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Background: In case of oligo-recurrent prostate cancer (PC) following prostatectomy,
68Ga-PSMA-PET/CT can be used to detect a specific site of recurrence and to initiate
metastasis-directed radiation therapy (MDT). However, large heterogeneities exist
concerning doses, treatment fields and radiation techniques, with some studies
reporting focal radiotherapy (RT) to PSMA-PET/CT positive lesions only and other
studies using elective RT strategies. We aimed to compare oncological outcomes and
toxicity between PET/CT-directed RT (PDRT) and PDRT plus elective RT (eRT; i.e.
prostate bed, pelvic or paraaortal nodes) in a large retrospective multicenter study.

Methods: Data of 394 patients with oligo-recurrent 68Ga-PSMA-PET/CT-positive PC
treated between 04/2013 and 01/2018 in six different academic institutions were
evaluated. Primary endpoint was biochemical-recurrence-free survival (bRFS). bRFS
was analyzed using Kaplan–Meier survival curves and log rank testing. Uni- and
multivariate analyses were performed to determine influence of treatment parameters.

Results: In 204 patients (51.8%) RT was directed only to lesions seen on 68Ga-PSMA-
PET/CT (PDRT), 190 patients (48.2%) received PDRT plus eRT. PDRT plus eRT was
associated with a significantly improved 3-year bRFS compared to PDRT alone (53 vs.
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37%; p = 0.001) and remained an independent factor in multivariate analysis (p = 0.006,
HR 0.29, 95% CI 0.12–0.68). This effect was more pronounced in the subgroup of
patients who were treated with PDRT and elective prostate bed radiotherapy (ePBRT) with
a 3-year bRFS of 61% versus 22% (p <0.001). Acute and late toxicity grade ≥3 was 0.8%
and 3% after PDRT plus eRT versus no toxicity grade ≥3 after PDRT alone.

Conclusions: In this large cohort of patients with oligo-recurrent prostate cancer, elective
irradiation of the pelvic lymphatics and the prostatic bed significantly improved bRFS
when added to 68Ga-PSMA-PET/CT-guided focal radiotherapy. These findings need to
be evaluated in a randomized controlled trial.
Keywords: metastasis-directed radiotherapy, oligorecurrent, prostate cancer, elective prostate bed radiotherapy,
radiotherapy, elective nodal radiotherapy
INTRODUCTION

Primary, curative treatment of localized prostate cancer (PC) can
be performed with either radical prostatectomy (RP) or radiation
therapy (RT). In the case of a biochemical relapse after RP, which
occurs in up to 50% depending on stage and adverse factors (1,
2), salvage RT of the prostatic bed is performed to achieve long-
term disease control in terms of biochemical relapse-free survival
(bRFS) as well as cancer specific survival (3).

With the development of improved imaging techniques such
as positron emission tomography/computed tomography (PET/
CT) it is possible to perform molecular staging before salvage RT
and to tailor the radiation volume to the recurrence detected by
PET/CT without irradiating elective areas. Furthermore, the
implementation of new tracers, such as prostate-specific
membrane antigen (PSMA) has significantly improved detection
rates for recurrences even at low prostate-specific antigen (PSA)
values enabling new treatment concepts (4). The rationale for
metastases-directed therapy (MDT) is to eradicate all visible
disease locations with high doses to delay the use of androgen-
deprivation-therapy (ADT) or even prolong progression-free
survival while limiting side effects that could potentially occur
by the use of larger radiation treatment fields (5).

Two randomized phase II trials evaluated the role of MDT
versus observation in patients with oligo-recurrent PC (6, 7). In
the STOMP trial the primary endpoint, median ADT-free
survival, was improved from 13 to 21 months with MDT and in
the ORIOLE trial MDT was associated with an improved
progression-free survival (HR 0.3, 95% CI 0.11–0.81).

In spite of the growing interest in treating oligo-recurrent
patients with MDT there is no consensus on the optimal target
volumes, doses and techniques for RT in this setting (8). So far,
guidelines from different collaborative groups on postoperative
RT recommend RT of the prostate bed in case of a biochemical
recurrence (9–11). Nevertheless, it remains unclear if the
prostate bed or other elective areas should be irradiated in the
oligo-metastatic setting.

The aim of this study was to analyze the outcome and toxicity
of PET/CT-directed RT (PDRT) versus PDRT plus elective RT
(eRT) in oligo-metastatic PC. Specifically, in patients without
macroscopically local recurrence after RP, we evaluated the
2

impact of PDRT alone versus elective prostate bed RT
(ePBRT) plus PDRT.
METHODS

Patient Population
Data of 394 patients from six different academic centers that
were treated with curatively intended salvage RT for oligo-
recurrent prostate cancer with PSMA-ligand positive lesions on
68Ga-PSMA-PET/CT were evaluated between April 2013 and
January 2018. All patients had prior RP with no evidence of
distant metastases at initial diagnosis. According to clinical
practice in each institution patients were discussed in a
multidisciplinary tumor board before the initiation of
oligometastatic treatment. Main inclusion criteria were:
biochemical recurrence with either local manifestations
(prostate bed), nodal or extra nodal metastases on 68Ga-
PSMA-PET/CT; irradiation to all PSMA-ligand positive lesions
with curative intent. Any serum prostate specific antigen (PSA)
level at the time of 68Ga-PSMA-PET/CT was accepted. In line
with the concept of oligo-metastatic disease patients with a
maximum of five visceral and/or bone metastases were
included. Exclusion criteria were: Recurrences under active
ADT, previous chemotherapy for PC or history of previous RT
of the prostate bed and/or pelvic lymph nodes after an earlier
biochemical recurrence following RP. This retrospective
multicenter study was approved by the institutional review
board of the principal investigator´s institution and by the
respective review boards of collaborating institutions.
68Ga-PSMA-PET/CT and Radiation
Therapy (RT)
Pre-RT staging was performed by PET imaging with 68Ga labeled
PSMA-11 ligands in conjunction with either contrast-enhanced
or low-dose computed tomography with imaging approximately
1 h after intravenous radiotracer administration according to
local clinical practice and in accordance with the joint EANM
and SNMMI guidelines (12). To reduce activity in the urinary
system, furosemide was injected intravenously 30 min prior to
May 2021 | Volume 11 | Article 640467
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the tracer injection and patients were asked to void prior to the
scan. The co-registered PET and CT datasets were analysed using
predefined PET window settings (e.g. inverted gray scale, SUV
range: 0 to 10). A PSMA-positive lesion was visually defined as
focal tracer accumulation greater than normal or physiological
local background activity. All lesions were irradiated using
conventionally fractionated RT or stereotactic body radiotherapy
(SBRT). Dose escalation was performed by a sequential or
simultaneous integrated boost technique (SIB).

Treatment technique, target volume concept, dose per
fraction, total dose, image guidance and type and length of
concomitant ADT treatment were at the discretion of each
institution. The prescribed RT dose was converted to EQD2 in
Gy using an a/b ratio of 1.5 Gy for prostate cancer. For the
purpose of this study two basic target volume concepts were
defined: One group that received RT directed to PSMA-
expressing lesions only (PDRT) and one group that received
PDRT plus RT of elective areas (eRT). Elective areas included the
prostate bed, pelvic or paraaortal lymphatics. The respective
treatment fields are illustrated in Figure 1.
Frontiers in Oncology | www.frontiersin.org 3
Patients without PET positive local recurrence in the prostate
bed were evaluated separately: the group receiving elective prostate
bed RT (ePBRT) was compared with patients not receiving ePBRT.

Study End Points and Statistical Analysis
Biochemical recurrence-free survival (bRFS) was the primary
endpoint. In accordance with the EAU and ASTRO/AUA
guidelines an increase of serum PSA value of ≥0.2 ng/ml above
the nadir following definitive treatment of 68Ga-PSMA-PET/CT
recurrences was considered an event (9, 13). In case serum PSA-
levels did not respond to RT, pre-RT levels with a rise of ≥0.2 ng/
ml were used. Time to event was calculated from the last day of
RT. BRFS was analyzed using Kaplan–Meier survival curves and
log rank testing to compare differences between survival curves.
Uni- and backward multivariate analyses were performed to
determine influence of treatment parameters on bRFS. A p value
of <0.05 was considered statistically significant. Variables
included were initial T-, and N-stage, initial risk score, initial
resection margins, initial PSA, initial Gleason score, PSA before
start of salvage RT, PSA response, local recurrence of the prostate
FIGURE 1 | Treatment plan of a patient with a presacral lymph node recurrence on PSMA-PET/CT illustrating the different target volume concepts. The patient was
treated with elective prostate bed RT (ePBRT) and elective bilateral lymphatic RT with dose escalation to the PET/CT positive lymph node (PDRT). (A) Fused PET/CT
image, (B) axial plain, (C) coronar plain, (D) sagittal plain. Yellow line: PSMA-PET/CT positive lymph node; lila line: planning target volume for PSMA-PET/CT positive
lymph node; Blue line: elective lymph node RT volume including presacral and bilateral internal iliac nodes; red line: elective prostate bed RT; Green line: organ at risk
(sigma); Orange line: organ at risk (small bowel).
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https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Kirste et al. 68Ga-PSMA-PET/CT-Directed RT Oligorecurrent Prostate Cancer
bed, N-, and M-stage at time of recurrence, RT of elective areas
and additive ADT. Acute and late gastro-intestinal and genito-
urinary toxicities were analyzed using the National Cancer
Institute Common Terminology Criteria for Adverse Events
(CTCAE) v4.03. Survival curves were generated by the Kaplan–
Meier method using SPSS v27.0 statistic software package (IBM,
USA). Follow-up after RT was done according to the institutions
guidelines including regular PSA measurements.
RESULTS

Patient Characteristics
The median age for the whole population at the time of 68Ga-
PSMA-PET was 69 years (range, 46–95). The majority of patients
(96.1%) had high risk or very high risk features according to
D’Amico classification, 162 (41.1%) patients had a Gleason Score
of ≥8 and 120 (30.5%) patients presented with lymph node
positive disease. Median time to biochemical recurrence after RP
was 15 months (range, 0–196). The median PSA value at the time
of RT was 1.2 ng/ml (0.04–47.5). Additive ADT was given in 130
patients. Detailed patient characteristics can be found in Table 1.
Frontiers in Oncology | www.frontiersin.org 4
68Ga-PSMA-PET/CT Before Radiation
Therapy (RT)
Figure 2 depicts the pre-RT 68Ga-PSMA-PET/CT findings. One
hundred and sixteen of 394 patients (29.4%) had a recurrence in
the prostate bed, 211 of 394 (53.6%) had a recurrence in lymph
nodes and 136 of 394 patients (34.5%) had distant metastases
(Figure 2). According to 68Ga-PSMA-PET/CT, recurrence was
localized in 73 patients in the prostate bed only, in 34 patients in
prostate bed and lymph nodes and in 132 patients in lymph
nodes only. 134 patients presented with distant metastases and
42 patients with distant metastases and lymph nodes metastases.

Radiation Therapy Target Volume and Dose
Two hundred four patients (51.8%) were treated with PDRT and
190 patients (48.2%) received PDRT plus eRT. Areas of elective
RT included the prostate bed in 117 of 190 patients (61.6%),
pelvic lymphatics in 163 of 190 patients (85.8%) and paraaortic
lymph nodes in 21 of 190 patients (11.1%) (Table 2).

In patients without macroscopic recurrence in the prostate
bed, elective RT of the prostate bed (ePBRT) was performed
with a median dose of 66 Gy (range, 47.5–70 Gy) in single
doses of 1.8–2 Gy. If pelvic lymphatics were electively irradiated
TABLE 1 | Patient characteristics.

Whole cohort
n = 394

PDRT
n = 204

PDRT plus eRT
n = 190

Age at primary treatment
(y) (median, range)

66 (46–82) 65.5 (46–81) 66 (46–82)

Initial PSA (ng/ml) (median, range) 11 (2.1–657.20) 9.8 (3.1–657.2) 13.7 (2.8–368)
Initial T stage
pT1c 8 (2.0) 7 (3.4) 1 (0.5)
pT2a 15 (3.8) 11 (5.4) 4 (2.1)
pT2b 11 (2.8) 7 (3.4) 4 (2.1)
pT2c 126 (32.0) 77 (37.7) 49 (25.8)
pT3a 90 (22.8) 42 (20.6) 48 (25.3)
pT3b 134 (34.0) 57 (27.9) 77 (40.5)
pT4 9 (2.3) 2 (1.0) 7 (3.7)
Tx 1 (0.3) 1 (0.5) 0

Initial N stage
pN0 261 (66.2) 162 (79.4) 100 (52.6)
pN1 120 (30.5) 35 (17.2) 84 (44.2)
Nx 13 (3.3) 7 (3.4) 6 (3.2)

Initial Gleason score
6 21 (5.3) 19 (9.3) 2 (1.1)
7a 82 (20.9) 47 (23.0) 36 (18.9)
7b 127 (32.2) 67 (32.8) 60 (31.6)
8 51 (12.9) 23 (11.4) 28 (14.7)
9 108 (27.4) 47 (23.0) 60 (31.6)
10 3 (0.8) 0 3 (1.6)
Unknown 2 (0.5) 1 (0.5) 1 (0.5)

Initial risk group
Intermediate 14 (3.6) 11 (5.4) 3 (1.6)
High risk 379 (96.1) 192 (94.1) 187 (98.4)
Unknown 1 (0.3) 1 (0.5) 0

Surgical margins
R0 217 (55.3) 127 (62.3) 90 (47.4)
R1/R2 166 (42.4) 66 (32.4) 100 (52.6)
Rx 11 (2.3) 11 (5.3) 0

Time to biochemical recurrence (mo) (median, range) 15 (0–196) 27 (0–196) 5 (0–166)
PSA at time of MDT (ng/ml) (median, range) 1.2 (0.04–47.5) 1.5 (0.05–47.5) 0.9 (0.04–40.1)
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the median dose was 47.5 Gy (range, 36–56/EQD 2/1.5 Gy).
68Ga-PSMA-PET/CT-positive local recurrences within the
prostate bed were treated with a median dose of 71.2 Gy
(range, 62.6–83/EQD 2/1.5 Gy), PSMA PET-positive pelvic
lymph nodes with 59.4 Gy (range, 46–85/EQD 2/1.5 Gy) and
paraaortic lymph nodes with 55 Gy (50–99/EQD 2/1.5 Gy).

Most patients were treated with conventionally fractionated
RT 205 (52.0%) or conventionally fractionated RT with a
simultaneous integrated boost (SIB) technique 130 (33.0%).
SBRT was used in 38 (9.6%) and combined SBRT and
conventional RT in 21 (5.4%) patients.
Frontiers in Oncology | www.frontiersin.org 5
Clinical Outcomes
The majority of patients, 364 of 394 (92.4%) showed a decrease of
the PSA value 2 months after RT with a median PSA nadir of 0.07
ng/ml (range, 0.01–13.71). Median follow-up was 28 months
(range, 1–71). In total, 193 of 394 patients (49.0%) had a
biochemical recurrence. Median bRFS was 27 months (Figure 3).

Patients who were treated with PDRT had a 3-year bRFS of
37% compared to 53% in patients who received PDRT plus eRT
(p = 0.001). Median bRFS was 20 vs. 36 months. Other
significant factors in univariate analysis were initial T status,
initial lymph node status, Gleason score, local recurrence in the
prostate bed, M status at time of 68Ga-PSMA-PET/CT, PSA
value at the start of RT, RT technique, additive ADT and area of
elective RT. Initial T stage (<T2c vs. ≥T2c; p = 0.035), M status at
time of recurrence, PSA value at the start of RT, additive ADT
and elective RT (p = 0.005, HR 0.29, 95% CI 0.12–0.68) were
independent predictors of bRFS in multivariate analysis
(Table 3).

In a next step we aimed to analyze the influence of elective
prostate bed RT (ePBRT) looking only at 278 patients without
68Ga-PSMA-PET/CT positive prostate bed recurrence. Of
these 278 patients, 117 (42.1%) were treated with ePBRT plus
PDRT. The 3-year bRFS was 22% and 61% for PDRT only and
ePBRT plus PDRT, respectively (p <0.001). Median bRFS was 16
vs. 37 months. This was also significant in multivariate analysis
A

B

FIGURE 3 | Biochemical recurrence free survival after 68Ga-PSMA-PET CT-
directed radiotherapy of prostate cancer recurrences (A) stratified by elective RT
versus no elective RT, (B) stratified by elective RT to prostate bed versus no
elective RT to prostate bed. bRFS, Biochemical recurrence free survival; MDT,
Metastasis-directed therapy; ePBRT, elective prostate bed radiotherapy.
FIGURE 2 | Pre-radiotherapy PSMA-PET/CT findings; n = 394.
TABLE 2 | Patterns of recurrence and elective treatment areas.

PSMA pos. Local recurrence in prostate bed
no 278 (70.6)
yes 116 (29.4)

PSMA-positive recurrences lymph nodes (n):
N0 183 (46.4)
N1 211 (53.6)

PSMA-positive distant metastasis (n):
M0 258 (65.5)
M1a 57 (14.3)
M1b 72 (18.1)
M1c 7 (1.8)

Elective RT volumes:
no 204 (51.8)
yes 190 (48.2)
Prostate bed only 23 (12.1)
Prostate bed+lymphatics 94 (49.5)
Lymphatics 73 (38.4)

RT technique
Conventional 205 (52.0)
Conventional with SIB 130 (33.0)
SBRT 38 (9.6)
Conventional with SBRT 21 (5.4)

Elective volume dose (EQD2/1.5 Gy) (median, range)
Prostate bed 66 (47.5-70)
Pelvic lymphatics 47.5 (42–56)

Additive ADT
no 262 (66.5%)
yes 130 (33.0%)
unknown 2 (0.5%)
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(p = 0.02, HR 0.59, 95% CI 0.37–0.92). Other factors that were
significantly associated with bRFS in univariate analysis were
initial T stage, N and M stage at the time of recurrence as well as
PSA at the time of sRT (≤0.5 ng/ml vs. ≥0.5 ng/ml), additive
ADT and technique of RT (conventional vs. SBRT). In
multivariate analysis, in addition to ePBRT and additive ADT
(p <0.001), initial T (p = 0.009) and M stage (p = 0.002) were
significantly correlated to bRFS. RT dose to the prostate bed or
lymph nodes had no influence on bRFS (Table 3). We performed
an additional analysis excluding M positive patients. Elective RT
remained a significant factor for bRFS in this cohort (p = 0,003)
with a median bRFS of 41 versus 26 months for elective and no
elective RT respectively.

To investigate the impact of elective RT independently of
ADT we performed an additional analysis excluding patients
who received ADT (n = 130). Median bRFS was 16 versus 28
months for patients receiving PDRT only and ePBRT plus
PDRT, respectively (p <0.001) (Figure 4).

Toxicity
Overall RT was well tolerated with very few acute gastrointestinal
(GI) and genitourinary (GU) toxicities. Acute grade 3 toxicity
was observed in two patients (diarrhea, lymphedema). Acute
Frontiers in Oncology | www.frontiersin.org 6
grade 2 GI and GU toxicity were observed in 14 and 8.4%,
respectively. Late GI toxicity (only grade 2) was observed in 3%
and late GU toxicity in 10.9% of patients consisting of seven
patients with grade 3 toxicity.
FIGURE 4 | Biochemical recurrence free survival after 68Ga-PSMA-PET CT-
directed radiotherapy of prostate cancer recurrences in patients not receiving ADT
stratified by elective RT versus no elective RT. bRFS, Biochemical recurrence free
survival; PDRT, PET/CT-directed radiotherapy; eRT, elective radiotherapy.
TABLE 3 | Univariate and multivariate Cox regression analysis determining independent factors influencing biochemical recurrence-free survival for (A) whole cohort and
(B) Prostate bed negative on PSMA-PET/CT.

A. Whole cohort n = 394
Variables Univariate Multivariate HR (95% CI)

P value P value

Time to BR after primary therapy (≤15, >15 mo) 0.677
Initial T-status (≤T2c, >T2c) 0.018 0.020 1.49 (1.07–2.08)
Initial N-status 0.028
Gleason Score (≤7a, 7b, ≥8) 0.025
Initial PSA (≤10ng/ml, 10-20ng/ml, >20ng/ml) 0.121
Initial risk score 0.689
Local recurrence prostate bed 0.003
M-status at time of recurrence <0.001 0.001 1.95 (1.32–2.86)
N-status at time of recurrence 0.605
PSA at time of SRT (≤0.5 ng/ml, >0.5 ng/ml) 0.005 0.009 1.53 (1.11–2.10)
Resection margins (R0 vs. R1–2) 0.072
Additive ADT <0.001 <0.001 0.36 (0.24–0.53)
Elective RT vs. No elective RT <0.001 0.006 0.33 (0.15–0.73)
Area of elective RT (prostate bed, lymphatics) <0.001 0.006 1.76 (1.03–3.83)
Radiotherapy technique (Conventional vs. SBRT) <0.001

B. Prostate bed negative on PSMA-PET/CT n = 278
Variables Univariate Multivariate HR (95% CI)

P value P value
Time to BR after primary therapy (≤15, >15mo) 0.701
Initial T-status (≤T2c, >T2c) 0.035 0.009 1.67 (1.14–2.44)
Initial N-status 0.063
Gleason Score (≤7a, 7b, ≥8) 0.31
Initial PSA (≤10 ng/ml, 10–20 ng/ml, >20 ng/ml) 0.633
Initial risk score 0.431
M-status at time of recurrene <0.001 0.002 2.01 (1.32–3.34)
N-status at time of recurrence 0.036 -
PSA at time of SRT (≤0.5 ng/ml, >0.5 ng/ml) 0.001 0.019 1.56 (1.08–2.25)
Resection margins (R0 vs. R1–2) 0.107
Additive ADT <0.001 <0.001 0.35 (0.22–0.55)
Elective RT prostate bed <0.001 0.020 0.59 (0.37–0.92)
Radiotherapy technique (Conventional vs. SBRT) 0.001
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We analyzed if elective RT was associated with an increase in
toxicity. Although toxicities were low overall there were
significantly more acute (grade 2: 8.8% vs. 31.5%, grade 3: 0%
versus 0.4%) and late (grade 2: 1.9% vs. 19.2%, grade 3: 0%
versus 3%) GI and GU side effects in patients receiving elective
RT (p = 0.001) (Table 4).
DISCUSSION

MDT is increasingly investigated as a treatment strategy for
oligo-recurrent PC. Still the optimal treatment volume for MDT
remains unclear. Some centers implement MDT using a strict
definition focally treating lesions detected by PSMA-PET/CT
only while other centers are using larger treatment volumes
including elective areas (14). Both strategies are not included in
current treatment guidelines although a substantial number of
international institutions treat patients with MDT as evidenced
by a consensus conference of 72 experts in 2019 (15, 16).

To our knowledge, the presented data is the largest study
comparing PDRT with PDRT plus elective RT in oligo-recurrent
prostate cancer using 68Ga-PSMA-PET/CT as the imaging
modality of choice at recurrence. Our study is the first study
that looks specifically at elective RT of the prostate bed. Patients
receiving PDRT only progressed significantly more often and
had a lower 3-year bRFS (22%) than patients receiving PDRT
and elective prostate bed RT (ePBRT) (3-year bRFS 61%;
p <0.001). This effect proved to be significant in multivariate
analysis as well.

A possible explanation for this finding is the limited
sensitivity of imaging in the detection of microscopic
disease. Though molecular imaging with Choline or PSMA
PET/CT has substantially improved detection rates up to 76%
for PSA values <1 ng/ml (17), we probably still underestimate
the true extent of disease. In a very recent study by Fossati
et al. the number of positive lymph nodes found on histology
exceeded the number of PET/CT positive lymph nodes (18).
This effect was less pronounced for PSMA—than for Choline
—PET. The moderate sensitivity of PSMA-PET/CT for the
detection of pelvic lymph node metastasis was also shown in
Frontiers in Oncology | www.frontiersin.org 7
series of patients who underwent PET/CT before extended
lymph node dissection. The sensitivity ranges from 33–100%
and per-node sensitivity is in the range of 24–66% (19).
Another demonstration for the underestimation of nodal
disease in PET/CT is a study by Rischke et al. (20). In this
study patients were treated with additional RT after PET/CT
guided salvage lymph node resection. By the addition of RT to
the regions with PSMA-expressing lesions on PET/CT, 5-
years-PFS was significantly improved from 26.3 to 70.7%
indicating remaining micrometastasis after surgery. In
analogy to nodal disease, underestimation of subclinical,
microscopic disease presumably also occurs in the prostate
bed being the location with the highest risk of microscopic
disease after radical prostatectomy. In addition to the limited
spatial resolution of PET/CT, tracer excretion via the bladder
with subsequent blurring of the area of the prostatic fossa
contributes to the difficult detection of a local recurrence in
the prostate fossa.

The majority of data for elective RT comes from small
retrospective series (21, 22). PFS rates at 3 years range between
49 and 75% (23). In one study by Tran et al. a 5-year bRFS rate
of 43% after elective nodal RT was reported (24). The only
prospective trial is the oligo-pelvis–GETUG P07 trial (24).
Early toxicity results have been published last year showing
low grade 3 toxicity rates even though half of the patients had a
re-irradiation of the pelvis (25). Outcome data are not
available yet. Comparative data for focal strategies versus
elective RT are limited and of retrospective nature. In one
study Lepinoy et al. evaluated outcome and toxicity in 62
nodal oligo-recurrent PC patients treated with elective nodal
RT (ENRT) or involved node SBRT (26). PFS rate was
significantly improved by ENRT (88.3% versus 55.3% at 3-
year) while toxicities were similar. The trial that resembles our
analysis the most was a large retrospective multicentre analysis
by De Bleser and colleagues including 506 pelvic node oligo-
recurrent PC patients (27). The primary endpoint was
metastasis-free-survival (MFS) after ENRT or SBRT. ENRT
was able to improve MFS for patients with a single node while
MFS was similar for patients with two to five nodes. Late
toxicities were higher in patients who received ENRT (16% vs.
TABLE 4 | Acute and late GI and GU toxicity (≥grade 2) by treatment volume concept according to CTCAE v4.03.

Toxicity Acute toxicity

PDRT n (%) PDRT + eRT n (%)

Grade 2 Grade 3 Grade 2 Grade 3
GU 2 (1.3) 0 31 (13.2) 0
GI 12 (7.5) 0 43 (18.3) 1 (0.4)
Other 0 0 0 1 (0.4)

Late toxicity

PDRT n (%) PDRT + eRT n (%)

Grade 2 Grade 3 Grade 2 Grade 3
GU 1 (0.6) 0 35 (14.9) 7 (3.0)
GI 2 (1.3) 0 10 (4.3) 0
Other 0 0 0 0
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5%). In contrast to our study RT treatment planning was based
on Choline-PET/CT in the majority of patients (85%) and
prostate bed irradiation was performed in only 60 of 506
patients. Additionally patients with distant metastasis
were excluded.

In the current study ADT significantly improved bRFS with
a 3-year bRFS rate of 62% versus 34% for patients receiving
concurrent ADT to PDRT. This is in accordance with the study
by Kroeze et al. with a 2-year PFS rate of 78% versus 53% (28).
The additive effect of ADT was seen in patients receiving eRT
or not. In patients not receiving eRT median bRFS was 16
versus 30 months for ADT versus no ADT whereas median
bRFS in patients who received eRT and no ADT was 26
months. Median bRFS was not reached in the group of
patients with eRT and ADT. The role of concurrent ADT in
the setting of MDT still needs to be clarified. Potential
improvement of survival outcomes must be weighed against
increased morbidity and worse quality of life (29). There are
two randomized trials showing a benefit for the addition of
ADT to RT in the postoperative setting (30, 31). One trial was
in the adjuvant setting (RTOG-9601) and the other trial in the
salvage setting (GETUG-AFU 16). However, their results are
not easily comparable as differently defined patient cohorts
were included and both trials did not use pre-RT modern
imaging techniques for staging making the results not
comparable to the oligo-metastatic state diagnosed by
PSMA-PET/CT. So far, results in the oligo-metastatic state
are rare and heterogeneous. Most findings come from
retrospective, small studies using Choline-PET/CT as
imaging modality and varying use and duration of ADT use.
The influence of systemic treatment and local treatment
remains unclear in this setting. On the other hand an
important aim of MDT is to postpone ADT. This was shown
by Ost et al. (6). In their study MDT could prolong ADT-free
survival by 8 months compared to surveillance alone. In our
study the hormone-naive subgroup of patients benefited by
adding elective RT areas to PDRT. Median bRFS was 16 versus
28 months in favour of PDRT plus eRT. Further prospective
studies assessing the additional benefit of ADT and MDT with
or without eRT are required.

Another important parameter for treatment strategy
decisions is toxicity. As expected increasing the size of
treatment volumes will evidently increase toxicity as shown
in a study by Aiter et al. comparing prostate only versus
WPRT (32) as well as in a number of other studies (9, 21).
PDRT as well as PDRT plus eRT were very well tolerated in
our study. Toxicities were mostly mild although PDRT plus
eRT was associated with more grade 2 toxicities (8.8%
compared to 31.5% and 1.9% vs. 19.2% for acute and late
toxicities, respectively) and there were two acute (n = 2;
diarrhea and lymphedema) and seven late (n = 7; urinary
retention, cystitis) grade 3 events in the PDRT plus eRT group.
Toxicity rates are comparable to the results published in the
Oligo-pelvis–GETUG P07 trial and the trial by De Bleser et al.
showing higher rates of GI and GU toxicity for eRT compared
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to focal treatment (16% vs. 5%) (33). In summary, toxicity
might be slightly higher with larger treatment fields used for
eRT but grade 3 toxicity rates were still low and acceptable.

The study has the known limitations inherent to a
retrospective analysis, but allows the examination of real-life
data in a large cohort of patients. Limitations include the
following: the choice for a treatment volume concept, as well
as for ADT and follow-up were not standardized and at the
discretion of the treating physician implying possible bias. Also,
the field for eRT was not standardized leading to potentially
different treatment volumes. Further knowledge concerning the
extent of the treatment field can be expected by an ongoing
prospective multicenter randomized phase II trial treating
patients with either MDT and ADT or MDT plus whole pelvis
RT and ADT (PEACE V-STORM trial) (34). Results are eagerly
awaited and can potentially help to redefine treatment guidelines
for salvage RT.
CONCLUSION
68Ga-PSMA-PET-directed RT plus eRT improves bRFS in
oligo-recurrent PC patients while slightly increasing side
effects. Elective prostate bed irradiation plus PDRT was
associated with better bRFS compared to 68Ga-PSMA-PET-
directed RT alone. These findings need to be confirmed in a
prospective trial.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Kantonale Ethikkomission Zürich (BASEC-Nr.
2017-01499). The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

SK, SGK, CH, NS-H, MV, JB, CZ, IB, TD, PB, JR, CL, ME, HC,
SC, AM, CB, MG, and AG contributed to the design and
implementation of the research. SK, SGK, CH, NS-H, MV, JB,
CZ, PB, CL, ME, HC, SC, AM, CB, MG, and AG contributed to
data collection and performed the analysis. SK, SGK, CZ, NS,
MV, TD, JR, MG, and AG contributed to the writing of the
manuscript. All authors contributed to the article and approved
the submitted version.
May 2021 | Volume 11 | Article 640467

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Kirste et al. 68Ga-PSMA-PET/CT-Directed RT Oligorecurrent Prostate Cancer
REFERENCES

1. Tilki D, Mandel P, Schlomm T, Chun FK, Tennstedt P, Pehrke D, et al. External
validatin of the CAPRA-S score to predict biochemical recurrence, metastasis
and mortality after radical prostatectomy in a European cohort. J Urol (2015) 193
(6):1970–5. doi: 10.1016/j.juro.2014.12.020

2. Han M, Partin AW, Pound CR, Epstein JI, Walsh PC. Long-term biochemical
disease-free and cancer-specific survival following anatomic radical
retropubic prostatectomy. The 15-year Johns Hopkins experience. Urol Clin
North Am (2001) 28(3):555–65. doi: 10.1016/s0094-0143(05)70163-4

3. King CR. The timing of salvage radiotherapy after radical prostatectomy: a
systematic review. Int J Radiat Oncol Biol Phys (2012) 84(1):104–11.
doi: 10.1016/j.ijrobp.2011.10.069

4. McCarthy M, Francis R, Tang C, Watts J, Campbell A. A Multicenter
Prospective Clinical Trial of 68Gallium PSMA HBED-CC PET-CT
Restaging in Biochemically Relapsed Prostate Carcinoma: Oligometastatic
Rate and Distribution Compared With Standard Imaging. Int J Radiat Oncol
Biol Phys (2019) 104(4):801–8. doi: 10.1016/j.ijrobp.2019.03.014

5. De Bleser E, Tran PT, Ost P. Radiotherapy as metastasis-directed therapy for
oligometastatic prostate cancer. Curr Opin Urol (2017) 27(6):587–95.
doi: 10.1097/MOU.0000000000000441

6. Ost P, Reynders D, Decaestecker K, Fonteyne V, Lumen N, De Bruycker A,
et al. Surveillance or Metastasis-Directed Therapy for Oligometastatic
Prostate Cancer Recurrence: A Prospective, Randomized, Multicenter Phase
II Trial. J Clin Oncol (2018) 36(5):446–53. doi: 10.1200/JCO.2017.75.4853

7. Phillips R, Shi WY, Deek M, Radwan N, Lim SJ, Antonarakis ES, et al.
Outcomes of Observation vs Stereotactic Ablative Radiation for
Oligometastatic Prostate Cancer: The ORIOLE Phase 2 Randomized Clinical
Trial. JAMA Oncol (2020) 6(5):650–9. doi: 10.1001/jamaoncol.2020.0147

8. De Bruycker A, Lambert B, Claeys T, Delrue L, Mbah C, De Meerleer G, et al.
Prevalence and prognosis of low-volume, oligorecurrent, hormone-sensitive
prostate cancer amenable to lesion ablative therapy. BJU Int (2017) 120
(6):815–21. doi: 10.1111/bju.13938

9. Pisansky TM, Thompson IM, Valicenti RK, D’Amico AV, Selvarajah S.
Adjuvant and salvage radiotherapy after prostatectomy: ASTRO/AUA
guideline amendment 2018–2019. J Urol (2019) 202:533–8. doi: 10.1097/
JU.0000000000000295

10. Michalski JM, Lawton C, El Naqa I, Ritter M, O'Meara E, Seider MJ, et al.
Development of RTOG consensus guidelines for the definition of the clinical
target volume for postoperative conformal radiation therapy for prostate
cancer. Int J Radiat Oncol Biol Phys (2010) 76(2):361–8. doi: 10.1016/
j.ijrobp.2009.02.006

11. Poortmans P, Bossi A, Vandeputte K, Bosset M, Miralbell R, Maingon P, et al.
EORTC Radiation Oncology Group. Guidelines for target volume definition
in post-operative radiotherapy for prostate cancer, on behalf of the EORTC
Radiation Oncology Group. Radiother Oncol (2007) 84(2):121–7.
doi: 10.1016/j.radonc.2007.07.017

12. Fendler WP, Eiber M, Beheshti M, Bomanji J, Ceci F, Cho S, et al. 68Ga-PSMA
PET/CT: Joint EANM and SNMMI procedure guideline for prostate cancer
imaging: version 1.0. Eur J Nucl Med Mol Imaging (2017) 44(6):1014–24.
doi: 10.1007/s00259-017-3670-z

13. Heidenreich A, Bastian PJ, Bellmunt J, Bolla M, Joniau S, van der Kwast T,
et al. EAU guidelines on prostate cancer. Part II: treatment of advanced,
relapsing, and castration-resistant prostate cancer. Eur Urol (2014) 65:467–79.
doi: 10.1016/j.eururo.2013.11.002

14. Steuber T, Jilg C, Tennstedt P, De Bruycker A, Tilki D, Decaestecker K, et al.
Standard of Care Versus Metastases-directed Therapy for PET-detected Nodal
Oligorecurrent Prostate Cancer FollowingMultimodality Treatment: AMulti-
institutional Case-control Study. Eur Urol Focus (2019) 5(6):1007–13.
doi: 10.1016/j.euf.2018.02.015

15. Cornford P, Bellmunt J, Bolla M, Briers E, De Santis M, Gross T, et al. EAU-
ESTRO-SIOG Guidelines on Prostate Cancer. Part II: Treatment of Relapsing,
Metastatic, and Castration-Resistant Prostate Cancer. Eur Urol (2017) 71
(4):630–42. doi: 10.1016/j.eururo.2016.08.002

16. Gillessen S, Attard G, Beer TM, Beltran H, Bjartell A, Bossi A, et al.
Management of Patients with Advanced Prostate Cancer: Report of the
Advanced Prostate Cancer Consensus Conference 2019. Eur Urol (2020) 77
(4):508–47. doi: 10.1016/j.eururo.2020.01.012
Frontiers in Oncology | www.frontiersin.org 9
17. Perera M, Papa N, Roberts M,Williams M, Udovicich C, Vela I, et al. Gallium-
68 Prostate-specific Membrane Antigen Positron Emission Tomography in
Advanced Prostate Cancer-Updated Diagnostic Utility, Sensitivity, Specificity,
and Distribution of Prostate-specific Membrane Antigen-avid Lesions: A
Systematic Review and Meta-analysis. Eur Urol (2020) 77(4):403–17.
doi: 10.1016/j.eururo.2019.01.049

18. Fossati N, Scarcella S, Gandaglia G, Suardi N, Robesti D, Boeri L, et al.
Underestimation of Positron Emission Tomography/Computerized
Tomography in Assessing Tumor Burden in Prostate Cancer Nodal
Recurrence: Head-to-Head Comparison of 68Ga-PSMA and 11C-Choline in a
Large, Multi-Institutional Series of Extended Salvage Lymph Node Dissections.
J Urol (2020) 204(2):296–302. doi: 10.1097/JU.0000000000000800

19. Luiting HB, van Leeuwen PJ, Busstra MB, Brabander T, van der Poel HG,
Donswijk ML, et al. Use of gallium-68 prostate-specific membrane antigen
positron-emission tomography for detecting lymph node metastases in
primary and recurrent prostate cancer and location of recurrence after
radical prostatectomy: an overview of the current literature. BJU Int (2020)
125(2):206–14.

20. Rischke HC, Schultze-Seemann W, Wieser G, Krönig M, Drendel V,
Stegmaier P, et al. Adjuvant radiotherapy after salvage lymph node
dissection because of nodal relapse of prostate cancer versus salvage lymph
node dissection only. Strahlenther Onkol (2015) 191(4):310–20. doi: 10.1007/
s00066-014-0763-5

21. Fodor A, Berardi G, Fiorino C, Picchio M, Busnardo E, Kirienko M, et al.
Toxicity and efficacy of salvage carbon 11-choline positron emission
tomography/computed tomography-guided radiation therapy in patients
with lymph node recurrence of prostate cancer. BJU Int (2017) 119(3):406–
13. doi: 10.1111/bju.13510

22. Würschmidt F, Petersen C, Wahl A, Dahle J, Kretschmer M. [18F]
fluoroethylcholine-PET/CT imaging for radiation treatment planning of
recurrent and primary prostate cancer with dose escalation to PET/CT-
positive lymph nodes. Radiat Oncol (2011) 6:44. doi: 10.1186/1748-717X-6-44

23. De Bruycker A, Tran PT, Achtman AH, Ost P. GAP6 consortium. Clinical
perspectives from ongoing trials in oligometastatic or oligorecurrent prostate
cancer: an analysis of clinical trials registries. World J Urol (2021) 39(2):317–
26. doi: 10.1007/s00345-019-03063-4

24. Tran S, Jorcano S, Falco T, Lamanna G, Miralbell R, Zilli T. Oligorecurrent
Nodal Prostate Cancer: Long-term Results of an Elective Nodal Irradiation
Approach. Am J Clin Oncol (2018) 41(10):960–2.

25. Vaugier L, Palpacuer C, Rio E, Goineau A, Pasquier D, Buthaud X, et al. Early
Toxicity of a Phase 2 Trial of Combined Salvage Radiation Therapy and
Hormone Therapy in Oligometastatic Pelvic Node Relapses of Prostate
Cancer (OLIGOPELVIS GETUG P07). Int J Radiat Oncol Biol Phys (2019)
103(5):1061–7. doi: 10.1016/j.ijrobp.2018.12.020
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