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Background and objective: A survival benefit was demonstrated for patients with low-
volume synchronous metastatic hormone-sensitive prostate cancer (mHSPCa) when
local radiotherapy to the prostate was added to androgen deprivation therapy. This
study aims to determine the incidence of prostate cancer–related events and treatments
in those who received and those who did not receive external beam radiotherapy for
mHSPCa.
Methods: The HORRAD trial is a multicentre randomised controlled trial recruiting orig-
inally 432 patients with mHSPCa diagnosed between 2004 and 2014. In a second
updated analysis, 328 patients were studied retrospectively for local and nonlocal pros-
tate cancer–related events and treatments. Outcome measurements included the inci-
dence and treatment of local (bladder outlet or ureter obstruction, catheterisation,
surgical intervention, ureteric stents, and nephrostomy tubes) and nonlocal (blood
transfusions, hospitalisations, and treatment for painful bone metastases) events.
Differences between groups were compared using crude and adjusted logistic regression,
while time to occurrence of local events was assessed with Kaplan-Meier curves and Cox
regression analysis.
Key findings and limitations: A significant difference in the incidence of local events was
observed: 30 events in the radiotherapy group versus 50 in the nonradiotherapy group
(p = 0.04). Time to occurrence of local interventions was significantly longer in the radio-
therapy group (hazard ratio 0.61, 95% confidence interval 0.37–0.99, p = 0.04). The
study’s limitations include its retrospective nature.
gy. Published by Elsevier B.V. All rights are reserved, including those for text and data
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Conclusions and clinical implications: Local radiotherapy to the prostate prolongs local
event–free survival significantly and reduces local prostate cancer–related interventions
in patients with mHSPCa.

� 2024 European Association of Urology. Published by Elsevier B.V. All rights are
reserved, including those for text and data mining, AI training, and similar technologies.
ADVANCING PRACTICE

What does this study add?
This study demonstrates that adding local radiotherapy to androgen deprivation therapy reduces the incidence of local
prostate cancer–related events significantly and prolongs the time to local interventions in patients with synchronous
metastatic hormone-sensitive prostate cancer. These findings provide a new rationale for considering local radiotherapy
in these patients.

Clinical Relevance
The combination of radiation therapy to the prostate and androgen deprivation therapy offers potential benefits for
patients with synchronous metastatic hormone-sensitive prostate cancer. This updated analysis from the HORRAD trial
reveals that local radiation therapy does not significantly improve overall survival in unselected patients, but does reduce
the occurrence of adverse events caused by local prostate cancer progression, such as bladder outlet obstruction and
hydronephrosis, while delaying the need for related interventions. These findings highlight the role of radiation therapy
in enhancing local disease control. When considered alongside recent evidence from other randomized controlled trials,
like STAMPEDE and PEACE-1, they support the inclusion of radiation therapy to the prostate as a standard treatment
option for select patients with metastatic hormone-sensitive disease. Further research is awaited to confirm whether
these favourable data also apply to the contemporary paradigms of hormone treatment intensification and molecular
staging. Associate Editor Gianluca Giannarini MD.

Patient Summary
Administrating radiotherapy to the prostate in unselected patients with newly diagnosed metastatic prostate cancer does
not influence their overall survival, but prevents and delays the occurrence of obstructive prostate cancer–related local
symptoms.
1. Introduction

The treatment of patients with synchronous metastatic
hormone-sensitive prostate cancer (mHSPCa) has changed
over the past decade. When the HORRAD trial was initiated
in 2004, standard treatment for patients with mHSPCa con-
sisted of androgen deprivation therapy (ADT) only. Following
the publication of the survival data from the HORRAD study,
the STAMPEDE trial, and a concurrent meta-analysis of both
trials, external beam radiation therapy (EBRT) was advised to
patients with low-volume mHSPCa in extension to ADT. Sub-
sequently, the European Association of Urology prostate can-
cer guidelines were altered [1–4]. For the definition of low-
volume metastatic disease, the CHAARTED criteria were
used. According to these criteria, low-volume disease was
defined as the absence of high-volume disease, that is, four
or more bone metastases including one or more outside
the vertebral column or pelvis and/or visceral metastasis [5].

One of the secondary endpoints of the HORRAD trial was
the effect of radiotherapy (RT) on the health-related quality
of life (HRQoL) of patients treated for mHSPCa compared
with the HRQoL of those who did not receive EBRT. An anal-
ysis of two validated HRQoL questionnaires showed that
arten C.C.M. Hulshof, Paul C
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patients in the RT arm reported only a temporary modest
increase in urinary and bowel symptoms after combined
treatment [6]. In some patients, deterioration of bowel
functions persisted after 2 yr. An analysis of patients’ qual-
ity of life in the STAMPEDE study showed similar results [7].

The sequelae of local RT to the prostate on the incidence
of events caused by local disease progression have been
investigated only scarcely.

The objective of the present report is to compare the inci-
dence of local prostate cancer–associated events and concur-
rent treatment within the two arms of the HORRAD trial. In
addition, the nonlocal events and treatments related to pros-
tate cancer progression are counted. For this, a second retro-
spective analysis was performed in which patient data and
follow-up were updated. Furthermore, we will present the
final analysis of overall survival (OS) in this study.
2. Patients and methods

2.1. Trial design and participants

The primary objective of the HORRAD study was to assess
whether the combination of localised RT to the prostate
.M.S. Verhagen et al., Prostate Cancer–related Events in Patients with Syn-
en Deprivation Therapy with and Without Concurrent Radiation Therapy
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with standard ADT extends OS in comparison with standard
ADT alone in patients presenting with bone-metastatic
mHSPCa [1]. A secondary endpoint involved the assessment
of HRQoL based on patient-reported outcomes [6].

Participants in the HORRAD trial were patients diag-
nosed with previously untreated adenocarcinoma of the
prostate, confirmed histologically and exhibiting bone
metastases as detected by a bone scan (M1b). More details
on the study design of the HORRAD trial can be found in
previous publications [1,6].

The study protocol received approval from the ethical
review board at each participating centre, and all patients
provided written informed consent.
2.2. Intervention

Patients were assigned randomly to one of two groups: the
RT group, receiving EBRT of the prostate in combination
with ADT, or the non-RT group, receiving ADT alone. In
the event of disease progression, subsequent treatment
decisions were left to the discretion of the treating physi-
cian, as per the current standard of care.

Patients assigned to the RT group commenced RT to the
prostate within 3 mo of initiating ADT. The dose adminis-
tered was a biological equivalent to 70 Gy, applied in 35
daily fractions of 2 Gy. The details of the radiotherapeutic
schemes are listed in the initial HORRAD paper [1].
2.3. Data collection

All patient data were stored into a comprehensive database,
with baseline characteristics documented prospectively for
all participants in the randomised controlled trial. In a sec-
ond analysis conducted between 2022 and 2023, records of
randomised patients were retrospectively retrieved from all
participating hospitals and studied.

In this second analysis, additional data were collected
with regard to disease progression and survival, successive
life-extending treatments, and the incidence of local and
nonlocal symptoms and treatments associated with pros-
tate cancer progression.
2.4. Secondary analysis of study endpoints

Local events due to local progression of the prostate tumour
are defined as either bladder outlet obstruction requiring
temporary or permanent catheterisation or transurethral
resection of the prostate (TURP), or obstruction of the
ureters causing hydronephrosis requiring ureteral stent
(JJ) placement or nephrostomy tubes, occurring after a min-
imum of 3 mo from the start of therapy with either RT (RT
group) or ADT (non-RT group).

Nonlocal events due to progression of metastases are
defined as symptoms related to bone metastases (pain, frac-
tures, or spinal cord injury) requiring EBRT on metastases,
surgical intervention or hospital admission for pain relief,
or anaemia requiring blood transfusion.

Time to occurrence of local events was defined as the
time between the date of start of therapy to the date of
intervention. Patients were censored when an event did
not occur at the time of last contact.
Please cite this article as: Liselotte M.S. Boevé, Maarten C.C.M. Hulshof, Paul C.
chronous Metastatic Hormone-sensitive Prostate Cancer Treated with Androg
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The primary outcome of the HORRAD trial was OS,
defined as the time between the date of diagnosis at pro-
static biopsy to the date of death. This report will give an
update on this primary endpoint.

2.5. Statistical analyses

Time-to-event and time-to-mortality outcomes were com-
pared between treatment arms with Kaplan-Meier curves
and log-rank tests. Both crude and adjusted Cox regression
analyses were used to obtain effect estimates with 95% con-
fidence intervals (CIs). For all analyses, adjustments were
made for the number of bone metastases (fewer than five
lesions and five of more lesions), Gleason sum score (<8
and �8), and T stage (cT1, T2, T3, or T4). All analyses were
performed according to the intention to treat, and addition-
ally per-protocol analyses were performed.

Analyses were conducted with SPSS statistical software
version 29 (IBM, Armonk, NY, USA). All tests were two sided,
and a significance level of 0.05 was used.
3. Results

3.1. Patients

Between November 2004 and September 2014, 432 patients
with synchronous mHSPCa from 28 participating hospitals
were assigned randomly to ADT in combination with EBRT
of the prostate (RT group) or to ADT alone (non-RT group).
A detailed outline of the randomisation and baseline char-
acteristics of participants within the larger trial has been
published previously [1]. In the current second updated
analysis, the follow-up data of 328 patients could be
obtained.

Five patients allocated to the RT arm of the HORRAD trial
did not undergo local treatment due to various reasons,
described earlier [1]. One patient in the RT cohort discontin-
ued therapy after one session because a secondary brain
tumour was found. In the per-protocol analysis, therefore,
six patients in the RT arm were allocated to the ADT-alone
arm. None of the patients allocated to ADT alone received
primary EBRT.

Patient and basic tumour characteristics are summarised
in Table 1. The median follow-up time for patients who are
still alive (66/328) is 75 mo (interquartile range [IQR] 63–
109). The median follow-up time for patients without a
local event (248/328) is 43 mo (IQR 18–68). Most patients
had a high-volume metastatic disease burden. The overall
median prostate-specific antigen level was 149 ng/ml (54–
473 ng/ml), and 215 patients (66%) had five or more bone
metastases on staging bone scintigraphy.

3.2. Prostate cancer–related events and treatment

3.2.1. Local prostate cancer–related events and treatments
In the intention-to-treat analysis, not only fewer patients in
the RT arm experienced symptoms and treatment of local
events (30 vs 50 events), but also the time to occurrence
of the local events is significantly longer in the group that
received RT than in those who did not receive RT (hazard
ratio [HR] 0.56, 95% CI 0.35–0.88, p = 0.01; Tables 2 and 3,
M.S. Verhagen et al., Prostate Cancer–related Events in Patients with Syn-
en Deprivation Therapy with and Without Concurrent Radiation Therapy
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Table 1 – Baseline clinical and tumour characteristics of patients with
synchronous bone metastatic hormone-sensitive prostate cancer
randomised to androgen deprivation therapy (ADT) with or without
external beam radiotherapy of the prostate

ADT +
radiotherapy
(N = 163)

ADT alone,
nonradiotherapy
(N = 165)

Age (yr), median (IQR). 67 (62–71) 67 (62–72)
Follow-up (mo), median (IQR) 46 (23–72) 39 (21–69)
PSA at start of ADT (ng/ml),

median (IQR).
145 (54–450) 150 (50–501)

Gleason sum score, n (%)
6–7. 49 (30) 55 (33)
8 35 (21) 51 (31)
9–10 78 (48) 58 (35)
Missing data 1 (1) 1 (1)

T stage, n (%)
T1–2. 27 (17) 20 (12)
T3–4. 136 (83) 143 (87)
Missing data. 0. 2 (1)

Osseous metastases, n (%)
<5 lesions. 65 (40) 48 (29)
5–10. lesions 41 (25) 52 (32)
>15. lesions 57 (35) 65 (39).

Any second-line systemic
treatment, n (%)

86 (53) 95 (57)

Type of second-line systemic
treatment, n (%)
Docetaxel 67 (43) 56 (34)
Abiraterone 34 (22) 38 (24)
Enzalutamide 33 (21) 27 (16)
Cabazitaxel 15 (10) 13 (8)
Radium-223 14 (9) 13 (8)
Any other second-line
systemic treatment

17 (10) 7 (4)

IQR =interquartile range; PSA = prostate-specific antigen.
Any other second-line systemic therapy included treatment with Estracyt,
mitoxantrone, orteronel, cabozantinib, cisplatinum, olaparib, pem-
brolizumab, or carboplatin in different phases of disease.

Table 3 – Nonlocal prostate cancer–related events and treatments

ADT +
radiotherapy
(N = 163)

ADT alone,
nonradiotherapy
(N = 165)

Any distant prostate cancer–
related event

115 119

Prostate cancer–related
hospitalisation

96 116

Palliative radiation therapy 90 96
Unknown 1 0

Bone fracture/spinal cord injury 35 41
Bladder outlet obstruction due to

spinal cord injury
3 3

Blood transfusion 50 62

ADT = androgen deprivation therapy.
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and Fig. 1). When adjusted for baseline characteristics, this
difference remains statistically significant (HR 0.61, 95% CI
0.37–0.99, p = 0.04).
3.2.2. Nonlocal prostate cancer–related events and treatments
In the intention-to-treat analysis, there were 96 hospitalisa-
tions for prostate cancer–related events in patients who
received local RT compared with 116 admissions in patients
who did not receive RT (Tables 2 and 3).The incidence of
metastasis-directed palliative RT to symptomatic bone
metastases was similar in both groups. The incidence of
metastasis-directed treatment of painful osseous metas-
tases was high throughout the cohort, with more than half
of all cases in each group. Furthermore, the incidence of
Table 2 – Local prostate cancer–related events and treatments; intention

Any local obstruction a ADT + radiotherapy
(N = 163)

Yes 30 (18%)
Urinary retention requiring catheter 23 (14%)
TURP 4 (2%)
Ureter obstruction requiring JJ or nephrostomy 4 (2%)

ADT = androgen deprivation therapy; CI = confidence interval; HR = hazard ratio
a Patients can have an indication for TURP or catheter, and a JJ or nephrostomy
b Cox regression analysis with HR, adjusted for the number of bone metastases (f

score (<8 or ≥8).
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bone fractures, spinal cord injury, and blood transfusions
was comparable between the groups. The per-protocol
analysis showed similar results for all above-mentioned
outcomes (Supplementary Tables 1 and 2).

3.3. Update on OS of the HORRAD trial

For the 328 patients included in the second analysis, the
median OS time was 46 mo in the ADT plus RT group
(n = 163) and 39 mo in the ADT-only (non-RT) group
(n = 165). There was no statistically significant difference
between randomisation arms, both crude (HR 0.87, 95% CI
0.69–1.11; p = 0.27; Fig. 2) and adjusted (HR 0.98, 95% CI
0.75–1.28, p = 0.89).

3.4. Adjuvant treatment in case of progression of the disease

Of the 328 patients, 181 received additional second-line
life-extending treatment in the form of chemotherapy (do-
cetaxel, cabazitaxel, or other), second-line hormonal treat-
ment (abiraterone or enzalutamide), or radium-223,
ranging from one to up to five different types. Of the
patients who received adjuvant systemic treatment, 85%
needed a hospital admission, 71% received palliative RT,
30% had bone fractures, and 41% needed blood transfusions.

4. Discussion

In this second update of the HORRAD trial, we present the
data of the incidence of events associated with local and
nonlocal prostate cancer progression in synchronous
mHSPCa patients. Previous articles from our study group
have shown that in an unselected group of patients with
to treat analysis (Cox regression analysis)

ADT alone, nonradiotherapy
(N = 165)

Adjusted HR
(95% CI)

p value

50 (30%) 0.61 (0.37–0.99) b 0.04
33 (20%)
8 (5%)
9 (6%)

; JJ = double J ureteral stent; TURP = transurethral resection of the prostate.
at the same time.
ewer than five or five or more), T stage (T1, T2, T3, or T4), and Gleason sum
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Fig. 1 – Kaplan-Meier estimates of the time to local event (intention to treat, Cox regression analysis p = 0.01). ADT = androgen deprivation therapy.

Fig. 2 – Kaplan-Meier estimates of overall survival (intention to treat, Cox regression analysis p = 0.27). ADT = androgen deprivation therapy.
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synchronous mHSPCa, there is no OS advantage from local
RT in adjunct to ADT alone. A subsequent meta-analysis
showed that those with low-volume metastatic disease
have a statistically significant benefit from the additional
local RT [1–3]. We also demonstrated that the addition of
RT to the prostate is well tolerated and not associated with
permanent deterioration in HRQoL in these patients [6].

In the present study, we demonstrate that patients in the
RT arm of the HORRAD trial show a better local control,
resulting in fewer treatments for bladder outlet obstruction
and hydronephrosis than in those in the non-RT arm (30 vs
Please cite this article as: Liselotte M.S. Boevé, Maarten C.C.M. Hulshof, Paul C.
chronous Metastatic Hormone-sensitive Prostate Cancer Treated with Androg
to the Prostate; Data from the HORRAD Trial, Eur Urol (2024), https://doi.org
50 events, adjusted HR 0.61, 95% CI 0.37–0.99, p = 0.04). In
addition, the time to occurrence of these local events is sig-
nificantly longer in the RT arm than in the non-RT arm
(p = 0.01). Mortality in our cohort is high and is a competing
risk for the occurrence of local events, but a competing risk
analysis yielded results similar to those from the Cox
regression model. The numbers of nonlocal events suggest
that both groups are more or less equal, which is to be
expected. However, due to a lack of information on the tim-
ing of occurrence of these nonlocal events, it was not possi-
ble to analyse these differences properly.
M.S. Verhagen et al., Prostate Cancer–related Events in Patients with Syn-
en Deprivation Therapy with and Without Concurrent Radiation Therapy
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As survival increases in metastatic prostate cancer
patients due to new treatment options, and patients there-
fore run a higher risk to experience more events, insight
into the incidence of those events and their possible preven-
tion is increasingly important.

Reporting in the literature of the benefits or downfalls of
EBRT combined with ADT only with respect local tumour
progression in patients with synchronous mHSPCa is lim-
ited. Some data have been published on local control in
those undergoing local RT within the STAMPEDE trial. Par-
ker et al [7] reported on the local intervention-free survival
(LIFS), consisting of the time from randomisation to the first
report of several medical and surgical outcome measures
(including death), and on the symptomatic local event–free
survival, comprising any of the LIFS events and other symp-
toms including urinary tract obstruction. Of the patients,
59% were reported as experiencing at least one symp-
tomatic local event. They did not find a difference in time
to the first symptomatic local event reported by treatment
arm (HR 1.00, p = 0.931). Furthermore, 53% of patients
had one or more local intervention events reported, but
no difference existed between treatment arms (HR 0.94,
p = 0.286). The fact that no difference in local control is
reported in the STAMPEDE trial might be explained by the
difference in definitions. In the STAMPEDE trial, in addition
to the events due to local progression (ie, obstruction of
bladder outlet and distal ureters), urinary tract infections
and prostate cancer deaths are also classified as local
events. In 65% of patients, prostate cancer death was the
only event. During a recent congress, the ESMO 2023, the
results of an analysis on interventions for upper urinary
tract obstruction (including percutaneous nephrostomy
and or ureteric stent insertion) in the STAMPEDE arm H
cohort were presented [8]. The authors reported that pros-
tate RT significantly reduced these interventions from 5%
in the ADT group and 3% in the radiation group (p = 0.017).

In a lecture during the ASCO 2023, the findings of the
PEACE 1 study, investigating the addition of abiraterone to
ADT and docetaxel with or without prostate RT in syn-
chronous mHSPCa, were presented [9]. The authors also
reported that patients undergoing RT exhibited a signifi-
cantly lower incidence of interventions in the urinary tract
than the group that did not receive RT. The final publication
of these results on local control of EBRT within the PEACE 1
trial is awaited eagerly.

In the current study, we collectively examined local
events, considering all interventions related to obstructive
local disease progression, due to uncertainty about the rea-
soning behind a practitioner’s selection of one intervention
over another. We cannot identify clinicians’ medical reason-
ing for performing or not performing desobstructive sur-
gery. Practitioners were not blinded to the treatments that
patients underwent. To what extent these clinical decisions
influenced the incidence of TURP in this article cannot be
determined properly. We scored these interventions
because these have the greatest impact (both on HRQoL
and economically [cost]) and, in our opinion, are the only
events that are truly caused by local progression.

Based on the results of our trial, no firm conclusion can
be drawn regarding the optimal radiation dose schedule.
Please cite this article as: Liselotte M.S. Boevé, Maarten C.C.M. Hulshof, Paul C
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Since positive effects were demonstrated in our population
with doses equal to 70 Gy over 7 wk, which is lower than
the doses used currently for curative RT in localised prostate
cancer (�78 Gy), dose escalation may not be necessary for
symptom prevention.

In any case, given the fact that in newly diagnosed meta-
static rectum cancer RT of the primary tumour also delivers
a better local control, it is conceivable that this will also be
the case with prostate cancer [10].

In addition, it is important for daily practice to realise
that the negative impact (toxicity and duration of treat-
ment) of modern RT is decreasing due to improved radiation
techniques and shorter schedules [11].

We also showed that in the updated second analysis, the
median OS of patients with synchronous mHSPCa treated by
ADT only is 39 mo (95% CI 27.9–50), compared with 46 mo
(95% CI 40.4–51.6) in the ADT plus RT group. This is compa-
rable with the high-burden disease group reported by Par-
ker et al [7] from the STAMPEDE trial, where OS is 41 mo
in the standard of care (SOC) group and 39 mo in the SOC
with RT (SOC + RT) group (adjusted HR 1.11, 95% CI 0.96–
1.28, p = 0.164). It is considerably lower than the OS of
the patients with a low metastatic burden: 64 mo in the
SOC and 86 mo in the SOC + RT group (adjusted HR 0.64,
95% CI 0.52–0.79, p < 0.001). In this trial, 42% of patients
had a low metastatic burden. In our trial, 34% of patients
had fewer than five osseous metastases, but it can well be
that some of them had visceral metastases that we did
not detect by performing bone scintigraphy only.

This emphasises that the patient population in our trial
had a significant disease burden. Nevertheless, adherence
to prevailing treatment guidelines resulted in the adminis-
tration of relatively less additional treatment to patients
in this trial. Overall, 45% of patients did not receive any
second-line treatment. It is plausible that increased survival
with additional treatments leads to more prostate cancer–
related events, and we demonstrated that the burden of
progressive disease is high: 30% of patients receiving
second-line therapies have bone fractures, 71% needed pal-
liative RT, and 41% needed blood transfusion. This high-
lights the importance of preventing events as much as
possible. Local radiation can play an important role in min-
imising local events.

The present study is not devoid of limitations. Firstly, we
were unable to reliably obtain additional data from all
patients who initially participated in the study. Overall, data
could be obtained from 328 of the 432 (76%) originally ran-
domised patients. This lack of data may be explained by the
difficulty of obtaining patient data from all separate partic-
ipating hospitals using different electronic medical records
and subsequent losses to follow-up. However, we did not
find any differences in the baseline characteristics between
those in the original study and those within the updated
secondary analysis, so a selection bias is unlikely.

Secondly, in our cohort, we cannot reliably identify
which patients had low-volume and high-volume disease
according to the CHAARTED criteria. At the time this study
recruited patients, it was common to perform a bone scan
only. As a result, we are not informed of any lymph node
burden or the presence of visceral metastases. Previous
.M.S. Verhagen et al., Prostate Cancer–related Events in Patients with Syn-
en Deprivation Therapy with and Without Concurrent Radiation Therapy
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reports showed a survival advantage for patients with low-
volume disease. As we cannot reliably identify this sub-
group in our trial, we can neither comment on the survival
of these specific patients, nor determine the effect of RT on
local symptoms. However, we can report that RT is benefi-
cial for preventing local symptoms in our entire cohort,
which has a relatively high metastatic burden.

Furthermore, this is a retrospective analysis within a
prospective trial, focussing on treatment interventions for
local obstruction. Other symptoms of local progression such
as pain, infections, or haematuria could not be reliably
retrieved from the medical charts and were not taken into
account. The current results could thus be an underestima-
tion of the effects of radiation on the reduction of local
events.

Lastly, the landscape of systemic treatment for meta-
static prostate cancer has evolved considerably since the
start of the trial. Presently, the standard treatment for
men with synchronous mHSPCa typically incorporates one
of the newer hormonal agents (ie, androgen receptor tar-
geted agents such as abiraterone, apalutamide, or enzalu-
tamide) along with ADT and docetaxel. The impact of
these agents on local events and concurrent treatment as
compared with EBRT and ADT remains uncertain and war-
rants further investigation.

5. Conclusions

The findings from this analysis provide compelling evidence
that local RT to the prostate prolongs local event–free sur-
vival significantly and decreases the need for local prostate
cancer–related interventions among patients with syn-
chronous mHSPCa. There is no effect on nonlocal events.
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