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Simple Summary: In this clinical trial, 63 patients with a total of 89 prostate cancer metastases
identified on PSMA-PET were included, none of them undergoing androgen deprivation therapy. We
showed that local ablative radiotherapy controls >90% of the metastases, but progression at other
sites is common after two years. Local ablative radiotherapy may be an option to at least temporarily
avoid systemic therapy in selected patients.

Abstract: Progression of prostate-specific antigen (PSA) values after curative treatment of prostate
cancer patients is common. Prostate-specific membrane antigen (PSMA-) PET imaging can identify
patients with metachronous oligometastatic disease even at low PSA levels. Metastases-directed
local ablative radiotherapy (aRT) has been shown to be a safe treatment option. In this prospective
clinical trial, we evaluated local control and the pattern of tumor progression. Between 2014 and 2018,
63 patients received aRT of 89 metastases (MET) (68 lymph node (LN-)MET and 21 bony (OSS-)MET)
with one of two radiation treatment schedules: 50 Gy in 2 Gy fractions in 34 MET or 30 Gy in 10 Gy
fractions in 55 MET. The mean gross tumor volume and planning target volume were 2.2 and 14.9 mL,
respectively. The median follow-up time was 40.7 months. Local progression occurred in seven MET,
resulting in a local control rate of 93.5% after three years. Neither treatment schedule, target volume,
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nor type of lesion was associated with local progression. Regional progression in the proximity to the
LN-MET was observed in 19 of 47 patients with at least one LN-MET (actuarial 59.3% free of regional
progression after 3 years). In 33 patients (52%), a distant progression was reported. The median time
to first tumor-related clinical event was 16.6 months, and 22.2% of patients had no tumor-related
clinical event after three years. A total of 14 patients (22%) had another aRT. In conclusion, local
ablative radiotherapy in patients with PSMA-PET staged oligometastatic prostate cancer may achieve
local control, but regional or distant progression is common. Further studies are warranted, e.g., to
define the optimal target volume coverage in LN-MET and OSS-MET.

Keywords: prostatic neoplasms; prospective studies; radiotherapy; image-guided; radiosurgery;
positron emission tomography; prostate-specific antigen; neoplasm metastasis; local control

1. Introduction

The mainstay of treatment for locally confined prostate cancer (PCa) is radical prosta-
tectomy or definitive radiation therapy [1]. Progression of prostate-specific antigen (PSA)
levels after curative primary therapy is common in patients with prostate cancer. One in
three patients having risk factors for progression after radical prostatectomy for prostate
cancer will experience a PSA recurrence within 5 years [2]. After salvage radiotherapy,
approximately 40% will develop further rising PSA levels within 6 years [3]. These patients
have a high probability of having occult metastatic disease.

Modern molecular-based imaging methods, such as positron emission tomography
using Gallium-68-labeled prostate-specific membrane antigen (PSMA) in combination with
anatomical imaging, e.g., computed tomography (PSMA-PET-CT), may detect patients
with metachronous oligometastatic disease at low PSA levels [4-6].

Several clinical trials showed that metastases-directed local ablative therapy is feasible
and, in general, a safe option in this situation [7-12]. Local ablative radiotherapy (aRT) seems
to bear a smaller risk of complications compared to metastases-directed surgery [8,13].

However, not all patients benefit from aRT. Despite the high sensitivity of PSMA-PET-
CT for detecting oligometastatic disease in progressing PCa, there are several reports on
patients who progress early after aRT to the PET-positive lesions with no or only minimal
PSA response [10,11,13]. At least two mechanisms may lead to early progression: PET
imaging may have been not sensitive enough to detect subclinical distant metastases, or
circulating tumor cells already exist at the time of aRT. In addition, local failures in the
primary tumor region might have been overlooked, for example, because the Gallium-
68-PSMA tracer in the bladder masked tumor tissue next to the urethral anastomosis.
This needs to be differentiated from the progression of the irradiated metastases because
of biologically mediated radioresistance, underdosage, or incomplete coverage of the
“true” target volume. At present, only little is known about the effect of target volume
concepts, radiation dose, or additional systemic therapies in the treatment of oligometastatic
prostate cancer [14,15].

Thus, we conducted the Gallium-68-PSMA-PET-CT-based, prospective OLI-P clini-
cal trial exploring local ablative radiotherapy of up to five metachronous metastases in
castration-sensitive PCa patients after curative primary therapy. The primary endpoint,
reported earlier, was toxicity within two years after aRT [10]. Here we present the results on
the predefined secondary endpoint, local-recurrence-free time of the irradiated metastases,
and the time to the first tumor-related clinical event.

2. Materials and Methods
2.1. Trial Design
At two German centers, the non-randomized, phase-2 clinical trial “Effectiveness and

Toxicity of Percutaneous High-dose Radiotherapy in Patients with OLIgometastases of
Prostate Carcinoma” (OLI-P) recruited patients with PSA progression after local curative
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treatment (radical prostatectomy and/or radiation therapy), who had up to five PSMA-PET-
avid metastases on Gallium-68-PSMA-PET-hybrid imaging. No histological confirmation of
the metastases was obtained. Two experienced nuclear medicine physicians (K. Z. and J. K.)
defined the metastases according to standard criteria [16,17]. All cases were discussed and
confirmed in a multidisciplinary tumor board.

Following inclusion and exclusion criteria were required upon registration: up to five
PSMA-PET-avid metastases of a previously curatively treated prostate cancer, no local
tumor recurrence in the prostatic fossa or visceral metastases, no ongoing ADT, a PSA value
below 10 ng/mL, and no severe comorbidity limiting life expectancy to less than five years.
Concurrent treatment of the prostate bed was not performed. All participants provided
written informed consent. The protocol was approved by the local Ethics Committees of
both centers (EK 194052014). The trial was registered at clinicaltrials.gov (NCT02264379)
and was conducted in accordance with the Declaration of Helsinki. A detailed description
of the trial was published earlier [10].

2.2. Radiation Therapy

For delineation of target volumes, the diagnostic PET-CT imaging was fused with the
planning CT. The metastatic lesion was identified in both modalities, and the segmentation
of the gross tumor volume (GTV) was performed manually in the planning CT. A margin of
2 mm was added to create the clinical target volume (CTV) considering subclinical tumor
spread and corrected for anatomical boundaries. An additional margin of 4 mm for SABR
or 6 mm for 3D-CRT was applied to create the planning target volume (PTV).

A linear-accelerator-based, local ablative radiation therapy (aRT) to all PSMA-PET-
avid metastases was performed. The study protocol predefined two different fractionation
schedules that were feasible for most patients and left the decision regarding the treatment
schedule to the treating radiation oncologist. Either stereotactic ablative radiotherapy
(SABR) with a total dose of 30 Gy in three fractions of 10 Gy (80% isodose line encompassing
the PTV) or conventionally fractionated, three-dimensional conformal radiotherapy (3D-
CRT) with 50 Gy in 25 fractions of 2 Gy (according to ICRU 50/62) was applied (Figure 1).
Smaller metastases were preferably treated with SABR. 3D-CRT was recommended for
larger target volumes or next to critical organs at risk (e.g., bowel or spinal cord).

Figure 1. A 75-year-old patient with intermediate-risk prostate cancer (PSA 13.35 ng/mL, Gleason’s
score 4 + 3 =7) received primary radiation therapy (76 Gy in 2 Gy fractions). After three years, he
developed a biochemical failure (3.4 ng/mL), and the PSMA-PET-CT showed two iliac lymph node
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metastases (A,C), which were treated with ablative radiotherapy (50 Gy in 2 Gy fractions, (B,D) gross
tumor volume depicted in yellow, clinical target volume in orange, planning target volume in red.
Until five years after treatment (end of study), no recurrent disease was detected.

The dose recommendations for organs at risk published by the AAPM 101 task group
were taken into account [18]. In case of an overlap of the PTV with the previously irradiated
high dose, the increased risk of late toxicity was estimated, and the conventionally fraction-
ated schedule was often recommended. Daily image-guided high-precision radiotherapy
using an in-room CT scanner or cone-beam CT was performed.

2.3. Follow-Up

Follow-up visits were scheduled 3, 6, 12, 18, and 24 months after treatment and yearly
thereafter. During follow-up, the clinical status, the use of androgen deprivation therapy,
and the PSA values were assessed. All events and side-effects were prospectively scored
at these time points according to the Common Terminology Criteria for Adverse Events
scoring system (CTCAE V4.0). Radiological examinations were performed on request or at
PSA progression only. Restaging with PSMA-PET-CT and a multidisciplinary tumor board
discussion were recommended but not mandatory. In general, the referring physician
started ADT in case of further PSA progression according to standard guidelines.

2.4. Statistics

The secondary endpoints considered in this manuscript were local progression-free
time and time to the first tumor-related clinical event. Time to local progression was
calculated as the time from the start of aRT to the first sign of radiological progression
of the treated metastasis, irrespective of PSA progression or the start of ADT. Time to
first tumor-related clinical event was defined as the time from the start of aRT to the first
occurrence of systemic, regional, or local progression, or the start of ADT, irrespective
of PSA progression. Regional progression was evaluated for LN-METs only. In case of
detection of new LN-MET during follow-up, regional progression was considered if the
LN-MET was in proximity of a previously irradiated lymph node metastasis.

Descriptive statistics were used to summarize patient and treatment-related data.
The clinical endpoints were evaluated using the Kaplan-Meier method. Univariate Cox
regression was performed to assess the influence of selected patient-, tumor-, and treatment-
related factors. Factors with a p-value < 0.1 in univariate analyses were included in
multivariate Cox regression analyses for time to the first tumor-related clinical event but
not for local progression-free time since only seven events occurred. GTV and PTV were
compared between patient subgroups using the Mann-Whitney-U test. Two-sided tests
were performed, and p-values < 0.05 were considered statistically significant. All analyses
were performed with SPSS 27 software (IBM Corporation, Armonk, NY, USA). The data set
was extracted from the clinical trial database for this analysis on 15 October 2021.

3. Results

Between 2014 and 2018, 72 patients were recruited. Nine patients were excluded from
the analyses since they did not fulfill inclusion criteria (1 = 5) or were considered to be at
high risk of severe toxicity of aRT (n = 4), considering previous irradiation (e.g., proximity
to small bowel or rectal wall with cumulative doses exceeding >100 Gy). In these cases, no
aRT was performed after individual discussion with the patients.

The remaining 63 patients had 89 PSMA-PET-avid metastatic lesions (see Table 1).
Most patients had one PSMA-PET-avid metastasis (1 = 45, 71.4%), just seven participants
(11.1%) had 3 or 4 metastases. The majority of patients had initially been treated with
radical prostatectomy (n = 60; 95.2%), and 44 patients (69.8%) had a history of pelvic
radiation therapy.
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Table 1. Patient, tumor, and treatment characteristics (n = 63).
Variable Number (%), Unless Specified
Age at aRT in years (median (range)) 72 (52-84)
PSA at first diagnosis in ng/mL (median (range)) 10.7 (1.1-158)

Intermediate 19 (30%)
Initial NCCN risk High 9 (14%)
(n = 1: missing) Very high 26 (41%)
Locoregional 8 (13%)
1-2 30 (48%)
Initial ISUP score 3 14 (22%)
(n =1: missing) 4 10 (16%)
5 8 (13%)
Radical prostatectomy 60 (95%)
Primary local treatment Primary radiotherapy/ 3 (5%)/
postop. radiotherapy 43 (68%)

Dose in Gy (median (range)) 66.0 (64-76)

Time from initial treatment in months (median (range)) 56 (4-201)

PSA at inclusion in ng/mL (median (range)) 2.2 (0.2-8.9)

Time from PSMA-PET to aRT in days (median (range)) 42 (14-192)
n=1 45 (71%)
Number of treated n=2 11 (17%)

metastases (per patient)
(68 LN-MET, 21 OSS-MET) n=3 6 (10%)
n=4 1 (2%)
LN-MET 43 (68%)
Type of me’Fastases OSS-MET 16 (25%)
(per patient)
Both 4 (6%)

aRT: ablative radiotherapy, PSA: prostate-specific antigen, NCCN: National Comprehensive Cancer Network,
ISUP: International Society of Urological Pathology, PSMA: prostate-specific membrane antigen, PET: positron
emission tomography, LN-MET: lymph node metastasis, OSS-MET: osseous metastasis.

A total of 68 lymph node (LN-MET) and 21 bony (OSS-MET) metastases were treated
with aRT (Table 2). The mean GTV and PTV were 2.2 and 14.9 mL, respectively. The
GTVs and PTVs of the OSS-MET were significantly larger than the volumes of the LN-MET
(GTV: 2.9 vs. 0.9 cm?, p < 0.001; PTV: 16.8 vs. 8.9 cm?, p = 0.014).

A total of 34 and 55 MET were treated with 3D-CRT and SABR, respectively. 3D-CRT
was predominantly used for pelvic lymph node metastases (25 of 34 lesions; 73.5%). The
GTVs of the conventionally fractionated metastases were not statistically different from the
SABR group. As a result of the larger CTV to PTV margin for 3D-CRT, the PTVs of SABR
were smaller than those of 3D-CRT (GTV: p = 0.14, PTV: p = 0.025).

The median follow-up time was 40.7 months. PSA progression or the start of ADT oc-
curred in 47 patients after a median interval of 13.2 months (95% CI: 10.6-15.8), as reported
earlier [10]. At this time point, 35 patients (74%) had PSMA-PET imaging for restaging.

After three years, 93.5% of metastases were free of local progression (Figure 2A). Five
OSS-METs progressed, as compared to two LN-METs (Figure 2B, log-rank test p < 0.001).
Four locally recurrent lesions were in non-spinal bony metastases. These were larger
than other metastases (patients 4, 6, and 7, see Table 3). The selected treatment schedule
(SBRT and 3D-CRT) did not statistically significantly influence the risk of local progression
(Figure 2C, log-rank test p = 0.55), while GTV and PTV showed a statistical trend (log-rank:
GTV > median: p = 0.079; PTV > median p = 0.060).
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Table 2. Baseline characteristics of metastatic lesions (n = 89).

Variable 3D-CRT (50 Gy) SBRT (30 Gy) All
Non-spinal OSS-MET: M1b 0 13 (14.6%) 13 (14.6%)
o ) Spinal OSS-MET: M1b 2 (2.2%) 6 (6.7%) 8 (9.0%)
Localization of lesions
Pelvic LN-MET: N1 25 (28.1%) 31 (34.8%) 56 (62.9%)
Paraaortal LN-MET: M1a 7 (7.9%) 5 (5.6%) 12 (14.6%)
Treatment schedule 3D-CRT/SBRT 34 (38%) 55 (62%)
GTV (median (cm?), range) 0.75 (0.1-10.2) 1.1 (0.1-19.0) 0.92 (0.1-19.0)
Volume of lesions
PTV (median (cm?), range) 14.0 (4.5-65.6) 9.4 (1.7-64.0) 10.2 (1.7-65.6)
No 20 44 64 (71.9%)
Lesion in previously Marginal 10 11 21 (23.6%)
irradiated volume?
High-dose volume 4 0 4 (4.5%)

3D-CRT: 3D-conformal radiotherapy, SBRT: stereotactic body irradiation, OSS-MET: osseous metastasis, LN-MET: lymph
node metastasis, GTV: gross tumor volume; PTV: planning target volume.
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Figure 2. Time to local progression for entire cohort (A), for type of MET (B), and for SBRT or
3D-CRT (C). Log-rank: type of lesion: p < 0.001; treatment schedule p = 0.55. OSS-MET: osseous

metastasis, LN-MET: lymph node metastasis, 3D-CRT: 3D-conformal radiotherapy, SBRT: stereotactic
body irradiation.



Cancers 2022, 14, 2073

7 of 14
Table 3. Description of the seven local progressing lesions.
No. of . Radiotherapy 3 3
Lesion Lesion Schedule GTV (cm®) PTV (cm®)
OSS-MET thoracic vertebrae

1 (T10/T11) 3D-CRT 2.1 16.6

2 LN-MET obturatoric fossa left 3D-CRT 4.5 26.4

3 LN-MET para aortal SBRT 0.9 8.2

4 OSS-MET os ilium right SBRT 10.8 40.7

5 OSS-MET os pubis right SBRT 6.7 24.6

6 OSS-MET 8. rib dorsal right SBRT 11.7 52

7 OSS-MET os ilium right SBRT 19 64

GTV: gross tumor volume; PTV: planning target volume, 3D-CRT: 3D-conformal radiotherapy, SBRT: stereotactic

body irradiation, OSS-MET: osseous metastasis, LN-MET: lymph node metastasis.

Any tumor-related event was observed in 69 lesions, resulting in a median failure-free
time of 16.6 months (95% CI: 13.2-19.9). After three years, 16 lesions (actuarial 22.2%)
were tumor-related event-free (Figure 3A). No differences in event-free time were observed
between OSS-MET vs. LN-MET and between the two radiation treatment schedules
(SBRT and 3D-CRT) (Figure 3B,C). The GTV and PTV showed a statistical trend (log-rank:
GTV > median: p = 0.057; PTV > median p = 0.060). Regional progression in the proximity
to the LN-MET was observed in 19 of 47 patients with at least 1 LN-MET. No regional

progression was observed in 59.3% of patients after three years.
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Figure 3. Cont.



Cancers 2022, 14, 2073

8 of 14

1004
C 904 = 3D-CRT
80 =i SBRT
704
60+
504
40+
304
204 2 £ 8 |'
104
0

free from event [%]

0 é 1I2 ‘IIS 2I4 3'(1 S'lﬁ 4lZ 4'8 5I4 6'0

time [months]
Figure 3. Time to first tumor-related clinical event for entire cohort (A), for type of MET (B), and for
SBRT or 3D-CRT (C). Log-rank: type of lesion: p = 0.36; treatment schedule p = 0.45. OSS-MET: osseous

metastasis, LN-MET: lymph node metastasis, 3D-CRT: 3D-conformal radiotherapy, SBRT: stereotactic
body irradiation.

ADT was the first clinical event in 7 patients (11%), regional failure in 16 patients
(25%), and distant failure in 33 patients (52%). In eight cases, regional and distant failure
occurred simultaneously (Figure 4). Fourteen patients (22%) had another aRT in case of
oligoprogressive disease.

Figure 4. First tumor-related clinical event (per patient, n = 63), no event: n = 15, ADT as first
tumor-related clinical event: nn = 7 (not considered). ADT: androgen deprivation therapy, RF: regional
failure; LP: local progression, DF: distant failure.

In univariate analyses, time from PSMA-PET to aRT, type of lesion (LN-MET vs. OSS-MET),
and GTV were statistically significantly correlated with the event of local progression
(Table 4). As there were only seven events, no multivariate analysis for time to local
progression was performed.
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Table 4. Univariate Cox regression analysis for local progression and time to first tumor-related
clinical event after aRT.

Time to Local Progression Time to First Tumor-Related Clinical
Variable (7 Events) Event (69 Events)
p-Value HR (95% CI) p-Value HR (95% CI)
PSA at initial diagnosis (ng/mL) 0.54 0.98 (0.92-1.04) 0.97 1.00 (0.99-1.01)
Risk NCCN (Intermedi.ate /high/ 053 036
very high/locoregional)
ISUP grade (1/2/3/4/5) 1.00 0.010
Time from initial treatment to aRT (months) 0.72 1.00 (0.98-1.01) 0.059 0.99 (0.99-1.00)
PSA at inclusion (ng/mL) 0.96 0.99 (0.71-1.39) 0.58 1.03 (0.93-1.15)
Age at aRT (years) 0.54 0.97 (0.87-1.07) 0.069 0.97 (0.94-1.00)
Time from PSMA-PET to aRT (days) 0.034 1.016 (1.001-1.031) 0.22 1.01 (1.00-1.01)
Number of treated metastases (per patient) 0.38 0.08 (0-21.4) 0.58 1.12 (0.74-1.7)
Type of lesion (LN-MET/OSS-MET) 0.007 0.104 (0.02-0.54) 0.36 0.77 (0.45-1.34)
Treatment schedule (SBRT/3D-CRT) 0.55 0.61 (0.11-2.94) 0.46 1.21 (0.74-1.97)
Ln(GTV / emd) 0.001 3.63 (1.65-7.99) 0.052 1.23 (1.00-1.51)
PSA Nadir (%) 0.30 0.99 (0.97-1.01) <0.001 1.01 (1.006-1.014)

aRT: ablative radiotherapy, PSA: prostate-specific antigen, NCCN: National Comprehensive Cancer Network,
ISUP: International Society of Urological Pathology, PSMA: prostate-specific membrane antigen, PET: positron
emission tomography, LN-MET: lymph node metastasis, OSS-MET: osseous metastasis, GTV: gross tumor volume;
in bold: values considered relevant (i.e., p <0.1).

In univariate analysis time to first tumor-related event was significantly associated
with initial tumor grading (ISUP grade, p = 0.010) and PSA response to aRT (p < 0.001),
while time from initial treatment (p = 0.059), age at aRT (p = 0.069) and GTV (p = 0.052)
showed a statistical trend. These factors were analyzed in a multivariate Cox regression
analysis (Table 5). GTV and PSA response to aRT were statistically significant factors for
the occurrence of a tumor-related event. Initial tumor grading (ISUP grade) missed the
level of statistical significance (p = 0.065).

Table 5. Multivariate Cox regression analysis for time to first failure after aRT.

Variables p-Value HR (95% CI)
ISUP grade (1/2/3/4/5) 0.065
Time from initial treatment to aRT (months) 0.72 1.00 (0.99-1.01)
Age at aRT (years) 0.14 0.97 (0.93-1.01)
Ln(GTV/cm?) 0.002 1.45 (1.142-1.849)
PSA Nadir (%) <0.001 1.02 (1.012-1.025)

aRT: ablative radiotherapy, ISUP: International Society of Urological Pathology, GTV: gross tumor volume;
PSA: prostate-specific antigen; in bold: values considered statistically significant (i.e., p < 0.05).

4. Discussion

Local ablative radiotherapy of PSMA-PET-identified metastases in patients with
metachronous oligorecurrent hormone-sensitive prostate cancer is feasible and yields
a high local control rate. In a relevant subset of patients, the onset of systemic therapy can
be effectively delayed. Notwithstanding, progressive disease, mostly distantly progressing
metastases, is common within months.

Local control in the current study was very high. There were just seven local recur-
rences of irradiated metastases, and none were the first clinical event. Local control was
not different for the two radiotherapy schedules. This is interesting, as both RT regimens
have different biological effectiveness, and 3D-CRT with 50 Gy is not generally considered
a local ablative dose able to eradicate macroscopic disease.

Local control was excellent in all metastatic lesions except for non-spinal MET. Those
bony metastases, primarily occurring in pelvic bones, were larger, and in this situation,
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safety margins of SABR or the applied dose were probably not sufficient. In our study,
MR-imaging was not used to determine the local extent of non-spinal OSS-MET as recently
proposed to assess the extent of the metastasis and to improve interobserver homogeneity of
the GTV [19,20]. In consequence, our data support the now published consensus guideline
for SBRT in non-spinal bony metastases that recommends sufficiently large GTV to CTV
margins of up to 10 mm [21].

For SABR, the optimal dose concept has not yet been defined. A recent clinical trial
showed high local control rates of three different dose concepts (including 3 x 10 Gy, as
applied here) for SABR of non-spinal bone and lymph node metastases [22]. Another small
randomized trial comparing local control after a single dose and a three-fraction SABR
regime in bone metastases of various tumors entities showed superior local control of the
single-dose SABR [23]. The authors did not report detailed information on the staging
procedures and size of the treated metastases. Therefore, the observed differences might be
explained by differences in the size of treated lesions. A recently published meta-analysis
showed superior local control with increased toxicity for single-dose versus fractionated
SABR or fractionated radiotherapy [15]. Again, the effect of confounding factors such as
different primary tumors (other than prostate) or volume of metastases cannot be excluded.
The small sample size and low number of events do not allow for statistically sound
subgroup analyses, and firm conclusions on the role of the applied radiation treatment
schemes cannot be made. Reasons for the similar response to the radiation schedules might
be the limited time of follow-up or the overall low tumor burden in the trial’s population
that can in fact be controlled by the applied doses. The target volumes (at a median PSA
value of 2 ng/mL) are rather small, therefore local control can be achieved in these cases.

In the primary treatment of prostate cancer, dose escalation improves the PSA response
rate and local control [24]. However, this advantage was detectable after a follow-up time
of more than two years, only [25]. This indicates that local control can be achieved with
standard doses for several years in the majority of patients without systemic therapy, even
for small macroscopic tumors. In addition, for elective target volumes, treatment doses of
45-50 Gy may be sufficient to improve local control in the vast majority of patients [26]. The
beneficial effect of irradiation of elective volume in primary high-risk PCa was, however, not
detectable earlier than three years after treatment, possibly caused by adjuvant androgen
deprivation therapy.

In our study, regional progression has been observed for one in three patients after aRT
of lymph node metastases. We performed local ablative aRT of the involved lesion only,
and locoregional control may potentially be improved by extending the target volume to
elective areas [27]. A large retrospective study suggested that elective nodal radiotherapy
(in combination with ADT, given in 60% of patients) reduces the risk of nodal recurrences
compared to SBRT. However, the risk of severe adverse events was increased in patients
having elective nodal irradiation of larger treatment volumes, and short treatment schedules
such as SABR-techniques are not established for those larger treatment volumes [28].
Francolini et al. also showed promising local control rates after SABR of pelvic lymph
node metastases of oligorecurrent prostate cancer patients [29]. At a median follow-up
of 20 months after SBRT of up to three pelvic lymph nodes, 61% of the patients had
radiological evidence of relapse, with a median disease-free survival (DFS) of 15 months. A
recent large retrospective cohort of 394 patients with oligorecurrent prostate cancer was
analyzed regarding the PSA recurrence-free survival of treating an elective target volume
compared to metastasis-directed therapy only. In a subgroup of 278 patients having no local
recurrence in the prostate bed, the addition of ADT, treatment of an elective volume, and
other tumor-related factors were statistically significant in multivariate analyses [30]. Late
toxicity was significantly increased due to the larger target volumes (grade 2 gastrointestinal
or genitourinary toxicity: 1.9% in aRT vs. 19.2% in elective volume radiotherapy).

Lépinoy et al. retrospectively analyzed 62 patients with choline PET staged oligometastatic
nodal recurrence after curative primary therapy of prostate cancer [31]. Either SABR
or extended field radiotherapy was applied. Patients having elective treatment had a
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statistically significantly lower probability of treatment failure. The influence of ADT on
the result remains unclear, as 48% of patients selected for extended field radiotherapy had
ADT, compared to 24% in the SABR treatment group. Our results support the notion that
different target volume concepts for oligorecurrent lymph node metastases in prostate
cancer are worth to be evaluated prospectively [32].

Furthermore, the role of early ADT in metachronous oligorecurrent prostate can-
cer patients is unknown. A randomized study showed that local ablative therapy of
oligometastatic disease may allow postponing the start of ADT in patients with hormone-
sensitive prostate cancer [8]. Patients are aware of the various potential adverse effects
of ADT and ask for strategies to at least temporarily avoid the decline in health-related
quality-of-life effects of a long-term androgen deprivation therapy [33-35]. In the case of
pelvic synchronous oligorecurrent prostate cancer, ADT may improve long-term outcomes.
However, no randomized trials have been published yet [36]. Retrospective data suggested
that ADT, in combination with local ablative therapy of oligometastases in prostate cancer,
improved biochemical control significantly, but the long-term benefit is still unclear [30,37].
Several patients prefer to delay the onset of ADT to maintain their quality of life. The
effect of metastases-directed therapy on clinically more relevant endpoints such as overall
survival is unknown. Relevant clinical trials are ongoing to highlight the role of ADT in
this situation, e.g., [38].

The prospective Oli-P phase-2 clinical trial was performed at two German centers. A
stringent predefined patient selection, the use of state-of-the-art Gallium-68-PSMA-PET-
CT imaging as an initial staging procedure, and the consistent use of two predefined
treatment schedules are to be highlighted. According to protocol, no ADT was applied
until progression. However, several limitations of the presented data are to be mentioned.
As a secondary analysis of a prospective non-randomized trial, the results are hypotheses
generating only. Radiological examinations (i.e., PSMA-PET-CT hybrid imaging) were
not scheduled on a regular basis during follow-up but were performed in case of PSA
progression only, albeit for a relevant subset of patients (74%). As there were only a few
cases of local progression, and all occurred after clinical progression, no statistically sound
conclusions can be drawn on the optimal dose volume concepts or selection of patients
who benefit from aRT.

5. Conclusions

The OLI-P-clinical trial demonstrated that metastasis-directed radiotherapy with-
out simultaneous androgen deprivation is a promising concept in selected patients with
metachronous oligometastatic hormone-sensitive prostate cancer. Local ablative radiother-
apy of PSMA-PET staged metastases demonstrated a high local control rate.

However, regional progression in adjacent LN-METs or metastatic progression was
common. Further studies are warranted, e.g., to define optimal radiation dose and target
volume concepts for an increase in local control, especially in non-spinal bone metastases,
and to select patients who benefit from early systemic intervention.
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