
Abstract. Background/Aim: In prostate cancer, postoperative
radiotherapy timing is debated to avoid overtreatments and
toxicities. This study compared acute and late rectal and
bladder toxicities in the adjuvant and salvage setting. Patients
and Methods: In total, 129 patients were analyzed in two
groups: adjuvant radiotherapy (aRT) and salvage radiotherapy
(sRT). Results: In aRT and sRT, grade 1 (G1) acute bladder
toxicities were detected in 40 and 30 patients, and grade 2 (G2)
in 1 and 6; G1 late bladder toxicities were described in 30 and
20, and G2 in 6 and 2, respectively. In aRT and sRT, acute G1
rectal toxicities were reported in 18 and 27 patients, and G2 in
5 and 4, respectively. Late rectal G1 toxicities were observed in
10 patients, G2 in 6 and G3 in 1 in the aRT. In sRT, 8 patients
and 1 developed G1 and G2 toxicities, respectively. Regarding
bladder toxicity, a higher incidence occurred in aRT; late
toxicity was lower in sRT. Conclusion: Adjuvant and salvage
RT in prostate cancer treatment resulted in acceptable toxicities.

The role of adjuvant radiotherapy (aRT) after radical
prostatectomy has been previously demonstrated in three
randomized trials (1-6) prescribing aRT in cases of seminal
vesicles invasion (SVI), positive surgical margins (PSM) or
extracapsular extension (ECE). aRT has demonstrated to

obtain reductions in biochemical recurrence, local recurrence,
and clinical progression (7, 8).

Postoperative salvage radiotherapy (sRT) should be
proposed in cases of biochemical [prostate specific antigen
(PSA) levels of 0.2 ng/ml or higher] or local recurrence. A
low pretreatment serum PSA level was the most important
factor of sRT response (9-11).

However, the role and timing of postoperative treatment
still remains a current, debated and interesting argument,
with the possibility of treatment recommendation only in
recurrences, in order to avoid overtreatment. Furthermore,
RT delay could reduce treatment-related toxicity, improving
quality of life (12, 13). In fact, urinary incontinence and
urethral stricture formation, that could occur after radical
prostatectomy, could be intensified with radiotherapy (14).

Furthermore, highly conformal radiotherapy techniques,
such as intensity modulated radiotherapy (IMRT), volumetric
modulated arc therapy (VMAT), and image guided
radiotherapy (IGRT), in contrast to standard 3D-CRT, in both
adjuvant and salvage settings, could reduce gastrointestinal
and genitourinary adverse events (15-17).

Three randomized trials compared adjuvant and salvage
treatment and suggested early salvage RT as the preferable
option for avoiding overtreatment and possible side-effects,
whereas aRT does not improve PSA-free survival (18-20). Also,
the prospectively planned systematic review and meta-analysis
of the ARTISTIC collaboration confirmed these results. This
meta-analysis included 2,153 patients of the RADICALS,
GETUG-AFU 17, and RAVES trials, in order to assess aRT
effects versus those of sRT (21). The proportion of patients free
of biochemical progression at 5 years was high, approximately
88% in both groups (87% in RAVES, 88% in RADICALS, and
94% in GETUG-AFU 17) (21). These results suggest that aRT
does not improve event-free survival in prostate cancer patients
with localized or locally advanced disease, and sRT could be
considered as standard of care (21, 22).
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Considering these recent results, we decided to
retrospectively analyze acute and late rectal and bladder
toxicity in patients receiving adjuvant and salvage RT. 

Patients and Methods
One hundred twenty-nine prostate cancer patients, treated in the
postoperative setting at the Radiation Oncology Department of
Chieti, were retrospectively analyzed. All patients had histologically
confirmed primary adenocarcinoma of the prostate, without extra
pelvic disease and staged according to the tumor node metastasis
(TNM) staging system. Informed consent was obtained from all
individual participants prior to treatment.

Patients were stratified into two groups: patients treated with aRT
and those treated with sRT. We proposed aRT in cases of pT3, SVI,
PSM or ECE. aRT was prescribed within 6 months after radical
prostatectomy, whereas sRT was recommended for biochemical
failure of a postoperative PSA≥0.2 ng/ml.

The planning computed tomography (CT) scan was performed
with 3-mm slices, with the patient in the supine position, using a
leg immobilization system, with a controlled bladder filling and an
empty rectum using an enema. 

The clinical target volume (CTV) was limited to the prostatic bed
including the original site of the seminal vesicles, according to the
European Organisation for Research and Treatment of Cancer
(EORTC) guidelines (23, 24). The planning treatment volume (PTV)
included the CTV plus a 6 mm margin in all directions, except for
8 mm in cranio-caudal direction. 

The prescribed total dose in conventional fractionation of 2
Gy/fraction, administered in five fractions weekly, was 66-72 Gy in
aRT and sRT. If treated, pelvic lymph nodes were irradiated with
doses of 40-50 Gy, 2 Gy/fraction, five fractions weekly. The dose
was prescribed at the average of the PTV according to the
International Commission of Radiation Units and Measurements
recommendations. All patients in both settings were treated with
IMRT or VMAT. Patient characteristics are summarized in Table I. 

Acute and late toxicities were assessed according to the
Radiation Therapy Oncology Group (RTOG) scale and the
RTOG/EORTC late radiation scoring system (25). All patients were
followed up after the end of radiotherapy every 3 months for the
first year, every 6 months for the second and third years, and
annually thereafter. Treatment-related toxicity, blood count and
biochemical analyses examination, including PSA levels, were
assessed in every follow-up visit.

Statistical analysis. Descriptive statistics relied on median and
interquartile ranges (IQR) for continuous variables and on absolute
and relative frequencies for categorical variables. Differences in
median were tested with the Mann-Whitney test, whereas differences
in proportions were tested with the Chi-squared test. Univariable
logistic regression models were fitted to test predictors of early and
late toxicity. All tests were two sided. The level of significance was
set at p<0.05. Analyses were performed using the R software
environment for statistical computing and graphics (version 4.0.2).

Results

Patient population. A total of 129 prostate cancer patients
were analyzed: 65 treated in the aRT and 64 in the sRT

setting. The median age was 69 years (IQR=47-81 years).
Proportion of patients and tumors characteristics in both
settings are reported in Table I. A total of 100 patients
(77.5%) were treated with VMAT and 29 patients (22.5%)
with IMRT. The median total dose was 66 Gy in both
settings, with a mean total dose of 66.70 Gy in aRT and 66.90
Gy in sRT. Pelvic lymph nodes were irradiated in 31 patients
(24%), 22 in the aRT setting with a median dose of 46 Gy
(range=40-50 Gy) and 9 in the sRT, all irradiated with 46 Gy.

In the sRT group, mean post-operative PSA was 0.3 ng/ml
(SD: 0.59) with a range between 0.01 and 4.06 ng/ml; 36
patients (56.3%) had a PSA <0.2, 22 (34.6%) a PSA in a
range of 0.2-1, and 6 patients (9.3%) a PSA >1. All aRT
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Table I. Patients and treatment characteristics in adjuvant and salvage
radiotherapy.

                                                                         Adjuvant             Salvage
                                                                            n=65                  n=64
                                                                            n (%)                 n (%)

Median age (range)                                        68 (47-78)         69 (51-81)
Surgery
   Prostatectomy                                             26 (40.0%)        40 (62.5%)
   Prostatectomy+lymphadenectomy            39 (60.0%)        24 (37.5%)
Gleason Score
   ≤6                                                                  1 (1.5%)          17 (26.6%)
   =7                                                                34 (52.3%)        30 (46.8%)
   >7                                                                30 (46.2%)        17 (26.6%)
Resection status
   R0                                                               14 (21.5%)        37 (57.8%)
   R1                                                               51 (78.5%)        27 (42.2%)
pT 
   2a                                                                  4 (6.2%)           7 (10.9%)
   2b                                                                  0 (0.0%)           8 (12.6%)
   2c                                                                  2 (3.1%)          30 (46.8%)
   3a                                                                32 (49.2%)        17 (26.6%)
   3b                                                                27 (41.5%)          2 (3.1%)
pN
   0                                                                  29 (44.6%)        37 (57.8%)
   1                                                                  10 (15.4%)          2 (3.1%)
   x                                                                  26 (40.0%)        25 (39.1%)
Neural Infiltration
   Negative                                                     11 (16.9%)        24 (37.5%)
   Positive                                                       54 (83.1%)        40 (62.5%)
Vascular infiltration
   Negative                                                     48 (73.8%)        51 (79.7%)
   Positive                                                       17 (26.2%)        13 (20.3%)
Lymphatic infiltration
   Negative                                                     52 (80.0%)        52 (81.3%)
   Positive                                                       13 (20.0%)        12 (18.7%)
Time surgery-radiotherapy                           5.6 months       50.4 months
Median (IQR)                                                  (4.9-6.7)          (27.3-93.5)
Median Max PSA pre radiotherapy               0.0 (0-0)         0.5 (0.3-1.2)
(Range)

Hormonal therapy                                          38 (58.5%)        41 (64.1%)
Arterial hypertension                                     18 (27.7%)        28 (43.8%)
Cardiovascular events                                    8 (12.3%)         11 (17.2%)



patients had a pre-radiotherapy PSA <0; in the sRT setting
the median maximum PSA level was 0.5 ng/ml (range=0.3-
1.2 ng/ml). The time interval between surgery and the start
of radiation treatment was 5.6 months (range=4.9-6.7
months) and 50.4 months (range=27.3-93.5 months),
respectively, in the aRT and sRT groups.

Acute and late toxicities. Patients were assessed for acute
rectal and bladder toxicities, according to the RTOG scale,
within the first 3 months after the end of radiation treatment. 

With a median follow-up of 22 months (IQR=11.5-35.8),
late rectal and bladder toxicities were assessed with the
RTOG/EORTC scale. Table II reports acute and late toxicities.

Acute grade 1 (G1) rectal toxicities were reported in 18
(27.7%) aRT patients and 27 (42.2%) sRT patients, and 5
(7.7%) and 4 (6.2%) patients developed grade 2 (G2) rectal
adverse events with aRT and sRT, respectively. 

Regarding late rectal toxicity, G1 was reported in 10
patients (15.4%), G2 in 6 (9.2%), and G3 in one patient
(1.5%) in the aRT group. In the sRT arm, 8 patients (12.5%)
and one (1.6%) patient developed G1 and G2 toxicity,
respectively. G1 acute bladder toxicities were detected in 40
(61.5%) and 30 (46.9%) patients, whereas G2 toxicities were
reported in 1 (1.5%) and 6 (9.4%) patients in the aRT and
sRT groups, respectively. G1 late bladder toxicities were
described in 30 (46.2%) and 20 (31.2%) patients and G2
toxicities were reported in 6 (9.2%) and 2 (3.1%) patients in
the aRT and sRT groups, respectively.

A higher incidence of late bladder toxicity was observed
in the aRT compared to that in the sRT (55.4% versus 34.4%,
p=0.041); a similar trend, although not reaching a
statistically significant difference was observed for acute
bladder toxicity (63.1% versus 56.2%, p=0.071). In the
univariate logistic regression model, sRT was associated with
a lower rate of bladder late toxicity with an OR=0.42 (0.20-
0.85, p=0.017). Regarding acute and late rectal toxicities, we
did not observe a statistically significant difference in aRT

versus sRT arms. Considering the prophylactic pelvis
irradiation, we did not report any statistically significant
higher rate of acute and late rectal and bladder toxicities in
both aRT and sRT. 

Discussion

We report a retrospective analysis of rectal and bladder
toxicities in aRT versus sRT. The number of adverse events
in our retrospective analyses was low, with G3 late rectal
toxicity occurring only in 1 patient (1.5%) in the aRT group.
As in previous studies, in our prostate cancer patients, aRT
showed more acute and late rectal and bladder toxicities
compared to the sRT.

The benefit of aRT in respect to the wait-and-see police
has been demonstrated in three randomized trials [with the
first results from two of them (1, 5) with a median follow-
up of about 5 years and confirmed with a 10-years follow-
up (2, 4, 6)] for patients with pT3 (R0 or R1) or pT2 (R1).
There was a reduction in the risk of both local relapse and
biochemical progression by approximately 20% at 5 years,
reserving laterally salvage radiotherapy (1, 2, 4-6). In
particular, Wiegel et al. demonstrated that patients benefited
from immediate RT regardless of the undetectable values of
PSA after radical prostatectomy (6).

Regarding toxicity, the EORTC 22911 trial on 1,005
patients obtained a cumulative incidence of late G3 toxicity at
5 years of only 4.2% (1), and late adverse events of any type
and of any grade more frequent in the postoperative irradiation
group than those in the wait-and-see group (10-year
cumulative incidence of 70.8% vs. 59.7%; p=0.001) (2). The
rate of toxicity on 193 patients in the aRT arm, using 3D-CRT,
in the German trial (ARO 96–02/AUO AP 09/95) was low,
with only one event of G3 urinary toxicity, without G4 events,
and a cumulative rate of adverse bladder and rectum events in
21.9% in the aRT arm (5). The longer follow-up of about 9
years (111 months) continued to report only one event of G3
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Table II. Acute and late bladder and rectal toxicity according to RTOG/EORTC scale in adjuvant and salvage radiotherapy.

TOXICITY                                  aRT                   sRT                   aRT sRT aRT sRT aRT sRT

                                                                  G0                                              G1 G2 G3

Acute bladder toxicity           24 (37.0%)       28 (43.7%)       40 (61.5%) 30 (46.9%) 1 (1.5%) 6 (9.4%) 0 (0%) 0 (0%)
Late bladder toxicity             29 (44.6%)       42 (65.7%)       30 (46.2%) 20 (31.2%) 6 (9.2%) 2 (3.1%) 0 (0%) 0 (0%)

                                                                  G0                                              G1 G2 G3

Acute rectal toxicity              42 (64.6%)       33 (51.6%)       18 (27.7%) 27 (42.2%) 5 (7.7%) 4 (6.2%) 0 (0%) 0 (0%)
Late rectal toxicity                48 (73.9%)       55 (85.9%)       10 (15.4%) 8 (12.5%) 6 (9.2%) 1 (1.6%) 1 (1.5%) 0 (0%)

RTOG: Radiation Therapy Oncology Group; EORTC: European Organization for Research and Treatment of Cancer; aRT: adjuvant radiotherapy;
sRT: salvage radiotherapy.



urinary toxicity (6). Also, Thompson et al. reported adverse
events more frequently in the 214 patients of the aRT arm
compared to the 211 patients of the sRT arm, with a
percentage of 23.8% and 11.9%, respectively, including rectal
complications (3.3% vs. 0%), urethral strictures (17.8% vs.
9.5%), and urinary incontinence (6.5% vs. 2.8%) (26).

Nowadays, sRT is administered to patients with a
biochemical recurrence, whereas aRT is preferred for
patients with adverse pathological factors such as SVI,
PSM, or ESE (27).

The decision to administer salvage or adjuvant RT could
be guided not only by the potential benefits of treatment but
also by the potential treatment toxicity delay (28).

aRT could provoke late urinary and gastrointestinal
toxicity in 10-20% of patients. The SWOG trial reported
proctitis and rectal bleeding in 3.2% of patients receiving
aRT, urethral stricture in 17%, urinary incontinence in 6.5%,
and a higher overall rate of adverse events (3). Similarly,
salvage treatment caused diarrhea in 31% of patients and
proctitis in 41% (29).

It is well known that both acute GI and GU toxicities, in
terms of prevalence and severity, generally peak at 6 weeks
into sRT, decreasing over time/after treatment (30).
Furthermore, serious acute toxicity (grade >3) is uncommon
in prostatic radiotherapy.

To date, there are three randomized trials comparing
adjuvant versus salvage radiotherapy (Table III) (18-20). All
trials mostly used doses of 64-66 Gy (2 Gy/die), with the
GETUG-AFU 17 adding 46 Gy to the pelvic lymph nodes,
when necessary. Even in our center, the prescribed dose was
66-72 Gy (2 Gy/die), with doses of 40-50 Gy in case of
pelvic lymph nodes treatment. Therefore, we can compare
our results with the results of these three trials, in terms of
toxicity, since we used the same doses and toxicity scale
[RTOG/EORTC in two of the three trials (18, 19)].

Currently, the phase III RADICALS trial randomized
patients with PSA biochemical progression to early
radiotherapy or to delayed treatment (18). PSA progression
was defined as either two consecutive rising PSA amounts
with a PSA of greater than 0.1 ng/mL, or three consecutive
rising PSA amounts (18). RTOG adverse events were more
commonly reported in the aRT group (676 patients) in
comparison with the sRT group (696 patients), with grade 3-
4 haematuria occurring in 20 (3%) patients in the aRT group
compared to two (<1%) patients in the sRT group, in the first
2 years after randomisation. Beyond 2 years, grade 3-4
haematuria occurred in 4% (24 patients) and <1% (2
patients) in the aRT and sRT group, respectively. Similarly,
grade 3-4 urethral stricture was more frequent in the adjuvant
(6%) vs. salvage setting (4%) within 2 years post-
randomisation. Diarrhoea, proctitis, and cystitis had low
severity, with 1% of patients reporting G3 or G4 events in
both groups (18). 
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This trial seems to suggest a policy of wait-and-see,
reserving salvage RT in cases of a PSA biochemical
progression, considering the higher percentage of adverse
events in the aRT group (18).

The GETUG-AFU 17 phase III trial arrived at the same
conclusion in 424 patients, reporting RTOG/EORTC acute
genitourinary adverse events of grade ≥2 in 17% and 4% in the
aRT and sRT group (p<0.0001), respectively, and gastrointestinal
events in 11% and 4% in the aRT and sRT group (p=0.010),
respectively. Late grade ≥2 genitourinary adverse events were
reported in 27% and 7% in the aRT and sRT group (p<0.0001)
respectively, including urinary incontinence, urinary frequency,
and haematuria. Without a statistical significance (p=0.24), late
grade ≥2 gastrointestinal toxicities occurred in 8% and 5% in the
aRT and sRT, respectively (19). Similarly, we did not reach a
statistical significance in both acute and late rectal toxicities,
reaching a G2 acute rectal adverse event in 7.7% and 6.2% in
the aRT and sRT, respectively (p=0.22). Regarding late rectal
toxicities, we reported a 9.2% of G2 and 1.5% of G3 in the aRT
group, and 1.6% of G2 in the sRT arm (p=0.15). 

Similar results of higher toxicity in the aRT group were
obtained in the RAVES trial with a total of 333 patients, 166
randomly assigned in the aRT group, and 167 in the sRT
group. With a median follow-up of 6.1 years, CTCAE G2 or
worse genitourinary toxicity rate was lower in the sRT group
(90 patients, 54%) than that in the aRT group (116 patients,
70%). The G2 or worse gastrointestinal toxicity rate was
similar between the two groups: 10% (16 patients) and 14%
(24 patients) in the sRT and aRT, respectively (20). 

Even with a shorter follow-up, in our retrospective
analyses, as in the previous studies, a higher incidence of late
bladder toxicity was observed in the aRT compared to that
in the sRT (55.4% versus 34.4%, p=0.041); a similar trend,
although not reaching a statistically significant difference,
was observed for acute bladder toxicity (63.1% versus
56.2%, p=0.071).

The prospectively planned systematic review and meta-
analyses of the ARTISTIC collaboration was performed
before the results of the RADICALS, GETUG-AFU 17, and
RAVES trials were known. The aim of these meta-analyses
was to assess aRT (performed 6 months after surgery) vs.
sRT effects (21), with the primary outcome of event-free
survival. The RAVES trial was the only one designed to
assess whether sRT was non-inferior to aRT in terms of
biochemical progression. The risk of bias was defined as low
for the three trials. All three trials recruited localized or
locally advanced prostate cancer patients (pT3-4 or pT3-4a
and R1 or pT2-3). All patients were treated with doses of 64-
66 Gy (2 Gy/die) with the possibility of 52.5 Gy (2.625
Gy/die) in the RADICALS. 

The proportion of patients free of biochemical progression
at 5 years was high: 87% in RAVES, 88% in RADICALS,
and 94% in GETUG-AFU 17 trial (21). The meta-analysis

reported an event-free survival of 88% at 5 years, that
corresponded to a 1% absolute difference between early sRT
and aRT at 5 years. Furthermore, there was no evidence to
suggest that event-free survival following aRT depended on
pre-surgical PSA, Gleason score, SVI and surgical margins.
It was not possible to evaluate the effects of hormone
therapy on event-free survival, nor the effect of RT timing
in node-positive patients. The subgroups analyses of the
ARTISTIC study had low power considering the low event
rate overall and did not show a benefit from aRT in the
different subgroups. 

On the other hand, all three trials reported higher adverse
events in the aRT setting, with increased urinary morbidity
(RADICALS-RT), G2 or greater genito-urinary toxicity
(RAVES) and G2 or greater late genito-urinary toxicity and
erectile dysfunction (GETUG-AFU 17).

Our study, using VMAT and IMRT techniques, reported low
adverse events, with 1.5% patients suffering G3 late rectal
toxicity only in the aRT group. Similar rate of low toxicity was
observed in a retrospective analysis of 50 patients treated with
adjuvant or salvage RT with IMRT techniques, and median
dose of 68 Gy (range=62-68 Gy). No G3 or higher acute GI or
GU toxicities were observed; late G2 GI and GU events
occurred in 1 (2%) and 8 patients (16%), respectively. Only a
single (2%) G3 or higher late toxicity was observed (31). 

A low rate of toxicity was also observed by Detti et al. in
307 patients: only one patient, receiving conventional high-
dose radiotherapy (mean total dose of 66.7 Gy, range=60-74
Gy), suffered G3 acute urinary and rectal toxicity, with no
cases of acute grade 4 urinary and bowel toxicity (28). 

Instead, a higher percentage of acute GI and GU G2
toxicities (24.2% and 17.7%) occurred in a population of 124
patients, treated with hypofractionated RT (62.5 Gy to the
prostate bed and 45 Gy to the pelvic nodes) after radical
prostatectomy using simultaneous integrated boost IMRT.
Grade 4 GU toxicity was reported only in a patient (0.8%) (32).

Surely, dose constraints investigation could be an
interesting evaluation, in order to reduce GI and GU adverse
events, as examined in 86 patients reporting a 5-year
cumulative rate of 18% and 7% for hematuria and rectal
hemorrhage (33). Furthermore, a retrospective analysis
comparing five different RT methods, high-dose-rate
brachytherapy (HDR-BT), low-dose-rate (LDR-BT), external-
beam RT, including conventionally fractionated RT,
moderate-hypofractionated RT, and ultra-hypofractionated RT
(UHRT), concluded that toxicities were slightly lower with
HDR-BT. The cumulative incidence of late GU grade≥2
toxicities was the highest with UHRT and significantly higher
with UHRT than with HDR-BT (p=0.005). Higher symptom
score peaks were noted 4 weeks after therapy with LDR-BT
than those after external beam radiation therapy (34).

Bladder toxicity was well described in a retrospective
study evaluating also possible correlations between toxicity
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and age or cardiovascular disease. With a longer follow-up
period (99 months), which allowed investigation of long-
term urinary effects in 742 patients, G2 or greater acute
toxicity was observed in 19% of patients, with 19% and 17%
in the adjuvant and salvage cohorts, respectively. The
incidence of acute G3 toxicity was 8% overall, with a risk
almost identical in the aRT and sRT setting (8% and 6%,
respectively) (35). Older age and greater radiation doses
resulted in worse toxicity profiles (35). A phase III trial is
necessary to address the question of optimal dose for sRT.

Our study has some limitations. First, it is a retrospective
study with a small number of patients. Second, the study
does not provide a dose–volume histogram for organs at risk,
such as the bladder and rectum. Thus, the possible potential
correlation between the dosimetric parameters of the normal
organs and radiation toxicity was not examined. Third, the
median follow-up of our study was 22 months; it can thus be
considered too short to permit an accurate estimation of the
late toxicity incidence. 

Despite these limitations, we provide preliminary results
regarding acute and late rectal and bladder toxicities in the
adjuvant versus salvage treatment setting. Furthermore, with
a longer follow-up, we would have confirmed the promising
results of offering early sRT as an alternative of aRT, in
order to avoid or postpone possible adverse events. We could
also have evaluated event-free survival, confirming the good
outcomes of a salvage treatment. 

In conclusion, adjuvant and salvage RT were well-
tolerated, with acceptable toxicity in both arms. However,
aRT does not improve event-free survival compared to early
sRT in prostate cancer patients with localized or locally
advanced disease. Consequently, with the possibility of
avoiding or postponing RT and its possible side effects, early
sRT should be considered as a treatment option.
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