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Abstract

Aim: In this study, patients who underwent salvage Radiotherapy (RT) after biochemical
recurrence (BCR) were evaluated retrospectively. The aim of this study was to evalu-
ate the factors affecting the time to biochemical recurrence and salvage RT after radical
prostatectomy.
Materials and Methods: In Ankara Atatürk Education Hospital, patients with prostate
cancer who received salvage RT between 01.01.2011 and 01.01.2018 were analyzed retro-
spectively. Patients who had undergone radical prostatectomy for prostate adenocar-
cinoma, and received salvage RT for PSA (Prostate-specific antigen) recurrence, were
included. Patients who received post-surgery hormone therapy, and received definitive
or palliative RT, were excluded. SPSS Ver. 22 software package was used for statistical
analysis and the statistical significance limit was accepted as p≤0.05.
Results: Results of 84 patients who met the criteria of the study were analyzed. The
median follow-up was 78.5 (range 28-172) months and the median time between surgery
and RT was 23.7 (range 5.1-136.9) months. The relationship between the time from
surgery to BCR and the Gleason Score (GS) was statistically significant; the median time
was 16.3 (2.17-125.9) months in the group with GS ≤8, and 8.9 (2.8-20.3) months in the
group with GS 9-10 (p=0.05). The relationship between the time from surgery to BCR
and Tumor (T) stage was statistically significant. In subgroup analysis, this difference
was seen between T3A and T3B stages. That time was 17.8 (range 2.17-73.77) months in
T3A and 8.7 (range 2.8-29.6) months in T3B stages (p=0.02). The relationship between
the level of nadir PSA and the median time between surgery and BCR was significant.
It was median 20.6 (range 5.4-65.2) months in patients with PSA< 0.03 and 8.8 (range
2.2-125.9) months in patients with PSA ≥0.03 (p<0.0001).
Conclusion: BCR time is shorter in patients with high GS, advanced T stage, and high
postoperative PSA nadir.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Prostate cancer (PC) is the most common extracutaneous
cancer in men worldwide, according to GLOBACON 2020
data; its incidence is 1,414,259 and 375,304 people died
due to prostate cancer [1]. The main treatments are radi-
cal prostatectomy, radiotherapy (RT), and hormonal ther-
apy (HT) [2,3]. In the evaluation of the patients diagnosed
with prostate cancer in terms of treatment rates; Radio-
therapy (RT) is applied to 55% of patients, and radical
prostatectomy (RP) to 40% of patients [4]. The rate of
biochemical recurrence (BCR) in the 10-year follow-up of
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patients who underwent RP, is 20-40% [5]. Local salvage
radiotherapy (SRT) is the most commonly used treatment
option for BCR after RP [6].
The risk of BCR can be affected by different factors such as
Gleason score (GS), PSA (Prostate-specific antigen) dou-
bling time (PSA-DT), clinical stage, and surgical margin
(SM) status. In many studies, it has been shown that
risk factors such as advanced stage (pT3-4), GS 8-10, and
SM positivity increase the risk of BCR [7]. Individualized
treatments have emerged in patients with BCR, and clin-
icians have proposed different PSA cut-off levels to define
BCR. Thus, it was aimed to intervene at the most appro-
priate time to achieve the best oncological results [8].

In this study, prostate cancer patients receiving salvage RT
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after surgery were analyzed retrospectively. The time from
surgery to BCR was measured. It is aimed to evaluate the
factors affecting this period and BCR.

Materials and Methods
Patients diagnosed with prostate cancer who received SRT
in Ankara Ataturk Education Hospital between 01.01.2011
and 01.01.2018 were analyzed retrospectively. Patients
who had undergone radical prostatectomy for prostate
adenocarcinoma then received SRT for PSA recurrence
were included. Patients who received post-surgery hor-
mone therapy, and definitive or palliative RT were ex-
cluded.
The patients were treated with Helical Tomotherapy us-
ing the Image Guided-Intensity Modulated RT (IG-IMRT)
technique. Age, preoperative (preop) PSA level, SM sta-
tus, T stage, N stage, GS, postoperative nadir PSA, PSA
before RT, and time between surgery and BCR were noted.
GS determined by radical prostatectomy, not biopsy, was
evaluated. In addition, the relationship between pre-RT
PSA and post-RT nadir PSA was evaluated. The PSA
level was accepted as ≥ 0.2 ng/ml for BCR and the un-
detectable PSA level was accepted as ≤0.1 ng/ml for the
patients.
The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Ethics Committee
of Ankara Atatürk Education Hospital with the decision
number E1/1535/2021 on 17/02/2021.

Primary and secondary endpoint
The primary endpoint of this study was analysis of factors
affecting time to BCR after RP. It is important to iden-
tify high-risk subgroups and to monitor this patient group
more closely and to refer them to SRT as soon as possible.
The second endpoint of the study is the evaluation of the
recurrence status after salvage RT.

Statistical analysis
SPSS Ver. 22 (IBM Corp Released 2010. IBM SPSS
Statistics for Windows, Version 20.0. Armonk, NY) soft-
ware package was used for statistical analysis. Nonpara-
metric tests were used in the study because the data did
not fit the normal distribution. Descriptive analyzes were
given as the median value for non-normally distributed
variables. Chi-square or Fisher exact tests were used for
comparative analysis. For statistical analysis of 2 indepen-
dent groups, the Mann-Whitney U test and 3 or more inde-
pendent group analyzes were performed with the Kruskal
Wallis test, and the significance was evaluated with post
hoc analyses after Bonferroni correction. The statistical
significance limit was accepted as a p-value of 0.05 or less.

Results
The results of 84 patients who met the criteria of the study
were analyzed. The median follow-up time was 78.5 (range
28-172) months and the median time between surgery and
RT was 23.7 (range 5.1-136.9) months. The median to-
tal dose of RT was 70 (range 59.4-74.0) Gray. Robotic RP
(RRP) was performed in 65.5% (n=55) of the patients, and
open radical retropubic prostatectomy (ORP) was per-
formed in 34.5% (n=29). GS was determined by biopsy

Table 1. Demographic data, disease and treatment de-
tails of the patients.

n (%)
Age (years) Median (range) 61 (44-80)

PSA (ng/mL) at the time of diagnosis
< 10 45 (53.5)
10-20 25 (29.8)
> 20 14 (16.7)

Gleason score

≤ 6 13 (15.5)
3+4 27 (32.1)
4+3 20 (23.8)
8 12 (14.3)
9-10 12 (14.3)

T Stage

2A 8 (9.5)
2B 3 (3.5)
2C 23 (27.4)
3A 36 (42.9)
3B 14 (16.7)

Surgical margin status
Positive 48 (57.1)
Negative 36 (42.9)

Nadir PSA levels after surgery * (ng/mL) < 0.03 40 (47.6)
≥ 0.03 44 (52.4)

PSA* (ng/mL) at time of RT < 0.03 35 (41.7)
≥ 0.03 49 (58.3)

Last status
Alive 82 (97.6)
Ex 2 (2.4)

Abbr: PSA=Prostate Specific Antigen; T=Tumor; RT= Radiotherapy.

Table 2. Analysis of factors affecting time from surgery
to BCR.

Period (month)
Median(range)

p values

Surgical margin status
Positive 14.8 (3.0-65.1)

0.49
Negative 15.4 (2.2-125.1)

PSA (ng/mL) at the time
of diagnosis

< 10 16.1 (2.2-125.9)
0.7910-20 17.0 (2.8-73.8)

> 20 10.2 (2.9-65.2)

Gleason score
≤ 8 16.3 (2.1-125.9)

0.05
9-10 8.9 (2.8-20.3)

T Stage
3A 17.8 (2.1-73.7)

0.02
3B 8.7 (2.8-29.6)

Postoperative nadir PSA
levels ng/ml)

< 0.03 20.6 (5.4-65.2)
<0.0001≥ 0.03 8.8 (2.2-125.9)

PSA (ng/ml) at the time
of RT

< 0.3 15.6 (2.2-125.9)
0.93≥ 0.3 14.4 (2.5-91.8)

Age
< 60 17.1 (3.9-91.8)

0.07≥ 60 13.4 (2.2-125.9)
PSA level of last control
(ng/ml)

< 0.2 16.3 (2.2-125.9)
0.30≥ 0.2 10.3 (2.8-56.0)

Undetectable PSA (≤0.1
ng/ml) at last control

Yes 16.4 (2.2-125.9)
0.50

No 13.9 (2.8-56.0)
Abbr: PSA=Prostate Specific Antigen; T=Tumor; RT= Radiotherapy.

and surgery was recorded. According to the results of this
evaluation, the GS determined by operation was found to
be higher at 53.5% (n=45) compared to biopsy, and lower
at 11% (n=13). The SM was positive in 57.1% (n=48) of
the patients. Separately analyzed according to the type of
surgery, the SM was positive in 61.8% (n=34) of the pa-
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tients who underwent RRP and 48.3% (n=14) of patients
who underwent ORP, but the difference was not statisti-
cally significant (p=0.25). Postoperative nadir PSA levels
were median 0.03 (range 0.003-15.0) ng/ml. PSA levels at
the time of RT were median 0.3 (range 0.003-9.1) ng/ml.
The median PSA level of the patients at the last control
time was 0.05 (0.003-13.2) ng/ml. Demographic data, dis-
ease, and treatment details of the patients are summarized
in Table 1.

Analysis of time between surgery and BCR

The median time from surgery to BCR was 14.8 months
(range 2.17-125.9) months. According to the GS, the me-
dian was 16.3 (2.17-125.9) months in the group with GS
≤8, while the median was 8.9 (2.8-20.3) months in the
group with GS 9-10 (p=0.05). The relationship between
the median time from surgery to biochemical recurrence
and the T stage was statistically significant (p=0.03). In
subgroup -analyses, it was seen that this difference was
due to the difference between T3A and T3B stages. The
median time between surgery and BCR in T3A patients
was 17.8 (range 2.17-73.77) months, while it was 8.7 (range
2.8-29.6) months in T3B patients (p=0.02). The median
time between surgery and BCR was 20.6 (range 5.4-65.2)
months in patients with nadir PSA <0.03 and a median 8.8
(range 2.2-125.9) months in patients with nadir PSA ≥0.03
and this time was statistically significant (p<0.0001).
The relationship between time from surgery to BCR and
SM status, preop PSA level, GS, T stage, postoperative
nadir PSA level, PSA level at the time of RT, age, PSA
level at last control were analyzed and shown in Table 2.

Analysis after salvage RT

In the follow-up, recurrence was detected in 7 (9.3%) of
the patients who received local RT, and no recurrence was
observed in any of the patients who received local + pelvic
RT (p=0.33). 20.3% of patients had PSA ≥ 0.2 ng/ml at
the last control in those receiving local RT, compared to
6.3% in those receiving local+pelvic RT (p=0.51). Sub-
sequently, recurrence developed in 7 (8.3%) patients. The
median time between surgery and BCR was 12.1 (3.0-45.3)
months in patients with recurrence, and 14.8 (2.2-125.9)
months in patients without recurrence (p=0.54).

Discussion

In this study, the median follow-up period from diagno-
sis was 6.5 years, and the median BCR after RP was
14.8 months. Factors that affect BCR significantly after
surgery are; Gleason score, T stage, and PSA nadir level
below 0.03 ng/dL. After the SRT, recurrence developed in
7 (8.3%) patients. All patients with recurrence were in
the local RT arm. There was no recurrence in the local +
pelvic RT arm during the follow-up period.
Studies have shown that 50-75% of patients with T3 dis-
ease develop BCR after RP [9,10]. There are also dif-
ferences in the T3 stage itself in terms of BCR. In T3A
disease, local control becomes difficult in the case of posi-
tive SM; In T3B stage, there may be an increased risk of
recurrence independent of the SM status [11]. After RP,

seminal vesicle invasion (SVI) (T3B disease) is an indi-
cator of poor prognosis in general and increases the risk
of BCR by 2.3 times [12]. Cancer-related death rates are
higher in T3B stage and a worse prognosis has been re-
ported compared to T3A [13,14]. Adjuvant RT (ART) is
recommended in these patients due to reducing the risk of
biochemical recurrence [15]. The main indications of ART
are T3 disease, positive SM or the presence of other high-
risk factors [16]. Close follow-up is required for patients
who do not receive ART after the operation, and SRT is
recommended in case of BCR positivity [17]. Although
those with T3B disease are at higher risk and have worse
outcomes, some authors have found a good prognostic sub-
set of patients with SVI. Negative SM, negative LN, low
GS, and PSA with isolated SVI represents a better prog-
nosis [18,19]. According to our results, BCR duration was
considerably shorter in T3B patients compared to other T
stages, and this difference was statistically significant.
Primary and secondary Gleason scores are associated with
higher BCR rates. They are also important predictors of
metastatic disease and cancer-related mortality [20,21,22].
In previous studies, patients with GS ≥8 were associated
with a BCR 3.3 times higher than GS = 6 [13,14]. In
our study, there was a significant difference in BCR recur-
rence times between GS ≤8 and GS>8 groups, which was
consistent with the literature.
Freedland et al. investigated the optimal cut-off level
for BCR after RP. In patients with a postoperative PSA
level >0.1ng/ml, the risk of PSA progression at 1 year
and 3 years was 36% and 67%, respectively; For PSA >
0.2ng/ml, they found these rates to be 86% and 100%,
respectively. According to the results of studies on the
subject, PSA > 0.2ng/ml was taken as the threshold to
define PSA recurrence after RP [20].
The risk of BCR is higher in patients with multiple and
wide SM positivity compared to those with single and fo-
cal positivity [23]. The position of the positive SM also
influences the BCR; bladder neck involvement carries a
higher risk of BCR compared to other regions [24]. How-
ever, positive SM alone is not associated with a higher risk
of prostate cancer mortality [25]. In a meta-analysis of 74
studies that included 11,521 patients with radical prosta-
tectomy, the risk of recurrence increased with positive sur-
gical margins in univariate analyzes, whereas seminal vesi-
cle involvement, GS, post-operative RT, and SM positiv-
ity didn’t show a significant contribution to recurrence in
multivariate analyzes [26,27]. In the EORTC 22911 study,
ART was compared with follow-up in positive SM or T3
patients, and a decrease in local recurrence rate and an
increase in progression-free survival were observed in the
ART group [28]. In our study, there was no statistically
significant difference between positive SM and BCR times.
It would be useful to evaluate the localization of CS pos-
itivity by performing subgroup analysis, but it could not
be analyzed due to a lack of data.
PSA nadir is an important predictor of BCR after RT and
brachytherapy [29,30]. Similarly, the relationship between
PSA nadir levels and BCR after RP is significant [31].
The time to nadir PSA after radical prostatectomy is an-
other risk factor for BCR [32]. The duration of PSA nadir
was not evaluated in this study. However, in accordance
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with the literature, BCR duration was significantly longer
in patients with nadir PSA level was below 0.03 after
surgery.

Conclusion
BCR time is shorter in patients with high GS, advanced T
stage, and high postoperative PSA nadir. The increased
risk of BCR is associated with increased prostate cancer-
specific mortality and metastatic disease. Therefore, it
is important to detect BCR early and not delay SRT in
patients with these risk factors and not receiving adjuvant
RT.

Ethics approval
The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Ethics Committee
of Ankara Atatürk Education Hospital with the decision
number E1/1535/2021 on 17/02/2021.
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