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Introduction: We compared radical prostatectomy (RP) and radiotherapy (RT) as

local therapies for primary tumors and examined their associations with survival

outcomes and urinary tract complications in patients with oligometastatic

prostate cancer (omPC).

Methods: We evaluated the data of 85 patients diagnosed with omPC who

underwent local therapy for primary tumors between January 2008 and

December 2018. Of the 85 patients, 31 underwent prostate RT, while 54

underwent RP. Oligometastatic disease was defined as the presence of fewer

than five metastatic lesions without visceral metastasis. Urinary tract

complications, progression-free survival (PFS), cancer-specific survival (CSS),

and overall survival (OS) were evaluated using the Kaplan–Meier method and

Cox regression analyses.

Results: Patients treated with RT showed higher prostate-specific antigen levels.

There was no significant difference in the 5-year PFS (52.5% vs. 37.9%, p=0.351),

CSS (67.6% vs. 84.7%, p=0.473), or OS (63.6% vs. 73.8%, p=0.897) between the RT

and RP groups. In the multivariate analyses, the type of local therapy was not

associated with PFS (hazard ratio [HR]=1.334, p=0.356), CSS (HR=0.744,

p=0.475), or OS (HR=0.953, p=0.897).

Conclusion: Therefore, RP seems to be a possible treatment option for patients

with omPC, exhibiting oncologic outcomes comparable to those with RT.
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Introduction

Since the prostate-specific antigen (PSA) has been used to screen

for prostate cancer (PC), the proportion of patients with advanced PC

at the time of diagnosis has decreased. Approximately 1.6% of

patients diagnosed with PC between 1998 and 2003 had metastatic

lesions at the time of diagnosis (1). Androgen deprivation therapy

(ADT) has been the standard treatment modality for metastatic PC

(mPC) for several decades (2). In recent years, various attempts have

been made to improve the outcomes of patients with mPC, and

several systemic agents, such as docetaxel, abiraterone, and

apalutamide, are currently recommended for the treatment of mPC

according to guidelines (3, 4). However, radical prostatectomy (RP)

and radiotherapy (RT) can be used to treat clinically localized disease

with a curative aim (5).

Several studies have reported that local therapy for primary

tumors in patients with mPC can improve survival (6–9). Some of

these studies included patients with limited metastatic lesions,

which could be classified as oligometastasis (7, 8). Oligometastasis

refers to a limited number of metastatic lesions and/or sites. Tumors

in the early stages of progression may exhibit metastasis that are

limited in number and location due to the incomplete development

of metastatic growth capability and restricted growth sites (10).

Consequently, local therapy for the primary tumor or metastasis-

directed therapy could be performed with curative intent in patients

with oligometastatic cancer (11).

Studies have shown that treating primary cancer with RT

improves some oncologic outcomes in patients diagnosed with

oligometastatic prostate cancer (omPC) (12–14). Moreover, the

National Comprehensive Cancer Network guidelines suggest that

RT, in addition to ADT, is a treatment option for patients having

mPC with a lowmetastatic burden. Some studies have compared RP

to RT in PC, and reported the former to be noninferior (15, 16).

However, studies comparing the results between RP and RT in

omPC are extremely rare. Hence, we compared the survival

outcomes of patients with omPC treated with RP or RT as a local

therapy for primary tumors. We also aimed to evaluate whether

there was a difference in the rate of urinary tract complications

caused by disease progression between these two groups.
Methods

Patient selection and data collection

In this retrospective study, we reviewed the records of patients

with mPC who underwent RP or RT as a local therapy for primary

tumors between January 2008 and December 2018. Oligometastatic

disease was defined as the presence of fewer than five metastatic

lesions without visceral metastasis on preoperative imaging

evaluation, including abdominopelvic computed tomography (CT),

chest CT, whole-body positron emission tomography (PET)-CT, and

bone scans (8). Nonregional lymph node metastasis were not

classified as visceral metastasis. After excluding patients with a gap

of >3 months from biopsy to local therapy and those with insufficient

clinical information, 85 patients were enrolled in the final analysis. Of
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the 85 patients, 54 underwent RP and 31 received RT. All patients

underwent ADT after being diagnosed with mPC. Treatment after

local therapy was based on the physician’s clinical judgment after a

discussion with the patient regarding the probable benefits and

adverse effects of each treatment.

Clinicopathological characteristics, including age, body mass

index (BMI), initial PSA level, Charlson Comorbidity Index (CCI),

biopsy Gleason grade (GG), and clinical stage, were obtained through

a review of medical records and preoperative imaging. Stages were

determined according to the guidelines of the 8th edition of the

American Joint Committee on Cancer Staging Manual (17).

Calculating CCI has been previously introduced in various studies

(18). Among the patients who underwent RP, 12 received open RP,

while 42 received robot-assisted RP; among those who received RT, 6

received three-dimensional conformal RT and 25 received intensity-

modulated external beam RT. The median RT dose was 64.0 Gy

(IQR=60.0–70.0 Gy), with a median fraction of 25 (IQR=24–28 Gy).

We additionally investigated urinary tract complications,

defined as problems in the urinary tract due to disease

progression. Only cases that required surgical intervention were

included in our analysis.
Follow-up and endpoints

After RP or RT, PSA levels were monitored every 1–3 months

during the 2nd year and semiannually thereafter. If there was an

increase in the PSA level or if a patient developed symptoms that

appeared to be caused by disease progression, imaging studies such

as bone scans or abdominal/pelvic CT were performed. Treatment

decisions for patients with progressive disease, such as

chemotherapy or palliative RT, were made based on the

physician’s clinical judgment after discussion with the patient

according to the disease status and the patient’s general condition.

We compared the progression-free survival (PFS), overall survival

(OS), and cancer-specific survival (CSS) between the two groups.

Information on survival status and cause of death was obtained from

the medical records in the Cancer Registry Center database at our

institution. PFS was defined as the time from the diagnosis to disease

progression, relapse on follow-up imaging, or death from any cause.

CSS was defined as the time from PC diagnosis to death. OS was

defined as the period from PC diagnosis to death from any cause.
Statistical analysis

We compared the clinicopathological characteristics and urinary

tract complications between the groups using the Mann–Whitney U

test for continuous data and the chi-square test or Fisher’s exact test

for dichotomous variables. We used the Kaplan–Meier method with

log-rank tests to estimate and compare the PFS, CSS, and OS values

between the two groups. Cox proportional hazard models were used

to investigate the associations between the variables and the risk of

survival outcomes. Comparisons with p<0.05 were considered

statistically significant. All analyses were performed using STATA®

version 15.1 (StataCorp LLC, College Station, TX, USA).
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Good clinical practice protocols

This study was performed in accordance with the applicable

laws and regulations, good clinical practice, and ethical principles

described in the Declaration of Helsinki. The study protocol was

approved by the Institutional Review Board (IRB) of Yongin

Severance Hospital (approval number: 9-2022-0082). Due to the

retrospective nature of the study, the IRB of Yongin Severance

Hospital waived the requirement for obtaining informed consent.
Results

Patient characteristics

Table 1 shows the demographic characteristics of the patients.

The median initial PSA value was higher in the RT group than in

the RP group (79.7 vs 32.5 ng/mL, p=0.024); however, there were no

significant differences observed in age, BMI, CCI, biopsy GG, or

clinical stage between the two groups. Pelvic lymph node dissection

was conducted in 34 patients (63.0%) in the RP group, while

radiation to lymph nodes was administered in all 31 patients in

the RT group (100.0%).
Frontiers in Oncology 03
Oncologic outcomes

At a median follow-up of 62 months (interquartile range [IQR]:

39–83.5 months), 32 patients had died (25 due to PC). The 5-year

PFS rate was 52.5% in the RT group and 37.9% in the RP group, and

the difference was not significant (p=0.351) (Figure 1A). There were

no significant differences in CSS (Figure 1B; 67.6% vs. 84.7%,

p=0.473) or OS (Figure 1C; 63.6% vs. 73.8%, p=0.897) between

the RT and RP groups.
TABLE 1 Patient characteristics.

Characteristics
RT RP

p-value
31 54

Age (median, IQR) 70 (65–75) 65.5 (62–70.25) 0.232

BMI (median, IQR) 23.2 (22.4–26.2) 24.0 (22.68–25.5) 0.959

PSA (median, IQR) 79.7 (41.05–177.8) 32.45 (15.2–60.3) 0.024

CCI 0.910

≤1 25 (80.6%) 43 (79.6%)

≥2 6 (19.4%) 11 (20.4%)

Biopsy GG 0.536

≤4 18 (58.1%) 35 (64.8%)

5 13 (41.9%) 19 (35.2%)

Clinical T stage 0.949

≤T3 26 (83.9%) 45 (83.3$)

T4 5 (16.1%) 9 (16.7%)

Clinical N stage 0.886

N0 20 (64.5) 34 (63.0%)

N1 11 (35.5%) 20 (37.0%)

Clinical M stage 0.718

M1a 4 (12.9%) 5 (9.3%)

M1b 27 (87.1%) 49 (90.7%)

Pelvic LN treatment 31 (100%) 34 (63.0%) <0.001
RP, radical prostatectomy; RT, radiotherapy; IQR, interquartile range; BMI, body mass index;
PSA, prostate-specific antigen; CCI, Charlson comorbidity index; GG, Gleason grade; LN,
lymph node.
FIGURE 1

Kaplan–Meier curves of progression-free survival (A), cancer specific
survival (B), and overall survival (C) in patients who received radical
prostatectomy (RP) versus radiotherapy (RT) for oligometastatic
prostate cancer.
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Multivariate analysis showed that PSA level (hazard ratio

[HR]=1.002, 95% confidence interval [CI]=1.001–1.002, p=0.03)

and biopsy GG (HR=2.504, 95% CI=1.384–4.531, p=0.002) were

associated with PFS (Table 2). Regarding CSS, age (HR=1.110, 95%

CI= 1.031–1.195, p=0.006), PSA level (HR=1.004, 95% CI=1.001–

1.007, p=0.011), biopsy GG (HR=2.792, 95% CI=1.197–6.515,

p=0.018), and clinical N stage (HR=3.564, 95% CI=1.521–8.351,

p=0.003) were associated with worse CSS in the multivariate
Frontiers in Oncology 04
analysis (Table 3). The factors associated with OS were age

(HR=1.094, 95% CI=1.026–1.165, p=0.006) and higher biopsy GG

(HR=2.383, 95% CI=1.163–4.881, p=0.018) (Table 4). Whether

patients received RP or RT was not associated with PFS

(HR=1.334, 95% CI=0.724–2.459, p=0.356), CSS (HR=0.744, 95%

CI=0.330–1.677, p=0.475), or OS (HR= 0.953, 95% CI=0.456–

1.990, p=0.897).
Urinary tract complications

The urinary tract complications requiring intervention in each

group are shown in Table 5. Notably, while the rate of

complications requiring surgical intervention was significantly

higher in the RT group than that in the RP group (12.9% vs.

1.9%), the difference did not reach statistical significance (p=0.057).

In the RP group, one patient underwent double-J stent insertion.

Two patients in the RT group developed obstructive uropathy;

therefore, double-J stent indwelling and percutaneous nephrostomy

were required. Additionally, one patient underwent cystoscopic

cauterization due to hematuria, while another required

Foley catheterization.
Discussion

The concept of oligometastasis was first described in 1995,

referring to limited metastatic lesions, which are considered an

intermediate state between localized disease and widespread

metastasis (10). Local therapy for the primary tumor or

metastasis-directed therapy can be performed with curative

intent in select patients with limited metastatic lesions (11).

However, despite advancements in research, the definition of

omPC remains unclear. For instance, Soloway et al. (19). assessed

the relationship between the extent of metastatic lesions and

mortality, dividing patients into four groups based on disease

extent. The authors reported a 2-year OS rate of 96% in patients

with fewer than six metastatic lesions on their bone scans,

which was significantly higher than that observed in other groups

having more extensive metastatic lesions. Furthermore, previous

studies on omPC have shown diverse adoption of the term’s

definition, which remains ambiguous but generally includes a

maximum of three to five metastasis. Therefore, based on these

studies, we defined oligometastasis as the presence of fewer than five

metastatic lesions, encompassing both bone and nonregional

lymph nodes.

There have been two randomized controlled studies on RT as

local therapy for mPC. The first, the STAMPEDE trial,

demonstrated that the addition of RT to the primary tumor site

in men with newly diagnosed mPC did not improve OS. They

reported 3-year survival rates of 62% in the control group and 65%

in the RT group; however, the difference was not statistically

significant. Moreover, in the subgroup with a low metastatic

burden, both OS and failure-free survival were improved in

patients who underwent RT (20). Meanwhile, the HORRAD trial,

another prospective randomized trial, revealed that the addition of
TABLE 2 Cox proportional hazard regression analysis of factors
associated with progression-free survival.

Variables

Univariate analysis
Multivariate
analysis

HR
(95% CI)

p-
value

HR
(95% CI)

p-
value

Age
0.990

(0.945–1.037)
0.664

BMI
1.007

(0.893–1.136)
0.904

PSA
1.003

(1.000–1.005)
0.024

1.002
(1.000–1.004)

0.03

CCI 0.476

≤1 1 (Ref)

≥2
1.291

(0.640–2.602)

Biopsy GG 0.002 0.002

≤4 1 (Ref) 1 (Ref)

5
2.535

(1.404–4.575)
2.504

(1.384–4.531)

Clinical T stage 0.239

≤T3 1 (Ref)

T4
1.500

(0.764–2.945)

Clinical N stage 0.092

N0 1 (Ref)

N1
1.635

(0.923–2.896)

Clinical M stage 0.587

M1a 1 (Ref)

M1b
1.330

(0.475–3.722)

Pelvic
LN treatment

1.330
(0.642–2.755)

0.443

Type of
local therapy

0.356

RP 1 (Ref)

RT
1.334

(0.724–2.459)
HR, hazard ratio; CI, confidence interval; BMI, body mass index; PSA, prostate-specific
antigen; CCI, Charlson comorbidity index; GG, Gleason grade; RP, radical prostatectomy; RT,
radiotherapy; LN, lymph node.
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RT to hormone therapy did not lead to improved OS, similar to the

findings in the STAMPEDE trial. However, PSA-recurrence-free

survival was better in the RT group (12). Furthermore, a recent

meta-analysis showed that prostate RT helped to improve failure-

free survival and biochemical progression in men with fewer than

five bone metastasis (14). Therefore, according to these results,

prostate RT is suggested to improve oncological outcomes in omPC.

Ultimately, based on these studies, various guidelines recommend
Frontiers in Oncology 05
combination therapy with ADT alongside androgen receptor axis-

targeted agents with/without docetaxel as a primary approach for

mPC. Additionally, ADT combined with RT has also been proposed

as an option for treating mPC with a low burden.

Regarding studies on prostatectomy, Culp et al. (6) were the

first to report the effect of local therapy on OS and CSS in patients

with mPC in a population-based study. They reported that the 5-

year OS and predicted CSS were higher in patients undergoing RP
TABLE 3 Cox proportional hazard regression analysis of factors
associated with cancer-specific survival.

Variables

Univariate analysis
Multivariate
analysis

HR
(95% CI)

p-
value

HR
(95% CI)

p-
value

Age
1.080

(1.007–1.158)
0.03

1.110
(1.031–1.195)

0.006

BMI
0.890

(0.755–1.048)
0.163

PSA
1.004

(1.001–1.006)
0.009

1.004
(1.001–1.007)

0.011

CCI 0.474

≤1 1 (Ref)

≥2
1.436

(0.533–3.871)

Biopsy GG 0.038 0.018

≤4 1 (Ref) 1 (Ref)

5
2.350

(1.047–5.277)
2.792

(1.197–6.515)

Clinical T stage 0.209

≤T3 1 (Ref)

T4
1.811

(0.718–4.569)

Clinical N stage 0.015 0.003

N0 1 (Ref) 1 (Ref)

N1
2.802

(1.224–6.417)
3.564

(1.521–8.351)

Clinical M stage 0.072

M0 1 (Ref)

M1
24.07

(0.082–7045)

Pelvic
LN treatment

5.666
(0.762–42.139)

0.090

Type of
local therapy

0.475

RP 1 (Ref)

RT
0.744

(0.330–1.677)
HR, hazard ratio; CI, confidence interval; BMI, body mass index; PSA, prostate-specific
antigen; CCI, Charlson comorbidity index; GG, Gleason grade; RP, radical prostatectomy; RT,
radiotherapy; LN, lymph node.
TABLE 4 Univariate and multivariate analysis of factors associated with
overall survival.

Variables

Univariate analysis
Multivariate
analysis

HR
(95% CI)

p-
value

HR
(95% CI)

p-
value

Age
1.085

(1.021–1.154)
0.009

1.094
(1.026–1.165)

0.006

BMI
0.909

(0.787–1.050)
0.194

PSA
1.003

(1.000–1.005)
0.063

CCI 0.05 0.298

≤1 1 (Ref) 1 (Ref)

≥2
2.185

(1.001–4.771)
1.579

(0.668–3.736)

Biopsy GG 0.041 0.018

≤4 1 (Ref) 1 (Ref)

5
2.095

(1.031–4.254)
2.383

(1.163–4.881)

Clinical T stage 0.56

≤T3 1 (Ref)

T4
1.304

(0.534–3.181)

Clinical N stage 0.183

N0 1 (Ref)

N1
1.617

(0.798–3.276)

Clinical M stage 0.191

M0 1 (Ref)

M1
3.781

(0.515–27.77)

Pelvis
LN treatment

1.709
(0.595–4.911)

0.320

Type of
local therapy

0.897

RP 1 (Ref)

RT
0.953

(0.456–1.990)
fron
HR, hazard ratio; CI, confidence interval; BMI, body mass index; PSA, prostate-specific
antigen; CCI, Charlson comorbidity index; GG, Gleason grade; RP, radical prostatectomy; RT,
radiotherapy; LN, lymph node.
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(67.4% and 75.8%, respectively) compared to those who did not

receive local therapy (22.5% and 48.7%, respectively) (p<0.001).

However, a recent multicenter prospective study reported

contradictory results. In their study, Buelens et al. showed that

RP tended to result in longer castration-resistant cancer-free

survival in patients with mPC compared to the standard care

group, who initiated treatment with ADT. However, in the

multivariable model, RP was not associated with castration-

resistant cancer-free survival (HR=0.73, p=0.5) (21). In contrast, a

prior study incorporating the “Local Treatment With RP for Newly-

diagnosed mPCa” (LoMP) trial registry, focusing on patients who

were newly diagnosed with low-volume mPC (defined as the

absence of visceral metastasis and three or fewer bone lesions),

showed different results (15). They reported that the 2-year CSS

(93% vs. 75%, p=0.037) and OS (93% vs. 69%, p=0.007) were better

in the RP group than in the “no local therapy” (NLT) group.

Moreover, multivariate Cox regression analysis also showed that RP

decreased the OS compared to NLT (HR=0.36, p=0.037). In

addition, Dai et al. (22) recently assessed the benefits of adding

radical local therapy (RLT), predominantly RP, to ADT in omPC in

a phase 2 study. With 200 participants, the results showed a 57%

reduction in radiographic progression risk and a 56% decrease in

mortality risk for the ADT with RLT group over 4 years,

highlighting the treatment’s potential to improve survival

outcomes. Notably, most studies investigating the therapeutic

impact of RP in omPC are based on retrospective analyses. For

instance, the prospective study that employed the LoMP registry

was not randomized, and encompassed a limited patient cohort.

Similarly, the aforementioned phase 2 study, despite its

contributions, was limited by its small sample size and the

inclusion of patients undergoing treatments beyond RP alone.

Therefore, although existing studies have demonstrated the

potential for RP to improve treatment outcomes in omPC, most

current guidelines do not yet recommend RP for mPC, including

cases with a low burden of mPC.

Although some studies have reported that RT and RP each have

better oncologic outcomes, studies comparing oncologic outcomes
Frontiers in Oncology 06
between RP and RT in mPC are rare. For example, Knipper et al.

(16) compared the oncologic outcomes of patients who received RP

with those of STAMPEDE arm H patients with a low metastatic

burden who received RT. They reported no significant differences in

CSS or OS between the two groups. Additionally, Lumen et al. (15)

reported that for select patients with omPC, RP was able to achieve

a similar OS and CSS as RT. Similarly, we observed no significant

differences in PFS, CSS, or OS between the RP and RT groups in the

present study. Moreover, RP and RT did not affect PFS, CSS, or OS

in the multivariate analysis.

When considering treatment for the primary tumor in patients

with omPC, RT must be administered. However, several

problematic situations are encountered when attempting RT in

actual clinical practice. For instance, patients with PC undergoing

RT need to visit the outpatient clinic daily for a period of 4–6 weeks.

For patients residing in regions with limited hospital access, the

daily requirement to visit the hospital poses a significant challenge.

Due to these reasons, some patients prefer RP over RT, prompting

us to compare the oncological outcomes between RP and RT. We

believe our results suggest that although RPmay not be considered a

treatment method in accordance with current guidelines, it could

potentially offer a feasible alternative to RT for patients who desire

this treatment approach.

Our study had some limitations. First, the diagnosis of omPC in

our study was based on CT, bone scans, and PET-CT. Recently,

prostate-specific membrane antigen (PSMA)-PET, a more accurate

tool for staging prostate cancer, has become increasingly popular.

However, at the time when patients included in our study were

diagnosed with prostate cancer, PSMA-PET had not yet been

introduced in Korea. For this reason, there were no patients in this

study who were diagnosed with metastasis using PSMA-PET.

Consequently, there is a possibility that some patients who did not

meet the actual criteria for omPC were inadvertently included in the

study. Additionally, our evaluation of complications was limited to

urinary tract complications, without considering other aspects of

quality of life such as urinary incontinence or erectile dysfunction

after RP or RT. Notably, in cases where there was no significant

difference in oncological outcomes between the RT and RP groups,

complications following each treatment method may have been be

more important for patients when choosing a treatment method. These

complications are closely related to quality of life, which, for some

patients, is the most important consideration when choosing a

treatment modality (23). Another limitation was that our study was

based on a retrospective design; therefore, we were unable to control for

patient and disease factors, such as age, CCI, initial PSA, biopsy GG, or

clinical stage. Additionally, even within the group that received RT,

there was variability in treatment modalities, further complicating our

analysis. Moreover, the number of patients included in our study was

relatively small, making it difficult to generalize our results. Lastly, the

impact of additional therapies such as chemotherapy or palliative RT

after cancer progression could not be assessed in the multivariate

analysis due to the variability in treatment decisions made by

physicians based on individual patient circumstances. However, by

comparing the oncological results over a relatively long follow-up

period compared to those of previous studies, it was possible to confirm

the treatment effects of RP and RT over a longer period in omPC.
TABLE 5 Urinary tract complications requiring a surgical procedure.

Complication
and procedure

RT RP p-
value31 54

Total
4

(12.9%)
1

(1.9%)
0.057

Hematuria

Cystoscopic cauterization 1 (3.2%)

Urinary retention

Foley catheterization 1 (3.2%)

Obstructive uropathy

Double J stent indwelling 1 (3.2%)
1

(1.9%)

Percutaneous nephrostomy 1 (3.2%)
RP, radical prostatectomy; RT, radiotherapy.
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Currently, RT rather than RP is proposed as one of the

treatment options for local therapy in omPC. However, our

results demonstrated there were no significant differences in

urinary tract complications, PFS, CSS, or OS between the RP and

RT groups among patients with omPC. Therefore, RP also showed

potential as a treatment option in some patients with omPC.

However, due to the limitations present in our study as well as in

existing research, more large-scale, well-designed studies are needed

before RP can be considered a standard treatment option.
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