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Abstract 

Background and objective: Local treatment (LT) to the prostate demonstrated bet-
ter cancer-control outcomes in combination with androgen deprivation therapy
(ADT) monotherapy for patients with low-volume metastatic hormone sensitive
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prostate cancer (mHSPC). However, the association of LT with outcomes in patients 
receiving ADT plus androgen receptor pathway inhibitors (ARPI) across different
mHSPC subtypes is under debate.
Methods: Relying on the multicentric international ARON-3 database, patients with 
de novo low-volume mHSPC undergoing ARPI treatment were selected. 
Stratification was made according to LT vs. no LT with the primary endpoint of time
on treatment (ToT) and overall survival (OS).
Key findings and limitations: Of 454 patients with de novo low-volume mHSPC, LT 
was administered in addition to ARPI in 18%. In the 6-mo landmark cohort, ToT 
was longer in patients who received additional LT, although the association did 
not reach statistical significance (hazard ratio [HR]: 0.54, 95% confidence interval 
[CI]: 0.27–1.10, p = 0.088). The restricted mean survival time (RMST) at 36 mo 
reported a difference of 2.76 mo (95% CI: 0.32–6.58, p = 0.031) in the LT group com-
pared with the no-LT group. OS was significantly longer in patients receiving ARPI
and LT compared with ARPI alone (HR: 0.09, 95% CI: 0.01–0.64, p = 0.016). The
RMST at 36 mo reported a difference of 4.67 mo (95% CI: 3.18-6.17, p < 0.001) in
favor of the LT group. In the ridge regression, LT remained the only statistically sig-
nificant predictor of ToT and OS.
Conclusions and clinical implications: The current study suggests that adding LT to 
ARPIs in patients with de novo low-volume mHSPC may be associated with 
improved ToT and OS. The addition of LT to ARPI as the backbone of therapy may
be considered in patients presenting with de novo low-volume mHSPC.

© 2026 The Authors. Published by Elsevier B.V. on behalf of European Association of 
Urology. This is an open access article under the CC BY license (http://creativecommons. 

org/licenses/by/4.0/). 
ADVANCING PRACTICE 

What does this study add?
The current study adds important knowledge to the limited data on local therapy in addition to intensified antihormonal 
therapy with androgen receptor pathway inhibitors (ARPIs) in patients with de novo low-volume metastatic prostate can-
cer. Local therapy may be associated with an oncological benefit in a large multinational dataset. Therefore, the addition
of local treatment to the ‘‘backbone’’ of systemic therapy with ARPIs might be discussed with eligible patients.

Clinical Relevance 
Randomized trials suggest that adding local therapy to androgen deprivation therapy may provide a clinical benefit in 
men with metastatic prostate cancer, particularly in those with a lower metastatic burden. However, with the advent 
of more effective upfront systemic combination therapies, the magnitude of this benefit may be reduced. This study offers
additional insight into the role of such combination approaches. Importantly, any potential advantage of local therapy
must be carefully weighed against the risk of added toxicity, as well as the associated costs and resource utilization. Asso-
ciate Editor: Roderick C.N. van den Bergh.

Patient Summary 
In this report, we examined the impact of a local treatment in addition to intensified antihormonal therapy in patients 
with a low metastatic burden at the time of diagnosis. Local therapy may be associated with prolonged survival. We con-
clude that local therapy might be an option for eligible patients.
1. Introduction 

For metastatic hormone-sensitive prostate cancer (mHSPC), 
several life-prolonging systemic treatment options are cur-
rently available. These consist of androgen receptor path-
way inhibitors (ARPI), taxane-based chemotherapy, or
their combination in addition to conventional androgen
deprivation therapy (ADT) [2–7]. Currently, the combina-
tion treatment with ARPI, such as apalutamide, enzalu-
tamide (or darolutamide), or abiraterone plus ADT, has
become the standard of care in patients with Chemohor-
monal Therapy versus Androgen Ablation Randomized Trial 
for Extensive Disease in Prostate Cancer (CHAARTED) low-
volume mHSPC, based on data from several prospective ran-
domized phase III trials, whereas a further intensification
with triplet-therapy can be administered in patients with
high-volume disease [3–15]. 

Despite systemic treatment in mHSPC, previous prospec-
tive data, especially from the STAMPEDE trial and the HOR-

http://creativecommons.org/licenses/by/4.0/
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RAD trial for radiotherapy (RT), and from two smaller trials 
for radical prostatectomy (RP), also suggested a beneficial 
effect on cancer-control outcomes of local treatment (LT)
to the primary prostate tumor in patients with CHAARTED
low-volume mHSPC, relative to ADT alone [16–19]. How-
ever, recent evidence from the randomized controlled 
PEACE-1 trial has demonstrated that the addition of radio-
therapy to intensified systemic therapy (ADT + abiraterone)
improves progression-free survival (PFS) in patients with de
novo low-volume mHSPC [20]. 

Consequently, often two different treatment approaches 
consisting of local treatment (LT) to the prostate and sys-
temic treatment with ADT plus ARPI are currently adminis-
tered in clinical practice for patients with de novo low-
volume mHSPC, as both showed favorable cancer-control 
outcomes compared to ADT monotherapy. However, evi-
dence on the association between LT and intensified sys-
temic treatment for patients with de novo low-volume 
mHSPC is still under debate and has never been evaluated
in a large real-world cohort so far. Herein, relying on the
multicentric, international ARON-3 collaboration real-
world cohort, we evaluated the association between LT to
the prostate and outcomes in patients with de novo low-
volume mHSPC undergoing systemic ARPI treatment, rela-
tive to patients without further LT. Specifically, we hypoth-
esized that important cancer-control outcome differences
may exist between these specific patient cohorts.

2. Patients and methods

2.1. Study design and population

This study focused on adult patients who received ADT plus 
ARPI between January 1, 2019, and November 30, 2024, for
de novo low-volume mHSPC, defined as in the CHAARTED
trial [2]. Given the retrospective, observational, nonran-
domized design, results are presented as associations, and
residual confounding cannot be excluded.

Participants were selected from the ARON-3 database. 
Clinical and pathological data were gathered from medical
and pathological reports across 28 oncology centers in 13
different countries (Fig. S1). Information collected included 
age, tumor histology, Eastern Cooperative Oncology Group 
Performance Status (ECOG-PS), number and location of 
metastatic sites, RP or RT, ARPI dosage and duration, and
prostate-specific antigen (PSA) response during treatment.
Patients with incomplete clinical or outcome data were
excluded from the analysis.

2.2. Study objectives 

The primary aim of this study was to assess real-world out-
comes associated with LT on the primary tumor in patients 
with de novo low-volume mHSPC who received ADT plus 
ARPI. Metastases were detected by conventional imaging or 
molecular imaging. Specifically, the two coprimary endpoints 
were the time on treatment (ToT) and overall survival (OS). 
ToT was defined as the period from the initiation of ADT plus 
ARPI until discontinuation for any reaso n, including
treatment-related toxicity. OS was calculated from the start
of ADT plus ARPI therapy to the time of death from any cause.
Severe adverse events (AEs), categorized as grade 3  accord-
ing to the Common Terminology Criteria for Adverse Events 
v5.0, or those leading to dose reduction or treatment int er-
ruption, were also recorded as secondary endpoints.
2.3. Statistical considera tions

Statistical analyses and reporting followed the European 
Urology statistical reporting guidelines and the European
Urology framework for causal inference in observational
research [1,21]. Continuous variables were summarized 
using the median and interquartile range, whereas categor-
ical variables were summarized using counts and percent-
ages. Group comparisons used c2 or Fisher’s exact tests for
categorical variables and the Mann–Whitney U test for con-
tinuous variables, as appropriate.

To minimize immortal-time bias, exposure to LT was 
defined using a 6-mo landmark. Patients who experienced 
the event of interest before mo 6 (death for OS; treatment 
discontinuation for ToT) were excluded. Patients who 
received LT within 6 mo of starting ADT + ARPI were classi-
fied as exposed, whereas thosewho did not receive LT within
6 mowere classified as unexposed; this exposure status was
carried forward. Patients who had not discontinued treat-
ment by the end of the follow-up period were censored at
the date of last documented treatment administration or last
clinical visit, whichever came later.

Patients who were lost to follow-up were censored on 
the date of their last contact. Kaplan–Meier curves were
truncated when the number at risk in either group fell
below five participants.

All statistical analyses were performed on the 6-mo
landmark cohort.

Covariates were prespecified on causal grounds as poten-
tial confounders of the association between LT and out-
comes: age, PSA at baseline, ECOG-PS, bone and lymph-
node metastases, and Gleason score grade group [22]. All 
variables were retained in the multivariate model. Accord-
ing to our causal model, these variables act as common 
causes of both the likelihood of receiving LT and the oncolog-
ical outcomes. Therefore, they represent the minimally suf-
ficient adjustment set to control for confounding in our
observational design. Restricted mean survival time (RMST)
was computed at s = 36 mo, the latest time point at which
both groups had more than 10 patients at risk remaining.

RMST differences (DRMST) with 95% confidence inter-
vals (CIs) were obtained.

Effect modification was explored by adding interaction 
terms between LT and ECOG-PS, age, and modality of LT 
(RT vs non–RT). Effect modification was assessed using 
unpenalized Cox proportional-hazards models, comparing
nested models with and without each interaction using
likelihood-ratio tests. The corresponding interaction p-
values were reported.

The association between LT and outcomes was evaluated 
using penalized Cox proportional-hazards models (ridge 
penalty, a = 0) with 10-fold cross-validation for k selection 
in OS and ToT. Model performance was assessed using Har-
rell’s concordance index (C-index) with 95% CIs, and calibra-
tion at 24 mo was evaluated using observed versus
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Table 1 – Clinical and pathological characteristics of patients treated 
with ARPI + ADT with or without local treatments. Significant p-
values were reported in bold.

p 
value 

Patients ARPI + ADT + local 
treatments
No (%)

ARPI + ADT 
No (%)

Total patients 83 371 – 
Age, yr (y)
Median [IQR] 66.5 [60–72] 72 [65–76.5] <0.001 

ECOG-PS 
0 61 (73) 245 (66) 0.175 
1 18 (22) 117 (32) 
2 4 (5) 9 (2) 

Grade Group at initial
diagnosis
1–3 21 111 0.527 
4–5 62 (75) 260 (70) 

Metastatic sites 
Distant Lymph 

nodes only
55 (66) 232 (63) 0.768 

Bone 
metastasis ± lymph
nodes

47 (57) 299 (81) <0.001 

Radiation therapy on 
the primary tumor

40 (48) – – 

Prostatectomy 43 (52) – – 
First-line treatment for mHSPC
Apalutamide + ADT 45 (54) 129 (35) 0.024 
Enzalutamide + ADT 15 (18) 87 (23) 
Abiraterone + ADT 23 (28) 155 (42) 

Docetaxel therapy 4 (5) 21 (6) 1.000 
PSA value before 
starting ADT + ARPI
Median (ng/ml)

[IQR]
16.8 [5.46–44.83] 66 [11.69–431.25] <0.001 

ADT = androgen deprivation therapy; ARPI = androgen receptor pathway 
inhibitor; ECOG-PS = Eastern Cooperative Oncology Group performance
status; IQR = interquartile range; mHSPC = metastatic hormone-sensitive
prostate cancer.
predicted survival. Age (per 10 yr) and baseline PSA (log10-
transformed) were modeled as continuous variables using 
natural cubic splines (3 degrees of freedom). To facilitate 
interpretation, clinically meaningful contrasts were derived 
from the spline-based penalized Cox models by comparing 
specific values of age (70 vs 60 y, 80 vs 70 y) and PSA (20,
50, 100, and 200 ng/ml vs 10 ng/ml), holding other covari-
ates at reference levels. Hazard ratios (HRs) were computed
as exponentiated differences in linear predictors, and 95%
CIs were obtained through nonparametric bootstrap resam-
pling (500 iterations), refitting the penalized Cox model at
each iteration.

Two-sided p < 0.05 values were considered statistically
significant.

Given the observational design, all analyses were 
hypothesis-generating and should be interpreted as associ-
ations rather than causal effects.

All statistical analyses were conducted using RStudio 
software (v4.5.1) and the following packages: survival, glm-
net, survRM2, survminer, spline.

2.4. Ethical considera tions

Ethical approval for the ARON-3 study was granted by the 
Ethics Committee of the Marche Region (2024-20) and the 
Institutional Review Boards of all participating sites, adher-
ing to the regulations in each respective country. The study 
was conducted in compliance with Good Clinical Practice
guidelines and international ethical standards for biomedi-
cal research. All procedures followed the ethical principles
set out in the Declaration of Helsinki for research involving
human participants.
3. Results 

3.1. Patient characte ristics

A total of 454 patients treated with ARPI for de novo low-
volume mHSPC were extracted from the ARON-3 dataset
(Fig. S2). Median follow-up was 24.4 mo (Interquartile 
range [IQR]: 13.2.3–37.7) in the entire cohort; 31.2 mo 
(IQR: 13.1–39.0) for patients with LT versus 23.9 mo (IQR:
13.2.3–37.7) for patients without LT (p = 0.7). At the time
of this analysis, 48 patients (11%) had died.

Patients and tumor characteristics are depicted in
Table 1. LT to the prostate was reported in 83 patients 
(18%) and consisted of RT in 40 patients (9%) and RP in 43 
patients (9%). In 74 patients (16%), LT was performed within 
6 mo of the start of ARPI plus ADT, whereas 8 patients (2%)
received LT after 6 mo from the beginning of doublet ther-
apy. Twenty-five patients (6%) received docetaxel-based
CHAARTED regimen before ARPI therapy in mHSPC. The
complete list of patient characteristics is illustrated in
Table 1. 

3.2. Time of treatment

In the 6-mo landmark cohort, ToT was longer in patients 
who received additional LT, although the association did
not reach statistical significance (HR: 0.54, 95% CI: 0.27–
1.10, p = 0.088, Fig. 1). The 2y-ToT rate was 86% in the LT
group versus 77% in the no-LT group. Median ToT was not
reached in either group.

The RMST at 36 mo reported a difference of 2.76 mo (95% 
CI: 0.32–6.58, p = 0.031) in the LT group compared with the
no-LT group.

We observed evidence of effect modification by ECOG-PS 
(p for interaction = 0.025), with a stronger association of LT 
with longer ToT among patients with ECOG-PS 0–1 than
among those with ECOG-PS 2. We found no evidence of
interaction with age (p = 0.10) or LT modality (p = 0.96).

In the ridge-penalized Cox regression, LT was an inde-
pendent predictor of ToT (HR: 0.79, 95% CI: 0.19–0.98)
(Table 2). The penalized model showed a C-index of 0.65 
(95% CI: 0.55–0.68). Calibration at 24 mo was reasonable,
although the model tended to underestimate absolute risk
(Fig. S3)

Moreover, we found no evidence that ARPI type (apalu-
tamide, enzalutamide, abiraterone) modified the associa-
tion between LT and ToT. None of the spline-based
contrasts for age or PSA showed significant associations in
the penalized model (Table 3).

3.3. Survival analysis 

In the 6-mo landmark cohort, OS was significantly longer in
patients receiving ARPI and LT compared with ARPI alone
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Fig. 1 – Time on Treatment in de novo low-volume mHSPC patients treated with ADT plus ARPI ± local treatments (LT, including prostatectomy and 
radiotherapy on primary tumor, RT). ADT = androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor; CI = confidence interval; HR = hazard
ratio; LT = local treatments; mHSPC = metastatic hormone-sensitive prostate cancer; RT = radiotherapy.

Table 2 – Ridge-penalized Cox regression for time on treatment

Ridge Regression HR (95% CI)

Local treatment (yes vs no) 0.79 (0.19–0.98) 
ECOG-PS (2 vs 0–1) 1.06 (0.16–5.58) 
Bone metastases (yes vs no) 0.97 (0.36–1.21) 
Distant lymph nodes (yes vs no) 0.92 (0.50–1.15) 
Grade group 4–5 versus Grade group 1–3 1.01 (0.70–1.83) 

CI = confidence interval; ECOG-PS = Eastern Cooperative Oncology Group
performance status; HR = hazard ratio.

Table 3 – Contrasts for age and PSA in the Ridge regression model for
time on treatment

HR (95% CI)

Age (yr) 
70 vs 60 0.95 (0.59–1.18) 
80 vs 70 0.95 (0.59–1.43) 
PSA (ng/ml) 
20 vs 10 0.99 (0.93–1.16) 
50 vs 10 0.98 (0.80–1.19) 
100 vs 10 0.98 (0.66–1.20) 
200 vs 10 0.99 (0.55–1.30) 

CI = confidence interval; HR = hazard ratio; PSA = prostate-specific
antigen.
(HR: 0.09, 95% CI: 0.01–0.64, p = 0.016, Fig. 2), with a corre-
sponding 2y-OS rate of 100% vs 85%.

The RMST at 36 mo reported a difference of 4.67 mo (95% 
CI: 3.18–6.17, p < 0.001) in favor of the LT group.

We observed no evidence that OS differed by ARPI type
in this cohort.
No evidence of effect modification was detected for 
ECOG-PS (p = 0.74), age (p = 0.09), or LT modalities
(p = 0.21).

In the ridge regression, LT remained the only statistically 
significant predictor (HR: 0.48, 95% CI: 0.07–0.59) (Table 4).

Model performance was acceptable, with a C-index of 
0.71 (95% CI: 0.63–0.71), and calibration at 24 mo was ade-
quate (Fig. S4). None of the age or PSA contrasts were statis-
tically significant (Table 5).

3.4. Safety and subsequent therapies

Thirty-four patients (7%) presented severe AEs (SAEs), 4 in 
the LT group (4%) and 30 in patients treated with ADT plus
ARPI (8%). The most frequent SAEs were fatigue (4%), rash
(2%), bone fractures (1%), and hypertension (1%).

Fifty-three of the patients progressed during first-line 
therapy (11% of patients with LT and 12% without LT). Fur-
ther treatments for metastatic castration-resistant prostate 
cancer (mCRPC) were: n = 21 docetaxel, n = 11 abiraterone
acetate, n = 7 enzalutamide, n = 4 cabazitaxel, n = 4 olaparib,
n = 6 others.

4. D iscussion

We initially hypothesized that cancer-control outcome dif-
ferences may exist in patients with low-volume de novo
mHSPC receiving LT according to the STAMPEDE criteria
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Fig. 2 – Overall Survival in de novo low-volume mHSPC patients treated with ADT plus ARPI ± local treatments (LT). ADT = androgen deprivation therapy;
ARPI = androgen receptor pathway inhibitor; CI = confidence interval; HR = hazard ratio; LT = local treatments; mHSPC = metastatic hormone-sensitive
prostate cancer.

Table 4 – Ridge-penalized Cox regressio n for overall survival

Ridge Regression HR (95% CI)

Local treatment (yes vs no) 0.48 (0.07–0.59) 
ECOG-PS (2 vs 0–1) 1.48 (0.16–14.59) 
Bone metastases (yes vs no) 1.27 (0.63–3.57) 
Distant lymph nodes (yes vs no) 0.92 (0.54–1.65) 
Grade group 4–5 vs Grade group 1–3 1.22 (0.79–2.95) 

CI = confidence interval; ECOG-PS = Eastern Cooperative Oncology Group
performance status; HR = hazard ratio.

Table 5 – Contrasts for age and PSA in the Ridge regression model for
overall survival

HR (95% CI )

Age (yr) 
70 vs 60 0.96 (0.53–1.36) 
80 vs 70 1.47 (0.88–2.97) 
PSA (ng/ml) 
20 vs 10 1.02 (0.98–1.33) 
50 vs 10 0.98 (0.78–1.40) 
100 vs 10 0.94 (0.55–1.43) 
200 vs 10 0.91 (0.41–1.52) 

CI = confidence interval; HR = hazard ratio; PSA = prostate-specific
antigen.
when simultaneously receiving ARPI. We tested this 
hypothesis within the multinational ARON-3 database and
made several important observations.
First, we observed that patient and tumor characteristics 
of the present study were well balanced for most baseline 
and tumor characteristics between the two groups, 
although some important differences were evident, particu-
larly for age and the presence of bone metastases. This rel-
ative balance likely reflects the homogeneous and strict 
inclusion criteria of the study, which focused on de novo 
low-volume mHSPC. The only statistically significant differ-
ence between the two groups was the rate of bone metas-
tases (57% vs 81%), a known prognostic factor; although
we adjusted for metastatic burden in our causal model, such
imbalances remain a potential source of residual confound-
ing. This is consistent with previous studies in which the
presence of bone metastases was associated with worse
oncological outcomes [23]. However, patient and tumor 
characteristics were basically comparable to other trials 
that evaluate the role of systemic or LT in patients with
low-volume prostate cancer [5,16–18,23–25]. Therefore, 
our results seem to be comparable to the currently available
data in the literature.

Second, we made some observations regarding ToT and 
OS of patients with de novo low-volume mHSPC receiving 
ARPI ± LT. In the 6-mo landmark cohort, patients receiving 
LT had longer ToT than those with ARPI alone, although this
association did not reach conventional statistical signifi-
cance in the unadjusted Cox model, whereas RMST sug-
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gested a modest but statistically significant difference at 
36 mo. The magnitude of the association between LT and 
ToT in our analyses was broadly comparable to the HRs 
for PFS or failure-free survival reported in phase II/III trials
of LT in de novo low-volume disease receiving ADT alone,
suggesting a similar relative effect across different systemic
backbones [16–18]. One might argue that a follow-up of 
24.4 mo in the present study might not be sufficient for a 
conclusive analysis of OS rates, also in light of the low event 
rate, especially in the LT group. Still, when comparing the
ARPI group without LT in the present study, OS results are
broadly similar to pivotal studies of the respective ARPIs
[5,22]. Therefore, these associations between LT and ARPIs 
may persist with longer follow-up, but confirmation in
prospective studies is needed.

Third, our findings align with prior research demonstrat-
ing the oncological benefits of LT in mHSPC. The STAMPEDE 
and HORRAD trials previously showed that LT with RT 
improves PFS and failure-free survival in patients receiving 
ADT alone. However, the role of LT in combination with 
intensified systemic therapy, such as ARPI, has remained 
unclear. Our observational data contribute to this evidence, 
suggesting that LT is associated with more favorable onco-
logical outcomes even among patients receiving ARPI, a
more potent systemic therapy than ADT alone. Moreover,
we compare our results directly to the results of the phase
III PEACE-1 trial, where adding RT to standard of care plus
abiraterone improved PFS and castration resistance-free
survival, but not OS, in patients with de novo low-volume
mHSPC [6,20]. Our findings are consistent with the PEACE-
1 results for ToT, but we observed an association with 
longer OS. Moreover, in PEACE-1, median OS for de novo 
low-volume mHSPC was 7.5 vs 6.9 yr for standard of care 
plus/minus abiraterone and with vs without RT. However, 
the standard of care within the PEACE-1 trial was heteroge-
neous and partly (50%–60%) consisted of docetaxel com-
bined with abiraterone, which is currently not considered
the standard of care and may have influenced OS outcomes.
Taken together, the underlying systemic treatments dif-
fered compared to PEACE 1 and might also have influenced
the results.

We performed a 6-mo landmark analysis to emulate a 
pragmatic target trial and minimize immortal-time bias. 
Within this framework, patients receiving LT within 6 mo 
appeared to have similar associations with ToT and OS. 
However, our data are insufficient to determine an optimal 
timing of LT or to recommend delaying local therapy in clin-
ical practice. Our study was not powered to compare RT ver-
sus RP directly, and both modalities appeared to have
broadly similar associations with oncological outcomes.
Nonetheless, the findings and methods are consistent with
previous studies grouping RP and RT as a cytoreductive
treatment modality [18]. 

We also observed important findings regarding AE rates. 
Specifically, adding LT to ARPI was not associated with an 
increase in new safety signals in terms of higher SAE rates. 
This observation is very important, as a more intensive ther-
apy, which shows better oncological results, might also lead
to higher rates of AEs, which might lower the overall benefit
and reduce quality of life. Unfortunately, our study lacks
data providing information on local symptoms. A potential 
reduction of local complications is, besides the outlined 
oncologic benefit, a major argument for favoring LT in 
mHSPC. In the HORRAD trial, for example, a reduction of
local events by almost half from 50/216 to 30/216 patients
due to RT was observed (p = 0.04) [17]. In the LOMP trial, 2-
yr local event-free survival rates were 92%, 77%, and 60% for
patients with RP, RT, and no LT in mHSPC, respectively.

This study has several strengths. We used a 6-mo land-
mark design to minimize immortal-time bias, and we 
adjusted for a prespecified causal set of key baseline con-
founders in line with contemporary recommendations for
observational research. We also applied ridge-penalized
Cox models to stabilize estimates in the presence of corre-
lated variables and improve the robustness of regression
coefficients [26,27]. Model performance was evaluated 
through discrimination and calibration at 24 mo, a clinically 
relevant time point given the median follow-up of our
cohort and current guidance for survival prediction models
[28]. 

In addition to the above-mentioned limitations, our 
study should be interpreted in light of the nonrandomized, 
retrospective design and the mid-term follow-up duration. 
Moreover, some missing data, as well as other unreported 
variables, may have influenced cancer-control outcomes, 
eg, the staging modality used for metastases (conventional 
vs molecular imaging). Patients receiving LT were younger
and less likely to have bone metastases at baseline, consis-
tent with confounding by indication. Although we
attempted to mitigate this bias by adjusting for a prespeci-
fied causal set of confounders and by using penalized
regression, some degree of residual confounding cannot be
excluded [29,30]. Furthermore, the surgical experience 
and the exact RT protocol are unknown and might differ.

ToT calibration at 24 mo suggested that the model 
tended to underestimate absolute risk across strata. These
factors should be considered when interpreting our results.

Taken together, our real-world data suggest that adding 
LT to ARPIs in patients with de novo low-volume mHSPC is 
associated with longer ToT and OS. These findings are 
hypothesis-generating and support further evaluation of 
LT as part of multimodal treatment strategies in this popu-
lation, but they should not be interpreted as definitive evi-
dence. LT, in addition to ARPI, as the backbone of therapy,
may be considered as part of multimodal treatment in
decision-making for patients with de novo low-volume
mHSPC, while acknowledging residual confounding and
the hypothesis-generating nature of the findings. Neverthe-
less, further prospective studies are warranted to validate
these findings and refine patient selection criteria for LT in
this setting.
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