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Simple Summary: Metastatic disease is the leading cause of morbidity and mortality in prostate
cancer. Current therapeutic strategies mostly target cancer cells with important systemic effects
injuring normal cells and healthy tissues. In prostate cancer patients with less than five metastases
(called “oligometastatic”), this could be circumvented by implementing metastases-directed therapies
(e.g., stereotactic radiotherapy), potentially avoiding systemic toxicity. In this setting, more accurate
disease staging will likely result in more patients receiving the appropriate treatment, with expected
better oncological results. On this basis, we verified the impact of two different radiotracers for
Positron Emission Tomography/Computed Tomography imaging used as the guide for metastases-
directed therapy on the oncological outcome in a retrospective sample of prostate cancer patients
having less than five distant metastases. Obtained data showed that using next-generation imaging
with [68Ga]Ga-prostate-specific membrane antigen-11 Positron Emission Tomography/Computed
Tomography might favourably impact the oncological outcome of oligometastatic prostate cancer
patients treated with metastases-directed therapy.

Abstract: The superior diagnostic accuracy of [68Ga]Ga-prostate-specific membrane antigen-11
(PSMA) ([68Ga]Ga-PSMA-11) compared to [18F]F-Fluorocholine Positron Emission Tomography/
Computed Tomography (PET/CT) in Prostate Cancer (PCa) is established. However, it is currently
unclear if the added diagnostic accuracy actually translates into improved clinical outcomes in
oligometastatic PCa patients treated with [68Ga]Ga-PSMA-11 PET-guided metastasis-directed ther-
apy (MDT). The present study aimed to assess the impact of these two imaging techniques on
Progression-Free Survival (PFS) in a real-world sample of oligometastatic PCa patients submitted to
PET-guided MDT. Thirty-seven oligometastatic PCa patients treated with PET-guided MDT were
retrospectively enrolled. MDT was guided by [18F]F-Fluorocholine PET/CT in eleven patients and by
[68Ga]Ga-PSMA-11 PET/CT in twenty-six. Progression was defined as biochemical recurrence (BR),
radiological progression at subsequent PET/CT imaging, clinical progression, androgen deprivation

Cancers 2023, 15, 323. https://doi.org/10.3390/cancers15010323 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers15010323
https://doi.org/10.3390/cancers15010323
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0003-0508-6344
https://orcid.org/0000-0002-3252-4226
https://orcid.org/0000-0003-0546-6304
https://orcid.org/0000-0003-2979-6500
https://orcid.org/0000-0003-4754-6572
https://orcid.org/0000-0002-1937-9116
https://doi.org/10.3390/cancers15010323
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers15010323?type=check_update&version=1


Cancers 2023, 15, 323 2 of 12

therapy initiation, or death. Clinical and imaging parameters were assessed as predictors of PFS.
[18F]F-Fluorocholine PET-guided MDT was associated with significantly lower PFS compared to the
[68Ga]Ga-PSMA-11 group (median PFS, mPFS 15.47 months, 95% CI: 4.13–38.00 vs. 40.93 months,
95% CI: 40.93–40.93, respectively; p < 0.05). Coherently, the radiotracer used for PET-guided MDT re-
sulted in predictive PFS at the univariate analysis, as well as the castration-resistant status at the time
of MDT and the PSA nadir after MDT. However, in the multivariate analysis, castration resistance and
PSA nadir after MDT remained the sole independent predictors of PFS. In conclusion, in the present
proof-of-concept study, [68Ga]Ga-PSMA-11 provided higher PFS rates than [18F]F-Fluorocholine
imaging in oligometastatic PCa patients receiving PET-guided MDT. Although preliminary, this
finding suggests that enlarging the “tip of the iceberg”, by detecting a major proportion of the sub-
merged disease thanks to next-generation imaging may favourably impact the oncological outcome
of oligometastatic PCa treated with MDT.

Keywords: PET/CT; [68Ga]Ga-PSMA-11; [18F]F-Fluorocholine; prostate cancer; metastasis-directed
therapy; SBRT

1. Introduction

The primary management of metastatic prostate cancer (PCa) is androgen deprivation
therapy (ADT). However, even though many patients can undergo ADT for years before
progression or failure, it rarely eradicates metastatic disease permanently [1]. This is also
true when ADT is combined with newer androgen receptor signalling inhibitors [2–6].
Additionally, ADT is associated with relevant side effects, such as fatigue, mood alterations,
and metabolic disorders [6]. Thus, radical-intent treatments such as metastasis-directed
therapy (MDT) through stereotactic body radiotherapy (SBRT) should be considered when
metastases are limited in number and location. In fact, deferring ADT initiation represents
a considerable clinical advance for PCa patients, and systemic adverse events could be
avoided.

The role of MDT has been widely explored in oligometastatic PCa. Patients treated
with MDT presented a significantly prolonged time to initiation of ADT [7–9]. Moreover,
MDT provided local control and showed good tolerability, favourably impacting the long-
term oncological outcome in both de novo and metachronous low-volume metastatic
PCa [7,9]. However, a crucial issue of MDT is that the imaging technique used to define
lesions should be accurate in detecting metastases. It is presumed that the more precise the
disease identification, the higher percentage of patients who will receive the appropriate
MDT treatment, with expected better oncological results. In the 2017 Advanced Prostate
Cancer Consensus Conference meeting, oligometastatic PCa was defined based on standard
imaging methods, including bone scintigraphy, contrast-enhanced computed tomography
(CT), and Magnetic Resonance Imaging [10]. However, although currently recommended,
these techniques have poor diagnostic accuracy, underestimating the actual number of
metastatic sites [11].

In recent years, Positron Emission Tomography/Computed Tomography (PET/CT)
has dramatically improved the detection of PCa recurrences compared to conventional
imaging [12]. It is presumed that detecting a greater proportion of micro-metastatic disease
thanks to next-generation imaging may favourably impact the oncological outcome of
oligometastatic PCa patients receiving MDT. However, to date, no consensus regarding the
use of modern imaging methods in PCa exists, as no clinical trials that evaluate the benefits
of treating oligometastases identified with these methods are available yet.

Similarly, the hypothetical advantage of displaying cell membrane phospholipid
synthesis as an index of cell growth (with radio-labelled choline) or targeting the expression
of Prostate-Specific Membrane Antigen (PSMA) on PCa tumour cells through PET/CT still
needs to be verified in this clinical setting. For several years, [18F]F-Fluorocholine and
[11C]C-choline PET/CT have been recommended by international guidelines as the gold-
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standard approach for PCa restaging in the presence of biochemical relapse [13]. Recently,
[68Ga]Ga- or [18F]F-labelled PSMA tracers became the imaging tool of choice according
to the last international guidelines, being able to provide higher sensitivity even in the
presence of low Prostate-Specific Antigen (PSA) serum levels (0.2–1 ng/mL) [14]. Thanks
to the higher sensitivity, it can be hypothesised that the early MDT intervention on PSMA-
expressing oligometastases might favourably impact the clinical history of oligometastatic
PCa patients, while the consolidation of the macroscopic choline-positive disease may
simply reset the clock on time to detectable metastases, allowing micrometastatic disease to
spread unchecked until reaching sufficient size to become clinically evident.

On these bases, the present study aimed to preliminarily compare the impact of
these two tracers on the oncological outcome in a retrospective real-world sample of
oligometastatic PCa patients subjected to PET-guided MDT.

2. Materials and Methods
2.1. Study Population and Clinical Data Collection

We retrospectively enrolled consecutive oligometastatic PCa patients submitted to
PET-guided MDT between June 2017 and December 2021 at our institution. Patients
were informed that their clinical and imaging data could have been used for retrospec-
tive research purposes and gave their written consent for usage and publication in an
anonymized form. The study was conducted according to the guidelines of the Declaration
of Helsinki. The local ethical committee approved the study (Regional Ethical Committee
of Liguria-registration number 343/2019).

Inclusion criteria were: (i) histologically confirmed diagnosis of PCa; (ii) pelvic or
extra-regional nodal relapse (M1a), bone metastases (M1b) detected by either choline or
PSMA PET/CT imaging; (iii) the presence of no more than five lesions at PET/CT imaging
preceding MDT administration (oligometastatic PCa); (iv) upfront MDT delivered through
SBRT +/− systemic therapy. The sole exclusion criterion was the unavailability of the
subsequent clinical follow-up. This process led to the identification of 37 oligometastatic
PCa patients (mean age 73.7 ± 7.6 years old).

The following demographic and clinical variables were collected: Gleason score, Inter-
national Society of Urological Pathology (ISUP) grade at diagnosis, primary radical treat-
ment, salvage radiation therapy, the time interval between diagnosis and oligometastatic
state, age at MDT, number of CRPC patients at MDT, the addition of systemic treatment to
MDT, number and sites of metastases treated with MDT, MDT total dose and biologically
effective dose, PSA nadir after MDT, time to PSA nadir, and the number of patients which
experienced progression at follow-up.

2.2. PET/CT Images Acquisition and Analysis

[18F]F-Fluorocholine and [68Ga]Ga-PSMA-11 PET/CT were performed according to
current guidelines [15,16].

Integrated PET/CT scanners using either Hirez-Biograph 16 (Siemens Medical So-
lutions, Munich, Germany) or Biograph mCT Flow (Siemens Medical Solutions, Munich,
Germany) were used to perform a whole-body (skull vertex to the upper thighs) PET
acquisition in the three-dimensional mode (emission time: 2 min per bed position with an
axial field-of-view of 15.6 cm). A low-dose CT was performed for attenuation correction
and anatomical allocation. No diagnostic contrast-enhanced CT scans were performed.
Reconstruction was performed with an ordered subset expectation maximization algorithm
with four iterations per eight subsets. Images were corrected for random coincidences and
scatter.

Images were analyzed using Syngo.via software (Siemens Medical Solutions, Munich,
Germany) by two experienced nuclear medicine physicians in consensus. For each lesion
identified on transaxial images, a volume of interest (VOI) was drawn with an isocounter
threshold based on 40% of the SUVmax. Maximum standardized uptake values (SUVmax),
metabolic tumor volume (MTV, calculated as the sum of all lesions), and total lesion
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glycolysis (TLG, calculated as the sum of the products between MTV and the corresponding
SUVmean) were collected.

2.3. PET-Guided MDT and Clinical Follow-Up

As established by our institutional protocol, patients were managed according to
current International Guidelines [17] and good clinical practice recommendations. Before
MDT, all patients underwent a CT-based treatment planning with a 2-mm slice thickness
in the supine position. Gross Tumor Volume (GTV) was delineated using all the available
morphological and PET/CT imaging information. An isotropic margin of 3 mm was added
to GTV to create the Clinical Target Volume (CTV) for bone lesions. A planning target
volume (PTV) was created around the CTV using isotropic or anisotropic 2-mm margin. All
patients received intensity-modulated radiotherapy (IMRT) or Volumetric Modulated Arc
Therapy (VMAT) with Image-guided radiotherapy. Collected MDT parameters included
the total dose administered, the number of fractions, the biologically effective dose, and
the eventual administration of ADT. The radiation schedule most used was 35 Gy in
five fractions.

Following MDT, patients entered a short-term clinical follow-up according to our
institutional protocol, including clinical evaluation and PSA blood test every 3 to 4 months.
[18F]F-Fluorocholine or [68Ga]Ga-PSMA-11 PET/CT restaging was performed using the
corresponding MDT-guiding radiotracer in case of detectable PSA or biochemical pro-
gression post-MDT, defined according to PC Working Group 3 [18]. In the case of oligo-
progression after MDT, further courses of MDT were generally proposed if less than five
new lesions were detected by PET/CT imaging outside the previously irradiated field.
Systemic treatments were administered in case of a polymetastatic conversion of the dis-
ease. Patients with disease progression were followed up for survival status (long-term
follow-up).

2.4. Statistical Analysis

The primary endpoint of the study was Progression-Free Survival (PFS) in oligometastatic
PCa patients submitted to [68Ga]Ga-PSMA-11 versus [18F]F-Fluorocholine guided MDT.
Progression was defined as a composite endpoint as previously described [8,9]. Briefly,
any of the following conditions were considered as a progression: (i) PSA rise of at least
2 ng/dL and 25% above nadir; (ii) concern for radiologic progression by PET/CT; (iii)
symptomatic progression of disease; (iv) initiation of ADT or systemic treatment change
for any reason; (v) death.

All patients’ variables were assessed with the Kolmogorov-Smirnov to evaluate data
distribution. Continuous variables were compared with the t-test, while categorical vari-
ables were tested with the chi-square test. Cox regression analysis was performed assuming
PFS as the dependent variable. Univariate analyses were performed to correlate PFS with
the available clinical and imaging parameters. All variables with a p < 0.100 entered the
multivariate analysis. Hazard ratios (HR) for Cox regression models were reported with a
95% confidence interval (CI) and p-value. The Kaplan-Meier method (log-rank test) was
also applied once continuous variables were dichotomized. Statistical significance was set
at p < 0.050. Data analysis was conducted by using SPSS® software version 26 (IBM Corp.,
Armonk, NY, US).

3. Results
3.1. Patients’ Clinical Characteristics, PET-Guided MDT, and Clinical Follow-Up

The clinical characteristics of the entire sample are summarized in Table 1. Eleven
patients (29.8%) underwent [18F]F-Fluorocholine PET/CT, while twenty-six (70.2%) were
submitted to [68Ga]Ga-PSMA-11 PET/CT for restaging purposes after primary treatment.
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Table 1. Clinical characteristics of patients enrolled at the time of MDT.

Overall [18F]F-Fluorocholine
Guided MDT

[68Ga]Ga-PSMA-11
Guided MDT p Value

Number of patients 37 11 26
ISUP grade

ISUP 1 8 (21.6%) 2 (18.2%) 6 (23.1%)

0.747
ISUP 2 8 (21.6%) 3 (27.3%) 5 (19.2%)
ISUP 3 8 (21.6%) 1 (9.0%) 7 (27.0%)
ISUP 4 8 (21.6%) 3 (27.3%) 5 (19.2%)
ISUP 5 5 (13.6%) 2 (18.2%) 3 (11.5%)

Primary treatment (radiotherapy vs. surgery)
Surgery 29 (78.4%) 7 (63.6%) 22 (84.6%)

0.157Radiotherapy (± ADT) 8 (21.6%) 4 (36.4%) 4 (15.4%)
Previous salvage radiotherapy 29 (78.4%) 9 (81.8%) 20 (76.9%) 0.741
Time to oligometastases, months (range) 91 (2–245) 79 (2–209) 104 (2–245) 0.551
Age at MDT 73.7 ± 7.57 70.45 ± 8.9 75.08 ± 6.65 0.142
CRPC at MDT 8 (21.6%) 3 (27.3%) 5 (19.2%) 0.587
PSA pre-MDT 3.01 ± 6.34 4.19 ± 5.38 2.5 ± 6.74 0.468
Medical therapy in addition to MDT 29 (78.4%) 10 (90.9%) 19 (73.2%) 0.228
PSA nadir after MDT 0.76 ± 0.1 1.54 ± 1.83 0.43 ± 0.91 0.018
Time to PSA nadir, months (range) 4 (1–29) 4 (1–17) 5 (1–29) 0.545
Number of metastases treated with MDT

1 lesion 30 (81.0%) 11 (100%) 19 (73.2%)

0.302
2 lesions 5 (13.6%) 0 (0%) 5 (19.2%)
3 lesions 1 (2.7%) 0 (0%) 1 (3.8%)
5 lesions 1 (2.7%) 0 (0%) 1 (3.8%)

Site of metastases treated with MDT
Lymph nodes 24 (64.9%) 7 (63.6%) 17 (65.4%)

0.582Bones 11 (29.7%) 4 (36.4%) 7 (27.0%)
Both 2 (5.4%) 0 (0%) 2 (7.6%)

MDT total dose 34.99 ± 3.54 34.09 ± 2.02 35.37 ± 3.99 0.324
MDT biologically effective dose 112.08 ± 14.21 111 ± 15.51 112.56 ± 13.91 0.766
Progression 15 (40.5%) 9 (81.8%) 6 (23.1%) 0.001

Continuous and dichotomous variables were compared with the t-test and the chi-square test, respectively.
Significant p-values are bolded. Abbreviations: ADT, androgen deprivation therapy; CRPC, castration-resistant
prostate cancer; ISUP, International Society of Urological Pathology; MDT, metastasis-directed therapy; PSA,
prostate-specific antigen.

The two subgroups were balanced concerning baseline bioptical ISUP grade, primary
treatment, previous salvage radiotherapy, and time from PCa diagnosis to oligometastatic
disease onset (p = ns for all) (Table 1). At the time of PET oligorecurrence detection, age and
CRPC status were superimposable between the two groups (p = ns for both), and PSA serum
levels were not significantly different between the two subgroups of patients (4.19 ± 5.38
vs. 2.50 ± 6.74, p = 0.468, respectively). PET/CT imaging identified 48 lesions, including
37 lymph node metastases (77%) and 11 bone lesions (23%), while no visceral metastases
were detected. Most recruited patients had one metastatic site (100% for patients receiving
[18F]F-Fluorocholine-guided MDT), and the percentage of nodal and bone metastases were
balanced between the two study groups (Table 1). No other significant differences between
the two subgroups were detected (Table 1). In particular, MDT total dose and biologically
effective dose were not significantly different between the two groups of patients (p = ns
for both). Notably, the concurrent administration of medical therapy in addition to MDT
was equally balanced between the two subgroups (91% vs. 73% in the [18F]F-Fluorocholine
and the [68Ga]Ga-PSMA-11 subgroups, respectively, p = ns).

Considering the entire sample, the median time interval from PET-guided MDT to
the PSA nadir was 4 months (5 months in the [68Ga]Ga-PSMA-11 subgroup vs. 4 months
in the [18F]F-Fluorocholine subgroup; p = ns). However, the PSA level at the nadir was
significantly lower in patients submitted to [68Ga]Ga-PSMA-11 PET/CT guided MDT
(Table 1, p = 0.018). After MDT, patients were clinically and biochemically followed up for a
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median interval of 20.48 months (range 5.37–60.13), and the median PFS (mPFS) was 40.93
months (95% CI 15.93–40.93) (Figure 1).
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Figure 1. Kaplan-Meier curve for PFS in the whole sample. Abbreviations: PFS, progression-free
survival.

Of the 15 (40.5%) patients presenting biochemical relapse after MDT, the number
of progressions was higher in the [18F]F-Fluorocholine (9/11, 81.8%) compared to the
[68Ga]Ga-PSMA-11 subgroup (6/26, 23.1%; p = 0.001). Among relapsed patients, 14 (93.3%)
were restaged to PET/CT imaging (which confirmed the progression in all cases), and 1 died
(6.7%, belonging to the [18F]F-Fluorocholine subgroup). In all cases, PET/CT restaging was
performed using the same tracer previously driving MDT. In 5 cases, the persistence of the
oligometastatic status was shown by the restaging PET/CT (2/5 in the [18F]F-Fluorocholine
subgroup and 3/5 in the [68Ga]Ga-PSMA-11 subgroup), thus guiding a second-line of
MDT. Second-line MDT was performed in the same sites of initial treatment in 3 cases (2/3
in the [18F]F-Fluorocholine subgroup and 1/3 in the [68Ga]Ga-PSMA-11 subgroup).

3.2. Predictors of Clinical Outcome

In the univariate analysis (Table 2), a significant association with lower PFS was
reached by CRPC status at the time of MDT (HR 6.238, 95% CI 1.939–20.073; p = 0.002),
PSA nadir after MDT (HR 2.979, 95% CI 1.882–4.717; p < 0.001) and by the use of [18F]F-
Fluorocholine PET/CT imaging as a guide for MDT (HR 3.813, 95% CI 1.351–10.760;
p = 0.011). Kaplan-Meier analysis was performed to explore better the impact of the two
PET/CT radiotracers on PFS (Figure 2). In line with the previous result, patients submitted
to [18F]F-Fluorocholine PET/CT showed a significantly lower mPFS compared to the
[68Ga]Ga-PSMA-11 subgroup (15.47 months, 95% CI 4.13–38.00 vs. 40.93 months, 95% CI
40.93–40.93, respectively, p = 0.047). CRPC status and PSA nadir after MDT turned out
to be independent predictors of PFS at the multivariate analysis (p = 0.024 and p < 0.001,
respectively, Table 2), while no other clinical or imaging parameters reached significance.
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survival.

Table 2. Prognostic values of clinical and imaging characteristics in the prediction of PFS.

Univariate Analysis Multivariate Analysis

HR (95% CI) p Value HR (95% CI) p Value

Age 0.973 (0.914–1.036) 0.390
ISUP grade

ISUP 1 1.000 (Ref.)
ISUP 2 0.694 (0.097–4.972) 0.716
ISUP 3 0.993 (0.163–6.030) 0.994

ISUP 4 1.474 (0.268–8.097) 0.656
ISUP 5 1.536 (0.265–8.916) 0.632

Primary treatment (radiotherapy vs. surgery)
Surgery 1.000 (Ref.)
Radiotherapy (± ADT) 2.617 (0.784–8.736) 0.143

Previous salvage radiotherapy 0.698 (0.217–2.243) 0.546
CRPC 6.238 (1.939–20.073) 0.002 4.587 (1.226–17.154) 0.024
PSA pre-MDT 1.005 (0.922–1.095) 0.907
Medical therapy in addition to MDT 0.635 (0.142–2.843) 0.553
PSA nadir after MDT 2.979 (1.882–4.717) <0.001 2.937 (1.750–4.928) <0.001
PET/CT imaging

[68Ga]Ga-PSMA-11 1.000 (Ref.)
[18F]F-Fluorocholine 3.813 (1.351–10.760) 0.011 2.603 (0.829–8.172) 0.100

SUVmax 1.031 (0.981–1.084) 0.232
MTV 0.936 (0.707–1.240) 0.645
TLG 1.002 (0.977–1.028) 0.870
Number of metastases treated with MDT

1 lesion 1.000 (Ref.)
2 or more lesions 1.550 (0.532–4.518) 0.422
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Table 2. Cont.

Univariate Analysis Multivariate Analysis

HR (95% CI) p Value HR (95% CI) p Value

Site of metastases treated with MDT
Lymph node 1.000 (Ref.)
Bones or both 0.926 (0.283–3.031) 0.899

MDT total dose 0.952 (0.812–1.117) 0.546
MDT biologically effective dose 0.993 (0.958–1.029) 0.695

Univariate and multivariate analyses were performed with the Cox regression model. Significant p-values
are bolded. Abbreviations: ADT, androgen deprivation therapy; CRPC, castration-resistant prostate cancer;
ISUP, International Society of Urological Pathology; MDT, metastasis-directed therapy; MTV, metabolic tumor
volume; PET/CT, positron emission tomography/computed tomography; PSA, prostate-specific antigen; SUVmax,
maximum standardized uptake value; TLG, total lesion glycolysis.

4. Discussion

Although no consensus exists on the exact number of lesions shaping the oligometastatic
state [19,20], the rationale underlying its treatment with MDT is that not only the primary
tumor but also distant metastases can be the source of new tumor spread [21]. SBRT does
not represent the unique available MDT [22,23]. However, it is currently the most used
approach and is growing, as a four-fold increase in its utilization has been observed in the
last decade [24].

In the phase II STOMP trial, MDT significantly prolonged the time to initiation of
ADT in PCa patients with one to three metastases compared to observation [7]. Besides
postponing ADT, the ablation of the oligometastatic foci through MDT also provided local
control, showed good tolerability, and favourably impacted the long-term oncological
outcome in both de novo and metachronous low-volume metastatic PCa [7]. In the ORIOLE
phase II study, 54 oligometastatic PCa patients in a washout from ADT within 6 months of
enrolment were randomized to MDT or observation [8]. The 6-month progression occurred
in 19% and 61% of patients, respectively. The sustained clinical benefit of MDT was recently
confirmed by pooling the STOMP and ORIOLE study cohorts [9]. On the one side, these
data raised attention on this topic, promoting the development of further clinical trials
addressing the oligometastatic phase of PCa. On the other hand, they pose several open
issues for the future, including identifying the appropriate imaging guide for MDT.

The use of PET/CT imaging as the guide for MDT is supposed to impact its effec-
tiveness in oligometastatic PCa, avoiding undertreatment and prolonging the long-term
oncological outcome. However, PET/CT can be performed with many radiotracers for
patients with PCa in the clinical setting. Generally, the choice of the preferred radiotracer
may depend on its availability, the associated costs, the healthcare system’s reimburse-
ment regulations, and the centre’s experience in reading and interpreting imaging results.
On these bases, it is necessary to verify the eventual superiority of a specific tracer com-
pared to the others. Even though a large amount of data demonstrated the superior
diagnostic accuracy of PSMA-targeted radiotracers compared to either [11C]C-choline
or [18F]F-Fluorocholine in the restaging of PCa with low PSA circulating levels [25], no
clear superiority has been identified for patients with higher PSA serum levels [25] or
with late-stage castration-resistant disease [26]. Moreover, growing data shows that PSMA
expression can be heterogeneous in patients treated with systemic therapies [27,28]. These
sources of heterogeneity may result in dissimilar response rates to MDT if guided by PSMA
tracers. On these bases, the favourable impact of PSMA-targeted tracers compared to
radio-labelled choline in the oligometastatic setting candidate to MDT is not a foregone
conclusion. Accordingly, comparing it with the other most widely used PET tracer for PCa
imaging as the guide for MDT, collecting data from the real-world setting represents an
unmet clinical need.

In the present study, [68Ga]Ga-PSMA-11 PET/CT provided higher PFS rates than
[18F]F-Fluorocholine PET/CT imaging in oligometastatic PCa patients receiving PET-
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guided MDT. Coherently, the PSA nadir following MDT was significantly lower in patients
submitted to MDT under the guidance of [68Ga]Ga-PSMA-11, indicating a more pro-
nounced biochemical response after therapy. This is relevant, as in our multivariable
analysis, the PSA nadir appeared as the most potent prognosticator after MDT. Conversely
to the ORIOLE and the STOMP trials [7–9], we collected data from PCa patients submitted
to either exclusive MDT or MDT plus systemic treatment. This choice prevented the capa-
bility to include ADT-free survival as a clinical endpoint of our study. However, given that
the concurrent administration of systemic therapy was equally distributed between the two
subgroups of patients, we can assume that the choice of the radiotracer for PET-guided MDT
is prognostically relevant regardless of the concurrent systemic therapy. However, due to
the lack of statistical power, we could not perform dedicated subanalyses, which might
identify eventual differences in specific patient groups. Similarly, given the real-world
design, we retrospectively recruited consecutive hormone-sensitive and castration-resistant
PCa patients, which were equally distributed between the two subgroups of patients. As
expected, the CRPC state was a significant prognosticator in both the univariate and multi-
variate analyses. However, we could not perform dedicated subanalyses on CRPC patients
due to the low statistical power.

Mazzola et al. recently published a retrospective study with a similar design [29].
The authors focused on the setting of an oligorecurrent hormone-sensitive PCa, showing
that [68Ga]Ga-PSMA-11 PET/CT guided MDT with stereotactic radiotherapy related to
an advantage in terms of ADT-free survival compared to [18F]F-Fluorocholine PET/CT.
Interestingly, the Mazzola study observed no significant difference in ADT-free survival and
PFS in patients with PSA levels >0.5 ng/mL in both groups [29]. Although our study did
not replicate this finding, it still needs to be addressed as it might suggest that the advantage
of [68Ga]Ga-PSMA-11 PET/CT in terms of oncological outcome might be heterogeneous
considering the baseline PSA levels.

Of note, although supported by preliminary evidence, the added value of [68Ga]Ga-
PSMA-11 PET/CT in this clinical setting has already been partially accepted by the clinical
audience. In 2019, a paper by RADAR (Radiographic Assessments for Detection of Ad-
vanced Recurrence) III Group was published, with a strong recommendation for the use
of next-generation imaging in patients with biochemically recurrent prostate cancer [30].
Shortly after, a survey conducted by AIRO (Italian Association of Radiotherapy and Clinical
Oncology) genitourinary group focused on the clinical practice of radiation oncologists,
showing the tendency to adopt molecular imaging both before and after MDT [31]. Using
the Delphi consensus methodology, the European Society for Radiotherapy and Oncology
(ESTRO) Guidelines Committee recommendations were recently published to standardize
radiotherapy treatment of oligometastatic PCa patients [17]. Involved panellists reached
a consensus in considering PSMA-targeted PET/CT the preferred staging and restaging
imaging modality for oligometastatic, oligorecurrent, and oligoprogressive PCa [17]. Con-
sidering our data, this choice sounds reasonable. However, it should be noted that the
retrospective evidence of a favourable impact on the clinical outcome is insufficient to
support a change in clinical practice. As stated above, larger prospective studies might
allow addressing several open issues, including the advantage of [68Ga]Ga-PSMA-11
PET/CT as the guide for MDT alone vs. MDT + systemic therapy, for hormone-sensitive
vs. castration-resistant PCa patients and PCa patients with different PSA serum levels at
baseline. Moreover, systematically introducing a highly sensitive next-generation imag-
ing tool as the guide for MDT may lead to the so-called “stage migration phenomenon”,
causing the upstaging of a subgroup of PCa patients from the oligometastatic state to the
disseminated condition [32]. This may prevent the prescription of MDT in the subgroup of
patients affected by the disseminated disease, in whom the unique therapeutic alternative
would be the anticipation of systemic therapy. Thus, the hypothetical advantage in terms of
the clinical outcome of next-generation imaging-guided MDT needs to be counterbalanced
by the long-term effects of systemic treatment anticipation in this subgroup of patients.
Improving the statistical power by recruiting a larger number of oligometastatic patients
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submitted to PET-guided MDT may not be sufficient to address this open issue and thus
support the translation of [68Ga]Ga-PSMA-11 PET/CT-guided MDT into the clinical prac-
tice. Prospective and randomized trials are mandatory to address the consequences of the
stage migration phenomenon provided by next-generation imaging [33].

5. Limitations

The small number of patients in our study is the major limitation of this work. More-
over, among 37 patients recruited, patients who submitted to [68Ga]Ga-PSMA-11 PET/CT-
guided MDT were more numerous with respect to the [18F]F-Fluorocholine subgroup (26
and 11 patients, respectively). Thus, further studies are needed to confirm our findings
in larger and more homogeneous samples of oligometastatic PCa patients. Second, the
real-world design of this study led to the inclusion of both hormone-sensitive and CRPC
patients. Again, the limited number of patients did not allow for performing dedicated
subanalyses comparing these two subgroups. Finally, it is known that ADT can negatively
affect the quality of life in PCa patients [6] and that MDT could avoid systemic adverse
events associated with ADT with good tolerability [7–9]. On this basis, it might be of inter-
est to verify any difference in MDT guided by [18F]F-Fluorocholine or [68Ga]Ga-PSMA-11
in postponing ADT and preserving the quality of life. Due to the retrospective nature of
the present study, we could not address this relevant point, and thus further studies are
needed.

6. Conclusions

In conclusion, the present data suggest that enlarging the “tip of the iceberg” by
detecting a major proportion of the submerged disease thanks to next-generation imaging
may favourably impact the oncological outcome of oligometastatic PCa patients treated
with MDT. Further, prospective studies with randomized designs are still needed to support
the clinical adoption of [68Ga]Ga-PSMA-11 PET/CT-guided MDT.
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Protheroe, A.; et al. Abiraterone plus Prednisone in Metastatic, Castration-Sensitive Prostate Cancer. N. Engl. J. Med. 2017, 377,
352–360. [CrossRef] [PubMed]

5. Smith, M.R.; Hussain, M.; Saad, F.; Fizazi, K.; Sternberg, C.N.; Crawford, E.D.; Kopyltsov, E.; Park, C.H.; Alekseev, B.; Montesa-
Pino, Á.; et al. Darolutamide and Survival in Metastatic, Hormone-Sensitive Prostate Cancer. N. Engl. J. Med. 2022, 386, 1132–1142.
[CrossRef]

6. Tucci, M.; Leone, G.; Buttigliero, C.; Zichi, C.; di Stefano, R.F.; Pignataro, D.; Vignani, F.; Scagliotti, G.V.; di Maio, M. Hormonal
treatment and quality of life of prostate cancer patients: New evidence. Minerva Urol. Nefrol. 2018, 70, 144–151. [CrossRef]

7. Ost, P.; Reynders, D.; Decaestecker, K.; Fonteyne, V.; Lumen, N.; de Bruycker, A.; Lambert, B.; Delrue, L.; Bultijnck, R.; Claeys, T.;
et al. Surveillance or Metastasis-Directed Therapy for Oligometastatic Prostate Cancer Recurrence: A Prospective, Randomized,
Multicenter Phase II Trial. J. Clin. Oncol. 2018, 36, 446–453. [CrossRef]

8. Phillips, R.; Shi, W.Y.; Deek, M.; Radwan, N.; Lim, S.J.; Antonarakis, E.S.; Rowe, S.P.; Ross, A.E.; Gorin, M.A.; Deville, C.;
et al. Outcomes of Observation vs Stereotactic Ablative Radiation for Oligometastatic Prostate Cancer: The ORIOLE Phase 2
Randomized Clinical Trial. JAMA Oncol. 2020, 6, 650–659. [CrossRef]

9. Deek, M.P.; van der Eecken, K.; Sutera, P.; Deek, R.A.; Fonteyne, V.; Mendes, A.A.; Decaestecker, K.; Kiess, A.P.; Lumen, N.;
Phillips, R.; et al. Long-Term Outcomes and Genetic Predictors of Response to Metastasis-Directed Therapy Versus Observation
in Oligometastatic Prostate Cancer: Analysis of STOMP and ORIOLE Trials. J. Clin. Oncol. 2022, 40, 3377–3382. [CrossRef]

10. Chiong, E.; Murphy, D.G.; Akaza, H.; Buchan, N.C.; Chung, B.H.; Kanesvaran, R.; Khochikar, M.; Letran, J.; Lojanapiwat, B.; Ng,
C.F.; et al. Management of patients with advanced prostate cancer in the Asia Pacific region: ‘real-world’ consideration of results
from the Advanced Prostate Cancer Consensus Conference (APCCC) 2017. BJU Int. 2019, 123, 22–34. [CrossRef]

11. deSouza, N.M.; Liu, Y.; Chiti, A.; Oprea-Lager, D.; Gebhart, G.; van Beers, B.E.; Herrmann, K.; Lecouvet, F.E. Strategies and
technical challenges for imaging oligometastatic disease: Recommendations from the European Organisation for Research and
Treatment of Cancer imaging group. Eur. J. Cancer 2018, 91, 153–163. [CrossRef] [PubMed]

12. Fanti, S.; Minozzi, S.; Antoch, G.; Banks, I.; Briganti, A.; Carrio, I.; Chiti, A.; Clarke, N.; Eiber, M.; de Bono, J.; et al. Consensus on
molecular imaging and theranostics in prostate cancer. Lancet Oncol. 2018, 19, e696–e708. [CrossRef] [PubMed]

13. Cornford, P.; Bellmunt, J.; Bolla, M.; Briers, E.; de Santis, M.; Gross, T.; Henry, A.M.; Joniau, S.; Lam, T.B.; Mason, M.D.; et al.
Guidelines on Prostate Cancer. Part II: Treatment of Relapsing, Metastatic, and Castration-Resistant Prostate Cancer. Eur. Urol.
2017, 71, 630–642. [CrossRef] [PubMed]

14. EAU Guidelines. Available online: http://uroweb.org/guidelines/compilations-of-all-guidelines/ (accessed on 31 October 2022).
15. Fendler, W.P.; Eiber, M.; Beheshti, M.; Bomanji, J.; Ceci, F.; Cho, S.; Giesel, F.; Haberkorn, U.; Hope, T.A.; Kopka, K.; et al.

68Ga-PSMA PET/CT: Joint EANM and SNMMI procedure guideline for prostate cancer imaging: Version 1.0. Eur. J. Nucl. Med.
Mol. Imaging 2017, 44, 1014–1024. [CrossRef]

16. Linee Guida dell’Associazione Italiana di medicina Nucleare. Available online: https://www.aimn.it/documenti/lineeguida/4_
Imaging%20Oncologico%20con%2018F%20Colina.pdf (accessed on 21 December 2022).

17. Zilli, T.; Achard, V.; dal Pra, A.; Schmidt-Hegemann, N.; Jereczek-Fossa, B.A.; Lancia, A.; Ingrosso, G.; Alongi, F.; Aluwini,
S.; Arcangeli, S.; et al. Recommendations for radiation therapy in oligometastatic prostate cancer: An ESTRO-ACROP Delphi
consensus. Radiother. Oncol 2022, 176, 199–207. [CrossRef]

18. Scher, H.I.; Morris, M.J.; Stadler, W.M.; Higano, C.; Basch, E.; Fizazi, K.; Antonarakis, E.S.; Beer, T.M.; Carducci, M.A.; Chi, K.N.;
et al. Trial Design and Objectives for Castration-Resistant Prostate Cancer: Updated Recommendations From the Prostate Cancer
Clinical Trials Working Group 3. J. Clin. Oncol. 2016, 34, 1402–1418. [CrossRef]

19. Rao, A.; Vapiwala, N.; Schaeffer, E.M.; Ryan, C.J. Oligometastatic Prostate Cancer: A Shrinking Subset or an Opportunity for
Cure? Am. Soc. Clin. Oncol. Educ. Book 2019, 39, 309–320. [CrossRef]

20. Lievens, Y.; Guckenberger, M.; Gomez, D.; Hoyer, M.; Iyengar, P.; Kindts, I.; Méndez Romero, A.; Nevens, D.; Palma, D.; Park, C.;
et al. Defining oligometastatic disease from a radiation oncology perspective: An ESTRO-ASTRO consensus document. Radiother.
Oncol. 2020, 148, 157–166. [CrossRef]

21. Gundem, G.; van Loo, P.; Kremeyer, B.; Alexandrov, L.B.; Tubio, J.; Papaemmanuil, E.; Brewer, D.S.; Kallio, H.; Högnäs, G.;
Annala, M.; et al. The evolutionary history of lethal metastatic prostate cancer. Nature 2015, 520, 353–357. [CrossRef]

http://doi.org/10.1016/j.eururo.2020.09.046
http://doi.org/10.1056/NEJMoa1903307
http://www.ncbi.nlm.nih.gov/pubmed/31150574
http://doi.org/10.1056/NEJMoa1903835
http://www.ncbi.nlm.nih.gov/pubmed/31157964
http://doi.org/10.1056/NEJMoa1704174
http://www.ncbi.nlm.nih.gov/pubmed/28578607
http://doi.org/10.1056/NEJMoa2119115
http://doi.org/10.23736/S0393-2249.17.03066-1
http://doi.org/10.1200/JCO.2017.75.4853
http://doi.org/10.1001/jamaoncol.2020.0147
http://doi.org/10.1200/JCO.22.00644
http://doi.org/10.1111/bju.14489
http://doi.org/10.1016/j.ejca.2017.12.012
http://www.ncbi.nlm.nih.gov/pubmed/29331524
http://doi.org/10.1016/S1470-2045(18)30604-1
http://www.ncbi.nlm.nih.gov/pubmed/30507436
http://doi.org/10.1016/j.eururo.2016.08.002
http://www.ncbi.nlm.nih.gov/pubmed/27591931
http://uroweb.org/guidelines/compilations-of-all-guidelines/
http://doi.org/10.1007/s00259-017-3670-z
https://www.aimn.it/documenti/lineeguida/4_Imaging%20Oncologico%20con%2018F%20Colina.pdf
https://www.aimn.it/documenti/lineeguida/4_Imaging%20Oncologico%20con%2018F%20Colina.pdf
http://doi.org/10.1016/j.radonc.2022.10.005
http://doi.org/10.1200/JCO.2015.64.2702
http://doi.org/10.1200/EDBK_239041
http://doi.org/10.1016/j.radonc.2020.04.003
http://doi.org/10.1038/nature14347


Cancers 2023, 15, 323 12 of 12

22. Fossati, N.; Suardi, N.; Gandaglia, G.; Bravi, C.A.; Soligo, M.; Karnes, R.J.; Shariat, S.; Battaglia, A.; Everaerts, W.; Joniau, S.; et al.
Identifying the Optimal Candidate for Salvage Lymph Node Dissection for Nodal Recurrence of Prostate Cancer: Results from a
Large, Multi-institutional Analysis. Eur. Urol. 2019, 75, 176–183. [CrossRef]

23. Porres, D.; Pfister, D.; Thissen, A.; Kuru, T.H.; Zugor, V.; Buettner, R.; Knuechel, R.; Verburg, F.A.; Heidenreich, A. The role of
salvage extended lymph node dissection in patients with rising PSA and PET/CT scan detected nodal recurrence of prostate
cancer. Prostate. Cancer Prostatic. Dis. 2017, 20, 85–92. [CrossRef] [PubMed]

24. Ning, M.S.; Boyce-Fappiano, D.; Thaker, N.G. Oligometastatic Disease in Context of the Radiation Oncology Alternative Payment
Model: Implications for Local Consolidative Therapy. JCO Oncol. Pract. 2021, 17, 773–776. [CrossRef] [PubMed]

25. Treglia, G.; Pereira Mestre, R.; Ferrari, M.; Bosetti, D.G.; Pascale, M.; Oikonomou, E.; de Dosso, S.; Jermini, F.; Prior, J.O.; Roggero,
E.; et al. Radiolabelled choline versus PSMA PET/CT in prostate cancer restaging: A meta-analysis. Am. J. Nucl. Med. Mol.
Imaging 2019, 9, 127–139. [PubMed]

26. Weber, M.; Hadaschik, B.; Ferdinandus, J.; Rahbar, K.; Bögemann, M.; Herrmann, K.; Fendler, W.P.; Kesch, C. Prostate-specific
Membrane Antigen-based Imaging of Castration-resistant Prostate Cancer. Eur. Urol. Focus 2021, 7, 279–287. [CrossRef]

27. Staniszewska, M.; Fragoso Costa, P.; Eiber, M.; Klose, J.M.; Wosniack, J.; Reis, H.; Szarvas, T.; Hadaschik, B.; Lückerath, K.;
Herrmann, K.; et al. Enzalutamide Enhances PSMA Expression of PSMA-Low Prostate Cancer. Int. J. Mol. Sci. 2021, 22, 7431.
[CrossRef]

28. Zukotynski, K.A.; Emmenegger, U.; Hotte, S.; Kapoor, A.; Fu, W.; Blackford, A.L.; Valliant, J.; Bénard, F.; Kim, C.K.; Markowski,
M.C.; et al. Prospective, Single-Arm Trial Evaluating Changes in Uptake Patterns on Prostate-Specific Membrane Antigen-
Targeted 18F-DCFPyL PET/CT in Patients with Castration-Resistant Prostate Cancer Starting Abiraterone or Enzalutamide. J.
Nucl. Med. 2021, 62, 1430–1437. [CrossRef]

29. Mazzola, R.; Francolini, G.; Triggiani, L.; Napoli, G.; Cuccia, F.; Nicosia, L.; Livi, L.; Magrini, S.M.; Salgarello, M.; Alongi,
F. 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. Genitourin. Cancer 2021, 19, 230–236. [CrossRef]

30. Crawford, E.D.; Koo, P.J.; Shore, N.; Slovin, S.F.; Concepcion, R.S.; Freedland, S.J.; Gomella, L.G.; Karsh, L.; Keane, T.E.; Maroni, P.;
et al. A Clinician’s Guide to Next Generation Imaging in Patients With Advanced Prostate Cancer (RADAR III). J. Urol. 2019, 201,
682–692. [CrossRef]

31. Lucchini, R.; Francolini, G.; Matrone, F.; Timon, G.; Franzese, C.; Marvaso, G.; Borghetti, P.; Nicosia, L.; Trodella, L.E.; Vinciguerra,
A.; et al. Attitudes, practices and perspectives on imaging strategies in prostate cancer: A national cross-sectional survey involving
expert radiation oncologists on behalf of AIRO (Italian association of radiotherapy and clinical oncology) GU group. Med. Oncol.
2021, 39, 3. [CrossRef]

32. Sundahl, N.; Gillessen, S.; Sweeney, C.; Ost, P. When What You See Is Not Always What You Get: Raising the Bar of Evidence for
New Diagnostic Imaging Modalities. Eur. Urol. 2021, 79, 565–567. [CrossRef]

33. Jadvar, H.; Abreu, A.L.; Ballas, L.K.; Quinn, D.I. Oligometastatic Prostate Cancer: Current Status and Future Challenges. J. Nucl.
Med. 2022, 63, 1628–1635. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.eururo.2018.09.009
http://doi.org/10.1038/pcan.2016.54
http://www.ncbi.nlm.nih.gov/pubmed/27824042
http://doi.org/10.1200/OP.21.00549
http://www.ncbi.nlm.nih.gov/pubmed/34767465
http://www.ncbi.nlm.nih.gov/pubmed/31139496
http://doi.org/10.1016/j.euf.2021.01.002
http://doi.org/10.3390/ijms22147431
http://doi.org/10.2967/jnumed.120.259069
http://doi.org/10.1016/j.clgc.2020.08.002
http://doi.org/10.1016/j.juro.2018.05.164
http://doi.org/10.1007/s12032-021-01597-5
http://doi.org/10.1016/j.eururo.2020.07.029
http://doi.org/10.2967/jnumed.121.263124
http://www.ncbi.nlm.nih.gov/pubmed/36319116

	Introduction 
	Materials and Methods 
	Study Population and Clinical Data Collection 
	PET/CT Images Acquisition and Analysis 
	PET-Guided MDT and Clinical Follow-Up 
	Statistical Analysis 

	Results 
	Patients’ Clinical Characteristics, PET-Guided MDT, and Clinical Follow-Up 
	Predictors of Clinical Outcome 

	Discussion 
	Limitations 
	Conclusions 
	References

