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Progression-free survival in patients with 68Ga-PSMA-PET-directed SBRT for
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ABSTRACT
Background: Prostate cancer oligometastatic disease can be treated using stereotactic body radiother-
apy (SBRT) in order to postpone start of systemic treatments such as androgen deprivation therapy
(ADT). 68Ga-PSMA-PET/CT imaging allows for diagnosis of oligometastases at lower PSA values. We
analysed a cohort of patients with prostate cancer lymph node oligometastases detected on PSMA-
PET/CT.
Materials and methods: Ninety patients with metachronous oligometastatic prostate cancer received
SBRT for 1–3 lymph node metastases diagnosed on 68Ga-PSMA-PET/CT. The primary end point was
progression free survival (PFS), with disease progression defined as occurrence of either target lesion
progression, new metastatic lesion or biochemical progression. Secondary outcomes were biochemical
PFS (BPFS), ADT-free survival (ADT-FS), toxicity and quality of life (QoL). Baseline patient characteristics
were tested for association with PFS and a preliminary risk score was created.
Results: Median follow-up was 21months (interquartile range 10–31months). Median PFS and BPFS
were 16 and 21months, respectively. Median ADT-FS was not reached (73% (95%-CI 62–86%) at
24months). In multivariable analysis, younger age, higher PSA prior to SBRT and extrapelvic location
were associated with shorter PFS. Grade 1 fatigue was the most predominant acute toxicity (34%).
Highest grade toxicity was grade 2 for acute and late events. QoL analysis showed mild, transient
increase in fatigue at 1–4weeks after SBRT.
Conclusion: A median PFS of 16months was attained after SBRT for patients with PSMA-PET positive
oligometastatic lymph nodes from prostate cancer. Higher pre-SBRT PSA, younger age and extrapelvic
location were found to be predictors of shorter PFS.
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Background

Stereotactic body radiotherapy (SBRT) has gathered increas-
ing interest as a local treatment option for patients with oli-
gometastatic prostate cancer. It reduces the chance of
disease progression after 6months from 61% with observa-
tion alone, to 19% with SBRT, and can defer the start of
androgen deprivation therapy (ADT) with a median period of
8months [1,2]. Moreover, a survival benefit has been shown
compared to palliative standard-of-care for patients with oli-
gometastases from a range of primary tumour histologies [3].

With the advent of 68-gallium prostate-specific membrane
antigen (PSMA) positron emission tomography (PET) imaging,
prostate cancer oligometastases can be diagnosed with
greater sensitivity compared with choline PET imaging, espe-
cially in patients with PSA <2 ng/mL [4–6]. In the ORIOLE
trial, patients were treated on metastatic lesions diagnosed
on conventional imaging, but also underwent PSMA-PET
imaging prior to treatment. Patients who did not have any

additional (untreated) lesions on PSMA-PET showed fewer

new metastases at 6months after SBRT (16 vs. 63%) [2].
However, even with PSMA-PET imaging, failure remains fre-

quent after SBRT for oligometastases: recently reported pro-

gression-free survival (PFS) rates at 12 and 24months were

46–73% and 16–73%, respectively [6–12]. To counteract

undetected microscopic tumour spread, intermittent or con-

tinuous ADT can be added to metastasis-directed therapy

(MDT), which can improve (biochemical) PFS [13–15]. ADT,

however, influences quality of life (QoL) and seems counterin-

tuitive to the application of MDT in trying to postpone sys-

temic therapy [1,16]. Prediction of oncological outcomes could

help physicians and patients in their shared decision making

regarding SBRT with/without ADT [17]. Tumour biology shows

great promise for oligometastatic patient selection but it is

not ready to be used in a clinical setting [2,18,19]. Our aim

was to report outcomes after PSMA-PET directed SBRT for
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lymph node oligometastases and find predictors of PFS to
improve patient selection using baseline characteristics.

Materials and methods

Patients and treatment

We included patients with up to five metachronous 68Ga-
PSMA-PET/CT-detected prostate cancer lymph node oligome-
tastases who were treated with SBRT and had >3months of
follow-up. All patients gave written informed consent for par-
ticipation in a single centre, retrospective/prospective cohort
study approved by the local medical ethics committee
(www.trialregister.nl/trial/9252). Exclusion criteria were simul-
taneous local tumour recurrence (including seminal vesicle
recurrence), non-nodal metastases, previous polymetastatic
disease or ADT up to 24months before the cur-
rent diagnosis.

Patients were treated between October 2016 and October
2020, with a prescribed dose of 5� 7Gy or 3� 10Gy to 95%
of the planning target volume (PTV). 68Ga-PSMA-PET/CT
scans were acquired at multiple centres and were all
assessed by nuclear medicine radiologists. Pre-treatment
tumour delineation was based on PET/CT and MRI after
image fusion with the planning CT scan. Gross Tumour
Volume (GTV) consisted of the target lymph node(s) and
GTVs were expanded with a 3-8mm PTV margin, depending
on nodal region, treatment machine, visibility of the target
and distance between GTVs. Patients were treated on CBCT-
linac (Agility, Elekta AB, Stockholm, Sweden) or on 1.5 T MR-
linac (Unity, Elekta AB) [20]. Since the clinical introduction of
the MR-linac at our department in August 2018, patients
were treated on the MR-linac except for patients with exclu-
sion criteria for MR-linac delivery, such as an inability to lie
still for 60min. Vacuum cushion immobilisation was used for
all patients until March 2019; we then investigated effect on
target motion [21]. After March 2020, patients with single
pelvic targets did not receive immobilisation when treated
on MR-linac, as the immobilisation was found to offer no
advantage during MR-linac treatment for these patients [21].
Follow-up after 3months was at the discretion of the urolo-
gist for most patients; patients received a questionnaire
every 6months to register grade �3 late toxicities.

Patients undergoing SBRT from July 2018 onwards were
included prospectively and were additionally monitored
using QoL questionnaires (European Organisation for
Research and Treatment of Cancer (EORTC) C30, EuroQol EQ-
5D-5L and Multidimensional Fatigue Inventory (MFI)) before
start of treatment, at 1 and 4weeks, at 3 and 6months after
SBRT and then every 6months thereafter [22–24].
Completion of baseline QoL questionnaires was mandatory
for further QoL questionnaire participation.

In case of repeat oligorecurrences after SBRT, patients
were eligible to be treated with another cycle of SBRT, with
a maximum of five metastatic lymph nodes per SBRT cycle.
QoL questionnaires were restarted at each SBRT cycle.

Definition of baseline characteristics

Oligometastatic disease classification was according to the
European Society for Radiotherapy and Oncology (ESTRO)-
EORTC recommendation [25]. Pelvic region was defined as
caudal of the aortic bifurcation. Primary therapy was categor-
ised into robotic-assisted laparoscopic prostatectomy (RALP),
with or without salvage radiotherapy; and radiotherapy,
either external beam radiotherapy (EBRT) or brachytherapy
(BT). Previous lymph node dissection was investigated as a
combination of lymph node dissections at the time of pri-
mary therapy and salvage lymph node dissections.
Therapeutic free interval was time between the last treat-
ment and current diagnosis. Time to first oligometastasis was
measured from primary tumour diagnosis (date of biopsy, if
available) to the first oligometastasis. PSA doubling time
(PSADT) was calculated using the Memorial Sloan Kettering
Cancer Centre tool (www.mskcc.org/nomograms/prostate/
psa-doubling-time), with �3 PSA measurements over a
period of �3months and individual measurements �4weeks
apart [26].

Oncological outcomes

The primary end point was progression free survival (PFS),
defined as a composite endpoint as in the ORIOLE trial:
either progression of a target lesion, a newly diagnosed
metastasis or biochemical progression [2]. Progression of a
target lesion was defined as an increase in short axis diam-
eter >20% and >5mm [1]. Secondary outcomes for this ana-
lysis were biochemical PFS (BPFS), ADT-FS, widespread PFS
(WS-PFS), local control, acute and late toxicity and QoL.
Biochemical progression was defined as a PSA rise >2 ng/ml
above the lowest value after SBRT or the pre-SBRT value [2].
ADT-FS was measured from end of SBRT to the start of ADT.
Widespread progression was investigated as metastatic dis-
ease that is no longer amenable to further local treatment
[27]. For this study, widespread progression was defined as
any progression that was not followed by another cycle of
lymph node SBRT. Local control was defined as absence of
progression of a target lesion. Physician-reported toxicity was
according to the guidelines of the Common Terminology
Criteria for Adverse Events v 5.0; acute toxicity was defined
as toxicity within 3months after SBRT.

Statistical analysis

The open source R software package (v 3.6.3) was used (R
Foundation for Statistical Computing, Vienna, Austria; www.
R-project.org) Data analysis and reporting was according to
the TRIPOD statement [28]. Multiple imputation was used for
missing baseline characteristics. The mice package was used
to create 100 imputed datasets; both baseline characteristics
and oncological outcomes were used for imputation
(Supplementary material: Table S1). Pooled results from
imputed baseline characteristics were used for subsequent
analyses. Sensitivity analysis included complete case analysis.
No imputation was performed for QoL data.
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Oncological outcomes were analysed using Kaplan–Meier
survival analysis, with survival and survminer packages, with
log-rank tests to compare differences between subgroups.
Model development and validation was done with the rms
package. Cox proportional hazard regression was used to
identify baseline characteristics that were associated with
PFS. Hazard ratios and 95% confidence intervals (CI) were
calculated. Continuous variables were kept at their original
scale. Significant variables in univariable analysis (p< 0.05)
and age were compared with published literature to select
variables for the multivariable model. Backward elimination
of variables based on Akaike’s information criterion (AIC) was
used to construct the final multivariable model, retaining
only the parameters that yielded the lowest AIC value when
combined, allowing one variable per 10 events [29].
Correlation between variables was investigated. For continu-
ous variables, proportional hazard assumption was assessed
through Schoenfeld residuals and linearity through
Martingale residuals. Proportional hazard assumption for cat-
egorical variables was checked using log-log curves.

We performed internal validation of the model using the
rms package by creating 2000 bootstrap resamples of the
imputed datasets and calculated the apparent and optimism-
corrected C-statistic [30]. Due to the small sample size in this
study, we did not create a nomogram for PFS. We con-
structed risk groups for PFS, based on the linear predictor of
the final multivariable model.

Results

We included 90 patients, out of which data was prospect-
ively collected for 68% (Supplementary material: Figure S2).
Patients had metachronous (89%) or repeat (11%) oligorecur-
rences, with a median time to first oligometastasis of
59months (Table 1). Most patients had RALP as primary
treatment (73%). Thirty-nine percent of patients had a pelvic
lymph node dissection prior to this study, either at the time
of primary treatment or as a salvage lymph node dissection.
Patients with T3–T4 stage tumours had a previous lymph
node dissection in 58% of the cases; for patients with T1–T2
stage tumours this was 29%. For each group, the median of
removed lymph nodes was 12. None of the patients in our
study previously received whole pelvic radiotherapy.

Patients had up to three lymph node metastases for the
first SBRT cycle in this study; metastatic disease was confined
to the pelvis in 93% of patients. In total 116 SBRT cycles
have been applied: 20 patients underwent a second SBRT
cycle, five patients a third cycle and one patient a fourth
cycle. A total of 177 lymph node metastases have been
treated, of which 41 lymph nodes (23%) had a short axis
diameter �10mm on MRI, in 32 patients. Fifty patients have
been treated using the MR-linac for at least one SBRT cycle.

Median follow-up time was 21months (interquartile range
10–31months). One patient died during follow-up due to
newly diagnosed lung cancer. Disease progression was
observed in 54 patients. Median (95% CI) survival times were
16 (12–19), 21 (17–34) and 19 (16–37) months for PFS, BPFS
and WS-PFS, respectively (Figure 1). Median ADT-FS was not

reached, ADT-FS at 24months was 73% (95% CI 62–86%). In
univariable analysis, higher T-stage, RALP as primary treat-
ment, lower PSA at current diagnosis and metastases limited
to the pelvic nodal region were associated with longer PFS
(Table 2). Patients with a PSA �2 ng/mL before SBRT had
longer PFS, especially when compared with PSA >4 ng/mL
(median PFS 18 vs. 6months); no difference was observed in
PFS of patients with respect to PSADT or Gleason score
(Table 2, Supplementary material: Figure S3).

We selected age, PSA at current diagnosis, nodal region
and type of primary treatment as parameters for the final
multivariable model. Higher age, lower PSA and pelvic nodal
region remained significantly associated with longer PFS.
Calibration plots at 12, 18 and 24months showed good con-
cordance of the observed and predicted PFS (Supplementary
material: Figure S4). Based on the final multivariable model,
we constructed 2 risk groups (Figure 2). The linear predictor
L of the model can be calculated according to Equation (1):

L ¼ � 0:09� Aþ 0:35� Pþ 1:51� Rþ 0:69� T þ 5:63 (1)

Where A is the patient age (years), P is the current PSA value
(ng/mL), R is the nodal region (1 extrapelvic, 0 pelvic) and T
is the treatment type (1 radiotherapy, 0 RALP).

A 2:1 distribution of linear predictors was chosen after vis-
ual inspection, as it allowed the best stratification of
observed PFS (compared with 1:2:1/1:1 distributions), with 60
patients classified as low risk and 30 as high risk. Low risk
was depicted by score <0.19, high risk was depicted by
score >¼0.19. Median PFS (95% CI) was 21 (17–35) and 8
(6–13) months for low and high risk groups, respectively
(Figure 2). Similar differences between the risk groups were
also observed for BPFS, WS-PFS and ADT-FS. The apparent C-
statistic for model performance was 0.71, after internal valid-
ation the mean optimism-corrected C-statistic was 0.69.

Progression of a target lesion was not observed. For five
patients (6%), biochemical progression occurred without any
further imaging available. After pelvic lymph node SBRT, 51%
of patients with progression had metastases outside the pel-
vic lymph nodes. The number of patients with extrapelvic or
non-nodal progression was similar for both risk groups and
was also similar for patients with and without a previous
lymph node dissection (data not shown). Twelve percent of
patients had progression limited to lymph nodes in the same
pelvic sub-region as before (classified as lower pelvic region
left and right (comprised of internal and external iliac and
obturator regions), presacral or mesorectal region and com-
mon iliac region left and right). A shorter PFS was observed
after SBRT for repeat oligometastatic disease compared with
newly diagnosed oligometastatic disease: median PFS (95%
CI) was 9 (7–18) vs. 17 (13–21) months, respectively
(Figure 3).

One patient had a PSA bounce after SBRT, with a PSA
increase of 2.9 ng/mL. No suspect lesions were seen on
PSMA-PET and PSA spontaneously declined afterwards.

Grade 1 and 2 acute toxicity were reported in 41 and 3%
of the treatments, with grade 1 fatigue in 34% of treatments
(Supplementary material: Table S2). Grade 2 acute toxicity
comprised non-infective cystitis in two patients after
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previous salvage EBRT to the prostate bed, and grade 2
fatigue in one patient. Grade 1 and 2 late toxicity was
reported for 15 and 7% of patients. Grade 2 late toxicity
comprised non-infective cystitis for three patients, proctitis
with bloody stools in two patients, an increase in urinary
incontinence in two patients and lower back pain for one
patient. All patients with late grade 2 toxicity had undergone
previous salvage EBRT. No grade 3 or higher events were

observed. No significant differences were observed in toxicity
stratified by number of SBRT cycles (Supplementary material:
Tables S3 and S4).

QoL data was available from 58 SBRT cycles of 49
patients. Patients reported an increase in fatigue at
1–4weeks after SBRT which was resolved at 3–6months
(Supplementary material: Figure S4). Overall health status
and physical functioning were unaffected. Investigation of

Table 1. Baseline patient characteristics at the time of the first SBRT treatment for lymph node oligometastases at our
centre (N¼ 90).

Baseline characteristics N (%) Median (IQR) N missing (%)

Age (years) 71 (67–74) 0 (0)
Karnofsky performance score 39 (43) 51 (57)
90–100 36 (40)
70–80 3 (3)

Oligometastases classification 90 (100) 0 (0)
Metachronous oligorecurrence 80 (89)
Repeat oligorecurrence 10 (11)

Time to first oligometastasis (months) 59 (38–92) 0 (0)
Therapeutic free interval (months) 41 (18–61) 0 (0)
Primary T-stage 74 (82) 16 (18)
T1 20 (22)
T2 35 (39)
T3–4 19 (21)

Primary Gleason sscore 89 (99) 1 (1)
<7 17 (19)
7 51 (57)
>7 21 (23)

Primary treatment 90 (100) 0 (0)
RALP only 29 (32)
RALPþ salvage/adjuvant EBRT 37 (41)
Brachytherapy 9 (10)
EBRT only 7 (8)
EBRTþ adjuvant ADT 8 (9)

Previous lymph node dissection 90 (100) 0 (0)
Yes, combined with RALP 26 (29)
Yes, combined with EBRT 2 (2)
Yes, salvage lymph node dissection 7 (8)
No 55 (61)
Resection margin status RALP 66 (100) 0 (0)
R0 36 (55)
R1 30 (45)

Initial PSA before primary treatment (ng/mL) 10 (6-17) 4 (4)
PSA nadir after primary treatment (ng/mL) 0.0 (0.0-0.2) 2 (2)
Pre-SBRT PSA (ng/mL) 1.3 (0.6-2.7) 0 (0)
Pre-SBRT PSA doubling time (months) 9 (6-15) 15 (17)
Highest nodal region
Lower pelvic level 69 (77) 0 (0)
Common iliac level 13 (14)
Extrapelvic 8 (9)

Number of nodal targets 90 (100) 0 (0)
1 56 (62)
2 27 (30)
3 7 (8)

Short axis diameter (mm)
Mean of GTVs per patient 8.0 (6.7-9.7) 0 (0)
Sum of GTVs per patient 10.0 (7.5-16.4) 0 (0)

Nodal target volume (mL)
Mean of GTVs per patient 0.8 (0.5-1.5) 0 (0)
Sum of GTVs per patient 1.1 (0.6-2.4) 0 (0)

Fractionation schedule 90 (100) 0 (0)
3� 10 Gy 9 (10)
5� 7 Gy 80 (89)
6� 6 Gy 1 (1)

Treatment machine 90 (100) 0 (0)
CBCT-linac 51 (57)
MR-linac 39 (43)

IQR: interquartile range; RALP: robot-assisted laparoscopic radical prostatectomy; EBRT: external beam radiotherapy; ADT: andro-
gen deprivation therapy; R0/R1: positive/negative resection margins at RALP; PSA nadir: lowest PSA after primary treatment;
GTV: gross tumour volume.
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fatigue subdomains showed mainly reduced activity after
SBRT, which was resolved at 6months (Supplementary
material: Figure S5) [23].

Discussion

With a PSMA-PET cohort of patients with prostate cancer
lymph node oligometastases, we report median PFS and
BPFS of 16 and 21months after SBRT, with 73% of patients
free of ADT at 24months. Toxicity was limited to grade
1–2, with mild, transient fatigue reported in both toxicity
and QoL. Our definition of PFS was comparable to the def-
inition used in the ORIOLE trial, in which median PFS after

SBRT was not reached with a median follow-up of
19months [2]. In the ORIOLE trial, patients had 1–3 meta-
stases diagnosed with conventional imaging (CT/MRI/bone
scintigraphy). Patients in our study had lymph node meta-
stases with a median short axis diameter of 8mm, so most
lesions would probably not have been identified with con-
ventional imaging yet. The shorter PFS in our PSMA-PET
diagnosed population shows that the risk of microscopic
tumour spread beyond detectable (oligo)metastases may
not have been reduced due to the use of PSMA-PET imag-
ing. A wide range of median (B)PFS has been reported after
PSMA-PET directed SBRT monotherapy, from 10 to
22months [6,7]. These outcomes are very comparable to

Figure 1. Kaplan–Meier survival estimates of four oncological outcomes after SBRT for prostate cancer lymph node oligometastases. PFS: progression free survival
(composite endpoint including also biochemical progression, start of ADT and death due to disease progression); biochemical PFS: PSA rise �2 ng/mL compared to
lowest PSA value after SBRT (or baseline PSA); widespread PFS: disease progression not amenable to renewed SBRT treatment; ADT-free survival: survival until start
of ADT. 95% confidence intervals were plotted as ribbons around the survival estimates.
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(B)PFS after choline-PET directed SBRT [1,6,31]. ADT-FS
seems to be longer when using PSMA-PET to guide SBRT
compared with choline-PET, but this may be an effect of
stage migration with more sensitive PSMA-PET imaging at
lower PSA levels [6]. Thus, PSMA-PET imaging may have
influenced the patient population treated for prostate can-
cer oligometastases but it has not increased the median
period of PFS after SBRT.

To aid in patient selection, we have developed a prelimin-
ary risk classification that divides patients into low and high
risk of progression after SBRT, with median PFS of 21 and
8months, respectively. Higher age, lower PSA values and
metastatic disease limited to the pelvic lymph nodes were
associated with longer PFS after SBRT. Previous reports on
predictors of PFS from literature were taken into account in
building the model. We did not find an association between
primary tumour Gleason score and PFS, which was consistent
with previous studies [10,15,31]. Higher primary tumour T-
stage was significantly associated with longer PFS based on
univariable analysis in our cohort, whereas an opposite rela-
tion was found previously [10]. We excluded T-stage from
our multivariable model for this reason. The association
between number of target metastases (1-2 vs. 3) and PFS
was borderline significant in univariable analysis (p¼ 0.05), it
was eliminated from the final multivariable model as it did
not contribute to the model based on AIC value. Lower pre-
SBRT PSA, especially PSA <2 ng/mL, was associated with lon-
ger PFS in our study (Supplementary material: Figure S3),
which is consistent with other reports [7,32]. Patients with
extrapelvic versus only-pelvic lymph node metastases had
median PFS of 7 vs. 17months, which coincides with median
PFS of 6 vs. 15–18months reported previously [31]. Finally,
radiotherapy versus RALP as primary therapy for prostate

cancer was included in our model as a predictor of shorter
PFS; although it was not significantly associated with PFS in
multivariable analysis, it did contribute to the model. Primary
therapy as predictor of PFS is in line with results from a large
retrospective analysis [33]. This finding could be related to
general patient characteristics, such as age and comorbidity,
that may have influenced the choice of therapy at the time
of primary tumour diagnosis: an overall survival benefit of
patients treated with RALP versus radiotherapy was found in
a meta-analysis of non-randomised studies, but was not
observed in the randomised PROTECT trial [34,35]. For pre-
diction purposes, this potential bias associated with primary
therapy can be incorporated in a risk score, a causal relation-
ship is not necessary for this purpose. However, these results
will need to be validated in an external cohort to ascertain
the applicability in other clinical situations than the one on
which the model was based. It seems from literature this
bias is persistent, therefore it has been included in the pre-
diction models.

An important limitation of the current study is the small
sample size, which made it impossible to construct a nomo-
gram to predict PFS for individual patients. Furthermore, we
used univariable analysis to guide model development,
which underlines the need for external validation of this
model. Follow-up after SBRT was non-standardized; in 4% of
the cases with biochemical progression no PSMA-PET scan
was available during follow-up. Interpretation of ADT-FS is
limited by the lack of uniform clinical management with
regards to the start of ADT, usually ADT was started with a
PSA doubling time of approximately 3months, a PSA of
approximately 20 or symptomatic progression. This limits the
ability to compare our results with the ADT-FS of 21months
that was reported in the STOMP trial, in which stricter

Table 2. Univariable and multivariable analysis of factors associated with progression free survival.

Variable comparison

Univariable analysis Multivariable analysis

HR 95% CI p HR 95% CI p

Age 0.96 0.91–1.01 0.13 0.91 0.86–0.97 <0.01
KPS 70–80 vs. 90–100 0.68 0.30–1.53 0.34
Time to first oligometastasis 1.00 1.00–1.01 0.48
Repeat vs. metachronous oligorecurrence 1.45 0.64–3.29 0.37
Therapeutic free interval 1.00 0.99–1.01 0.37
T2 vs. T1 0.44 0.23–0.85 0.02
T3–T4 vs. T1 0.27 0.12–0.61 <0.01
Gleason< 7 vs. 7 0.51 0.21–1.20 0.12
Gleason> 7 vs. 7 0.55 0.26–1.13 0.10
Radiotherapy (EBRT/BT) vs. RALP 2.00 1.05–3.79 0.04 1.99 0.91–4.34 0.08
Previous LND vs.

no LND
0.69 0.39–1.20 0.18

R1 vs. R0 1.47 0.77–2.80 0.24
iPSA (initial PSA from primary diagnosis) 1.00 0.98–1.02 0.78
PSA nadir (lowest after primary treatment) 1.08 0.74–1.56 0.69
PSA at current

diagnosis
1.39 1.21–1.60 <0.01 1.42 1.20–1.68 <0.01

PSADT at current diagnosis 0.98 0.94–1.01 0.20
(Also) other nodal region vs pelvic only 5.43 2.17–13.62 <0.01 4.52 1.73–11.85 <0.01
3 vs. 1–2 nodal target(s) 2.64 1.00–6.98 0.05
Mean GTV short axis diameter 0.95 0.85–1.07 0.39
Sum of GTV short axis diameters 1.02 0.98–1.07 0.33
Mean GTV volume 1.00 0.85–1.18 0.95
Sum of GTV volumes 1.06 0.93–1.21 0.36

HR: hazard ratio; CI: confidence interval; EBRT: external beam radiotherapy; BT: brachytherapy; RALP: robot-assisted laparoscopic radical
prostatectomy; LND: lymph node dissection; R1/R0: positive/negative resection margins at RALP; iPSA: initial PSA at time of primary
tumour diagnosis; PSA nadir: lowest PSA after primary treatment; PSADT: PSA doubling time; GTV: gross tumour volume. Significant
results (p< 0.05) are shown in bold.
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guidelines for start of ADT were used [1]. Finally, we did not
investigate biological tumour characteristics in this study,
which could further improve patient selection [2].

In our study, half of the patients with progression after
SBRT had extrapelvic or non-nodal metastases at the time of
first progression. This is concordant with previous reports,
with 54% � 69% extrapelvic or non-nodal progressions after
choline-PET directed SBRT [32,33]. Thus, the pattern of pro-
gression does not seem to have changed as a result of

PSMA-PET guidance and our risk classification could not pre-
dict the pattern of progression. Thus the addition of an elect-
ive treatment field, such as whole pelvic radiotherapy
(WPRT), thus remains a clinical debate in which prevention
of pelvic nodal relapses should be weighed against the
increased risk of toxicity [33]. The STORM/PEACE V trial
(NCT0356924) may shed additional light on this: it random-
ises patients between metastasis-directed therapy with
6months of ADT with or without WPRT [36]. Furthermore,

Figure 2. Progression free survival for the risk group based on quantiles of the linear predictor of the final multivariable model. The patients were divided into two
risk groups (creating a 2:1 distribution) based on the multivariable model derived in this study. The observed progression free survival was then plotted for each
risk group, with 95% confidence intervals displayed as ribbons.
The linear predictor L can be calculated using the following formula:

L ¼ � 0:09� Aþ 0:35� Pþ 1:51� Rþ 0:69� T þ 5:63
Where A is the patient age (years), P is the current PSA value (ng/mL), R is the nodal region (1 extrapelvic, 0 pelvic) and T is the treatment type (1 radiotherapy, 0 RALP).
Low risk is depicted by L< 0.19, high risk is depicted by L>¼0.19.
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the POP-RT trial (NCT02302105) has recently shown a pro-
longed disease free survival after addition of WPRT to pros-
tate EBRT in the primary treatment of patients with a high
risk of pelvic lymph node involvement [37]. A large reduc-
tion of pelvic relapses and also a reduction in extrapelvic
relapses was observed in the WPRT group as compared to
prostate-only EBRT. An increased use of WPRT for patients
with high risk of pelvic lymph node involvement in the
future could impact the population of patients with pros-
tate cancer oligometastases compared to our series, given
the number of patients with pelvic-only disease in our
study (91%). However, 73% of our study population con-
sisted of patients that underwent RALP as primary treat-
ment and we have estimated that only about 41% of our
patients would have had a large enough risk of lymph
node involvement to have been eligible for inclusion in the
POP-RT trial.

Addition of 6–12months of ADT to the SBRT has been
shown to defer the onset of new metastases after SBRT and
has even shown a survival benefit in the setting of salvage
lymph node dissections [14,38]. ADT could suppress micro-
scopically spread tumour cells that are likely present in many
oligometastatic patients, even with PSMA-PET imaging. The
addition of 6months of ADT to SBRT is currently investigated
in the ADOPT trial (NCT04302454) and will be mandatory in
both arms of the STORM/PEACE V trial (NCT0356924) [36].
However, patients may still be reluctant to undergo tempor-
ary ADT due to the side effects [16]. After the first 6months
of intermittent ADT, recovery of serum testosterone levels to
non-castrate levels takes another 3-4months and 6months

to recover to normal levels [39,40]. Especially for low risk
patients, SBRT monotherapy might remain a valid treatment
option for patients that are reluctant to receive (tempor-
ary) ADT.

In conclusion, we have shown that large differences exist
in PFS after SBRT for prostate cancer lymph node oligometa-
stases diagnosed with PSMA-PET. Patients with higher age,
lower pre-SBRT PSA values and nodal metastases limited to
the pelvis have longer PFS (median 21months) after SBRT.
Toxicity was limited to grade 1–2 and only mild, transient
fatigue was reported by patients as influencing their quality
of life.
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