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Metastasis-directed therapy (MDT) has been tested in clinical trials as a
treatment option for oligorecurrent prostate cancer (PCa). However,
there is an ongoing debate regarding the impact of using different imag-
ing techniques interchangeably for defining lesions and guiding MDT
within clinical trials. Methods: We retrospectively identified oligorecur-
rent PCa patients who had 5 or fewer nodal, bone, or visceral metasta-
ses detected by choline or prostate-specific membrane antigen
(PSMA) PET/CT and who underwent MDT stereotactic body radiother-
apy with or without systemic therapy in 8 tertiary-level cancer centers.
Imaging-guided MDT was assessed as progression-free survival (PFS),
time to systemic treatment change due to polymetastatic conversion
(PFS2), and overall survival predictor. Propensity score matching was
performed to account for clinical differences between groups. Results:
Of 402 patients, 232 (57.7%) and 170 (42.3%) underwent MDT guided
by [18F]fluorocholine and PSMA PET/CT, respectively. After propensity
score matching, patients treated with PSMA PET/CT–guided MDT
demonstrated longer PFS (hazard ratio [HR], 0.49 [95% CI, 0.36–0.67];
P , 0.0001), PFS2 (HR, 0.42 [95% CI, 0.28–0.63]; P , 0.0001), and

overall survival (HR, 0.39 [95% CI, 0.15–0.99]; P , 0.05) than those
treated with choline PET/CT–guided MDT. Additionally, we matched
patients who underwent [68Ga]Ga-PSMA-11 versus [18F]F-PSMA-
1007 PET/CT, observing longer PFS and PFS2 in the former sub-
group (PFS: HR, 0.51 [95% CI, 0.26–1.00]; P , 0.05; PFS2: HR, 0.24
[95% CI, 0.09–0.60]; P, 0.05).Conclusion: Diverse imaging methods
may influence outcomes in oligorecurrent PCa patients undergoing
MDT. However, prospective, head-to-head studies, ideally incorporat-
ing a randomized design, are necessary to provide definitive evidence
and facilitate the practical application of these findings.
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Primary treatment for advanced prostate cancer (PCa) involves
androgen deprivation therapy (ADT) (1). However, the effective-
ness of ADT is limited and often accompanied by significant side
effects (2,3). Consequently, when metastases are limited in num-
ber and location, metastasis-directed therapies (MDTs) using ste-
reotactic body radiotherapy become valuable options, potentially
delaying ADT initiation and treatment-related adverse events.
MDT has demonstrated potential in this space in 2 phase II

trials (4–6). However, the consistency of these data is debated (7)

Received Feb. 9, 2024; revision accepted May 9, 2024.
For correspondence or reprints, contact Matteo Bauckneht (matteo.

bauckneht@unige.it).
Published online Jun. 21, 2024.
Immediate Open Access: Creative Commons Attribution 4.0 International

License (CC BY) allows users to share and adapt with attribution, excluding
materials credited to previous publications. License: https://creativecommons.
org/licenses/by/4.0/. Details: http://jnm.snmjournals.org/site/misc/permission.
xhtml.
COPYRIGHT� 2024 by the Society of Nuclear Medicine andMolecular Imaging.

1202 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 65 � No. 8 � August 2024

https://doi.org/10.2967/jnumed.124.267586
mailto:matteo.bauckneht@unige.it
mailto:matteo.bauckneht@unige.it
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://jnm.snmjournals.org/site/misc/permission.xhtml
http://jnm.snmjournals.org/site/misc/permission.xhtml


because imaging technologies were used interchangeably for defining
oligometastatic lesions and guiding MDT (4,5). In this framework,
although for many years [18F]fluorocholine and [11C]C-choline
PET/CT have been recommended for PCa restaging, prostate-specific
membrane antigen (PSMA)–targeted tracers have recently emerged
as more sensitive (1). It is reasonable to expect that more precise
disease identification through advanced imaging could increase the
proportion of patients receiving comprehensive MDT, poten-
tially leading to improved oncologic outcomes. However, pro-
spective randomized clinical trials evaluating the benefits of
treating oligometastases identified by different imaging approaches
are still lacking.
Simultaneously, there is increasing debate about which PSMA

radiotracer should be preferred. Although [68Ga]Ga-PSMA-11 is
among the most extensively studied PSMA-targeted ligands, the
emergence of several other PSMA ligands, including [18F]F-
PSMA-1007, has diversified the options available. Recent reports,
however, suggest that the higher incidence of unspecific bone
uptake associated with [18F]F-PSMA-1007 might result in false-
positive findings, potentially compromising its accuracy (8,9).
Considering these aspects, our study was designed to assess the

impact of different imaging modalities on guidance of MDT and
their effects on oncologic outcomes within a multiinstitutional,
real-world cohort of patients with oligorecurrent PCa.

MATERIALS AND METHODS

Study Population and Data Collection
We retrospectively analyzed oligorecurrent hormone-sensitive PCa

or castration-resistant PCa (CRPC) patients who underwent imaging-
guided MDT across 8 Italian tertiary-level cancer centers between July
2012 and May 2023. The inclusion criteria were a histologically con-
firmed diagnosis of PCa, detection of pelvic or extraregional nodal
relapse (M1a) or of bone or visceral metastases (M1b or M1c, respec-
tively) by either choline or PSMA PET/CT, identification of up to 5
metastases by imaging before MDT, treatment with stereotactic body
radiotherapy (with or without systemic therapy), and a minimum of
6 mo of clinical follow-up after MDT. The study adhered to the guide-
lines of the Declaration of Helsinki and was approved by the local ethi-
cal committee (registration number 5/2023–DB id 12914). All subjects
gave written informed consent.

Imaging-Guided MDT and Follow-up
PET/CT scans were performed following

current guidelines (1,10). Because of the
study’s retrospective design, PET/CT studies
were acquired on different scanners, as detailed
in Supplemental Table 1 (supplemental mate-
rials are available at http://jnm.snmjournals.
org). Patients were managed according to cur-
rent international guidelines (11). After MDT,
patients underwent short-term clinical follow-
up according to each institutional protocol,
with clinical evaluation and a prostate-specific
antigen (PSA) blood test every 3–6 mo. Resta-
ging with PET/CT was performed in cases of
biochemical progression after MDT. Further
MDT was proposed if patients showed oligo-
progression after MDT (with ,5 new lesions
detected outside the irradiated field). Systemic
treatments were administered in cases of poly-
metastatic disease progression, defined as the
appearance of more than 5 metastases. Patients

with disease progression were followed up for survival status as part of
the long-term follow-up.

Statistical Analysis
Continuous data are expressed as the mean 6 SD. Categoric variables

were compared using the x2 test, and continuous variables were analyzed
using a 1-way ANOVA. When appropriate, post hoc analyses were per-
formed with the Bonferroni method to adjust for multiple comparisons.
Statistical significance was set at a P value of less than 0.05. To compare
treatment groups, we calculated a propensity score using multivariable
logistic models, including the type of PET tracer used as the independent
variable and factors widely reported to influence outcomes as dependent
variables. These variables included age at MDT, International Society of
Urological Pathology grade group at baseline, CRPC status, PSA level at
the time of MDT, concurrent systemic treatment at the time of MDT, and
number of metastases. The resulting propensity score aimed to balance
these covariates across treatment groups, thereby reducing selection bias
and enabling a more accurate comparison of outcomes. Propensity match-
ing was then applied to create comparable cohorts on a one-to-one basis
based on nearest-neighbor matching with a calibration of 0.01. This pro-
cedure matches participants from one group to participants from the other
group according to the absolute difference between their propensity
scores, which must result in the smallest difference to establish a match.
Propensity score matching was performed between patients who under-
went choline versus PSMA PET/CT–guided MDT and between
patients who underwent [68Ga]Ga-PSMA-11 versus [18F]F-PSMA-
1007 PET/CT. Progression-free survival (PFS) was defined as a com-
posite endpoint, as described previously (5,6). Briefly, it included any
of the following criteria: a rise in PSA level of at least 2 ng/dL and
25% above the nadir; radiologic progression; clinical progression; initi-
ation of ADT for any reason; or mortality (5,6). PFS2 was defined as
the interval between imaging time and the systemic treatment change
due to polymetastatic conversion. Overall survival (OS) was measured
from the initial imaging time to the date of death from any cause. PFS,
PFS2, and OS are expressed in months. The Kaplan–Meier method,
using the log-rank test, was used to explore differences in PFS, PFS2,
and OS among the matched cohorts. A sensitivity analysis using the
inverse probability of treatment weighting (12) was applied to confirm
the results. A dedicated temporal analysis, conducted via univariate
Cox regression, was undertaken to assess the impact of the year of
MDT on the study’s endpoints, ensuring our findings’ temporal integ-
rity. Statistical analysis was conducted using SPSS software version 26
(IBM) and MedCalc version 19.4 (MedCalc Software).

FIGURE 1. Study design and flowchart of patient selection and matching. ISUP 5 International
Society of Urological Pathology; SBRT5 stereotactic body radiotherapy.
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RESULTS

Patients’ Clinical Characteristics and Imaging Findings
We retrospectively selected 402 patients, as detailed in Figure 1.

Their clinical characteristics, imaging findings, and MDT para-
meters are summarized in Table 1. CRPC status was available for

75 patients (18.6%). In most cases (97.8%), patients had 3 or fewer
metastases at the pre-MDT imaging. Nodes and bones represented
the most frequent metastatic sites. Of 402 patients, 232 (57.7%)
and 170 (42.3%) underwent MDT guided by choline and PSMA
PET/CT, respectively. All patients who underwent choline PET/CT

TABLE 1
Clinical, Imaging, and Treatment Characteristics of Patients

Parameter Data

Preimaging clinical characteristics

Age (y) 72.6066.81

Initial AJCC stage

I 16 (3.98%)

II 91 (22.64%)

III 241 (59.95%)

IV 54 (13.43%)

ISUP grade

1 62 (15.53%)

2 87 (21.58%)

3 102 (25.26%)

4 59 (14.74%)

5 92 (22.89%)

Primary treatment

Surgery 322 (80.05%)

Radiotherapy (6ADT) 70 (17.46%)

Medical therapy 10 (2.49%)

CRPC at time of MDT 75 (18.66%)

PSA at time of MDT (ng/mL) 3.2164.47

Imaging findings

Imaging-guided MDT

[18F]fluorocholine PET/CT 232 (57.71%)

PSMA PET/CT 170 (42.29%)

Number of metastatic lesions

1 278 (69.15%)

2 88 (21.89%)

3 27 (6.72%)

4 6 (1.49%)

5 3 (0.75%)

Site of metastases

Lymph node 283 (70.40%)

Bone 117 (29.10%)

Visceral 2 (0.50%)

MDT parameters and clinical follow-up

MDT total dose (per lesion) 33.2864.85

MDT BED (per lesion) 117.67626.03

Concurrent systemic treatment in addition to MDT 167 (41.54%)

PSA nadir after MDT (ng/mL) 2.0767.32

AJCC 5 American Joint Committee on Cancer; ISUP 5 International Society of Urological Pathology; BED 5 biologically effective
dose.

Qualitative data are number and percentage; continuous data are mean 6 SD (n 5 402).
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(n 5 232) were scanned with [18F]fluorocholine, whereas patients
who underwent PSMA PET/CT (n 5 170) were scanned with
either [68Ga]Ga-PSMA-11 (n 5 91, 53.5%) or [18F]F-PSMA-1007
(n 5 79, 46.5%).

Clinical Outcome After MDT According to Imaging Modality
After propensity score matching, a cohort of 120 patients who

underwent choline PET/CT–guided MDT was compared with an

equal cohort of 120 patients who underwent PSMA PET/CT–guided
MDT. A well-calibrated and discriminative balance between these
matched cohorts was documented by the lack of significant differ-
ences in any variables across the 2 groups (Table 2). After MDT,
patients were clinically and biochemically followed up for a median
of 31mo (95% CI, 28.3–36.2mo). The median PFS was 17.9mo
(95% CI, 15.2–76.1mo). Of the 163 (67.9%) patients who experi-
enced progression after MDT, progressors were significantly fewer

TABLE 2
Clinical, Imaging, and Treatment Characteristics of Patients After Propensity Score Matching

Parameter
Overall

(n 5 240)
[18F]fluorocholine-guided

MDT (n 5 120)
PSMA-guided
MDT (n 5 120) P

Preimaging clinical characteristics

Age (y) 72.076 6.55 71.7166.87 72.4366.23 0.397

Initial AJCC stage

I 10 (4.17%) 5 (4.17%) 5 (4.17%) 1.000

II 59 (24.58%) 26 (21.67%) 33 (27.50%) 0.295

III 142 (59.17%) 72 (60.00%) 70 (58.33%) 0.792

IV 29 (12.08%) 17 (14.17%) 12 (10.00%) 0.322

ISUP grade

1 31 (12.92%) 17 (14.17%) 14 (11.67%) 0.565

2 65 (27.08%) 32 (26.67%) 33 (27.50%) 0.885

3 55 (22.92%) 25 (20.83%) 30 (25.00%) 0.443

4 39 (16.25%) 18 (15.00%) 21 (17.5%) 0.600

5 50 (20.83%) 28 (23.33%) 22 (18.33%) 0.341

Primary treatment

Surgery 200 (83.33%) 95 (79.00%) 105 (87.50%) 0.079

Radiotherapy (6ADT) 36 (15.01%) 22 (18.50%) 14 (11.67%) 0.140

Medical therapy 4 (1.66%) 3 (2.50%) 1 (0.83%) 0.313

CRPC at time of MDT 40 (16.67%) 17 (14.17%) 23 (19.17%) 0.254

PSA at time of MDT (ng/mL) 2.666 3.56 2.9362.44 2.3961.99 0.243

Imaging findings

Number of metastatic lesions

1 183 (76.25%) 91 (75.83%) 92 (76.67%) 0.879

2 38 (15.83%) 17 (14.17%) 21 (17.50%) 0.481

3–5 19 (7.92%) 12 (10.00%) 7 (5.83%) 0.232

Site of metastases

Lymph node 169 (70.42%) 90 (75.00%) 79 (65.83%) 0.120

Bone 70 (29.17%) 30 (25.00%) 40 (33.33%) 0.157

Visceral 1 (0.42%) 0 (0.00%) 1 (0.84%) 0.315

MDT parameters and clinical follow-up

MDT total dose (per lesion) 33.426 4.68 33.3564.17 33.4965.17 0.824

MDT BED (per lesion) 119.906 26.48 124.60633.53 116.62619.97 0.207

Concurrent systemic treatment in addition
to MDT

100 (40.83%) 43 (35.80%) 57 (47.50%) 0.067

PSA nadir after MDT (ng/mL) 1.956 7.93 2.67611.28 1.3262.48 0.218

Propensity score matching 0.546 0.13 0.5460.13 0.5460.13 0.987

AJCC 5 American Joint Committee on Cancer; ISUP 5 International Society of Urological Pathology; BED 5 biologically effective
dose.

Qualitative data are number and percentage; continuous data are mean 6 SD.
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in the PSMA PET/CT subgroup (59/120, 49.2%) than in the choline
subgroup (104/120, 86.7%; P , 0.001). Coherently, we observed a
significantly longer median PFS in patients undergoing PSMA
PET/CT–guided MDT than in those undergoing choline PET/CT–
guided MDT (33.2mo [95% CI, 19.6–41.5mo] vs. 13.8mo [95%
CI, 11.8–76.1mo]; hazard ratio [HR], 0.49 [95% CI, 0.36–0.67];
P , 0.0001; Fig. 2A). The median PFS2 was 41.5mo (95% CI,
32.2–77.7mo). The use of PSMA PET/CT as the guide for MDT
was associated with a significantly increased median time to treat-
ment change compared with choline PET/CT (median PFS2 not
reached vs. 25.6mo [95% CI, 19.3–37.7mo]; HR, 0.42 [95% CI,
0.28–0.63]; P , 0.0001; Fig. 2B). The median OS was not reached
for the overall cohort or the 2 subgroups. During the follow-up inter-
val, 18 events were recorded, involving 4 and 14 patients in the
PSMA and choline PET/CT subgroups, respectively (HR, 0.39 [95%
CI, 0.15–0.99]; P 5 0.014). Figure 2C displays the resulting
Kaplan–Meier curves (P , 0.05). Notably, patients who underwent
different imaging approaches before MDT experienced divergent
OS even when OS was measured since PCa diagnosis (HR, 0.31;
P , 0.05; Supplemental Fig. 1). The sensitivity analyses confirmed
these findings (Supplemental Figs. 2–4). The temporal analysis
(Supplemental Table 2) revealed that the year of MDT was not a
significant predictor of PFS, PFS2, or OS, affirming the temporal
robustness of our findings across imaging modalities.

Outcome in Patients Who Underwent PSMA PET/CT–
Guided MDT
We subsequently compared 2 propensity score–matched cohorts

of patients who underwent MDT guided by either [68Ga]Ga-
PSMA-11 or [18F]F-PSMA-1007 PET/CT. The 2 cohorts, consist-
ing of 44 patients, demonstrated well-balanced clinical, imaging,
and treatment characteristics (Table 3). The nadir PSA serum level
after MDT was significantly lower in patients who underwent
[68Ga]Ga-PSMA-11 than in those who underwent [18F]F-PSMA-
1007 (0.536 0.91 vs. 1.696 2.23 ng/mL; P , 0.005). Moreover,
the use of [68Ga]Ga-PSMA-11 as the guide for MDT was associ-
ated with significantly increased median PFS (41.5mo [95% CI,
24.4–47.6mo] vs. 22.4mo [95% CI, 14.1–33.2mo]; HR, 0.51 [95%
CI, 0.26–1.00]; P , 0.05; Fig. 3A) and median PFS2 (not reached
vs. 30.3mo [95% CI, 21.0–35.2mo]; HR, 0.24 [95% CI, 0.09–0.60];
P , 0.005; Fig. 3B) compared with [18F]F-PSMA-1007. The sensi-
tivity analyses confirmed these findings (Supplemental Figs. 5–6).

Differences in OS were not assessed in this subgroup, as no events
were recorded in patients undergoing [18F]F-PSMA-1007 PET/CT–
guided MDT. The temporal analysis confirmed the temporal robust-
ness of our observations (Supplemental Table 3).

DISCUSSION

There is considerable uncertainty in interpreting and applying
clinical trial findings for oligorecurrent PCa, mainly attributable to
varied imaging approaches. Table 4 summarizes existing real-
world retrospective studies (13–17) comparing the efficacy of dif-
ferent imaging-guided MDT approaches. Beyond providing a
larger patient sample, our multiinstitutional observational study
contributes additional valuable insights.
First, whereas previous studies focused on PFS, we observed

differences in PFS2 and OS. Subject to confirmation by further
studies, this may represent a relevant step forward in MDT valida-
tion, as PFS is a questionable surrogate of OS (18). A recent study
suggested that the oligometastatic state defined by PSMA PET/CT
may represent a less aggressive disease with slower progression,
as it is associated with fewer high-risk DNA mutations (19,20).
However, this finding should be interpreted cautiously, consider-
ing the evolving landscape of PCa treatment, where advancements
in systemic therapies and radiation techniques during the study
period may influence outcomes. We used temporal analyses to
investigate these effects, yet the potential for residual confounding
remains. Future prospective studies are essential to disentangle the
specific impact of imaging modalities from these treatment advance-
ments, ensuring a clearer understanding of their comparative effec-
tiveness. Moreover, the higher sensitivity of PSMA PET/CT imaging
likely leads to earlier detection of metastatic disease than is possible
with choline PET/CT. Identifying metastases earlier introduces a
potential lead-time bias known as the Will Rogers phenomenon (21).
This occurs when a patient’s disease is reclassified using more sensi-
tive diagnostic tools. With earlier metastasis identification, the interval
from imaging to treatment alteration or death may appear prolonged,
even though the patient’s life-span remains unchanged. Thus, the
observed increase in survival could be attributed to early detection
rather than an actual prolongation of life. However, in an exploratory
analysis, we observed a difference in OS from the initial diagnosis of
PCa rather than from the imaging time. On this basis, we can assume
that our findings are not purely the result of the lead-time bias.
Ongoing prospective randomized phase III trials (NCT03582774,
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FIGURE 2. Survival curves according to imaging modality guiding MDT in PSMA and choline PET/CT matched cohorts (n5 120).
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NCT03762759, and NCT04557501, with estimated completion
dates in 2023, 2025, and 2028, respectively) will further address
these issues, providing more robust evidence on the topic.
Interestingly, we observed a hierarchy between PSMA-targeted

radiopharmaceuticals in differentiating the PSA nadir after therapy
and the oncologic outcome of patients who underwent MDT under
the guidance of [68Ga]Ga-PSMA-11 or [18F]F-PSMA-1007. Only
a few head-to-head studies comparing these 2 radiotracers are

currently available in the literature, mainly from the diagnostic accu-
racy point of view (22). In a prospective cross-over study on 50
patients, [18F]F-PSMA-1007 provided more equivocal results than
[68Ga]Ga-PSMA-11 (23). Seifert et al. used [68Ga]Ga-PSMA-11 as
part of a reference standard for [18F] F-PSMA-1007 PET/CT
bone-uncertain findings (24). An ongoing randomized comparative
trial is assessing the noninferiority of [18F]F-PSMA-1007 to
[68Ga]Ga-PSMA-11 (25). To the best of our knowledge, the present

TABLE 3
Clinical, Imaging, and Treatment Characteristics of Patients Undergoing [18F]F-PSMA-1007 or [68Ga]Ga-PSMA-11

PET/CT–Guided MDT After Propensity Score Matching

Parameter
Overall
(n 5 88)

[18F]F-PSMA-1007–
guided MDT (n 5 44)

[68Ga]Ga-PSMA-11–
guided MDT (n 5 44) P

Preimaging clinical characteristics

Age (y) 73.076 6.42 73.267.23 72.9465.56 0.850

Initial AJCC stage

I 4 (4.55%) 3 (6.82%) 1 (2.27%) 0.308

II 22 (25.00%) 9 (20.45%) 13 (29.55%) 0.327

III 54 (61.36%) 26 (59.09%) 28 (63.64%) 0.663

IV 8 (9.09%) 6 (13.64%) 2 (4.54%) 0.140

ISUP grade

1 10 (11.36%) 4 (9.09%) 6 (13.64%) 0.504

2 19 (21.59%) 10 (22.73%) 9 (20.45%) 0.796

3 25 (28.41%) 12 (27.27%) 13 (29.55%) 0.814

4 19 (21.59%) 10 (22.73%) 9 (20.45%) 0.796

5 15 (17.05%) 8 (18.18%) 7 (15.91%) 0.778

Primary treatment

Surgery 74 (84.09%) 34 (77.27%) 40 (90.91%) 0.082

Radiotherapy (6ADT) 14 (15.91%) 10 (22.73%) 4 (9.09%) 0.082

CRPC at time of MDT 15 (17.05%) 7 (15.91%) 8 (18.18%) 0.778

PSA at time of MDT (ng/mL) 2.426 5.01 2.2763.80 2.5866.05 0.769

Imaging findings

Number of metastatic lesions

1 69 (78.41%) 34 (77.27%) 35 (79.55%) 0.796

2 13 (14.77%) 6 (13.54%) 7 (15.91%) 0.755

3–5 6 (6.82%) 4 (9.09%) 2 (4.54%) 0.400

Site of metastases

Lymph node 59 (67.04%) 27 (61.36%) 32 (72.73%) 0.259

Bone 28 (31.82%) 16 (36.36%) 12 (27.27%) 0.367

Visceral 1 (1.14%) 1 (2.27%) 0 (0.00%) 0.318

MDT parameters and clinical follow-up

MDT total dose (per lesion) 34.026 4.86 33.8465.22 34.2064.51 0.731

MDT BED (per lesion) 117.896 20.18 115.40611.77 120.11625.64 0.492

Concurrent systemic treatment in addition to
MDT

29 (32.96%) 14 (31.82%) 15 (34.09%) 0.822

PSA nadir after MDT (ng/mL) 1.0936 1.77 1.7062.24 0.5360.91 0.003

Propensity score matching 0.526 0.15 0.5260.15 0.5260.15 0.988

AJCC 5 American Joint Committee on Cancer; ISUP 5 International Society of Urological Pathology; BED 5 biologically effective
dose.

Qualitative data are number and percentage; continuous data are mean 6 SD.
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study is the first to observe a difference in clinical outcomes in
patients managed under the guidance of the 2 tracers. One possible
explanation for our findings is the propensity of [18F]F-PSMA-
1007 to exhibit unspecific bone uptake, potentially leading to false-
positive results. Mistaking unspecific uptake for metastatic lesions
could result in inappropriate targeting during stereotactic body
radiotherapy, thereby affecting the tracer’s effectiveness in guiding
MDT. The literature emphasizes the need for sophisticated training
in interpreting [18F]F-PSMA-1007 PET/CT images (26), pointing
to a steeper learning curve and potential variability in physician
interpretations. This is especially relevant in nuclear medicine facil-
ities that perform a high volume of [18F]F-PSMA-1007 PET/CT

scans, for which the understanding and
interpretation of bone uptake are in con-
stant evolution. This evolution suggests
that future MDT outcomes may vary as
methodologies and interpretive approaches
adapt to these insights. On the one side,
this dynamic underlines a limitation of our
study, as the lack of a central imaging
review may have introduced heterogeneity
in interpretations and potentially affected
MDT efficacy. On the other hand, it also
underscores a practical challenge in achiev-
ing consistent readings across different
observers when using this tracer in real-
world settings. Further research using a
more refined methodology is essential to
investigate these concerns thoroughly.
It is important to acknowledge several

further limitations of our study. The retro-
spective and observational design of the

study might have resulted in limited statistical power. Addition-
ally, although propensity score matching aimed to reduce heteroge-
neity in clinically relevant prognostic parameters between patient
groups, it may not have completely addressed all disparities. In par-
ticular, although not significantly different, we observed a discern-
ible trend toward more frequent use of concurrent ADT in addition
to MDT between the PSMA and choline PET/CT matched cohorts.
Moreover, we did not consider the type and duration of ADT before
MDT in the matching process. Altogether, these limitations prevent
drawing a secure causative relationship between the observed differ-
ences in oncologic outcome and imaging methods. Therefore, fur-
ther studies with appropriate methodologies are needed in this
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FIGURE 3. Survival curves according to imaging modality guiding MDT in [68Ga]Ga-PSMA-11 and
[18F]F-PSMA-1007 PET/CT matched cohorts (n5 44).

TABLE 4
Overview of Previous Studies Regarding SBRT-Delivered MDT Guided by Different Imaging Techniques in

Oligorecurrent PCa

Author
Oligometastatic

patients (n)
Disease
phase*

Imaging-guided
MDT

Treatment
received

Median
follow-up

(mo) Endpoint Result

Schmidt
Hegemann,
2020 (13)

272
(subgroup
analysis)

HSPC (NA) [68Ga]-PSMA-11 vs.
[18F]fluorocholine
or [11C]C-choline
PET/CT

SBRT 6 ADT 30 bPFS Imaging-guided MDT
did not predict
bPFS

Mazzola,
2021 (14)

88 HSPC (#3) [68Ga]Ga-PSMA-11 vs.
[18F]fluorocholine
PET/CT

SBRT 25 dPFS,
ADT-FS

Imaging-guided MDT
predicted ADT-FS
but not dPFS

Deijen,
2021 (15)

50 HSPC (#4) [68Ga]Ga-PSMA-11 vs.
[18F]F-methylcholine
PET/CT

SBRT 6 ADT 24.3 bPFS,
ADT-FS

Imaging-guided MDT
predicted bPFS
and ADT-FS

Lanfranchi,
2023 (16)

37 HSPC or
CRPC
(#5)

[68Ga]Ga-PSMA-11 vs.
[18F]fluorocholine
PET/CT

SBRT 6 ADT 40.9 PFS
(composite)

Imaging-guided MDT
predicted PFS

Metz,
2023 (17)

123 HSPC (#5) [68Ga]Ga-PSMA-11 vs.
[18F]fluorocholine
PET/CT

SBRT 6 ADT 42.2 bPFS,
ADT-FS

Imaging-guided MDT
predicted bPFS
and ADT-FS

*Data in parentheses are number of metastatic lesions.
HSPC 5 hormone-sensitive prostate cancer; NA 5 not applicable; SBRT 5 stereotactic body radiotherapy; bPFS 5 biochemical PFS;

dPFS 5 distant PFS; ADT-FS 5 ADT-free survival.
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field. Nevertheless, the retrospective design was essential for con-
ducting a real-world study, mirroring actual clinical practices and
patient care, and providing the advantages of a less selected patient
population and more generalizable results. Lastly, in response to
the growing interest in integrating systemic therapies with MDT in
the CRPC setting (7), we included oligorecurrent CRPC patients in
our study. A dedicated subanalysis for CRPC patients could have
provided further insights. However, it was not feasible to apply pro-
pensity score matching to CRPC patients because of insufficient sta-
tistical power. Additional studies are needed to address this point.

CONCLUSION

Diverse imaging methods may influence outcomes in patients
with oligometastatic PCa undergoing MDT. However, prospective
head-to-head studies, ideally incorporating a randomized design,
are necessary to provide definitive evidence and facilitate the prac-
tical application of these findings.
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KEY POINTS

QUESTION: Are PET tracers interchangeable for guiding MDT in
oligorecurrent PCa patients?

PERTINENT FINDINGS: We observed increased PFS, PFS2, and
OS in oligorecurrent PCa patients treated with MDT guided by
PSMA PET/CT as opposed to choline PET/CT. A hierarchy among
PSMA-targeted radiopharmaceuticals was also observed, favoring
[68Ga]Ga-PSMA-11 over [18F]F-PSMA-1007.

IMPLICATIONS FOR PATIENT CARE: The choice of PET
tracer may influence oncologic outcomes in PCa patients with
limited metastases treated with MDT. Prospective, randomized,
head-to-head studies are necessary to establish these findings
conclusively.

REFERENCES

1. Prostate cancer. European Association of Urology website. https://uroweb.org/
guidelines/prostate-cancer. Accessed May 15, 2024.

2. Ciccarese C, Iacovelli R, Sternberg CN, Gillessen S, Tortora G, Fizazi K. Triplet
therapy with androgen deprivation, docetaxel, and androgen receptor signalling
inhibitors in metastatic castration-sensitive prostate cancer: a meta-analysis. Eur J
Cancer. 2022;173:276–284.

3. Tucci M, Leone G, Buttigliero C, et al. Hormonal treatment and quality of life of
prostate cancer patients: new evidence.Minerva Urol Nefrol. 2018;70:144–151.

4. Ost P, Reynders D, Decaestecker K, et al. Surveillance or metastasis-directed ther-
apy for oligometastatic prostate cancer recurrence: a prospective, randomized, mul-
ticenter phase II trial. J Clin Oncol. 2018;36:446–453.

5. Phillips R, Shi WY, Deek M, et al. Outcomes of observation vs stereotactic abla-
tive radiation for oligometastatic prostate cancer: the ORIOLE phase 2 randomized
clinical trial. JAMA Oncol. 2020;6:650–659.

6. Deek MP, Van der Eecken K, Sutera P, et al. Long-term outcomes and genetic pre-
dictors of response to metastasis-directed therapy versus observation in oligometa-
static prostate cancer: analysis of STOMP and ORIOLE trials. J Clin Oncol. 2022;
40:3377–3382.

7. Gillessen S, Bossi A, Davis ID, et al. Management of patients with advanced pros-
tate cancer-metastatic and/or castration-resistant prostate cancer: report of the
Advanced Prostate Cancer Consensus Conference (APCCC) 2022. Eur J Cancer.
2023;185:178–215.

8. Gr€unig H, Maurer A, Thali Y, et al. Focal unspecific bone uptake on [18F]-PSMA-
1007 PET: a multicenter retrospective evaluation of the distribution, frequency,
and quantitative parameters of a potential pitfall in prostate cancer imaging. Eur J
Nucl Med Mol Imaging. 2021;48:4483–4494.

9. Seifert R, Telli T, Opitz M, et al. Unspecific 18F-PSMA-1007 bone uptake evalu-
ated through PSMA-11 PET, bone scanning, and MRI triple validation in patients
with biochemical recurrence of prostate cancer. J Nucl Med. 2023;64:738–743.

10. Fendler WP, Eiber M, Beheshti M, et al. PSMA PET/CT: joint EANM procedure
guideline/SNMMI procedure standard for prostate cancer imaging 2.0. Eur J Nucl
Med Mol Imaging. 2023;50:1466–1486.

11. Zilli T, Achard V, Dal Pra A, et al. Recommendations for radiation therapy in oli-
gometastatic prostate cancer: an ESTRO-ACROP Delphi consensus. Radiother
Oncol. 2022;176:199–207.

12. Robins JM, Hern�an MA, Brumback B. Marginal structural models and causal
inference in epidemiology. Epidemiology. 2000;11:550–560.

13. Schmidt Hegemann NS, Rogowski P, Eze C, et al. Outcome after 68Ga-PSMA-11
versus choline PET-based salvage radiotherapy in patients with biochemical recur-
rence of prostate cancer: a matched-pair analysis. Cancers (Basel). 2020;12:3395.

14. Mazzola R, Francolini G, Triggiani L, et al. Metastasis-directed therapy (SBRT)
guided by PET-CT 18F-choline versus PET-CT 68Ga-PSMA in castration-sensitive
oligorecurrent prostate cancer: a comparative analysis of effectiveness. Clin Geni-
tourin Cancer. 2021;19:230–236.

15. Deijen CL, Vrijenhoek GL, Schaake EE, et al. PSMA-11-PET/CT versus choline-
PET/CT to guide stereotactic ablative radiotherapy for androgen deprivation ther-
apy deferral in patients with oligometastatic prostate cancer. Clin Transl Radiat
Oncol. 2021;30:1–6.

16. Lanfranchi F, Belgioia L, Marcenaro M, et al. Oligometastatic prostate cancer trea-
ted with metastasis-directed therapy guided by positron emission tomography: does
the tracer matter? Cancers (Basel). 2023;15:323.

17. Metz R, Rauscher A, Vaugier L, et al. Comparison of hormone-sensitive oligore-
current prostate cancer patients based on routine use of choline and/or PSMA
PET/CT to guide metastasis-directed therapy. Cancers (Basel). 2023;15:1898.

18. Booth CM, Eisenhauer EA, Gyawali B, Tannock IF. Progression-free survival
should not be used as a primary end point for registration of anticancer drugs.
J Clin Oncol. 2023;41:4968–4972.

19. Sutera P, Song Y, Van der Eecken K, et al. Clinical and genomic differences
between advanced molecular imaging-detected and conventional imaging-detected
metachronous oligometastatic castration-sensitive prostate cancer. Eur Urol. 2023;
84:531–535.

20. Deek MP, Van der Eecken K, Phillips R, et al. The mutational landscape of meta-
static castration-sensitive prostate cancer: the spectrum theory revisited. Eur Urol.
2021;80:632–640.

21. Feinstein AR, Sosin DM, Wells CK. The Will Rogers phenomenon: stage migra-
tion and new diagnostic techniques as a source of misleading statistics for survival
in cancer. N Engl J Med. 1985;312:1604–1608.

22. Evangelista L, Maurer T, van der Poel H, et al. [68Ga]Ga-PSMA versus
[18F]PSMA positron emission tomography/computed tomography in the staging of
primary and recurrent prostate cancer. A systematic review of the literature. Eur
Urol Oncol. 2022;5:273–282.

23. Pattison DA, Debowski M, Gulhane B, et al. Prospective intra-individual blinded
comparison of [18F]PSMA-1007 and [68Ga]Ga-PSMA-11 PET/CT imaging in
patients with confirmed prostate cancer. Eur J Nucl Med Mol Imaging. 2022;49:
763–776.

24. Seifert R, Telli T, Opitz M, et al. Unspecific 18F-PSMA-1007 bone uptake evalu-
ated through PSMA-11 PET, bone scanning, and MRI triple validation in patients
with biochemical recurrence of prostate cancer. J Nucl Med. 2023;64:738–743.

25. Alberts I, B€utikofer L, Rominger A, Afshar-Oromieh A. A randomised, prospec-
tive and head-to-head comparison of [68Ga]Ga-PSMA-11 and [18F]PSMA-1007
for the detection of recurrent prostate cancer in PSMA-ligand PET/CT-protocol
design and rationale. PLoS One. 2022;17:e0270269.

26. Rauscher I, Kr€onke M, K€onig M, et al. Matched-pair comparison of 68Ga-PSMA-
11 PET/CT and 18F-PSMA-1007 PET/CT: frequency of pitfalls and detection effi-
cacy in biochemical recurrence after radical prostatectomy. J Nucl Med. 2020;61:
51–57.

THE PRECISE-MDT STUDY � Bauckneht et al. 1209

https://uroweb.org/guidelines/prostate-cancer
https://uroweb.org/guidelines/prostate-cancer

