analysis, a
dose >76 Gy is a protective factor for BRFS. The benefits of
higher doses have been well-documented in numerous stud-
ies, including a meta-analysis.25 Moderate dose escalation
(78 Gy) decreases biochemical and clinical failure as well as
PCa death in patients with pretreatment PSA >10 ng/mL or
high-risk disease.26 A multicenter randomized trial published
in 2006 confirmed these findings, showing significantly lower
rates of biochemical and clinical failure in PCa patients treated
with a higher dose of radiotherapy.1

Despite the recognized benefits of dose escalation, the risks
of increased toxicity must be considered. In our series, most
pts experienced some type of toxicity, primarily rectitis and/or
urethritis. However, in most cases, toxicity was either G1 or
G2 toxicity. Rates of G3 toxicity were quite low, with only 20
pts (2.6%) presenting late G3 rectitis and 11 with G3 urethri-
tis. Other series comparable to ours in which patients were
treated with exclusive EBRT have reported higher toxicity in
high dose groups. Pollack et al.27 reported G3 rectitis in 1% of
pts in the 70 Gy arm vs. 10% in the 78 Gy arm. Similarly, Dear-
naley et al.2 reported rectitis >G3 in 4% in the standard arm
vs. 6% in the 74 Gy arm. In contrast, Zietman et al.3 reported
no increase in G3 toxicity in the high-dose group. Zapatero
and colleagues found that ADT and high-dose radiotherapy
improved outcomes without causing additional toxicity.22 We
believe that the low rates in our sample are, at least partially,
due to the fact that one-third of the sample was treated with
conventional rather than high-dose radiotherapy.

7.  Conclusions

Our results are comparable to other published series in terms
of disease control and side effects. These findings, obtained
in a large cohort over a long time period, further support the
benefits of dose escalation to achieve better disease control
in the long-term. In our series, the benefit of adding ADT was
clear only in high-risk patients. For this reason, more  studies
are needed to better identify the subset of patients that will
most benefit from ADT, particularly in the light of the adverse
effects of this treatment.
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