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Introduction

Prostate cancer (PCa) is the second most common cause
of cancer-related death in men globally [1]. Among male
citizens in the United States, PCa accounted for 191, 930
out of approximately 893, 660 expected new cancer cases
in 2020 [2]. Moreover, age, ethnicity, geographical loca-
tion, family history and genetic changes are recognized
risk factors for PCa and a substantial inherited compo-
nent has been observed in 40-50% of PCa with several
genetic mutations, such as BRCA1 and BRCA2 [3].

Previous studies have proved that active surveillance
(AS) is a safe and feasible option for low-risk and care-
fully selected intermediate-risk PCa (IRPC) patients with
a favorable long-term prognosis, low rate of metastases
and rare PCa specific death. However, there remains
uncertainty regarding optimal candidates and surveil-
lance strategies, recent guidelines by the American
Society of Clinical Oncology continue to favor defini-
tive treatment for IRPC [4]. Radical prostatectomy
(RP), brachytherapy, and external beam radiation ther-
apy (EBRT) are the three primary definitive treatment
options for IRPC [5]. Established clinical guidelines advo-
cate that decisions regarding treatment options should be
based on a comprehensive evaluation of tumor features,
baseline prostate-specific antigen (PSA) levels, patient
age, comorbidity, life expectancy, and quality of life [6—8].
However, the suitability of each treatment for patients
with localized PCa remains debatable.

The preliminary investigations have indicated that low-
dose-rate brachytherapy (LDR) has exhibited remark-
able outcomes over a period of 10 years [9, 10]. However,
since the majority of the patients were deemed to be low-
risk, there is not any notable advantage of local therapy.
However, as most of these patients were considered to
be low-risk, there is no significant benefit to local ther-
apy [11]. According to National Comprehensive Cancer
Network (NCCN) guidelines, IRPC patients are recom-
mended for local therapy [8]. Nevertheless, there is no
randomized trial of IRPC patients to make a direct com-
parison between RP and LDR. Thus, evidence to inform
clinical decisions regarding treatment for IRPC patients
remains to be inadequate.

In present study, we aim to perform a retrospective
study of IRPC to compare the long-term outcomes of
RP vs LDR in China. Moreover, this study also sought
to identify variables that may predict differences in bio-
chemical control in accordance with the most recent
consensus definitions of biochemical failure (BF).

Methods

Patients

A total of 361 consecutive IRPC patients treated with
curative intent between January 2014 and August 2021 at
the Peking Union Medical College Hospital were identi-
fied, of which 160 (44.3%) underwent RP, and 201 (55.7%)
received LDR. Patients were categorized according to
the NCCN risk classification criteria [8], which defines
IRPC by clinical stage T2b-c, Gleason score (GS) 3+4
(group 2) or 4+ 3 (group 3), and/or initial PSA (iPSA)
of 10.1-20.0 ng/ml. Percentage positive biopsy cores
(PPBC)>50% was calculated from the pathology report.
Favorable IRPC was described as patients with no more
than one intermediate adverse risk factor, such as GS
3+ 4 (group 2), iPSA 10.1-20.0 ng/ml, or clinical stage
T2b-c, PPBC 50%. On the other hand, those with mul-
tiple intermediate adverse risk factors, which included
PPBC>50%, or any IRPC with GS 4+ 3 (group 3), were
classified as unfavorable IRPC [12]. Institutional Review
Board has approved our protocols.

The following information of all patients was evalu-
ated: medical history, physical examination, digital rectal
examination, prostate volume (PV), iPSA. Clinical stages
for both RP and LDR groups are determined using a
standardized TNM classification system which is evalu-
ated according to the combination of prostate biopsy
pathology report, chest radiography, bone scintigraphy,
CT-scan and magnetic resonance imaging (MRI) of the
pelvis before biopsy. The staging was carried out by at
least two surgeons at our institution. PV was calculated
as anteroposterior diameter x vertical diameter X trans -
verse diameter x 0.52 based on MRI [13].

Treatments

The treatment option, LDR versus RP, was decided col-
laboratively by both doctors and patients after discus-
sions. The clinics will initially introduce the advantages
and disadvantages, prognosis and possible complications
of each treatment plan to the patient in detail. After the
patient has preliminary understanding of each treatment
plan, they can decide the treatment plan based on their
own perspectives. Patients with relative contraindications
for LDR (e.g., LUTS with International Prostate Symp-
tom Score > 12-20, transurethral resection of the prostate
defects, large median lobes, and/or gland size > 50-60 ml)
were recommended to undergo RP. Patients who could
not tolerate RP would be directed towards LDR. Writ-
ten informed consent was obtained from all participants
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included in the present study. According to NCCN guide-
lines, patients with unfavorable risk IRPC would receive
adjuvant EBRT plus ADT after LDR; whereas, patients
with favorable risk IRPC would undergo LDR monother-
apy. In RP group, considering the low amount of lymph
node metastasis found in the favorable IRPC group, the
extent of pelvic lymph node dissection (PLND) was not
regularly performed based on NCCN guidelines. In unfa-
vorable IRPC group, an extended PLND would be per-
formed when the estimated risk for pN + exceeds 5% [14].
If a patient was diagnosed with positive margins based on
whole mount pathology report obtained through RP, an
adjuvant EBRT plus ADT was then conducted. EBRT was
delivered through 3D-conformal radiation therapy, inten-
sity-modulated radiation therapy, or volumetric-modu-
lated arc therapy to the primary prostate field [15]. The
planning target volume for EBRT was generated through
adding an 8 mm margin surrounding the clinical target
volume, except posteriorly, where the margin was limited
to 3 mm. Radiotherapy dosing regimen ranged from 66 to
74 Gy. Patients with positive lymph nodes or have con-
traindications to radiotherapy of EBRT were treated by
adjuvant ADT immediately after obtaining the RP pathol-
ogy report (approximately 2 weeks after surgery) until
three months after PSA nadir [16]. Patients suffered from
BF would be treated by salvage ADT. The ADT type we
chose is the combination of bicalutamide and goserelin.

The RP was conducted through a pure laparoscopic RP
technique described by Guillonneau [17] with an extra-
peritoneal approach and five trocar technique by two
experienced surgeons both of whom had an average of RP
cases of 100 per year (WY and ZZ). The vesico-urethral
anastomosis was accomplished with a running suture
with Y604 (Ethicon, USA). Treatment with LDR was
planned for the prostate and proximal seminal vesicles
to receive 145 Gy with a 5-mm margin laterally, anteri-
orly, and inferiorly by two urologist with over 10 years of
brachytherapy experience [18]. No margin was planned
superiorly (bladder) and posteriorly (rectum). '?°I seeds
were accurately introduced into preplanned positions by
a brachytherapy stepping unit MICK200 (Computerized
Medical Systems, Inc, St. Louis, MO, USA) using a stand-
ard 0.5 cm brachytherapy template placed over the peri-
neum. 1 week after implantation, dosimetric analysis was
conducted by CT scan, and the D90 (defined as the mini-
mum dose covering 90% of the prostate) was obtained for
each patient.

Follow-up and study endpoints

The day of the operation of RP/LDP was counted as the
day 0. Patients were followed up monthly during the first
three months and at three-month intervals thereafter. If
PSA level was stable, routine follow-up was scheduled
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every six months from 2 years after surgery. Imaging
result for each patient was generally reviewed once a year
and rechecked at any time if any signs of disease progres-
sion or biochemical recurrence were observed. Biochem-
ical relapse-free survival (bRFS) and clinical relapse-free
survival (cRFS) were the primary endpoints of this study,
whereas cancer-specific survival (CSS) and overall sur-
vival (OS) were the secondary endpoints. BF was defined
as a PSA value 0.2 ng/mL for patients who underwent
RP [19] and an increase of 2 ng/mL or >nadir PSA value
(Phoenix definition) [20] for patients treated by LDR.
Clinical relapse was defined as metastases identified by
medical imaging, with or without localizing symptoms,
or biopsy-proven local recurrence. Both distant metas-
tasis and regional lymph node metastasis were defined
as clinical recurrence in cRFS analysis. Cancer-specific
mortality was defined as mortality due to PCa, noted on
the death certificate alongside the biochemical and clini-
cal information, or the presence of uncontrolled meta-
static disease when the patient succumbed.

Statistical analysis

Factors considered to influence the endpoint were
recorded for baseline analysis. The mean*SD was
applied to describe data in a normal distribution, while
the median and interquartile range (IQR) were applied
for data in a skewed distribution. To compare the dif-
ference between groups, Chi-square test, Mann—Whit-
ney U-test and t-test were used, respectively, for suitable
variables. Log-rank tests were applied to evaluate differ-
ences between two survival curves. Cox proportional-
hazard models were constructed to identify factors
associated with bRFS. We performed statistical analyses
through SPSS version 25.0 (SPSS Inc., Chicago, IL, USA).
P<0.05 was considered to be statistically significant in
this study.

Results

Patient characteristics

Tables 1, 2 present complete pretreatment characteristics
of enrolled patients. A total of 361 patients were included
in the present study, comprising 201 LDR patients
(55.7%) and 160 RP patients (44.3%). A total of 370 par-
ticipants were initially selected retrospectively, and nine
patients have been lost during follow-up: two in the RP
group and seven in LDR group. The median age of the
study population was 70 (IQR 65-75) years. Patients in
Group RP were slightly younger 66 (IQR: 62-71) than
those in Group LDR 74 (IQR: 69-77), P<0.001. The
median follow-up for RP and LDR was 54 and 69 months,
respectively. The median duration of ADT in arms LDR
and RP were 183 days (IQR 176-190) and 60 days (IQR:
58-62) (P<0.001). At baseline, the median PSA level
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Table 1 Patient cohort characteristics for RP group and LDR
group

Parameters RP(r=160) LDR(r=201) P value
Age(years) <0.001
Median 66 74
Range 48-78 50-84
Clinical stage N, % 0.002
Tlc 15 (9.4%) 42 (20.8%)
T2a 40 (25.0%) 36 (17.9%)
T2b 41 (25.6%) 32 (15.9%)
T2c 64 (40.0%) 91 (45.2%)
PPBC 0.734
50% 125 154
>50% 35 47
Gleason Score N, % 0.086
6(3+3) 75 (46.8%) 79 (39.3%)
7(3+4) 54 (33.7%) 63 (31.3%)
7(4+3) 31 (19.3%) 59 (29.3%)
Prostate volume(ml) 0.172
30 76 110
>30 84 91
Initial PSA (ng/ml) 0.891
Median 120 125
Range 4.2-201 0.8-19.9
Risk 0172
Favorable 45 44
Unfavorable 115 157
Follow-up, months <0.001
Median 54 69
Range 17-114 26-117
Duration ADT, months <0.001
0 110 11
1-6 25 94
>6 25 96
Adjuvant EBRT 15 5 0.004
Risk level 0.107
Favorable risk 45 44
Unfavorable risk 115 157

was 12.29 ng/mL (IQR 9.53-15.01). The median follow-
up duration for surviving patients was 63 months (IQR
44-86). According to biopsy results, in LDR group, 42
patients (20.8%), 36 patients (17.9%), 32 patients (15.9%)
and 91 patients (45.2%) were diagnosed with stages T1c,
T2a, T2b, and T2c, respectively; whereas, in RP group, 15
patients (9.4%), 40 patients (25.0%), 41 patients (25.6%)
and 64 patients (40.0%) were diagnosed with stages T1lc,
T2a, T2b, and T2c, respectively. The clinical TNM stag-
ing in RP Group is significantly higher than LDR group.
In patients underwent RP, according to whole mount
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Table 2 Patient cohort characteristics for RP group and LDR
group for patients with biochemical recurrence and patients
without biochemical recurrence

Non-
recurrence(n=273)

Parameters recurrence(n= 88)

Treatment modality

RP 46 114

LDR 42 159
Age (years)

Median 68 61

Range 48-81 41-74
Initial PSA (ng/ml)

Median 118 123

Range 4.45-20.2 0.83-19.73
Treatment modality n, %

RP 46 (52.3%) 114 (41.8%)

LDR 42 (47.7%) 159 (58.2%)
Clinical stage n, %

Tlc 7 (7.9%) 50 (18.3%)

T2a 15 (17.0%) 61 (22.3%)

T2b 17 (19.3%) 56 (20.5%)

T2c 49 (55.6%) 106 (38.8%)
PPBC n, %

50% 52 (59.9%) 227 (83.1%)

>50% 36 (40.9%) 46 (16.8%)
Gleason Score n, %

6(3+3) 45 (51.1%) 109 (39.9%)

7(3+4) 27 (30.6%) 90 (32.9%)

7(4+3) 16 (18.1%) 74 (25.2%)
Prostate volume(ml) n, %

30 58 65.9%) 77 (28.2%)

>30 30 (34.0%) 196 (71.8%)
Risk n, %

Favorable 18 (20.45%) 71 (26.0%)

Unfavorable 70 (79.5%) 202 (73.9%)
Metastasis status n, %

Positive 17 (19.3%) 1 (0.4%)

Negative 71 (80.6%) 272 (99.6%)

pathology report, positive margins were found in 55
(34.4%) patients; the extracapsular extension was found
in 31 (19.3%) patients and seminal vesicle invasion in
18 (11.3%) patients, resulting in 49 (30.2%) RP patients
upstaged to pathologic T3. Biochemical recurrence was
observed in 46 patients in the RP group and 42 patients
in the LDR group (P=0.004). The median age for BF
was 68 years (IQR 62-75), median PSA was 11.82 ng/ml
(IQR 9.02-15.01) and the median PV was 20.96 ml (IQR
18.95-33.02). As for the clinical recurrence aspect, nine
patients were found to have metastasis for both the RP
group and the LDR group (P=0.628). The median age
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of metastasis onset was 69 years (61-75), with a median
PSA of 10.01 ng/ml (7.03-17.38) and a median PV of
19.72 ml (18.15-25.35); the mean D90 for the LDR group
was 144 Gy (1 standard deviation=20.58 Gy). 31.2% of
patients in RP group received ADT while 94.5% in LDR,
(P<0.001). Adjuvant EBRT was used for 15 patients
(9.4%) in the RP group and 5 (2.5%) in the LDR group,
respectively (P=0.004).

Main outcomes

The median time to BF was 61 months (IQR 51-81) and
44 months (IQR 27-66) for RP and LDR, respectively
(P=0.327). As for the median time to clinical recur-
rence for RP and LDR, it was 67 months (IQR 49-90)
and 51 months (IQR 35-66), respectively (P=0.974).
The 5- and 8-year bRFS rates were 70.2% and 63.1% in
the RP group and 83.2% and 68.9% in the LDR group,
respectively (Fig. 1A). The log-rank test indicated that
the 5- and 8-year bRES rates for the RP group were both
lower than the LDR group with P=0.003 and P<0.001,
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(Fig. 1A). The 5- and 8-year cRES rates were 94.2% and
92.1% in the RP group and 95.1% and 93.7% in the LDR
group, respectively, with P=0.404 and P=0.128 (Fig. 1B).
The 5- and 8-year CSS rates were 99.2% and 97.4% in
the RP group and 98.9% and 97% in the LDR group
with P=0.774 and P=0.385 (Fig. 1C). The 5- and 8-year
OS rates were 98.6% and 97.0% in the RP group and
97.7% and 95.4.5% in the LDR group, respectively, with
P=0.951 and P=0.412 (Fig. 1D).

bRFS curves betweentlDR andRP

Log-rank test was used to compare the bRES curves
between LDR and RP in terms of different variables
according to pretreatment characteristics. Risk of BF
was significantly higher in RP patients when com-
pared with LDR for patients with GS 7 (3+4: P=0.027;
4+3: P=0.001), PV>30 ml (P<0.001), iPSA 10 ng/ml

(P=0.007), clinical T stage with T1c—T2a (P=0.016), any
PPBC ( 50%: P=0.043;>50%: P=0.003) or unfavorable
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Fig. 1 Kaplan—Meier survival curves of bRFS (A), cRFS (B), CSS (C) and OS (D) in patients with IRPC treated with LDR vs RP. bRFS biochemical
relapse-free survival, cRFS clinical relapse-free survival, CSS cancer-specific survival, OS overall survival, IRPC intermediate-risk prostate cancer, LDR

low-dose-rate brachytherapy, RP radical prostatectomy
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IRPC (P=0.003). However, survival of LDR patients was
not statistically different from RP patients at any age, GS
6,PV 30 ml, iPSA >10 ng/ml, clinical T stage with T2b—
T2c or favorable IRPC.

Prognostic factors

Cox proportional-hazard models were constructed to
identify factors associated with bRFS and CSS (Table 3).
With univariate analysis of the entire cohort, treatment
with RP (P=0.004), age <70 years old (P =0.001), clinical
T stage with T2b—T2c¢ (P=0.005), PV 30 ml (P<0.001),
positive margin and PPBC>50% (P<0.001) were associ-
ated with significantly worse bRFS. With multivariate

Table 3 Univariate and multivariable analyses of prognostic
factors

Factor Univariate analysis Multivariate analysis
P value HR (95% Cl) P value HR (95% CI)
Treatment
RP Ref. Ref.
LDR 0.004 0.53(0.35-0.81) 0.067 0.50 (0.24-1.05)
Age, years
<70 Ref. Ref.
70 0.001 0.50(0.33-0.76) 029 0.72(040-1.31)
Clinical T stage
Tlc,T2a Ref. Ref.
T2b,T2c 0.005 1.99(1.23-3.23) 043 1.29(0.69-2.39)
iPSA, ng/ml
10 Ref. - -
10.1-20 015 0.73(047-112) - -
Gleason score
6(3+3) Ref. - -
7(3+4) 052 0.86(0.53-1.38) - -
7(4+3) 0.095 0.62 (0.35-1.09) - -
Prostate volume, ml
30 Ref. Ref.
>30 <0.001 035(0.22-056) <0.001 0.33(0.18-0.60)
PPBC
50% Ref. Ref.
>50% <0.001 2.83(1.85-433) <0001 1.19(171-595)
Duration ADT, months
0 Ref.
1-6 0.254 0.72 (0.65-1.29) 0.106 2.61(0.87-4.13)
>6 0.177 059 (0.51-0.71) 0426 0.63(0.62-3.13)
Surgical margin status
Positive <0001 251(154-378) <0001 2.64(120-4.18)
Negative Ref.
Risk level

Favorable risk
Unfavorable risk

0492 123(068-221) 0944 097 (0.39-2.41)
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analysis of the entire cohort, PV 30 ml (P<0.001) and
PPBC>50% (P<0.001), positive margin (P<0.001) were
associated with significantly worse bRFS, while other fac-
tors such as ADT application, fail to demonstrate a posi-
tive result in multivariate analysis.

Discussion
Currently, the guidelines of the American Urological
Association, the European Association of Urology and
the NCCN endorse RP, LDR and EBRT therapy as appro-
priate treatment options for IRPC. However, no differ-
ence has been observed in OS or CSS among the three
approaches in the recent studies [21, 22]. Treatment
options for PCa are diverse, and therapeutic decisions
are primarily based on the condition of each medical
institution and the preferences of doctors/patients [21].
IRPC represents a heterogeneous population for which
primary therapy includes AS, RP, EBRT with or without
ADT, brachytherapy with or without ADT, or EBRT +BT
with or without ADT [23, 24]. AS has been considered as
a feasible strategy and is well recommended in low-risk
PCa patients with equivalent oncological outcomes [25,
26], nevertheless, the application of AS in IRPC is not yet
clear. Currently, NCCN suggests that AS should be con-
sidered for IRPC patients who meet the following condi-
tions: (1) the predominant cancer lesion is grade group 1
or 2; (2) the tumor involves less than 50% of the core, (3)
the patient only has one NCCN intermediate-risk factor
[15]. However, in a recent systematic review and meta-
analysis, Baboudjian found that the risk of metastasis and
cancer mortality in AS for unselected IRPC patients were
significantly higher than those in low-risk PCa patients,
highlighting the need to optimize patient selection for
patients with intermediate-risk characteristics [27].
Comparing the oncological outcomes of RP and LDR
remains a challenge due to differential definitions for
recurrence and methodological biases arising from the
differences in baseline characteristics, including age,
comorbidity and cancer risk features [21, 28—-30]. A ran-
domized controlled trial is ideal for comparing treatment
modalities [31], nevertheless, studies on comparison of
the efficacy between LDR and RP in previously reported
literature are retrospective design [21, 32]. Compared
with candidates for RP, patients who offered LDR gener-
ally tend to be older and have higher comorbidity scores;
therefore, a random trial is impractical [29, 30]. Wiirn-
schimmel et al. demonstrated in a retrospective single-
center study that low- and IRPC patients treated with
RP can expect an impressive life expectancy predictions
with OS=90.7% BF ranged from 61.7% to 81.9% in ten-
year follow-up. The difference in OS between their study
and ours could be explained by the differences in age and
race [33, 34]. In addition, previous study did not perform
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subgroup analysis for low-risk PCa and IRPC patients,
whereas our study only focuses on the IRPC. Although
RP provides a treatment method for patients with PCa,
this surgical approach does not come without signifi-
cant short- and long-term adverse effects, with decline in
sexual function and urinary incontinence being the ones
most frequently reported. According to previous studies,
the reporting rate of urinary incontinence after RP var-
ies from 5 to 40% [35]. Multiple techniques have been
recently applied in order to achieve early recovery of uri-
nary continence after RP, however, a consensus has not
yet to be reached regarding which strategy is most effec-
tive in facilitating early continence recovery [36]. Erectile
dysfunction is another most concerning post-surgical
complications after RP, with a prevalence ranging from
10-82% [37, 38]. Oral treatment of phosphodiesterase
type 5 inhibitor (PDE5i) is the first line standard care
treatment for erectile dysfunction as it is non-invasive
and can be provided on demand, nevertheless, PDE5i is
ineffective in up to 82% of patients after RP [39]. Thus to
guarantee patients’ quality of life without compromising
oncology prognosis, it is necessary to explore an optimal
substitute for RP [40].

After retrospectively analyzing data from 361 IRPC
patients treated in our hospital, we found no statistically
significant difference in the cRFS, CSS and OS between
the two therapeutic groups. This result was consistent
with recent publications in the literature [41-43]. Hamdy
et al. also reported 10-year outcomes after monitoring,
surgery, or radiotherapy for localized PCa, and high-
lighted that there was no significant difference in cRES,
CSS and OS between surgery and radiotherapy treat-
ments [22]. However, as his study included patients of all
risk categories, we cannot make any conclusions regard-
ing IRPC. Goy et al. statistically analyzed 1503 IRPC
patients who underwent treatment from 2004 to 2007
and demonstrated that there was no significant difference
between cRES and CSS, while as for the bRFS, the LDR
is significantly higher when compared with other treat-
ment approaches. The 10-year bRFS was 80.2% for LDR,
57.1% for RP and 57.0% for EBRT, P=0.0003 [5]. How-
ever, in his study, LDR patients had a significantly smaller
proportion than RP (7.3% Vs 54.5%) which might cause
bias in the results. In present research, the proportion
of patients in both groups was more balanced than that
in Goy’s study and our results revealed the 5- and 8-year
bRFS rates were 70.2% and 63.1% in the RP group, and
83.2% and 68.9% in the LDR group, respectively. The log-
rank test showed that the bRFS for RP was significantly
lower than LDR. However, in terms of the pretreatment
characteristics, patients treated with LDR were older,
experienced longer follow-up times, and had a higher
preponderance of combined ADT treatment. Although
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the clinical stage differed significantly with P value
0f<0.001 in univariate analysis, our multivariate analy-
sis has proved that the clinical stage is not a variable that
could affect the clinical outcome.

Generally, it is hard for studies comparing the prog-
nosis of LDR and RP to unify the ADT treatment plan.
To reduce heterogeneity, our study opted to regard ADT
application and duration as a risk variable in multivariable
analysis and our results indicated that ADT application
has limited impact on the prognosis of IRPC according
to the results of both multivariate and univariate analysis
which met the results of former study [30, 44]. This result
can ensure the reliability of our research results to a cer-
tain extent. Cindolo et al. indicated that the OS in the
super-elderly is also not influenced by persistence and/or
adherence [45]. Our findings suggested that LDR may act
as a viable alternative to RP for IRPC patients. As neither
treatment modality has been proven superior to the other
concerning RP and LDR, the optimal treatment for differ-
ent risk categories in PCa remains debatable. Although
our median follow-up time of 54 months was sufficient to
identify a significant number of systemic failure events, it
may still be too short to achieve mortality results. There-
fore, we chose bRFS as the primary evaluation criterion
for curative effect. We observed that LDR out performed
RP significantly in terms of bRFS, especially, for patients
with GS 7, PV>30 ml, iPSA 10 ng/ml, clinical T stage
with T1lc-T2a, any PPBC or unfavorable IRPC. Sup-
ported by the results of our study, LDR might be better
option than RP in patients with the above conditions.
Subgroup analysis revealed that the bRFS of unfavora-
ble IRPC could be significantly improved through LDR
compared with RP. All these results could prove that
LDR was a considerable option for those with unfavora-
ble IRPC. Similarly, a study conducted by Taussky et al.
reported that RP and LDR treatment led to comparable
outcomes at 4 years post-treatment in patients with low-
and low-intermediate- risk PCa [46]. However, Ferreira
et al. found that the 5-year bRES of patients with early
PCa patients who had undergone LDR was significantly
higher than those who had received surgery [47]. Fur-
thermore, Ciezki et al. reported that higher bRFS was
achieved through LDR and EBRT as compared to RP in
the treatment of high-risk PCa [41]. It is worth noting
that these studies exhibited significant heterogeneity as
different centers employed diverse LDR technologies and
comparison methods were varied when comparing the
outcomes of RP and LDR [48].

As the previous studies reported, there were many fac-
tors affecting the prognosis of PCa, including general
situation, tumor stage, tumor ‘grade, iPSA, age and bone
scintigraphy result [49-51]. Ciezki et al. found that clini-
cal stage T3, GS 8 to 10, higher iPSA and more frequent
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post-treatment PSA testing were all associated with a
significantly worse bRFS [41]. Additionally, Taussky et al.
reported that younger age, a higher percentage of posi-
tive biopsies, and PSA at diagnosis were predictive for
BF [46]. On our multivariate analysis, PV 30 ml, posi -
tive margin and PPBC>50% were associated with sig-
nificantly worse bRFS. Goy et al. showed that PPBC
rate >50% had a substantial impact on cRFS and CSS [46].
Raison et al. highlighted that positive margin was a strong
predictors of biochemical recurrence after RP [52]. While
as a reasonable explanation for why PV <30 ml was asso-
ciated with worse bRFS still could not be found. A multi-
center population based prospective study in the future is
warranted to further investigate the relationship between
PV and the prognosis of PCa.

Current international and guidelines for post-RP
patients with adequate PSA response (<0.1 ng/mL) or
those at high risk of recurrence recommend either adju-
vant radiotherapy or early salvage radiotherapy [23]. Nev-
ertheless, it remains controversial whether patients with
IRPC should also treated by adjuvant radiotherapy or
salvage radiotherapy. Adjuvant radiotherapy is conducted
immediately (within 4 —6 months) after RP whereas
salvage radiotherapy is given after a period of observa-
tion and BF. Adjuvant radiotherapy has been proved to
reduce the risk of recurrence after RP. However, three
recently published phase III trials (RAVES, RADICALS,
GETUGL17), indicated clearly that salvage radiotherapy
at the time of recurrence may now be regarded as a pre-
ferred option in the large majority of patients [53-55].
Therefore, in our present study, adjuvant radiotherapy
was applied to guarantee an optimal clinical outcome.

The limitations of this study include the following:
(1) baseline characteristics of the two groups did not
wholly match. Significant differences were observed in
terms of age, TNM staging, ADT duration and adju-
vant EBRT application between RP group and LDR
group, resulting in a high heterogeneity. Nevertheless,
our results to some extent do reflect the actual clini-
cal situation. In clinical practice, older patients tend to
prefer LDR, while those with higher TNM staging are
more likely to opt for RP. Additionally, patients who
receive RP are more inclined to choose adjuvant ERBT
as a supplemental therapy. Although the minor misfit
is inevitable due to random grouping in a retrospective
study, a prospective study comparing eligible patients
is still needed to make a more accurate conclusion. As
this study aims to provide a guide to aid clinical deci-
sion-making at diagnosis, the duration of ADT follow-
ing initial treatment, which may contribute to survival,
was not adjusted. Nevertheless, according to previous
studies using models adjusted for risk, ADT was not an
independent predictor [30, 44]. (2) The definition of BF
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is different between RP and LDR group. Although this
definition is commonly used in the world [5, 22, 43],
there might remain some bias in the interpretation of
the results. (3) Fewer deaths in this study means that
whether higher bRFS rates observed in patients could
translate into superior oncological endpoints is still
undetermined; consequently, a more extended observa-
tional period is needed for a meaningful comparison of
OS. (4) Due to its retrospective nature, co-morbidities
of participants in each group were not compared in
the present study. In addition, since our study was con-
ducted in a single hospital center, there may be some
potential limitations, such as patient selection bias and
small sample size. We are currently following up with
the included patients to collect relevant clinical data to
improve our study in the future.

Conclusion

In summary, LDR might be a considerable treatment
option for IRPC patients, with equivalent rates of cRFS,
CSS and OS when compared with RP. Despite the differ-
ence in BF definitions, LDR could improve bRES signifi-
cantly when compared with RP. PV 30 ml (P<0.001),
positive margin (P<0.001) and PPBC>50% (P<0.001)
were independent predictors for worse bRFS. A longer
follow-up may still be required to detect differences in
OS between these two treatments.
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