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PSMA-guided metastases directed therapy for bone castration
sensitive oligometastatic prostate cancer: a multi-institutional study
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Abstract

To assess the outcomes of a cohort of bone oligometastatic prostate cancer patients treated with PSMA-PET guided ste-
reotactic body radiotherapy (SBRT). From April 2017 to January 2021, 40 patients with oligorecurrent prostate cancer
detected by PSMA-PET were treated with SBRT for bone oligometastases. Concurrent androgen deprivation therapy was an
exclusion criterion. A total of 56 prostate cancer bone oligometastases were included in the present analysis. In 28 patients
(70%), oligometastatic disease presented as a single lesion, two lesions in 22.5%, three lesions in 5%, four lesions in 2.5%.
30.3% were spine-metastases, while 69.7% were non-spine metastases. SBRT was delivered for a median dose of 30 Gy
(24-40 Gy) in 3-5 fractions, with a median EQD, =85 Gy, (64.3—138.9Gy,). With a median follow-up of 22 months (range
2-48 months), local control (LC) 1- and 2-years rates were 96.3% and 93.9%, while distant progression-free survival (DPFS)
rates were 45.3% and 27%. At multivariate analysis, the lower PSA nadir value after SBRT remained significantly related
to better DPFS rates (p=0.03). In 7 patients, a second SBRT course was proposed with concurrent ADT, while 11 patients,
due to polymetastatic spread, received ADT alone, resulting in 1- and 2-years ADT-free survival rates of 67.5% and 61.8%.
At multivariate analysis, a lower number of treated oligometastases maintained a correlation with higher ADT-free survival
rates (p=0.04). In our experience, PSMA-PET guided SBRT resulted in excellent results in terms of clinical outcomes,
representing a helpful tool with the aim to delay the start of ADT.
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Introduction Oligometastatic PC represents a favorable prognostic
phase characterized by a limited metastatic growth potential.
This specific clinical/biologic behavior is mainly related to
several factors including the poor properties of circulating

cancer cells to colonize target organs [3].

Advanced or metastatic prostate cancer (PC) represents a
challenging clinical entity due to the complexity and het-
erogeneity of the disease [1, 2].
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In the recent years, oligometastatic PC has represented
a sort of in vivo laboratory in which the role of focal
treatments has assumed a strong rationale [4].

More specifically, several advances have been made
in terms of common terminology, study design and evi-
dence-based medicine useful to support the routine use
of the so-called metastases directed therapy (MDT) in
oligorecurrent PC [5, 6].

Some concerns remain regarding the ideal oligomet-
astatic PC patient suitable for MDT approach. Several
variables have been investigated such as the number of
metastases, PSA doubling time and location of oligome-
tastases [7, 8].

On the other hand, due to the heterogeneity of the dis-
ease, few widespread mutations have been identified, thus
complicating the use of genotypic precision medicine [9].

For this reason, in advanced PC, it is recently adopted
the term of phenotypic precision medicine, assessed
through non-invasive diagnostics, such as PSMA-PET
exams. This last treatment decision strategy could over-
come some limitations of biologic samples for genetic
sequencing such as the morbidity associated with biopsy,
specifically for bone metastases. Lastly, biopsies of a sin-
gle metastases may not capture the intra- and inter meta-
static heterogeneity [2, 10-13].

There are limited published experience regarding phe-
notypic precision medicine by means of PSMA-guided
MDT in the case of bone castration sensitive oligometa-
static PC. Herein, we report the preliminary findings of
a homogeneous series of bone oligometastatic castration
sensitive PC patients.

Table 1 Patients’ characteristics

Methods

Written informed consent was obtained from all the patients.
From April 2017 to January 2021, 40 patients with castra-
tion-sensitive bone oligorecurrent prostate cancer detected
by means of PSMA-PET were treated with SBRT. PET-
CT was considered positive based on a qualitative visual
assessment (i.e., metabolic activity moderately or markedly
increased relative to comparable surrounding normal tis-
sues). A lesion with no or faint uptake (less than the sur-
rounding tissues) of the tracer was defined as negative.
Lesions with increased uptake suspicious for secondary
lesions were considered suitable for metastasis-directed
approach also in the case of absence of morphologic bone
changes, taking also into account PSA-kinetics. No biopsy
was performed in the case of PET positivity. Oligometa-
static disease was defined as any presentation with up to
five lesions amenable for local treatment, with a maximum
diameter <5 cm. Concurrent androgen deprivation therapy
was an exclusion criterion for the purpose of this study.
SBRT was proposed to all patients with a minimum Kar-
nofsky Performance Status > 70 and a life expectancy of at
least 6 months. Table 1 collects patients’ characteristics.

Radiotherapy protocol

A 1-2.5 mm slice thickness computed tomography (CT)
was acquired for treatment planning purposes. Immobiliza-
tion procedures for treatment simulation were performed in
supine position with the aid of a knee-ankle device in the
case of pelvic targets. For thoracic or upper limbs targets,
immobilization was performed with the arms up above the
head in order to replicate the PSMA-PET positioning. For

Characteristic Results

Follow-up 22 months (range 2-48 months)

Age 69.5 years (range 5485 years)

Risk group Low risk=2.5% (n=1); Intermediate risk =22.5% (n=9); High risk=75% (n=30)

Primary treatment

Surgery =67.5% (n=27); Radiotherapy alone=15% (n=06); surgery+RT=17.5% (n=7)

Spine metastases =30.3% (n=17); non-spine metastases =69.7% (n=39)

Time to OMD 39 months (range 2-244 months)
PSA pre-SBRT 0.60 ng/ml (range 0.16-15.2 ng/ml)
RT site

PSA nadir after SBRT 0.9 ng/ml (0.36-13.8 ng/ml)

Number of metastases treated with SBRT
RT schedule
36 Gy/3fx=1

SOMD 27.5% (n=11)

1 lesion=70% (n=28); 2 lesions =22.5% (n=9); 3 lesions=5% (n=2); 4 lesions=2.5% (n=1)
35 Gy/5fx=21; 30 Gy/5fx =22; 40 Gy/5 fx=2; 21 Gy/3 fx=2; 24 Gy/3 fx=7; 27 Gy/3 fx=1;

ADT.androgen deprivation therapy, DPFS distant progression-free survival, LC=Ilocal control, OMD oligometastatic disease, RT radiotherapy,

SOMD sequential oligometastatic disease
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spine SBRT treatment, immobilization was performed using
an abdominal thermoplastic mask customized on patient’s
body.

For target volume delineation, the gross tumor volume
(GTV) was defined as the radiologically evident disease and
contoured with co-registered diagnostic PET-imaging. Clini-
cal target volume (CTV) was considered equivalent to the
GTV. The planning target volume (PTV) was generated by
adding an isotropic margin ranging from 5 to 7 mm, accord-
ing to the tumor site. In the case of spine metastases, target
volume delineation was performed according to literature
guidelines [14].

The dosimetric goal for treatment planning was to guar-
antee at least 95% of the prescribed dose to the 95% of the
PTV. Dose constraints for organs at risk were derived from
peer-reviewed literature [15-17].

All patients received SBRT delivered with Cone Beam
CT-based image guided volumetric modulated arc therapy
(IGRT-VMAT).

Clinical outcomes assessment

Follow-up visits were planned with quarterly periodicity
after SBRT for the first year, and every 6 months starting
from the second year. Treatment response was assessed
according to Response Evaluation Criteria in Solid Tumors
(RECIST) criteria v1.1 and PET Response Evaluation Cri-
teria in Solid Tumors (PERCIST) criteria v1.0 in the case of
metabolic imaging. Toxicity was prospectively collected and
assessed according to the Common Terminology Criteria for
Adverse Events (CTCAE) v4.0

Statistical analysis

Descriptive statistics were collected for baseline patients’
characteristics. Local control (LC), distant progression-free
survival (DPFS), androgen deprivation therapy (ADT)-
free survival and overall survival (OS) were assessed using
Kaplan—Meier method. Univariate and multivariate analyses
were performed to assess any potential predictive factor for
clinical outcomes. A p<0.05 was assumed as statistically
significant; a p-value <0.20 was considered as reference for
multivariate analysis. All statistical analyses were carried
out using MedCalc Statistical Software v.20.009 (MedCalc
Software bv, Ostend, Belgium; https://www.medcalc.org).

Results

A total of 56 prostate cancer bone oligometastases treated
with SBRT between April 2017 and January 2021 in 40
patients were included in the present analysis. All lesions

were detected by means of PSMA-PET. Median age was
69.5 years (range 54—85 years).

In 27 subjects (67.5%), primary treatment consisted of
surgery, while 6 patients received definitive radiotherapy
(15%). In the remaining cases (17.5%), primary treatment
consisted of surgery and post-operative radiotherapy.

Oligometastatic disease occurred after a median inter-
val of 39 months (range 2-244 months) from the pri-
mary treatment, with a median PSA doubling time of
6.7 months (range 1.1-40.8 months) and a median baseline
PSA =0.60 ng/ml (range 0.16-15.2 ng/ml). In 28 patients
(70%), oligometastatic disease presented as a single bone
lesion, two lesions in 9 cases (22.5%), three lesions in 2 sub-
jects (5%), four lesions in one patient (2.5%). Among the 56
lesions, 17 (30.3%) were spine-metastases, while the remain-
ing 39 (69.7%) were non-spine metastases. In the entire
cohort, SBRT was delivered alone, without androgen depri-
vation therapy, for a median dose of 30 Gy (range 24—40 Gy)
delivered in 3-5 fractions, with a median equivalent-dose
in 2 Gy/fraction (EQD,) =85 Gy, (range 64.3—138.9Gy,).

Patients’ characteristics are displayed in Table 1.

Clinical outcomes

The median follow-up for the entire cohort was 30 months
(range 10-56 months). At the last follow-up, all patients are
alive.

Median local control (LC) was 18 months (range 2—48),
resulting in 1- and 2-years rates of 96.3% and 93.9%.
(Fig. 1).

The median value of nadir PSA after SBRT was 0.9 ng/ml
(0.36-13.8 ng/ml), with twelve patients who did not report a
PSA drop after the treatment. Consequently, 1- and 2-years
distant progression-free survival (DPFS) rates were 45.3%
and 27% for a median time interval of 9 months (range
3-37 months) (Fig. 1).

At univariate analysis, a longer time to the evidence of
oligometastastic disease was found to favorably impact
on DPFS (p-value =0.0003); similarly, for lower number
of metastases treated (p=0.003), lower PSA pre-SBRT
(p=0.0013) and PSA nadir values after SBRT (p <0.0001).
Interestingly, also those patients who kept LC of the
treated lesions maintained an advantage in terms of DPFS
(p=0.017). Nonetheless, at multivariate analysis, only the
lower PSA nadir value after SBRT remained significantly
related to better DPFS rates (p=0.03) (Tables 2-3).

Eleven patients developed a further oligoprogression (10
new bone lesions and one lymph node oligometastasis) for
which a new course of SBRT was proposed after a median
interval of 8 months (range 3-25 months). In 7 patients,
a second course of SBRT was proposed with concurrent
ADT, while 11 patients, due to the evidence of polymeta-
static spread, received ADT alone, thus resulting in 1- and
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Fig. 1 Kaplan—Meier curves for local control, distant progression-free survival, ADT-free survival

Table 2 Univariate analysis

DPEFS (p-value) ADT-free (p-value)

Time to OMD 0.0003 0.0097
Number of metastases treated 0.003 0.0001
PSA pre-SBRT 0.0013 <0.0001
PSA nadir after SBRT <0.0001 0.0004
Bone site 0.63 0.87
Age 0.52 0.48
Risk group 0.053 0.65
LC 0.017 0.66

ADT androgen deprivation therapy, DPFS distant progression-free
survival, LC local control, OMD oligometastatic disease, SBRT ste-
reotactic body radiotherapy

Table 3 Multivariate analysis

DPES (p-value) ADT-free
(p-value)

Time to OMD 0.15 0.12
Number of metastases treated 0.65 0.04
PSA pre-SBRT 0.15 0.16
PSA nadir after SBRT 0.03 0.15
Bone site - -
Age 0.59 0.44
Risk group 0.56
LC 0.13 -

ADT androgen deprivation therapy, DPFS distant progression-free
survival, LC local control, OMD oligometastatic disease, SBRT ste-
reotactic body radiotherapy

@ Springer

2-years ADT-free survival rates of 67.5% and 61.8%, for
a median ADT-free survival time of 13.5 months (range
2-45 months).

At univariate analysis, ADT-free survival was found to
be significantly related to lower number of oligometasta-
ses treated (p=0.0001), a longer disease-free interval (i.e.
the time between primary treatment and the onset of oligo-
metastatic disease, p=0.0097) and lower PSA values both
before (p <0.0001) and after SBRT (p=0.004). At multi-
variate analysis, only the number of oligometastases treated
maintained a significant correlation with higher ADT-free
survival rates (p=0.04) (Tables 2-3).

Toxicity

All patients completed the planned sessions without any
interruption. No acute or late grade 2 or higher adverse
events were observed until the last follow-up.

Discussion

Literature data regarding the clinical outcomes by MDT for
bone metastases are generally affected by several confound-
ing factors, such as: administration of concomitant ADT,
heterogeneous populations including synchronous and
metachronous metastatic PC, several diagnostic tools used to
propose MDT. We conducted a multi-institutional retrospec-
tive study to explore the clinical outcomes following exclu-
sive PSMA-guided MDT for bone-only PC oligometastases.
In the current study, only metachronous castration-sensitive
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bone oligorecurrent PC were collected and analyzed. We
aimed to assess the impact of this approach on a homogene-
ous cohort of patients, for which very few data are currently
available in the literature. For the purpose of the study, con-
current ADT was an exclusion criterion. The current results
showed high rates of LC with optimal tolerability profile.
1- and 2-years LC rates were 96.3% and 93.9%, respectively.
We did not find any statistically significant correlation with
the BED, 5 g, likely due to the paucity of local failure
events. No acute or late grade 2 or higher adverse events
were observed. On the other hand, 1- and 2-years distant
progression-free survival (DPFS) rates were 45.3% and 27%.
Several factors were statistically related to a more favora-
ble DPFS, such as: the longer disease-free interval between
the primary tumor treatment and the onset of oligorecurrent
disease, the limited number of treated metastases, the low-
levels of PSA pre- and post-SBRT. At multivariate analysis,
only the low-value of PSA nadir revealed to be a predic-
tive factor of better DPFS. This last finding indicates that
microscopic and, thus, untreated disease was present at the
time of molecular imaging, and it also might be the reason
for reporting a higher value of PSA nadir post-SBRT when
compared to PSA pre-SBRT.

Patients affected by bone metastatic PC have unfavorable
prognosis. Bone tissue could provide a favorable microen-
vironment (so-called “niches”) where PC cells can nestle,
survive and re-growth [18].

Probably, ADT could modify the homing of cancer cells
to the bone with a subsequent dormancy status of bone PC
cells [19].

Clinically, it remains a field of investigation which bone
oligometastatic PC patient could benefit of MDT alone com-
pared to combined ADT +MDT approaches. Few experi-
ences evaluated the potential impact of a tailored strategy
by means of PSMA-guided MDT for bone metastases. Of
these, the TROD 09-004 study retrospectively evaluated the
outcomes of MDT for bone-only oligometastases detected
by means of 68 Ga-PSMA PET/CT in a quite heterogeneous
population. In fact, 36.5% had synchronous diseases whereas
63.5% had metachronous oligometastatic castration-sensitive
PC [20].

Additionally, synchronous oligometastatic PC patients
were more likely to receive ADT during and after SBRT.
Similarly, Rogowski and colleagues recently published their
data regarding PSMA-guided MDT for bone-only oligomet-
astatic PC [21].

Concomitant ADT was administered in 69% of patients.
In both experiences, concomitant ADT related to better
DPFS comparing to the current data.

Some uncertainties related to the ADT administration
are related to the possible side effects and impairment of
patients’ quality of life. Therefore, clinicians aim to defer
ADT by means of MDT. About that, ADT-free survival

(ADT-FS) was recently introduced as an interesting clini-
cal endpoint, ranging between 7—-66 months in several stud-
ies. Herein, 1- and 2-years ADT-free survival rates were
67.5% and 61.8%, for a median ADT-free survival time of
13.5 months (range 2—45 months).

The real challenge in the future will be to distinguish,
well in advance, patients with occult polymetastatic dis-
ease from those with a “true” oligometastatic state. This
last distinction could open to possible personalized thera-
pies in terms of MTD alone or combined with ADT. Surely,
biomarkers as well as modern molecular imaging could
help to detect oligometastatic disease with great sensitivity
and specificity. In a comparative analysis of effectiveness
between MDT guided by PET-CT 18F-choline versus PET-
CT 68 Ga-PSMA in the setting of castration-sensitive oli-
gorecurrent PC, ADT administration was greater after PET-
choline guided MDT. This effect was related to the higher
incidence of polymetastatic disease after first-course SBRT
compared with 68 Ga-PSMA-based SBRT [22, 23].

In conclusion, exclusive PSMA-guided MDT for bone-
only castration sensitive oligometastatic PC is safe and guar-
antees high rates of LC. At 1 year 45% of patients were
free-from disease progression with a median ADT-FS time
of 13.5 months.
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