
Abstract. Background/Aim: Radiotherapy (RT) with
adjuvant hormone therapy (HT) improves prognosis in
prostate cancer (PC) patients. Gonadotrophin-releasing
hormone agonist (GnRHa) with luteinizing hormone–
releasing hormone (LH-RH) analogues is the standard HT.
High-dose antiandrogen therapy also improves survival in
patients with locally advanced PC. The aim of this study was
to compare the results of patients treated with RT plus
GnRHa and patients treated with RT plus bicalutamide.
Patients and Methods: Our institutional PC database was
used to identify patients treated with definitive or
postoperative RT +/- HT which were included in this study.
Results: Three hundred and eighteen patients were
retrospectively reviewed (median follow-up=56 months).
Five-year biochemical relapse-free survival was 85.5% and
88.3% in patients treated with GnRHa and bicalutamide,
respectively (p=0.712).  Conclusion: Bicalutamide may be
offered as an adjuvant treatment to RT in patients who refuse
GnRHa because of related side effects. Furthermore, our

study justifies randomized trials comparing RT plus GnRHa
and RT plus bicalutamide.

Almost 1.3 million new cases of prostate cancer (PC) and
359,000 associated deaths were estimated worldwide in
2018, ranking PC as the second most frequent cancer and the
fifth leading cause of cancer death in men. Moreover, PC is
the most diagnosed cancer in 105 of 185 countries in the
world (1). Radiotherapy (RT) as either curative, adjuvant, or
salvage therapy is a treatment option in several PC risk
categories (2).

RT particularly in intermediate- and high-risk PC is
commonly prescribed in combination with Gonadotrophin-
releasing hormone agonist (GnRHa) therapy based on the
results of several trials showing improved overall survival
(OS) (3). However, GnRHa therapy is associated with
significant complications like loss of libido, erectile
dysfunction, vasomotor flushing, anemia, fatigue,
gynecomastia, osteoporosis potentially complicated by
skeletal fractures, musculoskeletal deficits, and significant
cardiovascular and metabolic complications (4).

Bicalutamide is a competitive androgen receptor
antagonist leading to cell apoptosis and inhibition of PC
growth. It does not suppress gonadotropin secretion or sex
hormones production (5). A large randomized trial has shown
that high dose (150 mg, daily) bicalutamide is able to
prolong OS in locally advanced PC treated with RT (6).
Furthermore, the toxicity profile of bicalutamide is different
from that of GnRHa therapy with breast pain being the main
side effect (7). Some studies have demonstrated better
tolerability and quality of life (QoL) in patients receiving
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bicalutamide compared to surgical and medical castration
particularly in terms of sexual interest and physical capacity
(5). In particular, the incidence of hot flushes (9.2%),
decreased libido (3.6%), impotence (9.3%) and abnormal
liver function tests (3.1%) were relatively low (8).

Therefore, studies comparing the combination of RT and
bicalutamide with that of RT and GnRHa, in order to assess
whether the former is able to achieve the same outcome and
a better quality of life seems necessary. However, until now,
no randomized studies have directly compared these two
combined modality treatments. In fact, Iversen and
colleagues have compared bicalutamide and castration in
patients with non-metastatic locally advanced PC and
showed a likely equivalence between the two treatments.
However, patients receiving RT had been excluded from that
analysis (9). For these reasons, we planned a case matched
study to compare biochemical and clinical outcomes in
patients treated with these two different combinations.

Patients and Methods

The primary endpoint of this case control study was biochemical
relapse-free survival (bRFS). Secondary endpoints were local
control (LC), distant metastasis-free survival (DMFS), disease-free
survival (DFS) and OS. From a large institutional PC database,
patients aged ≥18 years, who were treated with definitive or
postoperative RT, with intermediate-, high-, or very high-risk
disease, and received adjuvant GnRHa or bicalutamide were
considered for inclusion in this analysis. 

We retrospectively and individually case-matched patients who
received bicalutamide to control patients who received GnRHa on a 1:1
ratio were analyzed. Individual case matching was performed based on
10 different factors. Each patient treated with bicalutamide was
matched with a patient treated with GnRHa if there was correspondence
regarding: RT setting (definitive or adjuvant), prostate specific antigen
(PSA) levels, Gleason score (GS), clinical/pathological stage, National
Comprehensive Cancer Network (NCCN) risk stratification, total RT
delivered dose, dose per fraction, technique [3-dimensional conformal
RT or Intensity Modulated RT (IMRT)], prophylactic nodal irradiation,
and duration of hormone therapy (HT) as presented in Table I. If a
match could not be achieved for all 10 factors, the case was discharged
from the analysis.

HT was prescribed based on the common guidelines: short-term
HT (6 months) in patients with intermediate-risk PC and long-term
(≥ 2 years) in patients with high-/very high-risk PC. HT began 3
months before the start of RT in all patients. Some deviations from
these guidelines occurred mainly due to the choice of the referring
urologist. The decision about the type of HT to be prescribed was
mainly based on patient’s choice after an accurate description of
scientific evidence and potential toxicities of the two treatments.
The prescribed luteinizing hormone–releasing hormone (LH-RH)
analogues were leuprorelin or triptorelin, 11.25 mg every 3 months
intramuscularly while the antiandrogen agent was bicalutamide 150
mg daily orally.

All patients underwent computed tomography simulation in
supine position using an alpha cradle immobilization system. The
clinical target volume was defined as the prostate±seminal vesicles

or as the tumor bed and an isotropic expansion of 8 mm was added
to define the planning target volume. Three-dimensional conformal
RT technique with conventional fractionation was used in 48
patients. Fourteen patients received intensity modulated RT with
a dose of 72 Gy (1.8 Gy/fraction) on the prostate with a
simultaneous integrated boost (total dose: 80 Gy, dose/fraction:
2.0 Gy) on the dominant intraprostatic lesion defined by magnetic
resonance imaging. The other patients were treated with
hypofractionated IMRT. Daily set-up evaluation and correction
using electronic portal imaging device was performed as
previously described (10). Dose specification and prescription
were performed based on the International Commission of
Radiation Unit reports 62 and 83 for 3-dimensional conformal RT
and IMRT, respectively.

All endpoints were calculated from the start date of RT.
Biochemical recurrence was defined based on the Phoenix criteria
(11), in patients treated with RT alone as 2 consecutively rising PSA
values and a PSA level >0.2 ng/ml in postoperative patients.
Toxicity was scored based on the RTOG-EORTC scale (12). For
descriptive statistics, central tendency (median) with dispersion
(range) measures and percentages were calculated for continuous
and categorical variables, respectively. For hypothesis testing, an
equivalence and a non-inferiority test was calculated. Survival
curves were calculated using the Kaplan-Meier method (13) and
compared using the log-rank test (14). Statistical analysis was
performed with IBM SPSS Version 22.0 (IBM Corp, Armonk, NY,
USA) and Statgraphics software systems (full system 5.25 version
4.0”- Graphics system by Statistical Graphics Corporation Ed.
United States. 1989). Values of p<0.05 were considered significant.

We compared GnRHa and bicalutamide in the whole patient
population. However, to evaluate any significant difference in specific
patient subsets, we compared the two treatments also in several
subgroups defined based on the parameters used to pair the patients.

To detect any difference in treatment efficacy in the considered
risk categories, we also compared the 2 treatments based on
prognostic groups. We defined risk categories as follows:
intermediate-risk patients were defined as PSA: 10-20, or GS: 7, or
cT2c (corresponding to the unfavorable intermediate-risk NCCN
categories). High-risk patients were defined as the ones with PSA
> 20, or GS 7-9, or cT3a. Very high-risk patients were defined as
cT3b-4, or primary GS pattern 5, or cN1 (corresponding to the very
high-risk and regional NCCN categories) (2). 

The local institutional review board approved this analysis
(311/2019/Oss/AOUBo, ICAROS-1 study). Only patients who gave
their written informed consent to the scientific use of their data were
included in this analysis.  

Results
Three hundred and eighteen patients (159 treated with RT plus
bicalutamide and 159 with RT plus GnRHa) were selected,
matched, and included in the analysis. Table I shows the
patients characteristics (median follow-up=56 months;
range=6-164 months). A statistically noninferiority significance
was demonstrated in terms of age between patients treated with
GnRHa and bicalutamide (p<0.001). In fact, mean age was
71.2±6.0 and 69.2±7.2 in patients receiving GnRHa and
bicalutamide, respectively. Mean PSA was 13.6±17.0 and
12.1±11.9 in patients treated with GnRHa and bicalutamide,
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respectively (p=0.384). Considering all analyzed endpoints, no
statistically significant differences were recorded comparing
the results of RT plus GnRHa and RT plus bicalutamide.
Particularly, the 5-year bRFS was 85.5% and 88.3% in patients
treated with GnRHa and bicalutamide, respectively (Figure 1).
Furthermore, a statistically noninferiority significance was not
demonstrated in terms of bRFS between patients treated with

GnRHa and bicalutamide (p=0.277). The mean bRFS was
49.0±29.0 and 48.0±28.5 in patients receiving GnRHa and
bicalutamide, respectively. Five-year LC was 95.8% and 92.6%
(p=0.688) and five-year DMFS was 92.4% and 96.9%
(p=0.276) in patients treated with GnRHa and bicalutamide,
respectively. Five-year DFS was 87.0% and 88.3% in patients
treated with GnRHa and bicalutamide, respectively (p=0.728).
Five-year CSS was 100% in both patient groups treated with
GnRHa or bicalutamide. Finally, 5-year OS was 97.1% and
96.8% in patients treated with GnRHa and bicalutamide,
respectively (p=0.410). The calculated 5-year bRFS for
patients treated with radical prostatectomy plus GnRHa and
bicalutamide was 85.0% and 80.6 %, respectively (p=0.626).
Five-year bRFS was 86.0% and 90.3% in patients treated with
definitive RT plus GnRHa and bicalutamide, respectively
(p=0.582). Furthermore, the 5-year bRFS was 94.1% versus
95.7% in patients with intermediate risk and 82.9% versus
88.4% in high- and very high-risk groups treated with GnRHa
and bicalutamide, respectively (p=0.533).

Moreover, the analysis of all patient subgroups failed to
show any significant difference in patients’ outcome except
for DMFS in the 44 patients who received an RT dose of
73.8 Gy (5-year DMFS, GnRHa: 85%, bicalutamide: 100%;
p=0.022), Table II.  

In terms of radiation-induced toxicity, the 5-year late
toxicity free survival was not significantly different between
the two adjuvant treatments (Table III).
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Table I. Patient and treatment characteristics.

Variables                                                    Hormonal type

                                                           GnRHa        Bicalutamide      Total
                                                       number (%)      number (%)           

Age
   Median (range), years                  73 (50-82)        71 (45-81)               
Prostate specific antigen, 
ng/ml
   0-10                                              94 (59.1)           94 (59.1)           188
   10-20                                             44 (27.7)           44 (27.7)             88
   ˃20                                                21 (13.2)           21 (13.2)             42
Histopathologic grade, 
Gleason’s score 
   6                                                    57 (35.8)           57 (35.8)           114
   7                                                    54 (34.0)           54 (34.0)           108
   8-10                                               48 (30.2)           48 (30.2)             96
Clinical tumor stage
   2                                                    56 (45.5)           56 (45.5)           112
   3                                                    61 (49.6)           61 (49.6)           122
   4                                                      6 (4.9)               6 (4.9)               12
Pathological tumor stage
   2                                                      3 (8.3)               3 (8.3)                 6
   3                                                    32 (88.9)           32 (88.9)             64
   4                                                      1 (2.8)               1 (2.8)                 2
Adjuvant hormone therapy
   Short-term (6 months)                 39 (24.5)           39 (24.5)             78
   Long-term (24 months)             120 (75.5)         120 (75.5)           240
Prophylactic nodal irradiation
   No                                                 12 (7.5)             12 (7.5)               24
   Yes (45 Gy)                                147 (92.5)         147 (92.5)           294
Risk groups
   Intermediate                                  39 (24.4)           39 (24.4)             78
   High                                              73 (45.9)           73 (45.9)           146
   Very high                                      47 (29.6)           47 (29.6)             94
Total radiotherapy dose/dose
per fraction, Gy
   62.5/2.5                                         31 (19.5)           31 (19.5)             62
   65.0/2.6                                         21 (13.2)           21 (13.2)             42
   70.0/2.6*                                       75 (47.2)           75 (47.2)           150
   72.0/1.8                                           3 (1.9)               3 (1.9)                 6
   73.8/1.8                                         22 (13.8)           22 (13.8)             44
   80.0/2.0†                                         7 (4.4)               7 (4.4)               14

GnRHa: Gonadotrophin-releasing hormone agonist; *patients received
65.0 Gy (2.6 Gy/fraction) on prostate and seminal vesicles plus a single
fraction (5.0 Gy) boost on the prostate; †patients received 72 Gy (1.8
Gy/fraction) on the prostate and 80.0 Gy (2.0 Gy/fraction) on the
Dominant Intraprostatic Lesion.

Figure 1. Actuarial biochemical relapse-free survival in patients
receiving RT plus GnRHa and RT plus high dose bicalutamide.



Discussion

After the publication of several trials reporting a significant
advantage from combination of RT with GnRHa in patients
with high-risk PC (15-17), the large EPC trial program
showed that bicalutamide also significantly improves OS in
patients with locally advanced PC undergoing RT compared

to placebo (HR=0.65; 95%CI=0.44-0.95; p=0.03) (6).
Surprisingly enough, bicalutamide was never compared with
GnRHa in the setting of adjuvant therapy in PC patients
treated with RT. 

Our analysis has several limitations: relatively low number
of analyzed patients, large heterogeneity in terms of tumor
and RT characteristics, lack of evaluation of HT toxicity and
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Table II. Comparison of 5-year (%) outcomes in patient subgroups (subgroups with less than 10 patients per arm were not analyzed).

Variables                         bRFS (%)                          LC (%)                             DMFS (%)                             DFS (%)                              OS (%)

                             GnRHa     BC    p-Value  GnRHa    BC      p-Value   GnRHa     BC      p-Value    GnRHa     BC    p-Value    GnRHa     BC     p-Value

PSA
   <10                      90.8      94.9     0.323       93.6     93.7       0.775        96.7     100.0       0.059         90.8       94.9     0.323        97.5      100.0     0.886
   10-20                   80.9      76.7     0.522     100.0     87.8       0.116        91.1       95.1       0.958         86.0       76.7     0.353        94.4        95.5     0.874
   >20                      75.0      74.6     0.591       93.8     94.7       0.621        82.5       84.2       0.680         75.0       74.6     0.811      100.0        81.8     0.086
Gleason score
   6                           98.1      95.3     0.383     100.0     96.6       0.219        97.9     100.0       0.307         98.1       95.3     0.383        96.0        97.6     0.827
   7                           84.7      91.5     0.356       94.2     91.8       0.769        93.0       96.9       0.186         88.8       85.7     0.494      100.0      100.0     0.192
   8-10                     75.0      83.2     0.860       94.0     87.6       0.826        86.8       93.2       0.929         75.0       83.2     0.964        94.1        92.4     0.471
cT
   2                           89.0      95.3     0.721     100.0     98.1       0.331        94.1       98.1       0.955         89.0       95.3     0.721        95.7        97.1     0.467
   3                           86.3      92.6     0.549       97.8     95.5       0.538        91.5       95.8       0.781         91.1       92.6     0.550        96.9      100.0     0.298
pT
   2                           66.7      66.7     0.886     100.0     66.7       0.317        66.7     100.0       0.317         66.7       66.7     0.886      100.0      100.0          
   3                           85.7      81.4     0.569       85.7     90.1       0.676        95.2       96.2       0.957         85.7       81.4     0.569      100.0      100.0          
AHT
   6 months             88.2    100.0     0.185       95.0    100.0      0.199        92.9     100.0       0.355         88.2     100.0     0.185      100.0      100.0          
   24 months           84.9      85.8     0.942       96.1     91.2       0.352        92.3       96.1       0.374         86.7       85.8     0.963        96.3        96.2     0.446
Risk groups
   Intermediate        91.7      92.5     0.907     100.0     96.6       0.309        96.8     100.0       0.325         91.7       92.5     0.907      100.0      100.0     0.264
   High                     91.9      96.1     0.157       98.0     95.1       0.747        94.0       98.6       0.134         91.9       96.1     0.091        93.6        98.0     0.502
   Very high            72.9      70.3     0.483       90.5     83.2       0.975        86.4       91.9       0.893         78.1       70.3     0.340      100.0        91.7     0.138
RT dose
   62.5/2.5               85.7      82.8     0.525       85.7     85.6       0.900        95.2       96.2       0.941         85.7       82.8     0.525      100.0      100.0          
   65.0/2.6               77.1      79.5     0.935     100.0     87.5       0.743        85.7       90.9       0.873         77.1       79.5     0.935      100.0      100.0          
   70.0/2.6*             84.0      94.8     0.778     100.0     98.6       0.324        95.6       97.1       0.569         88.0       94.8     0.971        95.2        97.9     0.892
   73.8/1.8               85.9      84.1     0.611       95.0     93.8       0.584        85.0     100.0       0.022         85.9       84.1     0.428        95.0        90.2     0.330

AHT: Adjuvant hormone therapy; BC: bicalutamide; bRFS: biochemical relapse-free survival; cT: clinical tumor stage; DFS: disease free survival;
DMFS: distant metastatic free survival; GnRHa: Gonadotrophin-releasing hormone agonist; LC: local control; OS: overall survival; PSA: prostate
specific antigen; pT: pathological tumor stage; RT: radiotherapy. *patients received 65.0 Gy (2.6 Gy/fraction) on prostate and seminal vesicles plus
a single fraction (5.0 Gy) boost on the prostate. Value in bold is statistically significant. 

Table III. Actuarial 5-year (%) late toxicity free survival.

Toxicities                                       Grade                    Gonadotrophin-releasing hormone agonist                       Bicalutamide                         p-Value

Gastrointestinal                                  1                                                       58.2                                                             59.0                                  0.657
                                                           2                                                       88.9                                                             91.6                                  0.393
                                                           3                                                       96.8                                                             98.4                                  0.421
Genitourinary                                     1                                                       71.4                                                             60.7                                  0.061
                                                           2                                                       90.8                                                             86.3                                  0.173
                                                           3                                                       95.1                                                             95.7                                  0.716



QoL, and inclusion of patients treated with postoperative RT.
However, it should be noted that the equivalence between
the two drugs was recorded both in operated and not
operated patients.

Another limitation of our study could be the inclusion of
patients with intermediate-risk PC. In fact, some studies have
questioned the benefit of adjuvant GnRHa almost in some
sub-categories of this patient group (18), particularly if
treated with high dose RT. Therefore, the inclusion of
patients for whom the benefit of HT is doubtful may have
favored the lack of differences between the two treatments.
However, also in this case, it should be emphasized that the
equivalence between the two drugs was registered both in
intermediate-risk, high- and very high-risk patients.

Finally, it should be noted that the two groups of patients
were not homogeneous in terms of age. Although, this
difference was statistically significant, it can be reasonably
considered as clinically negligible (71.2 vs. 69.2 years).

Within these limits, our study suggests the absence of
significant differences in terms of efficacy (p=0.277)
between the two drugs in combination with RT. Based on the
favorable toxicity profile of bicalutamide compared to the
one of GnRHa, we consider these results as interesting.

Our subgroup analysis showed no significant
differences, except for the higher DMFS in patients treated
with 73.8 Gy and conventional fractionation. This may
simply be an accidental difference considering that in the
same subgroup, a significant difference in terms of bRFS
was not observed. 

Our analysis did not show relevant differences in terms of
radiation-induced toxicity between the two groups.
Previously, an increased rate of side effects was reported in
patients undergoing RT associated with GnRHa (19). This
lack of difference could result from the heterogeneity of our
cases, from a similar effect on toxicity of the two drugs, or
from the use of IMRT in most of our patients. In fact, it has
been observed that IMRT reduces radiation-induced toxicity
particularly in patients undergoing GnRHa (20).

Only few studies had previously compared bicalutamide
and LH-RH analogues in the setting of RT in PC patients. In
particular, three studies have compared the two treatments in
terms of prostate downsizing before brachytherapy reporting
discordant results. In fact, the studies of Petit and colleagues
(21) and Gaudet and collaborators (22) have shown the non-
inferiority of bicalutamide. In contrast, Henderson and
coworkers have reported a lower efficacy of bicalutamide in
terms of prostate volume reduction (23). 

Only the analysis by McGivern and colleagues has
compared the two treatments in terms of outcome in patients
undergoing external beam RT (24). In their single-institution
matched-pair analysis on 130 patients who underwent
neoadjuvant HT, the authors did not record significant
differences in biochemical outcome, similarly to our study.

In conclusion, our analysis suggests that bicalutamide may
be offered as an adjuvant treatment to RT, especially in patients
who refuse GnRHa because of related side effects.
Furthermore, our study justifies the design of randomized trials
comparing the standard treatment (RT plus GnRHa) against the
combination of RT and bicalutamide or other new generation
antiandrogens such as enzalutamide or apalutamide.
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