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Prostate-Specific Membrane Antigen PET
Response Associates with Metastasis-Free
Survival After Stereotactic Ablative Radiation in
Oligometastatic Prostate Cancer

Philip Sutera, MD,a,1 Matthew P. Deek, MD,b,1 Rebecca A. Deek, MS,c

Ozan Cem Guler, MD,d Pervin Hurmuz, MD,e Mehmet Reyhan, MD,f

Steven Rowe, MD, PhD,g Noura Radwan, MD,a Shirl Dipasquale, MSRN,a

William T. Hrinivich, PhD,a Kathryn Lowe, MA,a Lei Ren, PhD,h

Biren Saraiya, MD,i Ronald Ennis, MD,b Lara Hathout, MD,b Tina Mayer, MD,i

Theodore L. Deweese, MD,a,j,k Daniel Y. Song, MD,a,j,k Ana Kiess, MD,a

Ezgi Oymak, MD,l Kenneth Pienta, MD,j,k Felix Feng, MD,m

Martin Pomper, MD, PhD,a,g,j,k Gokhan Ozyigit, MD,e

Phuoc T. Tran, MD, PhD,a,h,j,k Cem Onal, MD,d,n,2,* and
Ryan M. Phillips, MD, PhDo,2,*
aDepartment of Radiation Oncology and Molecular Radiation Sciences, Johns Hopkins University School of Medicine,
Baltimore, Maryland; bDepartment of Radiation Oncology, Rutgers Cancer Institute of New Jersey Robert Wood Johnson
Medical School, Rutgers University, New Brunswick, New Jersey; cDepartment of Biostatistics, Epidemiology, and
Informatics, Perelman School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania; dDepartment of
Radiation Oncology, Faculty of Medicine, Baskent University, Adana Dr Turgut Noyan Research and Treatment Center,
Adana, Turkey; eDepartment of Radiation Oncology, Faculty of Medicine, Hacettepe University, Ankara, Turkey;
fDepartment of Nuclear Medicine, Faculty of Medicine, Baskent University, Adana Dr Turgut Noyan Research and
Treatment Center, Adana, Turkey; gThe Russell H. Morgan Department of Radiology and Radiological Science, Johns
Hopkins University School of Medicine, Baltimore, Maryland; hDepartment of Radiation Oncology, University of Maryland,
Baltimore, Maryland; iDivision of Medical Oncology, Rutgers Cancer Institute of New Jersey, New Brunswick, New Jersey;
jDepartment of Oncology, Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, Johns Hopkins University School
of Medicine, Baltimore, Maryland; kJames Buchanan Brady Urological Institute, Johns Hopkins University School of
Medicine, Baltimore, Maryland; lDivision of Radiation Oncology, Iskenderun Gelisim Hospital, Hatay, Turkey;
mDepartment of Radiation Oncology, University of California San Francisco, San Francisco, California; nDepartment of
Sources of support: P.T.T. was funded by an anonymous donor, Movember Foundation-Distinguished Gentlemen’s Ride-Prostate Cancer Founda-
tion, Babara’s Fund, National Capitol Cancer Research Fund, and the NIH/NCI (U01CA212007, U01CA231776, and U54CA273956) and DoD
(W81XWH-21-1-0296). M.D. was funded by the DoD (W81XWH-22-1-0579). M.P. was funded by the NIH/NCI (R01CA134675). The funders had no
role in the design, analysis, or publication of the study.

Research data are stored in an institutional repository and will be shared upon request to the corresponding author.
1P.S. and M.P.D. contributed equally to this work.
2C.O. and R.M.P. contributed equally to this work.
*Corresponding authors: Cem Onal, MD; Email: hcemonal@hotmail.com andRyan M. Phillips, MD, PhD; Email: phillips.ryan@mayo.edu.

https://doi.org/10.1016/j.adro.2024.101507
2452-1094/© 2024 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.adro.2024.101507&domain=pdf
mailto:XPATH ERROR: unterminated function parameters; missing ')'.author']/descendant::*[local-name()='cross-ref'][@refid=cor0001]/following-sibling::*[local-name()='e-address'])'
mailto:XPATH ERROR: unterminated function parameters; missing ')'.author']/descendant::*[local-name()='cross-ref'][@refid=cor0002]/following-sibling::*[local-name()='e-address'])'
https://doi.org/10.1016/j.adro.2024.101507
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.adro.2024.101507


2 P. Sutera et al Advances in Radiation Oncology: July 2024
Radiation Oncology, Faculty of Medicine, Baskent University, Ankara, Turkey; and oDepartment of Radiation Oncology,
The Mayo Clinic, Rochester, Minnesota

Received 20 November 2023; accepted 28 March 2024

Purpose: Emerging data suggest that metastasis-directed therapy (MDT) improves outcomes in patients with oligometastatic
castration-sensitive prostate cancer (omCSPC). Prostate-specific membrane antigen positron emission tomography (PSMA-PET) can
detect occult metastatic disease, and PSMA response has been proposed as a biomarker for treatment response. Herein, we identify and
validate a PSMA-PET biomarker for metastasis-free survival (MFS) following MDT in omCSPC.
Methods and Materials: We performed an international multi-institutional retrospective study of patients with omCSPC, defined as
≤3 lesions, treated with metastasis-directed stereotactic ablative radiation who underwent PSMA-PET/computed tomography (CT)
before and after (median, 6.2 months; range, 2.4-10.9 months) treatment. Pre- and post-MDT PSMA-PET/CT maximum standardized
uptake value (SUVmax) was measured for all lesions, and PSMA response was defined as the percent change in SUVmax of the least
responsive lesion. PSMA response was both evaluated as a continuous variable and dichotomized into PSMA responders, with a
complete/partial response (at least a 30% reduction in SUVmax), and PSMA nonresponders, with stable/progressive disease (less than a
30% reduction in SUVmax). PSMA response was correlated with conventional imaging-defined metastasis-free survival (MFS) via
Kaplan-Meier and Cox regression analysis.
Results: A total of 131 patients with 261 treated metastases were included in the analysis, with a median follow-up of 29 months (IQR,
18.5-41.3 months). After stereotactic ablative radiation, 70.2% of patients were classified as PSMA responders. Multivariable analysis
demonstrated that PSMA response as a continuous variable was associated with a significantly worse MFS (hazard ratio = 1.003; 95%
CI, 1.001-1.006; P = .016). Patients classified as PSMA responders were found to have a significantly improved median MFS of 39.9
versus 12 months (P = .001) compared with PSMA nonresponders. Our study is limited as it is a retrospective review of a heterogenous
population.
Conclusions: After stereotactic ablative radiation, PSMA-PET response appears to be a radiographic biomarker that correlates with
MFS in omCSPC. This approach holds promise for guiding clinical management of omCSPC and should be validated in a prospective
setting.
© 2024 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Globally, prostate cancer represents the third most
common malignancy and is responsible for nearly
400,000 deaths annually.1 Despite advances in technolo-
gies and treatment of both castration-sensitive and castra-
tion-resistant prostate cancer, metastatic disease remains
largely incurable.2-7 Although androgen deprivation ther-
apy (ADT) is used to treat metastatic castration-sensitive
prostate cancer (mCSPC), the majority of patients will
eventually develop castration resistance, which is associ-
ated with higher rates of mortality.

Given this trajectory, there is significant interest in
metastasis-directed therapy (MDT), used to improve out-
comes by delaying progression and initiation of long-
term systemic therapy. Several clinical trials have evalu-
ated the role of MDT with stereotactic ablative radiation
(SABR) in patients with limited metastatic disease, known
as oligometastatic disease.8-12 These trials have defined
the oligometastatic state as no more than 3 to 5 metasta-
ses. For metachronous oligorecurrent mCSPC, the
STOMP and ORIOLE trials demonstrated improved
ADT-free and progression-free survival, respectively, with
MDT, compared with observation.13,14

Importantly, numerical definitions of oligometastasis
rely heavily upon the sensitivity of the imaging used.15
With the advent of molecular imaging, the sensitivity of
prostate cancer imaging has improved dramatically. Pros-
tate-specific membrane antigen (PSMA) is a transmem-
brane glycoprotein expressed on the surface of prostate
cancer cells and is overexpressed by both local and meta-
static prostate cancer.16,17 PSMA-based positron emission
tomography (PET) imaging has demonstrated high sensi-
tivity and specificity in detecting occult metastatic
disease,18,19 and the PSMA response has been proposed as
a potential biomarker for the response to systemic or local
therapy.20 Herein, we evaluated the post-SABR PSMA-
PET response to MDT in patients with oligometastatic
mCSPC (omCSPC) to assess the correlation between
PSMA response and clinical outcomes.
Methods and Materials
Following institutional review board approval, we per-
formed an international multi-institutional cohort study of
men with newly diagnosed omCSPC treated with metasta-
sis-directed SABR who underwent pre- and posttreatment
PSMA-PET/computed tomography (CT). Patients included
those treated at Johns Hopkins Hospital as part of the
ORIOLE trial14 (conventionally staged cohort) and those
treated at Baskent University (PSMA-PET staged cohort).
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Inclusion criteria were patients with omCSPC, defined
as ≤3 metastases on either conventional (CT/radionuclide
bone scan) or PSMA-targeted (PET) molecular imaging.
Patients with oligometastatic disease per conventional
imaging but with polymetastatic disease per PET (range,
4-25 lesions) were eligible for inclusion, as patients in the
ORIOLE trial were defined on conventional imaging but
underwent pre-MDT PSMA-PET, to which investigators
were blinded. Patients treated with concurrent ADT were
also included in the analysis.

Before MDT, all patients received either 68Ga-PSMA-
HBED-CC or 18F-DCFPyL-PSMA PET/CT. All patients
underwent CT-based simulation with personalized immo-
bilization specific to the metastasis location. Gross tumor
volume and organs at risk (OARs) were identified by the
treating physician. A variable planning target volume
expansion of 2 to 5 mm was performed based on metasta-
sis location. A SABR plan was generated with dose and
fractionation based on tumor size and location, while
maintaining normal tissue constraints to OARs per
AAPM Task Group 101 recommendations.21 Prescription
doses ranged from 16 to 60 Gy in 1 to 5 fractions
(1 patient was treated with hypofractionated radiation
therapy in 15 fractions). Image guidance with cone beam
CT was used to confirm patient set-up before treatment.
A follow-up PSMA-PET/CT was performed to evaluate
disease response after SABR. Following MDT, patients
did not receive any systemic therapy until evidence of dis-
ease progression was observed (with the exception of the
limited duration of concurrent ADT delivered with
MDT). Available follow-up data from serial physical
examinations, imaging, and prostate-specific antigen
(PSA) measurements were obtained by chart review.

Summary statistics were calculated for patients and
lesions. Each lesion was characterized as having a com-
plete response (CR; no residual PSMA activity), partial
response (PR; at least 30% reduction in SUVmax), stable
disease (SD; <30% reduction or <20% increase in
SUVmax), or progressive disease (PD; at least 20% increase
in SUVmax). Discrete cutoff values were determined to
reflect commonly used radiographic thresholds of
response.22 Multivariable binary logistic regression was
used to identify clinical/treatment features associated with
PSMA response (CR/PR). The primary outcome was
metastasis-free survival (MFS) following SABR, stratified
into PSMA responders (all lesions with CR/PR) versus
PSMA nonresponders (at least 1 lesion with SD/PD);
PSMA response was evaluated as a continuous variable
for the worst responding lesion. MFS was defined as the
time from MDT to development of new distant metastasis
on conventional imaging, or death from any cause.23

Given the clinical heterogeneity of the cohort, several
subgroup analyses were also performed to evaluate PSMA
response as a biomarker for MFS in more clinically
homogenous groups, including those treated with
and without concurrent ADT, metachronous and
synchronous metastatic disease, conventional and PSMA
staging, total and subtotal disease consolidation, and
lymph node only and bone/visceral metastases. Our sec-
ondary outcomes included lesion local control (LLC) after
MDT. Lesion local failure was defined as radiographic
growth of a lesion on conventional imaging within the
SABR-treated field in conjunction with a rising PSA level.
Survival analyses were calculated with the Kaplan-Meier
method and compared using a log-rank test. Multivariable
Cox regression analysis was conducted for MFS. Variables
included in the multivariable analysis were selected a pri-
ori based on characteristics known to be associated with
prognosis.14,24-26 Proportional hazards assumption was
validated for PSMA response and the timing of the post-
MDT PSMA-PET (Fig. E1). Interaction terms for PSMA
response and covariates included in the multivariable Cox
regression were calculated. All statistical analyses were
conducted using IBM SPSS Statistics, version 27, and
a 2-sided P value <0.05 was considered statistically
significant.
Results
A total of 131 patients with 315 metastases (261 treated
with MDT) were included in the analysis, with a median
follow-up of 35.4 months (IQR, 21.3-49.9 months). Base-
line demographic, clinical, and treatment characteristics
at initial diagnosis (Table E1) and oligometastasis
(Table 1) are reported. Characteristics of the convention-
ally staged and PSMA-PET-staged cohorts can be seen in
Table E2. The majority of patients had metachronous dis-
ease (74.0%) and received MDT to all PSMA-positive
lesions (87.8%). The characteristics of all 315 observed
PSMA-positive lesions are summarized in Table E3.
Among the 261 treated lesions, bone (52.5%) and lymph
node (45.2%) metastases were most common. The median
pre-MDT SUVmax for all lesions was 8.7 (IQR, 4.0-16.7)
and was similar among metastasis locations (Table 1).
Lymph node and bone lesions were both treated with a
median biologically effective dose (a/b = 3) (BED3) of
116.7 Gy (IQR: bone, 90-126; node, 90-124), while
visceral metastases received a median BED3 of 378 Gy
(IQR, 234-419). A detailed list of radiation prescriptions
used can be found in Supplemental Table E4.

A post-PSMA PET scan was performed a median of
6.2 months (IQR, 4.6-8.7; range, 2.4-10.9) after MDT.
The per lesion response rates after SABR were as follows:
CR, 27.6%; PR, 51.7%; SD, 14.2%; and PD, 6.5%. In con-
trast, 90.7% of the 54 untreated lesions had SD/PD. Per-
cent change from baseline SUVmax can be seen for treated
and untreated lesions (Fig. 1). Multivariable logistic
regression only identified that concurrent ADT was asso-
ciated with an increased likelihood of lesion PSMA
response (CR/PR) (OR = 3.04; 95% CI, 1.38-6.70;
P = .006) (Table 2).



Table 1 Demographic, treatment, and lesion characteristics at time of oligometastasis

Oligometastatic characteristics N = 131 Treated lesion characteristics N = 261

Median age at oligomet (IQR) 66 (60.75-66) Location

Median PSA at oligomet (IQR) 4.5(1.9-11.8) Node 118 (45.2%)

Bone 137 (52.5%)

Visceral 3 (1.1%)

Prostate/Local recurrence 1 (0.4%)

Timing

Metachronous 97 (74.0%)

Synchronous/de novo 34 (25.2%) Median pre-MDT SUVmax (IQR)

All Lesions 8.7 (4.0-16.7)

Staging imaging Node 9.1(4.0-18.5)

Conventional (CT/Bone Scan) 35 (26.7%) Bone 8.6 (4.2-15.7)

PSMA-PET 96 (73.3%) Visceral 7.8 (6.2-10.2)

Number of PSMA lesions Median BED3 Gy (IQR)

1 62 (47.3%) All Lesions 116.7(90-126)

2 42 (32.1%) Node 116.7 (90-124)

3 12 (9.2%) Bone 116.7 (90-126)

≥ 4 15 (11.5%) Visceral 378 (234-419)

Total PSMA consolidation PSMA SUV response

Yes 115 (87.8%) Complete response 72 (27.6%)

No 16 (12.2%) Partial response 135 (51.7%)

ADT with MDT Stable disease 37 (14.2%)

Yes 86 (65.6%) Progressive disease 17 (6.5%)

No 45 (34.4%)

Median duration of ADT (IQR) 2 (1.0-3.75) mo.

Mode of failure

Long-term disease free 64 (48.9%)

Oligoprogressor 32 (24.4%)

Polyprogressor 35 (26.7%)

Abbreviations: ADT = androgen deprivation therapy; MDT = metastasis-directed therapy; PSA = prostate-specific antigen; PSMA-PET = prostate-
specific membrane antigen positron emissssion tomography; SUV = standardized uptake value.
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Within the entire cohort, the 3-year LLC was 87%, and
the median LLC was not reached. When stratified by
lesional PSMA response, 3-year LLC rates were 92% ver-
sus 66% for PSMA responders and nonresponders,
respectively (Fig. 2A). Per multivariable Cox regression,
PSMA response, as a continuous variable, was associated
with LLC (HR = 1.003; 95% CI, 1.001-1.006; P = .016)
after accounting for BED3 of SABR, lesion location, ADT,
and pre-MDT SUVmax (Table 3).

Within the entire cohort, the 3-year MFS was 46%, and
the median MFS was 35.4 months (95% CI, 23.6-47.2
months). When stratified by treatment response, the
3-year MFS was 51% versus 33% for PSMA responders
and nonresponders, respectively (Fig. 2B). Similarly, the
median MFS was significantly prolonged among PSMA
responders versus nonresponders (39.9 vs 12 months,
respectively; P = .001). Although death was considered an
MFS event, only 2 patients died before developing a new,
conventionally detected metastasis, neither of whom had
PSMA progression nor died of prostate cancer. Given the
heterogeneity of the cohort, which included patients with
different staging imaging, timing of disease, use of ADT,
and metastatic location, we evaluated whether PSMA
response was associated with MFS within these subsets.
PSMA response was significantly associated with MFS in
patients treated with and without ADT (Fig. E2), in
patients with metachronous disease (Fig. E3), in those
staged with conventional and PSMA-PET imaging



Figure 1 Waterfall plot demonstrating percent change of PSMA-PET SUVmax for both treated and untreated lesions.
Abbreviations: PSMA-PET = prostate-specific membrane antigen positron emission tomography.

Table 2 Binary logistic regression of characteristics pre-
dictive of SUV response (CR/PR) to MDT

Multivariate

Predictor of SUV response OR (95% CI) P value

Lymph node (vs bone) 1.21 (0.56-2.62) 0.6

Pre-MDT SUVmax (continuous) 1.022 (0.99-1.05) 0.15

BED3 (continous) 1.01 (0.99-1.02) 0.4

ADT with MDT 3.04 (1.38-6.70) 0.006

Abbreviations: BED3 = biologically effective dose (a/b = 3); CR =
complete response; MDT = metastasis-directed therapy; PR = partial
response; SUV = standardized uptake value.

Figure 2 Kaplan-Meier survival curves of (A) lesion local contro
by PSMA responders and nonresponders.
Abbreviations: PSMA = prostate-specific membrane antigen.
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(Fig. E4), in patients with total PSMA consolidation (Fig.
S5), and in patients with lymph node only and bone/vis-
ceral metastases (Fig. E6). Notably, PSMA response was
only not significantly associated with MFS among patients
with synchronous disease (only 2 PSMA nonresponders)
and those with subtotal PSMA consolidation (only 1
PSMA responder). Per multivariable Cox regression,
PSMA response, as a continuous variable, was associated
with MFS (HR = 1.003; 95% CI, 1.001-1.004; P < .001)
when accounting for total PSMA consolidation, disease
timing, Gleason grade group, ADT, pre-MDT PSA, and
staging imaging (Table 4). None of the covariates
included in the multivariable Cox regression analysis, nor
l for treated lesions and (B) metastasis-free survival stratified



Table 3 Multivariable Cox regression analysis of variables associated with lesion local control for treated lesions

Clinical variable HR (95% CI) P value

PSMA response* 1.003 (1.001-1.006) 0.016

BED3 (continuous) 0.97 (0.96-0.99) 0.005

Lymph node (vs bone) 1.44 (0.29-7.15) 0.7

Concurrent ADT (vs no ADT) 0.19 (0.03-1.07) 0.06

Pre-MDT SUVmax (continuous) 1.04 (1.01-1.06) 0.002

Abbreviations: ADT = androgen deprivation therapy; BED3 = biologically effective dose (a/b = 3); MDT = metastasis-directed therapy;
PSMA = prostate-specific membrane antigen; SUV = standardized uptake value.
*PSMA response defined as percent change in SUVmax after MDT, evaluated as a continuous variable.
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the time from the end of MDT to post-MDT PSMA-PET,
had a significant P value for the interaction with the
PSMA response (Table E5).
Discussion
We report an association between post-MDT PSMA-
PET response dynamics and important clinical outcomes.
MDT induces a PSMA-PET response that is not observed
in untreated metastases, and PSMA progression is associ-
ated with MFS, both as a continuous variable and a
clinically valid dichotomization. Taken together, these
findings suggest that PSMA-PET response may be an
effective radiographic biomarker for distant control fol-
lowing MDT in omCSPC. The identification of a PSMA-
PET response biomarker that correlates with MFS follow-
ing MDT in omCSPC is of particular interest, as MFS has
been shown to be a strong surrogate for overall sur-
vival in localized CSPC.23 These findings allow for the
early identification of patients (PSMA responders) who
can remain off of any systemic therapy for a meaning-
ful period of time, versus those that are likely to prog-
ress quickly (PSMA nonresponders) and potentially
benefit from treatment intensification with early initia-
tion of systemic therapy. Further work in elucidating
Table 4 Multivariable cox regression of variables associated w

Clinical variable

PSMA response*

Total PSMA consolidation

Metachronous (vs synchronous)

Gleason grade group

Concurrent ADT (vs no ADT)

Pre-MDT PSA

Conventionally staged (vs PSMA staged)

Abbreviations: ADT = androgen deprivation therapy; MDT = metastasis-direc
membrane antigen.
*PSMA response defined as percent change in the SUVmax of the worst respon
which type and duration of systemic therapy for these
rapidly progressing patients with omCSPC should be
pursued.

Two previous studies compared MDT using PSMA- or
choline-PET to identify lesions, and both found that
PSMA-guided treatment improved ADT-free survival.27,28

This improvement is likely due to the increased detection
of occult metastatic disease with PSMA-PET and is con-
sistent with our results of improved distant MFS with
total PSMA-PET consolidation.29 Additional reports with
PSMA-PET-directed SBRT in both castration-sensitive
and resistant oligometastatic prostate cancer have demon-
strated similar 2-year local control rates ranging between
95% to 100%, but with a median PFS ranging from 12 to
41 months.30-32 Glicksman et al.33 reported that in a sin-
gle-arm phase 2 trial of 37 patients with PSMA-PET-
defined oligorecurrent prostate cancer (negative by con-
ventional imaging) treated with MDT with either SABR
or surgery, there was a biochemical response rate of 60%,
and there was no biochemical evidence of disease in 22%
of patients following MDT.

Timing of posttreatment PSMA-PET imaging remains
of critical importance. ADT initially increases PSMA
expression in the short term through abrogation of andro-
gen-related downregulation of FOLH1 gene expression,
leading to increased FOLH1 transcription and subsequent
ith conventionally defined metastasis-free survival

HR (95% CI) P value

1.003 (1.001-1.004) <0.001

0.59 (0.22-1.59) 0.29

3.35 (1.62-6.91) 0.001

1.13 (0.91-1.41) 0.28

1.61 (0.37-6.70) 0.5

1.003 (0.997-1.009) 0.3

0.52 (0.10-2.59) 0.4

ted therapy; PSA = prostate-specific antigen; PSMA = prostate-specific

ding lesions, evaluated as a continuous variable.



Advances in Radiation Oncology: July 2024 PSMA-PET response to SABR 7
increased PSMA expression.34-36 This, however, is con-
trasted by a subsequent decrease in PSMA expression
through tumor cell killing. Onal et al demonstrated a
median decrease in PSMA-PET SUVmax of 66% following
3 months of ADT.37 This decrease is likely due to the
treatment effect of ADT reducing tumor mass, despite
upregulation of PSMA on the remaining viable cells.38

Given the above-noted time dependence of PSMA-
PET avidity on ADT, post-SABR imaging should be
performed at least 3 months following treatment, par-
ticularly if concurrent ADT was delivered, to avoid
misclassifying patients with an ADT flare as having
progressive lesions.

Surprisingly, within this study, concurrent ADT was
not found to be significantly associated with MFS, despite
it showing an increased likelihood of a PSMA response.
This is likely due to the fact that patients with more
aggressive disease characteristics are more likely to receive
concurrent ADT. Given that the duration of the concur-
rent ADT was very short, it is possible that this short
duration of ADT was able to overcome these more aggres-
sive features and show an MFS benefit. Importantly, how-
ever, PSMA response was shown to be prognostic
regardless of whether patients received concurrent ADT.

Although we demonstrated a correlation between
SUVmax and clinical outcomes at the post-SABR time
point, the optimal time for posttreatment imaging
remains unknown, as the PSMA-PET response to MDT is
seldom reported. Greco et al reported a single-institution
phase 2 study evaluating the PET response following
MDT in oligometastatic disease across multiple histolo-
gies. This study included 147 patients with prostate cancer
(who underwent 68Ga-PSMA PET) and demonstrated
that a change in the PET SUVmax was associated with
locoregional failure.39 This study included a 3- and 6-
month posttreatment PET, which showed similar results,
though specific SUVmax changes over time were not
reported. Sadestski et al reported a retrospective review of
12 patients (15 lesions) with bone metastases treated with
SABR with pre- and posttreatment PSMA-PET. Posttreat-
ment imaging was performed at a median of 17 months
following treatment, and 93% of lesions demonstrated a
complete SUVmax response. No lesion local failures were
observed at a median follow-up of 26.5 months.40 This
report demonstrated a significantly higher complete SUV-
max response rate than what we demonstrated here, which
may be because of the earlier time point used for post-
treatment imaging in our study. Notably, neither of these
prior studies associated PET response with either MFS or
overall survival, which is a major strength of the present
study.

This study has several limitations. First, this was a ret-
rospective review that included a heterogeneous cohort of
patients. Although we attempted to control for the
nuanced different clinical features apparent in our cohort,
there may be confounding variables not accounted for.
Second, post-MDT imaging was also performed at vari-
able times (IQR, 4.6-8.8 months; range, 2.4-10.9), which
may affect the degree of PSMA response observed.
Although we have correlated outcomes with SUVmax per-
cent change, this may not be the most biologically appro-
priate response assessment, as other markers of metabolic
response, such as SUVmean (which was not available for
these cohorts) may serve as a more robust biomarker.
Additionally, 2 different PSMA tracers were used in the
cohort, which may have influenced our findings.41

Another limitation is that detailed PSA kinetics were
unavailable for the cohort, so the interaction between
PSMA response and PSA kinetics could not be evaluated,
which may provide an additional dimension for under-
standing the risk of disease progression. Finally, the ICE-
CaP definition of MFS has been strongly correlated with
overall survival within localized disease, and it is
unknown if this association retains its significance in the
oligometastatic setting. Despite these limitations, we have
identified a novel radiographic biomarker of PSMA-PET
change after SABR as a response indicator correlating
with MFS.
Conclusion
In this multi-institutional, international patient
series, PSMA-PET response in patients with omCSPC
after MDT was associated with MFS. Pending prospec-
tive validation, our findings suggest that PSMA-PET
should be considered for MDT targeting, evaluating
treatment response, and guiding subsequent interven-
tion. Future work is required to further refine our
understanding of when post-SABR PSMA-PET imag-
ing should be performed and how best to characterize
the PSMA response.
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