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Abstract. Background/Aim: Stereotactic radiotherapy
(SRT) is an effective treatment for localized prostate cancer.
However, is it not clear whether the addition of androgen
deprivation therapy (ADT) to SRT is beneficial. The aim of
this study was to analyze the outcomes of a series of patients
treated with SRT plus ADT for localized prostate cancer.
Patients and Methods: Patients were treated with SRT with
42 Gy in 7 fractions with volumetric-modulated arc therapy
plus Image Guided Radiotherapy (V-MAT IGRT) technique.
ADT was administered to patients with intermediate
unfavorable- and high- risk disease. Study endpoints were
biochemical disease-free survival (bDFS), overall survival
(0S), acute and late toxicity and patient-reported outcomes
(PROs) using international prostate cancer symptoms scale
(IPSS) and international index of erectile function (IIEF).
Results: A total of 170 consecutive patients were identified,
of which 49 (28.8%) with low-risk, 15 (8.8%) with favorable
intermediate-risk 76 (44.7%) with unfavorable intermediate-
risk and 30 (17.6%) with high-risk class. All patients of
unfavorable intermediate- and high- risk groups were
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administered LHRH analogue concurrently to SRT and for
at least 6 months. Patients with unfavorable intermediate-
and high- risk presented a 5-year bDFS of 81.7% and
76 .9%, respectively. Conclusion: SRT consisting of 42 Gy in
seven fractions with short-term ADT represents a safe and
effective treatment for unfavorable intermediate and high
risk prostate cancer. Our results support the need of high
quality studies to test the efficacy of ADT combined with SRT
for unfavorable intermediate- and high- risk localized
prostate cancer.

The therapeutic landscape for localized prostate cancer is
rapidly expanding. External beam radiotherapy (EBRT) is
a non-invasive approach that offers the same curative
outcome as radical prostatectomy (1). In recent years, the
dramatic technological advancement, as well as evidence
on the high radiation-fraction sensitivity of prostate cancer
(2-5) led to the investigation of ultra-hypofractionated
radiotherapy schedules.

Stereotactic radiotherapy (SRT) is a technique of using
multiple beams to obtain high conformity to the target, high
dose fall off, and high dose per fraction, hence to precisely
irradiate the target volume, while minimizing the dose to the
organs at risk. After initial encouraging results in early trials
for localized prostate cancer, recent evidence established
SRT as non-inferior to traditional EBRT (6-7). Early
concerns about SRT-induced side effects have been
overcome and high quality evidence proved that late toxicity
is comparable to standard regimens (8). Taken together, these
results render SRT an option for localized prostate cancer in
low-, intermediate-, and selected high- risk patients (9).
Careful patient selection as well as clinical and technical
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expertise are needed to safely perform a high quality
treatment. When proposing standard EBRT, the standard of
care for intermediate and high-risk patients is the
combination with ADT (10). Despite the huge amount of
data on SRT for localized prostate cancer, it is not clear
wheter ADT could be of benefit also in such a new treatment
scenario (11-14).

We therefore performed a retrospective analysis of a series
of low-, intermediate- and high- risk prostate cancer patients
treated at our institution, focusing on the evaluation of
intermediate risk and high risk disease subclass and the
possible effect of ADT on outcomes.

Patients and Methods

Patients. This is a retrospective monoinstitutional study, considering
patients treated consecutively at our institution from 2013 to 2018.
Inclusion criteria were age of 18-85 years, no prior ADT except 5-
alfa-reductase inhibitors, no other treatment before SRT for prostate
cancer except for TURP performed for prostate-related symptoms,
no regional or distant metastasis at computed tomography (CT) scan
and bone scan performed maximum 2 months from the beginning
of the treatment, IPSS <15, prostate volume <100 ml and biopsy-
proven prostate acinar adenocarcinoma. Patients were classified
according to the NCCN prostate cancer risk stratification as follows:
low risk (LR) defined as ISUP grade group 1, T1-T2a, and PSA<10
ng/ml; intermediate risk (IR), defined by 3 features (ISUP group 2-
3, T2b-T2c, and PSA 10-20 ng/ml), were divided in favorable (only
one intermediate risk feature and ISUP grade group 1-2 and <50%
biopsy core positive) and unfavorable (one or more of the
following: two or three intermediate risk features and/or ISUP >3
and/or >50% of biopsy core positive); high risk (HR) defined as
ISUP 4-5 or c¢T3a or PSA>20 ng/ml.

For unfavorable intermediate- and high- risk patients, ADT was
permitted and consisted of at least a single dose of LHRH
analogue 22.5 mg or at least two doses of LHRH analogue 11.25
mg. The maximum ADT duration allowed was 24-36 months. The
local Ethics Committee approved the present study. Written
informed consent to treatment and data collection was obtained
from all patients.

Simulation, planning, and delivery. All patients were simulated in
supine position, with empty rectum and bladder preparation in order
to obtain at least 100 ml of bladder volume. Specific immobilization
System (Combifix, CIVCO®, Coralville, IA, USA) was used for all
patients, non contrast-enhanced CT scans were acquired (2 mm
slices) extending form lower trochanter to L2-3. All RT plans were
generated by the same radiation oncologist using Eclipse Treatment
planning system (Varian Medical Systems, Palo Alto, CA, USA).
Diagnostic magnetic resonance imaging (MRI) was availed for
contouring purpose. SRT schedule consisted of 42 Gy in 7 fractions
on alternate days; dose prescription followed ICRU-83
recommendations, with the goal to deliver at least 95% of the
prescription dose to 95% of PTV and dose at 2% of PTV less than
106% of prescription dose (15). Radiotherapy was delivered with
volumetric-modulated arc therapy (V-MAT) Rapidarc™ technique
using both conventional 6 MeV beams (Clinac iX, Varian Medical
Systems) and flattening-filter-free 6 MV photon beams (TrueBeam®,
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Varian Medical Systems). Gold fiducial markers were allowed but
were not mandatory, IGRT with cone beam CT scan before each
treatment fraction was mandatory to verify the consistency of rectal
and bladder configuration.

Study endpoints. The primary endpoint of the present study was
biochemical disease-free survival (bDFS), defined by Phoenix
criteria as PSA nadir after SRT +2 ng/ml. All biochemical failures
were confirmed with a second PSA reading at month 1 of follow-
up. For the first 24 months after SRT, definition of a PSA failure
required three consecutive rises in PSA, since a benign PSA bounce
is seen in up to 20% of patients usually within the first 2 years after
SBRT (8). PSA was assessed at 90 days after SRT, 180 days and
every 6 months until year 10 of follow-up.

The secondary endpoints were overall survival (OS), defined from
the last day of SRT to last follow-up or death (any cause); acute
toxicity, defined as any adverse event probably or possibly related
to treatment that occurred during or within 6 months after SRT; late
toxicity, defined as any adverse event probably or possibly related
to treatment that occurred after 6 months of SRT, both scored
according to the Common terminology criteria for adverse events
(CTCAE) version 5.0 (16); patient-reported outcomes, evaluated
using internationally validated questionnaires such as International
Prostate symptoms score (IPSS) and international erectile function
score (IEEF) administered before SRT, the last day of treatment, at
90 days, 180 days and every 6 months until year 10 of follow-up.

Statistical analysis. Univariate analysis was performed to identify
variables with a statistically significant impact on primary and
secondary survival endopoints. Survival analysis was performed
using the Kaplan-Meier method and the log rank test was applied
to compare the effect of the individual variables on the different
outcomes (a p-value <0.05 was considered significant). The
variables analyzed in the univariate model were as follows: age,
NCCN risk classification, Gleason score, initial PSA, tumor node
metastasis (TNM) stage, presence of diabetes, hypertension and
anti-coagulant or anti-clumping drug therapy, ADT therapy, type of
ADT (LHRH agonist, LHRH antagonist, antiandrogen drug), ADT
lasting (less or more than 6 months) and PSA bounce. Variables that
resulted statistically significant at univariate analysis were included
in the multivariate Cox regression model to confirm their
independent impact on the outcome. Moreover, toxicity and
international index of erectile function (IIEF) in patients treated
with SRT alone or SRT plus ADT were analyzed with chi-square
test. All the statistical analyses were done using IBM® SPSS®
v.23.0 software (SPSS, Chicago, IL, USA).

Results

Patient characteristics. We identified 170 consecutive
patients meeting the inclusion criteria. Patient characteristics
are summarized in Table I. Median age was 75 years old
(range=56-82), 49 patients (28.8%) belonged to low-risk
category, 15 (8.8%) to favorable intermediate-risk, 76
(44.7%) to unfavorable intermediate-risk and 30 patients
(17.6%) to high-risk class. ADT was administered to all
patients of unfavorable intermediate- and high-risk groups
(n=106, 62%).
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Table 1. Clinicopathological characteristics of the patients.

Characteristic n (%)
Age

<75 73 (42.9)

=75 97 (57.1)
Diabetes

No 147 (86.5)

Yes 23 (13.5)
Hypertension

No 78 (45.9)

Yes 92 (54.1)
Anticoagulant/anti-clumping drug

No 106 (62.4)

Yes 64 (37.6)
PSA at diagnosis

<10 ng/ml 114 (67.1)

10-20 ng/ml 43 (25.3)

>20 ng/ml 17 (7.6)
T stage (TNM VIII)

Tlc 96 (56.5)

T2a-b 60 (35.3)

T2c 4(24)

T3a-b/T4 10 (5.9)
ISUP grade

1 66 (38.8)

2 61 (35.8)

3 21 (12.4)

4 11 (6.5)

5 11 (6.5)
N’Amico/NCCN risk class

Low 49 (28)

Intermediate favorable 15 (8)

Intermediate unfavorable 76 (44.7)

High 30 (17.6)
ADT

No 64 (38)

Yes 106 (62)
ADT lasting

6 months 53 (50)

24-36 months 53 (50)

PSA: Prostate-specific antigen; ISUP: International Society of
Urological Pathology; NCCN: National Comprehensive Cancer
Network; ADT: androgen deprivation therapy.

Biochemical DFS and OS. After a median follow-up of 41
months (range=31-61), median bDFS was not reached and
5-year bDFS was 88%. At univariate analysis, factors
associated with worse bDFS included intermediate
unfavorable and high-risk class, PSA >20 ng/ml, ISUP 3 to
5 and T stage. Patients with unfavorable intermediate- and
high- risk presented a 5-year bDFS of 81.7% and 76.9%,
respectively, while favorable intermediate- and low- risk
patients presented a 5-year bDFS of 100% and 93%,
respectively. Median OS was not reached and 5-year OS was
83.2%. On univariate analysis, primary tumor stage T3a-b or
T4 was the only variable significantly associated with worse

308

OS (p=0.001). Univariate analysis results concerning bDFS
and OS are summarized in Table II. Multivariate analysis
showed only ISUP 4 or 5 to be associated with a worse
bDFS [relative risk (RR)=16, 95% confidence interval
(CI)=3.2-90, p=0.001].

Acute and late toxicity. Concerning maximum acute
genitourinary (GU) and gastrointestinal (GI) toxicity, in the
first evaluation performed during and at the end of SRT, 47
patients (27.6%) experienced grade G2 urinary simptoms, 2
patients (1.2%) experienced G2 acute proctitis. During the
first 6 months after SRT, maximum toxicity was represented
by 1 case (0.6%) of G3 urinary stricture that necessitated
urgent management with TURP. Regarding late maximum
toxicity, one year after SRT, 1 patient (0.6%) experienced a
G3 cystitis that required hospitalization; no GI toxicity more
than G1 was registered until the end of follow-up.

More specifically, in the patient groups treated with SRT
plus AD, acute GU toxicity was reported in 24 patients (G2
toxicity in 23 and 1 G3 urinary stricture in 1 patient), while
no cases of acute GI toxicity were registered. In addition, no
cases of G2 late GU/GI toxicity were registered in
SRT+ADT groups.

As it was expected, no statistically significant difference
was observed between patients treated with SRT alone and
SRT plus ADT in terms of maximum GU and GI toxicities.
Moreover, ADT was not discontinued in any patient due to
toxicity. Timing and grade of GU and GI toxicity for the
whole series of patients is presented in Figure 1.

Patient-reported outcomes. IPSS was assessed for the whole
series of patients until one year of follow-up. The mean basal
value was 5.1 (range=0-17), while on the last day of SRT
IPSS resulted 6.7 (range=0-20). After 3 and 6 months, mean
IPSS was 5.2 (range=0-17) and 5.4 (range=1-25),
respectively. At 1 year, it resulted 4.9 (range=1-16).
Thereafter the mean score was maintained 5 or lower, while
the maximum value did not reach more than 15. Evolution
of IPSS score before, during and after SRT is reported in
Figure 2.

IIEF was also assessed for the whole series until one year
of follow-up. The mean basal value was 3.7 (range=0-23),
while the majority of patients (140, 82%) had zero score
zero. On the last day of SRT, mean IIEF was 2.8 (range=0-
20). After 3 and 6 months, mean IIEF resulted 4.5 (range=0-
20) and 3.3 (range=0-20), respectively. At 1 year, it resulted
2.9 (range=0-20) and at 3 years, the mean score reached 6
(range=0-20). Evolution of IPSS before, during and after
SRT is reported in Figure 3.

Moreover, we performed a subgroup analysis of IIEF in
patients treated with SRT alone or SRT plus ADT. Mean
basal IIEF resulted O for both subgroups, with a range
between 0-23 for the SRT plus ADT group and 0-20 for the
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Table II. Univariate analysis for biochemical disease-free survival (bDFS) and overall survival (OS).

bDFS (N}
Predictor Median (months) 3-year 5-year p-Value Median (months) 3-year S-year p-Value
Total population Not reached 93% 88% Not reached 93% 83.2%
Age
<75 Not reached 93% 88.1% Reference Not reached 94.4% 77.7% Reference
>75 Not reached 93% 83.4% NS Not reached 92.2% 92.2% NS
PSA at diagnosis
<10 ng/ml Not reached 97% 91% Reference Not reached 95% 87.7% Reference
10-20 ng/ml Not reached 88% 88% NS Not reached 86.9% 77.2% NS
>20 ng/ml Not reached 70.7% 70.7% 0.014 42 87.5% 43.8% NS
T stage (TNM VIII)
Tlc Not reached 96% 89.8% Reference Not reached 94.7% 83.4% Reference
T2a-b Not reached 91.2% 91.2% NS Not reached 94.3% 86.1% NS
T2c Not reached 100% 100% NS Not reached 100% 100% NS
T3a-b/T4 Not reached 70% 70% 0.002 Not reached 64% 64% 0.001
ISUP grade
1 Not reached 98.4% 94.1% Reference Not reached 96.6% 89.0% Reference
2 Not reached 89.2% 84% NS Not reached 93% 83.3% NS
3 55 100% 0% 0.003 46.5 80% 40% NS
4 Not reached 90% 90% NS Not reached 75% 75% NS
5 Not reached 65% 65% 0.04 Not reached 83% 83% NS
D’ Amico/NCCN
risk class
Low Not reached 98% 92.8% Reference Not reached 100% 88.6% Reference
Intermediate Not reached 100% 100% NS Not reached 80% 80% NS
favorable
Intermediate Not reached 92.7% 81.7% 0.02 Not reached 91.8% 81.8% NS
unfavorable
High Not reached 79.6% 79.6% 0.02 Not reached 90.5% 67.9% NS
ADT
No Not reached 97.1% 93.6% Reference Not reached 98.8% 95% Reference
Yes Not reached 88.2% 81.4% NS Not reached 86.2% 67.4% NS
ADT duration
6 months Not reached 94.7% 94.7% Reference Not reached 92.4% 71.9% Reference
24 months Not reached 82% 74% NS Not reached 80.5% 63.4% NS

PSA: Prostate-specific antigen; ISUP: International Society of Urological Pathology; NCCN: National Comprehensive Cancer Network; ADT:

androgen deprivation therapy; NS: not significant.

SRT alone group. Thereafter, mean IIEF remained at zero in
both groups at follow-up. Chi-square test was subsequently
perfomed and showed no significant difference of IIEF
between the two patient groups.

Discussion

The dramatic technological evolution in radiation oncology
led to increased availability of SRT, a relatively new
treatment option that allows performing safe dose-escalation.
It has been shown that SRT is not inferior to traditional
fractionation and moreover, it requires relatively low number
of fractions. The randomized PACE B trial results confirmed
that ultra-hypofractionated prostate irradiation presents a
similar safety profile compared to standard radiotherapy,

while Hypo-RT-PC trial showed that SRT is not inferior to
normofractionated radiotherapy alone. Remarkably, several
recent studies, including clinical trials, have tested SRT
efficacy on localized prostate cancer omitting ADT (6-8, 11-
14, 17).

Of note, ADT is widely recognized to improve outcomes
in combination with standard and moderate fractionated
radiotherapy for a subclass of intermediate risk and high-risk
prostate cancer patients. Biological rationale of combining
RT and ADT were reported in literature (18), although the
role of ADT in the context of high dose-per-fraction schedule
is still uncertain (19). Based on the results of CHHiIPP and
HYPRO trials, moderate hypofractionated RT regimens and
short term ADT are considered not inferior to standard
fractionation plus ADT (3-5).
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Figure 1. Timeline for genito-unirary (GU) and gastro-intestinal (GI) toxicities (tox).

In the Hypo-RT-PC trial, prostate cancer patients were
randomized to standard RT versus SRT, and ADT was
omitted for intermediate unfavourable- and high- risk
patients in both groups. However, recent studies have shown
that intermediate risk prostate cancer is an heterogeneous
class, in which unfavorable intermediate-risk disease may
present an aggressive biological behavour, thus being more
related the high-risk group than the intermediate one (14).
Therefore, in our view, the role of ADT in such context
needs to be better clarified.

In the present study, bDFS and toxicity results confirmed
SRT as a safe and effective treatment for localized prostate
cancer also in the context of intermediate unfavorable- and
high- risk patients. SRT delivery with V-MAT thechnique
ensures inter-fraction reproducibility of rectal and bladder
set-up, owing to cone beam CT and fast delivery, without
urinary catheterization. Clinician-reported acute toxicity
outcomes reached a maximum score at the end of SRT, while
late toxicity profile was mild with only two cases of G3
urinary late toxicity. No G3 or more acute and late GI
toxicity was recorded. PROs showed an increase in IPSS
score during and immediately after SRT, a decrease at 6
months and stabilization of the score thereafter. IIEF score
was stable from the last day of SRT until 1 year of follow-
up, despite the majority of patients presented a score
indicating severe dysfunction even before treatment.

In literature, only a minority of prostate cancer patients
have been trated with SRT plus ADT. Therefore, there is
scarce evidence on the impact of combination therapy to
these patients. Moreover, ADT prescription is rarely
administered per-protocol but only at “investigator’s choice”

and this aspect could limit the quality of the evidence that
could be extracted. However, there are some studies that
have investigated the afficacy of prostate SRT plus ADT.

Katz and colleagues have reported the results of prostate
SRT for 515 patients, demonstrating a 7-year bDFS of
93.6%, 84.3% and 65% for low, intermediate and high-risk
group, respectively. ADT was used in 14% of patients, and
did not have any impact on bDFS. Importantly, they found a
7-year bDFS of 68.2% for the unfavorable intermediate- risk
class. The authors underlined that unfavorable intermediate-
risk patients presented similar outcomes to the high-risk ones
and concluded that in this category of patients, efforts must
be made in order to find systemic strategies to optimize
treatment outcomes (14).

A pooled analysis by King et al. including 1,100 patients
treated with SRT for localized prostate cancer in prospective
trials, reported no bDFS advantage in ADT group (12). It
must be underlined that ADT was prescribed at clinical
judgment without a risk-adapted strategy; in fact, only 15%
and 38% of patients in intermediate- and high-risk group,
respectively, received ADT. Moreover, this study clearly
showed the tendency of current literature not to report
specific outcomes for favorable and unfavorable
intermediate-risk disease categories.

A recent meta-analysis by Jackson et al. that included over
6,000 patients treated with prostate SRT in prospective
studies showed that 15% of patients received ADT and no
advantage in bDFS was observed. Interestingly, authors
concluded that there was neither enough information
available to determine the impact of ADT in a quantitative
manner, nor the ADT duration was always specified (6).
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Figure 2. Timeline for International prostate syntoms scale (IPSS),
before, last day and after stereotactic radiotherapy (SRT).

Moreover, in this study, there are many restrictions that limit
interpretation of SRT-ADT effect. For example, there is a
frequent ADT administration in low risk class and omission
for the majority of intermediate- and high-risk patients that
theroretically are the two subclasses were ADT could be of
benefit. Taken toghether, the aforementioned studies clearly
highlight that quality of data about ADT -SRT for localized
prostate cancer need to be improved.

A comparison of our bDFES results with studies that do not
use systematically ADT is difficult. HYPO-RT-PC trial
presented a low prevalence of high-risk subclass, limiting
conclusions about bDFS, and did not report separate
outcomes for the unfavorable intermediate-risk class (7).
Also the study by Jackson et al. did not provide bDFS per
disease class (6). Moreover, the study conducted by Katz and
colleagues showed disappointing results in terms of bDFS in
high-risk and unfavourable intermediate-risk groups;
however, bDFS outcome was computed at 7 years (14).
Nevertheless, it is important to underline that unfavorable
intermediate- and high- risk patients in our series presented
relatively fair outcomes, with a 5-year bDFS of 81.7% and
79.6%, respectively. Given the favorable result obtained, we
hypothesize that an effect given by the combination with
ADT cannot be excluded. Favorable intermediate-risk
patients presented a 5-year bDFS of 93%, probably reflecting
a less aggressive biology. Thus, our results support the need
for a deeper comprehension of ADT effect in combination
with ultra-hypofractionated radiotherapy.

The strength of our study is the homogeneity concerning
ADT prescription by prostate cancer risk class, dose
prescriptions, radiotherapy planning, delivery and a strict
follow-up protocol with a particular attention for PROs. To
the best of our knowledge, our study is the first to report
results of patients treated per-protocol with SRT plus ADT
for unfavorable intermediate- and high- risk prostate cancer.
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Figure 3. Timeline for international index of erectile function (IIEF)
before, last day and after stereotactic radiotherapy (SRT).

Moreover, it is one of the few to report specific outcomes for
favorable and unfavorable intermediate-risk disease, which
has been used ab initio to select patients for SRT plus ADT
strategy. A potential weakness of the present study consists
in its retrospective nature. Moreover, given that all of the
unfavorable intermediate- and high- risk patients were
treated with SRT and ADT, it is impossible to extrapolate
any potential difference in patient outcomes between those
treated with SRT plus ADT or SRT alone. Another limitation
could be identified in the relatively short follow-up.

Conclusion

SRT consisting of 42 Gy in seven fractions with short-term
ADT represents a safe and effective treatment for
unfavorable intermediate- and high- risk prostate cancer.
Evidence on the efficacy of STR plus ADT is scarce, as a
consequence, specific practice guidelines for the
administration of SRT-ADT in prostate cancer are missing,
with the concrete risk of ADT omission. Our results support
that it is necessary to clarify the role of SRT plus ADT in a
prospective and randomized fashion, to demonstrate whether
a benefit in bDFS exists also in the context of ultra-
hypofractionated radiotherapy.
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