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Simple Summary: Patients with metastatic prostate cancer undergoing progression in a few
metastatic sites (oligoprogression) while undergoing systemic treatment may delay the switch to
different drugs and prolong the benefit of the ongoing treatment by metastasis-directed therapy.
In this study, we report our experience in treating prostate cancer metastatic oligoprogressive
patients with stereotactic body radiotherapy to delay the switch to the next treatment line. This
strategy allowed us to prolong the administration of the ongoing systemic therapy by about 1 year.

Abstract: Background: Stereotactic body radiotherapy (SBRT) targeted at metastatic sites of dis-
ease progression is emerging as a potential therapeutic approach for managing oligoprogressive
prostate cancer. However, a definitive benefit has yet to be demonstrated. Herein, we present our
institution’s experience with this treatment approach. Methods: From April 2018 to March 2023,
11 patients affected by oligoprogressive prostate cancer were treated with SBRT targeting the nodal
or bone sites of progression while maintaining the ongoing systemic therapy. Three patients were
undergoing single-agent ADT (Androgen Deprivation Therapy), while the remaining eight were
receiving a subsequent line of systemic therapy. All patients were evaluated with a pre-treatment
68Ga-PSMA-11 or 18F-fluorocholine PET/CT, which demonstrated between one and five localiza-
tions of disease. All the active sites were treated with SBRT in one (15-24 Gy) or three (21-27 Gy)
fractions, except for one patient, who was treated in five fractions (35 Gy). PSA serum levels were
tested at baseline, one month after RT and at least every three months; all patients underwent a
post-treatment 68Ga-PSMA-11 or 18F-fluorocholine PET/CT. The evaluated endpoints were PSA
response, defined as a post-treatment decrease >50% from baseline measured within 6 months,
time to next-line systemic treatment (NEST), local control (LC), biochemical progression-free
survival (bPFS), radiological progression-free survival (rPFS) and freedom from polymetastatic
progression (FPP). Results: Nineteen lesions were treated (seven nodal and twelve bone). At a
median follow-up of 19 months (7-63), 9 of the 11 patients had a PSA response; all patients had
local control of the treated metastases. A total of six patients switched to a next-line systemic
treatment, with a median NEST of 13 months. Six patients had polymetastatic progression with an
FPP median time of 19 months. No patients died during the follow-up period. The SBRT-related
toxicity was negligible. Conclusions: Our data support the use of SBRT targeting the sites of
oligoprogressive disease before moving to a subsequent line of systemic treatment in patients with
metastatic prostate cancer. Prospective studies to evaluate the potential impact of this approach
on overall survival are warranted.
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1. Introduction

Prostate cancer (PCa) is one of the most prevalent malignancies and a leading cause
of cancer-related mortality in Western countries, with important implications for global
health [1,2]. In this scenario, metastatic castration-resistant prostate cancer (mCRPC)
represents a significant clinical challenge, accounting for an estimated 258,400 global deaths
annually [3,4].

Despite advances in therapeutic strategies, where systemic treatment serves as the
cornerstone of management, mCRPC is characterized by clinical progression despite testos-
terone levels below 50 ng per deciliter (1.7 nmol per liter) and a predictable sequence of
events leading to death within 24 to 48 months of castration resistance onset [5,6].

In recent years, the evolving landscape of metastatic prostate cancer has revealed
a distinct clinical subset—oligometastatic prostate cancer. This intermediate state, first
conceptualized by Hellman and Weichselbaum in 1995, represents a critical phase between
localized and widespread metastases, characterized by a limited number of secondary
lesions [7-9]. In the evaluation and staging of advanced prostate cancer imaging, an
important role is currently played by the PSMA-PET (with 68Ga or 18F) enabling highly
sensitive detection of metastatic sites and a reliable assessment of the disease burden.

The definition of oligometastatic disease remains a subject of debate, going from three
to five bone or nodal metastases while excluding visceral localizations. In recent years,
another classification of metastatic prostate cancer has been suggested by the CHAARTED
trial [10], distinguishing between low- and high-volume disease, with the latter being
defined by the presence of visceral metastases or of more than four bone lesions, including
at least one outside the vertebral column or pelvis.

Oligometastatic prostate cancer is further stratified into three subgroups: de novo
(synchronous), oligorecurrent (metachronous) and oligoprogressive (one or few sites of
disease progression during systemic therapy), each shedding light on the dynamic nature
of the disease [11-13]. These subgroups offer valuable insights into the disease progression
and response to treatment. While de novo and oligorecurrent mPC could still be defined as
castration-sensitive diseases, oligoprogressive mPC has unavoidably developed a castration
resistance over time and is associated with a decline in prognosis and diminished systemic
treatment options. In this group of patients, the therapeutic options are limited, ranging
from chemotherapy with Docetaxel or Cabazitaxel to Abiraterone acetate or androgen
receptor-targeted agents (ARTA) such as enzalutamide and apalutamide [14-17].

Despite ongoing investigations into the definitive benefits of managing oligometastatic
disease, the application of stereotactic body radiotherapy (SBRT) or other localized therapies
for all active lesions has emerged as a promising strategy [18-21].

The SABR-COMET study [21] was the first randomized trial demonstrating the impact
of ablative therapy on a primary end point of OS in patients with oligometastasis. A
randomized phase II screening design was employed to investigate the impact of stereo-
tactic ablative radiotherapy on OS in patients with a controlled primary malignancy, from
different sites and one to five metastatic lesions. Patients were randomized in a 1:2 ratio
between standard-of-care treatments alone and standard-of-care plus SABR. The 5-year
OS rate demonstrated a significant difference, with 17.7% in arm 1 and 42.3% in arm 2.
Importantly, the extended follow-up revealed a larger impact of SABR on OS than in the
initial analysis, and this effect was durable over time.

Particularly in the context of oligoprogressive CRPC, the rationale for employing SBRT
lies in its potential to enhance disease control and influence metastatic behavior, presenting
a compelling avenue for exploration and therapeutic intervention [22-25]. For patients
affected by mCRPC, few active therapeutic lines are available, and the time of disease
control that is achieved by a single treatment line contributes to the overall survival time.
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The strategy of using metastasis-directed local therapy to extend the duration of disease
control could represent a valuable tool to enhance the effectiveness of systemic therapy for
oligoprogressive mCRPC patients.

In this paper, we explore the potential role of SBRT as a promising adjunct to systemic
therapies. By reporting on a small group of oligoprogressive metastatic prostate cancer
patients who were consecutively treated at our department, our aim is to contribute to
improvement in the management of this challenging subset of prostate cancer.

2. Patients and Methods

We retrospectively evaluated patients who were affected by oligoprogressive PC and
who underwent metastasis-directed SBRT, while maintaining the ongoing systemic therapy,
at AOU “Federico II” of Naples, Italy. Eligible criteria included age > 18 years; patho-
logically confirmed PC; biochemical and radiological relapse of disease during systemic
treatment; from one to five bone or nodal metastases, diagnosed with a 68Ga-PSMA or
18F-Choline PET-CT; having been discussed by a multidisciplinary board including an
urologist, a medical oncologist and a radiation oncologist; and a follow-up time after RT of
at least six months. All the active sites of disease must have been treated with ablative SBRT.
Patients were excluded if they had switched to a next-line systemic therapy in the previous
three months, in case of high-volume metastatic disease according to the CHAARTED
criteria, and if they had been treated on a lesion that had already undergone RT.

Each patient underwent a simulation CT with 3 mm thick slices; immobilization
devices varied based on the target location and patient’s clinical conditions. CT images
were transferred to MIM Maestro® contouring software version 6.6.7 and then to Pinna-
cle PHILIPS TPS software version 9.10. The gross tumor volume (GTV) was delineated,
combining morphological and metabolic information, fusing the simulation CT and the
pre-treatment PET/CT images (see Figure 1). No additional margin was added for mi-
croscopic spread of disease, and the GTVs were expanded by a maximum of 5 mm to
define the corresponding planning target volumes (PTVs), accounting for organ motion
and setup errors.

(a) (b)

Figure 1. (a) Pre-treatment (left) and post-treatment (right) PET/CT of a vertebral lesion; (b) axial

image of the SBRT treatment dose distribution.

All the active sites of disease were treated with SBRT, and dose prescriptions were
based on the size and location of the target lesions. The treatments were delivered by
Varian TrueBeam STx version 2.0.

RT was delivered daily from Monday to Friday, and each treatment fraction was
preceded by a cone-beam CT scan for target verification, evaluated by a department
radiation oncologist.
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PSA serum levels were tested at baseline, one month after RT and at least every
three months for all of the follow-up period, combined with contextual clinical examination.
All patients underwent a pre- and post-treatment 68Ga-PSMA or 18F-Choline PET/CT;
other imaging investigations were prescribed based on clinical indications.

The primary endpoints were PSA response, defined as a decrease >50% from baseline
of the serum PSA level measured within 6 months from the end of the MDT, and next-line
systemic treatment-free survival (NEST-FS), calculated from the last day of SBRT to the first
day of NEST or last follow-up or death. Next-line systemic treatment was administered
based on individual evaluation by the referring medical oncologist in case of progression
of disease after the metastasis-directed therapy (MDT).

Secondary endpoints were local control (LC) of treated metastases, defined as the time
from the beginning of therapy to the progression of the treated metastases; biochemical
progression-free survival (bPFS), meaning the interval between the first fraction of SBRT
and the PSA progression, defined according to PCWG2 recommendations as a 25% increase
from the baseline value, along with an increase in absolute value of 2 ng/mL or more;
radiological progression-free survival (rPFS), defined as the interval between the first
fraction of SBRT and the progression of disease on a PSMA-PET evaluation, according
to the PERCIST 1.0 criteria, being a >30% increase in highest SUV max of the baseline
metastases and/or the detection of new PSMA avid lesions; freedom from polymetastatic
progression (FPP), defined as the time from the first administration of radiotherapy to
polymetastatic progression, meaning the development of high-volume disease according
to the CHAARTED criteria. For all these endpoints, if the event did not occur, censoring
was the date of the last follow-up or death.

3. Results

Over the observational period spanning from April 2018 to March 2023, our study
enrolled a cohort of 11 patients. The median patient age at time of SBRT was 71 years
(range 48-82 years). The median PSA level was 0.8 ng/mL (0.17-14.3 ng/mL). This cohort
collectively represented a spectrum of 19 treated metastases, including 7 (37%) nodal and
12 (63%) bone metastases, allowing for MDT outcome analysis. Patients were followed up
for a median time of 19 months (range 7-63 months).

Three patients presented initially with metastatic disease but subsequently exhibited a
transition to oligoprogression during systemic treatment.

At the time of the start of MDT, patients displayed diverse treatment histories, with
four patients undergoing third-line, three on second-line, and four on first-line systemic
treatments for metastatic disease. The subset of three patients undergoing second-line sys-
temic treatments encountered oligoprogression during single-agent Androgen Deprivation
Therapy (ADT) (Table 1).

Table 1. Patients and treatment features. ADT (Androgen Deprivation Therapy), Abi (Abiraterone),
Enza (Enzalutamide), Apa (Apalutamide), Doce (Docetaxel).

- Age PSA Baseline Systemic Therapy Line Ongoing Systemic Therapy Nodal GTV [N] Bone GTV [N]
ptl 71 8.2 I ADT + Abi 0 1
pt2 74 14.3 11 ADT + Enza 2 3
pt3 68 0.6 111 ADT + Doce 1 1
pt4 65 0.5 I ADT + Abi 0 1
pt5 48 0.5 I ADT + Enza 0 1
pté 74 0.8 I ADT 1 1
pt7 64 0.6 I ADT 1 0
pt8 82 1.3 I ADT + Abi 0 2
pto 73 14 11 ADT + Abi 0 2
pt10 76 1.1 I ADT 1 0
pti1 58 0.2 I ADT + Apa 1 0
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The pre-treatment 68Ga-PSMA-11 PET/CT imaging was used in six patients and
18F-fluorocholine PET/CT in five; throughout the follow-up duration, 68Ga-PSMA-11
PET/CT was employed in eight cases and 18F-fluorocholine PET/CT in the remaining instances.

The median SBRT total dose was 25.5 Gy (range 15-35 Gy), delivered in one (total
dose of 15-24 Gy) or three (21-27 Gy) fractions, except for one patient, who was treated in
five fractions (35 Gy). The median biological effective dose (BED3) was 108 Gy.

In Tables 2 and 3, the oncological outcomes that were observed in the cohort of patients
are reported. A PSA response was robustly observed in nine patients, reflecting the effec-
tiveness of the therapeutic intervention. However, six individuals eventually transitioned
to next-line systemic treatment due to biochemical and/or radiological disease progression,
with a calculated median NEST-FS time of 13 months. In particular, biochemical and radi-
ological progression manifested in six and seven cases, respectively, with corresponding
median times for bPFS and rPFS recorded at 13 and 12 months.

Table 2. Outcome events. PSA resp (PSA response), B-rel (biochemical relapse), R-prog (radio-
logical progression), P-met prog (polymetastatic progression), LC (local control), NEST (next-line
systemic treatment).

PATIENT  PSA Resp B-Rel R-Prog P-Met Prog LC NEST
ptl Yes Yes Yes Yes Yes Yes
pt2 Yes Yes Yes Yes Yes Yes
pt3 No Yes Yes No Yes Yes
pt4 Yes Yes Yes Yes Yes Yes
pt5 No Yes Yes Yes Yes Yes
pté Yes No No No Yes No
pt7 Yes No No No Yes No
pt8 Yes No No No Yes No
pt9 Yes Yes Yes Yes Yes Yes

pt10 Yes No No No Yes No
pt11 Yes No Yes Yes Yes No
N. 9 6 7 6 11 6

Table 3. Outcome events’ timing. FUP (follow up), b-PFS (biochemical progression-free survival),
r-PFS (radiological PFS), FPP (freedom from polymetastatic progression), LC (local control), NEST-FS
(next-line systemic treatment-free survival).

- FUP b-PFS 1-PFS FPP LC NEST-FS
pt1 63 23 25 61 63 35
pt2 25 9 6 24 25 10
pt3 9 4 4 9 9 6
ptd 32 18 19 19 32 19
pt5 14 6 10 10 14 7
pt6 19 19 19 19 19 32
pt7 50 50 50 50 50 14
pts 12 12 12 12 12 19
pto 13 13 12 12 13 13
pt10 61 61 61 61 61 12
pti1 7 7 3 3 7 7

Median time 19 13 12 19 19 13

The development of high-volume metastatic prostate cancer after SBRT occurred in
six patients, with a median FPP time of 19 months. Importantly, all patients demonstrated
satisfactory local control over the treated metastases.

4. Discussion

The data reported in the present study suggest a possible benefit of treating the few
sites of disease progression with SBRT while maintaining the ongoing systemic therapy
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in mCRPC patients. A PSA response was obtained in most patients, suggesting a “true”
oligoprogression. In addition, optimal local control of all the treated metastases over time
was achieved. Of note, in almost half of the patients, biochemical control was maintained
during the entire follow-up time. Combined with a similar proportion of radiological
control, approximately one in two patients avoided switching to a subsequent therapeutic
line and could prolong the use of the ongoing therapy. With the limits of the number of
patients and the retrospective nature of the study, this emerges as the primary advantage of
this approach. Particularly noteworthy is the fact that, in our series, most of the patients
were undergoing a second- or third-line systemic treatment. Of note, all three patients
in the first line of therapy with only ADT are at the present free of progression. Despite
toxicity not being an endpoint of the study, no relevant adverse effects according to the
Radiation Therapy Oncology Group (RTOG)’s acute and late toxicity grading have been
registered. This finding is consistent with data in the literature demonstrating the feasibility
of the SBRT and its favorable impact on the patient’s quality of life [23,24,26]

The standard of care for metastatic prostate cancer patients remains systemic therapy,
with a local approach to the metastases reserved for palliative intent; this paradigm is
applied both in de novo mPC and in the case of progression during systemic treatment.
In recent years, MDT with ablative intent as an approach to oligo-metastatic disease is
emerging in different type of cancers, and its role in clinical practice is consolidating.

For oligo-metastatic PC, only two randomized controlled trials (RCT’s) have been pub-
lished [23,25,27], both phase II trials analyzing castration-sensitive PC treated with SABR
compared with surveillance, without any systemic treatment allowed. Oligo-metastatic
status was defined as a maximum of three sites of disease, and both trials showed an
advantage in the experimental arms. In the study by Ost et al. [23], with 31 patients in each
of the two arms [28], an ADT-free survival of 21 months vs. 13 months was reported in
favor of the RT group, without >G1 toxicities and a negative impact on the quality of life; of
note, patients with only one metastatic site of disease were double in number in the SABR
arm compared to surveillance arm. The ORIOLE trial [25] randomized 36 patients to SABR
vs. 18 to observation, reporting an advantage in progression-free survival and an optimal
local control in the experimental arm.

Another prospective, non-randomized, clinical trial that assessed the benefit of MDT in
oligo-metastatic PC was published in 2021 by Hoélscher et al. [24], with a total of 63 patients
without ongoing systemic therapy: 70% were treated with SBRT, 22% with conventional
fractionated RT (50 Gy in 25 fx) and 8% with both of them. Half of the patients did not
start ADT after two years of RT; only 24.6% did not reach a PSA response after RT; and
biochemical progression happened in 47 patients, with a median time of 13.2 months.

In the castration-resistant oligo-progressive setting, there are no prospective clinical
trials evaluating the role of MDT in addition to the systemic therapy [29,30]. Several
retrospective studies are available in the literature [26,28,31-39].

In 2019, Berghen et al. reported their experience with 30 patients, 3 of which were non-
metastatic loco-regional recurrence and had undergone MDT with surgery or radiotherapy
while maintaining the ongoing systemic therapy [34]. With a follow-up time of 18 months,
the total PFS- and NEST-free survival median times were 10 and 16 months, respectively;
excluding the 3 loco-regional recurrence cases and the ones treated with non-ablative RT,
20 patients treated with metastasis surgical resection or SBRT had a NEST-FS median time
of 21 months.

In a study by Yoshida et al. [37], the researchers aimed to assess the efficacy of pro-
gressive site-directed therapy for oligoprogressive castration-resistant prostate cancer. The
study included a cohort of 101 CRPC patients who underwent whole-body diffusion-
weighted magnetic resonance imaging, coinciding with the consideration of a new line
of therapy. Radiation therapy alongside the continuation of unchanged systemic therapy
was recommended. The study demonstrated that progressive site-directed therapy, partic-
ularly when localized to intrapelvic lesions, resulted in a significant PSA response, with



Radiation 2024, 4

121

a 50% decline observed in 70% of cases, while the median time to PSA progression was
8.7 months.

An Italian retrospective multicenter study was conducted by Triggiani et al. [38],
including 86 patients and 117 treated metastases from eleven centers. All the evaluated
individuals were affected by oligoprogressive PC, with one to five bone or nodal sites
of disease, all treated with SBRT; of note is that imaging evaluation was performed with
PET/CT or with CT and bone scan. Enrolled patients were in disease progression during
ADT. The use of Abiraterone, ARTA or chemotherapy was considered an exclusion criterion.
With a median follow-up time of 30.7 months, local control was 80%, while the median
new metastasis-free survival after SBRT was 12.3 months, and the one- and two-year
distant progression-free survival was 52.3% and 33.7%, respectively; the median systemic
treatment-free survival was 21.8 months, and the one-year systemic treatment-free survival
was 72.1%.

In 2020, a retrospective analysis of the Johns Hopkins Hospital and of the Mayo Clinic
databases were published, reporting data from 68 mCRPC patients treated with SABR on all
the sites of disease, detected in 70% of cases with a Choline or PSMA PET/CT, maintaining
the systemic therapy [35]. With a follow-up median time of 30.9 months, the time to PSA
failure and to the detection of new metastases were 9.6 and 10.8 months, respectively, while
the time to the start of a new treatment was 15.6 months. Local control was 98% and 86%
after 1 and 2 years from the end of RT, respectively.

Ingrosso et al. reported data on 34 patients in progression during ADT plus ARTT and
treated with SBRT on the metastatic lesions, mostly detected with Choline-PET/CT [26]: at
a median follow up time of 25 months, 13 patients did not switch systemic therapy, and the
total rPFS and NEST-FS times were 13.4 and 16.9 months respectively.

A retrospective study conducted by Franzese et al. and published in 2022 [28] eval-
uated 53 patients who were affected by oligoprogressive castration-resistant PC and had
undergone metastases-directed SBRT. The enrolled patients were generally unfit for the in-
tensification/switch of systemic therapy or were affected by indolent disease, characterized
by slow PSA kinetics and a long progression-free interval. Approximately 79% of them
were assuming antiandrogen-LHRH agonist/antagonist systemic therapy, while 21% were
receiving ongoing ARTA treatment; 92% of the patients underwent SBRT directed to one or
two metastases, with a median BED3 Gy of 117.3 (range 66.6-240). With a median follow-up
time of 24.9 months, 1- and 2-year FPP rates of 80.1% and 68.9% were observed, respectively,
with prolonged disease-free survival and nodal disease found to be significantly associated
with an improved FPP or, conversely, to the ongoing ARTA therapy during SBRT, which
was associated with lower FPP rates. The median distant progression-free survival (DPFS)
and NEST-FS were 8.9 and 15.2 months, respectively; the 2-year LC and OS rates were 92%
and 85.2%.

In 2023, a French multicenter retrospective analysis by Baron et al. [39] evaluated the
oncological outcomes after SBRT for oligoprogressive CRPC and investigated prognostic
factors for systemic therapy escalation-free survival (STE-FS). A total of 50 patients were
enrolled, and most of them (78%) received ablative radiotherapy on a single metastatic site.
The median follow-up time was 23 months. The local control and PSA response rates were
88% and 32% (38% of missing data for the post-SBRT PSA assessment), respectively. The
median PFS was 13 months, with 68% of the patients experiencing progression. STE-FS,
which was the primary endpoint, had a median time of 13.1 months, with 38% of the
patients exhibiting stable or decreased post-SBRT PSA; the only prognostic factor that
significantly related to STE-FS on a univariate and multivariate analysis was the post-SBRT
biochemical response, with an advantage in both the PSA-stable and PSA-responsive cases.

Our study shows some inherent limitations, given its retrospective design, a charac-
teristic that is shared with other reported trials. The absence of randomized controlled
prospective trials in this specific setting underscores the potential utility of retrospective
studies in offering insights that aid physicians in navigating treatment decisions.
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An important constraint lies in the modest number of patients who were included
in our evaluation. The low number, while a limitation, also accentuates the scarcity of
data in this niche, highlighting the need for expanded research activities in the domain of
metastatic oligoprogressive prostate cancer.

Additionally, the follow-up duration in our study, although sufficient for analyzing
short- and mid-term effects of the SBRT approach, falls short of affording a reasonable
evaluation of patients’ overall survival. More protracted observation periods are necessary
to draw meaningful conclusions about the impact on survival outcomes. Despite these
acknowledged limitations, the study contributes valuable insights within the context of the
existing literature, offering a foundation for future prospective investigations and aiding
clinicians in navigating the intricate landscape of metastatic oligoprogressive prostate
cancer treatment choices.

5. Conclusions

In this single-center retrospective analysis, we examined patients with metastatic
prostate cancer experiencing oligoprogression during systemic treatment who underwent
metastasis-directed radiation therapy. Throughout the treatment, they continued their
ongoing systemic therapy and transitioned to a subsequent line only in cases of disease
progression. Almost all patients exhibited a positive PSA response, and the entire cohort
achieved local control. Notably, approximately half of the patients maintained sustained
disease control without altering their systemic treatment during the follow-up period.

While our study’s limited sample size is acknowledged, our findings align with the
existing literature, suggesting the potential to postpone the initiation of a subsequent line
of therapy by roughly one year. However, a more extended follow-up time is necessary to
assess the impact on overall survival. The need for prospective randomized clinical trials
focusing on metastasis-directed therapy in metastatic castration-resistant prostate cancer
remains crucial to thoroughly evaluate the potential survival benefits of this promising
therapeutic approach.

Author Contributions: Conceptualization E.C., R.P,, L.C. and M.C. (Manuel Conson); methodology,
E.C., L.F and M.C. (Mara Caroprese); formal analysis, A.B., M.C. (Mara Caroprese), M.C. (Manuel
Conson), L.C,,R.P, C.F, S.C. and C.O,; investigation, E.C., C.A.G., A.F, M.C. (Manuel Conson), L.E.
and R.P; data curation, E.C., M.C. (Mara Caroprese), A.B.,, C.A.G., C.O,, S.C, A.F, M.C. (Manuel
Conson), C.F. and R.P; writing—original draft preparation, E.C., C.A.G., L.C., M.C. (Manuel Conson)
and R.P; writing—review and editing, E.C. and R.P;; supervision, A.F., M.C. (Manuel Conson) and
R.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Comitato Etico per le Attivita Biomediche “Carlo Romano”
dell’Universita degli Studi di Napoli Federico II; protocol code institutional review board 222-10, 2017.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Dyba, T.; Randi, G.; Bray, E.; Martos, C.; Giusti, F.; Nicholson, N.; Gavin, A.; Flego, M.; Neamtiu, L.; Dimitrova, N.; et al. The
European Cancer Burden in 2020: Incidence and Mortality Estimates for 40 Countries and 25 Major Cancers. Eur. |. Cancer 2021,
157,308-347. [CrossRef] [PubMed]

2. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]

[PubMed]

3. Jemal, A,; Bray, F; Center, M.M.; Ferlay, J.; Ward, E.; Forman, D. Global Cancer Statistics. CA Cancer J. Clin. 2011, 61, 69-90.

[CrossRef] [PubMed]


https://doi.org/10.1016/j.ejca.2021.07.039
https://www.ncbi.nlm.nih.gov/pubmed/34560371
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3322/caac.20107
https://www.ncbi.nlm.nih.gov/pubmed/21296855

Radiation 2024, 4 123

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Scher, H.I; Halabi, S.; Tannock, I.; Morris, M.; Sternberg, C.N.; Carducci, M.A.; Eisenberger, M.A.; Higano, C.; Bubley, G.J.;
Dreicer, R.; et al. Design and End Points of Clinical Trials for Patients with Progressive Prostate Cancer and Castrate Levels of
Testosterone: Recommendations of the Prostate Cancer Clinical Trials Working Group. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol.
2008, 26, 1148. [CrossRef]

Aggarwal, R.; Ryan, C.J. Castration-Resistant Prostate Cancer: Targeted Therapies and Individualized Treatment. Oncologist 2011,
16, 264-275. [CrossRef]

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.
EAU-ESTRO-SIOG Guidelines on Prostate Cancer. Part II: Treatment of Relapsing, Metastatic, and Castration-Resistant Prostate
Cancer. Eur. Urol. 2017, 71, 630-642. [CrossRef] [PubMed]

Foster, C.C.; Weichselbaum, R.R; Pitroda, S.P. Oligometastatic Prostate Cancer: Reality or Figment of Imagination? Cancer 2019,
125, 340-352. [CrossRef]

Weichselbaum, R.R.; Hellman, S. Oligometastases Revisited. Nat. Rev. Clin. Oncol. 2011, 8, 378-382. [CrossRef]

Hellman, S.; Weichselbaum, R.R. Oligometastases. J. Clin. Oncol. 1995, 13, 8-10. [CrossRef]

Kyriakopoulos, C.E.; Chen, Y.-H.; Carducci, M.A ; Liu, G.; Jarrard, D.F.; Hahn, N.M.; Shevrin, D.H.; Dreicer, R.; Hussain, M.;
Eisenberger, M.; et al. Chemohormonal Therapy in Metastatic Hormone-Sensitive Prostate Cancer: Long-Term Survival Analysis
of the Randomized Phase IIT E3805 CHAARTED Trial. J. Clin. Oncol. 2018, 36, 1080-1087. [CrossRef]

Niibe, Y.; Hayakawa, K. Oligometastases and oligo-recurrence: The new era of cancer therapy. Jpn. J. Clin. Oncol. 2010, 40, 107-111.
[CrossRef] [PubMed]

Mottet, N.; van den Bergh, R.C.N.; Briers, E.; Van den Broeck, T.; Cumberbatch, M.G.; De Santis, M.; Fanti, S.; Fossati, N.;
Gandaglia, G.; Gillessen, S.; et al. EAU-EANM-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer-2020 Update. Part 1: Screening,
Diagnosis, and Local Treatment with Curative Intent. Eur. Urol. 2021, 79, 243-262. [CrossRef] [PubMed]

Gillessen, S.; Attard, G.; Beer, T.M.; Beltran, H.; Bossi, A.; Bristow, R.; Carver, B.; Castellano, D.; Chung, B.H.; Clarke, N.; et al.
Management of Patients with Advanced Prostate Cancer: The Report of the Advanced Prostate Cancer Consensus Conference
APCCC 2017. Eur. Urol. 2018, 73, 178-211. [CrossRef] [PubMed]

Tannock, L.E; de Wit, R.; Berry, WR.; Horti, J.; Pluzanska, A.; Chi, K.N.; Oudard, S.; Théodore, C.; James, N.D.; Turesson, I.; et al.
Docetaxel plus Prednisone or Mitoxantrone plus Prednisone for Advanced Prostate Cancer. N. Engl. ]. Med. 2004, 351, 1502-1512.
[CrossRef] [PubMed]

de Bono, J.S.; Oudard, S.; Ozguroglu, M.; Hansen, S.; Machiels, J.-P.; Kocak, I.; Gravis, G.; Bodrogi, I.; Mackenzie, M.].; Shen,
L.; et al. Prednisone plus Cabazitaxel or Mitoxantrone for Metastatic Castration-Resistant Prostate Cancer Progressing after
Docetaxel Treatment: A Randomised Open-Label Trial. Lancet 2010, 376, 1147-1154. [CrossRef] [PubMed]

Ryan, C.J.; Smith, M.R.; Fizazi, K; Saad, F.; Mulders, PF.A.; Sternberg, C.N.; Miller, K.; Logothetis, C.J.; Shore, N.D.; Small, E.J.; et al.
Abiraterone Acetate plus Prednisone versus Placebo plus Prednisone in Chemotherapy-Naive Men with Metastatic Castration-
Resistant Prostate Cancer (COU-AA-302): Final Overall Survival Analysis of a Randomised, Double-Blind, Placebo-Controlled
Phase 3 Study. Lancet Oncol. 2015, 16, 152-160. [CrossRef] [PubMed]

Saad, F. Evidence for the Efficacy of Enzalutamide in Postchemotherapy Metastatic Castrate-Resistant Prostate Cancer. Ther. Adv.
Urol. 2013, 5, 201-210. [CrossRef] [PubMed]

Decaestecker, K.; De Meerleer, G.; Lambert, B.; Delrue, L.; Fonteyne, V.; Claeys, T.; De Vos, F.; Huysse, W.; Hautekiet, A.; Maes,
G.; et al. Repeated Stereotactic Body Radiotherapy for Oligometastatic Prostate Cancer Recurrence. Radiat. Oncol. 2014, 9, 135.
[CrossRef] [PubMed]

Tree, A.C.; Khoo, V.S.; Eeles, R.A.; Ahmed, M.; Dearnaley, D.P.; Hawkins, M.A.; Huddart, R.A.; Nutting, C.M.; Ostler, PJ.; van As,
N.J. Stereotactic Body Radiotherapy for Oligometastases. Lancet Oncol. 2013, 14, e28-e37. [CrossRef]

Ahmed, H.U,; Freeman, A.; Kirkham, A.; Sahu, M.; Scott, R.; Allen, C.; Van der Meulen, J.; Emberton, M. Focal Therapy for
Localized Prostate Cancer: A Phase I/II Trial. J. Urol. 2011, 185, 1246-1254. [CrossRef]

Palma, D.A.; Olson, R.; Harrow, S.; Gaede, S.; Louie, A.V.; Haasbeek, C.; Mulroy, L.; Lock, M.; Rodrigues, G.B.; Yaremko, B.P;
et al. Stereotactic Ablative Radiotherapy versus Standard of Care Palliative Treatment in Patients with Oligometastatic Cancers
(SABR-COMET): A Randomised, Phase 2, Open-Label Trial. Lancet 2019, 393, 2051-2058. [CrossRef] [PubMed]

De Bleser, E.; Jereczek-Fossa, B.A.; Pasquier, D.; Zilli, T.; Van As, N.; Siva, S.; Fodor, A.; Dirix, P.; Gomez-Iturriaga, A.; Trippa, F,;
et al. Metastasis-Directed Therapy in Treating Nodal Oligorecurrent Prostate Cancer: A Multi-Institutional Analysis Comparing
the Outcome and Toxicity of Stereotactic Body Radiotherapy and Elective Nodal Radiotherapy. Eur. Urol. 2019, 76, 732-739.
[CrossRef] [PubMed]

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] [PubMed]

Holscher, T.; Baumann, M.; Kotzerke, J.; Zophel, K.; Paulsen, F; Miiller, A.-C.; Zips, D.; Koi, L.; Thomas, C.; Lock, S.; et al. Toxicity
and Efficacy of Local Ablative, Image-Guided Radiotherapy in Gallium-68 Prostate-Specific Membrane Antigen Targeted Positron
Emission Tomography-Staged, Castration-Sensitive Oligometastatic Prostate Cancer: The OLI-P Phase 2 Clinical Trial. Eur. Urol.
Oncol. 2022, 5, 44-51. [CrossRef] [PubMed]


https://doi.org/10.1200/JCO.2007.12.4487
https://doi.org/10.1634/theoncologist.2010-0216
https://doi.org/10.1016/j.eururo.2016.08.002
https://www.ncbi.nlm.nih.gov/pubmed/27591931
https://doi.org/10.1002/cncr.31860
https://doi.org/10.1038/nrclinonc.2011.44
https://doi.org/10.1200/JCO.1995.13.1.8
https://doi.org/10.1200/JCO.2017.75.3657
https://doi.org/10.1093/jjco/hyp167
https://www.ncbi.nlm.nih.gov/pubmed/20047860
https://doi.org/10.1016/j.eururo.2020.09.042
https://www.ncbi.nlm.nih.gov/pubmed/33172724
https://doi.org/10.1016/j.eururo.2017.06.002
https://www.ncbi.nlm.nih.gov/pubmed/28655541
https://doi.org/10.1056/NEJMoa040720
https://www.ncbi.nlm.nih.gov/pubmed/15470213
https://doi.org/10.1016/S0140-6736(10)61389-X
https://www.ncbi.nlm.nih.gov/pubmed/20888992
https://doi.org/10.1016/S1470-2045(14)71205-7
https://www.ncbi.nlm.nih.gov/pubmed/25601341
https://doi.org/10.1177/1756287213490054
https://www.ncbi.nlm.nih.gov/pubmed/23904859
https://doi.org/10.1186/1748-717X-9-135
https://www.ncbi.nlm.nih.gov/pubmed/24920079
https://doi.org/10.1016/S1470-2045(12)70510-7
https://doi.org/10.1016/j.juro.2010.11.079
https://doi.org/10.1016/S0140-6736(18)32487-5
https://www.ncbi.nlm.nih.gov/pubmed/30982687
https://doi.org/10.1016/j.eururo.2019.07.009
https://www.ncbi.nlm.nih.gov/pubmed/31331782
https://doi.org/10.1200/JCO.2017.75.4853
https://www.ncbi.nlm.nih.gov/pubmed/29240541
https://doi.org/10.1016/j.euo.2021.10.002
https://www.ncbi.nlm.nih.gov/pubmed/34785189

Radiation 2024, 4 124

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

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] [PubMed]

Ingrosso, G.; Detti, B.; Fodor, A.; Caini, S.; Borghesi, S.; Triggiani, L.; Trippa, F.; Russo, D.; Bruni, A.; Francolini, G.; et al.
Stereotactic Ablative Radiotherapy in Castration-Resistant Prostate Cancer Patients with Oligoprogression during Androgen
Receptor-Targeted Therapy. Clin. Transl. Oncol. 2021, 23, 1577-1584. [CrossRef] [PubMed]

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. . Clin. Oncol. 2022, 40, 3377-3382. [CrossRef]
Franzese, C.; Perrino, M.; Marzo, M.A.; Badalamenti, M.; Baldaccini, D.; D’Agostino, G.; Marini, B.; De Vincenzo, F; Zucali, PA,;
Scorsetti, M. Oligoprogressive Castration-Resistant Prostate Cancer Treated with Metastases-Directed Stereotactic Body Radiation
Therapy: Predictive Factors for Patients’” Selection. Clin. Exp. Metastasis 2022, 39, 449-457. [CrossRef] [PubMed]

Miszczyk, M.; Rajwa, P; Yanagisawa, T.; Nowicka, Z.; Shim, S.R.; Laukhtina, E.; Kawada, T.; von Deimling, M.; Pradere, B.; Rivas,
J.G.; et al. The Efficacy and Safety of Metastasis-Directed Therapy in Patients with Prostate Cancer: A Systematic Review and
Meta-Analysis of Prospective Studies. Eur. Urol. 2023, 85, 125-138. [CrossRef]

Marvaso, G.; Volpe, S.; Pepa, M.; Augugliaro, M.; Corrao, G.; Biffi, A.; Zaffaroni, M.; Bergamaschi, L.; La Fauci, EM.; Mistretta,
F.A,; et al. Oligorecurrent Prostate Cancer and Stereotactic Body Radiotherapy: Where Are We Now? A Systematic Review and
Meta-Analysis of Prospective Studies. Eur. Urol. Open Sci. 2021, 27, 19-28. [CrossRef]

Massaro, M.; Facondo, G.; Vullo, G.; Aschelter, A.M.; Rossi, A.; De Sanctis, V.; Marchetti, P.; Osti, M.E; Valeriani, M. Androgen
Receptor Targeted Therapy + Radiotherapy in Metastatic Castration Resistant Prostate Cancer. Front. Oncol. 2021, 11, 695136.
[CrossRef] [PubMed]

Nguyen, T.-C.; Bajwa, R; Bari, S.; Ali, A.; Skelton, W.P,; Federico, R.-A.; Bishnoi, R.; Wray, ] W.; Zlotecki, R.A.; Dang, L.H.;
et al. Stereotactic Body Radiation Therapy for the Treatment of Oligoprogression on Androgen Receptor Targeted Therapy in
Castration-Resistant Prostate Cancer. Oxf. Med. Case Rep. 2018, 2018, omx078. [CrossRef] [PubMed]

Lohaus, F.; Zophel, K.; Lock, S.; Wirth, M.; Kotzerke, J.; Krause, M.; Baumann, M.; Troost, E.G.C.; Holscher, T. Can Local Ablative
Radiotherapy Revert Castration-Resistant Prostate Cancer to an Earlier Stage of Disease? Eur. Urol. 2019, 75, 548-551. [CrossRef]
[PubMed]

Berghen, C.; Joniau, S.; Ost, P; Poels, K.; Everaerts, W.; Decaestecker, K.; Haustermans, K.; Devos, G.; De Meerleer, G. Progression-
Directed Therapy for Oligoprogression in Castration-Refractory Prostate Cancer. Eur. Urol. Oncol. 2021, 4, 305-309. [CrossRef]
[PubMed]

Deek, M.P,; Taparra, K.; Phillips, R.; Velho, P.I; Gao, RW.; Deville, C.; Song, D.Y.; Greco, S.; Carducci, M.; Eisenberger, M.;
et al. Metastasis-Directed Therapy Prolongs Efficacy of Systemic Therapy and Improves Clinical Outcomes in Oligoprogressive
Castration-Resistant Prostate Cancer. Eur. Urol. Oncol. 2021, 4, 447-455. [CrossRef] [PubMed]

Onal, C.; Kose, E; Ozyigit, G.; Aksoy, S.; Oymak, E.; Muallaoglu, S.; Guler, O.C,; Tilki, B.; Hurmuz, P.; Akyol, E. Stereo-
tactic Body Radiotherapy for Oligoprogressive Lesions in Metastatic Castration-Resistant Prostate Cancer Patients during
Abiraterone/Enzalutamide Treatment. Prostate 2021, 81, 543-552. [CrossRef]

Yoshida, S.; Takahara, T.; Arita, Y.; Ishii, C.; Uchida, Y.; Nakagawa, K.; Toda, K.; Sakamoto, T.; Kijima, T.; Yokoyama, M.; et al.
Progressive Site-Directed Therapy for Castration-Resistant Prostate Cancer: Localization of the Progressive Site as a Prognostic
Factor. Int. ]. Radiat. Oncol. Biol. Phys. 2019, 105, 376-381. [CrossRef] [PubMed]

Triggiani, L.; Mazzola, R.; Magrini, S.M.; Ingrosso, G.; Borghetti, P,; Trippa, F.; Lancia, A.; Detti, B.; Francolini, G.; Matrone, F;
et al. Metastasis-Directed Stereotactic Radiotherapy for Oligoprogressive Castration-Resistant Prostate Cancer: A Multicenter
Study. World ]. Urol. 2019, 37, 2631-2637. [CrossRef]

Baron, D.; Pasquier, D.; Pace-Loscos, T.; Vandendorpe, B.; Schiappa, R.; Ortholan, C.; Hannoun-Levi, ].M. Stereotactic Body
Radiation Therapy to Postpone Systemic Therapy Escalation for Castration-Resistant Prostate Cancer: A Multicenter Retrospective
Analysis. Clin. Transl. Radiat. Oncol. 2023, 45, 100710. [CrossRef]

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.


https://doi.org/10.1001/jamaoncol.2020.0147
https://www.ncbi.nlm.nih.gov/pubmed/32215577
https://doi.org/10.1007/s12094-021-02553-5
https://www.ncbi.nlm.nih.gov/pubmed/33495981
https://doi.org/10.1200/JCO.22.00644
https://doi.org/10.1007/s10585-022-10158-7
https://www.ncbi.nlm.nih.gov/pubmed/35190933
https://doi.org/10.1016/j.eururo.2023.10.012
https://doi.org/10.1016/j.euros.2021.02.008
https://doi.org/10.3389/fonc.2021.695136
https://www.ncbi.nlm.nih.gov/pubmed/34631527
https://doi.org/10.1093/omcr/omx078
https://www.ncbi.nlm.nih.gov/pubmed/29340160
https://doi.org/10.1016/j.eururo.2018.11.050
https://www.ncbi.nlm.nih.gov/pubmed/30578119
https://doi.org/10.1016/j.euo.2019.08.012
https://www.ncbi.nlm.nih.gov/pubmed/31558422
https://doi.org/10.1016/j.euo.2020.05.004
https://www.ncbi.nlm.nih.gov/pubmed/32536574
https://doi.org/10.1002/pros.24132
https://doi.org/10.1016/j.ijrobp.2019.06.011
https://www.ncbi.nlm.nih.gov/pubmed/31201896
https://doi.org/10.1007/s00345-019-02717-7
https://doi.org/10.1016/j.ctro.2023.100710

	Introduction 
	Patients and Methods 
	Results 
	Discussion 
	Conclusions 
	References

