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The role of RT in mHSPC: the primary, the oligometastases or both?
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Benefit of radiotherapy in mHSPC

MJ Connor et al. Nature reviews Clinical Oncology, 2020

Biological Rationale

• To decrease the total tumor burden
• To induce an immunogenic response 

that releases substances that trigger 
systemic antitumor effects (abscopal 
effects) 

• To abolish supportive interactions 
between the primary tumour and 
metastases

Clinical  Rationale

• Citoreductive effect
• Destruction of resistant cells subclones  

 Delay systemic treatment
• Increased local  control and reduction of

urinary symptomatology  

tumour resection or chemotherapy alone substantially 
decreased the number of metastases compared with 
those observed in untreated rats, only the combination 
of primary tumour excision with postoperative chemo-
therapy prolonged survival and resulted in cure in some 
rats48. In a similar rat model, Grinis et al.49 confirmed 
that cytoreductive surgery of primary R3327-MAT-LyLu 
flank tumours resulted in a statistically significant 
reduction in metastatic burden in the lungs (P < 0.05). 
In addition, increased T helper cell to regulatory T 
(Treg) cell ratios were observed in the blood of these rats 
after cytoreductive surgery, suggesting a beneficial host 
immune response to tumour excision49.

Clinical evidence
In a comparison of prostatectomy specimens from 
patients with locally advanced or lymph node metastatic 
prostate cancer who received a year of treatment with 
ADT plus three cycles of docetaxel and of archived spec-
imens from patients with untreated high-grade prostate 
cancer, Tzelepi et al.25 found no statistically significant 
difference in the expression of proteins associated with 
proliferation and apoptosis. Moreover, the expression of 

certain factors implicated in tumorigenesis, including 
proteins involved in androgen synthesis, Hedgehog sig-
nalling and angiogenesis, were increased after systemic 
therapy. The authors concluded that potentially lethal 
cancer cells persist in the primary tumour even after 
chemohormonal therapy and might contribute to dis-
ease progression25. Thus, even in patients who seem to 
have effective cancer control with systemic agents alone, 
the continued presence of the primary tumour might 
provide an uncontrolled source of cells with the capacity 
to seed new distant metastasis.

Weckermann et al.50 analysed bone marrow aspirates 
from 384 men with clinically localized prostate cancer 
and found, unsurprisingly, that the number of DTCs 
(defined as cytokeratin-positive cells) prior to radical 
prostatectomy was an independent predictor of develop-
ment of distant metastasis within 48 months of surgery. 
Interestingly, however, the number of DTCs detected 
postoperatively had no effect on the risk of developing 
metastatic disease50. The authors hypothesized that the 
persistence of a primary tumour–DTC interplay might 
be required to stimulate DTCs to form overt prostate 
cancer metastases50.

↑ Exposure of potential 
tumour antigen

↓ Levels of cytokines 
(for example, PlGF, 
VEGF and IL-6)

↓ Production of chemokines 
(for example, IL-8)

↓ Levels of tumour-shed 
microRNAs

↓ Production of 
endocrine factors

↑ Release  of DAMPs
↓ Numbers of CTCs

↓ Numbers of DTCs

↓ Local angiogenesis

↑ DC activation

↑ MHC expression

↑ Levels of cytokines 
and chemokines 
(such as HSP70) 

Prevention of primary tumour 
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Fig. 1 | Mechanisms underlying the potential clinical benefits of local cytoreductive treatment and metastasis- 
directed therapy of prostate cancer. Local cytoreduction of a primary prostate cancer (and/or metastases thereof) has 
various effects on tumour-derived factors that are likely to translate into survival benefits for patients, predominantly by 
removing a source of circulating tumour cells (CTCs) and disseminated tumour cells (DTCs) and by abrogating the 
supportive interactions between the primary tumour and metastases, which involve cytokines, chemokines and 
microRNAs. These effects would be expected to limit the growth of existing lesions and/or delay or prevent the outgrowth 
of new meta stases and might be enhanced by the suppression of angiogenesis in the tumour microenvironment (TME) 
as a result of radiotherapy or ablative therapy. Metastasis-directed therapy with ionizing radiation (primarily stereotactic 
ablative radiotherapy) or other ablative therapies can be associated with abscopal effects on lesions located outside the 
field of treatment. These effects on distant tumours reflect the release of tumour antigens and damage-associated 
molecular patterns (DAMPs) as well as the upregulation of MHC presentation in the treated lesion that can result in local 
activation of immune cells, including dendritic cells (DCs) and cytotoxic T cells, which can subsequently mediate a 
systemic antitumour immune response. These abscopal responses could potentially be promoted through enhancement 
of T cell activity , for example, through immune-checkpoint inhibition (ICI), and might also occur with irradiation or 
ablation of the primary tumour (not shown). HSP70, heat shock protein 70; MIAT, minimally invasive ablative therapy.
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Median OS 85.5m vs 63.6m
5y OS 65% vs 53%
HR = 0.68 (95% CI 0.52 to 0.79; p < 0.001 [p = 0.00004])
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failure-free survival, restricted to the first 59 months 
on trial, was 21·4 months in the control group, 
compared with 26·2 months with radiotherapy (difference 
4·8 months, 95% CI 2·8–6·7; p<0·0001; table 2).

In the prespecified subgroup analysis by metastatic 
burden, failure-free survival was improved in patients 
with low metastatic burden at baseline who were allocated 
radiotherapy (HR 0·59, 95% CI 0·49–0·72; p<0·0001; 
table 2). Evidence of a differential treatment effect from 
radiotherapy compared with the high metastatic burden 
subgroup was also noted (interaction p=0·002; HR 0·88, 
95% CI 0·77–1·01; p=0·059; figure 4). The appendix (p 8) 
shows prespecified and exploratory consistency-of-effect 
analyses.

643 (84%) of 761 deaths were attributed to prostate 
cancer (329 [84%] of 391 in the control group and 
314 [85%] of 370 in the radiotherapy group). Adjusted 
competing risks regression for prostate cancer-specific 
survival using the Fine and Gray method provided no 
evidence of an overall treatment effect (sub-HR 0·94, 
95% CI 0·81–1·10; robust p=0·431; table 2). There was 
evidence of an effect in patients with low metastatic 

burden (sub-HR 0·65, 95% CI 0·47–0·90; robust 
p=0·010), but no evidence of a treatment effect was noted 
in patients with high metastatic burden (1·11, 0·92–1·33; 
robust p=0·279). A significant interaction was seen 
between treatment effect and metastatic burden (robustly 
estimated interaction p=0·007).

The appendix (pp 9, 10) shows the analysis of 
progression-free survival for all patients and by baseline 
metastatic burden. A treatment effect was only noted in 
patients with a low metastatic burden (HR 0·78, 95% CI 
0·63–0·98; p=0·033; table 2).

One or more symptomatic local events were reported by 
432 (42%) of 1029 patients allocated to the control group 
compared with 450 (44%) of 1032 patients assigned to the 
radiotherapy group. There was no evidence of a difference 
in time to first symptomatic local event by treatment 
allocation (HR 1·07, 95% CI 0·93–1·22; p=0·349; table 2). 
Table 3 shows the number of patients reporting each type 
of symptomatic local event at least once.

There was some evidence of heterogeneity in the effect 
on failure-free survival by nominated radiotherapy 
schedule (interaction p=0·072; appendix p 8). Prespecified 

A Overall survival in low metastatic burden

C Failure-free survival in low metastatic burden D Failure-free survival in high metastatic burden

B Overall survival in high metastatic burden
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Figure 4: Overall survival and failure-free survival by treatment and metastatic burden
HR=hazard ratio. Solid lines show the Kaplan-Meier analysis and dotted lines show the flexible parametric model.

Fig. 2 – Kaplan-Meier estimates of overall survival (intention to treat).
ADT = androgen deprivation therapy.

Fig. 3 – Forest plot of the crude HRs with 95% CIs based on different covariates.a

ADT = androgen deprivation therapy; CI = confidence interval; HR = hazard ratio; PSA = prostate-specific antigen.
a None of the subgroups defined by the different covariates showed a significant difference in hazard ratio (p > 0.05).
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Benefit of prostate radiotherapy in low burden mHSPC
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Abstract

Background: Many trials are evaluating therapies for men with metastatic hormone-
sensitive prostate cancer (mHSPC).
Objective: To systematically review trials of prostate radiotherapy.
Design, setting, and participants: Using a prospective framework (framework for
adaptive meta-analysis [FAME]), we prespecified methods before any trial results were
known. We searched extensively for eligible trials and asked investigators when results
would be available. We could then anticipate that a definitive meta-analysis of the
effects of prostate radiotherapy was possible. We obtained prepublication, unpublished,
and harmonised results from investigators.
Intervention: We included trials that randomised men to prostate radiotherapy and
androgen deprivation therapy (ADT) or ADT only.
Outcome measurements and statistical analysis: Hazard ratios (HRs) for the effects of
prostate radiotherapy on survival, progression-free survival (PFS), failure-free survival
(FFS), biochemical progression, and subgroup interactions were combined using
fixed-effect meta-analysis.
Results and limitations: We identified one ongoing (PEACE-1) and two completed
(HORRAD and STAMPEDE) eligible trials. Pooled results of the latter (2126 men; 90%
of those eligible) showed no overall improvement in survival (HR = 0.92, 95% confidence
interval [CI] 0.81–1.04, p = 0.195) or PFS (HR = 0.94, 95% CI 0.84–1.05, p = 0.238) with
prostate radiotherapy. There was an overall improvement in biochemical progression
(HR = 0.74, 95% CI 0.67–0.82, p = 0.94 ! 10"8

[45_TD$DIFF]) and FFS (HR = 0.76, 95% CI 0.69–0.84,
p = 0.64 ! 10"7), equivalent to #10% benefit at 3 yr. The effect of prostate radiotherapy

y These authors are joint second authors.
* Corresponding author. MRC Clinical Trials Unit at UCL, Meta-analysis Group, 90 High Holborn,
London WC1V 6LJ, UK. Tel. +44 207670 4722.
E-mail address: sarah.burdett@ucl.ac.uk (S. Burdett).

https://doi.org/10.1016/j.eururo.2019.02.003
0302-2838/© 2019 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/).

performance status, clinical T stage, nodal status, Gleason sum score,
type of hormone therapy, disease history, location ofmetastases, number
of bone metastases, and volume of disease by the CHAARTED [8] and
LATITUDE [9] definitions).

We assessed the risk of bias [10] of included trials based on sequence
generation, allocation concealment, completeness of outcome data, and
selective outcome reporting, using information obtained from trial
protocols, manuscripts, or investigators.

2.7. Analysis

2.7.1. Planning reliable meta-analyses
In early 2018, we identified three trials eligible for comparison A:
STAMPEDE [11], HORRAD [12], and PEACE-1 (NCT01957436; Table 1). We
found that the ongoing PEACE-1 trial was not [47_TD$DIFF]due [48_TD$DIFF]to [49_TD$DIFF]report for some
years, but the STAMPEDE and HORRAD trials would report in late

2018.We anticipated that eachwould have amedian follow-up of at least
3 yr andwould provide results for 2140men[50_TD$DIFF]; 90% of those[7_TD$DIFF] eligible. Based
on typical 3-yr survival in mHSPC [9,13], we predicted that these would
give approximately 66% and 99% power to detect 5% and 10% absolute
differences in 3-yr survival, respectively. Thus, we planned an early,
potentially definitive meta-analysis.

Two trials were eligible for comparison B: STAMPEDE [11] and
PEACE-1 (NCT01957436), potentially including 1299 men (Table 2).
However, as only the STAMPEDE results for 367 men randomised to
receive docetaxel as part of the standard of carewere anticipated in 2018,
a definitive meta-analysis of comparison B is planned later.

2.7.2. Measuring treatment effects
For time-to-event outcome measures (overall survival, PFS, FFS, and
biochemical progression) and hazard ratios (HRs) were combined using
the fixed-effect model [51_TD$DIFF][14]. Chi-square tests and I2 [46_TD$DIFF] statistic were used to

Table 2 – Characteristics of trials (or parts of trials) eligible for comparison B

Trial Years of
accrual

De novo or
relapsed M1?

Treatment Control Number [1_TD$DIFF]of
patients
accrued

Radiotherapy Docetaxel Abiraterone/
[17_TD$DIFF]Prednisone

ADT

B [18_TD$DIFF]1 Radiotherapy [19_TD$DIFF] +[20_TD$DIFF] abiraterone[21_TD$DIFF] +[22_TD$DIFF] ADT versus abiraterone[23_TD$DIFF] +[22_TD$DIFF] ADT
PEACE-1B1
(NCT01957436)

2013 [24_TD$DIFF]-2018* De novo 74Gy, 37 fractions[25_TD$DIFF]
within 7 to 8 wk

- Abiraterone
1000mg/[26_TD$DIFF]day

Prednisone
10mg/ [26_TD$DIFF]day

ADT LHRH agonist
or antagonist or
orchiectomy

[2_TD$DIFF]229

B [27_TD$DIFF]2 Radiotherapy [19_TD$DIFF] +[28_TD$DIFF] docetaxel[29_TD$DIFF] + [30_TD$DIFF] ADT versus docetaxel [31_TD$DIFF] +[30_TD$DIFF] ADT
STAMPEDE B2[3_TD$DIFF]
[11]
([32_TD$DIFF]Arm H vs [32_TD$DIFF]Arm A)

2015 [33_TD$DIFF]-2016 De novo 36Gy, 6 fractions
over 6 [34_TD$DIFF]weeks
or
[3_TD$DIFF]55Gy, 20 fractions
over 4 [35_TD$DIFF] wk

According to local
protocol or 75mg/
m2 every 3 [36_TD$DIFF] wk for
6 cycles

[33_TD$DIFF]- ADT LHRH agonist
or antagonist or
orchiectomy

[5_TD$DIFF]367

PEACE-1B2
[3_TD$DIFF](NCT01957436)

2013 [24_TD$DIFF]-2018* De novo 74Gy, 37 fractions
within 7 [37_TD$DIFF] to 8 [38_TD$DIFF] wk

75mg/m2 every 3[36_TD$DIFF]
wk for 6 cycles

[33_TD$DIFF]- ADT LHRH agonist
or antagonist or
orchiectomy

[39_TD$DIFF]355

B [40_TD$DIFF]3 Radiotherapy [19_TD$DIFF] +[20_TD$DIFF] abiraterone[21_TD$DIFF] +[41_TD$DIFF] docetaxel [ 29_TD$DIFF] +[30_TD$DIFF] ADT versus abiraterone[23_TD$DIFF] +[41_TD$DIFF] docetaxel[29_TD$DIFF] +[30_TD$DIFF] ADT
PEACE-1B3
(NCT01957436)

2013 [24_TD$DIFF]-2018* De novo 74Gy, 37 fractions
within 7 [37_TD$DIFF] to 8 [38_TD$DIFF] wk

75mg/m2 every 3[36_TD$DIFF]
wk for 6 cycles

Abiraterone
1000mg/[26_TD$DIFF]day

Prednisone
10mg/ [26_TD$DIFF]day

ADT LHRH agonist
or antagonist or
orchiectomy

[42_TD$DIFF]355

ADT = androgen deprivation therapy; LHRH = luteinising hormone-releasing hormone. [16_TD$DIFF] *PEACE-1 closed to accrual between submission and acceptance of the
manuscript

Table 1 – Characteristics of trials (or parts of trials) eligible for comparison A

Trial Years of
accrual

Number
of men

randomised

De novo
or relapsed

M1?

Treatment Control Median
follow-up
(survival)

Radiotherapy ADT

Radiotherapy + ADT vs ADT
STAMPEDE A1 [11]
(arm H vs arm A)

2013–2016 1694 De novo 36 Gy, 6 fractions over
6 wk or 55 Gy,
20 fractions over 4 wk

ADT (LHRH agonist or
antagonist or orchiectomy)

41.9 mo

HORRAD [12] 2004–2014 432 De novo 70 Gy, 35 fractions over
7 wk or [13_TD$DIFF]57.76 [14_TD$DIFF]Gy,
19 fractions over 6 wk

ADT (LHRH agonist or
orchiectomy)

47 mo

PEACE-1A1 (NCT01957436) 2013–[15_TD$DIFF]2018* 234 De novo 74 Gy, 37 fractions
within 7–8 wk

ADT (LHRH agonist or
antagonist or orchiectomy)

Not yet
available

ADT = androgen deprivation therapy; LHRH = luteinising hormone-releasing hormone. [16_TD$DIFF] *PEACE-1 closed to accrual between submission and acceptance of the
manuscript
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approaches, and proportions of men with low and high
metastatic burdens, this pattern was remarkably and
reassuringly consistent across trials and outcomes. As a
prospectively designed FAME review, all methods were
published (unless otherwise specified) before trial results
were known. This includes the preplanned subgroup
analyses by metastatic burden, albeit that we had to
collapse subgroup categories. We were able to anticipate
when the results of STAMPEDE and HORRAD were due,
allowing us to align the review with publication of their
results [11,12]. By obtaining unpublished trial results, we
could harmonise outcome and subgroup definitions and
conduct additional analyses. Hence, we have been able to
provide a more timely, reliable, and thorough synthesis of
the effects of prostate radiotherapy than is usually possible
with summary results [5].

4.3. Limitations

Only two of the relevant trials are included, but the
234 eligible men from the [63_TD$DIFF]recently completed PEACE-1 trial
(Table 1) represent just 10% of the total, and so its results are
unlikely to materially affect our findings. While the
STAMPEDE trial heavily influences the results, the HORRAD
trial has longer follow-up and adds considerable weight to
the analyses of all outcome measures (23–28%; Fig. 1),
including the survival analysis by metastatic burden (25%;
Fig. 3). Therefore, until internationally agreed, optimised

definitions of themetastatic burden and the oligometastatic
state are determined [22], the number of bone metastases
alone could help identify groups of men who might benefit
from prostate radiotherapy.

4.4. Context

Results from PEACE-1 in combination with the current
results of STAMPEDE will provide the first substantive
evidence of how prostate radiotherapy works in conjunc-
tion with docetaxel and/or abiraterone. A new trial (SWOG
S1802, NCT03678025) of standard systemic therapy with or
without definitive treatment (surgery or radiotherapy)
may also contribute to this comparison, if it stratifies
by definitive treatment. Three trials (TROMBONE [ISRCTN
15704862], g-RAMPP [NCT02454543], and SIMCAP
[NCT03456843]) are investigating whether radical prosta-
tectomy offers an alternative to radical radiotherapy in this
setting, and two trials [19] (NCT[64_TD$DIFF]02913859) and a new
STAMPEDE arm are evaluating the effects of administering
radiotherapy to metastatic sites as well as the prostate.

4.5. Implications

The collection of IPD from relevant trials could help
determine which men with mHSPC benefit more or less
from prostate radiotherapy and what the optimal definition
of metastatic burdenmight be. A comprehensive repository

[(Fig._3)TD$FIG]

Fig. 3 – Effect of adding prostate radiotherapy to ADT on survival, progression-free survival, and failure-free survival (exploratory) by the number of
bone metastases. ADT = androgen deprivation therapy; HR = hazard ratio; RT = radiotherapy.
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There was 7% improvement in 3-yr survival in men 
with < 5 bone metastases. Sarah Burdett, European Urology 2019 
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Figure 2: Kaplan–Meier 
estimates of radiographic 
progression-free-survival 
and overall survival in 
patients with low-volume 
metastatic disease and the 
overall population
Radiographic progression-free 
survival per intervention 
group for patients with low-
volume disease (A) and for the 
overall population (B). Overall 
survival after the pooling of 
intervention groups allocated 
to radiotherapy for patients 
with low-volume disease (C) 
and for the overall 
population (D). Overall 
survival per intervention 
group for patients with low-
volume disease (E) and for the 
overall population (F). 
Standard of care was 
androgen-deprivation therapy 
with or without docetaxel. 
HR=hazard ratio.
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Figure 2: Kaplan–Meier 
estimates of radiographic 
progression-free-survival 
and overall survival in 
patients with low-volume 
metastatic disease and the 
overall population
Radiographic progression-free 
survival per intervention 
group for patients with low-
volume disease (A) and for the 
overall population (B). Overall 
survival after the pooling of 
intervention groups allocated 
to radiotherapy for patients 
with low-volume disease (C) 
and for the overall 
population (D). Overall 
survival per intervention 
group for patients with low-
volume disease (E) and for the 
overall population (F). 
Standard of care was 
androgen-deprivation therapy 
with or without docetaxel. 
HR=hazard ratio.
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Abstract

Background and objective: The utility of prostate radiotherapy (RT) is unclear in men
with metastatic hormone-sensitive prostate cancer (mHSPC) receiving intensified sys-
temic therapy with androgen deprivation therapy (ADT) and androgen receptor pathway
inhibitors (ARPIs). We performed a network meta-analysis of randomized controlled tri-
als (RCTs) to investigate the role of prostate RT in low-volume mHSPC.
Methods: Bibliographic databases and conference proceedings were searched through
July 2023 for RCTs evaluating the addition of ARPIs or prostate RT to standard of care
(SOC) systemic therapy, defined as ADT or ADT plus docetaxel, for the initial treatment
of mHSPC. We focused exclusively on aggregate data from the low-volume mHSPC sub-
population in these trials. We pooled the treatment arms into four groups: SOC, SOC plus
ARPI, SOC plus RT, and SOC plus ARPI plus RT. The primary outcome was overall survival
(OS). To compare treatment strategies, a fixed-effects Bayesian network meta-analysis
was undertaken, while a Bayesian network meta-regression was performed to account
for across-trial differences in docetaxel use as part of SOC and in proportions of patients
with de novo presentation.
Key findings and limitations: Ten RCTs comprising 4423 patients were eligible. The
Surface Under the Cumulative Ranking Curve scores were 0.0006, 0.45, 0.62, and 0.94
for SOC, SOC plus RT, SOC plus ARPI, and SOC plus ARPI plus RT, respectively. On a
meta-regression, in a population with de novo mHSPC and no docetaxel use, we did
not find sufficient evidence of a difference in OS between SOC plus ARPI plus RT versus
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2. Methods

2.1. Search strategy and selection criteria

We included parallel-design phase 3 randomized trials in
mHSPC. The interventions of interest were SOC systemic
therapy (defined as ADT with or without docetaxel), SOC
plus ARPI, SOC plus prostate RT, and SOC plus ARPI plus
RT. We excluded meta-analyses and reviews, registered tri-
als or trials with published protocols but lacking published
results or lacking results presented in abstract form, and
articles not written in English. The study protocol was reg-
istered in the International Prospective Register of System-
atic Reviews (PROSPERO, CRD42023445641).

To identify all relevant randomized trials, a literature
review was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines. A systematic literature
search was performed using MEDLINE and Scopus from
inception through July 16, 2023. In addition, proceedings
of the annual meeting and Genitourinary Cancers Sympo-
sium of the American Society of Clinical Oncology, and the
annual congress of the European Society for Medical Oncol-
ogy were searched between 2014 and June 2023. Two
investigators (S.R. and S.C.M.) independently performed
the screening. Two investigators (S.R. and G.F.) indepen-
dently extracted data from included trials, and two investi-
gators (S.C.M. and C.J.D.W.) verified the extracted data.
Discrepancies were resolved through consensus. Data
extracted included trial design, interventions, proportion
of patients with de novo mHSPC (as opposed to relapsed
mHSPC after prior treatment), proportion of patients in
whom docetaxel was added to ADT as part of initial SOC
systemic therapy, follow-up duration, and results with
respect to OS. The numbers of deaths and hazard ratios
(HRs) for OS, with associated 95% confidence intervals
(CIs), were collected for patients with low-volume mHSPC.
For those trials with published updates, we included the
most recent published analysis for the outcome of interest.

2.2. Data analysis

We pooled the treatment arms into one of four groups: SOC
systemic therapy, SOC plus ARPI, SOC plus RT, and SOC plus
ARPI plus RT. We applied a Bayesian fixed-effects hierarchi-
cal model with four parallel Markov chains (consisting of
150 000 samples) to compare the pooled treatment effects
from the four treatment regimens. Heterogeneity was eval-
uated using s2, H, and Q-statistic values separately for the
group of trials that investigated the addition of ARPI to
SOC systemic therapy and for the group of trials that inves-
tigated the addition of RT to SOC systemic therapy. Treat-
ments were ranked by the Surface Under the Cumulative
Ranking Curve (SUCRA) score. A SUCRA value of 1 indicates
that the treatment is certain to be the best/preferred choice
and 0 indicates that it is certain to be the worst.

The trials varied with respect to the proportion of
patients in whom SOC systemic therapy included docetaxel
while the trials investigating the addition of ARPIs further
varied with respect to the proportion of patients with de
novo presentation with metastatic disease. To account for

these differences, a Bayesian network meta-regression was
performed for pairwise comparisons of the efficacy of the
four treatment strategies after adjustment for the propor-
tion of de novo mHSPC patients and the docetaxel utiliza-
tion rate. SWOG 1216 was omitted from this meta-
regression as orteronel, the ARPI investigated in this trial,
has not been shown to improve survival in mHSPC and is
not approved for use in this setting. Trace plots and
Gelman-Rubin-Brooks plots were used to assess conver-
gence. All statistical analyses were performed using R ver-
sion 4.2.2 (2022-10-31; The R Foundation for Statistical
Computing).

3. Results

A total of ten RCTs comprising 18 full publications and one
abstract were eligible for this NMA [1–3,7–10,12,15–25].
Across these trials, a total of 4423 patients with low-
volumemHSPCwere included (Fig. 1). The studies have been
summarized in Table 1. Overall, 2043 patients received SOC
systemic therapy alone, 1629 received SOC plus ARPI, 625
received SOC plus prostate RT, and 126 received SOC plus
ARPI plus RT. Among patients treated with SOC plus ARPI,
482 received enzalutamide, 465 received abiraterone, 328
received orteronel, 200 received apalutamide, and 154
received darolutamide. Among patients who received SOC
plus ARPI plus RT, abiraterone was the ARPI received by all
patients. RT dose-fractionation regimens used in these trials
included 55 Gy in 20 fractions (n = 240, STAMPEDE arm H),
36 Gy in six fractions given weekly (n = 170, STAMPEDE
arm H), 74 Gy in 37 fractions (n = 252, PEACE-1), and 70 Gy
in 35 fractions (n = 89, HORRAD). Measures of between-
trial heterogeneity are reported in Supplementary Table 2.

The median follow-up duration of surviving patients in
all included trials is presented in Table 1. Based on the
fixed-effects Bayesian NMA, compared with SOC, the addi-
tion of RT alone was associated with a 27% reduction in

SOC

SOC + ARPI

SOC + ARPI + RT

SOC + RT

(n = 2043)

(n = 1629)

(n = 625)

(n = 126)

Fig. 1 – Network graph of the treatment comparisons, with nodes repre-
senting competing treatments and the sides representing RCTs for the
specific pairs of treatments. ARPI = androgen receptor pathway inhibitor;
RCT = randomized controlled trial; RT = radiotherapy; SOC = standard of
care.
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the hazard for death (pooled HR: 0.73; 95% credible interval
[CrI]: 0.62–0.87), while SOC plus ARPI was associated with a
32% reduction (pooled HR: 0.68; 95% CrI: 0.60–0.78) and
SOC plus ARPI plus RT was associated with a 47% reduction
(pooled HR: 0.53; 95% CrI: 0.34–0.81) in the hazard for
death (Fig. 2A). SUCRA scores were 0.0006, 0.45, 0.62, and
0.94 for SOC, SOC plus RT, SOC plus ARPI, and SOC plus ARPI
plus RT, respectively. A rankogram that shows the probabil-
ities of the four treatment strategies assuming each of the
possible ranks is shown in Figure 3.

The direction and magnitude of pooled treatment effects
from a sensitivity analysis excluding SWOG 1216 were sim-
ilar to those from the primary analysis. Compared with SOC
systemic therapy, SOC plus RT was associated with a 27%
reduction in the hazard for death (pooled HR: 0.73; 95%
CrI: 0.62–0.87), while SOC plus ARPI was associated with a
significant 36% reduction in the hazard for death (pooled
HR: 0.64; 95% CrI: 0.56–0.74) and SOC plus ARPI plus RT
was associated with a significant 51% reduction in the haz-
ard for death (pooled HR: 0.49; 95% CrI: 0.32–0.76). The
SUCRA scores were 0.0003, 0.40, 0.66, and 0.95 for SOC,
SOC plus RT, SOC plus ARPI, and SOC plus ARPI plus RT,
respectively. In the corresponding rankogram (Supplemen-
tary Fig. 1), SOC plus ARPI plus RT was most likely to be
the best treatment strategy, which was consistent with
the primary analysis.

We visually explored the correlation of the proportions
of trial patients who received docetaxel as part of their

systemic therapy with treatment effect (Supplementary
Fig. 2A) and the proportions of trial populations with de
novo mHSPC (Supplementary Fig. 2B) with treatment
effect in trials that investigated the addition of ARPI to
the SOC systemic therapy. In the four trials that investi-
gated the addition of prostate RT to SOC systemic therapy,
we similarly explored the correlation between the propor-
tions of trial populations receiving docetaxel with treat-
ment effect from prostate RT (Supplementary Fig. 2C).
Based on a Bayesian network meta-regression, in a popu-
lation with de novo mHSPC and no use of docetaxel, SOC
plus ARPI plus RT was associated with a nonsignificant
23% reduction in the hazard for death (HR: 0.77; 95%
CrI: 0.51–1.16) relative to SOC plus ARPI. Similarly, there
was no significant difference in treatment effect from
SOC plus RT versus SOC plus ARPI (HR: 1.10; 95% CrI:
0.92–1.42; Fig. 2B).

In a second sensitivity analysis, we limited our Bayesian
fixed-effects NMA to RCTs that enrolled only patients with
de novo mHSPC. SOC plus ARPI plus RT was associated with
a 48% reduction in the hazard for death (HR: 0.52; 95% CrI:
0.34–0.81) compared with SOC alone. SOC plus RT (HR:
0.73; 95% CrI: 0.62–0.87) and SOC plus ARPI (HR: 0.68;
95% CrI: 0.60–0.78) were associated with smaller improve-
ments in OS when compared with SOC alone. Further, SOC
plus ARPI plus RT was associated with a nonsignificant
23% reduction in the hazard for death compared with SOC
plus ARPI (HR: 0.77; 95% CrI: 0.51–1.16).

Table 1 – Summary of included randomized controlled trials

Study Treatment Number of
patients
with
low
metastatic
burden

Proportion of
patients with
receipt of
docetaxel a

Proportion
of
population
with de
novo
presentation

Median
follow-
up
duration
(mo)

ARASENS (NCT02799602) ADT + docetaxel 146 1.00 0.83 42.4
ADT + docetaxel + ARPI (darolutamide) 154 1.00 0.82 43.7

ARCHES (NCT02677896) ADT with/without docetaxel 203 0.18 0.63 44.6
ADT with/without docetaxel + ARPI
(enzalutamide)

220 0.18 0.70 44.6

ENZAMET (NCT02446405) ADT with/without docetaxel 261 0.27 0.47 68.0
ADT with/without docetaxel + ARPI
(enzalutamide)

262 0.28 0.46 68.0

HORRAD (NCT00567580) ADT 71 0.00 1.00 47.0
ADT + RT 89 0.00 1.00 47.0

LATITUDE (NCT01715285) ADT 110 0.00 1.00 51.8
ADT + ARPI (abiraterone) 133 0.00 1.00 51.8

PEACE-1 (NCT01957436) ADT with/without docetaxel 127 0.50 1.00 73.0
ADT with/without docetaxel + ARPI
(abiraterone)

126 0.50 1.00 73.0

ADT with/without docetaxel + RT 126 0.50 1.00 73.0
ADT with/without docetaxel + RT + ARPI
(abiraterone)

126 0.50 1.00 73.0

STAMPEDE arm G (NCT00268476) ADT 196 0.00 0.93 42.0
ADT + ARPI (abiraterone) 206 0.00 0.93 42.0

STAMPEDE arm H (NCT00268476) ADT with/without docetaxel 409 0.16 1.00 61.3
ADT with/without docetaxel + RT 410 0.15 1.00 61.3

SWOG1216 (NCT01809691) ADT 328 0.00 0.77 58.8
ADT + ARPI (orteronel) 328 0.00 0.74 58.8

TITAN (NCT02489318) ADT with/without docetaxel 192 0.10 0.84 44.0
ADT with/without docetaxel + ARPI
(apalutamide)

200 0.11 0.78 44.0

ADT = androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor; RT = radiotherapy.
a Reported as a proportion of the overall trial population.
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4. Discussion

In this NMA of patients with low-volume mHSPC, SOC plus
ARPI plus RT was associated with a significant improvement
in OS compared with SOC alone (ADT with or without doc-
etaxel) and emerged as the highest ranked treatment strat-
egy among the four considered. In a network meta-
regression that considered a population with de novo
mHSPC and no docetaxel use as part of SOC, there was no

significant difference in the hazard of mortality between
SOC plus ARPI and SOC plus RT or between SOC plus ARPI
and SOC plus ARPI plus RT. Similarly, in a sensitivity analy-
sis restricted to trials that enrolled a purely de novo mHSPC
population, all three strategies (SOC plus ARPI plus RT, SOC
plus ARPI, and SOC plus RT) were associated with improve-
ments in OS compared with SOC alone. The direction of our
findings, with respect to the benefit from prostate RT, is
similar to that seen in the STOPCAP meta-analysis by Bur-

B 
Hazard ratios (95% credible intervals) from Bayesian pairwise comparisons of treatment groups with  
adjustment for de novo population and docetaxel use 

A 
Hazard ratios (95% credible intervals) from pairwise comparisons of treatment groups from Bayesian 
fixed-effects network meta-analysis 

Fig. 2 – (A) Forest plot of the unadjusted fixed-effects Bayesian network meta-analysis showing hazard ratios for overall survival with associated 95% credible
intervals for pairwise comparisons of the four treatment groups. Hazard ratios are reported such that the intervention listed second in the pairwise
comparison is the reference group. (B) Forest plot showing hazard ratios for overall survival and associated 95% credible intervals for pairwise comparisons of
treatments from a fixed-effects Bayesian network meta-regression in a population with de novo mHSPC and no use of docetaxel. Hazard ratios are reported
such that the intervention listed second in the pairwise comparison is the reference group. ARPI = androgen receptor pathway inhibitor; mHSPC = metastatic
hormone-sensitive prostate cancer; RT = radiotherapy; SOC = standard of care.
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such that the intervention listed second in the pairwise comparison is the reference group. ARPI = androgen receptor pathway inhibitor; mHSPC = metastatic
hormone-sensitive prostate cancer; RT = radiotherapy; SOC = standard of care.
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• De novo low-burden mHSPC : 
o Any combination > SOC
o There was some evidence that the 

addition of prostate RT to ADT +ARPI 
reduces mortality

• De novo mHSPC : 
o Any combination > SOC
o There was some evidence that the 

addition of prostate RT to ADT plus 
an ARPI 
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Benefit of metastatic  directed radiotherapy in mHSPC

Trial POPSTAR1 
Phase I

STOMP2

Phase II
ORIOLE3

Phase II
PSMA-MgRT4

Phase II
GICOR5

Phase II

Patients N=33
< 4 M1

N=62
< 4 M1

N=52
< 4 M1

N=37
< 6 M1

N=81 (14pt CRPC)
< 6 M1

Randomized No 1:1 1:2 No No

Imaging (NaF)-PET/CT 
scan 

Choline-PET-CT 18F-DCFPylPSMA 
PET*

[18F]DCFPyL PET-MR/CT Choline-PET-CT

Arms 20 Gy/1# Observation 
vs 

30 Gy/3# or 
surgery

Observation 
vs 

19.5-48  Gy in 3-5 #

SBRT 27-30 Gy(3#)
Surgery

SBRT +ADT 24 months

Outcomes @2y 
 LC: 93%

DPFS:39%
ADT-FS: 48%

5y ADT free SV

8% vs 34 %

6 months 
progression
19% vs 61%

BCH resp:60%
22% BCH NED

Med t to PSA prog 17.7 m

@3y Distant PFS
67%

Toxicity G3:1
 (3% vertebral 

fx)

No > G1 toxicity
(fu:3y)

6 month G2 toxicity
(5%)

> G 1 tox : 5%
fu: 15.9 m

No > G2 toxicity
fu:41m
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The Current Landscape of PSMA PET
Imaging in Prostate Cancer: Advanced
Prostate Cancer
While PSMA PET/CT is currently FDA approved for the initial staging of patients with presumed localized,
high-risk prostate cancer and for the diagnostic work up of patients with biochemical failure following primary
treatment, the role of PSMA PET/CT in patients with known metastatic prostate cancer is not as well-defined.

Although PSMA PET/CT continues to exhibit superior diagnostic performance compared to conventional
imaging in this setting, the clinical significance of this improved detection remains a matter of debate. It is
important to understand the benefits and risks of tailored therapy in response to findings on these scans.
Efficacy, safety, and quality of life, not of the PET imaging modality itself, but of the downstream site-directed
and systemic therapeutics used in response to imaging findings, need to be fully determined. In this Center of
Excellence article, we review the current evidence available for PSMA PET/CT in patients with conventional
imaging-defined metastatic hormone sensitive prostate cancer and both non-metastatic and metastatic
castrate-resistant prostate cancer.
 

Metastatic Hormone-Sensitive Prostate Cancer
Systemic therapy with androgen deprivation and either androgen axis targeted therapies (ARAT), docetaxel,
or both remains the standard of care treatment for patients with metastatic hormone sensitive prostate cancer
detected on conventional imaging. However, there remains an interest in defining a cohort of patients with
oligometastatic disease, classically defined as three to five metastatic sites or less, who might benefit from
metastasis-directed therapy (MDT). The two major phase II trials in this disease space, ORIOLE and STOMP,
have evaluated the role of MDT in patients with evidence of oligometastatic disease on the basis of
conventional imaging and choline PET, respectively. Recently published pooled data from the two trials
demonstrates that MDT in these patients improves progression-free survival from 5.9 months (95% CI: 3.2 –
7.1) to 11.9 months (95% CI: 8.0 – 18.3; HR: 0.44, p<0.001), without any significant improvements seen in
radiographic progression-free survival, time to castration-resistant disease, or overall survival.1
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• 16 of 36 pt (44%) in SABR group PET + lesions 

not irradiated

• PD: no untreated lesions: 5% / untreated 

lesions: 38%

• New M1 at 180 days: no untreated lesions: 16% 

/ untreated lesions: 63%

Targeting all sites of disease

Phillips R, Shi WY, Deek M, et al. (2020). JAMA Oncol, 6(5):650–659. doi:10.1001/jamaoncol.2020.0147. Urotoday accessible en: https://www.urotoday.com/
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116 pt
median follow-up was 52.5 months 

years was 15%-20%withMDT regardless of mutation status,
and thus, a sizable proportion of patients will experience
durable response to therapy. Although more follow-up is
needed, the encouraging PFS report here suggests that
in appropriately selected patients, MDT without systemic
therapy might be a reasonable option upfront in well-
informed patients wishing to avoid side effects of andro-
gen deprivation. However, future trials, which are planned or
underway, will more rigorously study this question.

In the quest for treatment personalization in omCSPC,10,11

genetic biomarkers are likely to play a critical role.3,4,12-15

Within our cohort, those treated with MDT without a high-
risk mutation experienced the best outcomes (median
PFS 13.4 months), whereas observation in those with a
high-risk mutation experienced the poorest outcomes
(median PFS 2.8 months). This suggests that individuals
with omCSPC without a high-risk mutation might initially
be treated with MDT alone and conversely highlights the
need for novel treatment paradigms in those with a high-
risk mutation. Importantly, although, those both with and
without a high-risk mutation appeared to benefit from
MDT, thus suggesting that this therapy should be offered
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FIG 3. PFS stratified by treatment arm for those (A) with and (B) without a high-riskmutation stratified by treatment arm. MDT resulted in improvements in
PFS in those both with and without a high-risk mutation, however, with a potential differential benefit resulting in relatively larger improvements in PFS in
those with a high-risk mutation treated with MDT. (C) PFS and (D) rPFS in those treated with MDT stratified by high-risk mutation status. High-risk
mutational status was prognostic for both PFS and rPFS in those treated with MDT, with longer times to events in those without a high-risk mutation. HiRi,
high-risk; MDT, metastasis-directed therapy; OS, overall survival; PFS, progression-free survival; rPFS, radiographic progression-free survival.
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The median rPFS after MDT was 25.3 months
(95% CI, 17.0 to NR) without a high-risk mutation,
compared with 8.0 months (95% CI, 5.9 to NR)
with a high-risk mutation (HR, 0.43; 95% CI,
0.20 to 0.95; P 5 .04 

NGS:(prostate tumor or blood). 
A high risk mutational signature was 
defined as pathogenic somatic mutations 
within ATM, BRAC1/2, Rb1, and TP53. 

GCs for outcome prediction of MDT for oligometastatic PC   (ORIOLE AND STOMP)



              
RADIOSA: SBRT vs SBRT+ADT

G Marvaso et al Lancet Oncol 2025; 26: 300–11 

102 pt oligorecurrent HSPC: SBRT vs SBRT+ ADT (6m) 

 Single center; (PET-CT* /BodyRM)
     30 Gy in 3# EOD  or equivalent (BED >100 Gy)

 Primary endpoint: Clinical progression free SV

     Secondary: OS,  PFS, ADT-free SV, LC, tCRPC, QoL 

• N1, M1a and M1b
• PSA (enrolment): 1.65/1.84 (067-3.53)
• 1/3 PSADT < 3 m
• Mostly 1-2 lesions 
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(IQR 5·64–12·35) in the SBRT group and 7·48 ng/mL 
(5·70–13·46) in the SBRT with ADT group.

Population characteristics regarding the primary 
tumour and baseline population characteristics at 
enrolment are reported in table 1. Data on race and 
ethnicity were not collected. Median age at study 
enrolment was 70 years (IQR 65–75) and the median 
PSA at randomisation was 1·84 ng/mL (IQR 0·79–3·53). 
A total of 65 (64%) patients presented with 
one oligometastasis at enrolment, while 27 (26%) 
presented with two, and ten (10%) presented with 
three oligometastatic lesions. The median time from the 
last active treatment to radiotherapy start was 37 months 
(IQR 22–67). Median testosterone concentration at 
enrolment was 3·8 ng/mL (IQR 3·2–4·9). Among 
patients with initial stage N1 disease, 24 (60%) of 
40 received previous pelvic lymph node irradiation, 
while those who did not receive previous pelvic lymph 
node irradiation had a median time to oligorecurrence 
of 33·5 months (IQR 22·3– 52·3). The number of 
patients within each lesion group in each disease stage 
at enrolment and prescription dose for each lesion are 
shown in the appendix (p 2).

At a median follow-up of 31 months (IQR 16–36), 
progression events occurred in 60 (59%) patients: 
35 (69%) of 51 patients in the SBRT group and 25 (49%) 
of 51 in the SBRT with ADT group. Median clinical 
progression-free survival for the SBRT group was 
15·1 months (95% CI 12·4–22·8) versus 32·2 months 
(22·4–not reached) for the SBRT with ADT group 
(HR 0·43 [95% CI 0·26–0·72], p=0·0010; figure 2A).8 In a 
post-hoc analysis, clinical progression-free survival rates 
at 1 year were 63% (95% CI 51–78) for the SBRT group 
versus 96% (91–100) for the SBRT with ADT group and at 
2 years were 33% (21–50) for the SBRT group versus 61% 
(48–78) for the SBRT with ADT group.

Biochemical progression was reported as the first event 
in 66 (65%) of 102 patients: 40 (78%) of 51 patients 
enrolled in the SBRT group versus 26 (51%) of 51 patients 
in the SBRT and ADT group. The median PSA at the 
event in all patients overall was 1·72 ng/mL 
(IQR 1·15–3·58). The median PSA at biochemical 
recurrence was 2·3 ng/mL (IQR 1·31–5·37) for the SBRT 
group and 1·4 ng/mL (1·1–2·2) for the SBRT with ADT 
group. Median biochemical progression-free survival for 
the SBRT group was 12·6 months (95% CI 9·6–13·4) 
versus 26·8 months (16·8–33·8) for the SBRT with ADT 
group (HR 0·40 [95% CI 0·24–0·66]; p=0·0002; 
figure 2B). In a post-hoc analysis, biochemical 
progression-free survival rates at 1 year were 54% (95% CI 
43–70) ) in the SBRT group versus 92% (87–100) in the 
SBRT with ADT group, and, at 2 years, 23% (13–39) in 
the SBRT group versus 54% (40–71) in the SBRT with 
ADT group. Among the ten (10%) patients (six in the 
SBRT group and four in the SBRT with ADT group) who 
had biochemical progression without clinical evidence of 
disease, at the time of data analysis (data cutoff 

March 22, 2024), four patients were waiting for 
radiological assessment (three in the SBRT group and 
one in the SBRT with ADT group), one had a diagnosis 
of pancreatic cancer and started chemotherapy (SBRT 
group), and five were staged every 6 months with no 
radiological evidence of disease (three in the SBRT group 
and two in the SBRT with ADT group). The median 
ADT-free survival for patients in the SBRT group was 
18 months (95% CI 14·90–not reached; appendix p 3), 
and eight (16%) patients developed castration-resistant 
disease (seven [14%] in the SBRT group and one [2%] in 
the SBRT with ADT group). Median time to castration 
resistance was 27·8 months (IQR 18·8–32·8) for both 
groups. Overall survival rates were 100% at 1 year and 
95% at 2 years for the entire population.

The additional advantage of a short course of ADT 
added to SBRT remained evident when stratifying 
patients according to the International Society of 
Urological Pathology (ISUP) grade (1–3 vs 4–5), previous 
radiotherapy on pelvis (yes vs no), and number of 
oligometastases (one vs two or three; figure 3) in the 
post-hoc subgroup analysis. The combined approach was 
not significantly associated with improved clinical 
progression-free survival in some subpopulations of 
patients: PSA concentration at enrolment (≤2 ng/mL), 
PSA doubling time more than 3 months, M1a stage at 
enrolment, and time from first curative treatment to 

Figure 2: Kaplan–Meier plot of clinical progression-free survival (A) and biochemical progression-free survival 
(B) by treatment group
ADT=androgen deprivation therapy. HR=hazard ratio. NR=not reached. SBRT=stereotactic body radiotherapy.
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See Online for appendix

96%

63%
63%

33%

• Median BPFS: 12.6 /26.8 m;  ADTFSV: NR/18 m; CRPC: 2% /14%;  LC: 96%3/3 in-field
• Only 1 pt G3 toxicity (left ureter stenosis)
• Almost all patients with ADT recovered testosterone levels  at 1 y.
• Higher risk of polymetastatic progression in the SBRT only group 29% vs 12% (p=0.018) 

Median f-up: 31 m (IQR:16-36)
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initiation of radiotherapy longer than 43 months. 
Imaging type stratification was not included in this 
analysis due to sample size constraints. It should be 
noted that a multivariable analysis was performed to 
identify any factors associated with recurrence, including 
the PSMA-staged factor itself, which was not significant 
(appendix p 4).

96 (96%) of 102 patients had local control, with 
six in-field (three in the SBRT group and three in the 
SBRT with ADT group) and 50 out-field recurrences. 
Pattern of recurrence details are reported in table 2. 
56 (55%) of 102 patients had a clinical progression 
(35 oligoprogressions [19 in the SBRT group and 16 in 
the SBRT with ADT group] and 21 polyprogressions 
[more than three lesions; 15 in the SBRT group and six in 
the SBRT with ADT group]). Restaging was done with 
PSMA-PET/CT (14 patients: seven in the SBRT group 
and seven in the SBRT with ADT group), whole-body 
MRI (40 patients: 26 in the SBRT group and 14 in the 
SBRT with ADT group), and choline-PET/CT 
(two patients: one in the SBRT group and one in the 
SBRT with ADT group), resulting in 17 extraregional 
lymph node recurrences (M1a), 23 bone lesions (M1b), 
four visceral localisations (M1c), five regional lymph 

node (N1), and seven prostate bed recurrences. A total of 
13 (13%) patients (six in the SBRT group and seven in the 
SBRT with ADT group) had one or more (range 1–3) 
negative restaging examinations before radiological 
evidence of clinical progression. The second line of 
treatment for patients who had clinical progression 
(one patient lost to follow-up) was ADT alone in 21 (38%) 
of 55 patients (13 in the SBRT group and eight in the 
SBRT with ADT group), SBRT alone to all metastatic 
sites in 22 (40%) of 55 patients (11 in the SBRT group and 
11 in the SBRT with ADT group), and SBRT with ADT in 
12 (21%) of 56 patients (nine in the SBRT group and 
three in the SBRT with ADT group; appendix p 4).

Only one grade 3 adverse event occurred in one patient 
(2%), which was a genitourinary acute toxicity (left ureter 
stenosis in the SBRT with ADT group) and was resolved 
at the last follow-up. No grade 4 adverse events were 
reported. Other adverse events for SBRT treatment 
included one patient (2%) in the SBRT group reporting a 
gastrointestinal acute grade 1 toxicity, which was resolved 
at the last follow-up; no late adverse events were observed. 
For ADT-related adverse events, 22 (43%) of 51 patients 
in the SBRT with ADT group reported grade 1 adverse 
events, all of which had resolved at the last follow-up. 

Figure 3: Forest plot of analysis of progression-free survival according to key patient subgroups
Median (95% CI) refers to the median progression-free survival for the specific group with the relative 95% CI. The diamond refers to the data for the overall 
population. ADT=androgen deprivation therapy. HR=hazard ratio. NR=not reached. ISUP=International Society of Urological Pathology. SBRT=stereotactic body 
radiotherapy. 
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Secondary Efficacy End Points and Exploratory
Subgroup Analyses
Recovery to eugonadal testosterone levels (≥150 ng/dL) oc-
curred in 52 men. Eugonadal PFS was significantly longer for
men randomized to combined therapy (median not esti-
mable) vs hormone therapy only (median, 6.1 months; 95% CI,
3.7 months to not estimable) (HR, 0.32; 95% CI, 0.11-0.91;
P = .03) (Figure 2B). Time to new lesion failure was longer for
patients randomized to combined therapy (2-year incidence,
0.33; 95% CI, 0.18-0.55) than for those receiving hormone
therapy only (2-year incidence, 0.41; 95% CI, 0.22-0.68) (HR,
0.33; 95% CI, 0.11-1.0; P = .04) (eFigure 3 in Supplement 2).
Overall survival data were immature, and time to subsequent

line of systemic therapy was similar between arms. Two cases
of local treatment failure (5%) occurred in the combined
therapy arm.

The HRs for combined therapy and improved PFS were
similar across subgroups (Figure 3). Notably, MDT prolonged
PFS in patients who did (HR, 0.24; 95% CI, 0.08-0.71) and did
not (HR, 0.36; 95% CI, 0.15-0.83) receive a SART.

Safety
Treatment-emergent adverse events, defined as grade 2 or
greater adverse events occurring after enrollment regardless of
attribution, are presented in eTable 4 in Supplement 2. There
were no grade 4 or 5 adverse events. Six grade 3 events were

Figure 2. Primary and Key Secondary End Points
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EXTEND: ADT vs ADT+SBRT

87 pt meth or synchr mHSPC; mCRPC (8%)

• N1, M1a, M1b, M1c
• *1-2 lesions
• *PSA < 2 ng/mL (57% ≤ 0.2 ng/mL)
• ≂ 25% Baseline imaging: Fluciclovine F18 PET/CT 
• 42% ARPI
• RT all mets and prostate( if no previous RT)

• Median study follow-up: 22.0 m (11.6-39.2 m)

• No grade 4-5 toxicity

Intermittent ADT 

C Tang et al JAMA Oncol 2023 
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EXTEND: ADT vs ADT+SBRT
Continuous ADT 

cADT: 87 pt meth or synchr mHSPC; 
mCRPC (39%)
• ≂ 39% Baseline imaging: PET/CT 

• Median  follow-up cADT: 31 m; 
iADT: 47 m; i+cADT: 42m

• *median PFS (m)

Please cite this article as: A.D. Sherry, B.A. Siddiqui, C. Haymaker et al., Continuous Androgen Deprivation Therapy with or Without Metastasis-directed

174� patients� were� treated� with� ARPI� combined� with� ADT,�
including� 67� (50%)� of� 133� patients� with� omHSPC� and� 28�
(68%)� of� 41� patients� with� oligometastatic� ARPC� (omARPC).�
Of� the� remaining� 13� (32%)� patients� with� omARPC� without�
any� ARPI,� seven� patients� received� ADT� alone� and� six�
patients� received� MDT� +� ADT.� In� the� MDT� arm,� 88� patients�
received� definitive� RT� for� 196� (100%)� of� 196� omPC� metas-
tases� (Supplementary� Table� 2).� Using� an� alpha/beta� ratio�
of� 3,� the� highest� biologically� effective� dose� of� RT� was� similar�
between� patients� with� omHSPC� and� omARPC� (p� =� 0.99).� An�
additional� 28� (32%)� of� 88� patients� in� the� MDT� +� ADT� arm�
and� 24� (28%)� of� 86� patients� in� the� ADT� arm� with� an�
untreated� prostate� received� definitive� prostate-directed� RT�
per� protocol� (Supplementary� Table� 2).�
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3.1. Clinical� outcomes�

The� cutoff� date� for� the� primary� analysis� was� February� 29,�
2024.� The� median� follow-up� time� of� the� cADT� basket,� esti-
mated� using� the� reverse� Kaplan-Meier� method,� was�
31� mo.� The� median� PFS� with� MDT� +� cADT� was� 47� mo� versus�
22� mo� with� cADT� only� (hazard� ratio� [HR],� 0.50;� 95%� confi-
dence� interval� [CI],� 0.23–1.08;� one-sided� p� =� 0.036;�
Fig.� 2A).� Secondary� endpoints� for� the� cADT� basket� did� not�
show� significant� differences� (Table� 1� and� Supplementary�
Fig.� 2).�

The� primary� results� of� the� iADT� basket� were� reported�
previously� [11].� With� the� cutoff� date� of� February� 29,� 2024,�

for� the� updated� outcomes,� the� median� follow-up� of� the� iADT�
basket� was� 47� mo.� The� median� PFS� with� MDT� +� iADT� was�
28� mo� versus� 16� mo� with� iADT� (HR,� 0.44;� 95%� CI,� 0.25–�
0.78,� p� =� 0.005;� Fig.� 2B).� The� secondary� endpoints� rPFS,�
CRFS,� time� to� new� lesion,� time� to� next-line� systemic� ther-
apy,� and� OS� are� reported� in� the� Supplementary� material�
with� updated� follow-up;� notably,� rPFS� was� also� significantly�
longer� in� the� MDT� +� iADT� arm� (Supplementary� Table� 3� and�
Supplementary� Fig.� 3).�

Fig.� 2� –� Kaplan-Meier� curves� of� the� primary� endpoint� of� the� continuous� androgen� deprivation� therapy� (cADT)� basket,� the� updated� intermittent� androgen�
deprivation� therapy� (iADT)� basket,� and� the� primary� endpoint� of� the� combined� analysis:� (A)� progression-free� survival� (PFS)� in� the� cADT� basket,� (B)� PFS� in� the�
iADT� basket,� (C)� PFS� in� the� combined� analysis� of� the� cADT� and� iADT� baskets,� and� (D)� swimmer’s� plot� of� patient-level� outcomes.� MDT� =� metastasis-directed�
therapy;� PD� =� progressive� disease.�

Therapy for Oligometastatic Prostate Cancer: The Multicenter Phase 2 Randomized EXTEND Trial, Eur Urol (2025), https://doi.org/10.1016/j.
eururo.2025.07.006

After� a� median� follow-up� of� 42� mo� for� the� combined�
analyses,� PFS� was� significantly� improved� with� MDT� +� ADT�
versus� ADT� (HR,� 0.45;� 95%� CI,� 0.30–0.69;� p� <� 0.001;�
Fig.� 2C).� The� median� PFS� after� MDT� +� ADT� was� 36� mo� versus�
17� mo� after� ADT-only.� Patient-level� outcomes� are� presented�
in� a� swimmer’s� plot� (Fig.� 2D).� Post� hoc� subgroup� analysis�
revealed� no� evidence� of� heterogeneous� treatment� effects�
among� multiple� clinical� subgroups� of� interest� (all� pinterac-
tion� >� 0.05;� Supplementary� Fig.� 4).� Post� hoc� multivariable�
analyses� conditioning� for� known� prognostic� factors� did�
not� alter� the� significance� of� the� MDT� +� ADT� treatment� effect�
(Supplementary� Table� 4).�

MDT� +� ADT� also� improved� the� secondary� endpoint� of�
rPFS� in� the� combined� analysis� (HR,� 0.63;� 95%� CI,� 0.40–�
0.97;� p� =� 0.038;� Supplementary� Fig.� 5A).� Four� (4.5%)� patients�
in� the� MDT� arm� had� RECIST-defined� local� failure.� Among�
patients� with� omHSPC,� MDT� +� ADT� was� associated� with�
superior� CRFS� (HR,� 0.40;� 95%� CI,� 0.19–0.82;� p� =� 0.01;� Supple-
mentary� Fig.� 5B).� No� significant� differences� were� found
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STOMP (methacronous mHSPC)

and the response of individual; therefore, well-selected pa-
tients for MDT may have intrinsic predictive value for guid-
ing subsequent management.

The effect of radiotherapy on the immune system is also an
area of interest with the promise of using SABR to induce an in
situ vaccine response.20,31 We observed enhanced differential
clonotype expansion, clusters of similar expanded T-cell recep-
tors, and a clinical benefit to greater baseline clonality seen only
in participants treated with SABR. Future studies assessing the
association of these findings with T-cell characteristics or re-
latedness to tumor-infiltrating lymphocytes may help further
characterize this systemic immune response.

Soldatov et al32 described patterns of failure following
PSMA-ligand–based, conventionally fractionated radio-
therapy for OMPC and found that recurrences are bone tro-
phic. This suggests a role for aggressive management of mi-
crometastatic osseous disease with ADT and/or radium 223,
the latter of which will be the center of investigation for
the Radium-223 and SABR vs SABR for Oligometastatic Pros-

tate Cancers (RAVENS) trial (ClinicalTrials.gov identifier:
NCT04037358). Soldatov et al32 also found that 17% of recur-
rences after MDT were in pelvic nodes. The best manage-
ment approach for pelvic recurrences is currently being stud-
ied in the Salvage Treatment of Oligorecurrent Nodal Prostate
Cancer Metastases (STORM) trial (ClinicalTrials.gov identi-
fier: NCT03569241).

Limitations
While these results are promising, this trial is limited by its rela-
tively small sample size; subsequent phase 3 validation would
strengthen the argument in favor of this approach. Addition-
ally, our ability to study the long-term implications of this treat-
ment approach was limited by high rates of crossover occur-
ring after the predefined 6-month primary end point, with 15
of 18 men randomized to observation ultimately seeking SABR.

It should also be noted that the correlative data pre-
sented herein are hypothesis generating and require further
prospective validation. Although we have identified a sys-

Figure 2. Clinical Outcomes of Stereotactic Ablative Radiotherapy (SABR) Compared With Observation
and Benefit of Total Consolidation of Prostate-Specific Membrane Antigen Radiotracer-Avid Lesions
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antigen–positron emission tomography.
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The objective of MDT has similarly evolved over the past decade. Classically, MDT has been reserved for
patients that may potentially still be curable with such an approach. Currently, MDT is still administered with a
potentially curative intent; however, additional indications potentially include providing highly effective
cytoreduction to improve progression-free survival, eliminating resistant clones, and ultimately improving
quality and quantity of life.

Summarized below are the results of five major trials of SABR in oligometastatic prostate cancer patients.

SABR-COMET  (methacronous mHSPC,mCRPC)

27/2/24, 7:34 ASCO GU 2024: Is There a Role for Stereotactic Radiotherapy in Selected Patients With Metastatic Castrate-Resistant Prostate Cancer?

https://www.urotoday.com/conference-highlights/asco-gu-2024/asco-gu-2024-prostate-cancer/149338-asco-gu-2024-is-there-a-role-for-stereotactic-radiotherapy… 3/5

After a median follow-up of 21.4 months, patients in the ADT group had significantly worse metastasis-free
survival (MFS; 11 months versus not reached; HR: 4.69, 95% CI: 2.92 – 25, p<0.001). There was no
significant difference in median MFS between the SBRT group and the N-/M- group (p=0.26).

Additional evidence for SBRT in the mCRPC setting comes from ARTO, a multicenter, phase II trial of SBRT
in addition to abiraterone plus prednisone in patients with oligometastatic CRPC. This trial included 157
patients, enrolled between January 2019 and September 2022. A biochemical response, defined as a 6-
months PSA decrease ≥50% from baseline, was achieved in 92% of SBRT-treated patients, versus 68.3% of
patients receiving systemic therapy alone (OR: 5.34, 95% CI: 2.1 to 13.9, p=0.001).  SBRT yielded a
significant PFS improvement, with a hazard ratio for progression of 0.35 (95% CI: 0.21 to 0.57; p<0.001) in
the experimental versus control arm.

Despite this growing evidence for SBRT across the advanced prostate cancer spectrum, there are still some
challenges when selecting the ideal patient for this treatment approach. Physicians need to consider the
disease burden and ‘strike a balance’ between the effectiveness of systemic and/or local therapy on survival
outcomes.

4

5

ADT+Abi:17 m

ADT+Abi+SBRT:NR

ARTO (mCRPC)

Secondary Efficacy End Points and Exploratory
Subgroup Analyses
Recovery to eugonadal testosterone levels (≥150 ng/dL) oc-
curred in 52 men. Eugonadal PFS was significantly longer for
men randomized to combined therapy (median not esti-
mable) vs hormone therapy only (median, 6.1 months; 95% CI,
3.7 months to not estimable) (HR, 0.32; 95% CI, 0.11-0.91;
P = .03) (Figure 2B). Time to new lesion failure was longer for
patients randomized to combined therapy (2-year incidence,
0.33; 95% CI, 0.18-0.55) than for those receiving hormone
therapy only (2-year incidence, 0.41; 95% CI, 0.22-0.68) (HR,
0.33; 95% CI, 0.11-1.0; P = .04) (eFigure 3 in Supplement 2).
Overall survival data were immature, and time to subsequent

line of systemic therapy was similar between arms. Two cases
of local treatment failure (5%) occurred in the combined
therapy arm.

The HRs for combined therapy and improved PFS were
similar across subgroups (Figure 3). Notably, MDT prolonged
PFS in patients who did (HR, 0.24; 95% CI, 0.08-0.71) and did
not (HR, 0.36; 95% CI, 0.15-0.83) receive a SART.

Safety
Treatment-emergent adverse events, defined as grade 2 or
greater adverse events occurring after enrollment regardless of
attribution, are presented in eTable 4 in Supplement 2. There
were no grade 4 or 5 adverse events. Six grade 3 events were

Figure 2. Primary and Key Secondary End Points
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B, Eugonadal progression-free survival (testosterone level !150 ng/dL; to convert to nanomoles per liter, multiply by 0.0347) was defined as the time from
eugonadal status to disease progression. HR indicates hazard ratio; PD, progressive disease.
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EXTEND  (methacronous,synchronous mHSPC; mCRPC)

ADT+SBRT:NR

ADT:15.8 m

ASCO GU 2025: (WOLVERINE): An Analysis from the X-MET Collaboration



ASCO GU 2025: World-Wide Oligometastatic Prostate Cancer (omPC) Meta-Analysis Leveraging Individual Patient Data (IPD) from Randomized 
Trials (WOLVERINE): An Analysis from the X-MET Collaboration



Benefit of metastatic  directed radiotherapy in mHSPC: trials 

Observation

SBRT

SBRT + Systemic Tx

Systemic Tx

ORIOLE , STOMP

RADIOSA

EXTEND

Continuous ADT 

Intermittent  ADT

WOLVERINE X-MET

SBRT> OBSERVATION

SBRT+ADT > SBRT

SBRT+SOC > SOC

Adapted from Dr Ost presentation. ESTRO 2025



Benefit of Metastatic  Directed Radiotherapy in mHSPC: Biomarkers

• High risk mutational signature :pathogenic somatic mutations 
within ATM, BRAC1/2, Rb1, and TP53

• PSMA extracellular vesicles  (Mayo Clinic)

• Digital pathology + AI (e.g. ARTERA)

• mRNA  markers (e.g. Decipher) 

• TCR repertoire modulation 



A D Sherry et al. European Urology (in press) 

EXTEND: ADT vs ADT+SBRT

 Hypothesis: durable clinical outcomes after MDT + ADT were partially attributable to the induction 
of systemic antitumor immune responses. 

 MDT + ADT 
durable response: PFS ≥ 3 yr
poor response: PFS < 1 yr

Durable responses to MDT+ADT:

• ↑IFN-� and IL-12p70
• ↑markers of CD8+ T-cell activation
• Antigen-specific T-cell activation and proliferation lead 

to TCR clonal expansion and TCR clonal contraction 

TCR repertoire modulation

Please cite this article as: A.D. Sherry, B.A. Siddiqui, C. Haymaker et al., Continuous Androgen Deprivation Therapy with or Without Metastasis-directed
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Fig.� 5� –� Expansion� of� tumor-specific� T-cell� receptor� clonotypes� after� MDT.� (A)� Predicted� binding� interactions� to� prostatic� acid� phosphatase� (PAP)� or� prostate-
specific� membrane� antigen� (PSMA)� among� expanded� versus� contracted� clones� after� MDT� +� ADT� in� the� EXTEND� trial� or� after� MDT� only� in� the� ORIOLE� trial.� The� p�
values� were� determined� by� Mann-Whitney� U� test.� (B)� Comparison� of� predicted� binding� among� expanded� clones� after� MDT� +� ADT,� MDT,� and� observation� to� the�
tumor-associated� TCR� repertoire.� The� p� values� were� determined� by� Mann-Whitney� U� test.� (C)� Proportion� of� expanded� clones� after� MDT� +� ADT� or� MDT� with�
predicted� affinity� for� viral� epitopes� compared� with� the� tumor-associated� TCR� repertoire.� The� p� values� were� determined� by� Mann-Whitney� U� test.� (D)�
Illustration� of� the� hypothesis� that� MDT� +� ADT� induces� effective� antitumor� systemic� immune� responses� that� promote� systemic� disease� control.� Neoantigens�
and� DAMPs� were� not� directly� evaluated� in� this� study� but� have� been� described� previously� [25,64].� ADT� =� androgen� deprivation� therapy;� DAMP� =� damage-
associated� molecular� pattern;� MDT� =� metastasis-directed� therapy;� TCR� =� T-cell� receptor.

Therapy for Oligometastatic Prostate Cancer: The Multicenter Phase 2 Randomized EXTEND Trial, Eur Urol (2025), https://doi.org/10.1016/j.
eururo.2025.07.006



A D Sherry et al. European Urology (in press) 

EXTEND: ADT vs ADT+SBRT
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Fig.� 3� –� Metastasis-directed� therapy� (MDT)� +� androgen� deprivation� therapy� (ADT)� induces� systemic� immune� responses� associated� with� a� durable� response.� (A)�
Plot� of� progression-free� survival� versus� overall� survival� reveals� extreme� response� groups.� (B)� T-cell� receptor� (TCR)� expansion� and� contraction� are� associated�
with� a� durable� versus� poor� response.� The� p� values� were� determined� by� Mann-Whitney� U� test� or� chi-square� test� for� continuous� or� categorical� variables,�
respectively.� (C)� Identification� of� clinical� and� immunologic� factors� associated� with� extreme� response� groups,� ordered� by� variable� importance� (VIP)� scores�
estimated� by� a� random� forest� model.� In� the� heatmap,� categories� of� TCR� expansion� and� contraction� are� shown� based� on� the� definitions� of� the� composite� term�
TCR� repertoire� modulation� (shown� by� asterisks),� with� VIP� scores� to� denote� these� features� that� are� also� highlighted� in� pink.� (D� and� E)� TCR� clonal� expansion� and�
contraction� are� greater� after� MDT� +� ADT� than� after� ADT� in� all� evaluable� patients.� The� p� values� were� determined� by� chi-square� test.� (F� and� G)� TCR� clonal�
expansion� and� contraction� are� greater� after� MDT� than� after� observation� in� the� independent� ORIOLE� trial.� The� p� values� were� determined� by� chi-square� test.�
PSA� =� prostate-specific� antigen.

Therapy for Oligometastatic Prostate Cancer: The Multicenter Phase 2 Randomized EXTEND Trial, Eur Urol (2025), https://doi.org/10.1016/j.
eururo.2025.07.006
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Fig.� 4� –� TCR� expansion� plus� contraction� is� associated� with� improved� PFS� after� MDT� +� ADT.� (A)� PFS� probability� after� MDT� +� ADT� for� patients� with� TCR�
expansion/contraction� (n� =� 21)� versus� no� TCR� expansion/contraction� (n� =� 17),� adjusted� for� cADT� versus� iADT� and� omARPC� status.� (B)� Restricted� mean� PFS� time�
difference� between� patients� with� TCR� expansion/contraction� after� MDT� +� ADT� and� those� with� no� TCR� expansion/contraction.� (C)� Clinical� and� immunologic�
features� associated� with� PFS� after� MDT� +� ADT.� ADT� =� androgen� deprivation� therapy;� cADT� =� continuous� ADT;� iADT� =� intermittent� ADT;� MDT� =� metastasis-
directed� therapy;� omARPC� =� oligometastatic� androgen� deprivation-resistant� prostate� cancer;� PFS� =� progression-free� survival;� RMST� =� restricted� mean� survival�
time;� TCR� =� T-cell� receptor.�

RADIOSA� trial� compared� MDT� +� ADT� versus� MDT� alone� for�
omHSPC,� and� found� that� multimodal� treatment� achieved�
superior� PFS� and� rPFS� [36].� However,� combination� treat-

Therapy for Oligometastatic Prostate Cancer: The Multicenter Phase 2 Randomized EXTEND Trial, Eur Urol (2025), https://doi.org/10.1016/j.
eururo.2025.07.006

ment� did� not� lengthen� eugonadal� PFS� over� MDT� alone;�
because� of� this,� for� some� patients,� MDT� alone� may� be� rea-
sonable� especially� with� regards� to� quality� of� life� considera-



A D Sherry et al. European Urology (in press) 

EXTEND: ADT vs ADT+SBRT

These results linked TCR 
modulation as a candidate 
blood-based biomarker for 
clinical outcomes associated 
with MDT + ADT. 
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Fig.� 3� –� Metastasis-directed� therapy� (MDT)� +� androgen� deprivation� therapy� (ADT)� induces� systemic� immune� responses� associated� with� a� durable� response.� (A)�
Plot� of� progression-free� survival� versus� overall� survival� reveals� extreme� response� groups.� (B)� T-cell� receptor� (TCR)� expansion� and� contraction� are� associated�
with� a� durable� versus� poor� response.� The� p� values� were� determined� by� Mann-Whitney� U� test� or� chi-square� test� for� continuous� or� categorical� variables,�
respectively.� (C)� Identification� of� clinical� and� immunologic� factors� associated� with� extreme� response� groups,� ordered� by� variable� importance� (VIP)� scores�
estimated� by� a� random� forest� model.� In� the� heatmap,� categories� of� TCR� expansion� and� contraction� are� shown� based� on� the� definitions� of� the� composite� term�
TCR� repertoire� modulation� (shown� by� asterisks),� with� VIP� scores� to� denote� these� features� that� are� also� highlighted� in� pink.� (D� and� E)� TCR� clonal� expansion� and�
contraction� are� greater� after� MDT� +� ADT� than� after� ADT� in� all� evaluable� patients.� The� p� values� were� determined� by� chi-square� test.� (F� and� G)� TCR� clonal�
expansion� and� contraction� are� greater� after� MDT� than� after� observation� in� the� independent� ORIOLE� trial.� The� p� values� were� determined� by� chi-square� test.�
PSA� =� prostate-specific� antigen.

Therapy for Oligometastatic Prostate Cancer: The Multicenter Phase 2 Randomized EXTEND Trial, Eur Urol (2025), https://doi.org/10.1016/j.
eururo.2025.07.006



• Published data suggest that in patients with de novo low-volume mHSPC, to add prostate RT to ADT 
+/- ARPI confers outcomes superior to one in which RT is omitted. Reflects   the contemporary real-
world data. 

• For oligorecurrent HSPC , randomized trials show that SBRT-MDT safely delays systemic treatment 
initiation and  increases progression-free survival. 

• Current evidence supports MDT  integration into clinical practice for selected oligometastatic 
patients.

• SBRT combined with short-term ADT yields superior PFS compared with either  SBRT or ADT alone.. 

• We are making progress toward identifying biomarkers that will enable us to tailor the intensity and 
duration of systemic treatment associated to focal RT. 

CONCLUSIONS 


