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Abstract
Objective: This retrospective study aimed to examine treatment outcomes and patient selection criteria in individuals with high-risk prostate cancer (PCa) treated
with definitive radiotherapy (RT) and androgen deprivation therapy (ADT) or radical prostatectomy (RP).
Materials and Methods: In total, 72 patients treated with definitive RT or RP for high-risk PCa between 2011 and 2018 were included in the study. Patient
characteristics, treatment data, and follow-up data were obtained from the patient’s file.
Results: Of 72 patients with high-risk PCa, 34 (46.6%) received definitive RT and ADT and 38 (52.1%) had undergone RP. The median follow-up time in the RP group
was 44.5 (range, 14-100) months and that in the RP group was 48 (range, 9-108) months. No significant between-group difference was found in the biochemical
recurrence-free survival, metastasis-free survival, and overall survival (OS) rates after 3 and 5 years of follow-ups (p≥0.005). In a subgroup analysis, RT was the
treatment of choice for patients aged ≥65 years and for those with prostate-specific antigen values of ≥20 ng/dL, a Gleason score (GS) of 9-10, and T stage T3-4
and N+ status (p=0.015, 0.001, 0.035, and 0.022, respectively). In the univariate and multivariate analyses, age ≥65 years and GS of 8-10 were significant risk
factors for reduced OS in all high-risk PCa cases.
Conclusion: No significant difference was found in the survival outcome of patients in the RT + ADT and RP groups. RT should be preferred in patients aged ≥65
years and in those with a high T stage and GS of 8-10.
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Introduction
Prostate cancer (PCa) is the second most common cancer in
men and the fifth most common cause of death among men
worldwide (1). It has one of the highest mortality rates among
all cancers, despite surgery and radiotherapy (RT), with a high
rate of relapse and progression, especially in those with high-risk
PCa (2). Historically, RT, androgen deprivation therapy (ADT), or
a combination of both was the standard treatment for patients
with high-risk PCa. Several studies have now suggested that a
radical prostatectomy (RP) can control disease progression and
improve survival (3,4,5,6). However, there is no consensus on
the optimal treatment for patients with high-risk localized PCa
[≤T2c or a Gleason score (GS) of 8-10 or prostate-specific antigen
(PSA) level of >20 ng/dL]. Current guidelines recommend both
RT and RP for high-risk PCa (7).

The advantages and disadvantages of both regimens should be
considered in treatment decision making. While RP guides the
selection of patients who can benefit from adjuvant therapies
by correct staging, it cannot eradicate micrometastatic diseases
(8). By contrast, a combination of RP and ADT eliminates pelvic
micrometastases in high-risk cases. However, the long treatment
period (i.e., 6-8 weeks) is a major disadvantage of RT + ADT.
Regarding patient selection for RT and RP, the side effect profiles
of each treatment regimen must be considered. The side effects
in patients with high-risk PCa who underwent RP frequently
included impotence, urinary incontinence, and bleeding,
whereas those in patients who received RT commonly included
bladder and bowel complaints (9,10). These RT-related side
effects were more common after irradiation using conventional
RT techniques, such as conformal techniques, rather than new
methods (e.g., image-guided RT and volumetric arc therapy).
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In patients with high-risk PCa, all treatment decisions regarding
the use of RT + ADT or RP should be based on long-term survival
data, tumor control rates, and treatment side effects, as well as
patient preference.
In this study, we examined treatment outcomes and patient
selection criteria in individuals with high-risk PCa treated by
definitive RT or radical RP.

Materials and Methods
Patient Characteristics
In this retrospective study, we evaluated 72 patients diagnosed
with high-risk PCa who were treated with RT + ADT or RP
in İstanbul Training and Research Hospital, Department of
Radiation Oncology, between January 2011 and December
2018. All patients underwent pelvic computed tomography
(CT) or pelvic magnetic resonance imaging in addition to a bone
scan. Some patients underwent prostate-specific membrane
antigen positron emission tomography (PSMA PET/CT) to
exclude distant metastasis.
The inclusion criteria were as follows: a histologically proven
adenocarcinoma of the prostate gland, high-risk PCa according
to D’Amico’s risk classification criteria (≥T2c or a GS of 8-10 or
PSA level of >20 ng/dL), treatment with RP or RT + ADT, and
data were available including survival outcomes. Patients who
had distant metastases and evidence of clinical pelvic lymph
node involvement were excluded. All relevant laboratory and
pathology results were obtained from the hospital’s database.
Data related to the treatment follow-up were obtained from
clinical files.
The study was approved by the local ethics committee of our
hospital. All patients were given a thorough explanation of the
study, and informed consent was obtained from all of them
(approval no: 2021-2664).

RT- and Surgery-Related Data
In the definitive RT group, intensity-modulated radiotherapy
(IMRT) or volumetric-modulated arc therapy (VMAT) was
applied. The treatment schedule was as follows: external beam
RT in 1.8-2.0 Gy daily fractions with 6 MV photon beams at 5
days a week. A total dose of 46 Gy was delivered to the pelvic
region, 54 Gy to the seminal vesicle, and 76-78 Gy to the prostate.
According to the risk stratification based on Partin’s tables (11),
the entire pelvic region was included in the RT field in patients
whose pelvic lymph node involvement risk exceeded 15%. The
gross tumor volume included the prostate volume. The clinical
target volume was defined as follows: CTV1 comprised the
prostate only, CTV2 comprised CTV1 plus the seminal vesicles,
and CTV3 comprised CTV1 plus CTV2 plus pelvic lymph nodes.
The planning treatment volume was defined as pelvic lymph
nodes with 0.7 mm margin. CTV2 and CTV1 were defined as 8
mm in all directions and 5 mm in the posterior direction.
Postoperative RT was given as adjuvant or salvage treatment in
the RP group. Adjuvant RT was administered 4-6 months after
surgery. Most of the patients in the RP group had positive surgical
margins. Salvage RT was applied in the event of biochemical
failure. In the RP group, biochemical failure was defined as an

226

increase in the PSA level of >0.1 ng/mL postoperatively. In the
RT group, it was defined according to the Phoenix criteria as a
PSA level of 2 ng/mL above the lowest level (12). Postoperative
RT was applied to the operating bed with daily fractions of 1.82.0 Gy with 6 MV photon beams. Surgical treatment comprised
RP and pelvic lymph node dissection.

Outcomes and Follow-up
The biochemical recurrence-free survival (BRFS), metastasis-free
survival (MFS), and overall survival (OS) rates of the patients
in each treatment group were recorded. BRFS, MFS, and OS
were defined as the time from RP/RT until biochemical failure,
metastasis, and death from any cause, respectively.
Treatment toxicity was evaluated using the Common
Terminology Criteria for Adverse Events version 4.0 (13). During
RT, all patients were assessed at least once a week. At this time,
they underwent a clinical examination, and their blood count
was measured. After RT, their PSA levels were checked every 3
months in the first 2 years, and abdominal/pelvic tomography
and bone scanning were performed every 6 months. Followup was performed every 6 months for 2-5 years and once a
year after 5 years. During the follow-up period, all patients with
suspected local or regional recurrence and distant metastasis
were referred for PSMA PET/CT and multiparametric magnetic
resonance imaging.

Statistical Analyses
The compliance of the variables to normal distribution was
examined using histogram graphics and the KolmogorovSmirnov test. The mean, standard deviation, and median values
were used while presenting descriptive analyzes. Categorical
variables were compared using the Pearson chi-square test. The
Mann-Whitney U test was used in evaluating nonparametric
variables between two groups. BRFS, MFS, and OS rates were
evaluated using Kaplan-Meier analysis. The multivariate Cox
proportional hazard model was used to evaluate interactions
between two groups and prognostic variables for OS outcomes.
All analyses were performed at a 95% confidence level with a
0.05 significance level using SPSS for Windows version 17.0
(SPSS Inc., Chicago, IL, USA).

Results
This study included 72 patients with high-risk PCa: 34 (46.6%)
patients in the definitive RT group and 38 (52.1%) patients
in the RP group. Table 1 provides information on the baseline
parameters of the patients and their treatment. The mean age
of those in the RP and RT groups was 63.8 (57-76) and 66.7
(51-78) years, respectively, with a significant between-group
difference (p=0.045). The proportion of patients with a mean
age ≥65 years with a pretreatment PSA level, PSA >20 ng/
dL, and last PSA level was higher in the RT group (p=0.015,
p=0.001, p=0.001, and p=0.006, respectively). Moreover, the
GS in the RT group was significantly higher than that in the
RP group (<8 vs 8 and 9-10, p=0.035). Regarding the National
Comprehensive Cancer Network (NCCN) risk classification, RP
was the treatment of choice in 15 (44.5%) patients in the highrisk group, whereas RT was preferred in 31 (86.5%) patients in
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the very high-risk group (Gleason pattern 5 and/or >4 score
with GS 8-10, p=0.018). According to the 7th American Joint
Committee on Cancer Tumor-Node-Metastasis staging system,
33 (82.3%) patients were stage T2 (T2c) and 20 (99.5%) were
stage T3 and T4 in the RP group, and 11 (100%) were N (+)
in the RT group. RT was the treatment of choice for patients
with advanced disease stages, showing a significant difference
(p=0.001). The follow-up time was 44.5 (range, 14-100) months
in the RP group and 48 (range, 9-108) months in the RT group
(p=0.230).
Moreover, 16 (47%) patients received adjuvant RT and 6 (15.7%)
patients received salvage RT due to biochemical recurrence in
the RP group. In the RT group, ADT (50 mg of bicalutamide
and 22.5 mg of leuprolide acetate) was given to all patients
who received RT for 3 years. Neoadjuvant ADT was given to six
patients before RT because of the tumor size. Only two patients
did not receive ADT because of severe heart failure.
The Kaplan-Meier curves for BRFS, MFS, and OS times are shown
in Figure 1. No significant difference was found in the BRFS, MFS,
Table 1. Comparison of patients characteristics in treatment
groups
Radical
prostatectomy

Definitive
radiotherapy

p-value

Mean, (range)

63.82±4.2 (57-76)

66.79±7.6 (51-78)

0.045

<65 years

24 (60%)

16 (40%)

0.015

≥65 years

10 (31.3%)

22 (68.8%)

Pretreatment
PSA value
mean (range)

9.7±14.5 (3.4-66)

25.50±34.10 (4.6-146)

0.001

<10 ng/dL

18 (72%)

7 (28%)

0.001

10-20 ng/dL

10 (52.6%)

9 (27.4%)

≥20 ng/dL

6 (21.4%)

22 (78.6%)

<8

15 (44.1%)

7 (18.4%)

8

8 (25.8%)

18 (47.5%)

9-10

11 (32.4%)

13 (34.2%)

Age

First PSA

Gleason score
0.035

NCCN risk classification
High

15 (44.5%)

7 (18.5%)

Very high

19 (55.5%)

31 (85.5%)

0.018

Clinical stage (n)
T2

33 (82.5%)

7 (17.5%)

0.001

T3-4

1 (0.5%)

20 (99.5%)

N+

0

11 (100%)

Last PSA,
mean (range)

0.37 (0.08-10.4)

7.3 (0.08-149)

0.006

Follow-up
(months)

44.5±16.7 (14-100)

48±20.1 (9-108)

0.230
0.433

Alive

29 (85.3%)

30 (78.9%)

Figure 1. Kaplan-Meier curve for BFS, MFS and OS (A, B, C)

Exitus

5 (14.7%)

8 (21.1%)

OS: Overall survival, BFS: Biochemical recurrence-free survival, MFS: Metastasisfree survival

PSA: Prostate-specific antigen, NCCN: National Comprehensive Cancer Network
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and OS values between the two groups at 3- and 5-year followups (Table 2). The BRFS time in the RP group was longer than
that in the RT group (85.7±3.7 vs 72.4±5.0 months, p=0.062),
with the difference close to statistical significance.
Table 3 shows the results of the Cox regression analysis of the OS
in the two groups. In the univariate analysis, age (p=0.035) and a
higher GS (i.e., ≥8) were significant predictors of OS (p=0.025).
In the multivariate analysis, age and a higher GS (i.e., ≥8) were
independent predictive factors for OS in both groups (p=0.043
and p=0.027, respectively).

Discussion
In this study, we examined patient outcomes and selection
criteria in individuals with high-risk PCa treated with definitive
RT or RP. The aim was to shed light on the suitability of different
patients for various treatments. We found no difference in the
BFS, MFS, and OS of the patients between the two groups,
although the BRFS in the RP group was marginally better than
that in the RT group.
Table 2. Survival outcomes of the treatment groups
Survival outcomes

Radical
prostatectomy

Definitive
radiotherapy

p-value

BFS
Median ± SD (month)

85.7±3.7

72.4±5.0

3-year BFS (%), (95%, CI)

93 (83.2-102.8)

84.6 (81.5-91.3)

5-year BFS (%), (95%, CI)

78.1 (67.3-88.9)

63.4 (60.6-66.2)

Median ± SD (month)

75.4±6.8

74±8.9

3-year MFS (%), (95%, CI)

90.8 (82.7-98.9)

90.3 (83.1-97.5)

5-year MFS (%), (95%, CI)

70 (65.6-74.4)

78.6 (73-84.2)

Median ± SD (month)

92±4.3

91±5.5

3-year OS (%), (95%, CI)

88 (76.4-99.6)

89.5 (79.9-99.1)

5-year OS (%), (95%, CI)

85.2 (71.1-99.3)

76.4 (69-83.8)

0.062

MFS (n)
0.674

OS
0.730

BFS: Biochemical recurrence-free survival, MFS: Metastasis-free survival, OS:
Overall survival, CI: Confidence interval, SD: Standard deviation

Currently, both RT and RP are recommended as first-line
treatments for clinically high-risk PCa cases. However, the
optimal treatment has not been established. Many studies
have attempted to shed light on this issue in recent years
(14,15,16,17). Two recent meta-analyses included studies on
treatment outcomes of patients with high-risk PCa (18,19).
However, the majority of the studies enrolled in these metaanalyses did not include subgroup analyses according to the
T-stage, GS, or RT type. Therefore, no comprehensive data can
aid clinicians in treatment selection for patients with high-risk
PCa.
RP is generally the treatment of choice in young patients (<65
years) with high-performance status and no comorbidities.
Before RP, all patients, particularly younger ones, should be
informed about potential surgery-related side effects, which
include urine leakage and sexual dysfunction. These side effects
can cause psychological problems posttreatment in young
patients. In the present study, RP was the treatment of choice
for those aged <65 years (p=0.015). Age was a prognostic factor
for OS in the univariate and multivariate analyses (p=0.035 and
p=0.043, respectively).
A meta-analysis published in 2020 (8) included 25 studies that
compared the efficacy of RP and RT in high-risk PCa cases. In the
two groups, OS, cancer-specific survival (CSS), BRFS, MFS, and
clinical recurrence-free survival were investigated, with detailed
subgroup analyses. This meta-analysis revealed that the survival
times of the patients who underwent RP were high and that
RT delayed disease progression. Based on these findings, the
authors concluded that RT should be the primary treatment for
patients with a high T-stage or high GS. Similarly, in the present
study, RT was the treatment of choice for patients with a high
GS (≥8) and high T-stage (p=0.002 and p=0.001, respectively).
Andic et al. (20) evaluated 120 patients with high-risk PCa who
received RT + ADT (n=72) or RP (n=40). Distant MFS, CSS, and
OS were comparable in both groups, but BRFS was significantly
lower in the RP group (p<0.001). In the present study, we did find
a significant between-group difference in BRFS, MFS, and OS.
However, BRFS was longer in the RP group, with the difference
close to significance (p=0.062). We attributed this finding to
the fact that 16 (47%) of the patients who underwent surgery

Table 3. Predictive factors in the univariate and multivariate analyses for overall survival
Univariate

Multivariate

OR

95% CI

p-value

OR

95% CI

p-value

Age (mean)

1.103

1.00-1.208

0.035

1.092

1.003-1.189

0.043

Age group (<65 vs ≥65)

0.635

0.213-1.893

0.415

-

-

-

Pretreatment PSA (ng/dL)

1.009

0.994-1.022

0.251

-

-

-

PSA group (<20 vs ≥20)

0.917

0.291-2.892

0.883

-

-

-

Gleason score (<8 vs ≥8)

1.048

0.988-1.222

0.025

2.44

1.001-4.322

0.027

0.637

0.079-5.164

0.673

-

-

-

0.478

0.052-4.410

0.515

Last PSA (ng/dL)

0.992

1.044-1.178

0.175

-

-

-

Treatment group (RP vs RT)

1.238

1.401-3.820

0.710

-

-

-

Clinical T-stage (T2 vs T3, T4)

PSA: Prostate-specific antigen, RP: Radical prostatectomy, RT: Radiotherapy, CI: Confidence interval, OR: Odds ratio
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also received adjuvant RT. Most of the patients in the RP group
required adjuvant RT postoperatively because of positive surgical
margins and seminal vesicle involvement. Various studies have
reported that RT administered in the early postoperative period
after RP reduced PSA levels and improved treatment outcomes
(21,22).
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As a result of the rapid developments in RT techniques, high-dose
RT can currently be applied to high-risk PCa cases. Many studies
(26,27) have compared RP with RT applied with conventional
RT techniques. In recent years, many new RT applications, such
as image-guided RT and volumetric-modulated arc therapy,
have become available. These techniques can deliver high-dose
RT to tumor tissues while protecting healthy tissues. Long-term
treatment outcomes, including survival analyses, of patients
treated with the latest RT techniques and RP are needed to
improve patient selection.
In this study, RT + ADT was the treatment of choice for very highrisk cases. A marginal improvement in BRFS was found in the RP
group. The possible reason for this was that approximately half
of the patients in this group received postoperative adjuvant RT.
In making treatment decisions, both RT and surgery should be
offered to patients simultaneously.

Study Limitations
This study had some limitations. First, patients’ quality of life
after RT or RP was not assessed. Second, although brachytherapy
is recommended after RT in the treatment of high-risk PCa in
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study because it was not performed in our hospital. Finally, it
was necessary to define high-risk PCa cases as high or very highrisk cases. Thus, evaluating treatment outcomes in separate risk
categories (i.e., high or very high risk) may be more effective in
determining the optimal treatment strategy.

Conclusion
According to the results of this study and literature findings,
treatment outcomes, including survival times, are comparable
in high-risk PCa treated with RT or RP. Based on the subgroup
analyses, RT should be the treatment of choice for patients with
a high T stage and a high GS and aged ≥65 years.
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