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Introduction: The advent of prostate-specific membrane antigen - positron
emission tomography (PSMA-PET) imaging influences prostate cancer (PCa)
salvage radiotherapy (SRT) decision-making, especially in biochemical
recurrence (BCR) with low PSA. This study evaluates the impact of PSMA-PET
on recurrent post-prostatectomy patients treated with radiotherapy (RT) +
hormonal therapy (HT).

Materials and methods: In a prospective, observational study (2016-2020), 103
hormone-sensitive post-prostatectomy pNO-pNx PCa patients with proven BCR
were analyzed. PSMA-positive patients received tailored treatments based on
lesion sites, ranging from prostate bed (P-bed) SRT abort, metastases-directed
therapy, to systemic therapy. PSMA-negative patients were mainly treated with
SRT. Primary objectives included PSMA-based management changes and
biochemical progression-free survival (bPFS) comparison.

Results: PSMA-PET was positive in 28.1% (29/103) at a median PSA of 0.5 ng/mL.
The most common relapse sites were bones and pelvic lymph nodes. Among
positive PSMA-PET patients, the P-bed abort rate was 58.6% (17/29 patients).
Excluding patients with PSMA-positive uptake solely in the P-bed (7 patients), the
rate of P-bed abort was 77.3% (17/22 patients). Management was altered in 75.8%
of PSMA-positive and 21.3% overall. Most PSMA-positive lesions were managed
with SBRT, either as a standalone treatment or within combined-modality
approaches: SBRT was delivered to 50% of nodal recurrences (including both
N1 and Mla cases) and to 100% of bone lesions. At 5 years, bPFS was 66.8% in
PSMA-negative patients (undergoing SRT+/-HT) vs. 26.7% in PSMA-positive
patients (any treatment).

Conclusion: PSMA-PET led to management changes in nearly one-third of post-
prostatectomy recurrent PCa, notably affecting RT strategies and systemic
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therapy. Emerging evidence suggests that treatment intensification based on
PSMA-PET findings may improve patient outcomes compared to de-intensified
approaches. The impact on outcomes awaits validation from ongoing
prospective randomized trials.

KEYWORDS

BCR, biochemical recurrence, PCa, prostate cancer, prostate-specific membrane
antigen - positron emission tomography, PSMA-PET, salvage radiotherapy, SRT

Introduction

In prostate cancer (PCa) patients treated with radical
prostatectomy (RP), particularly those with unfavorable features,
biochemical evidence of disease progression or inadequate response
to treatment can be observed in 20-40% of cases (1, 2). The
ARTISTIC meta-analysis has suggested that adjuvant
radiotherapy (ART) following RP does not improve event-free
survival (EFS) compared to early salvage treatment (eSRT) in a
population of mainly pNO-pNx patients (3). Thus, eSRT seems to be
the preferable treatment policy as it offers the opportunity to spare
radiotherapy (RT) and its associated side effects for many men in
this setting (3). However, pN1 patients with four or more positive
pelvic lymph nodes appear to benefit from using ART in terms of
decreased mortality (4). In the case of SRT at biochemical
recurrence (BCR), the use and exact duration of androgen
deprivation therapy (ADT) have still to be fully defined as patient
selection remains crucial (5-8). In terms of radiation volumes, the
extension of the standard prostate bed (P-bed) field to include the
pelvic lymph nodes (when used in combination with short-term
ADT) in pNO-pNx patients was found to result in the greatest
impact on outcomes in the RTOG 0534 trial (9). However, it is
important to note that most of the data available in the literature
regarding SRT (+/-ADT) are based on conventional imaging
staging and, thus, affecting the optimal characterization of a
standard of care (10). Indeed, the recent advent of more prostate-
specific positron emission tomography (PET) imaging tracers is set
to affect and redefine the clinical practice in the context of SRT
decision-making and planning (11, 12). Prospective data showed
that prostate-specific membrane antigen (PSMA) should be the
tracer of choice when PET imaging is considered for subsequent
treatment management decisions in patients with BCR and low
prostate-specific antigen (PSA) concentrations (13). Thanks to its
higher detection rates, PSMA-PET can lead to management
changes in one-third of patients receiving SRT (12). Our
prospective study aimed at testing the performance of PSMA-PET
imaging in a population of recurrent hormone-sensitive PCa
(HSPC) patients candidate for salvage therapy following primary
treatment (either RP or RT) (14, 15). Firstly, we reported PSMA-
PET overall good detection performance (14) and its prognostic
significance since a lower incidence of events was observed in
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patients having negative scans (15). The present analysis, with
extended follow-up, focuses on the post-RP pNO-pNx study
population subgroup experiencing BCR and reports on the PSMA
impact on subsequent RT management.

Materials and methods

Study design and inclusion/exclusion
Criteria

This is a prospective, open label, observational, single-center
study in PCa patients, approved by the local ethical committee of
the City of Health and Science University Hospital (University of
Turin, Turin, Italy; protocol P-5315). All patients recruited at the
uro-oncological tumor board of the City of Health and Science
University Hospital signed an informed consent form (ICF)
before enrolment. Patients relapsing following RP were
investigated (following enrolment) with Gallium-68(°*Ga)-PSMA-
11-PET/computed tomography (CT) at a single referral center
(Division of Nuclear Medicine, City of Health and Science
University Hospital) between November 2016 and September
2020 (14, 15).

Radiation treatments for the patients included in the present
study sub-analysis (both PSMA-positive and PSMA-negative) were
performed at the Department of Oncology-Division of Radiation
Oncology of the City of Health and Science University Hospital.

Inclusion criteria for the present sub-analysis were (1) previous
RP; (2) pNO or pNx; (3) proven first-time BCR, two consecutive
PSA values of 20.2 ng/mL (16); (4) hormone-sensitive state.
Exclusion criteria were (1) previous ART; (2) ADT following RP
prior to the protocol PSMA-PET.

Based on RTOG 0534 data (9), a PSA cutoff of >0.35 ng/mL was
applied for the descriptive categorization of patient subgroups,
using PSA values available at the time of treatment decision.

At our Institution, the standard treatment for pNO-pNx patients
with BCR (and negative imaging) included P-bed SRT, with
hormonal therapy (HT) at the clinician’s discretion. Thus, this
cluster of patients was treated accordingly in the case of negative
protocol PSMA-PET (STD subgroup). However, based on the
clinical case and according to clinician discretion, pNO-pNx
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patients with BCR and negative protocol PSMA scan could also be
treated solely with HT or initially observed.

In the presence of a positive PSMA-PET, the therapeutic
options allowed were as follows:

+ In the case of 1 to 3 pathological uptakes (either regional or
distant non-visceral metastases) solely outside of the P-bed:
(a) P-bed abort with metastases-directed therapy (MDT),
either surgical or stereotactic body RT (SBRT) +/- HT; (b)
the addition of MDT to P-bed irradiation +/- HT; (¢) HT
only. Indeed, regarding MDT, per our Institutional
standards, no more than 3 simultaneous lesions (either
regional or distant) were considered eligible for SBRT.

* In the case of exclusive P-bed pathological uptake: SRT and
eventually, at the clinician’s discretion, (a) radiation dose
escalation (boost) and/or (b) HT addition.

+ In the case of mixed-site pathological uptakes (P-bed and
1-3 uptakes outside of the P-bed): (a) SRT+SBRT+/-HT or
(b) HT only;

* In the case of >3 PSMA-positive distant metastatic sites or
visceral involvement: (a) only systemic therapy was allowed.

Objectives

The primary objective was to assess the rate of PSMA-based
changes in the clinical management (CiM) in patients with positive
scans, namely any treatment different from STD approach (CiM
subgroup): P-bed abort with MDT (+/-HT), SRT/MDT treatment
intensification (SRT plus MDT+/-HT) or intensified (in terms of
length and/or agents’ combination) systemic treatment alone.

P-bed pathological PSMA uptakes eventually leading (at the
clinician’s discretion) to SRT dose escalation (boost) and/or HT
addition were not considered for the CiM rate.

Biochemical progression-free survival (bPFS) comparison
between the PSMA-positive (any treatment) and -negative (SRT
+/-HT) subgroups was included as a primary objective (Kaplan-
Meier survival curves).

Secondary objectives were:

* PSA Kkinetics analysis for both PSMA positive and
negative scans.

» Patterns of failure for each treatment subgroup: (a) relapse
site; (b) polymetastatic progression occurrence (>3 distant
metastatic lesions).

Additionally, in the present analysis we report SBRT-MDT
related toxicity events, scored according to the Common
Terminology Criteria for Adverse Events (CTCAE) version
4.03 (v4.03).

Median follow-up was evaluated from the protocol PSMA-PET
date to the last patient evaluation date (either follow-up visit
or death).
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Outcomes measurements and statistical
analysis

For bPFS assessment, biochemical progression following P-bed
irradiation (+/-HT) was considered in the case of PSA 20.4 ng/mL
and rising after treatment completion (3). This definition was also
employed for the CiM subgroup in the case of SRT+SBRT (+/-HT).
For bPFS assessment, biochemical progression following P-bed
abort and SBRT (+/- HT) was defined as a PSA increase above
0.2 ng/mL for patients with a PSA nadir < 0.2 ng/mL or 2
consecutive PSA increases > 25% if compared to nadir in patients
with a PSA nadir > 0.2 ng/mL. In patients with no ongoing HT,
anticipated restaging (either PSMA or conventional imaging) was
allowed at the clinician’s discretion (e.g., PSA kinetics or suspicion
of symptomatic progression). In case of CRPC occurrence,
conventional imaging was performed.

All p values were obtained by the two-sided exact method at the
conventional 5% significance level.

Data were analyzed by MedCalc Statistical Software v.15.8
(MedCalc Software, Ostend, Belgium).

Radiotherapy, radiopharmaceuticals and
PET/CT imaging procedures

P-bed RT delivery was performed through either 3D conformal
RT (3DCRT) or volumetric arc therapy (VMAT), employing the
Elekta Sinergy or Axesse LINAC systems (Elekta, Stockholm,
Sweden). During the accrual period of the study, the standard
doses (no boost) for P-bed SRT at our Institution were: 70 Gy in 35
fractions or 52.5 Gy in 20 fractions, at the clinician’s discretion. In
the case of MDT, VMAT-based SBRT delivery was performed (1 to
5 fractions) employing exclusively the Elekta Axesse LINAC system
(Elekta, Stockholm, Sweden).

The HT regimens (first generation ADT or first-generation
peripheral anti-androgens) administered in combination with
either SRT or SBRT, at the clinician’s discretion, did not include
androgen receptor pathway inhibitors (ARPis).

%%Ga-PSMA-11-PET/CT scans were performed at our Division of
Nuclear Medicine. ®*Ga-PSMA-11 was synthesized in the
radiochemistry laboratory of our Division of Nuclear Medicine.
Gallium-68 was produced with a **Ge/**Ga generator (ITG Isotope
Technologies Garching GmbH, Germany). All patients received an
intravenous dose of 2 MBgq/Kg + 0.2 MBq of ®*Ga-PSMA-11 followed
by intravenous hydration (0.5 L, saline solution) during uptake, as
previously reported (14, 15). No specific patient preparation was
needed before the procedure, and furosemide or oral contrast media
were not administrated. All patients underwent PET/CT imaging
with a dedicated tomograph (Gemini Dual, Philips HealthCare). An
attenuation-corrected whole-body scan (vertex to mid thighs, 2.5 min
per bed position, axial field-of-view of 18 cm per bed position) was
acquired 60 minutes after tracer injection. A low-dose CT scan was
performed for attenuation correction of the PET emission data. The
PET scans were reconstructed using ordered subset expectation
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maximization (OSEM)-based algorithms. Further details on
radiopharmaceuticals and PET/CT imaging procedures have been
previously published (14, 15).

Results

103 patients were included in the present sub-analysis. The
median follow-up was 64.7 months (IQR: 43.6-76 months).
Patients with pT3 stage represented the 42.7% of the population.
Positive margins (R+) were observed in 35.9% of cases. pNO patients
were 77.7%, while the remaining were pNx. Patients and disease
characteristics details are reported in Table 1.

The interval between RP and BCR was > 12 months in 62.1% of
cases. The median PSA value at the time of first-time BCR was 0.3
ng/mL (IQR: 0.25-0.4 ng/mL). The median PSA value at the time of
the protocol PSMA-PET was 0.5 ng/mL (IQR: 0.35-0.83 ng/mL),
with a median interval between BCR and PSMA-PET of 3 months
(IQR: 1.71-10.44 months).

The details regarding relapse characteristics are reported
in Table 2.

The protocol PSMA-PET was positive in 29 patients (28.1%),
who had a median PSA doubling time (PSAdt) of 6.2 months before
the exam (IQR: 2.6 - 10.9).

TABLE 1 Patients and disease characteristics.

Parameter Value

Median age at RP 67 years (range: 51-79)

Median age at Protocol PSMA 70 years (range: 52-83)

Median iPSA* 8.2 ng/mL (range: 3.1-145)

<pT3 n =59 (57.3%)
pT3 n = 44 (42.7%)
pNO n = 80 (77.7%)
PNx n =23 (22.3%)

Median N° of removed Nodes** 14 (range: 4-50)

10.3389/fonc.2026.1764588

The median number of positive lesions was 1. The most
frequent sites of relapse were: bones (10 patients, 34.4%) and
pelvic lymph nodes (9 patients, 31%). No visceral involvement
was detected by the protocol PSMA-PET.

However, a patient with 2 occipital bone metastases (and a
simultaneous P-bed uptake) underwent further evaluation with
magnetic resonance imaging (MRI), which revealed visceral
involvement (brain). The latter was also the only case of mixed
relapse sites involving both P-bed and extra P-bed uptakes.

A PSMA-positive uptake solely in the P-bed was reported for 7
patients. Sites of relapse details are reported in Figure 1.

Among positive PSMA-PET patients, the P-bed abort rate was
58.6% (17/29 patients). Excluding patients with PSMA-positive
uptake solely in the P-bed (7 patients), the rate of P-bed abort
was 77.3% (17/22 patients). The CiM rate was 75.8% (22/29
patients) among PSMA-PET positive patients and 21.3% (22/103)
considering the whole study population.

SBRT alone was the treatment of choice in the 13.8% of PSMA-
positive cases (4/29). Details regarding SBRT doses are reported in
Supplementary Table 1.

The single case with visceral involvement was treated with HT
plus chemotherapy. Treatment details of PSMA-positive patients
are illustrated in Figure 2.

Except one late G3 pain toxicity (rib metastasis treatment), no
other G2+ were reported for patients undergoing SBRT-MDT
(Supplementary Table 2).

Among PSMA-PET negative patients (n=74): 85.2% of cases
were treated with P-bed SRT (n=63, with the addition of HT in 5/63
patients); among the remaining ones, 10 patients were observed and
1 was treated with HT alone.

Details regarding SRT doses are reported in Supplementary Table 1.

Within the cluster of PSMA-negative patients, PSA at the time
of treatment decision was >0.35 ng/mL in 71.6% of cases (53 out of
74 patients). In the latter setting, 81.1% (43 out of 53 patients)
received P-bed SRT (with the addition of HT in 2 out of 43 cases).

TABLE 2 Relapse characteristics.

Parameter Value

RP, radical prostatectomy; iPSA, initial PSA; PSMA, prostate-specific membrane antigen; NA,
not available; ISUP, International Society of Urological Pathology (grade groups, 1-5); BCP,
biochemical persistence; R, surgical margins; R0, negative margins; R+, positive margins; N°,
number; n, number of patients with a specific disease characteristic.

*iPSA available for 89 patients; **number of removed lymph nodes available in 56 patients;
**BCP defined as PSA > 0.1 ng/mL 4-6 weeks post RP.
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RO n = 54 (52.4%)
R+ n =37 (35.9%) Median PSA at BCR after RP 0.3 ng/mL [IQR: 0.25 - 0.405 ng/mL]
NA R status n =12 (11.7%) Median PSA at protocol PSMA -
0.43 ng/mL [IQR: 0.32 - 0.64 ng/mL
PSMA negative ng/mL [1Q ng/mL]
ISUP 1 n = 14 (13.6%)
Median PSA at protocol PSMA - 078 ng/mL [IQR: 0.49 - 1.18 ng/mL]
ISUP 2 n =25 (24.2%) PSMA positive /6 nghm (047 - Ao ngm
ISUP 3 n = 36 (35.0%) Positive PSMA n =29 (28.2%)
ISUP 4 n =14 (13.6%) Negative PSMA n =74 (71.8%)
ISUP 5 n =14 (13.6%) PSA at treatment - PSMA negative
BCP* n =28 (27.1%) Patients with PSA > 0.35 ng/mL n =53 (71.6%)

PSA at treatment - PSMA positive

Patients with PSA > 0.35 ng/mL

n =27 (93.1%)

RP, radical prostatectomy; PSMA, prostate-specific membrane antigen; BCR, biochemical
recurrence; n, number of patients with a specific disease characteristic; IQR, interquartile range.
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FIGURE 1
Sites of disease relapse detected at protocol PSMA-PET. n, number of lesions; PB, prostate bed.

P-bed Regional Nodal

W SBRTHHT
m SRT ® SRT+SBRT+HT
m SRT+HT mHT
= sPIND
Distant Nodal
W SBRTHHT m SBRT
mHT m SBRTHHT
m sPIND w SRT+SBRT+HT

FIGURE 2

Treatment details stratified by site of recurrence in PSMA-positive patients. P-bed, prostate bed; SRT, salvage radiotherapy; HT, hormonal therapy*;
SBRT, stereotactic body radiotherapy; sPLND, salvage pelvic lymph node dissection. *The HT regimens administered in combination with either SRT
or SBRT did not include androgen receptor pathway inhibitors (ARPis).
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Among PSMA-PET negative patients, the PSAdt assessed over
the 6 months preceding imaging was < 9 months in 64.6% of cases.

At five years follow-up, bPFS rates were 26.7% and 66.8% for
PSMA-positive (any treatment) and PSMA-negative undergoing
SRT+/-HT patients, respectively (p = 0.0008).

One patient per subgroup was excluded from the bPFS analysis:
a PSMA-positive (Mla disease) patient discontinued (poor
compliance) the SBRT treatment (combined with HT) and was
then lost prior to the first follow-up; a PSMA-negative patient
completed the SRT treatment but was then lost prior to the first
follow-up.

Figure 3 depicts bPFS of these two subgroups across the
different follow-up timepoints.

No P-bed relapse following P-bed abort was observed in PSMA-
positive patients with no uptake in the P-bed (0/16).

Patterns of failure according to the site of recurrence following
treatment for both protocol PSMA-positive and -negative
subgroups are depicted in Figure 4. In 14 cases (7 per subgroup,
excluded from Figure 4), biochemical progression alone was
observed, with no imaging findings.

Following treatment, among protocol PSMA-positive patients
no cases of polymetastic progression were observed. One case of
polymetastic progression was reported in the protocol PSMA-
negative population.

Discussion

In this sub-analysis of our prospective series (14, 15), we aimed
to evaluate the impact of including PSMA-PET imaging into the

10.3389/fonc.2026.1764588

decision-making process for RT after RP. Indeed, recent data
support the use of novel prostate-specific PET tracers (so-called
“molecular imaging”) to guide SRT decision-making and planning
(11, 12). In the EMPIRE-1 trial, patients with detectable PSA post-
RP and negative conventional imaging (no extra-pelvic or bone
findings) were randomized to RT directed by conventional imaging
alone (Arm 1) vs conventional imaging plus 8F_fluciclovine-PET
(Arm 2) (11). In Arm 2, RT decisions were rigidly determined by
PET, which was also used for target delineation. A dose escalation to
sites of uptake strategy was not employed in this trial. PET findings
resulted in a 35.4% rate of decision changes, including 4 patients
having RT aborted. Median follow-up was 3.52 years. Three-year
failure-free survival rate for Arm 1 vs Arm 2 was 63% vs 75.5%
(p=0.0028) and at 4-years was 51.2% vs 75.5% (p<0.0001) (11). The
phase III PSMA-SRT trial randomized 193 patients with BCR
following RP to SRT (control arm, n = 90) or to PSMA prior to
SRT planning (investigational arm, n = 103) from June 2018 to
August 2020 (12). Any other approved imaging modalities were
allowed in both arms. Median PSA levels at enrollment was 0.30 ng/
mL in the control arm and 0.23 ng/mL in the PSMA arm.
Fluciclovine-PET was used in 43% of cases in the control arm.
The rate of PSMA localized recurrences was 38/102 (37%): 9% M1
disease, 16% in the pelvic lymph nodes (N1, with or without local
recurrence), and 13% in the P-bed only. There was a 23% difference
(p = 0.002) of frequency of major changes between the control arm
(22%) and the PSMA arm (45%). There was a 17.6% difference
(p=0.005) of treatment escalation frequency between the control
arm (12%) and the intervention arm (29%). The final readout of the
primary endpoint is expected soon. PET-guided dose-escalation
data from the phase II EMPIRE-2 trial (NCT03762759) were

100 -
90
7 2 PSMA-PET results
z 7
3T 60- —— negative
-§ 50 - ——— positive
s :
— 40 -
3
S 30- p = 0.0008
A 5]
10 -
o‘ L] o L] b L] L] . L] b L] L] L] b L]
0 12 24 36 48 60 72 84 96 108
Time
Number at risk
negative
62 51 45 42 33 28 18 5 0O
positive
28 23 14 10 9 4 3 1 O
FIGURE 3
bPFS of PSMA-positive (any treatment) and PSMA-negative (SRT+/-HT) subgroups during the follow-up.
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d

FIGURE 4

lesions; PB, prostate bed.

Imaging-detected failure sites following treatment in protocol PSMA-positive patients (a) vs protocol PSMA-negative patients (b). n, number of

recently presented at ASCO GU 2025. This study randomized
patients with detectable PSA (and negative conventional imaging)
following RP to receive RT guided by either fluciclovine PET (Arm
1) or PSMA PET (Arm 2). There was no significant difference
between Arm 1 and Arm 2, with 2-years failure-free survival rates of
88.2% and 86.9%, respectively (p=0.604).

In our study (2016-2020), the median PSA value at the time of
first-time BCR was 0.3 ng/mL, and the median PSA value at the
time of the protocol PSMA-PET was 0.5 ng/mL (with a median
interval between BCR and PSMA-PET of 3 months). The protocol
PSMA-PET was positive in 29 patients (28.1%). These patients had
amedian PSA of 0.78 ng/mL at the time of the protocol PSMA-PET
and a PSAdt of 6.2 months prior to the exam, which certainly
highlighted an aggressive recurrence cluster.

The median number of positive lesions was 1.

Our primary objective was to assess the rate of PSMA-based
CiM, defined as any treatment strategy in patients with positive
scans that deviated from the STD post-prostatectomy approach.
These included P-bed irradiation omission with MDT (+ HT),
treatment intensification combining SRT with MDT (+ HT), or the
use of intensified systemic treatment alone (in terms of treatment
duration and/or combination of agents).

Among PSMA-positive, the P-bed abort rate was 58.6% (17/29
patients). Excluding patients with PSMA-positive uptake solely in
the P-bed (7 patients), the rate of P-Bed abort was 77.3% (17/22
patients). The CiM rate was 75.8% (22/29 patients) among PSMA
positive patients and 21.3% (22/103) considering the whole
study population.

Regarding literature data on recurrent regional disease, the
recently published PEACE V-STORM phase 2 trial randomized
patients with PET-detected pelvic nodal oligorecurrence (up to five
nodes following radical local treatment) to MDT (plus 6 months of
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ADT) or elective nodal RT (ENRT, plus 6 months of ADT) (17).
Overall, 24 (25%) of 97 patients in the MDT group and 38 (41%) of
93 in the ENRT group received P-bed RT. In the post-hoc analysis,
patients receiving (prostate and) P-Bed RT throughout their disease
history were less likely to develop a local recurrence than those
without (prostate and) P-bed RT (p=0.023). A local recurrence was
observed in nine (18%) of 50 patients who never received prostate
or P-bed RT versus ten (7%) of 140 patients who did receive
prostate or P-bed RT in their disease history (17). In our study,
no P-bed relapse following P-bed abort was observed in PSMA-
positive patients with no uptake in the P-bed (0/16). However, these
findings should be interpreted with caution due to the limited
sample size within this subgroup, rendering the analysis
underpowered. Specifically designed, large prospective clinical
trials are required to determine whether P-bed omission based on
PSMA findings can be routinely recommended.

Nonetheless, it is worth noting that the PEACE V-STORM trial
showed that P-bed RT was the primary contributor to toxicity (17).

Moreover, the 4-year metastasis-free survival (MFS) was 63% in
the MDT group and 76% in the ENRT group (p=0.063). By showing
an improved MFS with ENRT, this trial established ENRT as a
potential standard treatment approach (17). The PEACE V-
STORM trialists, thus, concluded that when MDT is offered for
nodal recurrent disease, patients need to be informed that this
might result in a higher chance of recurrence and need for
subsequent treatments (17). The ongoing POINTER-PC phase 3
trial will aim to confirm these findings (18). Additionally, recent
data from a phase 2 randomized clinical trial report improved
outcomes with PSMA-PET-guided intensification of SRT including
ENRT, nodal boost and MDT (19). In our study, pelvic nodal
relapses represented the second most frequent site of recurrence
after bone lesions (Figure 1). Patients with pelvic nodal recurrence
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were not offered ENRT. Most PSMA-positive lesions were managed
with SBRT, either as a standalone treatment or within combined-
modality approaches: SBRT was delivered to 50% of nodal
recurrences (including both N1 and Mla cases) and to 100% of
bone lesions (Figure 2). Intensified treatment strategies combining
SRT, SBRT, and HT were used in 38% of regional nodal recurrences
and 50% of bone recurrences. At five years of follow-up, bPFES rates
were 26.7% for PSMA-positive patients (any treatment) and 66.8%
for PSMA-negative patients undergoing SRT+/-HT (Figure 3).
These findings are consistent with the established prognostic
significance of PSMA status, as reported in our earlier analysis
(15), since it appears to stratify patients according to disease burden
and biological aggressiveness.

The outcome observed in the PSMA-positive subgroup should
be interpreted with caution mainly due to the heterogeneity of
treatment approaches (based on clinician discretion) and the
limited number of patients within each recurrence site category.
Consequently, within the PSMA-positive cluster, any analysis of
differential outcomes across the different treatment modalities
would have been inappropriate, as it would not have been
possible to causally attribute the potentially observable differences
to specific interventions. Rather, such differences would have more
likely reflected variations in disease biology and extent of recurrence
as revealed by PSMA-PET imaging. Moreover, the marked
heterogeneity of management strategies limits the interpretability
of bPFS outcomes.

Importantly, the present study cannot inform on the
comparative effectiveness of different PSMA-guided treatment
approaches, and any such inference would be beyond the scope of
the data.

Nonetheless, a discussion regarding the generalizability of our
findings should also consider the different distribution and
topography of potential false positive results associated with
different tracers for PSMA-PET imaging. In a previous study, we
observed a hierarchy between PSMA-targeted radiopharmaceuticals
in differentiating the PSA nadir after therapy resulting in an impact
on the oncologic outcome of patients who underwent MDT under
the guidance of [*®Ga]Ga-PSMA-11 rather than [**F]F-PSMA-1007
(20). In this regard, [*®Ga]Ga-PSMA-11 has demonstrated to be
characterized by a lower number of equivocal bone findings than
['®F]F-PSMA-1007 (21). As a consequence, in the present study,
patients’ management guided by [*®*Ga]Ga-PSMA-11 PET was
likely associated to a lower risk of unspecific bone uptakes
reducing the risk of false-positive results and subsequent
suboptimal guide for SBRT.

The use of SBRT in our PSMA-positive oligometastatic
population is supported by the literature evidence regarding the
metachronous recurrent oligometastatic hormone-sensitive setting
(20, 22-27).

In this scenario, previously published data highlighted the
potential MDT benefit in terms of ADT-free survival (22) and
improved outcomes, suggesting the opportunity of employing
multiple rounds of MDT rather than proceeding to systemic
therapy at first progression (23). However, more recent data
suggest that in this setting the combination with ADT improves
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disease control (24, 25). In particular, the RADIOSA trial reported
improved clinical PFS with the combination of SBRT and a short
course of ADT (25). Nonetheless, the authors highlighted that
carefully selected patients might still benefit from SBRT alone
(25). Thus, in this oncological scenario, patient selection plays a
pivotal role. In the quest for treatment personalization in
oligometastatic hormone-sensitive disease presentations, genetic
biomarkers are likely to play a critical role. Indeed, pooling
STOMP (22) and ORIOLE (23), Deek et al. assessed the ability of
a high-risk mutational signature to risk stratify outcomes after
MDT (27). Those treated with MDT without a high-risk mutation
experienced the best outcomes (median PFS 13.4 months). As
opposite, a 7.5 months PFS was observed in those with a high-
risk mutation treated with MDT (27). Thereafter, while individuals
with oligometastatic hormone-sensitive disease without a high-risk
mutation might initially be treated with MDT alone, those with a
high-risk mutation need novel intensified treatment paradigms
(27). In the context of treatment intensification, ARPis have
emerged as a cornerstone in the management of metachronous
recurrent oligometastatic hormone-sensitive PCa (28, 29). The
integration of ARPis with SBRT (used as MDT) represents an
area of growing clinical interest and ongoing investigation.

The phase II SATURN trial explored an intensified hormonal
approach—referred to as androgen annihilation therapy,
comprising dual ARPis—in combination with MDT among
patients with oligorecurrent disease (30). Half of patients were
recurrence-free 6 months after their testosterone level recovered,
and less than a quarter of patients experienced a severe drug-related
side effect (30).

The ongoing PERSIAN trial [NCT03449719] is currently
evaluating the combination of (ADT plus) apalutamide with
SBRT in the metachronous oligometastatic hormone-sensitive
scenario. The early trial results, reported at ASCO GU 2025 and
ESTRO 2025, suggest increased benefit for this approach in patients
with <3 metastases.

On the other hand, regarding the PSMA-negative setting, these
patients were mainly treated with P-Bed SRT (STD subgroup) and
no concurrent HT in our study. The five-year bPFES of this subgroup
was 66.8%. In the RTOG 0534 (published in 2022), the 5-year
freedom from progression rates were 70.9% in group 1 (P-bed
alone), 81.3% in group 2 (P-bed + short-term ADT), and 87.4% in
group 3 (pelvic irradiation plus short-term ADT) (9). The RTOG
0534 subgroup analysis of baseline PSA indicated that the freedom
from progression benefit observed in group 3 was greatest in
patients with PSAs above the median of 0.35 ng/mL (9). Within
the cluster of our PSMA-negative patients, PSA at the time of
treatment was >0.35 ng/mL in 71.6% of cases (median 0.43 ng/mL).
Thus, disease control in our STD patients’ subgroup would have
likely been enhanced through “earlier” initiation of salvage
treatment, and also a more frequent addition of ADT or the
addition of pelvic irradiation (according to the RTOG 0534 data).

In terms of ADT, the use and exact duration have still to be fully
defined as patient selection remains crucial (5-8). Notably, among
PSMA-PET negative patients, the PSAdt assessed over the 6 months
preceding imaging was < 9 months in 64.6% of cases, possibly
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delineating a subgroup of patients with higher-risk BCR. In this
setting, it has to be pointed out that intensified enzalutamide-based
systemic therapy is now standard of care for high-risk BCR
patients (31).

Genomic classifiers represent a contemporary tool that could
help identify high-risk clusters and select patients for more
individualized approaches regarding the use of systemic therapy
in the postoperative salvage setting (32).

Ultimately, the key limitations of our study can be summarized
as follows:

- Non-randomized design: Treatment selection was
clinician-driven; outcome differences likely reflect disease
biology rather than treatment effect;

- No multivariate adjustment limits the strength
of conclusions;

- Prognostic—not predictive—value of PSMA-PET: it
stratifies risk but does not prove benefit from PSMA-
guided treatment changes;

- Heterogeneous PSMA-guided strategies: Variability in
management limits bPFS interpretation and prevents

comparative effectiveness conclusions;

- Small subgroup for P-bed omission: Findings are
underpowered and should not guide practice outside
clinical trials;

- Systemic therapy-related limitations restrict the
applicability of the results to the contemporary practice:
Minimal HT use with SRT in the PSMA-negative cluster;
and absence of ARPIs use in PSMA-positive metastatic
patients treated with SBRT-MDT (+/-HT).

Overall, the management of patients with BCR after radical
prostatectomy remains challenging. Early salvage treatment is the
current standard of care. Our study highlights the need for restaging
with PSMA-PET to guide subsequent treatment decisions,
particularly in patients with PSA levels of 0.5 ng/mL. At present,
for PSMA-positive patients, there is a high variability of treatment
options in terms of radiotherapy approaches and combinations with
systemic treatments. Therefore, such options must be discussed by
an experienced multidisciplinary tumor board and tailored
according to the patient and disease characteristics. Finally, our
study group is currently analyzing the outcomes of subsequent
salvage treatments in both populations. This will be part of an
upcoming secondary analysis.

Conclusion

In nearly one-third of patients who experience prostate cancer
recurrence following radical prostatectomy, PSMA-PET imaging
resulted in meaningful changes in clinical management. These
changes most commonly affected radiotherapy strategies —
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including target delineation, treatment volumes, and dose — as well
as decisions regarding systemic therapy. Given the abovementioned
limitations, our current study is hypothesis-generating. Emerging
literature evidence suggests that treatment intensification based on
PSMA-PET findings may improve patient outcomes compared to de-
intensified approaches. However, the definitive impact on long-term
outcomes remains to be established through ongoing large prospective
randomized trials with standardized treatment algorithms and
appropriate multivariate adjustment.
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