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Article info Abstract

Article history: De novo oligometastatic prostate cancer (omPCa) on prostate-specific
Received 18 June 2023 membrane antigen (PSMA) positron emission tomography (PET) is a new disease entity
Received in Revised form and its optimal management remains unknown.

29 August 2023 To analyze the outcomes of patients treated with cytoreductive radical
Accepted 11 September 2023 prostatectomy (cRP) for omPCa on PSMA-PET.

Overall, 116 patients treated with cRP at 13 European
centers were identified. Oligometastatic PCa was defined as miM1a and/or miM1b with
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five or fewer osseous metastases and/or miM1c with three or fewer lung lesions on
PSMA-PET.
Cytoreductive radical prostatectomy.
Thirty-day complications according to
Clavien-Dindo, continence rates, time to castration-resistant PCa (CRPC), and overall sur-
vival (OS) were analyzed.
Overall, 95 (82%) patients had miM1b, 18 (16%) miM1a, and
three (2.6%) miM1c omPCa. The median prebiopsy prostate-specific antigen was 14
ng/ml, and 102 (88%) men had biopsy grade group >3 PCa. The median number of
metastases on PSMA-PET was 2; 38 (33%), 29 (25%), and 49 (42%) patients had one,
two, and three or more distant positive lesions. A total of 70 (60%) men received neoad-
juvant systemic therapy, and 37 (32%) underwent metastasis-directed therapy. Any and
Clavien-Dindo grade >3 complications occurred in 36 (31%) and six (5%) patients,
respectively. At a median follow-up of 27 mo, 19 (16%) patients developed CRPC and
eight (7%) patients died. The 1-yr urinary continence rate was 82%. The 2-yr CRPC-free
survival and OS were 85.8% (95% confidence interval [CI] 78.5-93.7%) and 98.9% (95%
CI 96.8-100%), respectively. The limitations include retrospective design and short-
term follow-up.

Cytoreductive radical prostatectomy is a safe and feasible treatment
option in patients with de novo omPCa on PSMA-PET. Despite overall favorable oncologic
outcomes, some of these patients have a non-negligible risk of early progression and
thus should be considered for multimodal therapy.

We found that patients treated at expert centers with surgery for
prostate cancer, with a limited number of metastases detected using novel molecular
imaging, have favorable short-term survival, functional results, and acceptable rates of
complications.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Prostate-specific membrane antigen (PSMA) positron emis-
sion tomography (PET) has been proposed to stage newly
diagnosed prostate cancer (PCa) patients with
intermediate- or high-risk disease [1,2], thanks to its supe-
rior sensitivity and specificity compared with conventional
imaging, namely, computed tomography (CT) and bone scan
[2]. The widespread use of PSMA-PET has, thereby, led to a
stage migration with a more common diagnosis of meta-
static disease (in up to one out of five patients), changing
management in one out of three patients [2,3]. The number
of patients diagnosed with oligometastatic PCa (omPCa) has
increased sharply, with approximately 50% of patients with
metastatic PCa detected using PSMA-PET to have omPCa, a
distinct clinical entity with expected better prognosis than
metastatic PCa based on conventional imaging [4,5]. The
role of local therapies, including cytoreductive radical
prostatectomy (cRP), has been proposed in this setting to
delay progression by local tumor debulking and improve
survival [6,7]. This, together, in the context of multimodal
approaches that include systemic and metastasis-directed
(MDT) therapies, could ultimately improve oncologic out-
comes [8-11]. Previous studies demonstrated that cRP is a
safe and feasible therapy associated with favorable
medium-term outcomes in well-selected patients diag-
nosed with omPCa [12-14]. However, available evidence
supporting cRP in omPCa is derived from patients diagnosed
using conventional imaging and, therefore, might not be
generalizable to men preoperatively staged with PSMA-

PET [15]. Information on the safety and short-term effec-
tiveness of cRP for omPCa on PSMA-PET is key to guiding
clinicians and delivering the optimal therapy in this novel
disease stage. To overcome this lack of knowledge, we con-
ducted a multicenter study of omPCa treated with cRP. Our
primary aims were to analyze the safety and short- to mid-
term oncologic outcomes of patients who underwent cRP
for de novo omPCa diagnosed using PSMA-PET imaging.
The secondary goal was to evaluate functional results and
factors associated with favorable outcomes.

2. Patients and methods

2.1. Study population

Under institutional review boards’ approvals at participat-
ing centers, we retrospectively identified patients within
the maintained cohorts from 13 referral centers in Europe
(Austria, Belgium, Germany, Poland, and Italy). We included
individuals treated with cRP for de novo omPCa on PSMA-
PET between 2014 and 2022. Oligometastatic PCa was
defined as miM1a and/or miM1b with five or fewer osseous
metastases and/or miM1c with three or fewer lung lesions,
with or without miN positivity [6,14]. Our broader defini-
tion of omPCa, compared with those reported previously
[6,14], has been implemented due to the higher accuracy
of PSMA-PET than conventional imaging and the potential
indolent natural history of patients with PCa lung metas-
tases [16]. Patients who received neoadjuvant systemic
therapy before baseline PSMA-PET imaging were excluded
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Table 1 - Baseline characteristics, prostate MRI, and biopsy variables
of 116 patients undergoing cRP for omPCa diagnosed using PSMA-
PET imaging

Characteristic N=116"*
Baseline characteristics
BMI 26 (24, 30)
ECOG status

0 88 (76)

1 23 (20)

2 4(3.4)

3 1(0.9)
DRE

cTlc 20 (17)

cT2 68 (59)

cT3-4 28 (24)
Age at diagnosis (yr) 66 (60, 72)
Baseline PSA (ng/ml) 14 (7, 46)
Germline testing performed

No 102 (88)

Yes 14 (12)
DDR mutations on germline testing

No 11 (79)

Yes 3(21)
Prostate MRI and biopsy
Prebiopsy prostate MRI performed

No 46 (40)

Yes 70 (60)
Highest PI-RADS score on prostate MRI

3 2(2.9)

4 13 (19)

5 54 (77)

No ROI 1(1.4)
Dominant lesion diameter on prostate MRI (mm) 20 (15, 26)
ECE on prostate MRI ”

No 26 (38)

Yes 42 (62)
SVI on prostate MRI "

No 42 (62)

Yes 26 (38)
Rectum/bladder infiltration on prostate MRI °

No 63 (93)

Yes 5(7)
Prostate volume (ml) 40 (32, 56)
Biopsy ISUP GG

1 6(5.2)

2 8 (6.9)

3 14 (12)

4 48 (41)

5 40 (34)

BMI =body mass index; cRP =cytoreductive radical prostatectomy;
DDR = DNA damage response and repair; DRE = digital rectal examina-
tion; ECE = extracapsular extension; ECOG = Eastern Cooperative Oncol-
ogy Group; IQR = interquartile range; ISUP GG = International Society of
Urological Pathology Gleason grade; MRI = magnetic resonance imaging;
omPCa = oligometastatic prostate cancer; PET = positron emission
tomography; PI-RADS = Prostate Imaging Reporting and Data System;
PSA = prostate-specific antigen; PSMA = prostate-specific membrane
antigen; ROI = region of interest; SVI = seminal vesicle invasion.
¢ Median (IQR); n (%).
b Detailed prostate MRI staging data were missing for two (2.8%)
patients.

Table 2 - Staging imaging data of 116 patients treated with cRP for
omPCa diagnosed using PSMA-PET imaging

Characteristic N=116"*
Staging imaging
Baseline PSMA-PET imaging
Baseline PSMA-PET
PSMA-PET/CT 102 (88)
PSMA-PET/MRI 14 (12)
Tracer
18F 36 (31)
68Ga 80 (69)
miT stage
miT1 1(0.9)
miT2 63 (54)
miT3 39 (34)
miT4 13 (11)
miN stage
miNO 51 (44)
miN1 65 (56)
Number of PLNs on PSMA-PET 1(0,4)
miM stage
miM1la 18 (16)
miM1b 95 (82)
miM1c 3(2.6)
Certainty of miM+ lesions
Equivocal 24 (21)
Certain 92 (79)
Number of miM1a metastasis 0(0,2)
Range: 1-21
Among patients with miM1a metastasis 3(2,5)
No miM1a metastasis 72 (62)
Number of miM1b metastasis 1(1,2)
Range: 1-5
Among patients with miM1b metastasis 2(1,3)
No miM1b metastasis 18 (16)
Number of miM1c metastasis Range: 1-3
No miM1c 113 (97)
Total number of distant metastasis 2(1,4)
Range: 1-21
Second PSMA following neoadjuvant therapy before cRP
No 83(72)
Yes 33(28)
Conventional imaging
Conventional imaging performed
No 37 (32)
Yes 79 (68)
cN stage ©
cNO 47 (69)
cN1 21 (31)
cM stage
cMO 33 (42)
cM1a 14 (18)
cM1b 32 (41)

18F = fluorine-18; 68Ga = gallium-68; cRP = cytoreductive radical prosta-

tectomy; CT=computed tomography; IQR=interquartile range;

MRI = magnetic resonance imaging; omPCa = oligometastatic prostate

cancer; PET = positron emission tomography; PLN = pelvic lymph node

dissection; PSMA = prostate-specific membrane antigen.

2 Median (IQR); n (%).

b ¢N stage was missing for 11 (14%) patients; only bone scan was
performed.

from the analysis. We have included patients regardless of
conventional imaging data.

2.2. Procedures

2.2.1. PSMA-PET imaging

All PSMA-PET scans were carried out at high-volume cen-
ters as per local protocols. For anatomical correlation, PET
images were taken from the skull base to the upper thighs
and paired with a CT scan or magnetic resonance imaging
(MRI). The attenuation was corrected using CT or MRI

images; all PSMA-PET images were performed according
to European Association of Nuclear Medicine (EANM) guide-
lines [17]. At referral facilities, experienced nuclear medi-
cine physicians analyzed PSMA-PET scans. Except for
locations where the uptake is physiologically elevated,
lesions with tracer uptake equal to or higher than the liver
were considered positive. The presence and number of dis-
tant and pelvic lymph node metastases were reported.
Using the anatomy from a CT scan or MRI, the anatomical
site was identified. MRI performed before biopsy or cRP
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Table 3 - Treatment details and outcomes in 116 patients undergoing
cRP for omPCa diagnosed using PSMA-PET

Characteristic N=116"*
cRP
cRP approach
Open 50 (43)
Laparoscopic 2(1.7)
Robot assisted 64 (55)
PLND
No 6 (5.2)
Yes 110 (95)
Yes, extended 72 (62)
pT
pT2 19 (16)
pT3a 27 (23)
pT3b 65 (56)
pT4 2(1.7)
Complete pathological response (pT0) 3(2.6)
pN
pNO 59 (51)
pN1 51 (44)
PNx 6(5.2)
Number of collected lymph nodes 18 (10, 25)
Range: 1-136
Number of positive lymph nodes 1(0, 3)
Range: 0-79
Among patients with positive lymph nodes 3(2,4)
cRP GG °
2 12 (10)
3 12 (10)
4 20 (17)
5 52 (45)
GG could not be assessed due to the impact of systemic 19 (17)
therapy
PSM
No 59 (51)
Yes 57 (49)
LVI
No 71 (61)
Yes 45 (39)
OR time (min) 175 (120,
220)
EBL (ml) 250 (150,
385)
Complications
No 80 (69)
Yes 36 (31)
Complications by Clavien-Dindo
No complications 80 (69)
1 23 (20)
2 7 (6)
3 6 (5)
Reoperation
No 110 (95)
Yes 6(5.2)
Hospital stay (d) 7 (4, 10)
Multimodal therapy
Neoadjuvant systemic therapy
No 46 (40)
Yes 70 (60)
ADT alone 45 (39)
ADT plus docetaxel 7 (6)
ADT plus ARSI 18 (16)
Neoadjuvant therapy duration before cRP (mo) 4(1,7)
Metastasis-directed therapy
No 79 (68)
Yes 37 (32)
Adjuvant/salvage RT after cRP
No 73 (63)
Yes 43 (37)
Functional and oncologic outcomes
Continence at the last follow-up ©
No 24 (23)
Yes 82 (77)
First PSA value after cRP (ng/ml) 0.1 (0.0, 0.5)
PSA nadir after cRP (ng/ml) 0.01 (0.01,
0.11)

Table 3 (continued)

Characteristic N=116"*
Radiographic progression
No 96 (83)
Yes 20 (17)
CRPC diagnosis
No 97 (84)
Yes 19 (16)
Death
No 108 (93)
Yes 8(6.9)
Follow-up (mo) 27 (16, 39)

ADT = androgen deprivation therapy; ARSI = androgen receptor signaling
inhibitors; cRP = cytoreductive radical prostatectomy; CRPC = castration-
resistant prostate cancer; EBL = estimated blood loss; GG = Gleason grade;
IQR = interquartile range; LVI = lymphovascular invasion; omPCa = oligo-
metastatic prostate cancer; OR = operating room; PCa = prostate cancer;
PET = positron emission tomography; PLND = pelvic lymph node dissec-
tion; PSA = prostate-specific antigen; PSM = positive surgical margin;
PSMA = prostate-specific membrane antigen; RT = radiation therapy.

2 Median (IQR); n (%).

> One (0.8%) patient was missing cRP GG data.

¢ Data were available for 106 (91%) patients.

was evaluated and reported using the Prostate Imaging
Reporting and Data System (PI-RADS) version 2 [18].

2.2.2. Cytoreductive radical prostatectomy

Robot-assisted, laparoscopic, or open cRP with pelvic lymph
node dissection (PLND) was performed by board-certified
high-volume experienced urologists. At referral centers,
experienced uropathologists examined every specimen.
Overall, the extent of cRP, systemic therapy administration,
and implementation of MDT varied depending on the
appraisal of each treating physician at referral centers.

2.3. Endpoints

Our coprimary endpoints were survival outcomes including
castration-resistant PCa (CRPC)-free survival (CRPC-FS),
overall survival (OS), and radiographic progression-free sur-
vival (rPFS), as well as 30-d complications. CRPC-FS was
regarded as the time (in months) from PCa diagnosis to
the time of CRPC or death. CPRC diagnosis was made based
on European Association of Urology criteria, specifically
testosterone <50 ng/dl, biochemical progression (prostate-
specific antigen [PSA] >2 ng/ml and three PSA rises, two
50% increases over the nadir), or imaging progression (more
than two new bone lesions or a new soft tissue lesion) [19].
OS was defined as the time (in months) from PCa diagnosis
to the time of death. We have also evaluated rPFS defined as
the time (in months) from PCa diagnosis to any imaging
progression (new lesion or increase in lesion size) on any
post-cRP subsequent imaging or death. Complications were
standardized using Clavien-Dindo classification [20,21]. The
secondary study endpoint included functional results con-
sidered as continence rate (continent: zero to one pad per
24 h [22]).

24. Statistical analysis

Continuous data were presented as median (interquartile
ranges [IQRs]). OS, rPFS, and CRPC-FS were estimated using
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Fig. 1 - Survival of patients treated with cRP for omPCa diagnosed using PSMA-PET: (A) CRPC-FS, (B) OS, and (C) rPFS. cRP = cytoreductive radical
prostatectomy; CRPC-FS = castration-resistant prostate cancer-free survival; omPCa = oligometastatic prostate cancer; OS = overall survival; PET = positron
emission tomography; PSMA = prostate-specific membrane antigen; rPFS = radiographic progression-free survival.

the Kaplan-Meier method. The 95% confidence intervals
(CIs) for the survival curves were calculated. The log-rank
test was used to compare the survival curves of two or more
groups. Hazard ratios (HRs) with 95% Cls were estimated by
univariate Cox’s proportional hazard regression models.
Univariate Cox’s proportional hazard regression models

were used for investigating the effect of variables on
CRPC-FS and rPFS. HRs (95% Cls) for categorical variables
were measured when the following criteria were met: at
least ten observations (patients) and at least five events
per subgroup [23]. All tests were two sided. All computa-
tional analyses were performed in the R environment for
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Fig. 1 (continued)

statistical computing, version 4.0.1 (R Foundation for Statis-
tical Computing, Vienna, Austria; http://www.r-project.
org). A p value of <0.05 was considered the threshold of sta-
tistical significance.

3. Results

3.1. Baseline characteristics

Overall, 116 patients treated with cRP for omPCa on PSMA-
PET were evaluated. The median age at diagnosis was 66
(IQR 60-72) yr, and the median PSA was 14 (IQR 7-46)
ng/ml (Table 1). Of the men, 88% (n=102) had Gleason
grade group (GG) >3 disease at biopsy; 14 (12%) patients
had GG 3, 48 (41%) had GG 4, and 40 (34%) had GG 5. In gen-
eral, nearly all patients had good performance status, with
111 (96%) having Eastern Cooperative Oncology Group
score of <1. In our cohort, 70 (60%) patients underwent pre-
biopsy prostate MRI and 67 (96%) had PI-RADS >4 lesions.

In total, 102 (88%) patients were staged using PSMA-PET/
CT and 14 (12%) using PSMA-PET/MRI (Table 2). In 80 (69%)
men, the tracer was 68Ga-PSMA, and in 36 (31%), 18F-
PSMA. Overall, 65 (56%) patients had miN1 on PSMA-PET
in whom the median number of positive pelvic lymph node
lesions was 3 (IQR 2-5). Most patients (n =95, 82%) were
staged as miM1b, followed by 18 (16%) patients staged as
miM1a and three (2.6%) as miM1c. The median number of
metastases detected on PSMA-PET was 2 (IQR 1-4); 38
(33%), 29 (25%), and 49 (42%) patients had one, two, and
three or more positive distant metastatic spots on PSMA-
PET, respectively.

Overall, 79 (68%) patients also underwent baseline con-
ventional imaging; 33 (28%) were staged as cMO, 14 (12%)
as cM1a, and 32 (28%) as cM1b. In our oligometastatic

cohort, PSMA-PET performed after conventional imaging
resulted in disease upstaging in 44 (56%) patients. Overall,
33 (28%) patients underwent second PSMA-PET following
neoadjuvant systemic therapy, which showed a subjective
response in 28 (85%) patients; in ten (30%) patients, there
was downstaging to miMO disease (Supplementary Table 1).

3.2 Therapy and pathologic analyses

In our study, 70 (60%) men received neoadjuvant systemic
therapy prior to cRP, which was started on median 4 (IQR
1-7) months before radical prostatectomy (RP; Table 3).
Neoadjuvant therapy included androgen deprivation ther-
apy (ADT) alone in 45 (64%) men, ADT plus docetaxel in
seven (10%) men, and ADT plus ARSI in 18 (26%) men.
Robot-assisted or laparoscopic cRP was performed in 66
(57%) patients; in 50 (43%) patients, the open approach
was used, which was mostly center specific—three centers
performed 96% (n = 48) of all open surgeries. A total of 72
(62%) men underwent extended PLND. The median operat-
ing time was 175 (IQR 120-220) min and the median blood
loss was 250 (IQR 150-385) ml. The median number of
nodes removed was 18 (IQR 10-25, range: 1-136); 51
(44%) patients were diagnosed with pN+ disease, of whom
84% had miN1 and they harbored on a median of 3 (IQR
2-6) pathologically confirmed lymph nodes (range: 1-79).
Overall, 72 (63%) men had GG >4 disease at final pathology,
and in 19 (17%) men, GG could not be assessed because of
the effect of systemic therapy. A pathologic stage of >pT3
was present in 94 (81%) patients at final pathology. The rate
of positive surgical margins (PSMs) was 49% (n = 57). Adju-
vant or salvage radiation was performed in 43 (37%)
patients, and 37 (32%) men received MDT. In total, 102
(88%) men were treated with neoadjuvant and/or postop
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Fig. 2 — Survival outcomes of patients treated with cRP for omPCa diagnosed using PSMA-PET according to the number of distant metastases: (A) CRPC-FS, (B)
0S, and (C) rPFS. cRP = cytoreductive radical prostatectomy; CRPC-FS = castration-resistant prostate cancer-free survival; omPCa = oligometastatic prostate
cancer; OS =overall survival; PET = positron emission tomography; PSMA = prostate-specific membrane antigen; rPFS = radiographic progression-free
survival.

systemic therapy. Fourteen (12%) men did not receive sys- (25%) of them received MDT, leaving 11 (9.5%) men who
temic therapy over the follow-up period; however, three received cRP plus PLND followed by observation only.
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Fig. 2 (continued)

3.3. Outcomes

Table 3 shows that 30-d complications were noted in 36
(31%) patients and six (5%) had Clavien-Dindo 3 complica-
tions requiring further reoperation, which included a lym-
phocele in three patients, ureteral injury treated with
ureteroneocystostomy in one patient, inability to remove
urinary catheter without general anesthesia due to incrus-
tation in one man, and an anastomosis leak in one patient
(Supplementary Table 2). At final observation, 82 (77%)
men were continent; for the 91 patients with sufficient
follow-up and available data, the 1-yr urinary continence
rate was 82% (n =75 continent).

The median follow-up was 27 (IQR 16-39, range: 3-118)
mo. Overall, 19 (16%) patients progressed to CRPC during
follow-up. Figure 1 and Supplementary Table 3 show that
estimated CRPC-FS rates were 97.3% (95% CI 94.3-100%) at
1 yr, 85.8% (95% CI 78.5-93.7%) at 2 yr, and 82.2% (73.9-
91.5%) at 3 yr. In patients who developed CRPC, the median
time to CRPC was 22 (range 5-87) mo. Any radiographic
progression was determined in 20 (17%) patients; 1-, 2-,
and 3-yr rPFS rates were 95.3% (95% CI 91.3-99.4%), 87.9%
(95% CI 81.4-95%), and 84.5% (95% CI 76.8-93%), respec-
tively. Over the follow-up period, eight (7%) patients died.
The 1-, 2-, and 3- OS rates were 100% (95% CI 100-100%),
98.9% (95% CI 96.8-100%), and 96.5% (95% CI 91.7-100%),
respectively. In patients who died, the median time to death
was 48 (range: 15-74) mo. Only two (2%) patients had local
event related to PCa progression over the follow-up period.
For the patients who underwent a second PSMA-PET scan
after neoadjuvant systemic therapy (Supplementary

Table 1), the median follow-up was 33 (IQR 25-38) mo;
none died, and seven men (21%) developed CRPC.

On Kaplan-Meier estimates, there were no differences in
oncologic outcomes according to the number of positive
distant spots (Fig. 2) or PSMA-PET miM stage (Supplemen-
tary Table 3). Patients who had pelvic lymph node involve-
ment at baseline PSMA-PET had worse prognosis than their
miNO counterparts (2-yr CRPC-FS: miNO: 95.4% vs miN1:
79.1%, p=0.01; 2-yr rPFS: miNO: 97.4% vs miN1: 81.1%,
p=0.08; 3-yr 0OS: miNO: 100% vs 94%, p=0.06; Fig. 3).
Among all, 79 (68%) patients underwent conventional imag-
ing as well; the median follow-up was 27 (IQR 14-37) mo.
There were no statistically significant differences in onco-
logic outcomes between patients with cMO disease at con-
ventional imaging and those with cM1 (Fig. 4). The rates
of progression to CRPC and radiographic progression were
similar; however, none of the patients in the cMO group
died during the follow-up period.

In total, 105 (91%) patients were treated with additional
therapies beyond cRP and PLND. Patients treated with
neoadjuvant therapy had better OS (Supplementary
Fig. 1). The type of neoadjuvant systemic therapy did not
impact oncologic outcomes over the observation period
(Supplementary Fig. 2). We did not find survival differences
in patients treated or not with MDT or adjuvant/salvage RT.
Supplementary Figure 3 shows that patients who reached
post-cRP PSA nadir <0.1 had better CRPC-FS (estimated at
3 yr 95% vs 41%, p < 0.001), rPFS (estimated at 3 yr 92% vs
55%, p=0.002), and OS (estimated at 3 yr 100% vs 84%,
p =0.005) than those with PSA nadir >0.1.

Please cite this article as: P. Rajwa, D. Robesti, M. Chaloupka et al., Outcomes of Cytoreductive Radical Prostatectomy for Oligometastatic Prostate Cancer
on Prostate-specific Membrane Antigen Positron Emission Tomography: Results of a Multicenter European Study, Eur Urol Oncol (2023), https://doi.org/
10.1016/j.eu0.2023.09.006



https://doi.org/10.1016/j.euo.2023.09.006
https://doi.org/10.1016/j.euo.2023.09.006

EUROPEAN UROLOGY ONCOLOGY XXX (XXXX) XXX-XXX

A)
PSMA-PET miN stage
=== miNO . miN1
100
|
751
w
I
Q 501
& —t
254
0- T T T T T T T T T
1 2 8 4 5 6 7 8
Time (yr)
Number at risk
miNO{-— 51 43 25 16 8 4 3 2 0
Bk — 50 34 20 10 5 3 0 0
0 | 2 3 4 5 6 T 8
Time (yr)
B)
PSMA-PET miN stage
=== miNO . miN1
100 1
75 : l
8 s0-
254
04 1 T T T T I T T I . T
0 2 34 4 5 6 76 8 9 10
Time (yr)
Number at risk
miNO1— 51 44 26 18 10 5 4 2 1 1 0
miN1 1 6|5 5'2 4'1 2,2 1'2 6 3 0 0 0 0
0 1 2 3 4 5 6 7 8 9 10
Time (yr)

Fig. 3 - Survival outcomes of patients treated with cRP for omPCa diagnosed using PSMA-PET according to miN stage: (A) CRPC-FS, (B) 0S, and (C) rPFS.
cRP = cytoreductive radical prostatectomy; CRPC-FS = castration-resistant prostate cancer-free survival; omPCa = oligometastatic prostate cancer; OS = over-

all survival; PET = positron emission tomography; PSMA = prostate-specific

membrane antigen; rPFS = radiographic progression-free survival.

Kaplan-Meier estimate results on the differential
impact of clinicopathologic features on oncologic
outcomes are shown in Supplementary Table 3; pN
status, PSM, and GG at cRP had an impact on selected

oncologic outcomes. Notably, only one patient who
showed a pathologic response to neoadjuvant systemic
therapy developed CRPC, and none died during
follow-up.
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Fig. 3 (continued)

34. Univariable analysis for oncologic outcomes

We were able to perform a univariable analysis for CRPC-FS
and rPFS for several variables, which fulfilled the criteria of
a sufficient number of events per subgroup/variable
(Supplementary Table 4). Baseline miN status (3.64, 95%
CI 1.23-10.8, p=0.02) and post-cRP PSA nadir (HR 0.09,
95% CI 0.03-0.8, p<0.001) were associated with CRPC-FS.
The PSA response was associated with rPFS (HR 0.27, 95%
CI 0.11-0.65, p = 0.004). Owing to a low number of deaths,
we were unable to perform analyses evaluating the predic-
tors of OS [24].

4. Discussion

In this study, which is the first multicenter study of its kind,
we report on the outcomes of cRP in patients diagnosed
with omPCa using PSMA-PET imaging. Previous studies on
cRP in omPCa patients were based on those diagnosed using
conventional imaging [15], and there are limited data on the
oncologic outcomes of de novo omPCa diagnosed using
PSMA-PET. Our findings are novel in the field of PCa, and
any comparisons with other reports should be considered
only theoretical and hypothesis generating.

Our study yielded several significant findings. First, we
found that patients treated with cRP for omPCa diagnosed
using PSMA-PET showed favorable oncologic outcomes,
although there remained a notable risk of progression, even
in those staged as nonmetastatic using conventional imag-
ing. Second, our study confirmed that cRP is a safe and fea-
sible procedure, but the pathologic findings, surgical
outcomes, and functional results suggested that it is more

challenging than RP in patients with nonmetastatic PCa.
Third, there existed significant heterogeneity in the treat-
ment approach among participating tertiary referral cen-
ters, with the majority of patients receiving multimodal
therapy. Finally, our study identified potential predictive
factors that may help tailor management and select optimal
candidates for cRP among those diagnosed with omPCa
using PSMA-PET.

In our cohort of patients treated with cRP for omPCa
diagnosed using PSMA-PET, we report that at an estimated
2-3 yr of observation following cRP, fewer than one in five
men developed CRPC and fewer than one in 20 patients
died. These oncologic results appear to match or exceed
those of patients treated with cRP for omPCa staged using
conventional imaging. Oncologic outcomes potentially infe-
rior to those of our cohort diagnosed on PSMA-PET were
reported in the prospective PROMPT trial with a 3-yr
CRPC-FS rate of 66% [25]. Sooriakumaran et al [26] analyzed
106 men with cM1a and cM1b PCa undergoing cRP; at a
median follow-up of 22.8 mo, 89% of men were still alive.
In our study including 116 men with a median follow-up
of 27 mo, 93% of men were alive. These differences may
reflect the higher sensitivity of PSMA-PET in detecting small
metastatic burdens at an early stage. Notably, we did not
find statistically significant differences on Kaplan-Meier
survival estimates between men who were staged cMO
and cM1 on conventional imaging. These findings suggest
that patients with PSMA-avid lesions that are not detectable
on conventional imaging are at a substantial risk of fast dis-
ease progression to CRPC, also compared with the rates his-
torically reported for high-risk nonmetastatic PCa [27-29].
As a result, we believe that PSMA-PET may allow for early
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Fig. 4 - Survival outcomes of patients treated with cRP for omPCa diagnosed using PSMA-PET according to metastasis status at conventional imaging: (A)
CRPC-FS, (B) 0S, and (C) rPFS. cRP = cytoreductive radical prostatectomy; CRPC-FS = castration-resistant prostate cancer-free survival; omPCa = oligometa-
static prostate cancer; OS =overall survival; PET = positron emission tomography; PSMA = prostate-specific membrane antigen; rPFS =radiographic
progression-free survival.

identification and intervention, potentially altering the nat- In our study, the vast majority of men had locally
ural history of the disease and improving oncologic control. advanced PCa with high rates of non-organ-confined dis-
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Fig. 4 (continued)

ease, lymph node involvement, and dedifferentiated
tumors. The approximate rates of PSM of nearly 50% and
operating room time of 3 h are in line with previously
reported rates in the context of cRP for omPCa staged using
conventional imaging [13,14,30]. Of note, an accurate
pathologic assessment might be limited in patients treated
with neoadjuvant systemic therapy [31]. In our cohort,
fewer than two out of five patients had any complications
and only six (5%) men experienced grade 3 complications,
which is again comparable with the findings of the prospec-
tive studies analyzing cRP in men diagnosed using CT/bone
scan, such as the LOMP (5%) [30] or FUSCC-OMPCa trial (8%)
[6], and appears to be equal to or slightly higher than in
nonmetastatic setting [32]. Nevertheless, at 1-yr observa-
tion, approximately 20% suffered from incontinence (more
than one pad per day), which has to be taken into account
prior to cRP; these rates have also been observed in patients
with nonmetastatic locally advanced disease [33].

We found large variability in treatment approaches
between included centers and patients. Our study mirrors
the potential lack of evidence and clinical practice guidance
in omPCa patients diagnosed using PSMA-PET. While radia-
tion therapy plus combination systemic therapy can be con-
sidered the current standard of care in omPCa patients
diagnosed using conventional imaging and cRP should be
regarded as an experimental approach, the true optimal
management of patients with a small metastatic burden
on PSMA-PET remains unknown [34]|. The proper multi-
modal approach is especially thought provoking in patients
diagnosed with cMO disease on conventional imaging

whose first-choice therapy can be RP; there is an emerging
question of starting combination systemic therapies
[11,35,36] and MDT [37], which seems to be more effective
when guided by PSMA-PET results [38]. As a result, our
study analyzing data from tertiary referral centers shows
the real-life broad range of treatment efforts and escalations
to cure patients diagnosed with omPCa on PSMA-PET. On
the contrary, 9.5% of patients in our study received cRP plus
LND only followed by low postoperative values, which fur-
ther implies that patients with a very small metastatic bur-
den and/or potential false positive lesions can be managed
initially with local therapy and expectant management. In
a prospective phase 2 trial, the FUSCC-OMPCa study, the
authors found that patients with omPCa on conventional
imaging treated with ADT plus local therapy (85% with
cRP) had better 3-yr OS than patients treated with ADT
alone (88% vs 70%) [6]. Therefore, there is some evidence
to support cRP in the omPCa setting instead of systemic
therapy alone [15]; we believe that this effect may be even
stronger in patients diagnosed using molecular imaging,
although without comparative studies we cannot draw
solid claims yet.

Finally, although our study was underpowered to defini-
tively determine strong predictors for favorable outcomes
in men treated with cRP for omPCa diagnosed using
PSMA-PET, we observed some potential prognostic factors.
For instance, we found evidence for improved outcomes in
men with miNO disease or those who received neoadjuvant
systemic therapy prior to cRP. Another important prognos-
tic factor appears to be a deep PSA response following cRP,
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which has also been associated with improved outcomes in
patients with systemic therapy for metastatic hormone-
sensitive PCa (mHSPC) on conventional imaging [39,40].
However, our findings should be interpreted with caution
and to be validated in larger cohorts with longer follow-
ups. Future research could also focus on the prognostic
value of response on PSMA-PET following neoadjuvant ther-
apy in the context of local therapy in patients with mHSPC
[41].

Despite its strengths of being the first multicenter
report focusing on patients treated with cRP for omPCa
diagnosed using PSMA-PET, several limitations exist.
First of all, this is a retrospective study without a central
pathologic and imaging review; retrospective design and
a lack of a central imaging review may have influenced
the confidence of PSMA imaging (21% equivocal PSMA-
PET results). There could be a potential selection bias,
and we did not have a direct comparison arm; currently,
limited available data exist on oncologic outcomes of
patients treated for primary omPCa on PSMA-PET, and
considering existing heterogeneity, we found it unlikely
that strong propensity score matching could be per-
formed without a significant bias at the present stage.
Furthermore, there exists significant heterogeneity in
the multimodal approach in the analyzed patients; how-
ever, this represents real-life management with a lack of
standardized therapy in these patients. In addition, cRP
was performed by multiple surgeons. In 70% of patients,
imaging progression was determined using PSMA-PET
imaging only, which could increase sensitivity in CRPC
and radiographic progression diagnosis. We used CRPC-
FS as one of the oncologic outcomes; however, we
acknowledge that it is not a validated intermediate clin-
ical endpoint in men with mHSPC. Finally, the follow-up
and sample size were modest to fully explore the poten-
tial prognosis of analyzed patients with specific predic-
tive and prognostic factors; however, the study
provides relevant information to clinicians with regard
to the safety, feasibility, and short-term oncologic
outcomes.

5. Conclusions

Our study shows for the first time that over a medium-term
follow-up period, patients treated with cRP for omPCa diag-
nosed using PSMA-PET have overall favorable oncologic
outcomes. When performed in experienced, tertiary centers,
cRP is safe and feasible with acceptable rates of complica-
tions and functional results. Owing to expanding treatment
options targeting metastatic disease and lack of strong evi-
dence on optimal management, in patients with omPCa
staged using PSMA-PET, we found an extensive heterogene-
ity in multimodal approaches.
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