EUROPEAN UROLOGY OPEN SCIENCE 29 (2021) 68-76

available at www.sciencedirect.com
journal homepage: www.eu-openscience.europeanurology.com

eal

European Association of Urology

S %
0] EAN
R

EUROP
LEOLOL -

The Role of Cytoreductive Radical Prostatectomy in the Treatment
of Newly Diagnosed Low-volume Metastatic Prostate Cancer.
Results from the Local Treatment of Metastatic Prostate Cancer

(LoMP) Registry

Nicolaas Lumen “*', Elise De Bleser "', Sarah Buelens“, Wesley Verla®, Filip Poelaert®,
Wietse Claeys “, Valérie Fonteyne®, Sofie Verbeke , Geert Villeirs ¢, Kathia De Man ¢,
Sylvie Rottey ¢, Charles Van Praet®, Karel Decaestecker®, Piet Ost”, on behalf of the LoMP

Registry Investigators*

2 Department of Urology, Ghent University Hospital, Ghent, Belgium; ® Department of Radiation Oncology, Ghent University Hospital, Ghent, Belgium;
¢ Department of Pathology, Ghent University Hospital, Ghent, Belgium; ¢ Department of Radiology and Nuclear Medicine, Ghent University Hospital, Ghent,
Belgium; € Department of Medical Oncology, Ghent University Hospital, Ghent, Belgium

Article info

Abstract

Article history:
Accepted May 18, 2021

Associate Editor:
Guillaume Ploussard

Keywords:

Prostate cancer

Metastasis

Radical prostatectomy
Prostate

Androgen deprivation therapy

Background: Radiotherapy to the prostate (RTp) prolongs survival for patients
with low-volume, newly diagnosed metastatic prostate cancer (ndmPC).
Objective: to evaluate whether cytoreductive radical prostatectomy (cRP) is equal-
ly beneficial as RTp in low-volume ndmPC.

Design, setting, and participants: A multicenter prospective registry was estab-
lished in 2014 to observe patients with ndmPC. Eligible patients were offered cRP or
RTp. For this study we selected only patients with low-volume ndmPC (n = 109). Of
these, 48, 26, and 35 patients underwent cRP, RTp, and no local therapy (NLT),
respectively. Median follow-up was 32 mo (interquartile range 16-49).
Intervention: cRP was compared with RTp and NLT.

Outcome measurements and statistical analysis: Overall survival (OS), cancer-
specific survival (CSS), and local event-free survival (LEFS) were calculated using
the Kaplan-Meier method. Factors prognostic for OS were identified using univari-
ate and multivariate Cox regression analysis.

Results and limitations: The 2-yr OS was 93%,100%, and 69%, and 2-yr CSS was 93%,
100%, and 75% for cRP, RTp, and NLT, respectively. The cRP and RTp groups had
better OS compared to NLT and there was no significant difference between cRP and
RTp. The 2-yr LEFS was 92%, 77%, and 60% for cRP, RTp, and NLT, respectively. The
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cRP group had better LEFS compared to RTp and NLT, and there was no significant
difference between RTp and NLT. Advanced tumor stage, Eastern Cooperative
Oncology Group performance status >2, and NLT were negative prognostic factors
for OS. The main limitation is selection of fitter patients with less advanced tumors
for cRP and the small sample size.
Conclusions: For selected patients with low-volume ndmPC, cRP is able to achieve
similar OS and CSS to RTp. cRP is effective in preventing local events due to disease
progression.
Patient summary: Patients with a low volume of newly diagnosed prostate cancer
that has spread beyond the prostate gland might benefit from removal of the
prostate, which we found was as effective as radiotherapy to the prostate in
prolonging survival. Removal of the prostate is effective in preventing urinary
problems caused by cancer progression.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creati-

vecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Patients with newly diagnosed metastatic prostate cancer
(ndmPC) are at high risk of succumbing to their disease
[1]. Androgen deprivation therapy (ADT) is the cornerstone
of systemic treatment in ndmPC [2]. Unfortunately, resis-
tance to ADT will develop after 11-22 mo after which the
disease stage is referred to as metastatic castrate-refractory
prostate cancer (mCRPC) [1,3-5]. Several systemic treat-
ments have been introduced to improve survival in mCRPC
[2]. It has been shown that initiation of some of these
systemic treatments for ndmPC improves survival. These
systemic treatments include docetaxel [5] and the androgen
receptor-targeted agents abiraterone acetate [6], enzalu-
tamide [7], and apalutamide [4]. Retrospective registries
have suggested a survival benefit from addition of local
therapy to the prostate in terms of cytoreductive radical
prostatectomy (cRP) or radiotherapy to the prostate (RTp)
[8-10]. In low-volume ndmPC, RTp improved survival in a
prospective randomized trial [11]. Both cRP and RTp are
effective in curing localized prostate cancer and are
recommended in this setting [12]. As cRP and RTp are
equally effective in this setting [ 13], the question arises as to
whether cRP is effective in the treatment of low-volume
ndmPC as well. The Local Treatment of Metastatic Prostate
Cancer (LoMP) registry was initiated to prospectively
observe the disease course for patients with ndmPC and
to explore the potential benefit of local treatment (LT; cRP or
RTp) in this setting. We hypothesized that cRP is equally as
effective as RTp in prolonging survival in low-volume
ndmPC.

2. Patients and methods

Starting in May 2014, patients with ndmPC were asked for their consent
to participate in the multicenter LoMP registry (ClinicalTrials.gov
NCT02138721). In this registry, LT involving either cRP or external-beam
intensity-modulated RTp in addition to the contemporary standard of
care (SOC) was offered. cRP was proposed for patients in whom the
prostate was deemed resectable (stage <T3) as assessed via digital rectal
examination and prostate magnetic resonance imaging. LT was initiated

within 3 mo of diagnosis. The Supplementary material includes a short
description of both LT modalities. The contemporary SOC was in
accordance with the European Association of Urology guidelines and
every decision on therapy initiation or switch was made after discussion
at a multidisciplinary tumor board. Docetaxel was offered to fit patients
with ndmPC starting from August 2015. Abiraterone acetate became
available for high-risk ndmPC in November 2017 and apalutamide in
February 2020. Starting from 2019, patients with low-volume ndmPC
were offered RTp as SOC if cRP was not possible or was refused by the
patient. Further treatment lines were again initiated according to
contemporary SOC.

Assessment of ndmPC was via conventional imaging (thoracoabdom-
inal computed tomography [CT] and a bone scan). Additional imaging or
biopsy of a metastatic lesion was performed at the discretion of the
treating physician. For this study, patients with high-volume disease were
excluded, leaving only patients with low-volume disease for evaluation.
High-volume disease was defined via conventional imaging as the
presence of visceral metastasis and/or four or more bone lesions, with
one or more lesion beyond the vertebral bodies and pelvis [5].

Patients with low-volume ndmPC were divided into three groups:

—_

cRP group: the surgical technique for cRP was as previously described
[14].
2 RTp group: the clinical target volume for external-beam intensity-
modulated RTp included at least the prostate and seminal vesicles [15].
3 No LT (NLT) group: this group also included patients who received
prostate surgery (transurethral resection of the prostate) or hypo-
fractionated RTp because of local disease progression at a later stage in
the disease. No patients in this group received LT as described for the
cRP and RTp groups.

The follow-up schedule was set by the treating physician in
accordance with the contemporary SOC. Dates for disease progression
and the initiation and cessation dates for treatments related to prostate
cancer were registered. Follow-up continued until death and the cause of
death was noted. The data cutoff was November 16, 2020. Local events
(LEs) were defined as any complication related to local disease
progression after initiation of ADT requiring invasive treatment
(including catheterization) or any invasive treatment of the urinary
tract for a complication of cRP or RTp. The primary endpoint was overall
survival (0S). Secondary endpoints were cancer-specific survival (CSS)
and LE-free survival (LEFS).

All patients provided written informed consent and the study was
approved by the local ethics committee.
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2.1. Statistical analysis

Descriptive statistics were used to evaluate the study population.
Categorical data are provided as the frequency and proportion. All
continuous variables were non-normally distributed according to a
Shapiro-Wilk test and are reported as the median with interquartile
range (IQR). Categorical variables were compared among groups using
Fisher’s exact test. Continuous variables were compared with the Mann-
Whitney U test. Time-to-event outcomes were evaluated via the Kaplan-
Meier method and groups were compared with calculation of the hazard
ratio (HR) and 95% confidence interval (CI). Predictors for OS were
evaluated via univariate and backward Wald multivariate Cox regression
analysis, with pairwise comparisons between groups.

3. Results

The LoMP registry contains 215 patients with ndmPC, of
whom 109 (50.7%) with low-volume disease comprise the
present study population (Table 1). cRP, RTp, and NLT were
administered in 48 (44%), 26 (24.9%), and 35 (32.1%) patients,
respectively. Patients in the NLT group (n = 35) either opted
not to undergo LT because of personal preference despite the
option of cRP or RTp (n = 10, 28.6%), had an unresectable
tumor (n = 6,17.1%), or were unfit for surgery (n = 19, 53.4%).
The median age of the entire cohort was 69 yr (IQR 60-76),
with patients in the cRP group significantly younger than

Table 1 - Patient and tumor characteristics

those in the RTp or NLT group (Table 1). The median prostate-
specific antigen (PSA) at diagnosis was 27 ng/ml (IQR 11-75).
Patients in the NLT group had significantly higher PSA
(median 47 ng/ml, IQR 17-156) compared to those who
underwent cRP (median 19 ng/ml, IQR 11-42; p = 0.008).
Patients in the cRP group were more frequently diagnosed
with organ-confined disease (stage T1-2) than patients in the
NLT group (35.4% vs 11.4%; p = 0.02). In addition, only one
patient (2.1%) who underwent cRP had a poor Eastern
Cooperative Oncology Group performance score (ECOG PS 2-
3), compared to six patients (17.1%) in the NLT group (p
= 0.038). There were no significant differences in age, PSA,
tumor stage, or ECOG PS between the RTp and NLT groups.
International Society of Urological Pathology grade 4 and
5 tumors were diagnosed in 23.9% and 54.1% of cases,
respectively, with no significant differences among the three
groups. There were also no significant differences in regional
node stage or site of metastasis among the groups. Except for
the type of initial systemic treatment and age, there were no
significant differences between the cRP and RTp groups.
Median follow-up for the entire cohort was 32 m (IQR 16-49),
with significantly longer follow-up for cRP patients.

Death was reported for seven (14.6%), three (11.5%), and
13 (371%) patients in the cRP, RTp, and NLT groups,
respectively. Three patients in the NLT group died from

All cRP RTp NLT p value
cRP vs NLT RTp vs NLT cRP vs RTp
Patients (n) 109 48 26 35
Median age, yr (IQR) 69 (60-76) 64 (59-72) 70 (61-76) 74 (69-84) <0.001 0.121 0.023
Median PSA, ng/ml (IQR) 27 (11-75) 19 (11-42) 40 (15-67) 47 (17-156) 0.008 0.335 0.162
Median follow-up, mo (IQR) 32 (16-49) 42 (24-57) 26 (14-51) 24 (12-44) 0.018 0.577 0.116
ISUP tumor grade group, n (%) *
Grade group 1 4(3.7) 1(21) 0 3(94) 0.318 0.189 0.935
Grade group 2 6 (5.5) 3(6.3) 1(3.8) 2 (6.3)
Grade group 3 11 (10.1) 6 (12.5) 2(7.7) 3(94)
Grade group 4 26 (23.9) 10 (20.8) 5(19.2) 11 (34.4)
Grade group 5 59 (54.1) 28 (58.3) 18 (69.2) 13 (40.6)
Tumor stage, n (%)
Organ-confined (T1-2) 26 (23.9) 17 (35.4) 5(19.2) 4(11.4) 0.02 0.477 0.187
Non-organ-confined (T3-4) 83 (76.1) 31 (64.6) 21 (80.8) 31 (88.6)
Node stage, n (%)
NO 30 (27.2) 15 (31.3) 4 (15.4) 11 (31.4) 1 0.23 0.17
N1 79 (72.5) 33 (68.8) 22 (84.6) 24 (68.6)
M stage, n (%)
Non-PLNs only (M1a) 42 (38.5) 23 (47.9) 9 (34.6) 10 (28.6) 0.112 0.781 0.33
Bone (M1b) 67 (61.5) 25 (52.1) 17 (65.4) 25 (71.4)
ECOG PS, n (%)
ECOG 0-1 101 (92.7) 47 (97.9) 25 (96.2) 29 (82.9) 0.038 0.222 1
ECOG 2-3 8(7.3) 1(21) 1(3.8) 6 (17.1)
Initial systemic treatment, n (%)
Delayed ADT 13 (11.9) 8 (16.7) 0(0) 5(14.3) 0.631 0.118 0.037
Immediate ADT 63 (57.8) 29 (60.4) 16 (61.5) 18 (51.4)
Immediate ADT + docetaxel 16 (14.7) 7 (14.6) 3(11.5) 6 (17.1)
Immediate ADT + AA 14 (12.8) 4(8.3) 4 (154) 6 (17.1)
Immediate ADT + other CTx 1(0.9) 0 (0) 1(3.8) 0 (0)
Immediate ADT + apalutamide 2 (1.8) 0 (0) 2(7.7) 0 (0)

cRP = cytoreductive radical prostatectomy; RTp = radiotherapy to the prostate; NLT = no local treatment; IQR = interquartile range; PSA = prostate-specific
antigen; ISUP = International Society of Urological Pathology; ECOG PS = Eastern Cooperative Oncology Group performance status; PLNs = pelvic lymph nodes;
ADT = androgen deprivation therapy; CTx = chemotherapy.

Bold values signify that statistical significance has been reached.

¢ Missing data for three patients.
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other causes, while the remaining patients died from
prostate cancer. The 2-yr OS (+ standard error) for the entire
cohort was 87 + 4%.The 2-yr OS was 93 =+ 4% for cRP versus
69 + 9% for NLT (HR 0.28, 95% CI 0.11-0.71; p = 0.007;
Fig.1). The RTp group had 2-yr OS of 100% + 0%, which was
significantly better than for NLT (HR 0.26, 95% CI 0.07-0.91;
p = 0.035). There was no significant difference in 2-yr OS
between cRP and RTp (HR 1.08, 95% CI 0.27-4.29; p = 0.9;
Table 2). The 2-yr CSS was 89 + 4% for the entire cohort, 93
=+ 4% for the cRP group, 100 £ 0% for the RTp group, and 75
=+ 8% for the NLT group (Fig. 2). Patients undergoing cRP had
significantly better 2-yr CSS compared to the NLT group (HR
0.36, 95% CI 0.14-0.94; p = 0.037) and comparable 2-yr CSS
to patients undergoing RTp (HR 1.08, 95% CI 0.27-4.29; p
= 0.9; Table 2).

Seven (14.6%) cRP, eight (30.8%) RTp, and 13 (37.1%) NLT
patients experienced an LE after initiation of systemic
treatment (Table 3). The estimated 2-yr LEFS was 79 + 4%
for the entire cohort, 92 & 4% for the cRP group, 77 + 10%
for the RTp group, and 60 + 9% for the NLT group (Table 2).
Patients who underwent cRP had a significantly lower LE
risk compared to those who underwent RTp (HR 0.31, 95% CI
0.11-0.86; p = 0.024) and those with NLT (HR 0.25, 95% CI

0.10-0.64; p = 0.004). The LE risk was not significantly
lower for RTp compared to NLT (HR 0.74, 95% CI 0.31-1.78;
p = 0.5; Fig. 3).

In the entire cohort, factors prognostic for OS in
univariate analysis were non-organ-confined tumor (HR
4.5,95%(CI11.03-18.81; p = 0.045), ECOG PS >2 (HR 7.09, 95%
C12.74-18.36; p < 0.001),and LT (HR 0.27,95% C10.12-0.63;
p = 0.002). In multivariate analysis, ECOG PS >2 (HR 4.85,
95% CI 1.78-13.21; p = 0.002), and LT (HR 0.36, 95% CI 0.15-
0.85; p =0.02) remained significant prognostic factors
(Table 4). For comparison of patients who underwent NLT
versus cRP, non-organ-confined tumor (HR 4.69, 95% CI
1.08-20.35; p = 0.039), ECOG PS >2 (HR 6.44, 95% CI 2.44-
17.02; p < 0.001), and cRP (HR 0.28, 95% CI 0.11-0.71; p
= 0.007) were factors prognostic for OS. In multivariate
analysis, ECOG PS >2 (HR 4.74,95% C1 1.73-12.97; p = 0.002)
and cRP (HR 0.36, 95% CI 0.14-0.94; p = 0.037) remained
significant. For comparison of patients who underwent NLT
versus RTp, ECOG PS >2 (HR 9.87, 95% CI 3.28-29.71; p <
0.001) and RTp (HR 0.26, 95% CI 0.07-0.93; p = 0.037) were
prognostic for OS in univariate analysis, but only ECOG PS
>2 remained significant in multivariate analysis (HR 7.08,
95% CI 2.21-22.72; p = 0.001).
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Fig. 1 - Kaplan-Meier curves for overall survival.

cRP = cytoreductive radical prostatectomy; RTp = radiotherapy to the prostate; NLT = no local treatment.
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Table 2 - Oncological outcomes in terms of OS, CSS, and LEFS

All cRP RTp NLT cRP vs NLT RTp vs NLT cRP vs RTp
Patients (n) 109 48 26 35
2-yr OS, % (SE) 87 (4) 93 (4) 100 (0) 69 (9)
HR (95% CI) 0.28 (0.11-0.71) 0.26 (0.07-0.91) 1.08 (0.27-4.29)
p value 0.007 0.035 0.912
2-yr CSS, % (SE) 89 (4) 93 (4) 100 (0) 75 (8)
HR (95% CI) 0.36 (0.14-0.94) 0.33 (0.09-1.20) 1.08 (0.27-4.29)
p value 0.037 0.091 0.912
2-yr LEFS, % (SE) 79 (4) 92 (4) 77 (10) 60 (9)

HR (95% CI)
p value

0.25 (0.10-0.64)
0.004

0.74 (0.31-1.78)
0.501

0.31 (0.11-0.86)
0.024

OS = overall survival; CSS = cancer-specific survival; LEFS = local event-free survival; cRP = cytoreductive radical prostatectomy; RTp = radiotherapy to the
prostate; NLT = no local treatment; HR = hazard ratio; CI = confidence interval; SE = standard error.

Bold values signify that statistical significance has been reached.

10 et et Treatment
1 — arm
m} T - - —cRP
o +r+i : _INLT
[ —— IRTp
g 08 3 : ke e . o " —+—cRP-censored
I3 —+—NLT-censored
2 ‘ ~——=RTp-censored
2 os *
5 l
]
Q. ~+ +
N
3 04
c
]
o
o
2
8 o2
S
£
S
(&}
00
0 20 40 60 80 100 120
Follow-up (mo)
Number at risk (events)
Time (mo) |0 20 40 60 80 100
cRP 48 37 (2) 27 (5) 11 (6) 2(7) 0(7)
RTp 26 16 (0) 10 (0) 512 2(3) 0(3)
NLT 35 19 (6) 10 (8) 5(10) 1(10) 0 (10)

Fig. 2 - Kaplan-Meier curves for cancer-specific survival.

cRP = cytoreductive radical prostatectomy; RTp = radiotherapy to the prostate; NLT = no local treatment.

4. Discussion

Treatment of the primary tumor has been established in the
metastatic setting for several cancer as it improves OS and
might palliate local symptoms [16,17]. It has been hypothe-
sized that a reduction in tumor volume improves response to

systemic treatment [ 18] and that control of the primary tumor
slows down metastatic spread and disease progression [19].

In prostate cancer, an analysis of the Surveillance,
Epidemiology and End Results (SEER) database showed
significantly better 5-yr OS of 67% with LT (cRP or prostate
brachytherapy)versus 23% with NLT [8]. An analysis using the
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Table 3 - Local events observed by type

Patients, n (%)

All cRP RTp NLT
Patients 109 48 26 35
No local event 81 (74.3) 41 (85.4) 18 (69.2) 22 (62.9)
UO requiring J] stent or nephrostomy 4 (3.7) 1(21) 2 (7.7) 1(2.9)
UO requiring JJ stent + urinary retention requiring CIC 1(0.9) 0(0) 0(0) 1(2.9)
Urinary retention 16 (14.7) 1(2.1) 5(19.2) 10 (28.6)
Need for temporary transurethral catheter 9 0 3 6
Need for CIC 3 1 0 2
Need for a permanent suprapubic catheter 3 0 1 2
Need for transurethral resection of the prostate 1 0 1 0
Hematuria requiring cystocoagulation 1(0.9) 0(0) 0(0) 1(2.9)
Urinary incontinence requiring AUS/male 2 (1.8) 2 (4.2) 0 (0) 0 (0)
Erectile dysfunction requiring a penile prosthesis 1(0.9) 1(2.1) 0 (0) 0 (0)
Urethral stricture requiring an internal urethrotomy 3(2.8) 2 (4.2) 1(3.8) 0 (0)

cRP = cytoreductive radical prostatectomy; RTp = radiotherapy to the prostate; NLT = no local treatment; UO = ureteric obstruction; CIC = clean intermittent
catheterization; AUS = artificial urinary sphincter.
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Fig. 3 - Kaplan-Meier curves for local event-free survival.
cRP = cytoreductive radical prostatectomy; RTp = radiotherapy to the prostate; NLT = no local treatment.
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Table 4 - Univariate and multivariate Cox regression analyses to identify factors prognostic for overall survival

Univariate

Multivariate

HR (95% CI)

p value HR (95% CI) p value

Age in years

PSA in ng/ml

Tumor grade

Tumor stage (non-OC vs OC)

Nodal stage (N1 vs NO)

Metastatic site (M1b vs M1a)

ECOG PS (>2 vs 0-1)

Initial STX (ADT alone ® vs ADT + STx)
Local treatment (cRP or RTp vs NLT)
cRP and NLT groups

Age in years

PSA in ng/ml

Tumor grade

Tumor stage (non-OC vs OC)

Nodal stage (N1 vs NO)

Metastatic site (M1b vs M1a)

ECOG PS (>2 vs 0-1)

Initial STX (ADT alone ¢ vs ADT + STx)
Local treatment (cRP or RTp vs NLT)
RTp and NLT groups

Age in years

PSA in ng/ml

Tumor grade

Tumor stage (non-OC vs OC)

Nodal stage (N1 vs NO)

Metastasis stage (M1b vs M1a)

ECOG PS (>2 vs 0-1)

Initial STX (ADT alone ® vs ADT + STx)
Local treatment (cRP or RTp vs NLT)

1.03 (0.99-1.07)
1 (0.99-1.01)
1.92 (0.94-3.92)
45 (1.03-18.81)
1.83 (0.62-5.39)
1.47 (0.62-3.47)
7.09 (2.74-18.36)
1.97 (0.75-5.19)
0.27 (0.12-0.63)

1.02 (0.98-1.07)
1 (0.99-1.01)
1.77 (0.86-3.65)
4,69 (1.08-20.35)
2.49 (0.73-8.5)
1.96 (0.75-5.1)
6.44 (2.44-17.02)
2.28 (0.86-6.05)
0.28 (0.11-0.71)

1.03 (0.97-1.08)
1 (0.99-1.01)
1.82 (0.82-4.01)
26.5 (0.08-8735)
1(0.32-3.12)
1.03 (0.35-2.98)
9.87 (3.28-29.71)
1.99 (0.55-7.17)
0.26 (0.07-0.93)

0.168

0.638

0.074

0.045 3.2 (0.73-14.09) 0.123
0.272

0.383

<0.001 4.85 (1.78-13.22) 0.002
0.17

0.002 0.36 (0.15-0.85) 0.021

0.307

0.637

0.12

0.039 291 0.64-13.31 0.168
0.146

0.171

<0.001 4.74 1.73-12.97 0.002
0.098

0.007 0.36 0.14-0.94 0.037

0.33

0.459

0.141

0.268

0.998

0.962

<0.001 7.08 (2.21-22.72) 0.001
0.294

0.037 0.42 (0.11-1.62) 0.206

cRP = cytoreductive radical prostatectomy; RTp = radiotherapy to the prostate; NLT = no local treatment; HR = hazard ratio; CI = confidence interval; PSA
= prostate-specific antigen; OC = organ-confined; ECOG PS = Eastern Cooperative Oncology Group performance status; STx = systemic treatment; ADT

= androgen deprivation therapy.
¢ Either immediate or delayed ADT.

National Cancer Data Base (NCDB) also showed a survival
advantage for LT (cRP, brachytherapy, or external-beam RT)
compared to NLT [10] with 3-yr OS of 69% vs 54% (p < 0.001).
These findings are in line with the present analysis, which
also demonstrated a survival benefit in favor of LT. An
important observation for the SEER and NCDB databases was
that younger and fitter patients with lower PSA and lower
tumor burden were selected for LT. Therefore, the question
remains whether the survival benefit is due to this selection
bias or whether there is a true survival benefit linked to LT. In
our series, LT was a favorable prognostic factor for OS in both
univariate and multivariate analysis, with a relative reduction
in mortality of 64% for the groups undergoing LT (cRP or RTp).
However, when interpreting these results the important
selection bias of our study needs to be taken into account. It is
possible that any difference in survival would be less obvious
in randomized series.

The SEER and NCDB studies were retrospective studies.
More recently, RTp has been evaluated in two randomized
controlled trials (HORRAD [20] and STAMPEDE [11]). In
evaluating patients with low- or high-volume disease,
neither the HORRAD nor the STAMPEDE trial was able to
demonstrate a gain in OS in favor of RTp. However, patients
in the HORRAD trial with fewer than five bone metastases
(as a surrogate for low-volume disease) had a 32% lower risk
of death (HR 0.68, 95% CI 0.42-1.10) with RTp [20]. More

robust data are provided by the STAMPEDE trial, for which a
prespecified subanalysis for low-volume disease did dem-
onstrate significantly better OS for patients undergoing RTp
compared to NLT (HR 0.68, 95% CI 0.52-0.90) [11]. Our data
corroborate these findings, as we also observed a significant
survival benefit for low-volume disease in favor of RTp (HR
0.26,95% C10.07-0.91). This further strengthens the current
strong recommendation to offer RTp in addition to ADT for
patients with low-volume ndmPC [2].

As both cRP and RTp are equally effective treatment
options for nonmetastatic prostate cancer [13], the
question arises as to whether cRP would be as beneficial
as RTp in low-volume ndmPC as well. The feasibility and
safety of cRP in newly diagnosed HSPC have previously
been demonstrated [14,21]. Nevertheless, cRP might
provoke substantial harm in some patients and at present
cRP is only recommended for ndmPC within the frame-
work of a clinical trial [2]. Several prospective studies of
cRP in this setting are currently ongoing, each of which has
its own peculiarities [22]. Knipper et al [23] evaluated cRP
outcomes for patients corresponding to the eligibility
criteria for STAMPEDE arm H in a prospective, nonran-
domized registry. As seen in Kaplan-Meier analyses for this
cohort, 2-yr OS was similar to what we found in our patient
group (3-yr OS 91%), suggesting good local and distant
disease control.
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Retrospective studies evaluating cRP have previously
been published. A SEER-Medicare analysis observed 3-yr OS
of 73% for cRP versus 34% for NLT (HR 0.43, 95% CI 0.26-
0.72), but the study also included patients with high-
volume disease, was not matched, and involved an
important selection bias (see below) [9]. Heidenreich
et al [24] evaluated the potential benefit of cRP in addition
to SOC for selected patients with a maximum of three
osseous metastases, representing a study population more
comparable with the low-volume ndmPC in our series. In
this case-control study, patients were matched for age,
performance status, and tumor stage and grade. After
median follow-up of approximately 3 yr, OS was 91% for cRP
versus 79% for NLT (p = 0.048). This 3-yr OS is in line with
the 87% rate in our series. The 3-yr OS of 69% for NLT in our
series is somewhat poorer compared to the cohort of
Heidenreich et al [24]. However, our NLT cohort is not
matched to the cRP cohort and these patients have lower
ECOG PS, older age, and higher PSA, and present more
frequently with a non-organ-confined tumor. Without
matching, selection bias is nearly inevitable, as only fit
patients whose tumor is deemed resectable are candidates
for cRP, as clearly demonstrated in our series. The same
observation was made in the SEER-Medicare analysis [9].

As an alternative to RTp, cRP should only be implemen-
ted in low-volume ndmPC if there is an equally effective
survival benefit. The SEER-Medicare analysis already
suggested that cRP and RTp using intensity-modulated RT
(IMRT) offer a similar survival benefit. However, conformal
RT failed to improve survival compared to NLT [9]. In our
series, all patients receiving RTp were treated with IMRT,
and we observed that cRP and RTp were associated with
better OS compared to NLT. The main advantage of cRP
appears to be the reduction in LEs. Patients with ndmPC are
at risk of developing LEs due to local disease progression
(mainly bladder outlet obstruction and ureteric obstruc-
tion). Won et al [25] reported that for patients who progress
to mCRPC the LE risk is as high as 54.6% in the NLT setting.
The LE rate was significantly lower for cRP (20%) but not for
RTp (46.7%) [25]. In our series we observed the same trend,
with significantly better LEFS for the cRP group compared to
RTp and NLT. There was no significant difference in LEFS
between RTp and NLT. Surgical removal of the local tumor
bulk appears to be the best modality for reducing local
complications, but at the risk of stress urinary incontinence.
Conversely, RTp can be offered to patients unfit for cRP and/
or in whom the local tumor is not safely resectable. In this
series, patients undergoing RTp were indeed older than
those undergoing cRP. When interpreting LEFS, one must
take into account the important selection bias, whereby
only patients with resectable tumor were offered cRP. The
higher LE rate with RTp and NLT might be attributable, at
least in part, to the more advanced local tumor stage.

4.1. Study limitations
Inevitably, this study has several limitations. First, the

patient groups are rather small and only 109 patients were
included in the analysis. However, since the introduction of

PSA screening, the number of patients who present with
ndmPC has been decreasing. Second, the follow-up is
relatively short, which might have an important impact on
the survival data observed. Third, although a prospective
registry, it is not a randomized trial and therefore we cannot
draw any definitive conclusions. Because of the treatment
allocation process, there is an imbalance for several patient
and tumor characteristics. Univariate and multivariate
analyses were conducted to identify possible confounding
factors. However, it is possible that some other, still
unknown important confounders are not included in the
analysis and might have had an impact on the results. To
overcome this registry selection bias, the Local Treatment of
Metastatic Prostate Cancer 2 (LOMP-2) trial has been
initiated in which patients are randomized to cRP + SOC
or SOC alone (NCT03655886). This registry was only
analyzed for low-volume disease because the number of
patients undergoing cRP in high-volume disease is too low
to draw meaningful conclusions. We used conventional
imaging to determine whether disease was of low or high
volume. It remains unknown how introduction of the more
sensitive prostate-specific membrane antigen (PSMA)-
based positron emission tomography (PET)/CT imaging
might affect this definition [26]. At present, there is no
reason to deny patients LT if they have low disease volume
on conventional imaging but high disease volume on PSMA
PET/CT.

Since this was a nonrandomized, patient-preference
analysis, the study is unable to answer the question of
whether LT is an alternative to additional systemic treatment
or whether it adds value to ADT plus additional systemic
treatment. However, this is a hypothesis-generating study
that supports ongoing randomized trials evaluating the effect
of cRP in the treatment of metastatic prostate cancer.

5. Conclusions

For selected patients, cRP is able to achieve similar OS and
CSS to RTp. cRP is effective in preventing local events. Only
fit patients with resectable local tumors are eligible for cRP
and in these patients the risk of a local event is low.
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