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Abstract

Androgen deprivation therapy (ADT) is the standard treatment of metastatic prostate cancer (PCa). However, metastases-
directed therapies can delay the initiation or switch of systemic treatments and allow local control (LC) and prolonged
progression-free survival (PFS), particularly in patients with lymph nodes (LN) oligometastases. We performed a systematic
review on stereotactic body radiotherapy (SBRT) in this setting. Papers reporting LC and/or PFS were selected. Data on
ADT-free survival, overall survival, and toxicity were also collected from the selected studies. Fifteen studies were eligible
(414 patients), 14 of them were retrospective analyses. A high heterogeneity was observed in terms of patient selection and
treatment. In one study SBRT was delivered as a single 20 Gy fraction, while in the others the median total dose ranged
between 24 and 40 Gy delivered in 3—6 fractions. LC and PFS were reported in 15 and 12 papers, respectively. LC was
reported as a crude percentage in 13 studies, with 100% rate in seven and 63.2-98.0% in six reports. Five studies reported
actuarial LC (2-year LC: 70.0-100%). PFS was reported as a crude rate in 11 studies (range 27.3-68.8%). Actuarial 2-year
PFS was reported in four studies (range 30.0-50.0%). SBRT tolerability was excellent, with only two patients with grade
3 acute toxicity and two patients with grade 3 late toxicity. SBRT for LN oligorecurrences from PCa in safe and provides
optimal LC. However, the long-term effect on PFS and OS is still unclear as well as which patients are the best candidate
for this approach.
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Introduction and death rates are strictly related to the widespread use

of PSA screening since it allows early tumor detection but
Prostate cancer (PCa) is the second most frequent cancer  also increases the identification of latent PCa [1]. Moreo-
and the fifth leading cause of cancer death in men worldwide  ver, advances in imaging techniques in recent years led to
[1]. In Developed Countries, one out of eight men will be  increased detection of oligometastatic PCa and thus to a
diagnosed with PCa during their lifetime [2]. PCa incidence growing interest in metastases-directed therapies (MDT) [3].
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The optimal treatment in this setting is still under debate
due to a lack of strong evidence. Moreover, based on inter-
national guidelines [4, 5], the current treatment standard for
metastatic PCa is still androgen deprivation therapy (ADT)
(= other systemic therapies), without specific indications for
the subset of oligometastatic patients. However, increasing
evidence suggests that a more targeted management of oligo-
metastatic PCa could play a role as a “curative” option in the
multimodal treatment approach [6] with high local control
(LC) rate and delay of systemic treatments. As a result, 75%
of the Advanced Prostate Cancer Consensus Conference
(APCCC, 2019) panelists recommended systemic therapy
plus local treatment of all lesions for most patients with oli-
gorecurrent PCa [7] due to better tolerability of MDT [7-11]
compared to chemotherapy or ADT [12, 13].

Even though publications in this setting have increased in
the last years, at least two questions are still open, namely,
what is the impact of MDT on overall survival (OS) and can-
cer-specific survival and how to select patients suitable for
this approach. For patient stratification, following the recent
classification proposed by the European Society for Radio-
therapy and Oncology (ESTRO) and Radiation Therapy
Oncology Group (RTOG) consensus [14], a first distinction
should be made between synchronous and metachronous
oligometastatic PCa [15, 16]. In fact, metachronous nodal
oligometastases should be considered as a potentially differ-
ent entity compared to bones or visceral oligometastases (or
at least as a different step of disease progression) [17, 18]
being lymph nodes (LN) oligometastases a favorable subset
in terms of disease progression [17, 19, 20].

However, clear evidence (especially from randomized
phase III trials) in this setting is lacking. Therefore, we
performed a systematic review to summarize the available
results on stereotactic body radiotherapy (SBRT) as MDT
in nodal oligometastases from PCa.

Materials and methods

The protocol of this systematic review was submitted to the
PROSPERO international prospective register of systematic
review on August 25" 2020 [21]. The Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines were followed to perform the analysis [22]. We
searched for articles reporting on the outcome of metachro-
nous oligometastatic PCa patients treated with SBRT for LN
metastases. The primary objectives of the review were LC
and progression-free survival (PFS). We also collected data
on the biochemical response (BRes), biochemical relapse,
clinical response (CRes), androgen deprivation therapy-free
survival (ADT-FS), OS, and toxicity when reported with at
least one of the primary endpoints.

@ Springer

Bibliographic search

A literature search for relevant studies was conducted in
PubMed, Scopus, and Cochrane library up to July lIst,
2021, using the combination of several terms like: “lymph
node”, “metastases”, “stereotactic body radiotherapy”. The
term “prostat*” was not included in the search criteria to
allow the identification of papers reporting data on mixed
primary tumors. The complete search strategy is reported
in Appendix 1. The reference list of the selected papers
was checked to eventually identify additional manuscripts.

Only studies published in English were included.

Inclusion criteria

We used the Population, Intervention, Comparator, Out-
come and Study design (PICOS) approach to assess study
eligibility. We included studies on PCa patients with
metachronous oligometastatic disease (synchronous oli-
gometastatic disease diagnoses were not allowed) lim-
ited to the LN and treated with SBRT (max 10 fractions).
Papers were excluded if patients were treated with SBRT
as concomitant or sequential boost combined with elec-
tive nodal irradiation (ENI) or in the primary treatment
setting (unless the latter case involved a small minority of
the patients' cohort). Papers should report at least one of
the two selected primary endpoints: LC or PFS (both actu-
arial and crude rates allowed). If available, other selected
outcomes were collected. Studies involving also patients
treated with therapies other than SBRT were included,
but only if the primary endpoints of patients treated with
SBRT on LN oligometastases from PCa were separately
reported. Moreover, studies reporting duplicated data were
excluded and studies reporting partially duplicated data
were excluded if the outcome was not reported separately
for duplicated and non-duplicated data. We also excluded
systematic or narrative reviews, meta-analysis, guidelines,
studies on animal models, preclinical studies, study pro-
tocols, case reports, surveys, and planning and imaging
studies.

Study selection

Studies were independently screened by AZ and MBo at
the title and abstract level, and duplicate publications were
removed. After this screening, papers considered suitable
for our analysis were examined at full-text level to select
articles eligible for the systematic review (Appendix 2).
Any discrepancies during the selection process were dis-
cussed and eventually resolved by a third author (AGM).
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Data extraction

Data from the selected papers were independently extracted
by AZ and MBo and collected in a predefined form. In the
event of conflicting data, the final decision was discussed
with the participation of AGM. The following information
was abstracted from the selected papers: authors, year of
publication, reference, study design, enrollment period,
number of patients, number of treated LN, patients age,
imaging modality, hormonal status, PSA at recurrence,
selection criteria for patients inclusion, follow-up (FU)
duration, the time between primary treatment and SBRT,
SBRT details (total dose, number of fraction, SBRT deliv-
ery technique), use of concomitant and/or adjuvant ADT,
outcomes in term of LC, PFS, BRes, biochemical relapse,
CRes, ADT-FS (both as crude and actuarial rate), and acute
and late toxicity.

Results
Search results

Figure 1 shows the flowchart of study selection. A total of
665 studies were initially identified. After the title-abstract
screening, 55 full-text articles were examined (Appendix 2),
and 15 papers were included in the final analysis. All but
one were observational case series: three were prospec-
tive [23-25] and 11 were retrospective case series [26—36].
The only interventional trial was a phase II study [37]. All

selected studies included only patients with metastatic PCa.
Three studies reported only LC [24, 34, 35], while 12 stud-
ies reported both LC and PFS [23, 25-33, 36, 37]. Other
included outcomes were BRes, biochemical relapse and
CRes, reported in four [27, 29, 30, 35], four [30, 32, 33, 35]
and two papers [26, 32], respectively. Toxicity was reported
in nine papers [24, 25, 27-33], ADT-FS was reported in
three studies [29, 33, 35] and OS was reported in three stud-
ies [26, 31, 33]. Both toxicity and ADT-FS were reported
for the entire cohort, including metastases other than nodal,
in four studies [23-25, 34, 37].

Patients and tumor characteristics

Overall, the analyzed studies included 414 patients with
LN metastases plus 10 patients with both LN and bone
metastases from PCa (Table 1). Particularly, in seven stud-
ies [23-25, 31, 34, 36, 37] the patients population was
heterogeneous due to the inclusion of patients with LN
and/or bone metastases. In these studies, the percentage
of patients with LN metastases ranged from 39.4% to
85.0% (median: 63.5%). The median number of patients
per study, considering only patients with LN metastases,
was 25 (range 7-94) while the median number of treated
LN per study was 34 (range 8—124). In three studies [23,
25, 26] the total number of treated LN was not specified.
Notably, only one study [29] reported results on more than
50 patients and more than 50 lesions, while six studies
reported results on less than 20 patients [24, 27, 28, 31,
36, 37].

Records identified through
database searching
(n =649)

Additional records identified
through other sources
(n=16)

v v

Records screened

Records excluded

(n=665)

A 4

Full-text articles assessed for eligibility
(n=55)

Studies included in the analysis
(n=15)

Fig. 1 Prisma flowchart describing the selction of studies

(n=610)

Full-text articles excluded (n = 40)

. Not separated results (n = 16)
. Duplicated data (n = 8)
. No PC/no nodal lesion/no SBRT (n = 9)

. No results on LC/PFS (n=1)

. Study protocols (n = 3)
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In 10 studies [24, 26-33, 36] the patients hormonal
status (hormone-naive, hormone-sensitive, castration-
resistant) was not specified, while one study focused on
hormone-naive patients [35], two on hormone-naive and
hormone-sensitive patients [23, 25], one on hormone-sen-
sitive patients [34], and one on hormone-sensitive and cas-
tration-resistant patients [37]. The enrollment period was
reported in all but three studies [24, 26, 36] and ranged
from 2003 and 2016 with a median duration of 3.8 years
(range 1.6-8.9 years) [23, 25, 27-35, 37]. In only two
studies the enrollment period was shorter than two years
[23, 37]. The site of treated LNs was specified in 10 papers
[25-29, 32, 33, 35-37], and not reported in five studies
[23, 24, 30, 31, 34]. Most papers reported data on the
International Society of Urological Pathologists (ISUP)
risk group and/or on the Gleason Score (GS) of the pri-
mary tumor. Particularly, two studies reported the ISUP
risk group [27, 30], three studies reported the GS [26, 29,
31] and two studies reported both [33, 35]. In six studies
[23, 25, 27, 34, 36, 37] this information was reported for
the whole cohort but not specified for patients with LN
metastases. The primary treatment of PCa was reported in
seven studies [26, 28-31, 33, 35] and not reported in two
studies [24, 32] while in six studies it was reported only
for the entire patients cohort [23, 25, 27, 34, 36, 37]. Only
three studies reported data on any primary treatment of
regional LN [30, 31, 35].

Follow up duration was reported in all studies; in four
of them it was reported for the entire cohort of patients
only [23-25, 34], while in 11 it was specifically reported
for LN metastases [26—33, 35-37]. In the latter group, the
median follow up time ranged between 12.0 and 29.4 months
(median: 18.9 months). Only 3 studies had a median follow
up of at least 2 years [26, 32, 37]. Median time between
primary treatment and SBRT for metachronous LN metas-
tases was reported in seven studies [27-31, 33, 36], ranging
between 34.0 and 75.6 months (median: 46.0 months). Three
studies enrolled only patients with a time interval between
primary treatment and LN recurrence of at least 24 months
[27-29].

The oligometastatic status was confirmed in most studies
using [18F] Choline-PET/CT [26-35], in one using [18F]
Choline or [18F] FDG-PET/CT [25], in one using [18F]NaF-
PET/CT [37] and in two using PSMA-PET/CT [23, 36]. One
study [24] did not report the imaging technique used for
staging confirmation.

Stereotactic body radiation therapy

Data on dose and fractionation were reported in all studies
and are summarized in Table 2. SBRT was delivered in a

single fraction by Siva et al. [37] while in three studies [24,
30, 33] only a small percentage of patients were treated with
this schedule. When reported [26-29, 31-33, 35], median
dose ranged between 24 and 40 Gy (median: 30 Gy) in
3-6 fractions (median: 3 fractions). SBRT was delivered
with Cyberknife (CK), Volumetric Modulated Arc Therapy
(VMAT) technique or both in one [29], four [27, 30, 31, 35],
and eight studies [23-26, 28, 32, 34, 36], respectively. In
two studies the SBRT technique was not specified [33, 37].

Dose specification was not clearly reported in seven
papers [23, 24, 29, 30, 32, 34, 35], while dose was pre-
scribed to a defined isodose line [25-27, 31, 33, 36, 37]
or to the isocenter [28] in seven studies and in one report,
respectively. Only one study reported the Gross Tumor Vol-
ume (GTV) and the Planning Tumor Volume (PTV) size
(mean: 6.6 cc and 25.0 cc, respectively) (31). Treatment
margins were reported in all studies: the Clinical Target
Volume (CTV) or GTV to PTV margin ranged between 1
and 8 mm [23-37]. In all but one study [28] the applied
margin was isotropic. Notably, Kneebone et al. [23] used
a Simultaneous Integrated Boost (SIB) technique with two
volumes treated at different dose levels: GTV +5 mm was
defined as the high dose PTV, while CTV low risk (nodal
chain of involved LN) plus 1 cm was defined as the low dose
PTV. Finally, Casamassima et al. [26]and Napieralska et al.
treated 28.0% and 11.1% of patients with ENI plus SIB on
PET-positive LN, respectively.

Androgen deprivation therapy

Most papers did not report detailed data on ADT prescrip-
tion at the time of primary diagnosis [23-30, 32, 33],
while Napieralska et al. [31] reported adjuvant ADT in
the majority of patients (88.9%) and Bouman-Wammes
et al. and Ong et al. in a small percentage of subjects
(14.7% and 15.0%, respectively) [34, 36]. Finally, Ochler
et al. treated a cohort of hormone-naive patients [35].
More data were available on ADT prescription after oli-
gorecurrence diagnosis. Information on the percentage
of patients in whom ADT was prescribed before SBRT
was available in two studies [30, 33], while in one it
was reported for the whole cohort [37]. In seven studies
[27-33] ADT was prescribed concurrently with SBRT
to 33.3-100% of patients. When specified, the median
duration of ADT ranged between 14.5 and 17.5 months.
Decaestecker et al. [25] used a single injection of short-
acting LH-RH analog concurrent to SBRT until May
2012. In four series [23, 34-36], concomitant ADT was
not prescribed to any patient since it was an exclusion
criterion of the study. Finally, in three papers [24, 26, 37]
data on ADT prescription was not available.
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Evaluation modalities
Local control

LC was generally defined as “freedom from in-field pro-
gression” in most studies [23, 24, 26-30, 32, 33], while six
studies provided a more specific definition of the “in-field
area” (i.e. progression in the “PTV area” [25, 35]or in the
“area within the 20% isodose line” [36]or in the “high dose
radiation volume” [34]). Only three studies reported the
specific definition of LC evaluation criteria (i.e., RECIST
criteria [31, 37] or local PSMA-avid disease progression
[36]). Three studies [29, 31, 32] reported both crude actu-
arial LC rates. LC was reported only as crude rate in 10 stud-
ies [23-25, 27, 28, 30, 33-36] and only as actuarial result
in two studies [26-37]. Actuarial LC was reported at 1-, 2-,
and 3-year in three [26, 31, 32], five [26, 29, 31, 32, 37], and
two [26, 32] studies, respectively (Table 3).

Table 2 Radiation treatment characteristics

Progression-free survival

Five studies specified the site of treatment failure (i.e., out of
field nodal progression, bone or visceral metastases, prostate
bed recurrence) [23, 25, 32, 33, 37]. PFS was reported as
crude rate or calculated with actuarial method or both in
seven [23, 25, 28, 30, 31, 33, 36], one [32], and four [26, 27,
29, 37] studies, respectively. Actuarial rates were reported
as 1-, 2-, 2.5-, and 3-year PFS in two [26, 32], four [26, 29,
32, 37], one [27], and one study [26], respectively (Table 3).

Other outcomes

BRes was reported in four studies [27, 29, 30, 35]: three
of them [27, 29, 35] considered as complete biochemi-
cal response a PSA reduction > 50%, as minor response
a 10-50% reduction and as stable disease a PSA modi-
fication between -10% and + 10%, while the forth study
did not specify any threshold for BRes definition [30].
Biochemical relapse, defined as PSA increase after an ini-
tial (at least partial) PSA response, was reported in four

Author, year Dose (Gy)/Fractions GTV to PTV expansion RT delivery technique SBRT ADT combined
combined to SBRT, median
to ENI duration
Jereczek-Fossa et al., 2009  20-45/2-3 fr 5-9 mm (anisotropic) VMAT NO 57.1%, mean 15 mo
[28]

Casamassima et al., 2011 30/3 5 mm VMAT 28.0%* NR
[26]

Jereczek-Fossa et al., 2012 33/3 1-2 mm CK NO 75%, 17.5 mo
[27]

Decaestecker et al., 2014 30-50/3-10 3 mm IMRT/VMAT NO NO§
[25]

Detti et al., 2015 [30] 24-36/1-5 2 mm CK NO 33.3%

Napieralska et al., 2016 24-45/1-3 4-5 mm CK 11.1% 100%
[31]

Pasqualetti et al., 2016 [24] 24-27/1-3 3 mm VMAT NO NR

Bouman-Wammes et al., 30-45/3-5 3-5 mm VMAT NO NO
2017 [34]

Franzese et al., 2017 [32] 25-45/4-6 5 mm VMAT NO 57.7%

Ingrosso et al., 2017 [33] 12-50/1-5 5-8 mm NR NO 47.5%

Jereczek-Fossa et al., 2017  15-36/3-6 2-3 mm 10.6% CK, 89.4%VMAT NO 36.2%, 14.5 mo°

(27]

Kneebone et al., 2018 [23] PTV HD: 30-50/3-5

PTV LD: 24-30/3-5 PTV LD: CTV
LD+ 10 mm
Siva et al., 2018 [37] 20/1 5 mm
Oehler et al., 2019 [35] 30-45/3 2-4 mm
Ong et al., 2019 [36] 35-40/5 5 mm

PTV HD: GTV+5 mm

VMAT NO NO
NR NO NR
CK NO NO
VMAT NO NO

*50 Gy in 25 fr ENI+boost on positive LN 24 Gy in 3 fr

$Until 05/2012 pts were treated with single injection of short acting LHRH analogue concomitant with SBRT as radiosensitizer

°1.1% (1 patient) treated with taxane-based chemotherapy
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studies [30, 32, 33, 35]. CRes was assessed in two studies
[26-32], based on post-SBRT choline PET. In two studies
[27-29], data on CRes were not available for all patients,
and therefore were not considered in our analysis. OS and
ADT-FS were reported in three [26, 31, 33] and four [29,
33, 35, 36] studies, respectively. Notably, ADT-FS was
reported in four studies but referred to the whole patients'
cohort [24, 25, 34, 37], and therefore not considered for
the aim of this review. Toxicity was separately reported for
patients with LN metastases in nine studies [25-33], while
in four studies it was reported for the whole cohort of
patients [23, 24, 34, 37], and therefore it was not included
in the analysis. Moreover, toxicity was scored using the
RTOG/EORTC scale in five studies [26-28, 31, 33] and
with CTCAE criteria in three studies [25, 30, 32]. Details
on secondary outcomes are reported in Table 4.

Main outcomes
Local control

When reported as crude percentage, LC was 100% in seven
out of 13 studies [23-25, 27, 28, 30, 34] and ranged from
63.2 to 98.0% in the other six studies [29, 31-33, 35, 36].
Notably, four [23-25, 34] of the seven series with 100%
LC were studies also including bone metastases and with
separate outcomes for the different metastatic sites not
explicitly reported. However, being overall LC rate 100%
(Fig. 1), and we inferred that LC in LN metastases was
100% too, and therefore we chose to include these data in
our report. All papers with actuarial evaluation of LC [26,
29, 31, 32, 37] reported the 2-year rates (range 70—100%,
median: 84.0%) (Table 3). Notably, only in three series,
some imaging examination was routinely performed dur-
ing FU [26, 31, 37]; in the other studies, PET/CT or CT
scan or MRI were performed only in case of biochemical
failure (BF) [23-25, 27-30, 32-36]. Since the definition
of BF varied between the studies, a misdetection of local
recurrence associated with small increases of PSA can-
not be excluded. For example, Jereczek-Fossa et al. [27,
29], Ingrosso et al. [33]and Ong et al. [36] considered as
a threshold for imaging restaging a PSA increase from
pre-SBRT value > 10%, >20% and > 50%, respectively,
while Oehler et al. [35]and Bouman-Wammes et al. [34]
considered a threshold for restaging a PSA increase >25%
or>2 ng/ml from pre-SBRT value. Kneebone et al. [23]
and Jereczek-Fossa et al. [28] performed imaging exams in
patients with PSA increase above the nadir> 0.2 ng/ml and
0.1 ng/ml, respectively. Other 4 studies did not specify any
threshold for imaging restaging [24, 25, 30, 32].

@ Springer

Progression-free survival

PFS was reported as crude rate in 11 studies and ranged from
27.3% to 68.8% (median:42.9%) [23, 25-31, 33, 36, 37].
Actuarial PFS was reported in five studies and the median
2-year PFS was 38.6% (four studies, range 35.1-50.0%)
[26, 29, 32, 37]. Only two studies reported 1-year PFS, with
quite different results: Casamassima et al. [26] reported
80% 1-year PFS versus 55.2% reported by Franzese et al.
[32]. Notably, in Casamassima et al. series seven out of 25
patients (28%) were treated with ENI associated with SIB
to PET-positive LN. Finally, Jereczek-Fossa et al. reported
63.5% 2.5-year PFS. A similar result was reported by the
same research group in 2017, with 67.1% of clinical PFS
extrapolated from the presented data [29]. In fact, Jerec-
zek-Fossa et al. reported crude 64.9% disease progression
rate, that included half of patients (32.0%) with biochemi-
cal recurrence only, without other evidence of disease (and
therefore not included in our PFS analysis) (Table 3).

Other outcomes

BRes rates after SBRT were evaluated in four studies [27,
29, 30, 35], with complete BRes ranging from 52.0% to
78.7% (median 63.5%). Biochemical relapse rates were
reported in four studies [29, 32, 33, 35], with a median
time to biochemical recurrence of 15.3 months (range
21.2-8.1 months) (Table 4). CRes, defined as regression
of the treated LN at post-SBRT choline PET evaluation,
was reported by Casamassima et al. [26]as 56.5% of “com-
plete regression at 60 days-PET”, while Franzese et al. [32]
reported 44.7% complete CRes and 38.0% partial CRes
at post-SBRT choline PET/TC scan using the PERCIST/
RECIST criteria. Three studies reported OS: Casamassima
et al. [26] reported 92.0% 1-, 2- and 3-year OS, while Napi-
eralska [31] et al. reported 100% and 67% 1- and 2-year
OS rates, respectively. Ingrosso et al. [33] reported 95.0%
crude OS (median FU: 23.8 months). Most of the series
reported data on ADT-FS [24, 25, 29, 33-37]. However, in
most of them [24, 25, 34, 37], this data was reported for the
whole patients' cohort, without distinction between patients
with LN or bone metastases. Therefore, these data were not
considered in our report. Crude ADT-FS was 68.0% and
40.0% at the last FU in Oehler et al. [35] and Ingrosso et al.
[33] series, respectively. Jereczek-Fossa et al. in 2017 [29]
reported data on 94 patients, 60 of whom treated with SBRT
without ADT; 36.0% of them started ADT during FU for
disease progression, with a median ADT-FS of 7.2 months
(2.4-32.1). Notably, in 38.0% of these patients, ADT-FS
was > 12 months (Table 4). Ong et al. [36] reported 70.0%
1-year ADT-FS in the whole patients' cohort. However,
since patients with bone metastases without LN metastases
were only 3 out of 20, we decided to report this data in
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our analysis. Toxicity was reported in most studies and was
usually mild. On 322 evaluable patients in terms of side
effects out of 414 total patients included in our analysis,
only two G3 acute toxicity (0.6%) [27, 37] and two G3 late
toxicities (0.6%) [27, 33] were reported, without any > G3
toxicity (Table 5). Considering mild and moderate acute tox-
icity (G1-2) after nodal SBRT [25-33] none of the studies
exceeded 20% (median 2.9%, range 0-19.2%). The high-
est G1-2 late toxicity rates were reported by Jereczek-Fossa
et al. in 2012 (33.3%) [27] and 2009 (16.7%) [28]. In the
other studies reporting G1-2 late toxicity rates [25, 30-33],
the median value was 1.8% (range 0.5-3.0%).

Discussion

The interest in MDT for oligometastatic PCa is grow-
ing, but strong evidence on patients’ selection and treat-
ment modalities is still lacking [8]. Nodal metachronous
oligometastases seem to identify an early step in PCa

Table5 Acute and late toxicity

progression, and thus they should be analyzed separately
from bone and visceral metastases [38]. Moreover, the
possibility of identifying early metachronous oligometa-
static PCa using specific radiotracer (choline, PSMA)
provides the chance to perform effective MDT. However,
some authors believe that a consequential risk of using
these imaging techniques is to mainly identify patients
with indolent disease [3]. Therefore, patients’ selection is
still a critical issue in this scenario, and our search aimed
to select the relatively homogeneous population of nodal
metachronous oligorecurrence from PCa treated with
SBRT to summarize the currently available knowledge.
For this reason, papers where clinical results of SBRT
for LN metastases where not clearly reported [39-41] were
excluded, as well as studies with partially duplicated data
whenever it was impossible to obtain information only
for the originally reported ones [23-25, 27, 34, 36, 37].
Furthermore, techniques different from SBRT and oligo-
metastatic PCa involving bone and viscera were consid-
ered exclusion criteria. Despite these efforts, the main

Author, year Reported Evaluated Scale Acute Late Acute toxicity Late
for whole patients toxicity toxicity G3,n toxicity G3, n
cohort/ Gl1-2,n Gl-2,n (%) (%)
NM (%) (%)
Jereczek-Fossa et al., 2009 NM 6 RTOG/EORTC 0% 1 G2 (16.7%) 0% 0%
[28]
Casamassima et al., 2011 NM NR RTOG/EORTC NO toxicity>G1 NR 0% NR
[26]
Jereczek-Fossa et al., 2012 NM 12 RTOG/EORTC 0% 3Gl (25%) 1(8.3%) 1(8.3%)
[27] 1 G2 (8.3%)
Decaestecker et al., 2014 NM 27 CTCAE v.3 3Gl (11.1%), 1 G2 (3.7%) 0% 0%
[25] 2 G2 (7.4%)
Detti et al., 2015 [30] NM 30 CTCAE v.4 1 G2 (3.3%) 1 G1 (NR) § 0% 0%
Napieralska et al., 2016 [31] NM NR RTOG/EORTC 0% 3Gl (NR) * 0% 0%
Pasqualetti et al., 2016 [24]  Whole cohort NR CTCAE v.4 NO toxicity>G1 NO toxicity>G1l 0% 0%
Bouman-Wammes et al., Whole cohort 43 NR 2 Gl (4.6%) 0% 0% 0%
2017 [34] 2 G2 (4.6%)
Franzese et al., 2017 [32] NM 26 CTCAE v.4 5G1(19.2%) 0% 0% 0%
Ingrosso et al., 2017 [33] NM 40 RTOG/EORTC 1 (2.5%) 0% 0% 1(2.5%)
Jereczek-Fossa et al., 2017 NM 94 NR 7 G1 (7.4%) 2G1(2.1%) 0% 0%
[29] 1 G2 (1.1%) 3G2(3.2%)
Kneebone et al., 2018 [23]  Whole cohort 45 CTCAE v4 4 G1 (8.9%) 5G1(11.1%) 0% 0%
1 G2 (2.2%)
Siva et al., 2018 [37] Whole cohort 33 CTCAE v4 16 G1 (48.5%) NR 1 (3.0%) NR
5G2 (15.1%)
Oehler et al., 2019 [35] NR NR NR NR NR NR NR
Ong et al., 2019 [36] NR NR NR NR NR NR NR

CTCAE v.3/4 Common Terminology Criteria for Adverse Events version 3/4, G grade, n number, NM nodal metastases, NR not reported, RTOG/
EORTC Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer

*Between patients with at least 3 months of FU

SBetween patients with at least 6 months of FU

@ Springer
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limitation of our study is the non-negligible heterogene-
ity in patients populations, partially explained by the ret-
rospective design of most analyzed studies. Particularly,
the more relevant sources of variability were hormonal
status, maximum number of metastases per patients, and
combination of SBRT with ENI and/or ADT.

In fact, several studies included patients with mixed
hormonal status [23, 25, 37] or did not report this charac-
teristic [24, 26-33, 36]. Only Oehler et al. [35]and Bou-
man-Wammes et al. [34] included in their studies a homoge-
neous population of hormone-naive and hormone-sensitive
patients, respectively. Moreover, the number of patients
treated on a single lesion ranged among half of subjects
[31] to over 90% of patients [37]. Treatments combined with
SBRT were another source of variability. For example, Casa-
massima et al. [26]and Napieralska et al. [31] included in
their case series28% and 11.1% of patients to whom SBRT
was administered as a SIB during ENI, respectively. The
authors of these studies reported that this treatment modal-
ity seemed to improve clinical outcomes. Furthermore,
the combination of ADT with SBRT was not allowed in
5 studies [23, 25, 34-36], while the percentage of patients
receiving ADT ranged from 33.3% to 100% in seven reports
[27-33]. Obviously, this variability could have influenced
the outcome in terms of PFS. Moreover, considering the
retrospective design of most studies, almost half of the series
included 1-2 patients with metachronous oligometastases to
both LNs and bones [23, 24, 31, 34, 36, 37]. Finally, Napi-
eralska et al. [31] included in their series two patients with
synchronous oligometastatic disease, who received SBRT as
a component of the primary treatment. However, we choose
to include these papers in our analysis given the small per-
centage of these cases (2.9-11.7%). Nevertheless, though
these numbers are small, we cannot exclude an effect on
overall outcomes, particularly in terms of PFS.

Another limit of our analysis is that we included four
studies [23-25, 34] reporting 100% LC in patients treated for
LN and bone metastases, for which separate outcomes were
not reported, because we can infer that LC for LN metasta-
ses was 100% as well. This choice may have led to a selec-
tion bias because similar studies (not reporting separated
results in PCa patients with LN and bone oligometastases)
with < 100% rates of LC were excluded being impossible to
ascribe the LN metastases specific LC rate.

Despite these limits, we found that LC was high in all
analyzed studies, even if only a minority of them reported
a clear definition of “in-field recurrence” [25, 31, 36, 37].
More generally, SBRT seems effective in “neutralizing”
the target lesion, usually in a lasting way. In fact, in series
reporting both 2- and 3-year LC rates [26, 32] the result
remained stable over time. However, Napieralska et al. [31]
and Franzese et al. [32] reported the lowest LC rates (crude
LC rate of 78.5% and 63.2%, respectively). The former

@ Springer

authors stated that their priority was not to exceed the OaRs
constraints and that, in some cases, the minimum dose to
the PTV was <95%. Moreover, the authors stated that both
total dose and dose per fraction increased during the study
period, as long as more evidence on SBRT safety became
available. Notably, they defined LC based on CT/MRI
instead of PET, used in most studies. The combination of
all these features could explain the reported LC rates. Simi-
larly, Franzese et al. [32] reported that alternative schedules
were adopted when OaRs constraints were not met. Again,
this might probably explain the low (74.9% 2- and 3-year)
LC rate, even though a clear definition of LC was lacking.
Beyond these two studies, all other series reported LC rate
ranging between 90.3% and 100%. Therefore, our analysis
confirms the efficacy of SBRT in providing high LC rates
in nodal metastases, even in the setting of PCa oligorecur-
rences. Finally, in their recent review and meta-analysis [42],
Yan et al. reported data on SBRT as MDT in oligometastatic
PCa patients, with both LN and bone metastases. The analy-
sis showed 97% overall LC and 39% 2-year PFS, which are
consistent with the findings of the present study.

Despite the satisfactory results in terms of LC, PFS rates
were low and steeply decreasing over time in most reports.
In fact, in Casamassima et al. series [26] the PFS was 80%
at 1 year but 50% and 17% at 2 and 3 years, respectively.
Moreover, in Franzese et al. series [32], the PFS rate fell
from 55 to 35% between the first and the second year after
SBRT. The worst result was reported by Jereczek-Fossa
et al. [29], who recorded 30% 2-year PFS rates. However,
it should be noted that PFS was defined as both clini-
cal and biochemical recurrence and that half of recorded
events were isolated biochemical recurrence (32.0% out
of 64.9% disease progressions). Similarly, Kneebone et al.
[23] reported 29.7% crude PFS including 13.5% isolated
biochemical recurrence. The better result was reported in
another study by Jereczek-Fossa et al. (crude PFS: 68.8%,
30 months-PFS: 63.5%) [27]. Interestingly, in all Jereczek-
Fossa’s studies included in our analysis [27-29] an exclu-
sion criterion was an interval between primary treatment and
oligorecurrence > 24 months. Therefore, the positive results
recorded in these series could derive from the enrollment
of patients with less aggressive neoplasms. Phillips et al.
recently published the results of the ORIOLE trial [43] on
oligometastatic PCa. The authors reported 81% and 39%
6-months PFS in the SBRT and observation arms, respec-
tively. Moreover, with 18.8 months median FU, the median
PFS was not reached and 5.8 months in the SBRT and in the
observation arm, respectively. This is consistent with the
results of the SABR-COMET trial [44], where patients who
received standard-of-care treatments combined with SBRT
showed 25% absolute 5-year survival benefit compared to
the standard-of-care therapy alone arm.
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Other studies reported data on different MDT strategies
in the same setting. In a recent review, Ploussard et al. [45]
reported the results of salvage LN dissection (sSLND), with
complete BRes and 2-year PFS rates ranging from 13 to
80% and from 23 to 64%, respectively. However, G3 postop-
erative complications were reported in most series, with an
incidence of up to 20% (mainly lymphocele drainage, ure-
teral stenting, sepsis, pulmonary embolism). Furthermore,
De Bruycker et al. [46] compared sLND and ENI as sal-
vage treatment approach analyzing the anatomical distribu-
tion of nodal oligorecurrences. The authors reported better
coverage with ENI or super extended sLND compared to
limited or standard sSLND. Moreover, some papers reported
comparisons between ENI and SBRT (or other MDTs). In
fact, De Bleser et al. [47] found that ENI (with or without
SIB) may reduce recurrences compared with SBRT alone in
solitary LN metastases, being associated with a significantly
lower nodal recurrences rate (20% versus 42%) and with pro-
longed metastasis-free survival (HR: 0.5, 95% CI 0.30-0.85,
p=0.009). However, the authors also reported higher toxic-
ity rates after ENI, compared to SBRT (late toxicity: 18%
versus 6%, G3-4 late toxicity: 2.5% versus 0%, respec-
tively). Furthermore, Lépinoy et al. [48] reported 88% and
55% 3-year PFS after ENI and MDT to the involved LNs,
respectively. Finally, Jethwa et al. [49] reported encourag-
ing results after the combination of ENI with SIB and ADT
with 79% 2-year biochemical PFS and 98% and 47% 4-year
OS and biochemical PFS, respectively. The rate of in field
recurrences was 1% and 6% at 2 and 4 years, respectively,
and the incidence of out-of-field recurrence was 6% and 24%
at 2 and 4 years, respectively.

Taken together, these data suggest that SLND should not
be considered a standard of care for nodal metachronous
oligometastatic PCa but rather an investigational treatment
[50]. Conversely, ENI should be evaluated as a part of mul-
timodal approach including SBRT-boost on the involved
LNs. In fact, a recent DEGRO PCa expert panel [51] recom-
mended to treat pelvic only oligorecurrent nodal metastases
from PCa with ENI plus a boost to the involved LNs, and to
consider SBRT alone in nodal extra pelvic oligorecurrences.
In both cases, systemic therapies should be prescribed
according to guidelines. However, in some low-risk situa-
tions (i.e., PSA doubling time > 10 months and relapse free
interval from initial curative treatment > 2 years) an upfront
local treatment could be considered. In fact, another goal of
some studies on SBRT in this setting was to delay the onset
of ADT. In two series the rate of oligorecurrent patients free
from ADT after SBRT was 40% and 68% [33, 35]. Further-
more, Ong et al. [36] reported 70% 1-year ADT-FS while
Ingrosso et al. and Jereczek-Fossa et al. [29, 33] reported
13.6- and 7.2-months median ADT-FS, respectively. Higher
figures were recorded in the STOMP trial [12] where median

ADT-FS was 21 months and 14 months in the MDT and sur-
veillance arms, respectively. Moreover, the updated results
of the trial [52] showed 34% and 8% 5-year ADT-free sur-
vival in the MTD and surveillance arms, respectively. The
difference between the STOMP trial and the series included
in our analysis could result from the different ways of man-
aging hormone therapy after MDT. In fact, in the STOMP
trial the use of ADT was reserved for patients with progres-
sion in more than three metastases, symptomatic progres-
sion, or local progression of metastatic sites compared to the
pretreatment assessment, while only an increased PSA was
not a sufficient criterion. In contrast, in the series included
in our analysis, the management of patients after SBRT was
left to the discretion of the treating radiation oncologists.
(39]

Our analysis confirms that SBRT is a well-tolerated treat-
ment option, with only two G3 acute toxicity [27, 37] and
two G3 late toxicities [27-33] in more than 300 evaluable
patients. Moreover, mild and moderate acute toxicity never
exceeded 20%. However, Siva et al. [37], who reported the
results of a phase II trial not included in our analysis due
to the inclusion of both LN and bone metastases, reported
63.6% acute G 1-2 toxicity rates. This difference may sug-
gest that toxicity rates collected in a prospective setting are
higher compared to retrospectively collected data, especially
when considering mild to moderate toxicity.

Conclusion

Our results strongly suggest that SBRT of oligometastatic
nodal metachronous PCa is well tolerated and provides sat-
isfactory and long-lasting LC, while PFS rates show a pro-
gressive and rather rapid reduction over time. Furthermore,
SBRT would allow for a delay in ADT onset, with a potential
positive impact on quality of life. Unfortunately, only few
data on OS are available in the analyzed series. Although
PFS was sometimes proposed as a surrogate endpoint for OS
[53], this approach would not seem needful in the metastatic
setting, where the short FU period allows for direct assess-
ment of OS.

The use of ADT is still a topic of debate. In fact, SBRT
was used both to delay the ADT onset and to improve the
ADT results through local treatment intensification. [25,
53, 54]. Carrasquilla et al. [55] have recently proposed the
combination of intermittent ADT plus MDT based on SBRT
delivered with an “involved field” strategy including two
dose levels: GTV and high-risk CTV (GTV plus the adjacent
LN basins). This compromise solution, through avoiding
both standard ENI and prolonged and ongoing ADT, could
allow for a reduction in adverse events and a consequent
improvement in quality of life.
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The heterogeneity of the analyzed series reflects the still
open questions on the selection of patients to be treated with
SBRT alone with the aim to delay the ADT start. Hormone-
naive or -sensitive patients, with 1-2 regional involved LN,
with time interval between primary treatment and oligor-
ecurrence > 24 months, and with “slow growing” PSA are
theoretically the best candidates. In fact, in these subjects the
risk of misdiagnosing disseminated micrometastatic disease
as oligorecurrent PCa would be minimized. [56] However,
an argument against this hypothesis is that these patients
could be the ones with latent metastatic PCa, which was
simply not detected in the past due to less sensitive tracer
(given the low metabolic uptake of these lesions) and which
have a very good prognosis even without any intervention.
Furthermore, it could be hypothesized that even selected
tumors with short PSA doubling time could be managed
with MDT, given the possibility of repeating the latter
until widespread metastatic diffusion. Therefore, the aim of
SBRT in this setting could be to make chronic oligometas-
tases from PCa. [25, 39]. A frequent observation supporting
repeated MDTs is that patients treated on LN metastases
tend to further relapse in other LNs [23, 24, 34, 35, 37].
Unfortunately, most analyzed papers did not report details
on the relapse sites after SBRT. Therefore, it remains unclear
whether this pattern of recurrence is related to a particular
subset of oligometastatic disease (with predominant lym-
phatic versus hematogenous spread) or if it is simply related
to inadequate regional control. However, the tendency of
metachronous oligometastatic PCa to relapse again as oli-
gometastatic disease was confirmed also by Soldatov’s et al.
[57] and Ost’s et al. [38] recent studies. This evidence seems
to suggest that MDT could play a role, especially as a part
of multimodal systemic and locoregional approach, even in
higher risk patients, as proposed also by Ahmed et al. [58]
in a recent review.

In conclusion, until the results of clinical trials (OLI-
GOPELVIS-2, STORM) will be available, several questions
on SBRT of nodal metachronous oligometastatic PCa will
remain unanswered. In particular, data is needed on optimal
combination of SBRT with ADT (and other systemic thera-
pies) and with ENI, as well as a clear definition of patients
suitable for a less aggressive approach or for an intensive
multimodal treatment including SBRT. Finally, to provide
clinically meaningful answers to these open questions will
require reliable data on OS and cancer specific survival.
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